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educational opportunity, that may appear or become more pronounced
with time but are biologically irrelevant to the underlying
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in the commun1ty. Since 1978, women have been systemat1cally added to
the BLSA. This document presents a report of the BLSA's first 23
years. Chapter I describes methods for the study of agina. Chapter II
provide - a literature review of studies that illustrate the strengths
and weaknesses of the longitudinal method and that were conducted on
normal community-residing adults. Chapter I1II describes the general
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data storage and retrieval, and methods of data analysis. Chapter 1V
: describes in detail the testing procedures followed. The results of
| published BLSA cross-sectional analyses are summarized in chapter V,
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themselves are reprinted in the appendix, which comprises over half
of this volume. Preceding the appendix, the seventh and last chapter
looks at future directions for the BLSA. Thirty-five tables and 48
fig?res are included, and a 386-item reference list 1is provided.
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Dedication

This volume is dedicated to Dr. W.W. Peter (Fig. 1), whose foresight and
enthusiasm played an important role in the recruitment of subjects for the Baltimore
Longitudinal Study of Aging. Dr, Peter, a retired Medical Officer of the United States
Public Health Service, provided the initial impetus that led to the recruitment of
normal men residing in the community as subjects for their entire lifetimes in a study of
aging. In 1958 very few people recognized the impact that the increasing number of
elderly people in the population would have on our society. Only a few voices were
raised to point out the need for research on aging. Dr. Peter’s was one of them.

Perhaps because of his experience as a physician, Dr. Peter saw the need to study
aging in individuals who were free from disabling diseases and were leading successful
lives in the community. He “sold” this idea to his friends, neighbors, and colleagues
and persuaded them to enroll as participants in a study that would involve repeated
tests and examinations over their entire life spans. He represented participation in the
study as a contribution to science and the future of mankind.

Dr. Peter soon realized that his own efforts were not likely to recrust enough
subjects to answer many of the questions posed about aging. Hence he proposed to
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vi DEDICATION

participants already in the study that they join him in recruiting others among their
colleagues and friends. Thanks to Dr. Peter's dedication, the system worked! The
waiting list that was soon generated today provides new subjects for introduction into
the study whenever vacancies occur.

Although Dr. Peter died suddenly on March 31, 1959, the recruitment system and
the esprit de corps he helped to establish among the early participants have remained
over the years. The study owes much to Dr. Peter and stands as a memorial to his
vision. Many people—physicians, scientists, technicians, programmers, and secretar-
ies—have contributed to the successful continuation of the study over the past 23 years.
To mention all of them by name would require an additional volume of this book. To
all of them, our sincere thanks.

Finally, acknowledgment must be made to the subjects themselves for their
willingness to participate in pre edures that were often demanding and tedious, and
sometimes uncomfortable, in otder to improve and extend knowledge about aging.
Without their loyalty and dedication no study would have been possible.
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Note: References that appear in italics in the text identify longitudinal studies on the
BLSA population. These studies are summarized in Chapter VI and, unless they are still
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Introduction

Sizce the inception of the Baltimore Longitudinal Study of Aging {BLSA) in 1958,
its intent has been to trace the effects of aging in humans. It attempts to distinguish
between the trve effects of aging and those prcesses, incliding disease, socioeconomic
disadvantage, and lack of educational opportunity, -that may also appear or become
more pronounced with time but are biologicaily irzelevant to the underlying
mechanisms of human aging. It has sought to achieve this goal by malking measure-
ments on more than 1000 male volunteers! who at their entry‘into the study were aged
17 t0 96 years and were living independently in the community. This report of its first
23 years of activity is an initial compilation of methods and finlings pointing the way to
further research and analysis that will enhance our understanding of the complex and
highly individual processes of human aging.

Changes that take place during the early stages of life, which are almost entirely
reflections of growth and development, are usually chaacterized by increases in size
and in complexity of structure and function. By contrast, aging 1s ina:.ifest in a series of
physiological and behavioral changes that occur after the attainment of maturity in all
members of a species. Although aging changes proceed at a much slower rate than
changes that occur with growth and development, and are otten associated with
decrements in performance, it cannot be assumed that aging is always characterized by
impairmeat of function. In many people, for example, vocabulary continues to expand
throughout life. Aging in adults is also characterized by great diversity; old organisms
show a greater range of variation in many physiological and psychological indicators
than any other adult age group. There are extraordinarily “young’ 80-year-olds, along
with extraordinarily “old"” 40-year-olds.

Although the incidence of disease increases with age, aging and disease are not
synonymous. Aging is a normal concomitant of the passage of time that takes place in
everyone; disease occurs in only a part of the population. The changes by which aging
is manifest, at all levels including the cellular, reduce an individual’s adaptive capacities
and the speed and excellence of his performance, and increase his susceptibility to
disease and pathological processes. As a result, a traumatic event such as an accident or
exposure to a disease, which may be of minor consequence to a young individual, may
be of much greater consequence, even fatzl, in the elderly. As adaptability and reserve
capacities diminish, mortality rates increase. Although there are wide individual
differences in the rate at which age changes ke place, aging affects all members of a
population, while specific diseases and accidents are selective.

Since many of the changes associated with aging reflect a reduction in adaptahility
and performance that may also characterize specific diseases, the effects of aging and
disease are difficult to separate. One approach is to examine all subjects in great detail
and to exclude from the analysis of age trends data from any subjects who show
evidence of pathology or disease. Although this procedure may eliminate subjects with

1Since January 1978, women have been systematically added to the BLSA. As of June 30, 1981, more
than 300 had been examined and tested at least once, 150 two or more times. It is anticipated that the
ultimate number of female BLSA participants will approach 700. Because of the short time over which
observations have been made, no longitudinal data on aging in women will be reported in thiz voiume.
However, ceruin cross-sectionally derived data are feported in Chapter V.
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gross pathology, there is no assurance that subjects with the early stages of a disease
have been identified. The development of new diagnostic techniques more precise and
sensitive than those previously available may reveal that some subjects, formerly
judged normal, were in fact already in the early stages of a disease. It is thus impossible
to be sure that only “healthy” subjects have been included; it can only be stated that
individuals with pathology detectable by the best methods then available had been
eliminated at that stage of data analysis.

The BLSA has attempted to measure age changes by making serial measurements
on individual members of a group of community-residing adults. In order to minimize
the effects of socioeconomic and educational factors on test results, subjects were

recruited from a well-educated population with above-average income, which also had

access to good medical care. Careful medical examination for specific conditions or
diseases that might influence the “‘normality” of a particular performance has been
employed to exclude “abnormal” data. As a result, age differences and age changes
observed in this highly selected group of participants may be the best available index of
“pure,” i.e. optimal, aging.

Studies of growth and development, or of aging during the early part of life, have
traditionally been conducted by the cross-sectional method, in which subjects of various
ages are measured simultaneously. The effects of aging or growth were thus inferred
from differences between average values found in groups of subjects of various ages.
Only the longitudinal method, in which serial measurements are made on the same
subjects 2s they age, can identify age changes.

This book is addressed to those who are interested in the objectively measurable
changes that take place in adults as they grow older. The tests used to measure different
aspects of aging, the functions they evaluate, and the methodology used a%e described.
Neither the theory of longitudinal studies nor the mathematical and stztistical issues
inherent in longitudinal data analysis are discussed in detail, since other books and
articles cover these issues (Jones, 1958; Birren and Renner, 1977; Schaie, 1977; Baltes,
19G8; Schlesselman, 1973a,b;2 Schulsinger et al., 1981). Although a description of past
and existing longitudinal studies on adults is necessary to answer the primary
question—'"Why another longitudinal study?*'—the book does not include an exhaus-
tive review of all the longitudinal studies that have been conducted on children and
adults. The literature review in Chapter II is limited to studies that illustrate the
strengths and weaknesses of the longitudinal method and those that were conducted on
normal community-residing adults—studies which may reasonably be compared with
the BLSA.

The general design of the study, characteristics of the subjects, the tests used, data
storage and retrieval, and methods of data analysis are described in Chapter III.
Chapter IV describes in detail the testing procedures followed.

The results of published BLSA cross-sectional analyses are summarized in Chapter
V. Those based on longitudinal examinations of selected variables (anthropometry,
physiclogical performance, cognitive performance, and personality characteristics) are
summarized in Chapter VI, and the ardicles themselves, except a few that are still in
press, are reprinted in the Appendix, since they provide models that may oe followed
for the longitudinal ana'vsis of other variables.

2References that appear in stalics in the text indicate lorgitudinal studies on the BLSA population. These
studies are summarized 1n Chapter VI and, unless they are still in press, are reprinted in the Appendix.
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The primary focus of the BLSA is the scientific characterization of aging in
individuals over the eatire adult life span. Uniike many other studies whose chief
purpose was to identify factors that increase the probability of the development of
specific diseases, principally cardiovascular, the BLSA has from its inception empha-
sized healthy aging; it thus includes a much broader spectrum of both physiological and
psychological tests than other studies. In studies of aging it is particularly important to
rule out the possibility that occult disease is the source of the observed differences. At
the same time, no subject in whom disease was discovered during the study was
excluded or dropped, although observations made on such individuals were excluded
from analyses for pure age effects. As a result, the progressive effects of such conditions
as diabetes and cardiovascular disease on specific physiological functions can be
described.

The BLSA was extraordinarily fortunate in its early recruitment and retention of a
highly homogeneous group of well-educated and dedicated volunteer participants who
were willing to commit themselves to visit the Gerontology Research Center (GRC) at
regular intervals for an indefinite period, perhaps for the remainder of their lives.
Without the initiative and assistance of Dr. W.W. Peter in their recruitment, and
without the continued commitment of the participants (see ‘‘Dedication,” * Acknowl-
edgments,” and Chapter III), the essential stability of the sample population could not
have been maintained. Because of their dedication, the study was able to collect
reliable historical and background data, to compare measurements of responses to
standardized stimuli under basal conditions with previous measurements, and to
include more tests across a broader spectrum of research areas, as well as to characterize
its subjects in much greater detail, than most other studies. Their loyalty has also made
it possible to introduce many tests that not only are time-consuming but often involve
some degree of personal discomfort.

Few studies have been pursued over periods long enough, and with enough
repeated measurements, to permit true longitudinal analysis of changes in a variable in
a single individual as he ages. The BLSA is unique in providing as many as 21
sequential measurements or: the same subject, from which linear regressions on age and
standard errors of estimate have been calculated for some functions. As of June 30,
1981, five or more data points were available for some measurements on 667 subjects.

The BLSA is unique both in the frequency of visits and in the time devoted to
each. A visit of 2%2 days, which includes two nights at the GRC, makes possible
measurement under basal conditions of many physiological functions, such as blood
pressure, heart rate, and oxygen consumption, as well as such time-consuming tests as
studies of glucose and insulin homeostasis, hypothalamic-pituitary-gonadal function,
and 24-hour renal-clearance rates. Measurements made both under basal conditions
and during stress are necessary to identify more subtle changes in function and to
detect occult disease. This is particularly true of the cardiovascular system; clinically
occult coronary artery disease, which is present in a substantial proportion of elderly
subjects, can be detected only through the imposition of stress on the heart. The length
and frequency of visits have made possible a large number of measurements for many
participants, with a consequent increase in the statistical reliability of mean values and
regression coefficients.

The BLSA is also unique in the potential it offers of future study in its present and
projected population. Participants recruited in their early adult years are still actively
committed to the study, while new subjects are introduced in order to maintain the
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population and to make possible analyses that will help identify "period™3 and birih-
cohort effects. Although it is clear from the BLSA experience to date that both cross-
sectional and longitudinal analyses are required for studies of aging, neither method by
itself identifies exclusively the effects of aging. In cross-sectional analysis, age
differences between groups of subjects are confounded with birth-cohort differences,
i.e., effects due to Zvents that occur at different ages in the lives of persons born at
different times. Some of these events, such as economic depressions, war, or shifts in
social policy, may have far-reaching effects that vary with the subject’s age and situation
at the time the events occurred. Longitudinal analysis confounds changes due to aging
with those that result from “‘period” or secular influences, which affect whole
populations. The attempt to differentiate among the three effects is strengthened by the
addition of *‘cross-sequential’* and *’time-sequential®* analyses described in Chapter 1.
Although in many areas of investigation this sort of analysis remains to be done, the
data bases necessary for its accomplishment are now becoming available.

The BLSA has already achieved some of the goals set for the study. It has
contributed to knowledge about aging in normal persons and has shown that age
changes can be estimated for some variables in individual subjects. It has highlighted,
and suggested approaches to, some of the problems inherent in the analysis of both
cross-sectional and longitudinal data for age changes.

A number of critical questions remain for the future, among them the interrela-
tions among age changes in different organ systems, the time courses of different
diseases, and the effects of critical life events. In the coming years the study on women
will mature, and insight should be gained into the remarxable but still unexplained
difference between the sexes in disease development and longevity.

38ee Chapter I for definitions of terms.

5



CHAPTER I

Methods for the Study of Aging

The two principal methods by which the effect of aging on a variable can be
measured are the cross-sectional and iongitudinal designs. The cross-sectional method
is characterized by measurements made at approximately the same time on a large
number of subjects covering the entire adult age span. Age changes are not measuied
directly but are inferred from the differences in mean values observed in different age
groups or from the overall regression of the measurement on age. Only average
differences between age groups are identified.

The longitudinal method is characterized by serial meusurements of a specific
variable on the same subject as aging occurs; it thus identifies age changes in
individuals in addition to average differences between groups of subjects of differeat
ages. Since each method has its strengths and weaknesses, the-quantitative measure-
ment of aging requires the application of both. Other variations of the two (*'cross-
sequential” and "time-sequential” approaches) are needed to-contro! factors that
cannot be isolated by either method alone.

THE CROSS-SECTIONAL METHOD AND ITS
LIMITATIONS

1. Advantages and Limitations

Growth and development have traditionally been studied by the sross-sectional
method, by which the average values of a variable are calculated for groups of subjects
distributed according to age. Growth is inferred from the progressive increase of the
average values for height or weight in groups of growing children; that is, the
regression of measurements on age is viewed as an index of growth rate. Such analysis
neither provides a direct measurement of age changes nor specifies the magnitude or
rates of change in individual subjects. Its primary advaritage is that the presence of age
trends in a group of subjects can be detected fairly quickly. Caution is necessary in its
interpretation, however, since differences between age groups include birth-cohort! as
well as age effects (see below, "Strategies of Analytical Design").

Students of child develcpment recugnized this limitation of cross-sectional analyses
in the early part of this centucy and initiated longitudinal studies, in which
measurements of height and weight were repeated at short intervals to generate growth
curves for individual subjects (Dearborn et al., 1938). Although important findings
have emerged, the longitudinal method has been used in only a few studies of adults
(see Chapter II), because of the difficulties of recruiting and retaining subjects for
repeated measurements over long pesiods of time, as well as of finding the necessary
long-term financial support.

. 1A birth cohort_c_onsists of individuals born in the same arbitrarily chosen interval of time. Since specific
environmental conditions occur at different ages for subjects from different birth cohorts, the effects of such
events may be confourded with the effects of aging in their influence on cross-sectional measurements,
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2. Effects of Differential Mortality

As a study population ages it becomes more and more selected, since death occurs
more frequently among old than among young subjects. By age 70, the population
available for study represents only about 50% of the original birth cohort. Averages
derived from measurements in young adults are thus based on observations of subjects
some of whom will not live to age 70, while data from older subjects obviously
represent an ‘‘élite” population that has survived.

Age difference. in 2 measured variable do not necessarily reflect changes in
individuals or even the average changes in specific age groups, since deaths do not
occur randomly throughout the population but are more likely among individuals
whose characteristics increase their susceptibility. The selective nature of the process is
implied by the term “differential mortality.” This effect increases with age.

The influence of differential mortality on inferences about age changes made on
the basis of cross-sectional measurements of age differences can be visualized from the
theoretical curve in Figure 1. Consider the hypothetical variable X whose level varies
among individuals but does not change with aging in any individual. Each of the
horizontal lines in the figure represents a single individual as he ages. Suppose further,

HI(?H

VARIABLE X
/
»

LOW

AGE ——

Figure L1, Confounding effect of selective mortality on inferences about age changes. Each
solid line segment represents the pattern of change in an individual (in this case there is no change
with aging, and death occurs at the end of the line). High values for the variable X are assumed to
be deleterious. The closed circles represent mean values that would be obtained in a cross-sectional
study; the dashed line connecting these dots would then correctly represent age differences among
age groups, but the inference that age rhanges were occurring in individuals would be erroneous.




THE CROSS-SECTIONAL METHOD 7

as the figure shows, that a high value of X is deleterious, so that deaths occur first in
hign-X and last in low-X subjects. As the figure indicates, the mean value for X at the
earliest ages will be high, since all subjects are alive; at each succeeding decade the
mean will fall, since the subjects with the highest values will have been eliminated by
death. As a result, the circles connected by the dashed line represent the average values
that would be obtained from a single cross-sectional study. The average values of X
clearly fall with <dvancing age, although within individual subjects X does not change
with age. .

Figure 2 illustrates another way in which cross-sectional analysis may lead to
erroneous conclusions. One can imagine a function (variable Y) that declines linearly
across age groups but in which a floor effect, or “lethal limit,” appears. In this case a
cross-sectional study might show an average decline that would not accurately represent
the magnitude of age changes in individuals. It is even possible (Fig. 3) to picture a
variable that declines with age but in which younger subjects can tolerate lower levels
than older subjects before dying. In this case the cross-sectional analysis might show no
age differences at all despite a decline in function in individual subjects across the age
span.

HI(EH

VARIABLE Y

LOW

AGE —=

Figure 1.2.  Confounding effect of selective mortality on the magnitude of age changes. See
Fig. 1 for explanation of line segments. A floor effect or lethal limit is assumed for the variable Y.
In this case the dashed line representing age differences would underestimate true age changes.
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HIGH
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Figure 1.3. Confounding effect of selective mortality as a result of which age changes are not
revealed in cross-sectional studies. See Fig. 1 for explanation of line segments. A lethal limit that
varies with age is assumed. In this case the dashed line would show no age differences, although
large age changes in individuals had occurred.

3. Birth-Cohort Effects

Another limitation of cross-sectional studies is that young and old groups of
subjects may differ in characteristics other than age that may also affect the
measurements. Subjects born in a specified span of calendar years represent a birth
cohort. An example of birth-cohort effects may be found in tests that are influenced by
the level of education of the subjects. Most of today’s young adults have completed
high school, while a much smaller proportion of adults educated in the early years of
this century reached that level of education. In any test in which level of education
influences performance, young subjects will thus out-perform the old—-but the
difference may be due to education rather than to age.
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; Socioeconomic conditions early in life may also have affected older subjects
differently from younger ones. For example, subjects who were 70 years old in 1980
were exposed to the effects of the economic depression of the 1930s when they were 1n
their 20s, whereas subjects bérn after 140 have not been subjected to such an event.
Similarly, epidemics, wars, and other disruptions that occur at different points of the
life cycle of different birth cohorts may influence test results in ways that the cross-

sectional method cannot differentiate from true age changes (Birren and Renner,
1977).

4, Disease Effects

Since the occurrence of snany diseases increases with advancing age, one of the
primary problems in auributir.g differences between groups of subjects to aging is the
necessity of excluding subjects suffering from diseases that influence the variable under
study. This is an extremely difficult problem for which there is no certain remedy.

Many investigators, especizlly those concerned with behavioral and social re-
search, have simply ignored the problem. Others have set criteria of health status,
ranging from superficial to womprehensive, for inclusion in the study. These are
commonly limited to the identif cation of a few specific disease states such as coronary
artery disease or diabetes, or to arbitrary standards of normality in physical findings or
laboratory tests such as blood pressure, blood glucose, or hemoglobin concentration. In
many studies health status was determined by self-evaluation of the subjects; if a subject
said he was in good health he was regarded as healthy. In only a few instances was a
detailed physical examination carried out by physicians to screen subjects for the
presence of specific diseases.

THE LONGITUDINAL METHOD

Some of the limitations of cross-sectional studies of aging can be minimized or
overcome by a longitudinal design, in which the same subjects are measured
repeatedly. The ideal longitudinal study of aging would provide observations on
individuals over their entire life spans. Since this design is impractical, most
longitudinal studies have been limited to specific periods of the life cycle. The phases of
growth and development, for example, have received much more attention than adult
aging. Among the many critical questions about how adults age that can be answered
only from serial observations are the following:

Does the average curve of age differences based on cross-sectional data represent
the average progression of aging in individual subjects?

How rapidly does an individual change with respect to a specific variable or test?
That is, what is the rate of change? What is the diversity among individuals?

Is there a general aging factor, or does each organ system show a different pattern
of aging? How are age changes in different variables related in individual subjects?

Do critical events in the life cycle of an individual affect aging? An answer to this
question requires serial measurements in the. . 1bject before and after the event, which
may take such forms as a heart attack or other severe illness, exposure to toxic
substances or radiation, loss of job, retirement, loss of spouse, loss of mobility, or loss
of independent living.
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Can patterns or levels of performance at a given age be used as predictors of
performance at a later age, or of longevity?

Can aging be distinguished from disease?

Does age influence the progression of such disease states as diabetes, arteriosclero-
sis, and hypertension?

Can a causal ordering be determined from serial observations when two variables
are known to co-vary?

ADVANTAGES OF THE LONGITUDINAL METHOD

1. Age Regressions for Individual Subjects

The primary advantage of the longitudinal method is that it makes it possible to
estimate age changes in an individual over a specified period, so that a *‘rate of aging”
may be determined for any specified variable. The study must be so designed that
enough observations are made in an individual to permit calculation of the standard
error of estimate of the calculated regression on age. It is usually assumed that the
regression of the variable on age is linear. Although the assumption of linearity may or
may not be true, it is seldom possible to collect enough observations to reject it. A
statistical analysis (Schlesselman, 19734,6)? has been made of the experimental strategies
(duration of the study, frequency of observations, number of observations) essential to
achieve a specified reliability of estimate of the individual regression slopes for a
specific variable. For one variable, equally satisfactory slopes might be computed by
carrying out three tests in 14 years, ten tests in ten years, or 30 tests in six years. For
another it might not be possible to compute individual slopes with satisfactory accuracy
unless monthly examinations were carried out for 30 years. Two characteristics of the
variable that necessitate different planning strategies are the mean rate of change with
time (the mean regression on age for the population) and the degree of variance in the
individual slopes. A third factor is the investigator's determination of the degree of
accuracy required in the estimate of the age regression for an individual subject. The
investigator may thus choose among many strategies for the design of a longitudinal
study.

2. Predicting Outcomes

Events or processes experienced at varicus times may affect a person’s health or
functioning in later life, as well as survival. The longitudinal study design is valuable,
sometimes essential, to identify events of significance and to quantify their long-term
effects. In one sense, a true prospective longitudinal study with repeated periodic
evaluations is not required to answer such questions: Information concerning past
events may be obzained by history, and outcomes may be sought at a chosen point. The
value of such an analysis, however, may be limited by the inaccuracies inherent in
historical recall of distant events. The longitudinal approach, with reasonably frequent
evaluations, decreases memory error, may provide objective evidence for the presence
of an event, and permits more accurate identification of the time when both the event
and its effects occur.

2References that appear in jtalics in the text indicate longitudinal studies on the BLSA population. These
studies are summarized in Chapter VI and, unless they are still in rress, are reprinted in the Appendix.
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ADVANTAGES OF THE LONGITUDINAL METHOD 11

A major application of longitudinal data is the search for precursors and risk
factors related to disease and death. The study of risk factors has traditionally been the
province of epidemiological research. The distinctive characteristic of epidemiological
research such as the Framingham study (see Chapter II) is its focus on the factors that
influence the incidence of disease in a specified human population. One of the
strengths of the BLSA lies in the wealth of its measurements, which permits intensive
analysis of the antecedents of disease to a degree few epidemiological studies can
match.

As a study of aging, the BLSA is alco concerned with age-related stability or
fluctuation in functions; the multidisciplinary data collected over a period of years can
be used to determine predictors of chznge. Questions that may be addressed include:
whether personality differences retard or accei,rate declines in cognitive performance;
whether regular exercise leads to better pul~.onary functioning in old age; and what
activities or attitudes contribute to an older person’s sense of having lived a satisfying
life.

A corollary of the search for significant predictive variables is the identification of
their critical levels, the cut-points of which may vary with age. Although 24-hour
creatinine clearance, for example, may show a large decline with age, its clinical
significance depends on whether the decline predicts an increased likelihood of death
or disease. The identification of a critical level or pattern of change may thus be a
unique contribution of the longitudinal method.

In addition to assessing the impact of single variables on single outcomes, it is
important to test combined effects of variables and complex outcomes. Thus, while
myocardial infarction or death must be considered an outcome, more complex
outcomes such as the ability to live independently of institutions, the ability to continue
the activities of daily living, or the achievement of overall *‘successful aging” should be
assessed. Even the rawe of aging of a particular organ system may be analyzed as an
outcome (the dependent variable) of other characteristics or risk factors earlier in life.

Studies on children illustrate the power of the longitudinal method in identifying
the effects of events that occur at different chronological ages in different subjects.
Figure 4A shows a series of curves of individual growth rates derived from serial
measuremer ‘s of height made on children as they aged from five to 18 years (Tanner,
1955). Each individual depicted achieved a maximum growth spurt at a different age,
ranging from nine to 14 years. The mean of these curves obtained from cross-sectional
measurements (shown by the dotted curve) grossly underestimates the magnitude of
the individual adolescent growth spurts and fails to indicate the diversity of their
timing. In Figure 4B the same curves have been so arranged that their points of
maximum velocity coincide, and other points are plotted as deviations in time from that
event. This method can be used to identify the effects of any event on other
measurements, provided the time of occurrence of the event can be identified and a
series of measurements taken before and after the event is available.

Longitudinal observations also provide an opportunity to identify the effects of
physiological events on other variables—effects that cannot be identified by cross-
sectional analysis (Shock, 1943). For example, cross-sectional observations of basal heat
production in girls and boys aged 11.5 to 17.5 years lead to the conclusion that basal
metabolic rate (BMR) falls gradually from age 12 to age 17.5 (Fig. 5) (Shock, 1942).
However, when the data for girls are réplotted with age of menarche as theiz zero
point (Fig. 6), and serial observations taken at six-month intervals are plotted as
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Figure 1.4 Relation between individual and mean velocities during the adolescent growth
spurt. A: The height curves are plotted against chronological age. B: The height curves are plotted
as deviations from time of maximum growth velocity.

From Tanner (1955), after Shuttleworth (1939).
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Figure .5 Average basal heat production in males and females. Measurements made every 6
months froniage 11.5 to 17.5 yr in same individuals. Points at ages 24 and 33 obtained from other
subjects.

From Shock (1942, adapted).
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ADVANTAGES OF THE LONGITUDINAL METHOD 13

deviations from age of menarchc in each subject, it becomes apparent that menarche—a
physiological event—is more important than chronological age in determining the
adolescent fall in BMR.

The availability of serial observations also makes it possible to search for the effects
of critical events in the life history of individuals—cessation of smoking, death of a
spouse, retirement, loss of mobility, need for institutionalization—by comparing
measurements made before the event with those made afterward.

3. Continuity of Study Population

The continued availability of a longitudinal population such as that of the BLSA
offers unique opportunities for multidisciplinary investigations of the relations between
aging and other variables, without the recurring need to recruit new subjects. A major
advantage of the BLSA is that it has provided a study population in which thorough and
repeated clinical evaluations have been carried out on all subjects. The resultant clinical
records add efficiency to the overall operation of the study and provide essential
background information on health status to other investigators whose primary interests
may lie in domains other than clinical medicine.

Furthermore, when multiple variables are assessed a multiplicative effect occurs, in
that each scientist is able to take advantage of the information generated by his
colleagues to improve his own subject characterization and research interpretation. As
data accumulate in the longitudinal study, not only the quantity but also the quality of
the information available on each subject is thus increased.
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Figure 1.6.  Effect of menarche on basal heat production. Average values calculated for 6-mo
intervals before and after menarche. Zero time for each girl ic the age at which she first
menstruated.

From Shock (1943).
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An inevitable consequence of the existence of a longitudinal panel of subjects in an
academic or research environment is that other scientists are attracted by the obvious
advantages. This leads not only to a number of spin-off cross-sectional studies but also
to the addition of new variables to be swudied longitudinally. Any longitudinal study
must first go through a phase of cross-sectional analysis. As studies of theé initial
variables are continued or completed, new ones are introduced; the experimental
design evolves into a series of overlapping individual but integrated longitudinal
studies.

The addition of new variables five, ten, or 20 years after the beginning of the
original study requires subjects across the entire adult .ge range. Evolution of the study
thus mandates the continuing recruitment of new subjeci. in the youngest age group as
time passes and the population ages. The new subjects in wrn provide a built-in
opportunity for identification of birth-cohort differences and possible period effects
within the population (see below, *'Strategies of Analytical Design”’).

OPERATIONAL CHALLENGES IN LONGITUDINAL
STUDIES

Although the longitudinal design is essential to the determination of age changes
in individuals, it cannot resolve all the difficulties inherent in cross-sectional studies.
Furthermore, longitudinal studies have a namber of limitations of their own. What
teems to be a simple, straightforward question—‘‘How does aging, or the passage of
time, affect performance in individual subjects?”—turns out to be a demon in disguise.
Many pitfalls in design, subject selection, data collection, and data analysis may
undermine or negate the assumption that changes in serially collected measurements
are due to aging. These problems include the following:

1. Recruitment and Screening of Subjects

A primary concern in the_selection of subjects for a longitudinal study is their
commitment to continued participation in the study and their geographic stability over
long periods. This requirement limits the sampling procedures that can be used and
must be taken into consideration in the generalization of conclusions drawn from any
longitudinal study.

The study may require the inclusion of procedures that prove tedious or distasteful
to many people. Subjects selected at random will show both a high initial rate of refusal
to participaie and a high drop-out rate when presented with a test schedule that
includes uncomfortable and time-consuming procedures. To this extent most longitudi-
nal studies, including the BLSA, have compromised true representativeness in order to
obtain loyalty and cooperation fro.n their subjects.

Some studies from their inception exclude subjects who present clinical or
laboratory evidence of disease. Although this procedure may initially iimit the study to
healthy subjects, it does not avoid the problem of a subject who subsequently develops
chronic illness. If the subject is then dropped from the study a great opportunity to
trace the historical development of a disease is lost. Hence subjects who developed
diseases were not dropped from the BLSA, although observations made on them were
no longer included in analyses of age changes.

Another approach is to accept subjects with diagnosed disease, but to exclude
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OPERATIONAL CHALLENGES 15

measurements made on them from data analyses designed to characterize normal age
changes. Serial observations on these subjects as a subgroup can be of great value in
distinguishing the effects of aging from those of aging plus disease.

Although the presence of disease will confound the interpretations about aging in
both cross-sectional and longitudinal studies, diseases are more apt to be discovered in
subjects in a longitudinal than in a cross-sectional study because of the extended time
during which longitudinal subjects are seen and tested. Findings that may be equivocal
at vne testing can be re-examined on subsequent visits for verification of diagnoses.

2. Attrition

Subject losses must be expected as a longitudinal study progresses. Younger
subjects are more likely than old ones to move away from the area of the study or to
lose interest and motivation. As the subjects become older, death and disability become
major factors (Wilson and Webber, 1976). On the other hand, useful research data
may emerge from comparison of measurements in subjects who have survived with
those in subjects who have died. This may result in development of new methods of
predicting the likelihood of death.

Drop-outs due to loss of contact or to subjects’ refusal to continue participation
pose a problem in the interpretation of results, particularly when it is evident that those
who have left the study differed systematically from those who have remained.

The degree to which findings from longitudinal studies are distorted by attrition,
whatever its source, depends on the aspect of aging that is being investigated (see
Chapter III). Since some variables are influenced more than others by attrition, each
variable in each study must be examined for the drop-out effect.

3. Expansion of Subject Panel

Unlike most longitudinal studies, the BLSA is designed to maintain a specified
number of subjects within each age decade throughout its course. When new subjects
are introduced, it is important that they resemble the original sample as closely as
possible. Ideally, this requires careful description and matching of the original and new
populations. Although the BLSA did not attempt such a matching, the self-selection
strategy employed in the recruitment of its participants has tended to maintain the
character of the sample (see Chapter III).

4, Strategies of Analytical Design

It is often assumed that the differences among serial observations within cohorts
followed longitudinally represent the effects of aging. This is not necessarily true: A
number of non-maturational effects or factors may also induce differences in serial
measurements. Changes in measurements made serially over time may be due to: a)
changes in procedures; b) systemauc methodological error; c) period effects—-
environmental or cultural changes that may influence all members of the population
under study; or d) aging effects.

An aging effect is present if the dependent variable is a function of age regardless
of the subject’s birth year or of the period or time of observation. A period effect is
present if the value of the variable changes systematically as a function of the time of
observation and not as a function of age. A birth-cohort effect is present if the value of

the variable changes systematically as a function of the subject's birth year rather than
of his age.
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Table I.1. A Simple Cross-Sequential Design®

Time of Mer,urement

Date of Birth 1960 1970
1900 Xeo %10
1910 Ko Xeo

*Subscripts indicate ages

One of the primary difficulties in the analysis of longitudinal data from a single
birth cohort is the confounding of period effects with age changes. Traditional
longitudinal designs attempt to circumvent the cross-sectional confounding of aging
effects with generational or birth-cohort effects by following the same group of
individuals over vwo or more times of measurement, and thus at two or more ages.
Such designs, however, are subject to the confounding of age with period effects.
Changes that occur between the first and second measurements may be due to
intervening historical events rather than to aging; in some tests, previous exposure or
practice may be responsible.

Longitudinal changes includv age and period effects. Cross-sectional differences
include age and cohort effects. Each set of differences is thus influenced by two of the
primary effects, those of age, period, and birth cohort. Cross-sequential and time-
sequential designs have been proposed to help untangle the confound. In the cross-
sequential design, independent samples of individuals from the same birth cohort are
compared at different times of measurement, and thus at different ages (Tab. 1). Since
a given individual is measured only once, exposure or practice effects are eliminated. In
Table 1 the vertical comparison confounds aging and the effects of birth cohort, while
the horizontal comparison confounds aging and period effects.

In the time-sequential design, independent samples of individusls of a specified
age are compared at different times of measurement (Tab. 2). Age and time of
measurement are separated, but both are confounded with birth cohort. No clear-cut
statistical separation of age effects from birth-cohort and period effects can be made.

It was originally assumed that, while each of these designs is ambiguous when used
alone, it might be possible to-separate out age, period, and birth-cohort effects if all
were employed and analyzed simultaneously (Schaie, 1965; Baltes, 1¢68; Riley et al.,
1972; Agnello, 1975; and Mason and Mason, 1973). It has since been demonstrated,
however, that there is no single solution to the inevitable confounding of the three, and
that interpretation of such analysis depends on the data, the goals of the investigator,
and the state of knowledge in the area. Costa and McCrae (1982) discuss in greater
detail the role of judgment in the interpretation of aging, period, and birth-cohort
effects.

5. Maintaining Uniformity of Methods ai1id Quality Control

A longitudinal analysis requires special attention to the maintenance of uniformity
of tests and testing conditions throughout the study. Continuous quality control is
essential. Methods must be examined at regular intervals for consistency of results and

. stability of standards.

In the BLSA, replicate samples of blood, urine, and tissues are frozen and stored

for re-analysis at a later date. Stored plasma samples have made it possible, for example,
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Table 1.2. A Simple Time-Sequential Design®

Time of Measurement

Age 1960 1870
60 )‘(,m >_-(mo
70 X190 X900

*Subscripts indicate dates of birth

to validate the methodology used for the determination of cholesterol levels by
repeating the analyses at one time on a random subset of samples collected over the
entire span of the study (Hersheopf et al,, 1982).

6. Data Storage and Retrieval

Longitudinal studies generate special problems in the storage and retrieval of data.
Thanks to the development of computers, it is now possible to store an immense
amount of data in such a fashion that the data can be updated as successive test cycles
are completed and at the same time remain available for analysis. It is essential that the
system and format of data collection be carefully planned in advance, with the advice of
personnel trained in computer technology (Ramm and Gianturco, 1974). It is also
essential that special precautions be taken to protect the stored data against catastrophic
loss as well as to ensure confidentiality.

7. Staffing

Longitudinal studies pose special problems in the recruitment and maintenance of
a research staff. As Busse (1965) has pointed out, scientists who participate successfully
in longitudinal studies possess distinctive personal characteristics in addition to their
scientific qualifications. They must first of all be patient and willing to wait for
longitudinal results to evolve. This does not imply that they will sit with folded hands
during the early stages of the study; they will have the insight and initiative to e~~mine
data cross-sectionally and to look for significant relations among observations as they
accumulate. They will generate new hypotheses that can be explored by the
introduction of new tests and procedures. As a result, an effective longitudinal study
will be dynamic and will not be limited by the initial test procedures.

Since longitudinal studies are apt to be multidisciplinary in their design, the
successful investigator should be able to work with others as a member of a team. Each
participating scientist should also be interested in other scientific disciplines and willing
to communicate with other scientists in the solution of problems.

8. Financing

Longitudinal studies in adults require stable funding for long periods of time if
their full potential is to be realized. Although data analysis must be a continuing part of
the program, significant lorgitudinal results cannot be expected in the early years of a
study. Hence, a support system that requires the reporting of substantive longitudinal
results at short intervals in order to maintain funding is inappropriate. Since short-term
funding has in the past characterized most research support, few individuals or
institutions have been prepared to initiate and carry out longitudinal studies.
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18 1. METHODS

Of primary concern to research administrators are the presumed high costs and the
long-term commitment of resources. However, the ability of a longitudinal study to
answer certain important questions about aging answerable by no other technique fully
justifies the costs. Although costs may appear high in comparison with those of cross-
sectional studies, the potential efficiency of having a population with known character-
istics available for multiple satellite short-term cross-sectional studies covering the
entire period of adult life greatly increases the cost effectiveness of a longitudinal study.
The costs of recruiting multiple groups of well-characterized -subjects for short-term
studies may well exceed those of maintaining a single stable population.

ERIC 19
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Longitudinal Studies: Past and Present

INTRODUCTION

Although students of growth and development recognized the limitations inherent
in cross-sectional studies and the advantages that could be derived from longitudinal
studics, the latter were rare before the 1920s. A few classic studies were reported in
which height and weight were recorded at frequent intervals in the same childzen from
birth to maturity (Scammon, 1927), hut it was not until the 1920s that significant
numbers of children were measured repeatedly as they grew and developed (Dearborn
et al.,, 1938; Shuttleworth, 1939; Meredith, 1935). As Chapter I indicates, these early
studies provided important insights into growth and development that could not have
been derived from cross-sectional observations alone, and thus substantiatel the
usefulness of longitudinal analyses. Key findings included the discrepancies between
growth patterns in individual children and average curves determined cross-sectionally;
the estimates of growth rates in individual children; acd the relation between growth
and specific physiological events, such as maximum growth rates and the initiation of
menstruation in girls.

As early as 1947, scientists recognized the necessity of conducting longitudinal
studies in adults. The resulting pragrams (Keys et al., 1961; Dawber et al., 1951) were
designed to identify risk factors for the development of cardiovascular diseases (CVD)
rather than to describe the phenomenon of aging. Most emphasized physiological
functions, and only a few included tests of behavioral or personality characteristics.

During the early 1950s additional longitudinal studies in adults were initiated. In
some the goal was to study age changes in specific functions, such as the electroenceph-
alogram (EEG) (Busse and Obrist, 1970) or mental performance (Owens, 1953, 1966;
Schaie and Labouvie-Vief, 1974) rather than to identify risk factors for diseasc.
Although these studies focused on aging as a primary variable, only a few made
observations on both behavioral and physiological characteristics in the same subjects.
Moreover, the number of subjects tested was often small. While most of the studies
were purportedly based on “normal’* subjects, evidence for *‘normality* or the zosence
of specific diseases was <vldom adequate. In many studies, self-reports of health status
were used: Subjects wi.u said they felt well were regarded as healthy. In studies that
assessed health status by a clinical history and physical examination, there were such
wide differences in the scope of the examinations that it was difficult to compare the
health status of subjects in different studiss.

The duration of these studies varied from t..ree to ten years, during which only
three or four sets of observations were carried out. None of the studies attempted to
calculate age regressions for individual subjects.

Most of the previous studies were terminated before long-term consequences of
early events could be evaluated. In some studies observations were limited to subjects
aged 65 or older; in others most of the subjects were younger than 25 years at the
original testing.

The diversity of populations selected for study, the spectrum of tests, the different
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testing intervals, and the duration of the various studies were taken into consideration
in the design of the Baltimore Longitudinal Study of Aging (BLSA) (see Chapter III).
The present chapter, which provides a _rief overview of the major longitudinal studies
of aging in adults, is intended to supply the background that influenced the design of
the BLSA at its initiation and during its subsequent development.

STUDIES OF GROWTH AND DEVELOPMENT

Since about 1920, a number of longitudinal studies have focused primarily on the
physical and mental growth of children. Some, such as the Harvard Growth Study
(Shuttleworth, 1937, 1939), were concerned primarily with physical growth as it is
manifest in anthropometric data. Others that dealt only with tests ~f intellectual and
personality development include the Terman-Stanford swudy of gifted children
(Terman and Oden, 1947, 1959; Oden, 1968). In a few, such as the Denver study
(Lewis et al., 1943) and the Oakland Growth Study (Shock, 1946), measurements of a
number of physiological functions as well as intellectual, personality, and social
characteristics were also made on the same children as they grew and developed. A
few, among them the Terman-Stanford study (Terman and Oden, 1947, 1959; Bayley
and Oden, 1955; Oden, 1968) as well as the Oakland Growth Study and the Berkeley
study (Jones et al., 1971), continued observations into the adult years (Eichorn et al.,
1981). Their subjects, many of whom were 50 to 60 years of age in 1978, represent a
potential resource for studies of aging if they can be identific and systematically
retested.

STUDIES OF SELECTED POPULATIONS OF ADULTS

l. The Cardiovascular Disease (CVD) Project at the University of Minnesota

One of the first studies of adults specifically desigued to be longitudinal was
initiated in 1947 under the leadership of Dr. Ancel Keys at the University of
Minnesota Laboratory of Physiological Hygiene. A total of 281 business and
professional men from Minneapolis and St. Paul were recruited for the study, which
was ““aimed at providing clues about etiology and evaluating the prognostic signifi-
cance for future heart disease risk of characteristics observed in health” (Keys et al.,
19G1). The subjects, aged 45 to 54 years in 1947, spent one day each year at the
laboratory for an examination which included a review of the interim history, physical
examination, nude weight, chest roentgenogram, 12-lead electrocardiogram (ECG),
urinalysis, and measurement of hemoglobin and serum cholesterol, as well as special
tests that varied from year to year. These included cardiovascular responses to physical
exercise, the cold pressor test,! cardiovascular responses to passive tilting, ballistocar-
diogram,? EEG, flicker-fusion frequency,? basal metabolism, body density, subcutane-

IThe rise in blood pressure following the immersion of one arm (or foot and leg) in ice water.
2A measurement related to the amount of blood ejected by the heart at each beat.
3The frequency of a flashing light perceived as a continuous stimulus.
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ous fatness, sugar, uric acid and protein-bound iodine in the blood, anthropometry, and
evaluations of personality, based primarily on scores on the Minnesota Multiphasic
Personality Inventory (MMPI). Only a part of these longitudinal observations have
been published. Leon and her colleagues (1979) reported stability coefficients for the
MMPI ranging from .277 (scale 8) to .736 (scale 0) in a sample of 71 nen measured at
middle age in 1947 and then again 30 y -rs later. In addition, the general profile
configuration and two-point code types ren ined remarkably stable 2nd within normal
limits over the 30 years from middle t old age.

During the first 15 years of the study (1947-1962), 32 deaths occurred (Keys et
al., 1963). Although not all the data have been reported, the study was able to show
that elevated serum cholesterol at the first examination and increased systolic blood
pressure in the last pre-disease year were significant predictors of the development of
coronary artery disease (CAD) and death. Average data cver all pre-disease years
showed significantly reduced risk among the men in the bottom quartile for diastolic as
well as systolic blood pressure, while elevated blood-cholesterol levels were significant-
ly prognostic for the development of CAD.

Keys et al. (1971) reported results in the same group of subjects over a 20-year
interval. In 1968, 168 of the 221 living subjects were examined; in 1969, 151 out of
215; in 1970, 153 out of 212. As of 1970, nine of the original 281 subjects had been
lost to follow-up, although some of the subjects who were located failed to come to the
laboratory to be retested. Information about the health status of the subjects (aged
67-77 in 1970) was obtained periodically from correspondence with the men (49
living outside the state of Minnesota), from their wives, from their personal physicians,
or from all three. Of the 60 men who had developed CAD, 42 died or suffered cardiac
infarction. Among 20 variables studied, hyper-responsiveness on the cold pressor test, a
high level of serum cholesterol, and elevated systolic blood pressure had significant
predictive power for cardiac infarction or death from CAD, while smoking and relative
body weight (actual weight expressed as a percentage of “standard”’ weight for sex,
age, and heightf) seemed unimportant as predictors, especially in subjects over age 65.

Analysis of serial measurements of basal metabolism showed that the rate of
decrease with advancing age is substantially less than that inferred from cross-sectional
studies (Keys et al., 1973).

The availability of longitudinal observations permitted an evaluation of the
changes in body weight after cessation of cigarette smoking (Brozek and Keys, 1957).
The subjects were men who voluntarily stopped smoking cigarettes; their body weight
was measured for two years before and three years after they stopped. A control group
of men who continued smoking were matched in age, relative body weight, and actual
body weight at the beginning of the first year of the five-year period, without reference
to weight trends during the rest of the period. There was no significant difference
during the two periods in the body weights of the men who continued to smoke, while
those who stopped smcking gained, on the average, 8.2 pounds over the three years
following the date they stopped.

There is also a brief report of a 30-year follow-up of these subjects. Obesity, as
assessed by the Body Mass Index (wt/ht?), was not significantly predictive of overall
morality or of death from CAD (Keys, 1980).

4“Standard weight,” based on height, was derived from tables published by the Metropolitan Life
Insurance Company (1959).
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Table /.1. Duke Study. |. Longitudinal Observations: Summary of Variables

Medical history (original and interim) Laboratory studies
Physical examination Urinalysis
Neurological examination Blood morphoiogy
Mental status Blood chemistry
Depression and hypochondriasis Serologic test for syphilis
Dermatological.examination Cholesters!
Ophthalmological examination Urea nitrogen

Visual fields Immunology

Acuity Medical data

Color perception Psychological data

Depth perception Rorschach

Color photographs Aspiration level (TAT)
Audiometry Wechsler Adult Intelligence Scale

Pure tone Reaction time

Sgeech threshold Social history and information
Electroencephalogram Retirement data
Electrocardiogram Activities
Chest x-ray Attitudes

Longevity

From Busse and Maddox (1980)

2. The Duke Studies

Two longitudinal studies have been carried out at Duke University. The goal of
the first, initiated in 1955 under the leadership of Dr. E.W. Busse, was to provide
answers to two questions: “‘What are the basic physical, mental, and social processes of
normal aging?"’ and ‘““What accounts for the variations in these processes?’’ (Busse,
1970). The study was based on 267 men and women, aged 60 to 90 years (X age =
70.8 yr), residing in the community. Each panelist was admitted to the Medical Center
for a two-day series of medical, psychiatric, psychological, and sociological examina-
tions. These examinations were repeated every two to four years until 1965, and then
every two vears until 1972, In 1973, the eighth series of tests was completed on the 64
survivors of the original cohort (X age = 82.3 yr). In 1976, the 11th series of tests was
conducted on 43 survivors (X age = 85.2 yr). The tests administered are summarized in
Table 1 (Busse and Maddox, 1980). Normal Aging, edited by Dr. E. Palmore (1970),
reprinted 49 articles by 31 authors based on a variety of analyses of data collected in
this panel of subjects.

The results of the first Duke study emphasized the advantages of longitudinal and
multidisciplinary studies. The longitudinal analysis made possible the discovery of a
general persistence in activities and stability in such traits as hypochondriasis and denial
of illness. The inference of failing functions drawn from averages based on cross-
sectional data was contradicted by the longitudinal studies, which identified a
substantial number of subjects who showed no decline in health status or intellectual
function over a number of years; many actually showed improvement in health status
(Maddox and Douglass, 1973). Even those who showed substantial impairment of
physical functioning, EEG abnormalities, CVD, or impairments in vision and hearing
often remained functioning residents of the community, living fairly mobile and
independent lives. The surprising degree to which self-perceptions of health vary
among individuals constituted a major finding (Maddox and Douglass, 1974).
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Table Il.2A. Duke Study. Il. Adaptation Study Design

independent Variables Dependent Variables
(Resources) (Measures of Adaptation)
A. Physical A. Performance
— Financial and social indepen-
Medical history dence
Physician’s ratings Productivity and social activity
ECG and laboratory tests Reaction time and accuracy
B. Psychological B. Intrapsychic
Intelligence > Happiness-depression
Personality Psychosomatic symptoms
Viglance function Self-concepts
C. Social

Role and activity measures
Socioeconomic status
Self-concept

Health attitudes

Social attitudes

R—

From Palmore (1974b)

The second longitudinal study, designated ““The Duke Adaptation Study,” was
initiated in 1968. Its goal was to identify the immediate and long-term effects on
normal individuals living in the community of such potentially stressful events as death
of spouse, serious illness, menopause, children leaving home, preparation for
retirement, and retirement, as well as to explore the factors or mechanisms that
contribute to *“successful” aging defined in a variety of ways (Palmore, 1974a,b). The
sample consisted of 261 men and 241 women, aged 45 to 70 years, selected at random
from the participants in a major health-insurance plan in the Durham area. The panel
was fairly representative of the middle and upper socioeconomic groups in the
population. Subjects returned to the center for two days of testing at two-year intervals
between 1968 and 1976. .

Table 2A shows the design of the Adaptation Study. Table 2B lists the tests
administered. Four cycles of testing were completed between 1968 and 1976. Initially,
502 subjects were tested between August 1968 and April 1970. A total of 443 subjects
were re-examined by March 1972, 386 were examined for the third time in 1974, and
the fourth and final examination was completed in June 1976 on 375 subjects.

In 1974, Normal Aging II was published (Palmore, 1974a). Of the 1 articles, 18
are reprints of material previously published in scientific journals, 11 represent new
material not previously published, and two are full papers based on presentations made
at scientific meetings. Most of the articles deal with results obrtained in the first Duke
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Table 11.2B. Duke Study. Il. Summary of Variables

Independent Variables Dependent Variaoles
(Resources) (Measures of Adaptation)

Medical history Performance
Physical examination Financial independence
Audiometry Social independence
Electrocardiogram Reaction time and accuracy
Chest x-ray Physical function
Laboratory studies Intrapsychic

Urinalysis Life satisfaction

Blood analysis Happiness

Immunology Psychosomatic symptoms
Medical summaries Self-concepts
Psychological data Mental status

Intelligence

Personality

Continuous performance
Mental status

Social history and information
Role and activity
Socioeconomic status
Self-concepts
Health attitudes
Social attitudes
Drug-proneness
Retirement

From Busse and Maddox (1980)

Longitudinal Study of Agirng. Although more details were added from the analysis of
additional data, the general conclusions of Normal Aging (Palmore, 1970) were not
substantially altered. Adult personality showed little change over the eight years of the
study.

A more detaiied summary of findings of both studies appears in Final Report: The
Duke Lonzitudinal Studies and The Duke Longitudinal Studies on Aging and the Aged (Busse
and Maddox, 1980; 1983).

3. Normative Aging Study

In 1963, the Normative Aging Study began at the Veterans’ Administration
Outpatient Clinic in Boston under the direction of Drs. B. Bell, C.L. Kose, and Albert
Damon. Studies conducted between 1958 and 1963 in a group of 150 ambulatory
octogenarian veterans of the Spanish-American War had made it apparent to the
investigators that the identification of special characteristics predictive of healthy old
age was not possible simply through the study of older individuals but would require
serial studies of a group of younge. individuals as they aged (Bell et al., 1956, 1972).
The goal was to identify the factors that contribute to health in old age by describing
the changes that occur with aging.

The subjects, 2032 males, mostly veterans aged 25 to 75 years, living in the
Boston area, included representatives of many ethnic, socioeconomic, and occupational
groups in the Boston population (Rose, 1965). All were screened for a high level of
health at the time they entered the study; subjects with blood pressure higher than
140790 mm Hg, for example, were excluded. Another selection factor was the
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Table II.3. Normative Aging Study (Boston VA Outpatient Clinic)

25

Tests Administered

Clinical evaluation
Electrocardiogram
History and physical exam
Chest x-ray
Pulmonary function

Vision
Visual acuity
Tonometry
Dark adaptation
Dynamic, static, and flicker perimetry
Glare sensitivity
Turbidity of the ocular media
Depth perception

Perception
Smell
Taste
Audiometry

Anthropometry

Blood chemistry
Pepsinogen
Triglycerides
Protein electrophoresis
Plasma testosterone

Dental evaluation
Salivary steroids

Thyroid function

Liver function

Personality tests

Intellectual function

Social Information Questionnaire

probability that the subject would remain in the Boston area for his entire lifetime
(Rose and Bell, 1965). Although the precise limiting values for exclusion from the
study have not been published, the criteria were described as ““abnormal values” for
pulmonary function, blood-sugar levels, chest x-rays, and ECG. Only four of each ten
applicants were accepted aler the first clinical evaluation. Subjects came to the
laboratory for three nonconsecutive half-days during a five-year cycle. First-cycle tests
were administered to approximately 2000 subjects over the period from 1963 to 1968;
subsequent cycles were intended to cover the periods from 1969 w 1973 (Cycle il)
and from 1974 to 1978 (Cycle III).

The tests included the domains of biochemistry, clinical medicine, oral medicine,
neurology, the special senses, anthropometry, psychology, and sociology (Tab. 3). The
clinical medicine and biochemistry domains comprised a history, physical examination,
standard blood and urine tests, and tests of liver function, serum pepsinogen,
triglycerides, plasma-protein electrophoresis, blood sugar, blood-urea nitrogen, uric
acid, Ca, P, and protein-bound fodine in the blood. An extensive series of
anthropometric' measurements was also included, along with resting ECG and blood
pressure. ABO blood groupings, lipoprotein phenotyping, and tests for the develop-
ment of osteoporosis, including a dietary and special medical history and x-rays of the
hands, as well as exercise-tolerance ECG, have been added. Smoking histories are
obtained for all subjects.

Observatioas classified as “oral medicine” include orofacial examinations, mastica-
tion, a dental survey, facial bone measurements, and parotid saliva secretion rates.

Visual acuity, stereopsis, peripheral retinal shrinkage, dark adaptation, and glare
and retinal sensitivity were measured on a subsample of 200 subjects.

Audiologic studies bave included sensitivity to frequency and amplitde differ-
ences. Tests of retention of verbal and pictorial material, as well as of decision-making
under simple and complex classification rules, have been administered to a subsample
of the population (Bell et al., 1972).
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Selected subjects have been recalled to the laboratory at other times to partici-
pate in special tests of such functions as intellectual performance and vision.

Most of the publications from this study represent cross-sectional analyses based on
measurements completed during the first cycle of examinaticns. Burney and Bonus
(1972) summarized the clinical laboratory data; Fozard et al. (1972) analyzed the age
differences observed in 12 cognitive-performance tests. Dawber and Thomas (1972)
presented data originating from clinical examinations of some 1800 subjects, with
special emphasis on the frequency distribution of blood-pressure measurements.
Clinical data on oral health (Kapur et al., 1972), retinal fields, and pulmonary function
(Bell, 197.2a) have also been reported for subsamples of the population.

Both Bell (1972b) and Nuttall (1972) presented theoretical wpproaches to
determination of what they called “‘functional’’ ages for different types of performance.
The approach was to predict chronological age from regression equations derived from
specific cross-sectional data sets. For example, Fozard (1972) derived a regression
equation to predict chronological age from scores on the General Aptitude test or from
the 16 Personality Factor (16 PF) questionnaire. Functional ages were calculated for
the domains of blood chemistry, anthropometry, personality, human abilities, sociolo-
gy, and hearing (Nutzall, 17 7) from regression equations derived from experimental
data within each domain. The assumption was that meaningful comparisons could be
made between the functional ages calculated from observations in different domains.
The error of estimate was often large—e.g., 7.2 years for the prediction of age from
scores on the General Aptitude test (Fozard, 1972). The usefulness of the concept of
“functional age” in contrast to chronological age has been questioned (Costa and
McCrae, 1980d).

With completion of the second cycle of testing, analyses were made of the
differences in measurements over a five-year interval. Friedlaender et al. (i977)
showed that most of the age trends in anthropometry that had been observed in a cross-
sectional analysis (Damon et al., 1972) were due not simply to aging but to 2
combination of aging and birth-cohort effects. Costa and McCrae (1980a), who also
analyzed anthropometric findings after a. five-year interval, were unable to find
evidence of a general aging factor. Age trends, when present, varied so much among
individuals that no single trend couid be identified.

4, ‘'The 1000-Aviator Study, Pensacola

In 1940, a study to determinc the value of psychological and physiological tests in
predicting success in the flight-training program was initiated at the United States
Naval Aviation Center at Pensacola, Florida, by Dr. Ashton Graybiel. An extensive
battery of physiological, psychomotor, and psychological tests was administered to
selected cadets and officers who entered flight training between July 1940 and May
1941. A total of 1056 subjects, aged 20 to 30 years, were tested. All were preselected,
in that they entered the study with supine blood pressure lower than 132/86 mm Hg,
and had qualified for flight training by passing rigorous medical and flight-proriciency
examinations (Oberman et al,, 1965a,b; 1967). ’

It was not until 1951 that retesting survivors of the original cohort was considered.
The swudy was designed to estimate the current physical status of the men, with
particular emphasis on the cardiovascular system, morbidity and mortality rates, and the
influence of aviation on these rates. In 1951, 703 of the 829 survivors were re-
examined. Survivors were also re-examined in 1957-1958, 1963-1964, 1969-1970,
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Table il.4 The 1000-Aviator Study

Time of Testing

1940-41° 1951¢ 1957-58°¢ 1963-64° 1969.70' 19779

Mean age 23.6 34.6 41.6 48.6 55.6 63.6
Located 1056° 1049 836 811 738 728
Survivors 829 816 794
Re-examined 703 785 675 675 128
Questionnaires only 115 19 89 43 554
No response 1 12 30
Died 220° 20 17¢ 20 46
Not located 7 3 4
No contact® 61 -51

* Qriginal sample.

® 213 men died in World War Il.

° 5 men died atter returning the questionnaire and were not examined.
¢ No information given on survivorship in the “"no-contact” group.

* From Oberman et al. (1965a,b)

! From Macintyre et al. (1979)

9 From Maclntyre (1978)

and 1977 (Oberman et al., 1965a,b; Maclntyre, 1978; Maclntyre et al., 1979). The
number of subjects tested at each examination is shown in Table 4. Not all the tests
used at the first examination were repeated; Table 5 lists the tests administered at each
cycle of the study (Mitchell, 1976).

The blood-pressure and ECG data have been analyzed longitudinally. Although
the mean blood pressure for the group showed some increase between the initial
examination in 1940-1941 and the re-examination in 1963-1964, blood , ressure did
not increase with age in every subject; in fact, most of the subjects showed random
variations in blood pressure over the first 24 years of follow-up. In this relatively young
sample, the average increase was the result of a consistent rise in pressure in a relatively
small number of subjects. These, it should be noted, also exhibited greater increments
in body weight as they grew older, and had shorter-lived parents (Oberman et al.,
1967).

Longitudinal analysis of resting ECG (Harlan et al., 19065) indicated that, of 90
men taken into flight training in 1940 whose ECGs would today be considered as
indicating frank or borderline abnormalities, 59 had by 1952 reverted tc normal. Of
individuals in whom ECG abnormalities persisted, none had developed clinically
apparent heart disease at the 1963-1964 examinations.

In 1977, a 37-year follow-up of longevity of the 800 survivors was conducted
(Maclutyre et al., 1978). The average age of the group was then 60 years. A mailed
questionnaire ascertained the subjects’ current health status, presence of significant
cardiac problems, current jobs, exercise status, amounts of alcohol and tobacco used,
and current weight. A markedly lower death rate than would be expected from a
random sample of white American men over a similar period was observed. Lower-
than-expeted death rates occurred ir all three major categories of cause of death:
CVD, neoplasms, and accidents.
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Table II.5. The 1000-Aviator Study: Summary of Tests Administered®

Tests Time of Testing
1940-41 1951 1957-58 1963.64 1969-70

Interview — personal and medical histories ' ' ' . '
Physical examination * * * *
Cardiovascular

Blood pressure (casual, supine) ‘ ‘ ‘ * *

Routine electrocardiogram * * * * *

Exercise electrocardiogram * * *

Ballistocardiogram “® * .

Vectorcardiogram . .

Cold pressor test . 0 .

Other ‘ . .
Laboratory determinations® ' . .
Pulmonary and metabolic

Spirometry * ‘

Other * * *
Anthropometry

Somalotype ‘ *

Measurements (in addition to height anu weight) * *
Teleoroentgenograms ‘ ‘ * *
Psychologic-psychomotor

Ataxia test * . .

Tilt chair * *

Other * ‘
Vision ' ‘ ‘
Neurophysiologic

Electroencephalogram * .
Audiometry * *

a Completion of the test 15 noted by an astensk (*), i a procedure was not performed durng an evaluation,
the appropriate column is blank.

b Examinations performed on less than 25% of the study group.

¢ Laboratory tests included chest x-ray, ipoprotems, cholesterol, tnglycendes, urnic acid, glucose, hematocrit,
WBC including differential, urinalyses (protein, glucose, mICroscopic).

From Miichell (1976)

5. The National Institute of Mental Health Study

In 1955, an extensive multidisciplinary study of aging was initiated at the National
Institute of Mental Health under the leadership of Dr. J.E. Birren. The purpose of the
study was to examine a broad spectrum of variables in individuals of advanced age in
whom diseasc was absent or minimal. The original focus of the study was on the
relations among cerebral physiological changes of advancing age, psychological
capacities, and psychiatric symptoms. As the study progressed during its initial five
years of operation, social-psychological aspects of old age were added. The resulting
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study combined the efforts of 22 investigators. The findings of the first study are
reported in detail in Human Aging (Birren et al., 1963).

The subjects were 47 male volunteers aged from 65 to 91 years (median age = 71
yr) who were living it: the community. All subjects were reported to be healthy on the
basis of a detailed medical examination. Subjects were admitted to the Clinical Center
of the National Institutes of Health for a period of two weeks, during which an
extensive battery of physiological and psychological tests was administered {Granick
and Patterson, 1971).

In 1961, 29 of the 39 survivors were re-examined at the Clinical Center, Bethesda.
Although no comprehensive report of the follow-up has been published, some aspects
of the work were reported by Butler (1967), Botwinick and Birren (1965), and Birren
(1964). The interviews and tests administered are shown in Table 6. The general

Table 11.6. The National Institute of Mental Health Study:
Interviews and Tests Administered

Period of Study
Examination or Test 1956 1961 1967

Medicine and physiology
Medical history
Physical examination with complete neurological
Hematology
Blood cheniistry
Urinalysis
Chest x-ray
Skull x-ray
Electrocardiogram
Electreencephalogram
Pulmnnary-function studies
Cert:bral-blood-flow studies
Audlometric 2xamination
Click-perseption tests
Detayed auditory feadback tests

L O L T T Y
L I T T S S S,

Psychological
Adr*.on ralg
Arithmetic afternaticn rate
Drow-3-Perscn
Emotional projaction tast
Family scene
Homonyms
Learning
Level of aspiration
Minnesola Multiphasic Personality Inventory
Mirror tracing
Perception of line diffrence
Raven Progressive Matrices
Reaction time
Rorschach
Sentence-completion test
Speed of card sorting
Speed of copying digits
Speed of copying words
Stroop Test
Thematic Apperception Test
Wechsler Adult Intelligence Scale
Weigl Color Sorting
Wisconsin Card Sorling
Word fluency

LI S R S T T T T T S O Ay
PO Y
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Table II.6. The Naticnal Institute of Mental Health Study:
Intervicy’s and Tests Administered~—(Cont'd.)

Period of Study
Examination or Test 1956 1951 1967

Social-psychological interview

Family history (or interval history) * *
Educational history .
Occupational history . .
Retirement planning and activities . . .
Marital history . . .
Living arrangements . . .
Use of time . . .
Social relations and interaction . . .
Attitudes toward life . . .
Goals and aspirations . . .
Critical turning points in life . . .
Significant losses . . .
Observed paysical and mental changes in aging . . .
Psychlatric interviews
History of psychiatric contact . . .
Personal-social history (o: interval history) . . .
Psychiatric-symptom check list * ‘ .
Mental-status evaluation . .
Assessmiant of atiitude about:
futurity . . .
death * * *
self . . .
aging . . .

From Granick and Patterson (1971)

results indicated little change in the subjects tested after the five-year interval (Butler,
19C7), except in tasks such as card-sorting (Botwinick and Birren, 1965) in which
speed of performance was the criterion.

In 1967-1968, 19 survivors from the original group of 47 were tested for the
third time by other investigators at the Philadelphia Geriatric Center; findings were
reported in Human Aging II (Granick and Patterson, 1971). Twenty-four of the subjects
had died, and four had dropped out. Not all subjects participated in all the tests; for
example, cerebral blood flow was measured in only eight subjects.

Every attempt was made to replicate the methods used in the first testing, and
many of the investigators who had taken part in the first testing participated in che
analvsis of the data. Lo gitudinal results are summurized in Table 7 (Granick and
Patterson, 1971). Table 8 lists the variables that at the initial testing had shown
differences between subjects who survived and non-survivors.

Although the number of subjects was small, this study showed that decrements ia
intellectual performance with advancing age were significantly greater in subjects who
also developed CVD than in subjects who remained healthy.

6. The Basel, Switzerland, Study

The Basel study, organized by Drs. F. Verzar and O.R. Gsell, was based on
measurements made at one- or two-year intervals over a ten-year period (1955-1965)
in 121 male subjects aged from 8 to 85 years. Most of the subjects were aged 26 to 56
years at the beginning of the study (1955) and were employees of the CIBA
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Table I1.7. The National Institute of Mental Health Study:
Changes in Survivors after 11 years

Study Area Type and Direction of Change
Medicine Almost half had significant diseases.
Erythrocyte sedimentation rate increased in healthy
subjects.
Cerebral physiology
Circulation Cerebral blood tiow decreased.
Electroencephalogram 8 subjects showed some type of EEG change.

No systematic changes in the group, but 5 sub-
jects showed slowing of the dominant occipital
thythm,

Changes found in all 4 cases of chronic brain syn-
drome.

Psychology Vocabulary improved.
Picture arrangement improved.
Speed of addition declined.
Speed of arithmelic alternation declined.
Speed of copying words declined.
Quality of Draw-a-Person declined.
Quality of sentence completions declined.

Psychiatry Trend toward more organic mental changes.
Self-monitoring of intellectual and physical capaci-
ties more prominent.
"Energy" decreased (self-reports).
Sexual interest declined.

Social psychology Losses in social environment increased.
Vulnerabllity to failure at coping with stressful
events increased.
“Energy” decreased (self-reports),

From Granick and Patterson (1971)

Pharmaceutical Company (Verzar, 1967; Tripod, 1967). Tne measurements in~'uded
anthropometry-—height, weight, and circumferences of abdomen, throat, and wrist—
vital capacity, maximum expiratory volume, ECG, systolic and diastolic blood pressure,
pulse-wave velocity, range of accommodation of the eye, and state of health (Gsell,
1967, 1973). Longitudinal analysis of the data was accomplished by a) calculation of
average values obtained from this group of subjects as they aged; b) presentation of
curves based on serial measurements on the same subject; and c) calculation of average
changes over the ten-year interval. The number of subjects on whom data were
available for the full ten years varied fzom 72 (health evaluanon, anthropometry, biood
pressure, ECG) to 17 (vital capacity).

Briickner (1967) found that the longitudinal analysis of individual changes with
aging in the range of accommodation of the eye showed a more rapid decrease with
age than that predicted from cross-sectior.al studies. Similar differences between cross-
sectional and longitudinal analyses were #eported by Monnier (1967) for the age-
related increase in pulse-wave velocity, whit  ~as attni-uted to the development of
arteriosclerosis in major blood vessels. T:- . 2 with age shown in 27 subjects for
whom serial observations were avai & . !n-vear period was greater than that
shown by the average cross-secticaal cur
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Table 11.8. The Nalional Institute of Mental Health Study: N
Significant Differences between Survivors and Nonsurvivors ¢
(Initial Measurements)

ERIC

Direction
for
Study Factor Survivors
Medicine Health status (groups | anu 1l) Healthier
Systolic blood pressure Lower
Diastolic blood pressure Lower
Mean arterial blood pressure Lower
Weight Heavier
Arteriosclerosis Less
Chronic cigaretle smoking Less
Serum cholesterol in those who Lower
died from coronary heart disease
Seryum albumin in those who died Higher
from carcinoma
Cerebral phyvsiology
Circulatior: None
Electronncephalogram None, but a tendency shown with
respect to;
Peak occipital frequency Higher
Percentage fast activity Lower
Psychuiogy
Intellectual and WAIS Verbal scale Higher
psychomotor WAIS Performance scale Higher
WAIS subtests:
Vocabulary Higher
Information Higher
Comprehension Higher
Similarities Higher
Digit symbo! substitution Higher
Block design Higher
Speed of copying digits Higher
Sipeed of copying words Higher
Principal Component | (stored infor- Higher
mation)
Personality Draw-a-Person Higher
Rorschach Higher
Homonyms Higher
MMPI-Si scale (social involvement) Higher
Psychiatry Adaptation Better
Mental status Higher
Social psychology Organ.cation of behavior Higher
Environment loss Lower

From Granick and Patterson (1971)

The Basel study provides evidence that the following age differences, identified in
cross-sectional studies, represent age changes that occur in individuals (Gsell, 1967):
rise in blood pressure, increase in obesity, decrrase in vital capacity, decrease in range
of accommodation of the eye, increase of pulse-wave velocity, and increase of
abdominal and chest circumference.
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Table 11.9. The Bonn l.ongiludinal Study of Aging: {
Number of Participants and Dropouts and Number of Control-Group Participants -
Measurement Point Control
1 ] ] v v
Younger cohort '
Men 59 (4)* 55 (8) 47 (7) 40 (4) 36 13
Women 55 (5) 50 (2) 48 (10) 38 (7) 31 22
Sum 114 (9) 105(10) 95(17) 78(11) 67 35
Uider cohort
Men 59 (7} 52 (3) 49 (10) 39(11) 28 13
Women 43 (4) 45 (5) 40 (11) 29 (3) 26 13
Sum 108 (11) 97 (8) 89 (21" 68 (14) 54 26
Total 222 (20) 202 (18) 184 (38) 146 (25) 121 51

* Numbers of dropouts are indicated in parentheses.
From Rudinger and Schmitz-Scherzer (1976)

7. The Bonn, West Germany, Study

The Bona Longitudinal Study of Aging was initiated by Dr. H. Thomae in 1965.
The sample consisted of 220 men and women, born between 1890 and 1905, from
different parts of West Germany. Each subject was examined at five different times
during the period bes een 1965-1966 and 1972-1973 (Thomae, 1976). A control
group of 61 new-subjects was examined in 1972-1973. Table 9 shows the number of
subjects tested at each period.

Since the goal of the study was to explore the factors involved in the marked
variation among individuals apparent from cross-sectional studi  of aging, a global
appruach, which relied heavily on interviews, was taken. At each measurement point,
one three-hour interview was devoted to the assessment of present situation, one
interview of two to four hours to that of the past (childhood, adolescence, young
adulthood), and a third to assessment of the future outlook. Each interview was tape-
recordud so that future analyses could be made in the Jight of new developments in
theories about the psychological and social aspects of aging. In addition, standard
psychological (WAIS; Raven Progressive Matrices), personality (Thematic Appercep-
tion Test; Rorschach; Riegel Scales), and psychomotor tests (choice and simple reaction
time), and a brief physical examination to estimate health status were administered. N
The interviews focused on social conditions, socia. involvement, leisure activities,
education, occupation, housing, life history, and outlook on the future.

The Bonn study, placing major emphasis on psychological and personality
characteristics, highlights the marked individual variations in aging. More than 65
.publications dealing with snecific aspects of the data have already appeared (Thomae,
1976). The overall findings of the study point to the importance of interactions among
health status, psychological competence, and social and economic conditions in
determining patterns of aging. The richness of individual compensatory adaptations
indicates that there are multiple pathways toward successful aging—a conclusion vhat
can be drawn only from longitudinal observations.
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34 1. OTHER LONGITUDINAL STUDIES

STUDIES OF COMMUNITY POPULATIONS

The longitudinal studies described above have been conducted in relatively small

selected populations. Other studies have used larger numbers of subjects selected from

; the total population of a community. The Framingham, Tecumseh, and Atomic Bomb
Casualty Commission studies are examples.

- 1. The Framingham Study

In 1948, a prospective study designed to identify the relations of age, sex, family
history, occupation, educational level, national origin, serum-lipid levels, smoking
history, and physical activity to the development of CAD was initiated under the
sponsorship of the United States Public Health Service. On July 1, 1949, the program
was transferred to the newly established National Heart Institute.

The primary goal of the study was “the determination of factors influencing the
development of heart disease.” In order to meet this goal, it was recognized that
repeated examinations of a large number of subjects from a community would be
required. For this purpose two thirds of the 30- to 59-year-old population of
Framingham, Massachusetts, were selected from published lists of all residents of
Framingham over the age of 20 (Dawber et al., 1951). The process yielded 6507
individuals who were invited to participate in the tudy. Of this group, 4469, or 68.7%

) of the drawn sample, came to the study clinic for the initial examination, which was
accomplished between 1948 and 1952. An additional group of 740 *volunteers”” who
were not selected by the formal sampling procedure were added to the riginal
respondents. The total number of men and women tested at first visit was thus 5209
(Dawber et al., 1951; Gordon et al., 1959; Dawber et al., 1963; The Framingham

. Study, 1968-1974).

The stady was designed to re-examine each subject every two years over a period
of 20 years. At the eighth examination, 14 years after the first, 4678 subjects (89.8% of
the original population) were alive; of these, 4030 (86.1% of those still alive and
77.4% of the original group) reported for examination.

By 1977, 3680 subjects were still alive and 1529 had died. Although the two-year
test interval has not been strictly maintained since 1970, cerwain observations are
continuing, with special emphasis on the factors involved in the development of
cerebrovascular disease. The measured variables of major interest as risk factors for the

development of CVD and for death are listed in Table 10. The data were analyzed

longitudinally at the end of ten and 20 years, and numerous publications have appeared

(The Framingham Study, 1974-1978).

The outstanding achievements of the study include the identification of significant
risk factors for the development of CVD and the demonstration that they may be
additive or multiplicative in their effects. The risk factors or predictors that have been
identifieu are: cigarette smoking, e'evated blood pressure, elevated serum cholesterol
and low-density lipoproteins, low vital capacity, diabetes, and obesity. In addition,
certain ECG abnormalities and x-ray evidence of cardiac enlargement are predictive
(Kannel, 1978). These findings, which are convincing because of the longitudinal or
prospective design of the study, have had a significant impact on public-health
programs to reduce the incidence of CVD.
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Table 11.10. The Framingham Study

Major Independent Variables (Risk Factors) Major Dependent Variables (End-Points)
Physical examination Mortality
Blood pressure Total
Height and weight Coronary heart disease (CHD) v
Sudden death from CHD
History Non-sudden death from CHD
Alcohol consumed Cardiovascular, non-coronary
Cigarettes per day Non-cardiovascular
Laboratory tests Morbid events, vascular
Blood or serum Heart
Glucose CHD
Cholesterol Myocardial infarction
Phospholipids Angina pectoris
Hematocrit and hemoglobin Congestive heart failure
Uric acid Brain
Urinalysis Cerebrovascular accident N
Chest x-ray Brain infarction &
Vital capacity Peripheral arterial -
Electrocardiogram Intermittent claudication

Compiled from data in The Framingham Study (1978)

2. The Tecumseh, Michigan, Community Health Study

The Tecumseh study, first planned in 1957, was designed as an ecologic
investigation of an entire community, in contrast to studies based only on samples. The
study was designed to identify the early origins of impaired health in order to detect
precursors of overt illness at a time when preventive measures might be instituted
(Epstein, 1960; Napier, 1962; Epstein et al., 1965; Montoye et al., 1965; Napier et al.,
1970; Montoye, 1975; Montove et al., 1978).

Although all residents of the town and its environs were contacted, approximately
80% or 8641 (4239 men, 4402 women) were actually tested between 1959 and 1960.
The subjects ranged in age from birth to 70+ years (the 70+ group consisted of 127
men and 162 women, 3% of the total group). Approximately 45% of the subjects were ‘
younger than 20 years at the first testing. )

In the years 1961 to 1965, the second cycle of examinations was conducted. A '
total of 9226 subjects or 82% of the population, including 2499 new residents, was
tested.

A third cycle of examinations was conducted from February 1967 through June
19G9. This cycle was limited to persons who had been examined at least once earlier
and persons of all azes, whether previously examined or not, who resided in a 10%
random sample of dwelling units. A number of relatives of subjects identitied as having
CAD or diabetes mellitus were also tested. Subjects tested in each of the three cycles
totaled 4312,

Table 11 lists the tests administered in each cycle. Reports of cross-sectional
analyses by age decades have been published for physical-activity levels, heart-rate
response to exercise, oxygen uptake, ECG, proteinuria, and ventilatory response t
exercise (Montoye, 1975); glucose tolerance (Montoye et al., 1977); forced vital
capacity and other pulmonary-function tests (Higgins and Feller, 1973); and serum
cholesterol and disease prevalence (Epstein et al., 1965). The testing program was
terminated in 1970.
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Table Il.11. The Tecumseh Study: Tests Administered

Cycle 1 Cycle 2 Cycle 3
1959-1960 1961-1965 1967-1969

Subjects
Men 4239 4479 2857
Women 4402 4747 3155
Total 8641 9226 6012
New subjects 2499
% of Tecumseh population 80 82
tested

History and physical exam

Anthropometry
Height and weight
Skinfolds
Skeletal diameters

Laboratory tests
Electrocardiogram
Resting
Exercise step test
Treadmill exercise
Pulmonary function
Vital capacity
FEV'?
Nitrogen washout
Roentogenographic studies
Chest
Hand
Cervical spine
Fasting and one-hour glu-
cose-tolerance test
Blood tests
Hemoglobin
Blood type (11 groups)
Uric acid
Cholesterol
Triglycerides
Lipoprotein electrophoresis
Rheumatoid factors
Urinalysis
Skin sensitivity to tuberculin
and histoplasmin (20% of
population)
Activity questionnaire

* % 2 » » 5 » » »

From Montoye (1975)

Publications from the study have analyzed data by the cross-sectional method, with
special emphasis on the role of physical activity in the maintenance of health.
Longitudinal analyses of repeated observations on the same subjects have not been
published.

3. The Atomic Bomb Casualty Commission Study

Almost immediately after the explosion of the atomic bombs over Hiroshima and
Nagasaki and termination of hostilities, steps were taken by United States military
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Table 11.12. Atomic Eoinb Casualty Commission—Hiroshima Study:
Tests Administered to Clinical Subsample

On Al Subjects at 2-Year Intervals ’

Height and weight
Skinfold thickness
Hematology
Hemaglobin, hematocnt, red-celt count, white-cell count, differential white count, sedimenta-
tion rate
Urinalysis, including microscopic examination
Stool examination for blood, ova, and parasites
Blood pressure
Chest x-ray
Questionnaire—history and present symptoms
Interview information on smoking, drinking, diet, occupation, and residental facts

On Part of the Sample at Varying Times

Chromosome studies (number and aberrations) in culture of lymphocytes
Cardiovascular disease

Grip strength

Anthropometric measurements

Vital capacity

12-lead electrocardiogram

Serum cholesterol, triglycerides, and uric acid

Blood clotting and lysis

Ocular fundus photography

Compiled from data 1n Hollingsworth et al. (1965), Finch and Beebe (1975), Belsky et al. (1973)

authorities to assess the immediate and long-term effects of exposure to radiation on
longevity and the incidence of disease, especially cancer, among humans. Over a period
of years the planning and supervision of the studies were transferred to the Atomic
Bomb Casualty Commission (ABCC), whose members were appointed by the National
Academy of Sciences of the United States and the Japanese National Institute of
Health.

The primary focus of the studies was epidemiological, a comparison of morbidity
and mortality from a variety of diseases in survivors of the explosions with morbidity
and mortality in residents of Hiroshima and Nagasaki who were not exposed to
radiation.

It was also recognized that steps should be taken to observe the development of
any abnormalities induced by radiation exposure through repeated observations in the
same subject over ume—the longitudinal approach. Many radiobiologists at this time
(about 1948-1952) were of the opinion that exposure to radiation simply “accelerated
normal aging;” to test the hypothesis, serial observations in both the exposed and the
non-exposed were necessary.

In 1958 a sample of about 20,000 subjects was drawn by statistical techniques
from a total population of 110,000 identified as residents of Hiroshima at the time the
bomb was dropped. The 20,000 were about equally divided among four groups of
about 5009 each who had been within 2000, 2000 to 2500, and 2500 to 10,000
meters of the epicenter, or had not been exposed to radiation because they had been
out of the city when the bomb was dropped. Observations on the subjects in the non-
exposed group provided control data.

The design of the study called for detailed medical examinations, with some
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laboratory tests to be conducted on each of the 20,000 subjects at two-year intervals.
Although the task proved greater than the resources, a great many serial examinations
were completed. Since the primary interest of the study was to identify the long-term
effects of exposure to radi~tion, analysis of age effects was not given a high priority.-In
addition to a standard medical history and physical examination, height, weight, blood
pressure, chest x-ray, blood morphology, hemoglobin, and routine urine examinations
were made in practically all subjects (Tab. 12). Additional tests, including extensive
anthropometry, skinfold thickness, grip strength, vital capacity, 12-lead ECG, serum
cholesterol, triglycerides, and uric-acid levels in the blood were conducted in
subpopulations over varying periods of time. Cross-sectional analyses were used, but no
publications have presented results based on longitudinal analyses.

In April 1975 responsibility for all studies was transferred to a newly established
Japanese Radiation Effects Research Foundation, under which studies of the long-term
effects of exposure to ionizing radiation are being continued (Atomic Bomb Casualty
Commission, 1978).

Most of the publications from the ABCC study are concerned with determining
the effect of exposure to various levels of radiation on the incidence of disease,
especially cancer. In general, exposure to non-lethal doses of radiation did not seem to
have any significant long-term effects. Radiation injuries were primarily confined to the
period immediately following acute exposure, and the incidence of symptoms
(epilation, bleeding, and oropharyngeal lesions) increased almost linearly from
5%-~10% among those exposed .o 2 total dose of 50 rad to 50%-80% among those
exposed to about 300 rad, beyond which the proportion leveled off (Atomic Bomb
Casualty Commission, 1978).

EDllingsworth et al. (1965) attempted to devise an index of physiologic age based
on measurements of a number of physiological variables in 437 non-exposed males and
females, aged from 10 to 70 years, from the ABCC Adult Health Study. Scores on nine
tests—skin elastcity, systolic blood pressure, pulmonary vital capacity, hand-grip
strength, visual reaction time, vibratory perception at the ankle (120/sec), visual acuity
(Snellen), auditory threshold (decibels at 4000 cycles/sec), and serum cholesterol—
were combined in a multiple regression equation to provide a *physiological age’
score for each individual. When a value for “physiological age” was derived, it was
highly correlated with chronological age. The observations, however, were not
analyzed to determine whether subjects whose physiologic age was lower than their
chronological age had lived longer. Such a test for the validity of an index of
physiological age is essential; but until follow-up observations have been made over a
period during which a substantial number of the subjects have died, no definitive
answer can be given.

Examinations of mortality data on a large sample of Japanese over the period from
1950 to 1972 provided no support for the hypothesis that exposure to ionizing
radiation accelerates aging. The effects appear to be the result of specific radiation-
induced diseases, especially neoplasms (Finch and Beebe, 1975).

Dock and Fukushima (1978) analyzed observations of blood pressure in 13,814
Japanese subjects who were participants in the ABCC Adult Health Study. Blood
pressures were measured at two-year intervals between 1958 and 1972. At the seventh
examination, in 1970-1972, 8707 or 72% of the 12,123 subjects still in the study were
examined. In subjects younger than GO years there was a small but consistent risc in
average values for both systolic and diastolic blood pressure with increasing age over
the period. Subjects in a recent cycle exhibited pressures about the same as or slightly
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lower than those of subjects who had been the same age a decade or more earlier.
Subjects aged 60+ at the time of the initial test failed to show any further increase in
pressure during the subsequent years. Very few “mild”" hypertensives progressed into
the “severe” category during the period of study. Initial pressure and age were the
primary predictors for the development of hypertension. Subjects who had shown a
transient rise in blood pressure at their first visit had a higher risk of an increase in

lood pressure over the following decade than subjects with stable values during the
first visit.

STUDIES OF SPECIFIC VARIABLES

1. Intellectual Functions

A number of studies have used the longitudinal method to investigate age changes
in specific domair.s. Owens (1966) reported on the serial analysis of Army Alpha test
scores for intelligence of 96 men tested in 1961 (% age = 61 yr) who had originally
been tested as entering freshmen at Iowa State University in 1919. They represented
survivors of a group of 127 subjects who had been retested in 1949-1950 at a mean
age of 50 (Owens, 1953). Of the 31 subjects lost between 1949-1950 and 1961, 13
had c.cd, five were disabled, five could not be located, and eight refused to participate.
The important finding of the study was that within individuals there was little change in
test scores over the ten-year interval from 1950 to 1960. The previous report (Owens,
1953) had shown increments in verbal ability and total score over the interval between
1919 and 1950 (age span 20-50 yr), although numerical ability showed a slight
decrement. This study was the first to raise serious doubts about the presumed decline
in mental abilities with advancing age that had been inferred from previous cross-
sectional studies (Jones and Conrad, 1933),

In 1921-1922, a group of 1528 intellectually gifted children, whose age range
was from three to 19 years, was selected by means of intelligence tests. The study,
organized by L.M. Terman, is known as the Terman-Stanford study of gifted children.
The subjects (x 1.Q. = 151, range 140-200) have been followed since 1921 by means
of field-worker interviews, questionnaires, tests, and personal correspondence. Special
tests of intellectual function were administered to 954 subjects (% age = 29.5 yr) in
19391940, and to 768 subjects (X age = 41.5 yr) in 1952. An analysis by Bayley and
Oden (1955) of changes in test scores over the 12-year interval showed that, in
general, scores on the mental tests increased in individual subjects betweea the ages of
30 and 4C years.

Schaie and his co-workers have examined the changes in intellectua! performance
with age. The five subtests of the SRA Primary Mental Abilities (Thurstone and
Thurstone, 1949) and Schaie’s test of Behavioral Rigidity were administered to
subjects drawn on three occasions (1956, 1963, and 1970) from approximately 18,000
members of a prepaid medical plan operating in the Pacific Northwest. In 1956, 25
men and 25 women in each five-year interval from 21 to 70 years of age werc tested. In
1963, 302 of the original 500 subjects were retested; 161 were tested for a third cime
in 1970. In addition, 960 subjects were tested for the first time in 1963; of these, 409
were retested ;2 1970. Another 701 men and women were tested for the first time in
1970. As a result, it was possible to measure seven- and 14-year longitudinal changes,
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and to estimate mean changes by comparing independent samples from the same birth
cohors at the seven- and 14-year intervals. Schaie and Labouvie-Vief (1974) concluded
that much of the apparent age decline was in reality due to birth-cohort differences and
that aging did not result in an inevitable decline in all intellectual functions.

2. Physiological Variables

Blood pressure. Jenss (1934) examined in detail the rate of change of systolic blood
pressure with age in individual male subjects. The data were obtained from annual
physical examinations of 1.39 United States Army officers (age range = 27-54 yr)
between 1916 and 1930. Zach subject provided at least seven observations (X = 9.4
observations over x period of 12.3 yr, range = 7-14 yr). The longitudinal analysis
showed that age differences in systolic blood pressure derived from cross-sectional data
were not representative of all the officers. Some individuals showed an appreciable
decline in pressure, others a corresponding rise, during the period of observation.
Regression toward the mean was observed: Officers with an initial reading considera-
bly above the aversge tended to show a decrease in systolic pressure with age, those
with a low initial pressure an increase. The inverse relation between the initial level
and the trend of systolic pressure was more marked in the young than in the old
officers.

Engel and Malmstrom (19G67) analyzed blood-pressure measurements made
annually over a period of 20 years on 242 male employees of the Travelers Insurance
Company. Although a single linear regression of blood pressure on age could be fit to
the observations on most of the subjects, 56 were identified in whom two straight lines
of different slopes were needed to describe the data. The ability to detect a change in
slope or any form of non-linearity obviously requires multiple longitudinal observa-
tions over a substantial number of years.

Exercise. In a study by Robinson et al. (1975), the physiological adjustments to
both aerobic (5.6 km/hr, at 9% grade) and maximal treadmill work, which had first
been determined when the subjects were college students, aged from 18 to 22 years,
were compared with measurements made in 20 of the same subjects at ages 40 to 44
and again at ages 49 to 53. In the aerobic walk, oxygen consumption increased in
proportion to the gain in body weight, but efficiency did not change with age; the
amount of oxygen consumed per unit of work remained the same. The men who had
gained the most weight showed the greatest elevations of heart rate and blood laccate
after exercise, with a significant decrcase in the efficiency of lung ventilation.

The most pronounced changes with age occurred in metabolic, respiratory, and
circulatory adjustments to maximal or exhausting work. Over the 30 years of the study,
maximum oxygen consumption declined between 20% and 30% in individual subjects.
The most important finding, however, was that eight of the men showed an average
increase of 11% ‘n maximum oxygen uptake between the ages of 40-44 and 49-53
vears. This increase in physical fitness was associated with increased participation in
vigorous activities and cessation of smoking.

Dill et al. (1§37) assessed the physiological state of 16 runners on two occasions
over a span of 79 years. Many of the subjects had been Olympic contenders, a few
woild champions; they displayed unusual physical fitness at the time of their first
testing. Ir. addition to a clinical assessment including chest x-rays, ECG, urinalysis, and
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measurement of serum cholesterol, pulmonary-function tests were carried out.
Observations made with the subjects in the basal state included oxygen consumption,
CO; production, respiratory rate and minute volume, heart rate, and blood pressure.
Arterial blood samples were analyzed for hemoglobin oxygen saturation, pCO,, pO,,
and CO, combining power. Physiological responses to grades of exercise performed on
a treadmill were measured. Although complete observations were not obtained on all
subjects, age trends for the group as well as for the individual subjects could be
identified. The major finding was that age differences based on average values for the
group did not predict age changes found in individual subjects tested after an interval
of 20 years. Although maximum oxygen uptake decreased in all the subjects, the
amount of the decrease varied widely among subjects. Despite the absence of
statistically significant results, the autkors concluded that regular strenuous exercise and
the absence of cigarette smoking seemed to be ronducive to a high level of physical
fitness.

Asmussen et al. (1975) re-examined 19 men (% age = 60.7 yr) and six women (%
age = 63.2 yr) who had been tested first as students of physical education (x age: men,
23.9; women, 23.5 yr) and later at mean ages 48.7 .men) and 51.3 years (women).
Measurements made under resting rather than basal conditions included blood
pressure, heart rate, O, uptake and CO, production, vital capacity, residual air, hand-
grip strength, and reaction time to light and sound. Exercise testing (Krogh bicycle
ergometer) at 617 kpm/min (men) and 411 kpm/min (women) was used to determine
O; uptake. Average curves showed significant age decrements in vital capacity, hand-
grip strength, speed of reaction, and maximum oxygen uptake during exercise. Systolic
blood pressure increased with age. Decrements seemed to be greater between ages 48
and 62 than betveen 23 and 48. The authors concluded that the changes in
physiological functions they had observed cver a period of 40 years (at ages 20-60)
seemed to be identical with the results of most cross-sectional studie: of the same
functions.

Astrand et al. (1973) retested 3 female and 31 male physical-education students
(aged 20-33 yr at initial testing) after an interval of 20 years. The subjects performed
submaximal and maximal exercise on a bicycle ergometer. Although at the second
testing maximum oxygen uptake had declined by approximately 20%, wide individual
differences were found. Average values {or mazimum oxysen uptake were, however,
in good agreement with the findings of other cross-sectional and longitudinal studies.

Dehn and Bruce (1972) measured maximal oxygen uptake during a multistage
treadmill test in 86 healthy men between 40 and 72 years of age. In 40 of the subjects
similar tests had been made two to three years earlier. A cross-sectional analysis
revealed an average annual decrement in maximum oxygen uptake of 0.28 ml/ min-kg.
Combined data from 17 cross-sectional studies found in the literature showed an
average annual decrement of 0.40 ml/min-.kg. Longitudinal analysis of the repeated
observations on 40 subjects of the present study revealed a significantly greater annual
decrement of 0.94 ml/min-kg, which compared remarkably well with longitudinal
results previously reported by Dill et al. (1967).

Although both cross-sectional and longitudinal analysis indicate that on the
average maximum oxygen uptake tends to fall with age, longitudinal studies show that
the downward trend may be reversed in middle-aged subjects. It is assumed that such
changes in life style as elimination of cigarette smoking and the introduction of regular
regimens of exercise contribute to this reversal.
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SUMMARY

This brief review of the major longitudinal studies that have been or are being
conducted on adults illustrates the great diversity in design, subject selection, and tests
administered. This diversity is a source of both strength and weakness. The strength
lies in the kroad spectrum of tests that have been used. The weakness is the limited
possibility for comparisons between different types of performance within the same
subject. Few studies have included a wide range of both psychological and physiologi-
cal tests in the same subjects.

Table 13, which summarizes the major feature: of selected 'ongitudinal studies of
adults, shows the diversity in their design and execution and emphasizes the fact that
the ideal longitudinal study is yet to be designed.

It is inevitable that many serial observations that have been collected have never
been analyzed longitudinally with respect to aging. This omicsion seems oftén to have
been due to the emergence of unauticipated methodologic complexiu.s in the
longitudinal analysis of data; not uncommonly, it has resulted from loss of critical
personnel or fiscal resources. Although several of the studies enumerated in Table 13
had never had as their primary goal an assessment of the age changes for thei~ own
sake, their data bases offer the potential for such analysis.

The criteria for subject selection have varied widely. In i.nost studies the number of
subjects is relatively small; groups are often highly selected and usually male. Women
are grossly underrepresented, and no studies have included blacks or other ethnic
groups as identifiable subsets. _

Since longitudinal studies have been initiated by groups of investigators with
different interests and goals, communication among investigators has often been
minimal. Iz order to improve communication among investigators in longitudinal
studies, a series of six conferences held between 1972 and 1975 (Rose, 1976) brought
together representatives from eight longitudinal studies: Baltimore Longitudinal Study
of Aging; Normative Aging Study; The Framingham Study; the Duke University
Studies of Human Aging; the 1000-Aviator Study; the Tecumseh, Michigan, Commu-
nity Health Study; the CVD Project at the University of Minnesota; and the Kaiser
Permanente Foundation Study, Oakland, California (not reviewed here because of the
absence of documentation.)

The meetings provided a forum for the interchange of information and discussiun
of problems associated with the operation of longitudinal studies. The question of
pooling data for specific tests from a number of studies was explored. Data for height,
weight, blood pressure, cholesterol, and vital capacity obtained from five longitudinal
studies (Duke, Tecumseh, Baltimore Longitudinal Study of Aging, Minnesota, and
Normative Aging Study) were compared (Garvey, 1973). The results showed that
pooling of original observations from differen. studies was impractical because of
systernatic differences in the selection of populatic and in methods of measurement.
Although direct pooling of data may not be feasible, the results of longitudinal analyses
from different studies can be compared. Age trends found in a number of studies are
apt to support more valid generalizations than those found only in a single study. On
the other hand, results found in some populations but not in others may provide
important epidemiological clues to demographic, genetic, or environmental variables
that influence the responses to aging.
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Table 11.13. Selected Longitudinal Studies of Adulls

Sex & N I
Nature of Ages at Test Test Repeat Variables Health Criteria
Study Began Ended Sample N Entry Interval Period Cycles Measured® Admission® Analysis®
Minnesota 1947 1977  Professional 281 M Annual 1 day ? Anthropometry Yes Yes
. and business 45.54 Behavior and Per-
men sonality
Duke | 1955 1976  Community 260 M&F 2yr 2 days 1" Psychiatric Yes Yes
Reside: 60-94 Psychology
Physiology
Anthropomelry
Blood chemistyy
Social history
‘Duke It 1968 1976  Community 502 M&F 2yr 1 day 4 Psychology No Yes
residents se- 45.69 Social History
lected from Personality
register of
health-insur-
ance plan
Nermative 1963 Con-  Community 2032 M 5 yr 3 half days 3 Biochemistry Yes Yes
Aging tinuing residents in 25-75 over 5-year Special senses
Boston area period Anthropometry
Psychology
Sociology
1000- 1940 1970  Cadets and 1056 M Irregute - 4 Physiology Yes Yes
Aviator officers in 20-30 Psychomotor (rigorous)
flight training Psychology
NIMH 1955 1967  Community 47 M 5 yr 2 wks 3 Psychiatric Yes Yes
residents in 65-91 Interview
Philadelphia Cerebral
area physiology
Psychological
lests
Social history
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Table II.13. Selected Longitudinal Studies of Adults—(Cont'd.)

Sex & N -
Nature of Ages at Test Test Repeat Variables Health Criteria
Study Began Ended Sample N Entry interval Period Cycles Measured® Admission® Analysis®
Base! 1955 1965 Community- 121 M 12y 1 day 2105 Anthropometry No No
residing CIBA 8-85 Physiology
employees (Most Sensory tests
and retirees 26-56) P.W.V.
Bonn 1965  1976- Community 220 M&F 2-4 yr 1 week 5 2- to 4-hr Yes No
77 residents in 60-75 interviews
W. Germany Intelligence
Personality
Framing- 1948  Con-  Community 5209 M&F 2. yr 1 day 10 Blood chemistry No Yes
ham tinuing  residents 30-59 end points—CV
disease
‘Tecumseh 1959 1969 Total commu- 8641 M&F 3yr - 3 Anthropometry No Yes
nity Birth to Physiology
70+ Blood chemistry
(45% Activity ques-
under tionnaire
age 20)
" ABCC 1958 1972  Non-exposed 12,1238 M&F 2. yr %2 day 7 Anthropometry No No
Adult residents of birth to Physiology
Health Hiroshima 70+ Blood chemistry
BLSA 1958  Con-  Community-re- 1142 Me 1-2 yr 2 2 days 21 (as  See Chapter IV No Yes
tinuing siding males? 17-96 of 6/81)
* Al! studies in table recorded histories and performed physical examinations.
® Were health critera used to select subjects for admission to the study?
¢ Yere health cinw.@ used to determine whether individuals' values were used in analysis?
9 Women have been recruited 1o the study since 1978.
O ‘ - 6 ‘l)
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cHAPTER 111

Design and Operation of the Baltimore
Longitudinal Study of Aging

HISTORY

The program on aging of the National Institutes of Health (NIH) was originally
established at the Baltimore City Hospitals (BCH) in 19::0 (Stieglitz, 1940; Shock,
1947, 1980). Studies of age differences in the performance of selected physiological
systems (cardiovascular, pulmonary, renal, muscular, nervous, endocrine, etc.) had
used as subjects men aged 60+ who were residents of a domiciliary home for the aged
(Infirmary) located on the grounds of the BCH. Since admission to the facility was
based primarily on socioeconomic need rather than on health status, the group included
residents without apparent disease. Along with staff members, these subjects, after
clinical screening to exclude individuals in whom evidence of specific disease could b~

. detected, constituted the population for cross-sectional studies on aging in humans

~.conducted between 1941 and 1958.

At the same time, the desirability of collecting data on non-institutionalized
subjects was clearly recognized, as was the fact that a proper study of human aging
would require the charucterization of age changes in a wide array of physiological,

* psychological, and social variables across the entire adult age range. Even as late as
1955, most of the literature reporting the effects of age on physiological and
psychological variables in mn was based on measurements of differences between
young adults, usually college students, and older subjects who were frequently
residents of hospitals or homes for the aged. Some of the conclusions about human
aging derived from such studies were defective or erroneous, since they had compared
presumably heaithy and active young people with old people who were neither
necessarily healthy nor active. Nor did this type of cross-sectional assessment permit an
appreciation of the likely influence of birth-cohort effects on the differences observed
between the two age groups.

In recognition of the need for a far more systematic approach to the understanding
of age changes in man, a plan for a longitudinal study was developed requiring the
recruitment of reasonably healthy and active community-dwelling people of all ages,
who would be willing to undergo thorough and repeated testing over a major portion,
if not the remainder, of their lives. The success of such an enterprise would obviously
depend on access to a population of subjects who felt so challenged by their
participation that they would voluntarily continue to return for repeated testing.

Our chance meeting with Dr. W.W. Peter provided the necessary access to a
group of scientists and educators who had liomes nr summer cottages at Scientists’
Cliffs, a section of the western shore of the Chesapeake Bay located about GO miles
southeast of Baltimore. Dr. Peter, a retired United States Public Health Service officer,
was struck by the lack of data on the effects of age in normal people. Moreover, he
expressed the strong conviction that people like himself, still living independently,
should volunteer to serve as subjects for the study of aging. Thus was born the
Baltimore Longitudinal Study of Aging {BLSA).
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On his own initiative, Dr. Peter first recruited his friends to serve as volunteer
subjects for the BLSA (Norris and Shock, 1960). His circle of friends, however,
though large in number, would not provide sufficient subjects to conduct meaningful
studies. Hence a plan was instituted whereby each participant actively recruited others
among his friends, neighbors, relatives, and colleagues. This plan yielded so many
subjects that a waiting list was quickly formed, from which subjects were called as
facilities for testing them became available.

During the early stages of the study only two to four subjects could be tested each
week, but as facilities expanded more subjects were tested, so that by 1968 about 600
men were actively participating. At this time the aging program was moved into a new
building, located on the BCH campus, which was financed by Federal funds and
designated as the Gerontology Research Center (GRC) (Shock, 1968).

Since its inception in 1940, the gerontological research program in Baltimore has
operated within the administrative framework of NIH, principally as a unit of the
National Heart Institute (1948-1963) and of the National Institute of Child Health and
Human Development (1964-1975). After the National Institute on Aging (NIA) was
established in 1974, all research actvities housed at the GRC, including the BLSA,
were transferred to NIA, and they have since constituted NIA's intramural (in-house)
research program.

OBJECTIVES

From its initiation, the BLSA has had as its goal the systematic description of the
processes of aging in humans. In pursuit of that broad goal the study has identified and
sought certain objectives:

To describe, both cross-sectionally and longitudinally, the physiological and
psychological effects of aging in persons who live in their communities.

To collect serial observations over a period long enough to permit statistically
reliable calculation of rates of change in specific variables in individual subjects, and to
identify individual patterns of age changes.

To include a broad spectrum of tests applied to the same subjects to determine
relations among variables that might lead to an answer to the question, “Is there a
general aging process common to a number of physiological and psychological
processes, or is aging the end result of multiple independent processes?*

To separate the effects of aging from the effects of physical and mental disease on
<elected aspects of physiological and behavioral performance.

To assess the influence of age on progressive changes associated with diagnosed
diseases.

To examine the effects of critical events, such as loss of job, retirement, death of
spouse, or changes in life style or habits, on subsequent tests of physiological and
psychological performance.

To develop predictors of age at death and to determine risk factors not only for
specific diseases but also for other definable end points, such as loss of mobility, loss of
independence, and institutionalization.

To attempt to develop indices of physiological age.

-
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OPERATION OF THE BLSA

To provide a firm basis for interpretation of the results, this chapter outlines the
design and operation of the BLSA as it has developed over the years in response to the
many advances in the concepts and methods of gerontological research that have
occurred since 1958. Many decisions have had to be made on the kasis of hunches and
best guesses rather than of solid fact, and it has often proven necessary to tailor the
study to fit the available resources. In retrospect, while it is obvious that some decisions
could have been better, others made out of necessity have turned out to the advantage
of the study. A good example is the continuing addition of new subjects to the stucly
population as the study progressed, which has made possible sequential analyses of
period and birth-cohort effects (see Chapter I).

1. Administration

Both the scientific and the opera*t'onal administration of the BLSA nave been
gratifyingly collegial throughout its ye. _s of existence. During the early years, decisions
affecting the experimental questions to be addressed were made by the Director, Dr.
N.W, Shock, in close conjunction with others of the senior scientific staff of the BLSA.
These deliberations, usually undertaken in a regularly scheduled meeting, focused not
only on the feasibility and scientific merit of the question: to be es~iored, but also on
the justification for addressing it to the BLSA population. Not infrequently, especially
in the case of proposed cross-sectional studies, it was determined that utilization of
BLSA participants was not essential, and that such investigations could be accomplished
as readily by the use of other subjects specifically recruited for the purpose.

Such deliberations emphasize the need for constant overview of the uses to which
the BLSA population is put. A concerted effort has been made to avoid the
introduction of tests or procedures that are unlikely to lead to longitudinal exploration,
or that will unnecessarily add to the already crowded test schedule to which BLSA
participants are exposed.

Since 1981, the overall operation of the BLSA has been overseen by a Steering
Committee, which includes the NIA Scientific Director as chairman along with five
senior-investigators whose collective research interests and expesience embrace both
biomedical and behavioral aspects. This committee sezves as final arbiter of all new
proposals for BLSA research studies. It is also charged with assessment of the readiness
of BLSA data bases for analysis, to decide whether certain tests should be terminated
and others introduced.

Operational aspects of the study, including scheduling of visits and tests, as well as
communication with the BLSA participants, are the responsibility of a central staff. The
subjects in the longitudinal study have always bec. regarded as participants, never as
“‘guinea pigs." Investigators meet subjects at every opportunity to discuss the goals and
operation of the study, and one or more staff members lunch with the subjects each day
of their visits. In the early years of the study senior staff member. dired the subjects
for dinner, and in recent years close association has continued. In addition, each subjec.
receives a regular newsletter that lists publications based on data from the longitudinal
subjects and calls attention to important tonics being studied, lists subjects who k.ve
died, and describes projected studies.

Tests identified by staff physicians as inappropriate or hazardous for certain
subjects are excluded from their schedules. Similarly, the selection of subjects ‘or
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special tests or the decision to exclude them is the responsibility of the scientific staff.
Exclusions that are not based on medical considerations usually reflect conflict among
test procedures, stemming either from competing time constraints or from incompati-
bility among tests; an example is the interference of insulin-infusion studies with tests of
pituitary function. These decisions serve as the basis on which the test schedule for each
subject is developed.

2. Participants

Development of the :'udy panel. It is often difficult to enlist non-institutionalized
volunteers in he: ":h-related research. It is even more difficult when participation entails
spending two days and nights in a hospital setting, when candidates mus* furnish their
own transportation, and when they are asked to return periodically for additional
testing. Certain test procedures may prove burdensome, those designed to assess
cognitive functioning can be ego-t..reatening, and still others call for the expenditure of
considerable mental or physical effort. Despite these many and varied demand., the
enthusiasm shown by the original members and their efforts at recruiting others
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Figure111.1. BLSA volunteers Mr, and Mrs. William E. Wyman of Dover, New Hampshire,
during a visit to the GRC.
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Table lll.1. Recruitment Pattern by Age, Cycles A-K

Age (yn)

Cycle inclusive Dates 17-19  20-39 40-59 60-79 80-96 Total
A February 1958-June 1961 51 119 86 4 260
July 1961-June 1963 38 81 37 2 158

Cc July 1963-June 1965 1 23 68 39 3 134
D July 1965-June 1967 1 21 61 32 2 117
E July 1967-June 1969 29 48 36 6 119
F July 1969-June 1971 57 30 41 3 131
G July 1971-June 1973 2 29 1 10 3 45
H July 1973-June 1975 52 2 1 5 60
1 July 1975-June 1977 1 44 14 4 1 64
J July 1977-June 1979 10 4 7 21
K July 1979-June 1981 1 15 6 8 3 33
Total 6 369 424 301 32 1142

contributed materially to the successful initiation and continuation of the BLSA. Figure
1 depicts two of the volunteers who have made the study possible.

Over the years, a few subjects joined the program at the invitation of staff
members, and some volunteered after reading or hearing about the study. More than
90% of participants, however, were proposed for membership by friends or relatives
who were already taking part in the study. In consequence, most new members have at
least some familiarity with the nature of the testing program by the time of their first
visit, and because many participants elect to return to the GRC together their visits
tend to be pleasant social occasions.

During the initial visit, the nature and goals of the study are explained to each
subject, and special emphasis is pls .ed or the fact that, while the program is not
designed to provide medical services, the results of the clinical and laboratory tests will
be referred to each participant’s personal physician. When the study started, a letter
describing the tests to be performed was sent to the physician, who was asked to report
directly to the GRC if, in his opinion, any of the tests proposed would present a hazard
to his patieit. Since none of the physicians raised objections to any of the tests, the
letters were discontinued in 1962.

All subjects sign a statement of informed consent, which specifies the nature of ..,"
proce ures and tests to be used, indicates potential hazards, and clearly ctates that each
subject has the right to decline participation in any of the tests. New test procedures are
reviewed ¢ 1 approved by the BCH Institutional Review Board.

In order to facilitate data analysis the repeated observations were grouped in 24-
month periods, or cycles, designated alphabetically. Table 1, which shows the
recruitment pattern by age groups for cycles A through K, reveals that recruitment of
new subjects was most active between 1958 and June 30, 1971. Table 2 reflects the age
composition of the panel at the end of each cycle.

Tablie 3 shows the total number of subjects who had been tested by June 30, 1981,
distributed by age at time of first visit and number of visits. By that date 1142 subjects
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Table lll.2. Panel Age Composition, Cycles A-K

Age (yr) Totals
Cycle Inclusive Dates 17-19 20839 40-59 60-79 80-95 Subjects Visits®
A February 1958-June 1961 51 119 86 4 260 369
B July 1961 ‘'une 1963 69 175 119 7 370 445
C July 1963-June 1965 1 73 214 143 12 443 536
D July 1965-June 1967 1 64 272 178 20 535 646
E July 1967-June 1969 62 287 201 22 573 793
F July 1969-June 1971 106 292 239 31 668 913
G July 1971-June 1973 2 99 262 226 34 623 784
H July 1973-June 1975 135 227 223 43 628 776
1 July 1975-June 1977 1 156 217 218 39 631 750
J July 1977-June 1979 121 205 228 41 595 691
K July 1879-June 1981 1 118 196 222 48 585 695

* The number of visits within a cycle exceeds the number of subjects because BLSA parucipants over 60
years of age visited GRC more than once during the 2.yr cycles.

Table I11.3. Cumulative Number of Male Subject Visits by Age at First Visit®
(as of June 30, 1981)

Age at First Visit (Yr)

Number
of Visits 17-19 2029 30-39 40-49 50-59 60-69 70-79 80-89 90-96 Total
1 6 143 226 242 192 153 148 27 5 1142
2 4 128 202 217 175 136 121 20 3 1006
3 4 101 176 201 155 123 104 16 3 883
4 3 77 145 179 145 113 90 11 3 766
5 1 49 123 173 135 100 76 7 3 667
6 1 31 109 161 122 96 60 6 1 587
¢ 7 1 21 88 154 107 88 55 6 520
7 8 15 74 133 91 79 52 5 449
9 12 64 113 79 68 44 4 384
10 9 48 87 62 58 33 4 301
11 9 32 68 51 52 26 2 240
12 3 17 45 39 39 19 1 163
13 1 8 24 28 29 15 105
14 1 2 12 20 26 9 70
15 2 6 13 19 5 45
16 1 2 10 14 3 30
17 1 2 6 9 2 20
18 1 1 2 5 2 11
19 1 1 3 1 6
20 2 2
21 1 1

*As a guide to interpretation of this table, it may be noted, for example, that 122 of the 192 subjects who began therr
participation in the BLSA when they were between 50 and 59 yr of age have made 5 visits or more since therr entry into the
study Similarly, 2 of the 27 subjects who were between 80 and 89 at entry have made 11 visits, and one of these 2 had a
12th visit. The fast column indicates, for example, that 240 subjects of all ages have made 11 visits.
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had been seen one or more times, and nearly half of these, 520, had made seven or
more Visits.

While no systematic effort has been made to identify the motives that have
prompted subjects to volunteer, it is clear from casual conversation that the opportunity
to obtain a compreheasive physical exam:nation at regular intervals has been an
important factor. Nevertheless, since virtually all participants have personz! _ Sysicians
to whom medical reports are sent, and most are able to afford medical care, the physical
examination cannot be more than partiai compensation for the many demands of
participation. It is obvious that a desire to contribute to aging research has been a large
part of the inotivation.

Although in the early years of the study subjects were not selected on the basis of
age, after July 1970 preference was given to subjects in certain age decades in order to
maintain at least 50 subjects in each five-year age group from 25 to 85 (Tab. 1). Most
of the subjects live in the Baltimore-Washington metropolitan area, although some,
especially those who have retired, return from such states as Michigan, Florida, New
Hampshire, Maine, Aiizona, and California.

When the study was initiated the resources available to the GRC for overnight
housing of participants consisted of a single room, so-that bathroom facilities had to be
shared with ambulatory elderly male patients in a large ward of the BCH. It was thus
necessary to limit the longitudinal study to men. With the opening of the GRC building
and renovation of the ward space in the hospital in 1968, physical facilities became
available for housing women. Because of limitations of staff and budget, however,
recruitment and examination of women did not begin until 1978.

Socioeconomic and educational characteristics and bealth status of the participants. The
socioeconomic characteristics of the sample generated by this method of recruitment
are those of an upper-midle-class segment of the general population. An assessment of
the social characteristics . . subjects recru’ted up to June 30, 1981, is presented in Table
4. As the table reveals, 84% of the subjects were identified at initial visit with
professional, technical, and managerial occupations, 71% had bachelors’ or higher
academic degrees, and 73% (82% of those reporting) rated their financial situations as
comfortable or better.

In addition, the sample includes a high proportion of government employees:
56% were or had been in municipal, state, or federal employment, exclusive of public-
school teaching and military service.

The sample at entry (Tab. 5) was also relatively homogeneous with respect to
reported health, race, marital status, and religion. That 85% (93% of those reporting)
rated their health as good or excellent is unremarkable, since one of the objectives of
the study was the investigation of healthy aging. No subject was denied participation
for reasons of health; nor were criteria of race or social status applied to restrict
admission to the program.

Itis conceivable that men of different ages or generatioz.s might have volunteered
for different reasons, with the result that the sample would have varied in its social
composition by age. This source of bias seesns largely to have been avoided, however,
in that the socioeconomic attributes listed in Table 4, and the distributions of health,
race, and marital status by age in Table 5, either reveal a substantial correspondence
among age groups or reflect changes in financial, health, and marital status that are
usually associated with older age groups.

Although above-average educational level and socioeconomic status were not
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Table lll.4. Percentage Ristnbution of Male Subjects by Age and
Socioeconomic Characteristics at First Visit
(as of June 30, 1981)

Age at First Visit (Yr)

Aggregate
17-19 20-39 40-59 60-79 80-96 (17-96)

Number of Subjects 6 369 434 301 32 1142

Occupational Class

Professional 56.9 66.6 €7.1 719 63.4
Managerial 18.4 23.0 18.3 21.9 20.1
White collar 10.0 4.6 7.6 3.1 7.1
Blue collar 13.8 5.8 7.0 3.1 8.6
Student 100.0 0.8 0.8
100.0 99.9 100.0 100.0 100.0 100.0
Educational Status

Less than baccalaurate degree  100.0 36.3 23.7 25.2 31.2 28.8
Baccalaurate degree 32.2 27.6 24.9 18.8 28.0
Master's degree 20.6 22.4 14.6 21.9 19.6
Doctoral degree 10.8 26.3 35.2 28.1 23.6
100.0 99.9 100.0 99.9 100.0 100.0

Present Economic Stalus
Can’t make ends meet 1.9 0.5 0.3 0.9
Enough to get along 22.0 13.8 10.6 9.4 15.4
Comfortable 50.0 55.0 67.7 68.4 53.1 63.3
Well-to-do 16.7 5.4 9.0 16.3 9.4 9.8
No information 333 15.7 9.0 4.3 28.1 10.6
100.0 100.0 100.0 99.9 100.0 100.0

specifically applied as criteria for admission to the study, the method of recruitment
resulted in a population possessing both attributes. The participation of highly educated
subjects offered a number of advantages for the study of aging: improved accuracy of
such information as family history, past history of illnesses, current medical statvs, and
medication being taken; accuracy of activity history; accuracy of nutritional diaries and
ability to follow detailed instructions in recording dietary intakes; ability to understand
and execute a variety of questionnaires; and increased probability that the subject
would be interested in the scientific questions addressed by the study. In short, this
selection of subjects provided the opportunity to study the effects of aging under
conditions in which economn '~ status and educational level would not seriously limit
medical care, nutrition, and other factors affecting health over the life span. The results
of the study may thus be considered to reflect the effects of aging under optimal
cocio2c .nomic conditions.

Stability of the sample and losscs from the program; drop-outs. In spite of additions to and
losses from the study population over the history of the program, the social
characteristics of the sample have remained surprisingly stable. Table 6 compares
groups tested during each two-year cycle with respe t to various ateributes at entry into
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Table I.5. Percentage Distribution of Male Subjects by Age and
Personal Attributes at First Visit
(as of June 30. 1981)

Age at First Visit (Yr)

Aggregate
17-19 20-39 40-59 60-79 80-96 (17-96)

Number of Subjects 6 369 434 301 32 1142

Health Status

Poor 0.5 1.2 0.7 3.1 0.9
Fair 3.0 5.5 9.6 6.2 5.8
Good 33.3 47.2 50.5 40.6 43.2
Exceliznt 66.7 50.1 39.4 35.5 219 415
No information 33.3 13.0 6.7 3.6 28.1 8.7

100.0 99.9 100.0 99.9 99.9 100.1

Marital Status

Never married 100.0 17.1 2.3 1.7 3.1 7.4
Married 77.8 94.9 89.0 53.1 86.2
Formerly married 5.1 2.8 9.3 43.8 6.4

100.0 100.0 100.0 100.0 100.0 100.0

Rel:zious Affiliation

Roman Catholic 33.3 22.8 14.7 8.0 3.1 15.3
Jewish 7.0 7.6 3.0 3.1 6.0
Protesiant 50.0 59.1 72.6 81.7 84.4 70.8
Other 16.7 8.1 4.1 6.6 9.4 6.3
No information . 3.0 0.9 0.7 1.5

100.0 100.0 99.9 100.0 100.0 99.9

Color

White 100.0 95.1 96.6 98.3 96.9 96.6
Black a0 3.2 1.7 3.2
Other 0.2 3.1 0.2

100.0 100.0 100.0 100.6 100.0 100.0

the program. Minor changes have occurred during the 23 years. Mean age rose from
53.0 years in Cycle A [1958-1961) to 57.0 years in Cycle K (1979-1981). Over the
same period the proportion of subjects identified with professional, technical, and
managerial occupations fell from 91% to 84%, and Protestant affiliation from 79% to
71%. Sample composition remained remarkably uniform over all cycles in the
proportions of participants with Lachelors’ or higher degrees at first visit.
Although most subjects who joined the study were aware of its demands, some
found it difficult to continue. While no final assessment of the causes of their
withdrawal has yet been made, predictcis include the status of the recruiter (whether
the person who recruited the subject is still in the program), personality traits reflecting
critical dispositions—both specific complaints about tests or staff members and more
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Table III.6. Percentage Distribution of Male Subjects by Mean Age and
Selected Attributes at Each Cycle®
(Total N in Parentheses)

Cycle

Characteristic A B Cc D E F G H | J K
Occupational Class

Professional, 91.2 903 89.2 880 86.7 850 848 846 84.1 839 84.1
{echnical, or (260) (370) (443) (535) (573) (668) (620) (604) (603) (571) (552)
managerial

Education

Bachelor's or 796 789 79.7 783 775 77.7 777 753 740 740 727
higher degree (260) (370) (443) (535) (573) (668) (623) (628) (631) (595) (585)
-Health (Self-rating)

Good or 93.7 G641 930 926 934 930 938 94.1 958 5.1 957
Excellent (253) (358) (428) (516) (545) (632) (592) (580) (575) (551) (532)
Religious Affiliation

Protestant 789 782 775 766 785 145 753 734 721 71.0 70.7

(256) (327) (440) (533) (572) (667) (619) (601) (599) (567) (549)

Mean Age 53.0 53.8 546 557 6563 558 566 6556 549 6567 57.0
(260) (370) (443) (635) (573) (668) (623) (628) (631) (595) (585)

* Atributes other than age determined at first visit only.

diffuse ones about the program and its environment—and changes in personal
circumstances such as illness of the subject or of members of his family.

When subjects who had not returned after one or two visits by June 30, 1977,
were compared with respect to age, occupation, highest degree, religious affiliation,
and financial status at first visit with those who had failed to return after three ot more
visits, no significant differences between the two groups were observed. The drop-outs
as a group (N = 280) were also found to be similar, except in the level of academic
degrees, to subjects who had made three or more visits and were s:ill active as of June
30, 1977 (N = 658). Fewer drop-outs than active subjects had held masters’ degrees
and doctorates at first visit.

As of June 30, 1977, 1088 subjects had been tesced at least once. At that time 2
major follow-up study was made of the participants who had formally withdrawn or itad
not returned in a three-year period. Table 7 summarizes the results. By the cut-off date,
150 su!jects had died and 280 had failed to return within three years. Of the 280 all
but five wzre lczated. Of the 275 subjects located, 56 had died since their last visit. A
priority cascade was established for the 219 who were stil! alive. Our top priority was
to persuade them to return for additional visits. Since several of the major reasons for
dropping out—serious illness, institutionalization, distant move—made return difficult
or impossible, we were pleased that 76 (35%) returned. As the next step in our follow-
up, we asked that a home visit be permitted, and were rewarded with a further 19%.
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Table lil.7. Follow-up Study of Male Subjects Seen at least Once from
February 1958 to June 1977

Total subjects seen 1088
Active as of June 1977 658
Died while an active participant 180
Failed to return within 3 years of last 26y ——P» 280

visit {"Drop-out”)
Could not be located 5
Located by follow-up 275 —P» 275
Died after leaving study 56
Alive at time of follow-up 219 =P 219
Re-enrolled in study 76
Visited at home 42
Responded to mailed questionnaire n
Responded to telephone interview 9
Subject undecided 19
Refused further cooperation 2

Eighty subjects (37%) completed a written questionnaire or responded to a telephone
interview with respect to their health status. There is still the possibility of some follow-
up on 19 subjects (9%) who have not yet decided how to respond. Only two have
refused further cooperation. We thus know whether the subject is still living in 99.5%
of the cases, and health and social information is available in 97.6%.

3. The Tests

This section relates the administration of tests to the purposes and design of the
study. A detailed description of the tests administered is presented in Chapter iV.

Criteria for selection of tests. The battery of tests used in the study was designed to
cover a broad spectrum of physiological, psychological, and social variables in order to
permit the evaluation of re'ations among them and their association with aging. In
addition to tests of the performance of specific organ systems, such as the heart, luns,
kidneys, and muscles, tests of the ability to integrate the activities of a number of orgar
systerns in adapting to physiological stresses, such as exercise, were included. Other
tests, such as glucose tolerance, measured the rates of displacement and recovery of
physiological variables.

Selection of tests for repeated administ;ation was based on the following
considerations: a) the probable importance of the variable in understanding age
changes in performance and adaptability; b) evidence from cross sec.ional studies that
age differences are present in the function; c) established validity and reliability of the
test; d) the presence on the staff of an investigator interested in the test and qualified to
administer it and interpret the results; and e) the presence of minimal risk and
unpleasantness to the subject.

Testing schedule. At each it subjects spend 22 days at the GRC. Meals are
provided in the cafeteria of the BCH, but subjzcts frequently elect to take one of the
evening meals outside the hospital. The length of visit was chosen to provide sufficient
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time for a diversity of studies, including tests such as basal metabolism and glucose
tolerance thz: must be made under basal conditions. The visit schedule also permits the
collection of 24-hour urine samples required for the determination of creatinine
clearance, the excretion of hormones, etc., as well as the introduction of lengthy and
complicated laboratory procedures.

During each visit subjects rotate through various laboratories on a schedule that is
prepared in advance for each subject. Individual testing schedules are also based on the
time that has elapsed since the performance of other tests that might produce
interference with the results. Tests administered during the course of the study fall into
four general categories:

1) Tests administered to all subjects on all visits. Examples include medical history
and physical examination, anihropometry basal blood pressure and ECG, vital capacity,
maximum breathing capacity, creatinine clearance, and blood chemistry (fasting
cholesterol, triglycerides, and fasting glucose).

2) Tests adminjstered regularly to all eligible subjects, but not at each visit. Some
tests cannot be administered together in the same visit because of interference caused
by the administration of drugs or hormones, the amouat of blood withdrawn, or the
zime required. The frequency of administration of part.cular tests was determined on
the grounds of availability of investigators and subicct time, interference with other
tests, and length of the period over which age change might be expected to occur.

3) Tests administered at only one visit, primarily to assess stable characteristics of
the subjects, include determinations of such genetic markers as blood groups and taste
sensitivity to phenylcarbamate.

4) Tests introduced for specific approved investigations that, although not
necessarily longitudinal in design, could be carried out with maximum efficiency and
minimal cost because a great deal of background information about the subjects from
the longitudinal study was available. The study of age differences in the physiological
and psychological effects of etharol is an example.

During the early years of the study subjects traveled to Baltimore in pairs. At first
only o pairs of subjects could be tested eac: week, but as resources expanded the
number grew with them, so that by June 1968, 12 subjects were scheduled each week:
six to arrive at the GRC each Monday and six each Wednesday morning. Subjects
arriving Monday morning left at noon on Wednesday, and those arriving Wednesday
morning left at noon on Friday. In 1978 the schedule was altered so that 15 subjects
were scheduled each week: Six arrived for testing on Monday, three or: Tuesday, and
six on Wednesday mornings. Each group remained at the Center for two days. (Thi.
schedule was followed in order to provide time for testing women in the program that
began in January 1978.)

In the origiral design, subjects aged 20 to 70 years were tested at 18-month
intervals, while subjects over the age of 70 were seen annually. In July 1970 the test
interval was set at 24 months for subjects aged 20 to 59, 18 months for subjects aged
60 to 70, and ore year for all subjects over 70 years.? Table 2 shows both the pumber
of subjects tested in each cycie and the total number of visits. When subjects were
tested twice in a cycle, only the data from the first visit were used for cross-sectional
analysis, although the data from both visits were used in longitudinal analysis.

25ince July 1981, all subjects have been seen each two years.

7'

NN e

o




INTERPRETATION OF DATA 57

Quality control of test administration. Responsibility for training and supervision of
technical assistants, as well as overall quality control of the data collection, rests with
each investigator, who also maintains files of original data and reviews summary data
before they are introduced into the central data file.

Changes in methods. Improved methods for tests already in use are introduced when
they become available. Whenever methods are changed, measurements are made at the
same visit by both the old and the new techniques in a series of subjects distributed
over the total age span, so that if systematic differences are found in the values obtained
by the two methods, appropriate adjustments can be made in the earlier measurements
to maintain comparability throughout the longitudinal analysis.

Introduction and elimination of tests. New and expanding interests of investigators, as
well as new developments in the field, have led to the incorporation of new tests as the
study has progressed. New tests are introduced only after review by the Steering
Committee of a written proposal submitted by the investigators. The testing cycle and

. the age span of the sample make it possible to assess the potential value of a new test by
cross-sectional analysis of data collected over a two-year in‘erval.

Over the years of the study, some tests have been eliminated because the study had
been completed, because the principal investigator had left the GRC, or because it
seemed unlikely that further testing would vyield fruitful results.

APPROACHES TO INTERPRETATION OF DATA

1. The Aging-Disease Dilemma ;

There is common agreement that, in order to characterize true biological age
changes in specific physiological systems, measurements in subjects with known
diseases or pathology of the organ system under study should be excluded from
analysis. Hence the necessity that normal aging be studied in *‘healthy” or “disease-
f- -¢’" subjects. This requirement has not so far been satisfied. In the first place, for
certain conditions it is difficult to certify that a given characteristic is absent; the
scientific method can only show that with current methodology a given condition
cannot be detected. Since disease may be present but undetectable, it must be assumed
that new and more sensitive methods could show its presence.

Unlike some scientists who believe that there is no unique biological process of
aging distinct from pathological or disease-related processes, BLSA scientists have
adopted the working hypothesis that aging is distinct from disease. Under this
assumption reat care is taken in th: refinement of raw data and the exclusion of data
obtained from subjects with specific diseases. An example of this process may be found
in our study of creatinine clearance (Rowe et al., 1976b); the numerical impact is shown
in Table 8. Consider the following example: A major goal of studies of blood pressur-.
currently under ..y is to describe changes that occur with aging, but to eliminate
changes induced by drugs or diseases that would, in themselves, change blood
pressure. Variables known or believed to influence either cardiac output or peripheral
resistance were considered. Thus, if a subject reporred that he was taking any of the
following medications, measures from that visit were excluded: diuretics and antihyper-
tensives, amphetamines, methylphenidate (Ritalin®), digitalis, long-acting coronary.
cerebral, peripheral, or “‘general” vasodilators, anti-arrhythmics, orai and injectable
adrenal or ovarian steroids, cermin non-steroid anti-inflammatory agents, major
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Table 1I1.8. Numher of Subjecis Excluded from Normal Group by
Disease Category and Age Graup*

Age (Yr)
17-24 25-44 45-64 65-96
Nephrolithiasis 8 47 21
Urinary tract infection 17 32 25
Gout 4 10 4
) Prostatectamy 2 11 60
Congestive heart failure 2 3
Coronary heart disease 7 45 44
Cerebrovascular disease 2 16 18
Diabetes mellitus 10 36 18
Abnormal urinalysis 1 10 1 16
Miscellaneous renal disease 1 15 17 18

* Since some subjects had more than one disease, the total number of individual exclusions (531) in this table 1s
necessarily larger than the number of subjects excluded (336).
From Rawe et al, (1976b)

tranquilizers, ergot alkaloids, narcotic analgesics, and L-dopa. Lesser drugs, e.g., minor
tranquilizers, antihistamines, and sedatives, liave not been shown to affect blood
pressure.

The presence of any of the following conditions or diseases leads to exclusion from
studies on -the relation between age and blood pressure:

o Coronary artery disease. The point system used is described in - thapter IV.
Measures are included in age analyses until the diagnosis of coronary
artery disease is established, whcreupun all subsequent measures z-e
excluded.

Aortic valvul..c stenosis or incompetence.

Definite evidence of cerebral infarction.

Hypo- or hyper-thyroidism at the time of the visit.

Diabetes mellitus. Subjects who have ever taken eith_r insulin or oral
hypoglycemic agents are excluded. Also excluded are subjects with fasting
plasma-glucose values of 140 or more on two or more occasions.

o Cancer with evidence of systemic effects, such as weight loss or anemia.
o Renal diseases, such as polycystic or horseshoe kidney, nephrectomy, or
laboratory evidence of uremia (see below), regardless of etiology.
¢ Miscellaneous diseases, including Fabry’s Disease, panhypopituitarism, and
Buerger’s Disease. OQur study included no known cases of pheochromocy-

toma, adrenocortical disease, or coarctation of the aorta.

There are also laboratory criteria for the exclusion of blood-pressure measure-
ments from estimates of the effects of aging:

¢ Abnormal urinalysis.

¢ Twenty-four-hour creatinine (!~~rance with age-adjusted centile ranking of
less than 1%, confirmed by ag. .ujusted serum-creatinine concentrati>n
ranking of less than 1%.
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INTERPRETATION OF DATA 59

e Hemoglobin of less than 11 g/dl, or hematocrit of less than 33% or more
than 55%.

One further exclusion is made, not on the basis of drugs, diseases, or laboratory
findings, but of the well-known stress effect of the initial blood-pressure reading, the
“fizst-visit artifact” (which in some studies has extended to the second visit as well). An
analysis for this variable in our study showed the stress-effect to be evident only on the
first visit. Measurements made on the first visit are excluded from calculations of the
regressions of blood pressure on age.

2. The Concept of Clinical “Clean-Up”

The process of identifying and excluding subjects with conditions or diseases that
might influence the values of a variable under study, or of excluding certain data
points, is referred to as clinical clean-ug. The necessity of a clinical clean-up preliminary
to the analysis of data on aging processes is controversial. Consider the foliowing
example:

The creatinine clearance of a subject has been measured annually as he aged from
60 to 70 years. The slope of the 24-hour creatinine clearance on age, computed at age
70, is a measure of the rate of aging of his renal function, or glomerular filtration rate.
After his last visit, certain symptoms develop; a nephrectomy is performed to remove a
renal carcinoma. When he returns at age 71 a marked drop is of course found in the
measured creatinine clearance. If the goal of the study is to define the effects of normal
aging processes on selected physiological functions, should this last datum be included?
Should a new slope be computed on data collected from ag~ 60 to age 71, or should
the assessment of the aging of renal function in the subject be stopped at age 70? In this
example, it would appear absurd to disregard the surgical removal of a kidney—or to
classify the event as normal aging. Conclusions based on computed slopes of decline
that do not take this kind of event into account are bound to be misleading.

But consider a second example. Suppose that investigators studying renal function
believe that hypertension may accelerate decline, and that subjects with this disease
should be excluded. Since blood pressure increases with age, if a siandard cut-off such
as systolic pressure above 140 is adopted, the number of very old subjects eligible for
inclusion in the study will be severely limited. Moreover, those who remain are likely
to represent a2 “‘biological élite” whose health status is extraordinary. It is difficult to
argue that normal aging can be studied in such a supernormal population. Utilizing a
higher, “‘age-adjusted” cut-off point for older subjects is also unsatisfactory: If systolic
pressures above 140 adversely affect the kidneys of 40-year-olds, surely they must
adversely affect the kidneys of 80-year-olds. In this example, clinical clean-up may be
inadvisable.

There are a number of alternative decisions the investigator may make, depending
on his research goals. He may, for example, decide to screen for some medical
conditions (such as surgical removal of a kidney), but not for others (such as
uypertension), on the presumption that the former are both more directly relevant to
the organ system under investigation and less likely to represent normal aging changes.

If the goal is the detection of pure aging effects, then a rigorous screening, leaving
only a seiect group, may be warranted. Results from these studies are particwa :ly useful
in establishing that declines in functioning are an intrinsic part of the aging process.

»
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Failure to find age changes would be difficult to interpret, however, since a true
decline may be missed becau ¢ of the bias introduced by the élite sample.

If an investigator is concerned primarily with the generalizability of his findings—
if he wishes to describe changes that typically accompany age in the general
population—then the best decision may be not to screen at all. This is also the strategy
to be preferred if the researcher believes that the variable of interest does not change
with age. If he can demonstrate stability despite both aging changes and the illnesses
that accompany age, he has made a stronger case than could be made from a screened
population.

At a minimum, it is our conviction that the decisions taken by each investigator
must be presented in sufficient detail so tha: results will be properly interpreted and
that comparability with other studies may be maintained. There is little question that
other 1nvestigators faced with the same imperatives of categorization would arrive at a
set of rules at some variance from ours. Indeed, candor requires us to admit that our
own rules have tended to evolve not in response to an analysis of the end results of
different strategies but according to standards of reasonableness (or unreasonableness)
that have become evident as the initial set of rules has been applied. To illustrate: In an
analysis of blood-pressure changes with age, a preliminary decision was made to
consider the presence of a single cast of any type in the urine as indicative of a state of
“renal disease'* sufficient to exclude data from that subject’s visit as ‘‘nonhealthy." This
turned out to be nonsensical; urinary microscopic reports are replete with findings of
single casts, with no ancillary evidence at all of renal disease at that visit or at prior o
subsequent ones. When this criterion was modified to two or more casts, the
percentage of excludable results dropped precipitously.

Perhaps the best strategy for dealing with this dilemma is to conduct and report
analyses both with and without clinical clean-up. A comparison of the results of the two
approaches will provide a better basis for both interpretation and generalization. If the
same results are found, we can infer that the effect should be considered a
manifeszation of “*aging,’* and also that it is found in the population in general. If results
differ, we must be much more cautious in interpreting them, because either disease
processes or sample biases could account for the effects. At this point it might be useful
to conduct analyses on subgroups distinguished by particular diseases, to see if a single
category of illness can explain the discrepancy. For example, screening for surgical
removal of the kidney might make a considerable difference, whereas screening for
hypertension might not. In <hese arialyses we could learn not only about aging, but also
about the consequences of specific discase states. This information, in turn, might be
useful to future investigators who want to know which conditions are most important in
a clinical clean-up.

THE DATA-MANAGEMENT SYSTEM

The data-management system of the BLSA provides a flexible facility for
collection, storage, and analysis of those physiological, psychological, biochemical,
meiical, sociological, nutritional, and body-composition measurements described in
Chapter IV. The system accommodates a variety of input modes and provides a wide-
ranging, continually changing set of summaries and anaiyses responsive both to the
needs of scientists and managers and to the legal requirement that confidentiality be
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assured. Scientists require access to a variety of statistical packages in addition to the
implementation of their personal methodologies. Manager summaries, reports, projec-
tions, and schedules in most cases require programming de novo.

Facilities include a Digital Equipment Corporation (DEC) PDP 11/70 computer,
which utilizes MUMPS (Massachusetts General Hospital Utility Multi-Programming
System) as an operating and programming system and serves as a secure repository of
the BLSA data. Scientists and managers gain access to this system through remote
tesminals in the laboratories and offices for entry, review, editing, and retrieval of
single-record data.

The data base comprises 670,000 recr+ds, of which 380,000 are in fixed-field
format (data in identifiable locations that rc.nain the same for all persons and times).
Fixed-field records include scientific results and numerically encoded data from
medical histories and physical examinations. Medical diagnoses ar- recorded on
another 60,0C0 records. The remaining 230,000 records contain verbal responses to
specific questions, as well as free comments on fixed-field information. All free-form
data are retrievable through numeric subject-matter codes that precede each entry in
these fields, and by key-word search.

Batch-processing support for computation and analysis of the data includes a local
Digital Equipment Corporation (DEC) VAX 11/780 computer and NIH's Division of
Computer Research and Technology in Bethesda, Maryland, some forty miles distant,
access to which is provided by a remote job-entry system (Data General Eclipse £-150)
at the GRC.

Software is available to extract subsets of the data from the data-base system 1
forms-suitable for analysis by standard packaged statistical -ograms {SAS, BMDP,
SPSS, etc.) or by programs developed specifically for the BLSA by GRC scientists.
Examples of the latter include several scanning routines that may be applied to analysis
of data from subjects who have made several visits. Trerds with time in a given
variable, significant deviations ‘“rcm the trend or mean performance level, and
regessions on time may all be evaluated by these routines and are essential both to
quality control and to preliminary longitudinal analysis,

When data are available for only one or two visits, another program permits
comparison of the subject's performance level with an appropriate distribution of
similar values. Each subject must be compared with others measured at the same time,
of similar age, of a similar disease classification, of similar body composition, height, or
weight; or with subjects from another study in the literature in which the distribution of
values is sufficiently well described.

Laboratory variables may be- plotted against age, height, smoking habit, disease
class, or any other variable in the f_.e. This provides a quick and easy comparison of
variance, for example, between old and young, tall and short, smokers and nonsmok-
ers, etc. As a tool for cross-sectional analysis, these plots permit a judgment about the
appropriateness of a linear or other fit to the data. Longitudinal data can be evaluated
by comparison of these relations from one time of the study to another. A variation
among the relations shown in the plots of a variable for different times suggests the
need for a review of the laboratcry results to determine whether longitudinal change,
secular trends, or measurement error is responsible for variition over time.

Age regressions are based on a select*! ,umber of serial observations for a
variable, such as the first five, all available, ete. Individual regressions are summarize ’
in onic or more age groups for the purpose of presenting the changes in subjects 3544,
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62 1. DESIGN AND OPERATION

4049, 40-59 years of age, etc. Plot programs are available for displaying age-group
slopes around mean x, y, with a line length equal to the average period of observation
on the time axis.

More specific and sophisticated computer :outines for special data analyses, e.g.,
multivariate analysis, are developed by GRC investigators as the need arises.
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CHAPTER 1V

Tests Administered

INTRODUCTION

The Baltimore Longitudinal Study of Aging (BLSA) is unique among longitudinal
studies in the large number of tests that have been administered seriaily in individuals
ranging in age from 17 to 103 years. Observations include medical, genetic,
biochemical, physiological, and behavioral variables. The comprehensive nature of the
data base mokes possible systematic description of the relations among aging trends in
various types of human pe-formance that may increase our understanding of the
mechanisms of aging.

This chapter describes the tests administered and the procedures followed.
Although some of the tests and the conditions under which they were administered
have been published, many have not. Some of the tests and procedures are thus
described in detail, while others are documented by references to pertinent articles in
the literature. Information is provided about m .hods, the periods when the tests were
administered, and the subjects who were tested. ‘Table 1 lists the tests administered, as
well as the number of data points for each as a function of number of subject visits. All
data reflect our cumulative experience through June 30, 1981.

CLINICAL EVALUATION

1. History

In advance of each visit to the Gezontology Research Center (GRC), the subject is
sent a medical-history questionnaire to complete and bring to the Center. During the
interview, the examining physician reviews tke information with the subject and if
necessary supplcments it. The history is further supplemented, when indicated, by
summaries of hospital or physicians’ records.

2. Physical Examination

At each visit a history and physical examination are recorded by staff members of
the GRC on standard forms. The physicians, who usually serve two- or three-year
National Institutes of Health fellowship appointments, are selected because of their
interest in one of the research programs of the GRC. Most spend six to eight hours per
month conducting pnysical examinations of the longitudinal subjects; the rest of their
time is devoted to clinical and boratory research in the operating section of the GRC
to which they have been recruited.

When special diagnostic tests are necessary, they are conducted in the clinical
facilities of the Baltimore City Hospitals (BCH). All reports of physical examinations
are reviewed by a senior staff physician. After review, the clinical and laboratory Cata
are entered in the central data bank and a summary report is sent to the subject’s
private physician.

Q




Table IV.1. Tests Administered

Number of Subjects Tested

One Two Three Four
Yotal or or or or
No. of More More More More
Tests Times Times Times Times

Medical History, Physical Examination, 1395 1142 1006 883 766
and Laboratory Tests

Medical history
Physical examination
Urinalysis
Hemogram
Hematocrit
Hemoglobin
Red-cell count
White-cell count--differential
Serological test for syphilis
Chest x-ray
Resting electrocardiogram
Cornell Medical Index
Smokirg history

Genelic Factors

Family history
Taste test (PTC)
Blood typing
Dermatoglyphics
La" ‘ral dominance

Biochemical Tests

Serum albumin and globulin
Plasma cholesterel and triglycerides
Plasma creatinine (see below,
“Renal Funuion™)

Plasma testosterone

Plasma pituitary hormone (AVP)

Body Composition

Anthropometry
Standing measurements
Biacromial and waist diameter
Chest, waist, and buttock depths
Elbow and nec: ‘rcumferences
Height
Weight
Skinfold thickness
Bilateral back, arm, abdomen,
and chest
Chin
Recumbenl measurements 4188 1083
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Table IV.1. Tests Administered—(Cont'd.)

Number of éubjects Tested

One Two Three Four
Total or or or or
No. of More More More More
Tests Times Times Times Times

Body Cecmaposition—(Con't.)

Anthropometry-—(Con't)

Fecumbent measurements 4188 1083 824 668 549
Circumference at iliac crest
Circumference at greater trochanter
Length of humerus—nght and left
Circumference of arm ai humerus

mid-point—right and left
Length of ulna—right anc left
Circumference of forearm at ulna
mid-point—right and left
Length of femur—right and left
Circum{zrence of leg of femur
mid-point—right and left
Length of fibula—right and left
Circumference of calf at maximum—

right and Ieft
Bone dencsity and diameters
Bone density
Hand x-rays 2664 1028 697 464 274
Photon scanning 1026 601 317 94 13
Bone diameters from x-rays 2664 1028 697 464 274

Midshaft overall diameter (hand)
Midshaft meduliary diameter (hand)
Midshaft CCT (hand)

Metacarpal length (hand)

Eibow
Knee
Wrist
Ankle
Body fat thickness from x-rays 377 374 3
L2an hody mass—Behnke Index 4095 1068 797 664 543
Basal metabolism 5672 1092 911 779 636
“realinine excretion—24-hour 6595 1133 986 816 705
Body water
Total body water (antipyrine dilution) 1008 717 236 51 4
Extracellular water (thiocyanate dilution) 1078 761 261 52 4
Body density (helium displacement) 132 132
Nutrition:
Nutrition history 3794 960 791 638 519
Seven-day diet diaries 275 845 614 489 362
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Table IV.1. Tests Administered— Cont'd.)

Number of Subjects Tested

One Two Three Four
Total or or or or
No. of More More More More
Tests Times Times Times Times

Neuromuscular function and exercise

Tapping test 6228 1072 934 810 690
3 Reaction time
: Touch 1833 782 544 310 148
Simple and choice auditory 1332 675 396 178 61
Reflex time 1317 658 407 177 60
Nerve conduction velocity, motor 2234 834 626 402 237
Exercise screening tests
Strength test 3697 970 808 603 456

Hand dynamometry—right and left
Bilatera! adductors, abductors and

rotors
Low-level crank-turning ergometer 3295 924 747 543 408
- Maximum worr rate—brief 3294 924 747 543 408
N Submaximal exercise - 630 466 151 13
- Metabolic response—0O, & CO,
Ventilation
Blood pressure and pulse rate
Blood chemistry 200 178 22
Lactic acid
Growth hormone
Activity history questionnaire 5042 1077 865 727 619

Renal Function

Creatinine clearance—24-hour 4435 1078 875 661 542
Urinalysis (see ~bove, “'Medical History, 3
Physical Examination, and Laboratory Tests™)

Pulmonary Function

Spirometry 6430 1109 945 813 711
Vital capacity—standing and recumbent
inspira‘ory and expiratory reserve volume
Forced expiratory volume 0.5 and 1.0 sec
Expiratory flow rates
Maximum breathing capacity
Pulmonary gas distribution indices (nitrogen 1438 681 477 189 69
wash-out)
Total lung volume
Residual volume
Pulmonary and chest compliance 42 42
Chest x-ray (see above, “Medical History,
Chysical Examination, and Laboratory Tests™)
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Table IV.1. Tests Adn nistered—(Cont'd.)

Number of Subjects Tested

One Two Three Four
Total or or [o]} or
No. of More More More More 3
Tests Times Times Times Times

-Cardiovascular Function

Resting electrocardiogram 7339 1141 1004 883 762
Exercise stress electrocardiogram
Master two-step test 3408 868 687 536 414
Craded treadmill test 2283 771 588 411 262
Systolic time intervals 326 326
Echocardiography
One-dimensional 270 258 2
Two-dimensional 473 473
Thallium scan of heart {exercise) 356 39
Gated blesd-pool scan 61 61
Responses to cardiovascular drugs 89 89
Velume plethysmography 140 140
. His-bundle recording (non-invasive) 80 80 :
. Z24-10ur ambulatory ECG 150 150
‘ 24-hour ambulatory blood pressure 5 50
Plasma catecholamines (axercise) 30 30

Caibohydrate Metabolism

Oral glucose tolerance test

1.75 g/kg body wt 1248 871 309 58 9
40.0 g/m? surface area 842 562 280
Intravenous glucose tolerance tast 1223 767 365 78 1
Cortisone-glucose tolerance test 774 581 160 30 2
Tolbutamide response test 1088 718 305 59 6
Glucose clamp 484 334 108 34 1
Exercise—~I-V glucose tolerance 88 88

Immune System

. Skin Fibroblast Culiure 434 344 90
Perception

Tonography 3489 935 729 588 456

Visual screening test 5721 1038 901 784 664
Acuity
Color vision
Visual fields

Audiomeltry—pure and pulse tone 4264 1012 845 683 557
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Table IV.1. Tests Administered—(Cont'd.)

Total

No. of More More More More
Tests Times Times Times Times

Number of Subjects Tested

One
or

Two Three Four

or

or

or

Cognitive Performance

Learning
Serial
Paired associate
Southern California tests ¢! intellectual
abilities
Word fluency
Asscciational fluency
Ideational fluency
Consequences
Intelligence tests
Army Alpha
Wechsler Adult Intelligence Scale
(Vocabulary only)
Benton Visual Retention Test
Logical problem solving
|
I
Concept problem solving
Memory and response time
Immediate free recall
Delayed memory (recail and recognition)
Digit memory
Dichotic iistening
Simple and complex decision time and accuracy

Personality, Behaviors, and Traits

Guilford-Zimmerman Temperament Survey
Burgess-Caven-Havighurst attitude questionnaire
Questionnaire on attitudes toward old people
Personal interview—family and sex history
Imaginal Processes Inventory
Thematic Apperception Test
Stress-and-coping interview
Schedule of life events
Eysenck Personality Inventory
Daily events check list
Well-being assessment sheet
Profile of mood states
Parent-child relations questionnaire
NEO Inventory
Defense-mechanism inventory
Social desirability scale
Coping
Self-Interview
Questionnaire
NEO Rating Inventory

1785
1739
1378

2939
2045

2043

529
476
1300
334

217
2122
1243
777
613
66
116
394
394
401
407
394
337
348
140
275

76
149
146

905
891
824

1055
1639

1038

304
305
841
334

1075
1100
811
777
613
66
116
394
&34
401
407
394
337
348
140
275

76
149
146

606
589
554

674
645

644

225
171
459

681
608
360

274
259

395
285

286

327
313
67

212
76

75

83
80

89

.

<




CLINICAL EVALUATION 69

3. Laboratory Tests

Oral/dental examination. Since 178, the oral health status of approximately one
third of the BLSA subjects has been evaluated (Baum, 1981a). Data collected include
the number of decayed (coronal, cervical), missing, and filled teeth, and indices of
gingival and periodontal disease (Ramfjord, 1967). Oral mucosal tissues are examined.
Two dental bite-wing and one panographic x-rays are taken. A detailed history of oral-
hygiene habits, dental trc ent, subjective complaints, and nutrition is obtained. Oral
motor function is evaluated by physical examination (Bosma, 1976; Baum and Bodner,
19R3). Assessments of swallowing, tongue and labial postural function, and masticatory
ability are included.

Gustatory functior: * 2stimated in two ways: a) by determination of detection
thresholds for four taste qualities, sweet (sucrose), salty (sodium chloride), sour (citric
acid), and bitter (cuinine sulfate) (Weiffenbach et al., 1982); and b) by determination
of suprathreshold tasce intensity through a magnitude-estimation procedure for each
testant (Bartoshuk, 1978; Cowart and Baum, 1981). Salivary-gland function is sssessed
by collecting unstimulated whole saliva (volume determination after expectoration)
and 2% citric acid stimulated parotid saliva (Baum, 1981b). From parotid saiiva
collections the following information is routinely obtained: fluw rate, protein by Aj,s,
K*, Na*, Ca** by atomic absorption: spectrometry; inorganic phosphate (Chen et al.,
1956); anionic proline-rich proteins and amylase (by immunochemical assays).

Urinalysis. Roatine clinit | urinalysis, including microscopic examination of
urinary sediments, is performed at each visis.

Hemogram. Hemoglobin, hematocrit, white-cell, and differential counts are made
on each visit.

Serological test for syphilis i made on the first and every subsequent fourth visit.

Total serum brotein, albumin, and globulin. These analyses were made at each visit
from 1958 to 1969 in venous-blood samples drawn after 12 hours’ fasting (7:00 p.M. to
7:00 A.M.).

Cholesterol. All determinations are made on fasting blood samples. Serum
concentrations of choiesterol have been measured at each visit since April 1962 by the
method of Abell etal. (1952) as modified by Anderson and Keys (1956). The method
of Blankenhorn et al. (1961) has been used 1 the initial serum preparation phase so
that triglycerides and cholesterol can be assayed on the same serum specimen. Since
April 1969 all sera have been assayed by BioScience Laboratories, Van Nuys,
«alifornia; in addition, once each month one eighth of the monthly samples are assayed
in the GRC laboratory so that the BLSA can maintain its own reference method as a
continuing quality control. From these analyses conversion factors have been devel-
oped for the BioScience analyses (Hersheopf et al., 1982). The BioScience Laboratories
utilized the analytical method of Kessler (1967) urtil July 1970. Since that time the
methc * of Wybenga et al..(1970) has been t.-ed.

Triglycerides. Serum concentrations of triglycerides have been measv ed at each
visit on fasting blood samples by the method of Blankenhorn et al. (1961). Analyses by
BioScience Laboratories use the method of Kessler (1967). Monitcring by BLEA is the
same as for cholesterol (see above).

4. The Cornell Medical Index Health Questionnaire
The Cornell Medical Index Health Questionnaire (Brodman et al., 1949, 1960) is
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administered on visits 1, 5, 9, etc. The subject sesponds to 195 questions about his
symptoms, health habits, and family history.

GENETIC CHARACTERISTICS

1, Fam: 'y History

A detailed family history is obtained on the first visit, entered in the central data
file, and updated on each subsequent visit.

2, Genetic Markers

Since the following tests concern characteristics that are assumed not to change
with age, they are admiaistered only once, usually but not always at ihe first visit.

Taste Test. The ability to taste phenylthiocarbamate (PTC) is recorded during the
first visit. PTC is administered on filter-paper strips placed on the subject’s tongue.

Blood Types. Typing for ABO, MN, Rh, Kells, Kidd, and Duffy factors is carried
out at first visit only.

Dermatoglyphics of the Hand. Finger and palr prints of all subjects are collected by
the Faurot inkless method with the digits comfortably extended during printing (Plato,
1978). The prints are classified according to the methods of Cummins and Midlo
(1943).

Handedness. Hand, foot, and eye preference are determined to infer hemispheric
dominance. Single-handed, two-handed, foot, and eye function are determined by a
series of standard tasks.

BODY STRUCTURE AND COMPOSITION

1, Anthropometry

As many as 37 anthropometric measurements are made on all subjects in the
standing and recumbent positions at each visit. Standard techniques use tapes for
circumferences and lengths, calipers for diameters. In addition to height and weight
measured without clothes, eight diameters, 12 circumferences, and eight lengths are
measured. Skinfold thickness is measured with a constant-pressure Harpenden caliper
at nine stardard sites (Edwards et al., 1955; Tanner, 1955).

2, Bone-Mineral Measurements

Bone density and diameters jrom band x-rays. Radiographs of each hand are taken
postero-anteriorly at an average exposure of 1.0 sec at 100 mA and 60 kVp without
intensifying screens. All measurements are made on the second metacarpal bones as
described by Garn (1954, 1961, 1970). Specifically, the total width, medullary width
at the midshaft of the bone, and length along the longitudinal axis are measured.

Bone density from photon scan. The Cameron technique (Cameron and Sorenson,
1963, 1968) of bone-mineral anal ssis is used to determine the mineralizatic™ of the
radius and the ulna in both arms. "his technique passes a collimated beam .. monc-
energetic photons through the combination of soft tissue and bone in a iimb, and the
resulting attenuation is monitcred with a suitable photon detector. The source and
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detector are moved across the limb; the resulting absor; tion curve can be related
directly to the scan. The Noriand-Cameron Analyzer, za automated instrument used
since 1972 for the determination in vivo of bone-mineral content, provides direct digital
readouts of both bone-mineral density and bone width without external calculation or
manipulation of data.

3. Subcutaneous Fat

In adcition to measurements of skinfold thickness, estimates of subcutaneous fat
were made from soft-tissue radiographs. From 1958 to 1973, measurements were made
at each visit. Each 7-x-17-inch film contains views of seven sites on the trunk and
limbs. Radiographic procedures and techniques were those described and illustrated by
Garn (1954, 1961),

Measurenients of skin and fat combined were made by means of a Helios dial-
reading caliper calibrated to 0.05 mm (Borkan and Norris, 1977). Sites of fat
measurements on the trunk were bony landmarks, such as the top of the greater
trochanter. For measurements on the calf and forearm, the widest part of the limb was
chosen. Fat measurements were made at the following locations on each film: anterior
calf, posterior calf, medial calf, lateral caif, lateral to greater trochanter, lateral to top of
greater trochanter, lateral to anterior-superior spine of iliac crest, lateral to top of iliac
crest, lower part of thorax (lowest rib), medial arm, and lateral arm. The average value
for reliability coefficients determined by duplicate measurements on 20 films was 0.95
(Borkan and Norr.., 1977).

4. Estimates of Components of Body Mass

Behnke index. A quantitative classification of body build devised by Behnke is based
on 11 sircumferences and eight diameters of the body. Factors are uszd to indicate
numerically the degree of fatness, muscularity, and skeletal size (Behnke, 1961, 1963).
Measurements were made every fifth visit from 1961 unil 1972; since then,
measurements have been made at each visit.

Muscle mass. The total amount of creatinine excreted in 24 hours, measured at each
visit, is used as an index of muscle mass (see below, “Renal Function"),

Body-water compartments—estimate: of muscle and fat. The volume of distribution of
antipyrine is used to estimate total body water (Soberman et al., 1949). Thiocyanate
space is used as the estimate of the volume of extracellular water (Levitt and Gaudino,
1950). Subjects who report a history of significant allergic reactions are not tested.
Suhjects tested between 1958 and 1967 received an intravenous infusion of antipyrine
(1.0 g) and sodium thiocyanate (1.396 g in 50 ml of normal saline. Plasma levels of
antipyrine and thiocyanate were measured in peripheral venous blood at 2,4,6,and 8
hours after the infusion began. Antipyriie was estimated by the method of Brodie and
associates (1949), with modifications (Shock et al., 1963). Thiocyanate levels are
estimated by the method of Bowler (194 4). Volumes were estimated from the slopes of
the linear regressions of the logarithm of the concentrations of antipyrine and
thiocyanate in the four blood samples. Intracellular water, calculated as the difference
between antipyrine (total body-water volume) and thiocyanate (extracellular water
volume), was used as an index of fat-free tis;ue.

Body density—body fat. From 1959 to 1960, estimates of body density were made by
the Siri t¢ hnique (Siri, 1956), by which the subject sits in an airtight chamber . .to
which a known amount of helium ic introduced. The temperature and helium
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concentration in the air surrounding the subject were monitored continuously for 15
minutes; by which time equilibrium is achieved. The body volume of the subject was
calculated froin the helium concentration in the air surrounding the subject. Body
density wns obtained from the ratio of total body weight to body volume. With
appropriate corrections for bone density, ¢n estimate of body fat was made for each
subject. Quality control was maintained by the introduction of standard carboys of
known volume into the chamber for measurement each day (Norris et al., 1963; Siri,
1962).

Because of excessive operating costs and technical difficulties, this measurement
was discontinued in 1966.

5. Strength Tests (see below, “Neuromuscular Function and Exercise™)

6. Basal Mecabolism

Basal oxygen uptake is determined at each visit by the open-circuit method
described by Shock and Yiengst (1955). Three ten-minute samples of expired air are
collected on each of two consecutive mornings after the subject’s overnight stay at the
GRC. Until 1965, aliquots of expired ai. were anzlyzed for O, and CO, content by the
Haldane apparatus. Between 1965 and 1968, expired air was also analyzed for O, b,
the paramagnetic method (Beckman Paramagnetic O, Analyzer, Model G-2), and for
CO, by infrared absorption (Beckmun Model LB-1). Once the two analytical systeras
were shown to be equivalent, all subsequent analyses were done by the more modern
methods. Both instruments are calibrated daily with standardized mixtures of O, nd
CO, obtained commercially in standard pressure tanks and checked by the Haldune
method (Tzankoff and Norris, 1977).

This test also provides data on basal respiratory volume, CO, elimination, heart
rate, and blood pressure. Blood pressure and heart rate are recorded by nursing
personnel.

NUTRITION

1. Dietary Habits

From 1961 to 1965, and from 1968 to 1975, assessment was made of dietary
habits of the subjects. On the first day of a visit, after a brief introductory review of his
d:et, each subject was ins icted by a trained nutritionist in the keeping of an accurate
dietary diary. Various plastic food models were used to teach subjects appropriate
assessment of portion size For practice, a trial diary kept during the subject’s visit at the
GRC was monitored by the nutritionist. A seven-day food record, begun on the
subject’s return home, was mailed to the nutritionist. From 1961 to 1965, a subset of
the subjects collected seven-day records at three-month intervals. All records were
verified by the nutritionist with the subject on his next visit to the GRC.

Data from each record were coded by the nutritionist znd entered on tabulation
cards for computer analysis of mean daily nutrient intakes, variances, and the major
food-group sources of the nutrients bv a computer program develc ped by the Heart
Disease Control Program, Bureau of State Services, United States Public Health
Service. The analysis identified average daily intakes of total calories, protein, total fat,
saturated fatty acids, oleic acid, linoleic acid, linolenic acid, and other fatty acids, total
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carbohydrates, simple and complex carbohydrates, alcohol, cholesterol, fiber, calcium,
iron, and selected vitamins (vitamin A, thiamine, riboflavin, niacin, pyridoxine, and
ascorbic acid). In acdition, certain derived variables were computed (percentage of
calories from protein, carbohydrate, and fat, and the polyunsaturated/saturated fatty-
acid ratio) (McGandy et al., 1966).

2, Nutrition History

A nutrition history was recorded in a personal interview k' a trained nutritionist
during the periods 1961-1965 and 19681975, in order to detect unusual dietary
féatures that might not have been revealed by the dietary diary.

3, Pyridoxine (Vitamin-Bg) Status

These studies were carried out from 1971 to 1973 (Rose et al., 1976). Venous-
blocd-samples were obtained one 10 two houss after breakfast. Vitamin-Bg supplemen-
tation by intake of vitz nin pills was established from the paucat's history. Plasma
pyridoxal phosphate (PLP) was determined by a modification of the method of
Chabaner and Livingston (1970). Erythrocyte glutamic-oxal sacetic transaminase
(EGOT) activity was' determined by AutoAnalyzer Method No. 3 (Technicon
Instruments Corp., Tarrytown, New York). EGOT was also measured after in-vitro
stimulation with pyridoxal phosphate.

NEUROMOTOR FUNCTION AND EXERCISE

1. Tapping Test

This test, designed (Welford et al., 1969) to evaluate speed and accuracy in a
visually controlled motor task, records the time required to place pencil dots alternately
on two targets drawn on paper. A number of separate tests of increasing difficulty are
carried out at each sessicn. In these trials subjects are instructed to complete the task as
rapidly and accurately as possible. Three sets of targets are used. Each set consists of
pairs of vertical lines requiring movements of 50, 142, and 402 mm. The target widths
(distances between the two parallel lines) are 32, 11, and 4 mm. The nine
combinations of movement distance and targ 't width are presented in diflerent orders
to different subjects in such a way that the serial positions both of the conditions and of
the transitions from any condition to any other are appropriately balanced. Subjects
have one trial with each of the conditions for practice, foilowed by a second trial with
each pair of targets; their scores are derived from the second. The test was
administered on each visit from 1960 to 1981.

2. Oral Motor Evaluation (see above, ‘“Oral/dental examination’)

3. Reaction Time

Reaction time to touch. Foot-reaction times are measured after stimulation by
touching the sole of the foot. T"e subject is instructed to plantar-flex his foot as soon as
possible after the touch. Tests are performed with the subject in the dorsal recumbent
position. The muscle-action potentials are led from small solder electrodes placed over
the small muscles of the left foot through paired leads and a preamplifier to a dual-
beam cathode-ray oscilloscope. The subjects are connected with ground through a

Q

-
[2 S SN

9
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saline-moistened pad placed around the leg just above the ankle. The action potentials
are -tecorded photographically from the oscilloscope screen.

Tactile stimuli to elicit voluntary muscle reactions are provided by a plastic rod
tapired to a dull point at one end. Contacts are placed in the handle of the rod so that
at the insteat of contact with the skin the beam of the cathode-ray oscilloscope is
triggered. The reacion times are measured by the imerval between the beginning of
the cathode-ray beam and the beginning of the musile-action potential. A time-
calibration curve (10 msec) is recorded on the second synchronized beam from the
output of a standard oscillator. For each subject, mean values for reaction time are
calculated after exclusion of the extreme high and low values, defined as those
separated from the remainder of the distribution by an interval of more than 15 msec
(Hiigin et al., 1960).

This test was administered on alternate visits from 1958 to 1974. Since 1974, it
has been administered on each visit.

Auditory reaction time. Between 1961 and 1976, simple and choice reaction times
were measured concurrently with electroencephalographic (EEG) recordings from the
occipital region of the head (Surwillo, 1963a). The stimuli were tones (250 Hz and
1000 Hz) presented over a loudspeaker at a level cet by each subject 0 ensure that
they were clearly audible. The duration of each stimulus was 0.3 second. No
forewarning was given of the stimuli, which were triggered by the experimenter when |
alpha waves were cvident on the EEG. In simple reaction time, the task was to press a
button on a hand-held switch as quickly as possible whenever either tone was
presented. In choice reaction time, the task was to press the button only when the
higher tone was presented.

In 1974, a study was initiated in which only simple reaction time is measured; both
tones are used. EEGs are no longer recorded, and the stimuli are triggered by the
experimenter at random intervals of 10 to 25 seconds.

Reflex time. Reflex times are measured for stimuli applied to the sole of the foot. ¢
Plantar flexor reflexes are elicited by a brief longitudinal scratch applied with a plastic
rod to the sole of the foot in the area in which the shortest, most consistent responses
are obtained. The length of this scratch is approximately 5 c¢m, the duration
approximately 200 msec. The intensity of scratch necessary to elicit flexion potentials
ranges from a sere touch to a firm stroke. In no case has the stimulus been judged
painful by the subjects.

A dual-beam oscilloscope is used to record the application of the stimulus and the
muscle-action potentials (see above, “Reaction time to touch").

Fifty or more stimuli of each type are administered to each subject at each sitting.
Average values are calculated if nine single values are obtained from the records
(Hiigin et al.,, 1960; Magladery et al., 1958).

Plantar reflex times were recorded in all subjects on alternate visits from 1958
until 1974, and have been recorded on each visit since 1974,

4. Nerve-Conduction Velocity

Nerve-conduction velocity is estimated from the time elapsing between the
percutaneous appiication of an electrical stimulus to the ulnar nerve and the motor
response in the muscles of the hypothenar eminence and the linear distance traversed.
Electrical stimuli (supramaximal square wave shocks of 0.1 msec duration) are apylied
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NEUROMOTOR FUNCTION EXERCISE 75

to the left arm over three separate points of the ulnar nerve, at the wrist, at the elbow,
and 5 cm below the axilla. The cathode of the stimulating electrode is always placed
over the part being stimulated. The response, recorded on a cathode-ray oscilloscope, is
the action potential evoked in the muscles of the hypothenar eminence by the elertrical
stimulus to the nerve. One recording electrode is placed o~er the bellies of these
muscles and the other over the tendons. Latency of response (the time between
‘stimulation and the onset of the action potential of the muscles) is measured to the
nearest 0.1 msec. Distances along the skin surface between centers of the stimulating
electrodes and the recording electrode are measured to the nearest 0.1 cm (Norris et
al., 1953; Wagman and Lesse, 1952).
This test was administered on alternate visits between 1958 and 1974.

5. Physical Activity: Muscular Streigth and ‘Work

Physical-activity bistory. The average level of physi.al activity was initially estimated
from a personal interview or questionnaire (McGandy et al., 1966), and latterly by the
questionnaire, which covers specific activities at home, at work, and in recreation, as
well as variations in activity patterns such as trips-and seasonal sports. The amount of
time spent in each activity is expressed as a daily average. Time assignable to seasonal
activities and activities that are pursued infrequently is expressed-as an annual total and
divided by 365 to obtain the daily average. The total daily energy expenditures are
calculated for each subject by use of the caloric values for each activity determined by
McGandy et al. (1966).

Strength tests. Maximum grip strength of right and left haads is estimated with the
Smedley hand dynamom ~ter (Fig. 1). All subjects are tested at each visit.

A sperial instrument was designed and constructed to measure strength of
adductors, abductors, dorsal rotors, and ventral rotors of the arms. With this apparatus,
the subject ’s seated with a one-inch bar in front of him. The subject pushes, pulls, lifts,
or depresses the bar, which does not move. The force exerted on the bar is recorded by
strain gauges. The maximum force developed in the highest of three trials at each
maneuver is used as the strength index. The test has been a. -inistered to all subjects
on each visit since 1960.

Coordinated exercise—crankizzg. The subject lies on his back on a bed and turns an
electrodynamic-brake ergometer crank (Fig. 2) with his arnis to accomplish 500 kg m
of work at the slow and easy rate of 135 kg m/min (Kelso and Hellebrandt, 1934;
Tuttle and Wendler, 1945). The output of the ergometer, which measure' . 2 work
rate continuously, is monitored for variability of perforiznance of the assigned rate
(Norris and Shock, 1957).

Maximum work output is also determined. In ‘this test the subject turns the
ergometer crank at his greatest effort (maximum rate) for ten seconds. Four different
resistances are used. Maximum work rate achieved at each work load is recorded. The
test has been administered to selected subjects at irregular intervals.

6. Physical Activity: Oxygen Uptake
Submaximal workloads. Submaximal work (500 kg m at 135 kg m/min) is
performed with the arms on the eletzo"+namic-brake ergometer (Fig. 2). The subject
remains in a recumbent position tis .4t the periods of rest, exercise, and recovery.
Expired air is collected througu a Siebe-Gorman face mask in serial ten-liter
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Figure IV, 1; Measurement of hmd-éﬁp strength by Smedley dynamo}netry.

samples for 20 minutes before the exercise, during exercise, and for 40 minutes after
exercise. The concentrations of O, and CO; in each ten-liter sample of expired air are
determined by automatic gas analyzers (see above, *‘Body Structure and Composition,”
“Basal Metabolism™). All gas volumes are reduced to standard conditions (0°C, dry,
and 760 mm Hg) (Carpenter, 1939). Pulmonary ventilation volume is determined by
dividing the volume of air expired during the collection period by the duration of the
period.

Rates of O, uptake and CO, elimination are estimated from ventilation rate and
gas concentrations of the expired air by standard metabolism techniques (Peters and
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- .—‘“’“*’« . h—"‘—k(..fa'..;
Figure IV.2. Measurement of maximum work by bicycle ergometry.

Van Slyke, 1932). Maximum O, uptake, CO, elimination, and ventilation volume (1/
min) are recorded from the highest value found for the volume in a single period
during or after exercise. Total excess values for ventilation, CO, elimination, and O,
absorption are obtained by summing over all periods during and following exercise the
amount by which each individual metabolism period exceeds the value of the
asymptote of the appropriate recovery curve. Net mechanical efficiency is calculated as
the caloric equivalent of the work done, divided by the caloric equivalent of the
metabolic cost of the work (total O, uptake, during and after exercise). The respiratory
quotient is assumed to be 1.0. Oxygen debts are calculated as the amount of excess O,
absorbed after the end of the exercise (Norris and Shock, 1957).

Measurements of blood pressure and heart rate are also made during the resting
period and at 30-second intervals following exercise.

These tests have been applied to selected subjects at irregular intervals.

Maximum oxygen uptake. From 1975 to 1981, O, uptake was measured during
graded maximal treadmill exercise in participants without clinical or stress electrocar-
diographic evidence of heart disease. According to the modified Balke exercise
protocot (Balke and Ware, 1959), the individual walks at a constant speed throughout
the test; the treadmill is elevated 3% every two minutes until the subject is unable to
continue because of general fatigue, chest pain, shortness of breath, or leg discomfort.
During exercise, the subject breathes through a mouthpiece connected to two large
collection tanks by a flexible plastic hose. Expired air is collected for the second minute
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of each two-minute stage and analyzed on-line for O, and CO, con*ent by a Beckman
Medical Gas Analyzer LB-2. Correction of prevailing room tempera.ure and baromet-
ric pressure permits calculation of the O, consumption in ml O, per min per kg body
weight for each stage of exercise. The value at maximal exercise is generally considered
the best available measure of physical fitness.

RENAL FUNCTION

1. Creatinine Clearance (24-Hour)

A non-fasting serum sample for the determination of creatinine levels is obtained
from each subject on his arrival at the GRC, between 9:00 and 11:00 A.M. After the
subject empties his bladder, a 24-hour urine collection is begun. A fasting blood sample
for the determination of serum creatinine is obtained at 8:00 A.M. the next day; the
mean of the two determinations is used in the calculation of creatinine clearance.
Creatinine in serum and urine is measured as true creatinine, by a modification of the
technique of Hare (1950). Clearance values are expressed as ml per 1.73 m? surface
area (Rowe et al.,, 1976a).

In order to establish the validity of creatinine clearance as a measure of glomerular
filtration rate, simultaneous inulin and creatinine clearances were performed in healthy
male volunteers who were not participants in the BLSA. Creatinine and inulin
determinations were made:-on the same blood samples drawn during a 45-minute
intravenous infusion of insulin (Davies and Shock, 1950). The mean ratio of creatinine
to inulin clearance was 1.29. Age had no significant effect on the ratio.

Creatinine clearance was determined on all visits from 1958 to 1974. Since July
1974 the test has been adniinistered on visits 1, 2, and 5, and at every fourth visit
thereafter.

2. Urinalysis (see above, “Clinical Evaluation”)

3. Concentrating Ability of the Kidney

Water-deprivation tests were conducted from 1958 to 1962 (Rowe et al., 1976b).
There was no oral intake from 6:00 p.M. to 6:00 A.M.; after the subject. emptied his
bladder at 6:00 P.M., urine samples were obtained at 9:00 p.M., 12:00 midnight, and
6:00 A.M. for measurement of urine flow and osmolality. At 6:00 A.M. a plasma sample
for osmolality and creatinine concentration was obtained. From these data solute
excretion and osmolar clearances were calculated This test was not repeated.

PULMONARY FUNCTION

All pulmonary-function tests were performed at various times of the day.

1. Spirometry

Earlier studies (1958-1962) of vital capacity and pulmonary subdivisions were
performed with subjects both standing and recumbent; they inspired maximally and
then expired maximally into a 120-liter recording Tissot spirometer. Complete
spirog:ams were also recorded for recumbent subjects with a ten-liter closed-circuit
spirometer. A mouthpiece and nose-clip were used for these collections. Three trials
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were made for each effort (inspiratory reserve volume, expiratory reserve volume, and
vital capacity). The largest value was recorded as the value for the day. The resting tidal
volume was determined by dividing the total volume expired in a ten-minute air-
collection period by the number of breaths during this period as counted from a
kymograph tracing (Norris et al., 1956). Since 1963, spirometric studies have followed
methods and calculations described by Kory et al. (1961), including forced expiratory
volumes (FEV, 5 through FEV;,). These tests are performed at each visit.

2. Maximum Breathing Capacity

The maximum breathing capacity is determined in standing subjects who are asked
to breathe as much air as possible into a spirometer through a low-resistance circuit for
15 seconds. Neither the rate nor the depth of breathing is specified, but the subjecr is
urged to do his best throughout the test. The highest volume attained in three trials is
taken as the value for the day (Norris et al., 1956). This test is administered on each
visit.

3. Pulmonary Gas Distribution

Total lung volume and functional residual volume were determined by the
nitrogen wash-out method using au open-circuit technique (Edelman et al., 1968). The
studies were performed at various times of the day with subjects in the seated position.
The gas supply and collection bags were enclosed in an airtight box. Tidal volume was
monitored by a model 350 Servo-spirometer (Med-Science Electronics, St. Louis)
connected to the box. Nitrogen concentration of gas sampled at *he mouthpiece was
measured with 2 model 300 AR Nitralyzer (Med-Science Electronics). The instrument
was calibrated with five standard gas mixtures within the 2%-7% nitrogen range
before each wash-out test. Continuous recordings of N, concentration and tidal volume
were made with a model 1508 Visicorder (Minneapolis Honeywell Regulator Co.,
Denver). Subjects were allowed to accommodate to the apparatus while breathing air.
A vital-capacity maneuver consisting of a full inspiration followed by a full expiration
was performed during this period. After the subjects had returned to a steady
ventilatory pattern (usually within 0.5-1.0 min), and at the end of a normal expiration,
a seven-minute period of oxygen breathing was begun. Functional residual capacity
(FRC) was calculated from the collected expired air. Corrections were made for
inspired nitrogen concentration and tissue nitrogen excretion (Darling et al., 1940).
Tidal volume was taken as the mean for the seven-minute period; anatomic dead space
was estimated from the height of each subject (Hart et al., 1963).

Uniformity of ventilation was initially assessed by the use of the lung-clearance
index (LCI) (Becklake, 1952), which was later supplanted by a new index less
dependent on tidal volume (Edelman et al., 19G8).

"V'his test was administered between 1962 and 1979 to randomly selected subjects.

4. Lung and Chest-Wall Compliance

Since this test required the placement of an intra-esophageal ballocn catheter to
measure pressures, it was administered to only 42 subjects, aged 24 to 78 years, during
1962 and 1963 (Mittman et al., 1965). Although analysis of cross-sectional data
showed a significant negative regression of chest-wall compliance on age, the
regression of pulmonary compliance on age was not significant. In view of the
discomfort to the subject, the large investment of time required to perform the test, and




the lack of a significant age regression for pulmonary compliance, the test was not
repeated after 1963.

5. Smoking His.ury

A detailed smoking history is obtained on the first visit and is updated at each
subsequent visit.

6. Chest X-Ray

A standard roentgenogram is made for postero-anterior (P-A} and lateral views of
the chest with the subject standing. The total equivalent radiation exposure received by
the subject above the waist is 2 rads for the two tests. Gonadal exposure is minimized
by standard techniques of collimation and shielding. The techniques and equipment
used are monitored by the Maryland State Health Department and the Baltimore City
Hospitals’ Radiation Safety Officer. X-rays were init. .lly repeated at each visit, but
since 1979 have been routinely repeated no more frequently than every five years
unless there is a specific clinical indication that more frequent examination is desirable.

CARDIOVASCULAR FUNCTION

1. Screening for Cardiovascular Disease

Cardiovascular history and physical examination. At each visit, in addition to the
general history and physical examination, a cardiovascular history and examination are
performed by a physician of the GRC Cardiovascular Section, and a 12-lead resting
electrocardiogram (ECG) is obtained. Participants who do not demonstrate definite
evidence of coronary artery disease (CAD) in this examination undergo exercise stress
to detect the presence of occult CAD.

On the basis of the history, physical examination, and stress testing (see below),
each participant is classified as showing a) no evidence of CAD or b) evidence of
probable or ¢) definite CAD. The following point system is employed to determine the
classification of each individual:

ECG Points

Resting
Minn. Code 1:1 2
Minn. Code 1:2 1
Minn. Code 1:3 1
Minn. Code 4:1 1

Stress
Minn. Code 11:1 1

Angina pectoris

Possible 0

Probable 1

Definite 2
Previous myocardial infarction (MI)

Possible 0

Probable 1

Definite 2




Figure IV.3. ‘Treadmill stress electrocardiography.

The presence of angina and/or the history of MI is assessed by a staff cardiologist.
Confirmation of prior MI also requires unequivocal hospital records. Assignment to the
category of definite CAD requires at least 2 points; to probable CAD, 1 point; and to
CAD-free, 0 points. The weight to be attached to the stress thallium scan in classifying
CAD is presently under consideration.

Exercise stress test—double Master test. The double Master test was administered to all
subjects, except those in whom a clinical contraindication was found, on all visits
between 1958 and 1968. The subject climbed two nine-inch steps (total lift = 18 in or
0.46 m) so arranged that at a rate determined by his age and weight he went up two
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steps, went down two, turned, and went back the other way. The ECG was monitored
(Master and Oppenheimer, 1929; Master et al., 1944).

Treadmill stress ECG. In 1968, a treadmil! exercise test (Fig. 3), in which the
subject walks on a motor-driven treadmill at a rate of 3.5 miles per hour, was
introduced to replace the double Master test. At the end of each two minutes of
walking, the grade of the treadmill is increased by 3% (Balke and Ware, 1959). The
increments in grade are continued until excessive dyspnea or other end points (e.g.,
fatigue, leg pain, angina, or certain ECG abnormalities) are reached (Blomqvist,
1971). The ECG is recorded and monitored by a physician both during exercise and
for six minutes afterward with the subject in the sitting position. Heart rate_is estimated
from the ECG. Blood pressure is measured at two-minute intervals after exercise; since
1976, it has also been measured during each stage of exercise. All ECGs are evaluated
by the Minnesota Code (Rose and Blackburn, 1968).

Stress thallium scans. Since November 1977, myocardial imaging during exercise
has been employed in all subjects above the age of 40 years who consent to the test.
The limitation to persons over 40 was imposed because of the exposure to radiation.
The thallium scan is a relatively new non-invasive technique designed to assess
abnormalities in myocardial perfusion at rest and during exercise. A small amount of
P%thallium is injected intravenously during the final minute of maximal treadmill
exercise while simultaneous multi-lead ECGs are recorded. Myocardial scans in
multiple projections are made with a gamma camera linked to a computer-based display
and quantification system. Redistribution scans are made two hours after the conclusion
of exercise. The records, after having been read subjectively by two independent
observers, are maintained for later computer processing and objective quantification.
The studies were initiated in collaboration with The Johns Hopkins University and are
performed at the Johns Hopkins University Hospital (Lakatta, 1978).

2. Evaluation of the Effect of Age on Cardiovascular Function

In those individuals who show no evidence of cardiovascular disease, many aspects
of cardiovascular function are evaluated at rest and during stress.

Systolic time intervals. A number of time intervals during the cardiac cycle have been
related to myocardial performance (Weissler et al., 1969). Simultaneous recording of
the ECG, phonocardiogram, and carotid pulse made it possible to determine the
duration of electro-mechanical systole, left-ventricular ejection time, and the pre-
ejection period. The protocol was discontinued in 1972 with the advent of echocardi-
ography.

Echocardiography. The echocardiogram, devised to estimate cardiac performance,
records the reflection of ultrasonic wave: directed toward the heart from an external
probe. The record obtained by this non-invasive technique permits measurements of
left-ventricular wall thickness and cavity dimension, filling and ejecting rates, ejection
fraction, and left-atrial and aortic-root diameters. One-dimensional echocardiograms
are recorded with the subject either supine or rotated into the left latera. position. It is
anticipated that echocardiographic testing will be repeated at seven-year intervals.

Since January 1978, echocardiograms with simultaneous recording from two
probes, to permit greater accuracy in the calculation of volumes of the heart chambers
and detection of regional dysfunction, have been recorded in randomly selected
subjects. In addition to measurements at rest, observations are also made during
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standardized semi-supine bicycle exercise. A semi-automated computer-assisted system
quantifies structural and functional features of the left ventricle at rest and during
exercise (Van Tosh et al., 1980). Measurements include myocardial and chamber areas
and derived indices of left-ventricular mass and volume, mean and maximal velocity of
fiber shortening, rates of diastolic lengthening, time intervals within the cardiac cycle,
and regional indices of myocardial function, including left-ventricular thinning and
thickening rates. This test is administered to all participants who volunteer and is
supervised by the staff of the Division of Cardiology of the Department of Medicine,
The Johns Hopkins University, in collaboration with the GRC Cardiovascular Section.

Multi-gated cardiac blood-pool scans (MUGA). Gated radionuclide angiography is a
non-invasive method that has provided accurate and reliable estimates of left-
ventricular ejection fractions both at rest and during exercise. A recent modification of
the technique permits accurate measurements of left-ventricular volume throughout the
cardiac cycle. It is thus an ideal technique for examination of left-ventricular function in
normal human volunteers.

The protocol for the gated cardiac blood-pool scan is as follows: 2 cc of *“‘cold
pyrophosphate” are injected intravenously; after 20 minutes, 12 millicuries of
technetium 99m per square meter of body-surface area are injected and supine resting
gated cardiac blood-pool scan is performed. The subject then engages in graded
upright bicycle exercise. Hematocrit is determined before and after maximal exercise;
after exercise, a 10-cc blood sample is drawn and counted by the camera and a static
marker image obuined to determine the distance between the center of the left
ventricle and the chest wall. Computer analysis of the acquired images calculates left-
ventricular ejection fraction, end-systolic, end-diastolic, and stroke volumes, and
cardiac output for each stage of exercise. Regional wall motion is assessed visually and
by computer methods (Rodeheffer et al., 1981). This test is performed at the Johns
Hopkins Hospital in a collaborative studv between the GRC and the Johns Hopkins
Division of Cardiology.

Catecholamine secretion. At rest and during a graded treadmill exercise protocol in a
subset of volunteers, oxygen consumption and plasma epinephrine, norepinephrine,
and lactate were measured along with heart rate and blood pressure.

Heart-rate response to B-adrenergic stimulation. In a small subset of the population
graded intravenous boluses of isoproterenol were injected in order to determine the
effect of age on the heart-rate response to f-adrenergic stimulation. Tne end point of
the protocol was an increment cf 25 beats per minute over baseline.

Ventricular response to afterload stress. The left-ventricular response of young adult
and old participants to hemodynamic stress was compared. Echocardiographic measure-
ments of left-ventricular end-diastolic dimension, left-ventricular end-systolic dimen-
sion, and velocity of circumferential fiber shortening were made at rest and during 30-
mm Hg increases in systulic blood pressure induced by handgrip exercise or
phenylephrine infusion. In order to eliminate the influence of B-adrenergic drive, the
measurements were repeated during f-adrenergic blockade with propranolol. The
efficacy of the block was tested by demonstration that isoproterennl infusion did not
result in an increase in heart rate (Yin et al., 1978).

Non-invasive His-bundle electrocardiography. Previous studies have shown an age-
related increase in atrioventricular (AV) conduction time (PR interval) but have not
localized its origin in selation to the His bundle. A microprocessor-assisted high-
resolution ECG has been employed on selected subjects since January 1981. This
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technique uses signal averaging and amplification of 512 cardiac cycles as well as
filtration of random noise to record low-amplitude ECG signals from the body surface.
From these recordings, a His-bundle potential can be identified in a substantial
percentage of individuals. This allows an assessment of AV conduction both proximal
to the His bundle (PH interval) and distal to it (HV interval) (Das et al,, 1982).

Inotropic effect of digitalis. Because digitalis is commonly prescribed in the elderly
and is attended by a high risk of toxicity, averaging 20% in most series (Beller et al.,
1971), it is of vital concern whether its inotropic efficacy is decreased with advanced
age in man. To answer this question, one-dimensional echocardiography and systolic
time intervals have been used to measure the effect of an intravenous bolus of ouabain,
a rapidly acting digitalis glycoside, on cardiac performance in healthy men. After
baseline measurements are obtained, f-adrenergic blockade is induced by intravenous
propranolol in order to eliminate variations in resting sympathetic tone that could
obscure the effects of digitalis. Echograms and systolic time intervals are obtained
pericdically for 90 minutes after injection of ouabain.

Ambulatory ECG and bloodpressure monitoring. Since July 1978, an ambulatory 24- |
hour ECG has been recorded in normal BLSA participants during their routine ‘
activities at the GRC. The two-channel ECGs are analyzed by a semi-automated ’i
computer technique for heart rate, ectopic beats, and disturbances in conduction. Thus
far 150 participants, all of whom were clinically healthy and had normal ECG responses
to maximal treadmill exercise, have been studied by this technique.

Since January 1981, ambulatory ECGs and ambulatory blood pressure have been. |
recorded automatically over a 24-hour period in normal subjects of all ages. Blood
pressure is taken automatically every 7% minutes and recorded on the same tape used
to record the ambulatory ECG. This technique allows assessment of diurnal variability
and absolute level of blood pressure as a function of age.

Peripheral blood flow. Venous-occlusion plethysmography was initiated in July 1980

to assess aging changes in maximum peripheral blood flow to the leg. By this technique
the leg is placed in a water-filled box equipped to measure changes in limb volume. A
blood-pressure cuff placed around the leg proximal to the plethysmograph is used to
occlude arterial flow for periods of one to five minutes. The cuff pressure is then
rapidly lowered to a level sufficient to occlude venous outflow but not arterial inflow.
The consequent increase in leg volume, which is equivalent to arterial inflow, is then
calculated from the rate of change in water pressure in the box with time. The
procedure is initially performed at a water temperature of 27°C; it is repeated at 32°C
to assess the increase in arterial flow generated by thermal stress. Such measurements
allow assessmer. of maximal arterial flow and recovery rates from the induced limb
ischemia. These values may then be correlated with known risk factors and predictors
for the development of peripheral vascular disease.

CARBOHYDRATE METABOLISM: THE GLUCOSE-INSULIN
HOMEOSTATIC SYSTEM

Tests to evaluate the glucos.-insulin homeostatic system were given during the
following periods:

Intravenous glucose tolerance test (IVGTT), January 1963-June 1977.

Intravenous insulin tolerance test (IVITT), June 1963-June 1964.
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Cortisone glucose tolerance test (CGTT), January 1964-June 1977.

Oral glucose tolerance test (OGTT), 1.75 g/kg body weight, July 1964-June
1977; since June 1977 the glucose dose has been 40 g/m? surface area.

Intravenous tolbutamide response test (TRT), January 1965-June 1977,

One of the tests is usually performed on each visit. The four tests that were
administered until June 1977 were generally given in a series that was repeated after all
four had been administered. Since that date only the OGTT has been done. All are
performed under basal conditions.

Activity prior to the test is limited, since subjects spend the preceding night at the
Center as part of their 2/2-day stay. Subjects remain in bed, in a reclining or a semi-
reclining position, during the test. Smoking is not permitted before or during the test.
Fasting and all subsequent venous-blood samples are obtained through an indwelling
catheter.,

Glucose was determined by a manual glucose oxidase method until September
1963; by the AutoAnalyzer automated ferricyanide reduction method (Technicon
Instruments Corp., Tarrytown, New York) uatil June 1977; and thereafter by an
automated glucose oxidase method (Beckman Instruments, Inc., Fullerton, California).
Initially, from 1963 to 1966, whole-blood samples were deproteinized by the Somoy yi
technique (1945). Since 19¢6, plasma samples have been analyzed without deproteini-
zation. Factors for conversion from the manual glucose oxidase to the automated
ferricyanide method and from whole-blood to plasma samples were determined by
simultaneous analyses of multiple specimens by the older and the newer methods. Since
the AutoAnalyzer and Beckman methods gave nearly identical results, it was not
necessary to apply a conversion factor.

The tests have been performed as follows:

Intravenous glucose tolerance test (IVGTT). A 20% solution of dextrose in water
(0.375 g/kg body weight) was infused at a constant rate over a five-minute period.
Blood samples were collected every ten minutes until 60 minutes; in the earliest
studies, a final sample was collected at 80 minutes.

Intravenous insulin tolerance test (IVITT). A dose of 0.05 units of crystalline zinc
insulin per kg body weight was injected nearly instantanecusly, Vinous-blood samples
were collected from an indwelling catheter at ten-minute intervals for one hour.

Cortisone glucose tolerance test (CGTT). Cortisone acetate was given by mouth 8.5 and
two hours before glucose ingestion, in two equal doses determined by body weight (<
124 1b = 37.5 mg; 124~159 Ib = 50 mg; 160-194 Ib = 62.5 mg; 195~230 b = 75 mg;
and > 230 Ib = 87.5 mg). The glucose dose was 1.75 g/kg actual (as opposed to
“desirable’’) body weight, given as a 30% solution flavored with lemon juice, which

| was ingested in ten minutes or less, Blood samples were drawn every 20 minutes for
| two hours (Pozefsky et al., 1965).

1 Oral glucose tolerance test (OGTT). The technique was originally the same as that
\ used for the CGTT, but tke steroid administration was omitted. In July 1977 the
| glucose dose was changed to 40 g/m? surface area, in accordance with the
| recommendation of the Committee on Statistics of the American Diabetes Association
| (Klimt et al., 1969).

| In 1979 the National Diabetes Data Group recommended that 75g of glucose be
| given to all subjects regardless of body size. This dose is equivalent to 40 g/m? surface
| area for an average-sized person. We have elected to continue use of the 40 g/m?
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dosage, which the Data Group had rejected as impractical for the usual clinical test
situations. Considesing a dose adjustment for body size an advantageous detail, we
decided not to introduce still another technical change into our study.

Intravenous tolbutamide response test (TRT). One gram of sodium tolbutamide in a
5% solution per 70 kg body weight was injected through an indwelling intraverous
catheter in two minutes. Zero time was taken as the tnidpoint of the injection. Blood
samples were obtained at 2, 6, '10, 15, 20, 30, 45, and 60 minutes.

Performance was judged primarily by the percentage of fall in glucose concentra-
tion at 20 and 30 minutes (Swerdloff et al., 1967).

Glucose-clamp test. A manual feedback technique, the glucose clamp, makes it
possible to maintain blood glucose at any level chosen by the investigator (Andres et
al., 1966; DeFronzo et al., 1979). Two basic types of study have been performed. In
the “‘euglycemic clamp study,” insulin is infused at a constant rate while the blood-
glucose concentration is maintained at the subject’s basal level. This is primarily a test
of sensitivity of body tissues to insulin. In the “hypecglycemic clamp study,” the
plasma-glucose concentration is raised rapidly to a hyperglycemic plateau and is
maintained at that level for two hours. The glucose plateaus studied have been 54, 98,
143, or 231 mg/dl above the basal level. This is a test of pancreatic beta-cell sensitivity
to glucose and sensitivity of body tissues to insulin. These tests were given to subjects
selected for special characteristics with respect to glucose tolerance and obesity. The
schedule for retesting has not yet been determined.

METABOLISM OF DRUGS

1. Antipyrine Metabolisin

Antipyrine, which is almost entirely metabolized by the liver, has been used as a
marker drug for the hepatic microsomal enzyme system. A cross-sectional study of
antipyrine metabolism was carried out between 1958 and 1967. Healthy subjects who
were receiving no potentially interfering medication were included in the analysis of
the interactive effects of age, smoking, consumption of caffeine, and alcohol intake.
The subjects received an intravenous infusion of antipyrine (1 g/30 ml isotonic saline)
in a 20-minute period. Plasma levels of antipyrine were measured at 0, 2, 4, 6, and 8
hours by the method of Brodie et al. (1949). The overall elimination rate constant (k)
and the theoretical plasma concentration at zero time () for each subject were
determined from regression analysis of the natural log of the plasma concentration wizh
respect to time. Biologic half-life, apparent volume of distribution, and metabolic
clearance rate were computed on the asszmption of a single distribution volume and
simple exponential decay by standard pharmacokinetic formulae (Vestal et al., 1975).

2, Ethanol Metabolism

In 1974-1975, a cross-sectional multidisciplinary study of ethanol metabolism and
aging was underteken (Vestal et al.,, 1977). Observations were made not only of
ethanol kinetics, but also of plasma arginine vasopressin (AVP) response and reaction
time and suemory. The subjects, who had abstained from alcohol for three weeks,
received a one-hour infusion of ethanol at a rate of 375 mg/m? surface area per minute
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via an antecubital intravenous catheter. Blood samples for measurement of blood-
ethanol concentrations were obtained at frequent intervals during the infusion and for
four hours post infusion. Blood ethanol was assayed by a modification of the methous
of Payne et al. (1967) and Roach and Creaven (1968). Etharol kinetics were « ymputed
by the compartmental analysis of Berman and Weiss (1976). Body composition was
calculated by ‘e anthropometric method of Behnke (1961).

The effect of ethanol on plasma AVP levels (antidiuretic hormone) was assessed
by radiommunoassay (Rebertson et al., 1973). Reacticn-time and me:nory tests were
carried out during and after the ethanol infusion by techniques similar to those
described below under “‘Learning, Memory. and Decision Tasks."

HYPOTHALAMIC-PITUITARY FUNCTION

1. Reproductive Hormone System

This research, which was performed from 1977 to 1979, evaluated the hypotha-
lamic-pituitary-testicular system, then correlated the endocrine studies with sexual
history. Baseline plasma samples were obtair.2zd and a two-hour LHRH test was
performed to measure pituitary gonadotropin reverse. This was followed by injection
of human chorionic gonadotrepin (hCG) to evaluate testis secretory reserve. A second
injection was given the next morning. Blood samples were obtained after the injection
of hCG and the following morning.

Plasma gonadotropins were assayed by double-antibody radioimmunoy ‘say; plas-
ma testosterone and dihydrotestosterone by radioimmunoassay; plasma estrone and
estradiol by charcoal radioimmunoassay; and free testosterone by an ion-exchange
technique (Harman and Danner, 1977; Harman and Tsitouras, 1980; Harman et al.,
1980; S.M. Harman, 1981). Stored lyophilized plasma samples obtained at carlier ages
were also &7a; _. and their testosterone levels correlated with the sexual-behavior
histories of the same subjects.

2. Hypothalamic-Posterio - Pituitary Function

The effect of age on this endocrine system was determined cross-sectionally by
assessment of the change in plasma-AVP levels in response to both a secretory stimulus
(hypertonic saline) and an inhibitory stimulus (ethanol). The tests were pe-formed
from 1974 to 1976 in a small, carefully selected subset of the BLSA population.

Etbanol infusion test. In a subset of the subjects who were given ethanol
intravenously, AVP responses were followed (see above, *Metabolism of Drugs,” for a
description of the ethanol-infusion protocol). Subjects abstained from all alcohol for at
least 21 days before the study. AVP was measured by radioimmunnassay (Robertson et
al., 1973). Samples of venous blood were obtained at short intervals during the ethanol
infusion and for five hours thereafter (Vestal et al., 1977).

Hypertonic saline infusion test. Very careful screening of volunteers to exclude
subjects with renal, hepatic, or cardiac disease was necessary. A twa-hour infusion of
3% NaCl was given at a rate of 0.1 ml/kg body weight per minute after a 12-hour
period of dehydration. Blood samples were collected every 20 minutes during the
infusion (Helderman et al., 1978).
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THE IMMUNE SYSTEM

Assessment of immune function is centered on the determination of serum
antiboay levels, serum immuno-protein levels, the function of peripheral blood
lymphocytes in vitro, and the analysis of granulocytic cell function, also i »itro (tissue
culture). Tk = assays measure immune function in separate areas: the thymic-dependent
area (cell-mediated immunity), the bone-marrow-dependent area (humoral immunity),
and the area of nonspecific host tesistance to infective organisms.

The several assays for cell-mediated immune function include proliferative
response to a mitogenic agent, the ability to cooperate with antibody-forming cell-
precursors to initiate an immune response, the enumeration of T lymphocytes and T-
cell subset populations using morphologic criteria, and the measurement of lympho-
cytic ability to kill wumor cells.

The assays for the **B”-cell activity (humoral immunity), which include measure-
ments of cellular activity, serum-protein concentrations, and morphologic identifica-
tion, are based on the functional ability of some lymphoid cells to make antibodies. The
assay for granulocytic cell activity measures metabolic activity during a period in which
the cells are phagocytosing latex partic'es, as well as the ability of granulocytes to kill
phagocytized bacteria.

The tests are carried out on leucocytes separated from fasting blood samples drawn
from all subjects. The program, initiated in 1978, anticipates repetition of tests at six-
year intervals (Adler et al., 1977).

CELL REPLICATION

Since previous studies had shown that the number of replications of human cells
grown in culture is inversely related to the age of the donor (Martin et al., 1970;
Schneider and Mitsui, 1976), a s udy of /n-#ivo human cellular aging in skin fit.oblast
cultures was introduced into the BLSA in 1974. Skin fibroblast cultures are established
from a 2-mm punch biopsy obtained from the inner aspect of the left upper arm from
male volunteers aged 17 to 96 years. In addition, biopsies are repeated at intervals of
from three to five years after the initial sampling.

Cells are cultured under standardized conditions (Schneider and Mitsui, 1976).
Initially, seve-al observations were made on successive transfers of each culture: time of
onset of serescent phase (failure of culture to reach confluency within one month of
transfer), in-vitro life span of culture, cell-population replication rate, percentage of
replicating cells in the culture, cell number at confluency, percentage of cells able to
forr large colonies, receptors for insulin and epidermal growth factor, prostacyclin
synthesis, viral replication, and sister chromatid =xchanges per cell. Subsequent
observations have Leen more limited in their scope and include only culture life span,
time of onset of cell senescence, and capacity for colony formation.

Cultures derived from each subject are frozen and stored at the GRC for direct
comparison with other cultures taken from the same subject at a later visit. In addition,
subcultures from 100 biopsies have been forwarded to the Aging Cell Repository,
Institute for Medical Research, Camden, New Jersey, where they are now available for
study by interested investigators.

mat
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SPECIAL SENSES

1. Eye Tonography

This test is administered to all subjects on each visit. A four-minute Schiétz test
(Drews, 1967) is performed for each eye; intraocular pressure is increased by a 5.5-g
pressure transducer placed on the cornea, which has been locally anesthetized by
tropicamide, and the change in pressure is recorded over a four-minute period.
Subjects with histories of corneal injuries are not tested.

2. Visual Screening Tests

Since 1964, the Titmus Optical Vision Tester has been used to evaluate visual
function in all subjects (Titmus Optical Co., Petershurg, Virginia, 1959). The
following observations are recorded: acuity (binocular, right eye and left eye, near and
far); stereopsis (depth vision); color discrimination; vertical phoria; and lateral phoria,
near and far. These tests were administered to each subject on alternate visits from
1964 10 1974; since 1974, they have been administered at each visit.

3. Fundus Photography

Since 1975, retinal photographs have been taken to identify vascular changes in
the eye. Stereoscopic views of the macula and the optic-disc areas of the fundus of each
eye are photographed in color with the Zeiss Fundus Camera. Since the procedure
requires dilation of the pupils, subjects with histories of angle-closure glaucoma or
Schibtz pressures (see above, “Eye Tonography”) of 23 mm Hg or greater are not
tested. This test is conducted at the GRC in collaboration with the staff of the Wilmer
Eye Institute, The Johns Hopkins University.

4. Audiometry

Pure and pulsed-tone audiometric tests are performed with the Bekesy Audiome-
ter, Model E800 (Bekesy, 1947; Corso, 1955; Hirsh, 1962). The test is administered
with the subject seated in a soundproof cabinet. Tones are presented to each ear
through air-conduction headphones. The subject’s task is to depress a switch when he
hears the tone and to release the switch when the tone disappears. The switch controls
the motor-driven attenuator of the audiometer: When it is depressed, the signal
intensity decreases; when it is released, signal intensity increases. A pen connected to
the attenuator traces a continuous record of the subject’s intensity adjustments on an
audiogram form, producing a graphic representation of his threshold. Auditory
thresholds are determined at pure tone frequencies between 150 and 8000 Hz.

Between 1965 and 1973 this test was administered to each subject on alternate
visits; since 1974, it has been administered on every visit.

COGNITIVE PERFORMANCE

1. Intelligence Tests

The Army Alpha examination (forms A and B) is a combination of the five forms of
Alpha used in the United States Army during World War I. The questions best for
general ur~ were selected by order-of-merit method. Items addressed specifically to
male recruits were excluded and military terms modified (Bregman, 1925, 1947).
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Form A of this paper-and-pencil examination, consisting of eight subtests, has been
administered to all subjects since 1960. Form B is administered on visit 5 (six to eight
years later), and Form A is repeated on visit 9; the two forms are given alternately on
all subsequent visits, When the subject reaches age 70 and is tested every year, the
form of the test given on the last previous visit is repeated. A speed score is obtained
for each subtest by stopping the subject after the time specified, while a power score is
obtained by permitting the subject to spend as much time as he likes in completing each
test.

The Vocabulary Test (WAIS). This subtest from the Wechsler Adult Intelligence
Scale (Wechsler, 1955) has been administered at six-year intervals since 1960. The task
is to define 40 words.

Southern California Tests of Mental Ability. From 1959 to 1978 this-battery of tests
(Christensen et al., 1958; Christensen and Guilford, 1959) was adminisiered twice, ata
six-year interval. First-time testing was discontinued in 1972; by 1978, all participants
who had taken the earlier test had completed it a second time, and the test was
discontinued. The five tmed tests (Associational Fluency, Expressional Fluency,
Ideational Fluency, Word Fluency, and Consequences) were designed to measure
several aspects of creative :hinking. For example, in Expressional Fluency the task is to
write meaningful four-word sentences in which the initial letter of each word has been
specified; in Ideational Fluency, the subject lists items that meet such specific criteria as
“fluids that burn.”

2, Learning, Memory, and Decision Tasks

Verbal learning. Data collection began in 1960 for two studies of verbal learning.
In serial learning, a list of familiar words is presented repeatedly in the same order. The
task is to respond to each word with the next word in the list. In paired-associate
learning, items that consist of a stimulus (two consonants) and a response component (a
familiar adjective) are presented repeatedly in different orders. The task is to say the
word that is paired with the two consonants. For both tasks, each subject was assigned
to one of three pace conditions determined by the amount of time permitted for each
response. Total errors and trials to criterion are the measures (Arenberg, 1967b;
Arenberg and Robertson-Tchabo, 1977). These tasks are repeated at six-year intervals
with different sets of words and consonants.

Benton Visual Retention Test. This non-verbal memory test (Benton, 1963) has been
administered at six-year intervals since 1960. Form C is used for the first administra-
tion, Form E for the second, Form D for the third, and Form C again for the fourth.
Each form is made up of ten designs with one or more figures; the task is to reproduce
each design from memory afier inspecting it for ten seconds. The primary measure is
the number of errors in all ten reproductions (Arenberg, 1978).

Memory and decsion tasks. In 1978 the following set of memory and decision tasks
was introduced:

o Single-trial, immediate free recall (IMFR). Each of four lists consists of 12
familiar nouns. After the words are shown paced, the task is to report as
many words as possible.

o FPorward digit memory. The task is to recall, in order, lists of three to nine
digits presented auditorily.

o Delayed memory. After each IMFR list and an interpolated task (forward
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digit memory), one of two delayed memory procedures is administered. In
delayed free recall, the task is to report as many of the words as possible
from the previous IMFR list. In delayed recognition, the 12 words from
the previous IMTR list and 12 distractor words are shown one at a time,
and the task is to decide whether the word has already been presented.

o Dichotic listening. The task is to identify two digits presented simulta-
neously, one to each ear. Each set consists of 28 pairs.

o Dedision tasks. These tasks require response to the visual presentation of
designated digits under five different conditions. With the exception of the
first task, the display is paced at a rate of one digit per second. The first
task is to respond to the onset of a zero. The second is to respond to a
specified digit. The third is to respond to any even or odd digit. The
fourth is to respond to an even-odd or odd-even sequence of digits, and
the fifth to respond to any two consecutive even or consecutive odd digits.
Decision time and accuracy are the measures.

The same set of tasks, with different word lists, is to be repeated six years after the
first administration.

3. Problem Solving

Logical problem solving. An experimental procedure was designed to measure
effectiveness of reasoning. The apparatus consists of a display with six numbered and
three lettered lights, each of which has an adjacent push-button, and a central light (G)
that has no button. Each problem contains a set of logical relations indicated by arrows
between lights. The ultimate task in each problem-is to arrive at the outcome, G, viaa
sequence of inputs. The number of uninformative inputs is the primary measure. A set
of logically identical problems is administered at least six years later. From 1962 to
1966, each problem was presented as a single task (Arenberg, 1974). From 1966 to
1974, for subjects who were administered these problems for the first time, each
problem was presented in two parts to obtain independent measures of performance in
analysis and synthesis.

Concept identification. The ability to identify concepts in the context of a problem-
solving task is also evaluated. Each of 12 concept problems requires the identification
of one or two “poisoned”’ foods. The subject selects “meals” consisting of four of the
foods on a list, and the experimenter indicates whether that “meal” is fatal. The task is
to identify the “poisoned” foods with as few “meals” as possible. The two primary
performance measures are correctness of the identification and effectiveness in
reaching a solution as indicated by the number of “‘meal’ seiections. Concept problem
solving, initiated in 1967, is administered at six-year intervals.

PERSONALITY AMND DEVELOPMENTAL
CHARACTERISTICS

1. Personality

Guilford-Zimmerman Temperament Survey. A questionnaire consisting of 300 items
provides an assessment of ten traits: General Activity, Restraint, Ascendance, Socia-
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bility, Emotional Stability, Objectivity, Friendliness, Thoughtfulness, Personal Rela-
tions, and Masculinity (Guilford and Zimmerman, 1956; Guilford et al., 1976). Each
subject is given the standardized instructions individually and completes the question-
naire during the remainder of his visit to the GRC. Until 1978, the test was
administered every six years; since that time the interval has been 12 years.

Eysenck Personality Inventory. A standard measure of personality, yielding scores for
Neuroticism and Extraversion, as well as a Lie scale. There are 57 items in a yes-no
format.

NEQ Inventory (Costa and McCrae, 1980c). A 145-item personality questionnaire
that measures six traits in each of three broad domains of personality: Neuroticism,
Extraversion, and Openness to Experience. Questions are answered on a five-point
Likert scale: “strongly disagree,” “*disagree,” *‘neutral,” “‘agree,” *strongly agree.”

NEQO Rating Inventory (McCrae, 1982b). Spouses of BLSA participants are asked to
complete the NEO Rating Inventory. Measures of six traits in each of three broad
domains of personality are obtained to provide an alternative to self-report measure-
ment of personality (see above, “NEO Inventory”).

Perceptual tests. In a one-to-two-hour session at the GRC, subjects are administered
three psychological tests: the Thematic Apperception Test (TAT), in which subjects are
shown a series of pictures and asked to tell a story about each; an Embedded Figures
Test, in which subjects locate a hidden figure in a complex design; and the Foltzman
Inkblot Test, in which subjects are presented with a series of inkblots and asked to tell
what they call to mind. Ninety-six participants have taken these perceptual tests once
since 1979.

Soctal desirability scale (Crowne and Marlowe, 1964). Thirty-three yes-no questions
are asked to measure the subject’s tendency to give socially acceptable answers. The
scale has been used as a measure of the need for approval as well as of defensiveness.

Imaginal Processes Inventory—daydreaming. Aspects of daydreaming and related
imaginal processes are determined for all participants by their responses to the 344-
item Imaginal Processes Inventory developed by Singer and Antrobus (1963, 1972;
Singer, 1975), as revised in 1970. The inventory is usually administered to single
subjects or small groups. Each participant is given a brief definition of daydreaming and
an explanation of the general purposes of the study. Completion of the inventory is self-
paced and without supervision. Each item has five response options representing points
on a continuum implying frequency or quality. A total of 28 scales are determined from
responses to non-overlapping items. Each scale contains 12 items, except one that
contains 20. The scales measure the content and structure of daydreaming by items
drawn from intensive interviews; items are both specific (e.g., ‘1 daydream about
saving a drowning child’’) and general (e.g., “In my daydreams I feel guilty for having
escaped punishment’”) (Giambra, 1977b, 1977-78). The scales have internal consisten-
cy and test-retest reliability (Giambra, 1974). The inventory was introduced into the
BLSA in 1972-1973 and is repeated at six-year intervals.

2. Developmental Antecedents

Parent-child relations questionnaire (Roe and Siegelman, 1963). Subjects record.their
perceptions of relations with their parents when they were children. Fifty questions
yield scores for casual-demanding, love-rejection, and attention dimensions. There are
separate forms for son-mother, son-father, daughter-mother, and' daughter-father.

Activities and attitudes questionnaive. The schedule and inventory entitled “Your

Sveey

113




SE g to

ERI

PERSCNALITY AND DEVELOPMENT 93

Activities and Attitudes” (Cavan et al., 1949) is given to each participant to be filled
out without supervision during his first visit to the GRC and readministered at every
fourth visit. The inventory is composed of three parts: background information,
including general information about the participant and his earlier life; an activity
inventory; and an attitude inventory.

The activity inventory provides eleven subscores in such areas as leisure-time and
religious activities, intimate personal contacts, security, and health status. The attitude
inventory deals with the personal aspects of adjustment. It contains eight groups of
statements concerning health, friends, work, economic security, religion, and feelings
of usefulness, happiness, and family.

STRESS AND COPING PROCESSES

1. Stress

Schedule of Life Events (SLE). This is a checklist, completed each two years, of recent
potentially stressful events. Subjects rate their perceived stressfulness.

Daily events checklist. Subjects are asked to indicate which of a series of minor daily
stresses and strains they have recently experienced, and to rate their pleasantness or
unpleasantness.

Stress-and-coping interview. A 90-minute private interview is given by a psychologist
or psychiatrist concerning history of stresses and coping efforts. The interview is
videotaped, and standard ratings are made by the interviewer and another rater.

2. Coping and Defense Mechanisms

Coping self-imerview. Participants are asked to nominate three events they have
recently experienced: a challenge, a threat, and a loss. For each, they are asked if they
used any of a set of 50 coping responses in dealing with the problem they have
selected. In addition, they indicate whether the response helped to solve the problem
or made them feel better.

Coping questionnaire. From among recent life events experienced by subjects, one
target event is selected. Participants are asked to indicate which of 118 ways of coping
they used in dealing with the event. Scores for 28 different coping mechanisms are
derived.

Defense-mechanism inventory (Gleser and lhilevich, 1969). A series of stories is
presented, and subjects are asked to imagine how they would respond in thought,
actions, feelings, and fantasy to the circumstances described. Five dimensions of
defensive processes can be scored from the instrument.

3. Adaptational Qutcomes

Well-being assessment sheet. This instrument, administered each two years, assesses
psychological well-being, satisfaction with various areas of life, and overall evaluation
of life.

Profile of mood states. Subjects indicate on this form the level of disturbance in seven
moods: tension, anger, depression, fatigue, vigor, frieadliness, and confusion. There is
also a total mood score. Different forms allow for administration under *right now"’ or
“in the past week” conditions.
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MARITAL AND SEXUAL EXPERIENCE

Since 1967, interviews have been conducted with BLSA males concerning their
current and past experience of marriage and sexual activity. Data are collected in a
single two-hour session by a sociologist with extensive experience in such interviews
(Martin, 1975). Over the years the refusal rate has varied between 2% and 3%. In all,
777 men have completed interviews.

Each interview follows a predetermined series of questions that have been
memorized by the investigator; information is recorded in a code. Subjects are asked
about the presence or absence of coitus, masturbation, nocturnal emission, and
homosexual activity in their adult lives, the age of the subject at onset of each, and the
frequency of their occurrence in relation to age and marital status. Since these
behaviors account for nearly all male orgasmic experience (Kinsey et al., 1948), their
combined frequencies constitute a measure of sexual functioning that is essentially
unobtainable by other means. These frequencies, expressed in the interview as times
per week, per month, or per year, are then converted into the number of sexual events
falling into each five-year interval between age 20 and the time of report. Additional
questions elicit information on sexual attitudes and reactions and characterize other
aspects of the participants’ marital, residential, religious, occupational, educational,
military, and parental-home experience. None of the interviews has been repeated.
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CHAPTER V

Cross-Sectional Studies of Aging in Men

The subjects from the Baltimore Longitudinal Study of Aging (BLSA) provide a
rich resource for cross-sectional studies to extend knowledge about age differences in
normal successful men living independent lives in the community. This chapter
summarizes -the results of many of the cross-sectional studies, which define average
differences between groups or the average regression of the variable on age. To
identify outcomes or the effects of specific events on later performance, the subjects
must be re-examined or information about them must be gathered at a later time.
Although longitudinal observations are helpful in identifying time sequences, they are
not essential in determining outcomes.

Longitudinal studies in which serial changes are based on the analysis of repeated
observations in the same subjects are described and summarized in Chapter VI, whose
final section also summarizes studies of outcomes based on a single characteristic, such
as survival.

Some of the studies reported in this chapter are based on iests that were
systematically repeated, so that longitudinal analyses were ultimately possible. Others
describe results of tests not repeated for a variety of reasons, among which were: The
average trend with age was so small in comparison with the variance among subjects
that the age regression lacked statistical significance; the test required more time with
the subject than could be provided within the testing schedule; analytical procedures
required more laboratory assistance than was available; the primary investigator had
left the Gerontology Research Center (GRC); or from the outset there was no
requirement that the test be repeated, as was the case with the study of ethanol
metabolism (Vestal et al., 1977) described below.

In some instances it was possible to carry out well-designed interdisciplinary
studies because of the close association among investigators from different scientific
disciplines, who were brought together primarily because the BLSA provided a well-
characterized population of normal males. Again, a good example is the detailed study
of the effects of age on the physiological responses to ethanol, which required close
collaboration among physicians, physiologists, pharmacoiogists, endocrinologists, and
psychologists.

PHYSIOLOGY

1, Cell-Culture Senescence and In-Vitro Life Span

Although differences observed at the organelle and macromolecular levels in early
and late passage cell cultures have been attributed to cellular “aging,” there is concern
that such changes may not accurately reflect human cellular aging /» #ive. This problem
was addressed in a study (Schneider and Mitsui, 1976) designed to determine: a)
whether differences would be observed in the onset of cell-culture senescence and in
the cumulative replication capacity of fibroblast cultures derived from 2-mm skin-punch
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Table V.1. Characteristics of Skin Explants and Cell Cultures
Derived from Young and Old Human Donors

Young Donors Oid Donors
| (21-36 yr) (63-92 yr)
}.
| Successful cell outgrowth 23/34 24/39
’ from explants
Cell cultures that 0/23 3/24
senesced before
10 CPD®
) Explant outgrowth 2.44 * 0.30 (26)*® 1.44 * 0,15 (29)°
at 1 week (units)
Onset of senescent 35.2 * 2.1 (23) 20.0 * 2.0 (24)
phase (A) (CPD) 22,5 £ 1.7 (21)¢
Onset of senescent 41,6 * 2,4 (23) 26.3 * 2.6 (24)
phase (B) (CPD) 29.6 * 2.1 (21)°
In-vitro lifespan 44,6 £ 2.5 (23) 29.8 * 2,9 (24)
(CPD) 33.6 £ 22 (21)°
In-vitro lifespan 273 £ 11 (23) 218 * 14 (24)
(days) 236 + 12 (21)°

*Values are expressed as mean * standard error of the mean. Numbers within parentheses indicate the number of
individual cell cultures examined.

®includes several measurements of outgrowth from two explants taken from the same donor.

°CPD = cell-population doublings.

9§ only cultures with > 10 CPD included.

From Schneider and Mitsui (1976)

biopsies taken from young and old BLSA subjects; and b) whether parameters that
change with increased in-vitro *‘aging” are altered as a function of donor age.

In comparison with fibroblast cultures derived from young donors, those derived
from elderly donors showed statistically significant decreases in migration, in-vitro life
span, cell-population doubling (CPD) rate, and cell number at confluency, although no
significant differences were found in modal cell volumes or, DNA or RNA content
(Tab. 1). While these findings confirm the utility of fibroblast culteres for studying
human cellular aging (Martin et al., 1970), the differences observed in cell cultures
derived from young and old donors varied both quantitatively and qualitatively from
the in-vitro “‘aging’’ seen in early and late passage WI-38 cells. Also, several changes
that occurred #n vitro were not a function of donor age. It was concluded that early and
late passage human diploid cell cultures may provide a useful system for examining loss
of replicative potential, but that fibroblast cultures derived from old and young donors

may be more appropriate for the study of human cellular aging. The continuing

P

participation of the fibroblast donors in the BLSA presents an opportunity for follow-up
studies to determine how various n-vitro indices correlate with physiologic studies and
whether in-vitro life span has any reiatiou to n-vivo life span or to the development of
age-related disorders.

This work was subsequently extended by Smith et al. (1978), who compared the
growth patterns of BLSA skin fibroblasts with fetal lung fibroblasts to determine the
relation between colony-size distribution and donor age. Fetal cell cultures and cultures
established from skin biopsies of old (64+ yr) and young (20-34 yr) donors were
examined after two weeks of incubation (5-15 population doublings). Both in human
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fetal lung and in adult skin fibrohlast cultures the distributicn of colony sizes (which
ranged from oae to several thousand cells) was an accurate indicator of the number of
subsequent sn-vitro population doublings that could be attained by the parent culture. In
addition, the colony-size distributions were related to the chronological age of the cell-
culture donor. The percentage of large colonies with significant proliferative ability
was thus highest in cultures of fetal origin, intermediate in cultures from young adults,
and lowest in cultures from the over-65 age group. It was concluded that colony-size
distributions achieved in tissue culture are good indicators of both f1-vitro and in-vive
human cellular aging.

These studies led to more extensive analyses of the relation bsiween in-vitro
measurements and fn-zivo human cellular aging. The establishment of cell cultures
derived from 400 participants in the BLSA by the technique of cell-banking
(Schneider, 1979) will make possible such correlative anzlrses as the study of the
relation between fn-vivo glucose tolerance or immune responses and such in-vitro
functions as cell replication. Perhaps the major question this study will address is
whether in-vitro data will 3rovide significant in-vizo predictive invocmaricn about the
original donor. It will also permit a longitudinal follow-up siudy of serially derived
cultures from the same donors over extended periods.

Cellular aging has been described as a progressive conversion of proliferating cells
from a cycling to a non-cycling state (Gelfant and Grove, 1974). A study (Tice et al.,
1979) of the age-related decline in immunocompetence as it is mat..fest in a loss in cell-
mediated immunity also found both a progressive inability of normally quiescent cell
populations to respond to a proliferative stimulus and an increase in cell-cycle
durations. Peripheral lymphocytes stimulated by phytohemagglutinin (PHA) were
examined by the bromodeoxyuridine staining technique. Peripheral lymphocytes from
aged subjects ( > 75 yr) were stimulated at about one-half the rate of those from young
subjects ( < 21 yr). Cell-cycle durations were determined to be 10.0~25.0 hours in
cultures from aged and 10.6-15.6 hours in cultures from young subjects.

Although the findings do not allow a determination whether the increase in cell-
cycle durations is due to a slowing of all phases of the cell cycle or of one particular
phase, the aging of cell populations capable of proliferation may perhaps be attributable
to alterations in transition probability—a mathematical expression that defines the
ability of a cell to initiate a proliferative response somewhere in the G, phase of the cell
cycle.

2. Body Composition

Body composition and metabolism. Measurement of body composition is important in
determining the degree to which the age-related changes in human functional
capacities are due to simple loss of tissues (cells) or to reduced function in the tissue
that remains. Age trends in seclected indices of body composition were therefore
measured in a study of 143 BLSA participants 20 to 99 years of age (Norris et al.,
1963), to observe the relations among different methods of estimating body
composition applicd simultaneously in the same individual. Body fat was ostimated by
three mathematical procedures that use data on body density, body-water compart-
ments, muscle mass, and bone-mineral mass. Measurements on each subject, made
within a two-day period, included body-water spaces (total body water from antipyrine
space and extracellular water from thiocyanate space), body density (helium displace-
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ment), x-ray bone density, height, weight, 24-hour creatinine excretion, and basal
oxygen consumption. Significant annual decreases were found for height (-0.08%),
creatinine excretion (~0.77% ), bone density (-<0.48%), and basal oxygen consumption
(-0.41%). Subsequent longitudinal analyses of these observations are reported in
Chapter VI

Although measurement of the basal metabolic rate (BMR) has been replaced as a
clinical tool by other tests of thyroid function, it is still of scientific interest as an
estimate of the “active” cellular mass—the amount of functioning tissue—in studies of
aging. Tzankoff and Norris (1977) examined the relation between basal oxygen
consumption and 24-hour creatinine excretion in 959 healthy males aged 20 to 97
years in order to identify that component of the lean body mass responsible for the age-
related decrease in the BMR. An age-independent linear relation was found:.between
paired values of basal oxygen consumption, a measure of total metabolic activity, and
24-hour creatinine excretion, a measure of muscle mass. Although no age differences
were found in mean basal oxygen consumption in subjects up to age 45, the average
values were significantly lower for each decade thereafter; only the difference found in
the oldest group failed to reach statistical significance (Fig. 1). Each succeeding age-
group also had lower mean values for 24-hour creatinine excretion; the differences
were statistically significant for all but the youngest group (Fig. 2). Since creatinine
excretion was assumed to be proportional to muscle mass, the data indicated that
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Figure V.1. Basal oxygen consumption (means * SEM) for men grouped by age.
From Tzankoff and Norris (1977).

e
—
Ye




BODY COMPOSITION 99

muscle mass was lower for each older age-group. When basal oxygen consumption
attributable to muscle was subtracted from whole-body basal oxygen consumption for
each subject, the remainder showed no age-related decrease (Fig. 3). A linear relation
was also found between anthropometrically derived lean body mass and 24-hour
creatinine excretion for men up 0 age 65; one g of creatinine excreted in 24 hours was
attributed to each 24.8 kg of muscle mass (Fig. 4). It was concluded that diminishing
muscle mass may be wholly responsible for the age-related decrease in BMR. These
results confirmed an earlier study which had indicated that the fall in basal oxygen
consumption with advancing age was primarily a reflection of a loss of functioning
tissue estimated from analysis of body water compartments (Shock et al.,, 1963).
Blood-lactate levels after exercise. Production of energy for muscular work occurs by
two processes: aerobic oxidation and anaerobic glycolysis. Anaerobic glycolysis, which
produces the smaller proportion of the body's energy, is accompanied by the
production of lactate. During exercise, lactate diffuses rapidly from the muscles and is
distributed throughout the body by the circulatory system. Most investigators agree
that the maximal blood levels of lactate produced by vigorous exercise are generally
higher in individuals who are physically fit, but there is disagreement about the best
time after exercise to measure lactate and the optimal way to obtain blood samples for
its measurement. Most important, there is no information on whether older individuals
reach maximal lactate values within the same time as younger ones. To answer this
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Figure V.2. Values of 24-hr creatinine excretion (means £ SEM) for men grouped by age.
From Tzankoff and Norris (1977).
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question, a study was conducted to determine whether lactate-distribution kinetics is
influenced by age (Tzankoff and Norris, 1979).

The subjects of the study, consisting of 180 men selected from BLSA participants,
were grouped in six age decades from the 20s to the 70s. None of the volunteers had
clinically detectable cardiovascular disease. Each was given a multistage treadmill test
designed to include measurements of maximal aczobic capacity. After an initial two-to-
three-minute warmup, the treadmil! grade was raised by 3% increments every two
minutes until the subjects reported exhaustion. Blood for lactate analysis was drawn
from an indwelling catheter at 3, 5, and 7 minutes after termination of the exercise only
from subjects who, in the judgment of cxperienced observers, had exercised
maximally.

Blood-lactate levels after maximal exercise were progressively lower with age. The
fact that mean values for the youngest men showed no significant differences with
sampling time suggests that the diffusion of lactate from muscle and its distribution
through the body were complete by the third minute of recovery. In men 30+ years
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Figure V.3. Lower panel: means £ SEM of calculated nonmuscle oxygen consumption (see
text) for subjects grouped by age. Upper panel: same data as in Fig. 1 shown here for reference.
From Tzankoff and Norris (1977).
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old, mean blood-lactate levels at three minutes of recovery were lower than at five
minutes. Although lactate concentrations tended to plateau by the fifth minute in
individuals in their 30s and#" , they continued to rise through the seventh minute in
men in their 50s and G60s.

The data suggest a progressive age-related decrease in the rate of diffusion of
lactate from muscle and/or its distribution throughout the body, whick mar contribute
to the prolonged recovery seen in old subjects. Although maximal lactate concentra-
tions are best quantified by serial sampling during recovery, this approact. is too
expensive for most studies. The alternative, for men under 70, is to measure blood
lactate in a single sample drawn at the time during recovery from exercise most
appropriate for a given age group. Thus blood should be obtained after five minutes of
recovery in men up to age 50, and at seven minutes in those between 50 and 70.
Variability among men over 70 years of age precludes the use of single samples.

Body dimensions and fat. A radiographic study was undertaken to demons:rate the
role of subcutaneous fat in altering external body dimensions i~ adult males (Borkan
and Norris, 1977). The sample consisted of 699 men aged 20 to 92 years who were
studied between 1958 and 1973. Each 7-x-17-inch soft-tissue radiograph contained
views of seven body sites in the trunk and limbs. Measuremzats wete made of skin and
fat combined because radiographic differentiation of the two is difficult. Sites of fat
measurements on the trunk were bony landmarks such as the top of the greater
trochanter; for the calf and forearm, the widest part of the limb was used. When not
precluded by factors such as improper body positioning or film handling, fat
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yr) and 670 younger (up to 64 yr) adult men.
From Tazankoff and Norris (1977).




102 V. CROSS-SECTIONAL STUDIES

measurements were made at the following locations: anterior calf, posterior calf, medial
calf, lateral calf, lateral to greater trochanter, lateral to top of greater trochanter, lateral
to anterior-superior spine of iliac crest, lateral to top of iliac crest, lower part of thorax
(lowest rib), medial arm, and lateral arm. A number of new variables were also
calculated from other data, including anthropometric body circumferences at sites
corresponding to each radiographic fat measurement, height, weight, age, and
biochemical assessments of extracellular water and total body water. The new variables
included body diameters, muscle plus bone areas for the arm and leg, percentage of
body water, percentage of fat, fat-free percentage of the body, and fat-free weight.

The weight of total body fat in this cross-sectional sample was relatively constant
with age, but the average fat-free weight was lower in older subjects. In the trunk, data
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Figure V.5, Age trends in subcutaneous fat thickness and limb diameter at the widest part of
the forearm. In the older ages there is a marked decline in diameter that is not attributable to
change in fat thickness.
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from the soft-tissue radiographs revealed that, on the average, subcutaneous fat
increases in the region of the greater trochanter but decreases in the abdominal region
through middle age. Abdomin:.. diameter increases during this period, however,
perhaps as a result of enlargement or sagging of the abdominal contents. The decline in
the diameter of calf and arm while fat remains relatively stable suggests loss of lean
tissue with age (Figs. 5,6). The findings in this study generally agreed with earlier
findings that age changes in body dimensions that result in thin extremities and thicker
trunk are on’, parily attributable to fat redistribution. A part of the age change is the
result of tissue loss.

Alterations in bone. Bone loss with increasing age is a universal phenomenon in
adults of both sexes, although the rate of loss and the total bone mass lost are greater in
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Figure V.6. Age trends in subcutaneous fat thickness and limb diameter at the widest part of
the calf. Similarities with the forearm (Fig. 5) are indicated, with decline in limb diameter
unaccompanied by loss of fat.

From Borkan and Norris (1977).
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females than in males. A study (Plato and Norris, 1980) was undertaken to a) compare,
cross-sectionally, the mean values of various bone measurements of the second
metacarpal in subjects of different ages; b) investigate possible bilateral differences in
bone measurements; and c) determine possible associations between bone measure-
ments and grip strength. Radiographs of the right and left hands were obtained for 236
male BLSA participants whose age range was 25 to 95 years (%X age = 58.6 yr). The
total width, medullary width at the midshaft, and the length of the metacarpal bones
were measured from the radiographs, and the data were distributed in seven decade
groups between 20 and 89 years of age as well as a2 90+ group. Grip strength was
measured with a Smedley hand dynamometer.

Age-group comparisons showed that total width and length of the second
metacarpal do not change significantly with age after skeletal maturity, while medullary
width and area increase and combined cortical thickness decreases significantly. In all
age groups the right second metacarpals were wider and longer, and had a thicker
cortex, than the left. Medullary width is positively correlated with age, while bone size,
total width, and length show no such correlation. After adjustment for age and weight,
age and height, and age and surface area, grip strength showed a positive correlation
with total width, cortical thickness, and cortical area, but not with medullary width
(which is an indicator of bone loss) or length.

In a related study (Plato et al., 1980), 235 normal male BLSA participants were
classified as right-handed, left-hand .4, or ambidextrous on the basis of grip-strength
performance. Their left and right hands were also radiographed, and the measurements
of the second metacarpal bones were interpreted in terms of hand dominance. Results
indicated that the right-hand measurements are generally higher than those of the left
hand, regardless of hand dominance, and suggested an inherent tendency to greater
bone mass in the right hand. It was postulated that differential stress placed on the bone
by the muscles of the right hand in right-handed persons enhances this inherent
difference in favor of the right hand to a degree that is statistically significant. In the
left-handed, the bilateral difference diminishes because of the increasing stress on the
left-hand bone. These findings were confirmed in a follow-up study (Plato and Purifoy,
1982) with an expanded sample of 448 bilateral x-rays from male and 176 from female
participants, although in the follow-up study lateral functional hand-dominance criteria,
rather than grip strength, were used to determine handedness.

Osteoarthritis of the hand is much more prevalent and more severe in its
manifestation in the distal than in the proximal interphalangeal joints. The present
system reports osteoarthritis of the hand in most severely affected joints regardless of
their position, with the result that the expression of the disease in the proximal
interphalangeal and metacarpophalangeal joints is often ignored and underreported.
To remedy this methodological insufficiency, a new system of recording the presence
and severity of osteoarthritis in all three joints was applied to a study of its age-specific
prevalence in 903 BLSA participants, including 228 under 40 years of age, 376 aged
40 to 59 years, and 299 aged 60+ (Plato and Norris, 1979a). The left hands were
radiographed to include the digits, the wrists, and the distal heads of the ulna and
radius, and the x-ray films were evaluated and graded. Osteoarthritis was more
prevalent in older age groups regardless of the joint or digit examined, was more
prevalent in the distal than in the proximal joints, and occurred most frequently in the
little finger and least frequently in the thumb. It was more severe and its onset earlier
in the distal than in the proximal interphalangeal or metacarpophalangeal joints. An
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unforeseen but statistically verified preponderance of digits with osteoarthritis in both
their distal and proximal interphalangeal joints suggests either a common etiology or
that the presence of osteoarthritis in the distal joint enhances the iikelihood of its
development in the proximal joint of the same digit.

3. Nutrition

Caloric intake—dietr. In a study of the effect of age on nutrient intakes and energy
expenditure (McGandy et al., 1966), intkes of calories and various nutrients were
estimated from the daily diet records maintained for one-week periods by 252 healthy
male BLSA subjects aged 20 to 99. Because of their high educational level and income,
socioeconomic influences on nutrient availability were minimal. Estimates of physical
activity were made from deuiled interviews, and basal oxygen uptake was also
measured. The oxygen required daily for the activities reported by each subject was
calculated from estimates of oxygen required for the activity as reported in the
literature (Tab. 2). The daily energy expenditure (calculated calories for activity +
measured calories for BMR) and its relation to total caloric intake (Tab. 3) were

Table V.2. Calories Expended during Various Physical Activities

Energy Cost®

Activity (C/kg per min)

Sitting

“Active” sitting (writing, talking, etc.) .027

“Quiet” sitting (reading, watching TV, etc.) .025

Unspecified active or quiet .026

Driving car .035

Eating .027
Standing

Unspecified .03

At drawing board .035-.04

Teaching, lecturing, etc. .045-.05
Lying

Awake .022

Asleep .02
Dressing

Washing, shaving, etc. .04 (.028-.05)
Walking

Slow .04

Moderate .05 (.04-.06)

Fast .06 (.06-.08)
Housework

Making beds .06

Preparing food, washing dishes .04

Sweeping floors .05

Mopping, scrubbing, etc. .06-.067

Washing windows .06

Unspecified or miscellaneous housework .05

Shopping for groceries .05

Waiting while wife shops for groceries .025-.04

Caring for young children .06

(feeding, dressing, etc.)

Stairs

Ascending .056/flight

Descending .032/flight

Both ascending and descending .088/flight

(1 flight = 12-16 stairs)
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Table V.2. Calories Expended during Various Physical Activites—(Cont'd.)

Activity

Energy Cost*
(C/kg per min)

Gardening

Dig with hoe

Weeding

Transplanting

Miscellaneous gardening

Mow lawn with hand mower

Mow lawn with power mower

Mow lawn with self-propelled power mower

Mow lawn with riding mower

Driving tractor without attachments

Driving tractor with attachments

Tending greenhouse plants in home
or laboratory

Tending greenhouse—commercial

Miscellaneous farm chores

Household Maintenance

“Unspecified™

“Heavy"”

Hand saw

Power saw, drill, etc.

Lay flooring, measure wood, etc.
Paint walls

Paint objects

Repair gadgets, radio mechanics, etc.
Auto repairs

Chopping wood

Sports and Leisure

Conversing, entertaining

Slow dancing (waltz, fox-trot, etc.)
Fast, vigorous dancing (twist, polka, etc.)
Playing cards

Playing organ or piano
Playing stringed instrument
Playing brass or woodwind
Marching and playing in band
Golf, with caddy

Golf, carrying bag

Golf, unspecified

Swim, vigorous (race)

Swim, relaxed

Ping pong

Bowling

Fishing

Attending sporting events
Singing

Cycling

Fast cycling (race)

Pitching horseshoes

Play baseball

Calisthenics (unspecified)
Playing with young children
Running

Tennis

.04-.07
.05-.07
.07-.08
.06-.08
.09

.07

.06
.045
.038
.05
.035

206-.075
.06

.06
.07-.09
.09
.04
.07
.07
.04
.04
.05-.06
.09

.027
.06-.065
.07-.08
.026
.045
.04
.045
.05

.06
.075-.08
.07
.07-.08
.06

.06
.035
.027-.04
.03-.05
.03

.05

.09
.045-.06
.07

.07

.06

.09

.09

*n each case, 02 cal represents basal energy expenditure If S's own basal rate 1s used, subtract ,02 from figures
above (e.g.. lying awake = .022 C/kg per min + basal, sittng = .006 + basal, etc.).

From McGandy et al. (1966)
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Table V.3. Total Daily Intakes of Various Nutrients in Men of Different Ages

Age (Yr) 20-34  35-44 _45-54  55-64 6574 75-99

N 13 50 52 50 50 37
Height (cm) 180.0 177.8 1771 175.7 174.4 172.3
4,972 14.58 13.02 34.10 34.03 33.80
Weight (kg) 74.5 77.8 77.6 77.2 77.7 70.9
+4.41 6.94 15.16 16.98 *7.41 5.79
Total calories 2688 2639 2454 2332 2297 2093 -
1584 1548 432 1345 *498 441
Protein (g) 105 102 98 92 92 81
$16.6 +19.5 $20.3 7.7 321.6 #19.1
Fat (9) 123 123 116 105 99 86
$30.6 329.7 324.2 21.8 $30.3 $24.5
Carbohydrate (g) 279 265 240 237 256 244
1734 82.5 161.9 152.7 #68.9 164.6
Alcohol (g) 12 15 14 17 8 9
Calories from protein (%) 15.9 15.6 16.1 15.8 16.1 15.5
.7 2.1 2.7 24 2.7 2.5
Calories from fat (%) 410 42.0 42.5 40.3 38.5 36.9
3.2 4.7 4.6 5.2 6.4 6.5
Calcium (g) 1.29 1.00 0.79 0.74 0.91 0.89
30.83 #0.38 $0.32 20.26 10.44 20.42
Iron (mg) 16.2 14.5 15.0 14.3 14.0 12.3
4.3 2.6 2.7 33.3 2.5 2.8
vit. A (LU. x 10%) 119 78 78 79 89 81
1701 $51.2 $35.0 156.8 #45.8 +36.6
Thiamine (mg) 1.67 1.38 1.28 1.20 1.35 1.20
30.77 #0.33 #0.32 30.28 #0.37 $0.28
Riboflavin (mg) 2.70 2.21 1.91 1.83 1.98 1.87
*1.26 10.72 .56 10.64 0.74 +0.59
Niacin (mg) 23.1 20.1 20.0 18.5 18.0 15.0
6.2 41 4.7 4.4 14.6 4.5
Ascorbic acid (mg) 106 107 106 115 142 119
155.4 344.6 344.2 355.7 62.0 351.3
Calories from saturated fat (%) 16.4 16.7 16.7 15.5 14.8 14.4
1.1 2.5 2.3 2.8 2.4 3.0
Calories from 5.4 5.2 54 5.3 5.2 4.8
polyunsaturated fat (%) #13 1 .0 1.2 25 #1.3
Cholesterol (mg) 580 610 620 600 540 480
281 +200 *190 3214 220 *181

*Mean t S.D.
From McGandy et al. (1966)
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Figure V.7. Total daily intakes of calories (A), calcium (B), iron (C), vitamin A (D), ascorbic
acid (E), and thiamine (F) in men of different ages. The medians are represented by the dotted
lines and the first and third quartiles by the dashed lines. Solid lines represent National Research
Council recommended allowances.
From McGandy et al. (1966).
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NUTRITION 109

measured in subjects of different ages. Older subjects were found to consume markedly
fewer calories than younger subjects (Fig. 7A). Figure 7 shows that the pattern of
average age differences varied considerably among nutrients. None followed the
almost linear drop observed in the average decrement in total calories consumed (Fig.
7A). In the case of vitamin A the decrement in intake was confined to the age span of
20 to 40 (Fig. 7D); for calcium, the span was from 20 to 50 (Fig. 7B). In contrast, the
average intake of ascorbic acid increased after age 50. Except perhaps for calcium, the
daily allowances recommended by the National Research Council were met by most of
the subjects.

Although the percentage of calories from protein was remarkably constant with
age (Fig. 8A), calories derived from fats dropped from 42% in the 45-54-year age
group to 36% in the 80-year-old group, while the contribution of calories from
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Figure V.8. A. The percentage of the total daily caloric intake derived from fat (——),
carbohydrate (---), and protein (...) in men of different ages. Vertical bars represent SEM.
Correlation coefficients for regressions on age of percentage of calories from fatand from protein
were ~37 (p < 0.01) and -.004, respectively.

B. Toual daily intakes of cholesterol in men of different ages. The medians are
represented by the douted line and the first and third quartiles by the dashed line.

C. Toral daily intakes of fac (&——®) and protein (®---®) in men of different
ages. Vertical bars represent SEM. The lower curves represent the intakes of fat (0——0) and
protein (O--O) derived from meats exclusive of poultry and fish.

D. Total daily intakes of protein per unit of body weight in men of different
ages. Vertical bars represent SEM. Correlation coefficient = -.242 (p < 0.01).

From McGandy et al. (1966).
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carbohydrates increased correspondingly. A decrement in cholesterol intake was
related to and largely accounted for by the reduced use of meats (except poultry and
fish) in the older subjects (Fig. 8B).

Basal metabolism decreased by 5.23 cal/day per year of age (Fig. 9B), while total
caloric intake fell 12.4 cal/day per year (Fig. 9A). The difference, 7.17 cal/day per
year, must be related to a reduction in calories required for other purposes, including
physical activity. When expressed in relation to body weight, this decrease in non-basal
energy expenditure showed a plateau from age 6O (Fig. 9D). There was close
agreement between the total caloric requirement per day (activity cal + basal cal) and
the total caloric intake calculated from dietary diaries.

Vitamin B The vitamin-Bg status of 617 men runging in age from 18 to 90 years
was investigated by use of plasma pyridoxal phosphate (PLP) and glutamic-oxaloacetic
transaminase (GOT) concentrations to assess By nutrition and to determine the effects
of vitamin-Bg supplements (Rose et al., 1976) (Fig. 10) The studies provide the most
extensive normative data to date on the vitamin-Bg status of normal men in the adult
years. Almost half the men in the 60s and 70s, and one fourth of the younger men and
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Figure V.9. Mean total daily caloric intakes (A), basal metabolic rates (cal/24 hr) (B),
energy expenditures (C), and energy expenditures per unit of body weight (D) in men of different
ages. Vertical bars represent standard errors of the means. Correlation coefficients for regressions
on age of total calories, basal calories, and total-basal calories were —.374, -.374, and -.231,
respectively; all were statistically significant (p < 0.01).

From McGandy et al. 1966).
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of those over 80, were taking a vitamin supplement containing B,. The average PLP
level for the 203 men taking vitamin supplements was 20.5 * 1.0 ng/ml, compared to
12.3 £:0.3 ng/ml in the 414 not taking supplements. Subjects not taking By
supplements showed a statistically significant decrease in plasma PLP with age (0.9 ng/
ml per decade of age). Although subjects taking supplements also showed a decline in
PLP with age, the decline was not statistically significant. Plasma GOT levels varied
lile with increasing age, although they were significantly higher in the group taking
vitamin supplements.

Serum albumin and aging. One cellular theory assumes that aging is a consequence
of the reaction between metabolically produced free radicals and easily oxidized
chemical groups, such as sulthydryl groups (D. Harman, 1981). Consistent with this
theory is the finding that the concentration of sulfhydryl groups in serum declines with
age. Most serum-sulfhydryl groups, however, are associated with albumin, and since
albumin levels also decline with age, lower serum-sulfhydryl levels in older people may
be due either to free-radical oxidation or to lower levels of albumin production. A
study was therefore undertaken to determine to what degree age-dependent decreases
in serum-sulfhydryl concentration are due to decreased levels of serum albumin (Leto
et al.,, 1970).
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Figure V.10.  Plasma pyridoxal phosnhate levels reported by Rose et al. for the BLSA and by
other investigatore. (®) Rose et al., vitamin-Bg supplemented; (4) Chabner et al.; (O) Rose et al.,
unsupplemented; (0) Hamfelt.

From Rose et al. (1976).
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Fasting blood samples were obtained from 194 apparently healthy male volunteers
participating in the GRC’s longitudinal program. After assay for total albumin
concentration, sera from the samples were fractionated to isolate albumin, which was
then assayed for sulfhydryl content.

In men, the concentration of albumin, albumin sulfhydryl, and serum sulfhydryl
was significantly lower in the ninth than in the third decade. Measurement of the
readily reducible sulfhydryl/albumin ratio in a subsample of the men failed to
demonstrate age differences. The data suggest that decrements in the sulfhydryl/
albumin ratio result from changes in the redox potential of sera rather than from
qualitative age changes in the structure of newly synthesized albumin. The observations
failed to provide support either for the free-radical theory of cellular aging (D.
Harman, 1981) or, incidentally, for the “‘error” theory {Medvedev, 1964; Rockstein,
1974) of aging.

4. Drug Metabolism

The effect of aging on drug metabolism was examined in two studies.

Antipyrine. The influence of age, alcohol consumption, caffeine consumption, and
smoking on antipyrine metabolicm was studied in 307 healthy male subjects aged 18 to
92 years (Vestal et al.,, 1975). The plasma half-life of intravenously administered
antipyrine was 16.5% longer and metabolic clearance rate 18.5% lower in the older
group (60-92 yr) than in the younger group (18-39 yr). There was a small, but
statistically significant, negative correlation (~0.25, p < .001) between age and
metabolic clearance rate of antipyrine. Consumption of caffeine and alcohol, as well as
use of cigarettes, declined across the age span. Caffeine consumption was positively
correlated with the rate of antipyrine metabolism in all age groups. Cigarette
consumption was positively correlated with metabolic clearance rate of antipyrine only
in the young and middle-aged groups; clearance rates in the older smokers were
comparable to those of nonsmokers. No significant relation between alcohol consump-
tion and antipyrine metabolism was found. Multiple regression analysis showed that
smoking explained 12% and age only 3% of the variance in the rate at which
antipyrine was removed from the blood. The results suggested that habits that differ
with age—such as the decline found here in consumption of caffeine, cigarettes, and
alcohol—must be taken into account in studies attempting to quantfy the effects of
aging.

Ethanol. The effect of aging on the distribution and elimination of ethanol was
studied in 50 healthy men aged 21 to 81 years who had abstained from alcohol for
three weeks (Fig. 11) (Vestal et al., 1977). Ethanol doses of 375 mg/m? body-surface
area per minute were administered to the subjects by continuous one-hour intravenous
infusion. Over the next four hours, blood samples were obtained at intervals of 15 to
30 minutes for measurement of ethanol concentration. The minimal model that
satisfied the ethanol distribution and metabolism data was a two-compartment model in
which an initial compartment represents blcod and interstitial fluid spaces that
exchange rapidly with blood, while a secondary and larger compartment represents
more slowly equilibrating interstitial fluid and intracellular fluid spaces. Rates of
ethanol elimination were not affected by age, but a significant correlation was found
between age and the peak blood-ethanol concentration at the end of the infusion
period (Fig. 12). Since all subjects received equivalent ethanol doses on the basis of
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Figure V.11, Mean ethanol concentration in blood water (£ SEM) for younger (aged 21-56)

and older subjects (aged 57-81).
From Vestal et al. (1977).
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114 V. CROSS-SECTIONAL STUDIES

body-surface area, it was concluded that the higher peak «.hanol levels in the body
water of old subjects were probably due to smaller volume of body water and lover
lean body mass. Age-related changes in body composition are thus important factors in
the metabolic and pharmacologic effects of drugs.

5. Pulmonary System

Age differences in pulmonary funciien. Earlier studies of age differences in lung
volumes and maximal treathing capacity were usually carried out in hospital
environments, often in subjects whose pulmonary status may not have represented that
of active, successful people living at home. In addition, older hospital patients selected
for pulmonary studies were seldom drawn from higher socioeconomic groups. A study
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Figure V.13. Lung volumes divided by body-surface area (1/m?) are plotted sigainst age (yr).
A hospital indigent group (), a hospital staff group (®), and a community-residing group of BLSA
participants (0). Average values by age decades (20-29 yr, etc.) are shown.
From Norris et al. (1962).
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was undertaken to compare lung volumes and maximal breathing capacity in residents
of the Infirmary Division (old people’s home), employees, and short-term patients of
Baitimore City Hospitals (BCH) (group A) and a sample of the BLSA study population
(group B) (Norris et al., 1962).

Group A compiised 135 subjects whose age range was 20 to 89 years. Group B
consisted of 166 BLSA participants whose age range was 30 to 79 years. Individuals
from group B were generally uller, heavier, and better educated than individuals
selected from the BCH population.

In group B, a statistically <ignificant regression on age was found for maximal
breathing capacity, vital capacity (both are lower with age), and residual volume
(which is higher with age), but not for total lung capacity (Fig. 13). Age thus had a
greater effect on a dynamic measurement of lung function that required a coordinated
neuro-muscular response—breathing at a maximum rate and volume—than on 2
measurement of a single response, such as the single maximum expiration required for
the measurement of vital capacity. Vital capacity was higher in group B than in group
A, whereas residual volume was lower in group B than in group A for the sixth and
eighth age decades. Total lung capacity did not differ in the two groups. Residual
volume was significantly higher in 40-49-year old hospital-staff members of grou: A
than in members of the same age group in group B. The group differences suggested a
relation between pulmonary functional capacity and socioeconomic staws (Fig. 14).
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Figure V.14. Maximal breathing capacity in a hospital indigent group (&), a hospital scaff
group (@), and a community-residing group (0). Average values by age decade (20-29 yr, exC.) are

shown.
From Norris et al. (1962).
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Table V.4. Mean Values, Range of Values, and Standard Dewviations of the Distributions of
Lung-Clearance Index by Age Groups

Standard Number of
Age in Yr Mean Value Range of Values Deviation Subjects
29-39 9.17 7.91-11.04 1.02 7
40-49 13.66 10.82-19.80 3.20 7
§0-59 12.06 9.62-14.80 2.02 1
60-69 12.87 9.96-18.00 2.20 12
70-90 14.86 11.28-17.36 2.08 10

From Norris et al. (1964)

A comparison was made between BLSA participants and residents of the BCE. old
people’s home to re-examine a previous finding that the ratio of ventilation to
consumption of oxygen increases with age (Norris et al., 1964). Minute volume and
breathing rate were similar for young and old persons in both groups, although vita!
capacity and maximum breathing capacity declined with age. Minute volume and
alveolar ventiiation in resting subjects were significantly higher in residents of the old
people’s home than in BLSA subjects. Nitrogen-washout curves analyzed in 47 BLSA
subjects revealed significant age difference in the lung-clearance index (Tab. 4). This
measurement indicates that older subjects are unable to maintain uniform ventilation of
their lungs. A sample of 108 BLSA subjects who were tested at 18 and 36 mouths after
their first visits showed no longitudinal changes in pulmnnary function except an
increase in maximum breathing capacity between the first and second visits in all age
groups; the increase was attributed to the effects of practice in performing the test.

Age-related differences in the size of the lung compartments were examined in 42
normal males aged 24 to 78 years (Mittman et al., 1965). Measurements of chest-wall
and pulmonary compliance used the static and the positive-pressure breathing methods
of Heaf and Prime (1955). Chest-wall and total compliance were found to be
significantly lower with age, but there was no significant relation between age and
pulmonary compliance. A decrease in pulmonary compliance with higher lung volume
was greater in young than in old subjects, possibly because of a loss of elastic recoil in
the lungs of the elderly or because of age differences in chest-wall compliance.

The uniformity of distribution of pulmonary ventilation was assessed in 117 BLSA
participants whose age range was 20 to 103 years (Edelman et al., 1968). The data
from nitrogen-washout studies demonstrated that ventilation was significantly less
uniform in old than in young men. Ventilation uniformity improved with higher tidal
volume only in the older group. Studies of smaller groups in which each subject served
as his own control confirmed that old men could improve tkeir ventilation uniformity
by breathing deeply. A single forced expiration before nitrogen washout impaired the
ventilation uniformity of old but not of young men. The findings suggest that the lungs
of old men are more susceptible than those of young men to localized alveolar collapse.

Effects of cigarette smoking on pulmonary function. Significant differences were found in
the performances of cigarette smokers and nonsmokers on several spirometric tests
(Edelman et al., 1966). The subjects, including 360 men participating in the BLSA and
50 medical and laboratory personnel, ranged in age from 20 to 103 years (% age = 52).
Subjects were accepted if they had no history or signs of bronchopulmonary disease,
cardiovascular insufficiency, or muscular weakness. Smoking habits were assessed by a
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Table V.5. The Prevalence of Coronary Artery Disease n the Eldery as Assessed by Resting® and
Stress Criteria®

Age
51-60 61-70 71-80 81-90
N 70 73 36 10
% CAD by resting 13 15 22 20
% CAD by resting 24 37 56 50

and stress

*History of angina or myocardial infarction; abnormal resting ECG, 1.e., Minnesota codes 1:1, 1:2, 1:3, or 4:1.

YECG positive for ischermia durng maximum exercise treadmull test, 1.e , Minnesota code 11.1 of 21 abnormal thallium
scan during maximum exercise but not at rest.

From Gerstenblith et al. (1980)

questionnaire; spirometric data were analyzed by dividing the subjects into four groups
based on their smoking histories: nonsmokers, current cigarette smokers, former
cigarette smokers, and current and former pipe and cigar smokers. Current cigarette
smokers had significantly lower values for vital capacity, maximal ventilation, and
maximal expiratory flow rates than a comparable group of nonsmokers. Former
cigarette smokers had significantly lower vital capacity than nonsmokers. Pipe and cigar
smokers performed zs well as nonsmokers in all tests.

Although comparison of former cigarette smokers with nonsmokers and current
cigarette smokers did not provide clear evidence for or against reversibility of
ventilatory impairment, analysis of the former smokers showed that those with the
longest smoking-free interval performed significantly better on several tests of
pulmonary function. Within the limitations of a retrospective cross-sectional survey, the
findings are consistent with reversibility of pulmonary impairment upon cessation of
smoking.

6. Cardiovascular System

Cardiac Performance and Aging: Occult Disease

Previous cross-sectional studies have characterized the effects of aging on a
number of cardiovascular functions. Findings included a progressive fall in resting
cardiac function with advancing age, a rise in peripheral resistance, and a wide range of
individual differences in all measurements (Brandfonbrener et al., 1955). None of
these earlier studies was able to control for the presence of occul. coronary-artery
disease (CAD), nor did the studies consider the average daily levei of physical activity.
The BLSA population provides a unique opportunity to reassess ¢he effect of aging on
the cardiovascular system for at least three separate reasons: Stress testing is used to
screen for occult CAD; the elderly participants in whom cardicvascular function is
tested maintain a level of physical activity required for independent community living;
and recent technological advances that have made possible more accurate non-invasive
measurements of cardiac function are currently available for application to BLSA
participants.

The value of stress testing to detect occult CAD is illustrated in Table 5
(Gerstenblith et al., 1980). A subset of the populati *a in the sixth to ninth decades was
evaluated for CAD by both resting and stress criteria, which included exercise ECG
and thallium testing described in Chapter IV. When stress criteria are employed in
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subjects in the sixth through the ninth decades, CAD is found in roughly twice as many
cases, so that its rate in the aged approximates that found in unselected necropsy
reports (Gerstenblith et al., 1980). It is likely that the high prevalence of occult disease
in the older age range has had a major impact on studies attempting to assess the effect
of age per se on cardiovascular performance. In the BLSA approach, data from subjects .
with eitherclinically overt or latent disease are excluded from studies whose purpose is
to specify age effects; the result has in many instances been a perspective on the aging
heart that is somewhat different from those of earlier studies: Some decreases in
cardiovascular performance with age are due to disease, and the impact of age per se
may not be as great as has been thought.

Cardiac Function at Rest
Systolic time intervals. Systolic time intervals provide a non-invasive assessment of
general cardiovascular performance. In a series of 315 BLSA participants aged 20 to 89
years, a slightly longer ejection period was observed with age (Shaw et al., 1973).
One-dimensional echocardiography. The advent of ultrasound as a tool to test cardiac
dimension and motion has permitted a more direct non-invasive assessment of cardiac
function. A major determinant of cardiac stroke volume is the end-diastolic filling
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Figure V.15. Linear regression plot depicting the relationship between age and diastolic
cavity dimension in healtily participants from the BLSA.
From Gerstenblith et al. (1977).
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volume. Studies utilizing M-mode (one-dimensional) echocardiography in BLSA
participants have indicated that, at rest, the left-ventricular end-diastolic diameter is not
significantly altered with advancing age (Fig. 15) (Gerstenblith et al., 1977), and that
ejection fraction index is also not age-related (Fig. 16). In view of the fact that the
resting heart rate did not vary with age in these subjects, and if it can be assumed that
the heart does not change its shape with age, the results suggest that cardiac output at
rest is also not age-related. But since the assumption about shape may not be warranted,
one-dimensional echograms permit no firm conclusion about the effect of age on
cardiac output.

Two-dimensional echocardiograpby. Technological advances have resulted in the
evolution of an echogram that measures cardiac chambers in two dimensions. Two-
dimensional studies in an additional subset (n = 25) of BLSA participants indicated that
end-diastolic and end-systolic cardiac areas were not changed with age (VanTosh et al.,
1980); since the study found no age-related change in heart rate, it also suggested that
resting cardiac output did not vary with age.

Multiple-gated cardiac blood-pool (MUGA) scans. More recently, it has been possible
to measure cardiac volumes directly by multiple-gated cardiac blood-pncl scans
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Figure V.16. Linear regression plot depicting the relationship between age and ejection
fraction index in healthy BLSA participants.
From Gerstenblith’et al. (1977).
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V. CROSS-SECTIONAL STUDIES

Table V.6. Effect of Aduilt Age on Resting Cardiac Function

Population A Population B

Institutionalized Active in Community Life
Unscreened for Screened for
_ Occult CAD® Occult CAD®
Age range, 19-86 yr Age range, 24-79 yr

. Heart rate Slight decrease No effect
' Stroke volume Decrease No effect
Struke-volume index Decrease No effect
! Cardiac output Decrease No effect
Cardiac index Decrease No effect
Peript]eral vascular Increase No effect
resistance
Peak systolic blood Increase Increase
pressure
Diastolic pressure No effect No effect

*From Brandfonbrener et al. (1955)
®From Rodeheffer et al. (1981)

(MUGA) described in Chapter IV. Analysis of studies in the first 37 participants
(Rodeheffer et al., 1981) confirms the interpretation of the earlier studies with
ultrasound, that no relation to age is found when end-diastolic, end-systolic, stroke
volume, or cardiac-output -is-measured at rest. A comparison of the hemodynamic
profile of these participants with that of institutionalized subjects of an earlier non- -
BLSA study is given in Table 6. With the exception of the age-related increase in
) systolic blood pressure noted in both studies, the age-related differences in cardiovascu-
lar function fouad in the previous study were not observed in BLSA participants.
Although the earlier study was more heavily weighted on both age extremes, the
marked differences between the two groups between the ages of 30 and 80 years
cannot readily be attributed to a difference in age range or in methodology. The
contrast must thus result from differences in the populations studied. While this might
in part be a birth-cohort effect of unspecified cause, a more attractive hypothesis would
point to the likelihood of cardiovascular “deconditioning’ secondary to convalescence
or bed-rest, and occult coronary disease in the earlier sample.

Ventricular bypertropby. Although at rest cardiac output and its hemodynamic
determinants—filling volume, ejection fraction, and heart rate—are not age-related,
the increase in systolic blood pressure with advancing age necessitates an increase in
cardiac work. The increase in systolic pressure apparently results from age-related g
stiffening of the vasculature (Lakatta, 1979).

In order to develop and maintain greater systolic pressure, ventricular wall stress
must increase. Because of the inverse relation between wall stress and fiber shortening,
however, the increase in wall stress compromises shortening and thus the ejection of
blood. To maintain normal shortening in the face of an increased pressure load, the
heart can hypertrophy, i.e., thicken its wall, since wall siress is force per unit thickness.
The presence of cardiac hypertrophy wih advancing age has been sought in 67 healthy
BLSA participants. Gerstenblith et al. (1977) have demonstrated a mild age-related
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increase in left-vertricular wall thickness in men over the age range of 25 to 80 years
(Fig. 17) that may be considered an adaptation to maintain normal systo:’s function.
Although the increase in diastolic wall thickness may be a major factor in producing the
progressive age-related limitation of cardiac filling during the early diastolic period
{Fig. 18), the fact that end-diastolic volume is not compromised renders it unlikely that
the reduced filling rate at rest has physiologic significance.

Cardiovascular Response to Stress.

The fact that overall cardiac performance at rest is not altered by age in normal
man by no means indicates that performance during stress is unaffected. Classic studies
of exercise physiology have indicated that maximum exercise performance diminishes
with age in apparently healthy persons. Age-related declines have been identified in
maximum aerobic capacity, heart rate, stroke volume, cardiac output, and arterio-
venous O, differences (see review by Gerstenblith et al., 1976). These comparisons,
however, are made not at standard exercise levels across all ages but at the voluntary
maximal exercise level in each subject, which is substantially reduced with age. Since
no plateau is evident in the workload curves, it cannot be ascertained whether
maximum cardiac performance was achieved in the elderly, or whether the limitation in
workload with advanced age might have been due to other factors.
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Figure V.17. Linear regression plot depicting the relationship between age and left-
ventricular diastolic wall thickness.
From Gerstenblith et al. (1977).
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122 V. CROSS-SECTIONAL STUDIES

Consideration of the influence of occult disease is even more important during
exercise than in studies of the cardiovascular system at rest. In fact, an age-dependent
increase in ECG abnormalities during exercise, which may in some instances be

< indicative of coronary disease, has been observed in some of the classic studies
(Montoye, 1975; Granath et al., 1964). Furthermore, the status of physical condition-
ing is also a major determinant of the exercise response. A true assessment of the effect
of aging per se on the cardiovascular response to exercise, then, requires strict control of
both parameters. The cardiovascular response to exercise iias been measured by the
MUGA scan in BLSA participants who had both normal ECG and normal thallium tests
during treadmill exercise. The results obtained in the first 37 consecutive volunteers
for this exercise protocol, like the findings at rest, differ in many ways from previous

¢ studies (Gerstenblith et al., 1976) that have examined the effect of age on the
cardiovascular response to stress:

Maximum beart rate after exercise. The maximum heart rate decreased sigsnificantly
with age (Tab. 7). It is important to note that the maximum hearr rates achieved in this
exercise protocol were comparable to those in other studies, including those in which
the maximum work load was significantly reduced with advanced age. That this result
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Figure V.18 Linear regression plot depicting the relationship between age and the rate of
left-ventricular early diastolic filling as manifest in the closure rate of the anterior leaflet of the
mitral valve (E-F) slope.

From Gerstenblith et al. (1977).
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Table V.7. The Effect of Age on Hemodynamic Performance at Maximum Exercise
in BLSA Subjects (N = 37)

Parameter Linear Regression r p
Heart rate (BPM) 200.7 - .82 (age) =57 < .001
End-diastolic 126.2 + 1.28 (age) .39 < .02

volume (cc)
Stroke volume 1076 + .69 (age) .29 < .08
(cc)
Cardiac output 225 - .07 (age) -19 < .24
(4 min)
End-systolic -45 + .60 (age) 50 < .002
volume (cc)
Ejection fraction 929 - .20 (age) -35 < .03
Total peripheral 20.32 - .06 (age) -18 < 28
vascular resistance
Systolic blood 1779 + .34 {age) A76 <.3

pressure (mm Hg)
From Rodeheffer et al. (1981)

has been observed in virtually every population studied suggests that a diminished
maximum heart rate is a true age-related phenomenon.

End-diastolic filling volume (tre-load). Blood filling the heart during diastole serves to
stretch the fibers, in the process not only aitering their geometry but also enhancing
activation of the myofilaments. Through these mechanisms the heart can alter its stroke
volume with changes in filling volume, an effect sometimes referred to as the Frank-
Starling mechznism. It has previously been hypothesizzd (Gerstenblith et al., 1977)
that because of changes in myocardial compliance—that is, the heart becomes stiffer
with age—and because early diastolic filling rate is compromised with advancing age,
diastolic filling volume may be lower in elderly than in yeanger adult subjects duting
exercise, when the filling time is reduced.

Not only is tkis not the case, but quite the opposite occurs: End-diastolic filling
volume is increased rather than decreased 25 a function of age during the maximum
exercise response (Tab. 7). In a previous study of another subset of the BLSA
population at submaximal work loads—semi-supine exercise at a common heart rate of
120 bpm—the measured end-diastolic area determined by tv.o-dimensional echocardi-
ography was also greater in subjects 65+ years old than in those whose age averaged
30 years (VanTosh et al., 1980). The observed increase in filling volume was a major
factor through which stroke volume not only was maintained, but actually tended to
become larger, in the older group during exercise (Tab. 7). This in part balanced the
effect of a decrease in maximal heart rate cn maximal cardiac output, which in this
population demonstrated only a slightly negative trend with age (Tab. 7). Enhance-
ment of filling volume by the Frank-5tarling mechanism may thus be construed as an
age-related adaptive mechanism through which cardiac output is maintained during
stress. A price is paid for this adaptation since, in iccordance with LaPlace's law,
generation of a given ventricular pressure requires greater wall stress (force per unit
area) if rthe ventricular radius is increased; this in turn requires a greater level of cardiac
work and energy production. Futhermore, enhanced filling volume, even in the
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absence of changes in compliance, results in an enhanced filling pressure, and may at
least in part explain the age-related increase in filling pressure observed during exercise
(Granath et al., 1964). An increase in left-heart diastolic filling pressure also produces
an increase in pulmonary venous pressure, which increases the likelihood of pulmonary
congestion.

Ejection fraction. An increase in diastolic filling volume should not only enhance
stroke volume but also result in the ejection with each beat of a greater fraction of
blood in the elderly than in young adults. The expected result, however, does not
occur in the aged heart; end-systolic volume is not reduced during exercise in the
elderly to the same extent as in younger adults; in fact, it increases with age (Tab. 7).
Thus, although filling volume increases, the fraction of blood ejected is not increased
but actually decreases with advancing age (Tab. 7). This indicates that the ejection of
blood by the heart is compromised in the elderly subjects.

Autonomic modulation. During maximum exercise, when the sympathetic compo-
nenr is the exclusive autonomic modulator, a marked increase in catecholamine
secretion occurs (Tzankoff et al., 1980). An age-related alteration in sympathetic
modulation of che cardiovas.ular response to exercise could account for: a) the decline
in maximum heart rate; and b) the apparent decline in maximum contractility, i.e., an
increased end-systolic velame, and a decreased ejection fraction from a greater filling
volume in the absence of an increase in systolic blood pressure in the elcerly during
exercise.
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Figure V.19. The effect of age on plasma-norepinephrine concentration during maximum
treadmill exercise in BLSA participants. Plasma norepinephrine concentration at rest did not differ
in these subjects. In addition to the regression analysis across age, the subjects were divided intw 3
age groups. The dotted vertical lines separate the 3 age groups in which the mean and SEM are
denoted by &,

From Tzankoff et al. (1980).
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A diminished sympathetic response during exercise could result from a deficiency
in the elaboration of catecholamines in aged subjects. In a subset of the BLSA
population (n = 27) both plasma epinephrine and norepinephrine, although not age-
related at rest, demonstrated a substantial age-dependent increase during treadmill
exercise (Fig. 19) (Tzankoff et al., 1980). A diminished maximum heart rate in these
healthy subjects was thus accompanied by an increase rather than a decrease in plasma
catecholamines. This result is consistent with the hypothesis that target-organ respon-
siveness to catecholamines declines with age. This was tested on a subset of the BLSA
population by the infusion of incremental concet.trations of isoproterenol in bolus form
and monitoring of the resultant increase in heart rate (Lakatta, 1979). The same
concentration of isoproterenol resulted in a greater increase in heart rate in younger
than in older participants (Fig. 20). The result supports the notion that adrenergic
responsiveness diminishes with age.

Summary: Hemodynamic Function at Rest and i Response to Stress

Age-related differences in the cardiovascular response to stress have often been
observed in man. Their nature and magnitude have varied with the population studied.
In apparently healthy populations that have not been screened for occult coronary
disease, substantial decrements in maximum cardiopulmonary funztion and work
capacity have been observed. In more selected populations, although maximum
cardiovascular function does not markedly deteriorate with advanced age, definite age-
related adaptations in hemodynamics serve to prevent substantial declines in cardiac
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Figure V.20. The increase in heart rate induced by incremental intravenous boluses of
isoproterenol in healthy adult (aged 18-34 yr) and 20 senescent (aged 62-80 yr) men. A
significantly greater increment in heart rate is observed 1n the younger men at all . oproterenol
dosages greater than 0.25 ug.
From Lakatta (1979).
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output. A feature common to studies in a wide variety of populations is that the age-
related differences observed may be atribute!, at least in part, to altered responsive-
ness to adrenergic stimulation.

Electrophysiology

In addition to hemodynamic function, recent studies of BLSA participants have
focused on the electrophysiological properties of the heart, in particular on the
conduction system:

Non-invasive assessment of His-bundle ECG. It is not known: whether the age-related
increase in PR interval is due to slowed conduction proximal (PH) or distal (HV) to
the His bundle, or to both. A microprocessor-assisted high-resolution’ ECG, which
signal-averaged 512 cardiac cycles, recorded high-frequency, low-amplitude ECG
signals from the body surface of 63 BLSA participants aged 21 to 70 (x age = 46.1 %
17.0 yr) (Das et al.,, 1982). All subjects were clinically free of heart disease and
displayed both normal resting ECG and normal maximal treadmill exercise tests. His-
bundle po:entials were identified in 53 individuals; the 10 persons in whom a His spike
could not be identified did not differ in age or resting heart rate from those with His
potentials, but had shorter PR intervals (131.5 £ 15.3 vs. 155.8 % 18.5 msec, p <
.001). In those subjects with demonstrable His activity, the following regzessions were
obtained:

PK = 139.6 msec + 0.35 age; (r = .32, p < .02)
PH = 101.1 msec + 0.31 age; (r = .33,.p < .02)
HV = 38.3 msec + 0.04 age; (r = .09, p = NS)
HR = 72.6 beats/min -0.11 age; (r = -.19, p = NS).

These observ:.tions led to the conclusions that: The 1ccess rate of recording surface
His potentials varies directdy with the PR interval; HV interval does not change with
age in adults; and the prolongation of PR interval seen with advancing age is due to
conduction delay proximal to the His bundle.

Ambulatory ECG in a bealthy elderly population. Although recording of ambulatory
24-hour ECG has become a common diagnostic tool on which anti-arrhythmic and
pacemaker therapy is predicated in the elderly, no suitable standards of normality exist
for this age group. Ambuiaiory ECGs were analyzed in 98 BLSA subjects who had
demonstrated a normal response to maximum treadmill ECG. Of this carefully
screened population, 88% demonsrrated supraventricular ectopic beats and 80%
showed veatricular ectopic beats. A further breakdown of arrhythmias (Fleg and
Kennedy, 1982) is shown below:

Percentage
Supraventricular of Subjects
2 100 beats in 24 hours 26
Benign slow atrial tachycardia 28
Paroxysmal atrial tachycardia 13

Ventricular

2 100 beats in 24 hours 17
Multiform 35
Couples 1

Ventricular tachycardia 4
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Sinus bradycardia less than 40/min and sinus pauses exceeding 1.5 seconds were
rare. No instance of high-degree AV block or sinus arrest was observed. These results
provide a framework for the interpretation of ambulatory ECG results in symptomatic
eiderly subjects.

7. Renal System

Creatinine clearance. Creatinine clearance is frequently used as a clinical estimate of
kidney function (glomerular filtration rate, GFR). Although the published criteria for
severity of renal disease included classification of patients according to their creatinine
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Figure V.21. Nomogram for ascerttining sge-adjusted percentile rank in creatinine clear-
ance. For use viith creatinine determinations by astr  *ed “tota. chromogen" method. See text
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intersects the percentile rank line ata poin-*~ 4, 3 subject’s age-adjusted percentile rank.
From Rowe et al. (1976a).
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128 V. CROSSSECTIONAL STUDIES

. clearance in comparison with the “predicted normal,” no age-adjusted normal
standards for creatinine clearance were availsble until 1976, when the GRC provided
them (Rowe et al., 1976a). Standard 24-hour creatinine clearance measurements were

made on 884 adult male participants (age range = 17-96 yr) in the BLSA. True
creatinine was measured in both serum and urine. There was a highly significant
reduction in creatinine clearance with age in 548 carefully screened subjects, and the
relation between creatinine clearance and age was found to be best described by the

linear equation: Creatinine clearance (ml/min + 1.73m?) = 133 - 0.64 - age (yr).
Nomograms for ascertaining age-adjusted percentile rank in creatinine clearance were
constructed for men and, by derivation, for women (Fig. 21). The convession factor of

0.93 to derive values for females was taker from the literature review by Wesson
(1969). The longitudinal analysis of renal function is summarized in Chapter VI, and

the study (Rowe et al., 19766) is reprinted in the Appendix.

Concentrating ability. Several cross-sectional studies have shown that the ability to
concentrate urine declines with age after maturity. A BLSA study was performed to
determine cross-sectional age differences in solute and water conservation, indepen-
dent of the effects of disease or medication (Rowe et al., 1976c). The 97 participants
included in the analysis ranged in age from 20 to 79 years. At 6:00 P.M. each subject
was asked to void and the urine was discarded. Subjects were then instructed not to eat
or drink until 6:00 A.M. Urine specimens representing three time periods were then
collected between 9:00 P.M. and 6:00 A.M. At 6:00 A.M. a kfood sample was collected
for determination of osmolality and creatinine concentration. At 10:00 A.M., a final 3
urine sample was collected, and the total 16-hour pool was used for determination of
creatinine clearauce. During Period 1 (6:00-9:00 p.M.), no significant age-related
differences were found in urine osmolality, urine flow, solute secretion, or osmolar
clearance. By Period 3 (midnight to 6:00 A.M.), however, young subjects had
responded to water deprivation with a marked decrease in urine flow, a moderate
increase in urine osmolality, and a resultant significant decrease in osmolar clearance.
Middle-aged subjects also decreased urine flow and increased urine osmolality, but to a
lesser extent than young subjects; the result was a small niet decline in osmolar
clearance. In the elderly subjects urine-flow rate, urine osmolality, and osmolar
clearance were not significantly altered during tise period of dehydration. These effects
indicate that in addition to the reduction in glomerular filtration rate there is an
impaired response of renal tubules to changes in plasma osmolality in the old subjects.

8. Endocrine System

Age and diabetes. The cortisone glucose tolerance test, introduced in the mid-1950s,
was proposed for the detection of th-: prediabetic state, that is, to provide a more
sensitive index of ciabetes than the oral glucose tolerance test. Several studies had
shown that poc- performance on the cortisone glucose tolerance test was predictive of
the fuiure development of clinical diabetes.

Although it had been shown by 1965 that performance on both the standard
glucose tolerance test and the cortisone glucose tolerance test declines with age, the

2 studies failed to quantify the age effect or define the age at which it begins (Andres,
1971). To test the assumption that the age-related loss of glucose tolerance might be
clinically significant, a BLSA study was undertzken to quantify the effect of aging on

cortisone glucose tolerance test performance aver the entire adult age span (Pozefsky
et al., 1965).
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Of the 89 male subjects, aged 21 to 95 years, initially selected for study, data from
15 were eliminated becanse they had diabetes, reported a positive family history of
diabetes that was less than first-degree, or were taking drugs known to aleer
carbohydrate metabolistn. An additior=! 13 subjects with a primary family history of
diabetes were analyzed separately. 1he final group consisted of 61 individuals.

Cortisone acetate based on b_dy weight was given orally in two equal doses 8.5
and 2 hours before glucose administration. After withdrawal of a fasting blood sample,
1.75 g of glucose/kg of body weight was adrr.inistered orally as a 30% solution. Blood
samples were then obtained at 20-minute intervals for two hours. Blood glucose was
measured by ferricyanide reduction. An obesity index was computed for each subject
from the ratio of actual weight to the mid-weight for the medium frame in the 1959
Metropolitan Desirable Weight Tabie (Metropolitan Life Insurance Co., 1959).

Fasting blood-glucose levels were elevated by corti-one in subjects of all ages, but
sensitivity to this effect increased significantly with advancing age: The averag.
increment was 2.1 mg/dl for each age decade. Blood-glvcose concentration also
increased with age after glucose administration. By 120 minutes the average increase in
glucose level was 17.6 mg/dl per decade of life. The subjects were divided into three
age groups (20-44, 45-64, and 65-95 yr) for comparison of mean cortisone glucose
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Figure V.22, Mean cortisone-glucose tolerance test cusves for negative-family-history eub-
jects in 3 age groups. The SEM for each time period after 40 min is also shown. Diffecences
between these groups wese not sigaificant before 60 min. The 15 young subjects were aged 21 44,
the 26 middle-aged 45.G4, ar.d the 20 old 65-95 yr.

From Pozefsky et sl. (1965).
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130 V. CROSSSECTIONAL STUDIES

tolerance test curves. The oldest group reached neak blood glucose levels at 80 minutes
and showed only a slight decline thereafter. Young subjects peaked at 60 minutes, and
fell more rapidly in the second hour of the test. The response of the middle-aged group
was intermediate (Fig. 22). The effect of age on glucose levels was thus not simply a
difference between young and old but manifest throughout the adult age range.

A comparison of tolerance curves revealed higher glucose intolerance in subjects
whose families had histories of diabetes. The differences between this group and the
control group, which although small were statisticaliy significant, confirmed the
observation that performance on this test is poorer in subjects at higher risk of
developing diabetes.

The profound age influence on performance made it clear that reliance on a single
standard for the upper limit of normality was unrealistic. A nomogram was therefore
proposed to permit percentile ranking of an individual within his age group, although
prospective studies are required to determine the prognostic implications of specific
percentile ranks (Fig. 23).

The application of separate standards to different age groups assumes that
deterioration in glucose tolerance with increasing age does not necessarily indicate
diabetes mellitus. The question whether the decrement is the result of pathology or a
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Figure V.23. Cortisone-glucose tolerance test. Nomogram for establishing an individual's
percentile ran¥ in his birth cohort, based on 2-hr blood-glucose concentration.
From Pozefsky et al. (1965, adapted).
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part of normal aging might be solved by a test for diabete. that does not involve
measuring glucose tolerance. A BLSA study (Swerdloff et al., 1967) was undertaken to
test the possibility that the intravenous tolbutamide test might be an age-independent
method of detecting diabetes without reference to glucose tolerance. The decline of
blood-glucose concentration that occurs after tolbutamide administration is markedly
influenced by dizbetes, occurring more slowly and to a lesser degree than in norma!
individuals.

Tolbutamide tests were performed in 141 male subjects, 117 of whom (age range
= 25-81 yr) were randomly selected from participants in the BLSA. The other 24 were
college students and hospital employees 21 to 36 years of age. Forty-one subjects were
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subsequently excluded for characteristics that were likely to confound the results, such
as those noted above for the cortisone-glucose tolerance test. After overnight fasting, a
baseline blood sample was taken. Then sodium tolbutamide in distilled water at a dose
of 1 g/70 kg body weight was injected, and blood samples for glucose analysis were
obtained at 6, 10, 15, 20, 30, 45, and GO minutes.

A significant increase in fasting blood-glucose concentration with advancing age
was found in the group, in contrast with other groups in which there was no difference
with age, but the increment was only 0.9 mg/dl per decade of life. The fall in glucose
concentration after tolbutamide administration was markedly affected by the age of the
subject. Blood-glucose levels fell rapidly in the youngest subjects, usually reached a
minimum in 30 minutes, and generally rebounded by 60 minutes. In the older subjects,
glucose fell more slowly, reaching a minimum at an average of 45 minutes, and the
decrease was smaller. The greatest age effects were seen at 20 and 30 minutes after
tolbutamide administration (Fig. 24). The decline in response to tolbutamide was
progressive in the four decades from age 20 to age 59. There was, however, no further
decline in response in subjects over age 59.

Since age effects were pronounced in the tolbutamide test, it was concluded that
this method, like the glucose tolerance method, requires age adjustment for proper
interpretation. Accordingly, a nomogram was provided to permit the rapid computa-
tion of age-adjusted percentile ranking of an individual’s response to intravenous
tolbutamide (Fig. 25).

The limitations of various methods of diagnosing diabetes in the elderly were
discussed by Andres (1971) in a symposium on diabetes mellitus. He concluded that
statistical manipulations of survey data cannot resolve the question whether standards
of normality should be adjusted for age, and recommended that long-term longitudinal
follow-up studies be made in populations that have participated in glucose tolerance
tests, to determine what levels of performance in different age groups indicate
increased risk of diabetes and such diabetes-related events as atherosclerosis, diabetic
neuropathy, nephropathy, retinopathy, or, indeed, death itself. Once a high-risk group
is identified, he added, the efficacy of therapeutic regimes can be assessed.

Another BLSA study (McGuire et al., 1979) provided some insight into the
changes in insulin kinetics in #izo that are characteristic of aging, of moderate obesity,
and of maturity-onset diabetes insufficiently severe to require insulin therapy. The
kinetics of unlabeled porcine insulin were studied in 69 nondiabetic males aged 18 to
83 years with ovesity indexes of 0.93-1.51, and in 12 maturity-onset diabetics aged 46
to 78 years with obesity indexes of 0.95-1.56, by use of the insulin infusion glucose-
clamp technique (DeFronzo et al., 1979) to maintain constant blood-glucose levels.
The individuals were grouped to allow comparison of the results on the basis of age,
obesity index, or diabetes. Analysis of the kinetic data with a mathematical model
allowed steady-state distribution masses and degradation-rate constants to be deter-
mined for each subject.

The responses over a period of 120 minutes to an intravenous infusion and
washout of insulin showed both transient and steady-stzte differences with age, obesity,
and diabetes. Analysis of the data led to the conclusion that in the steady state the ratio
of insulin in extravescular spaces to insulin in plasma was decreased by 26% in the
moderately obese group and by 17% in the diabetit. group, but was increased by 13%
in the older group, when each was compared with the appropriate control. It was
concluded that these changes probably reflect changes in the binding of insulin to

!
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receptors, although the magnitude of the changes would be somewhat modified by
alterations in the size of the interstitial space in relation to plasma volume.

In addition, the rate of entry of new insulin into plasma was increased by 45% in
the diabetics and by 27% in the moderately obese group, but was decreased by 11% in
the older group.

These findings led to the following general conclusions. The pattern of changes
seen with obesity is similar to that in marturity-onset diabetes. In obesity and marurity-
onset diabetes, the decrease in the ratio of insulin in extravascular spaces to insulin in
plasma cannot be accounted for solely by changes in fasting plasma-insulin levels. The
fact that the pattern of changes seen in the older subjects is the opposite of that in
maturity-onset diabetics suggests that diabetes is distinct from the changes in normal
aging. Finally, since the changes in the metabolisin of insulin are small, it is unlikely
that they are the sole cause of the major alterations in glucose tolerance that occur with
age, obesity, or diabetes.

TOLBUTAMIDE RESPONSE TEST
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Figure V.25. Nomogram for judging percentile rank on tolbutamide responise test using sum
of 20- and 30-min values.
From Swerdloff et al. (1967, adapted).
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Hypothalamic-pituitary-testicular axis. A number of investigators looking at the
effects of age on sex hormones in mc2 have come to the conclusior. that the major male
hormone, testosterone, decreases with age (Stearns et al., 1974; Vermeulen et al.,
1972) and that, because of an increase in the specific sex hormone binding globulin
(SHBG), the unbound (bioavailable) hormone decreases even more prominently than
the total. Along with these changes, increases in plasma estrogens have also been
reported (Rubens et al., 1974; Pirke and Doerr, 1975). Most investigators have found
an increase with age in the plasma levels of the pituitary gonadotropins, luteinizing
hormone (LH), and follicle-stimulating hormone (FSH); the increase presumably
reflects the decline in testicular function with subsequent reduction in inhibition of
gonadotropin secretion by negative feedback (Stearns et al., 1974; Vermeulen et al.,
1972; Baker et al., 1976).

In a study of 76 BLSA men (Harman and Tsitouras, 1980), we measured basal
circulating levels of gonadotropins, four sex steroids (testosterone [T], dihydrotester-
one [DHT], estradiol [E,], and estrone [E,]), an index of sex steroid binding to plasma
globulin, testicular volumes, and, when possible, sperm production. An index of sexual
activity was obtained by Dr. Clyde Martin of the Human Performance Section. In
addition, provocative studies of pituitary and gonadal secretory function used
luteinizing hormone-releasing hormone (LRH) (Harman et al., 1982) and human
chorionic gonadotropin (hCG) to test secretory reserve capacity. Results of these
studies can be summarized as follows:

Unlike the subjects in previous investigations, who showed decreased T and free T
index and increased E,; and E,, our healthy volunteers revealed no significant changes
in prevailing blood levels of sex steroids cver the age range from 25 to 90 years.

Leydig-cell reserve capacitt was somewhat diminished after hCG stimulation,
although the differential narrowed with time after hCG stimulation.

Basal levels of both LH and FSI1 were increased with age despite the absence of a
change in s>x steroids.

Pituitary response to LRH:

* LH response, after correction for effect of basal LH level, was moderately
decreased in the oldest men (age range = 70-89 yrs), but significantly so
only in comparison with the middle-aged men (age range = 50-69 yr). LH
peak response time was significantly delayed with age.

» FSH response showed a significant decrease with age, but no delay in peak
time.

¢ Glycoprotein hormone sub-unit secretion. Measurements of o« and LF8
and FSH sub-units in the sera obtained in this study showed increases in
the basal levels of each sub-unit with age, but these increases were low in
proportion to e increase in intact gonadotropins. Thus, the ratios of o/
(LH + FSH) decrease as gonadotropins rise. This phenomenon presum-
ably results from more efficient synthesis and corabination of sub-units into
the heterodimer form. Responses of «, LHf, and FSHf to LRH injection
were reduced in aged men (after correction for basal level), but to a lesser
extent than the LH and FSH responses. The secretory ratios of sub-unit to
intact hormone after LRH srimulation were thus relatively higher in aged
men than in their younger counterparts.
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In unpublished data sexual-activity ievels decreased with age, despite the
maintenance of normal sex-steroid levels. Nonetheless, high free T index was weakly
but significantly correlated with higher sexual-activity level, and low free T index with
reduced activity in the oldest (and only in the oldest) men. No significant differences
were found in testicular volumes with age, nor in mean sperm counts per ml or per
ejaculate.

From the above data, we conclude that elderly but healthy middle-class men, living
at home, may not manifest decreased androgens or increased estrogens. These findings
contrast with those in previous study populations, which often included older subjects
fr~m clinics, nursing homes, and similar institutio.’s and-may thus have refle~ted the
effects of variables other than aging per se. The reduced hCG response and elevated
gonadotropin levels suggest that although some age-related defect in testicular function
may occur in these men it is compensated by increased pituitary activity. The pituitary-
response -data suggest reduced sensitivity of pituitary gonadotrophs to LRH with age.
The decreased sexual activity in men with normal androgens must be produced by
something other than hypogonadism, perhaps by alterations in central or peripheral
nervous-system function. The better-maintained sexual function in old men with higher
free T indices suggests that high levels of androgen activity may partially overcome the
age-related deterioration of sexual function.

In order further to investigate the relationships of aging, sexual activity, and sex
hormone levels, we used lyophilized sera and other data obtained from 180 BLSA men
ag.d 60 to 80 years (Tsitouras et al., 1982) in a retrospective survey of the relation of
sexual activity to serum T, body composition, alcohol and tobacco habits, and cardiac
status. The study confirmed the correlation of serum T and sexual-activity level in older
men and suggested that the relation is not mediated by obesity, muscle mass, alcohol
consumption, smoking, or coronary artery disease. A tendency toward decreased sexual
.activity, but no decrease in T, was found in men consuming the largest amounts of
alcohol, and a tendency toward decreased T, but no decrease in sexual activity, in men
having the greatest percentages of body fat.

Arginine vasopression. Secretion of arginine vasopressin (AVP), a natural peptide
antidiuretic hormone, by the hypothalamic-neurohypophyseal-renal axis is inhibited by
ethanol and stimulated by hypertonic saline. The impact of age on these responses was
determined by direct assay of AVP (Helderman et al., 1978). Subjects in two age
groups (9 men 21-49 and 13 men 54-92 yr) were administered ethanol intravenously
at the rate of 375 mg/m? surface area per minute for one hour. Sixteen other subjects
in two age groups (age ranges = 22-48 and 52-6G yr) were given an int.avenous
infusion of 3% NaCl for two hours at the rate of 0.1 ml/kg body weight per minute.
Young and old control subjects received normal saline intravenously. Blood and urine
sample were collected from all subjects and analyzed. AVP levels fell progressively
during ethancl infusion in the younger group, but in the older group they fell for only
30 minutes, then paradoxically rose to nearly basal levels as ethanol levels continued to
increase; after infusion ceased, the AVP values continued to rise to nearly twice basal
values. In the hypertonic saline group, serum AVP rose to 2.5 times the basal level in
young men and 4.5 times the basal level in old men despite identical free-water
clearances. The paradoxical AVP response of the older subjects to greater osmolality
induced by ethanol administration was partly due to their significantly greater
osmoreceptor sensitivity (Fig. 26), which may compensate for the decreased ability of
their aging kidneys to conserve sal. and water.
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Figure V.26, Correlation between serum osmolality and AVP concentration in young and
old subjects duri..g 2-hr intravenous infusion of 3% NaCl at the rate ¢{ 0.1 ml/kg per min. The
points represent mean vaiues of osmolality and AVP at successive 20-min intervals in each group.
From Helderman et al. (1978).
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Hormone receptors. Although previous studies have shown that the concentrations of
hormone receptors are reduced during aging in several animal species, most of the
work has been limited to intracellular receptors for steroid hormones. A BLSA study
(Schocken and Roth, 1977) found that cell-surface binding sites for S-adrenergic
hormones in humans also decrease in number with advancing age. Mononuclear cell
fractions obtained from BLSA subjects aged 24 io 81 years were assayed for f3-
adrenergic receptors using 3H-dihydroalprenolol. Although the binding sites retained a
high affinity for dihydroalprenolol irrespective of the age of the donor, the
concentration of receptors dropped significantly with age (Fig. 27). The mean
saturation level was 572 * 58 pmol/mg protein in subjects 24 1o 41 years old and 332
+ 48 pmol/mg protein, or slightly more than hall, in subjects over 46 years. Likewise,
the number of sites per cell correlated inversely with age (14,000 in the young and
8000 in the old group). While previous hormone-receptor studies in man have dealt
with either intracellular receptors or cells in ssue culture, this investigation was the
first to demonstrate age-associated alterations of surface hormone binding sites in cells
taken directly from humans. The results support the idea that loss of certain hormone
receptors is a common manifestation of aging and ~lso offer a possible explanation of
age-associated loss of responsiveness to adrenergic hormones.

More recently, a f-adrenergic binding site with an affinity approximately ten times
higher has been detected by two other laboratories (Abrass and Scarpace, 1981;
Landmann et al., 1981). Its concentration is apparer.tly not affected by aging, although
fB-adrenergic stimulation of adenylate cyclase is markedly reduced in lymphocytes of
aged subjects. Thus B-adrenergic mechanisms in these cells may be altered at the levzl
of adenylate cyclase itself, and the role of age changes in the lower-affinity binding site
remains to be elucidated.

It has been suggested that the insulin binding system undergoes a genetically
programmed aging. Previously reported differences in insulin binding in fibroblast
samples are most striking when data from children are compared with data from adults.
Since the differences may be interpreted as representing developmental changes rather
than adult aging, a study (Hollenberg and Schneider, 1979) compared ligand binding
and biological responsiveness to porcine insulin and murine epidermal growth factor-
urogastrone (EGF-URO) in skin fibroblast cultures derived from men 22 1o 31 years
old with those of cultures from men G5 to 80 years old. “The receptor characteristics of
the cells from the two age groups did not differ.

9. Immune System

Immune function has so many facets that it requires a variety of assay procedures,
including fn-sitro cell culture and the determination of serum immunoprotein and
antibody levels. Although serum samples can be obtained from all BLSA subjects
during their visits to the GRC, \he culture of the peripheral blood white cells and some
of the cell-culture assays are so time-consvming that cells from only one individual can
be examined during a day. As a result of the difference in time and effort required by
various assays, the number of individuals who constitute the data base varies with the
assay, and not every assay has been performed on every BLSA participant. The first set
of assay results to be discussed is concerned with cellular function in the host immune
response.

Number of white cells in peripheral blood. From longitudinal data collected during five
visit cycles, the number of the various types of white cells present in the peripheral
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Figure V.28. Counts of total white blood cells (WBC), segmented neutrophiles (SEGS),
lymphocytes, and monocytes were determined at each visit of the BLSA participant. Visits
occurred at 1- or 2-yr intervals. Each line in each grouping repre. :ats one cycle of visits. Five cycles
are presented for each white-cell group.

From Adler and Nagel (1981).

T CELLS B8 CELLS
CELL MEDIATED IMMUNITY REGULATORY FUNCTION HUMORAL IMMUNITY
~No Antibody Produced ~Interaction with B Cells Antibody to M ¢
and Antigen Toxins and Vaccines
~Direct Interaction with Antigen
Supp Cells « Nega Effect Primary Response
=Immunity to Virus, Bactetis and
Mycobacteria ~Helper Cells + Positive Effect —_— Antigen
Driven
=Potssible Role in Tumor Immunity
Antibody Forming
Cell
Vamory B Cell

+ Antigen - Secondary Response

Antibody Formation

Figure V.29. Functional characteristics of T lymphocytes and B lymphocytes.
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blood was determined over the age range from 20 to 90 years (Fig. 28). There were no
differences in the total white-cell couat or in the number of the various white cells in
the peripheral blood (Adler and Nagel, 1981; Nagel et al., 1982b). Granulocytes,
lymphocytes, and monocytes maintain the same relative representation and absolute
numbers throughout this age raage. Use of antisera with spzcificity against membrane
comporients makes it possible to examine subtypes of lymphocytes such as the B
lymphocyte, which has-~ atibody-synthesizing ability, and the T lymphocyte, which is
thymic-derived and important in host defense in cell-mediated immune activity and
serves in the regulation of B-cell activity (Fig. 29). Antisera with binding specificity
against B cells, T cells, and the subsets of T cells are available to quantify these
populations (Nagel et al., 1981b; Nagel et z\., 1983). Figure 3( shows that the
representation of B cells in the peripheral blood of individuals of different ages remains
constant. The determination of T cells and T-cell subsets has been studied not across
the age span but in young (age range = 20-40 yr) and old (60+ yr) subjects. It was
found that the total number of T lymphocytes is lower in the older population because
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Tigure V.30. The percentage of blood lymphocytes with membrzne immunoglobulin was
derzrrained on 350 individuals of varying age. Each point represents the mean value for a 5-year
interval and is plotted in the mean position for that age group. The bar at each point represents plus
or minus one SEM.

From Adler and Nagel (1981).

16vu




O

Aruitoxt provided by Eic:

ERIC

140 V. CROSS-SECTIONAL STUDIES

of the decrease in the T-cell subset known as the *“cytotoxic-suppressor” population-
(Fig. 31). These studies led to the fn-vitro cell-culture experiments detailed below.

Granulocyte function tests. One arm of the host defense against infectious disease is
the function of the polymorphoneutrophile (PMN). Since previous quantitative
morphologic work had shown no change with age in PMN numbers in peripheral
blood, it was important to determine PMN function. A variety of assays were used.
Metabolic activity was measured by Nitro-Blue-Tetrazolium (NBT) dye reduction. The
reduction of NBT to formazan requires the generation of H* through the metabolism
of glucose. Another system measured the generation by the PMN, in response to a
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Figure V.31. The percentage of blood lymphocytes that react with the monoclonal antibod-
ies OKT3 (an anti par T cell antibody) W8 , OKT4 (ananti T helpercell) & ,or
OKTS8 (an anti T suppressor, cytotoxic cell) was determined on samples from young
(<age 40) and old (>age 60) BLSA participants. Rosette determination fof T-cell identificatic..
showed no age-related changes. The monoclonal antibodies showed a drop in the number of T
cells in the old group that was due mostly to a decrease in the suppressor population.
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stimulus, of lysosomal enzyme, which is necessary for the PMN to kill ingested
bacteria. The last assay measured phagocytic and bacteria-killing ability of the PMN
challenged in #itro by staphylococci. None of the zssays demonstrated age-related
change in granulocyte PMN function ¢ »itro (Nagel et al., 1982b) (Figs. 32, 33). The
study has not, however, addressed the question of PMN function and reserves in the
whole person, especially during a period of physiologic stress.

Antibody-forming ability of peripheral blood lymphocytes (PBL). Since morphologic
studies of the PBL subpopulation had shown relatively minor age-related changes, a
study was undertaken to measure the functional ability of these cells i #ftro. PBL from
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Figv.e V.32, The bactericidal capacity of granulocytes was determined i vitro using the
Staph: jococcus aureus organism. Young participants were less than than 40 years of age, old over 60.
The mean number of bacteria killed by PMNs in 60 min was the same in both groups.
From Nagel et al. (1932b). 1 8 2
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individuals were placed in culture with a polyclonal B-cell activator, Pokeweed
Mitogen (PWM). PWM will induce antibody synthesis in B cells if the appropriate
functionally active helper T-cell population is present. In a large series of determina-
tions of antibody synthesis in sifro, it was found that PBL in about 13% of the BLSA
individuals, most of whom were over age 50 (Fig. 34), could not be induced to
synthesize immunoprotein (Nzgel et al., 1981a). More detailed analysis of cells from
the nonresponder group demonstrated that B-cell function was normal and that the lack
of response resulted from a decreased ability of the helper T-cell population to interact
with the B cell (Chrest et al., 1983) (Fig. 35). Without a functional helper T cell, the B
cell cannot be induced to synthesize antibody protein.

Natural killer (NK) cell activity. A population of lymphoid cells found in human
peripheral blood lacks the membrane markers associated with T or B cells. These,
designated “null” cells, have an interesting in-sitro function that is indicoted by their
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Figure V.33, Superoxide generation by granulocytes from young (<age 40) and old (>age
60) was determined in stimulated PMN cultures. Although the mean superoxide level generated
by PMNs from elderly participants was lower, there was no significant i 2rence between the
groups.
From Nagel et al. (1982b).
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further designation as *‘natural killer'* cells: They can kill a variety of tumor cells i vitro
without previous sensitization with the tumor-cell antigen either in #ivo or in vite A
survey of the BLSA volunteers for levels of NK activity in their PBL populations
revealed no age-related change (Nagel et al., 1981c). Nor was there any difference
between the male and female groups (Fig. 36). Anotl.er finding was that NK-activity
levels of PBL from the same individual remained relatively the same over a threr-year
period. A dietary factor, the ingestion of ethanol (Saxena et al., 19801, was
nevertheless found to elevate NK activity. The NK activity of PBL in individuais who
regularly consumed ethanol was consistently higher than that in age-sex-matciiad
controls. A dietary factor can thus change a result in an assay system. But since the
significance of NK-cell activity in vivo is not now known, it is difficult to determine
whether a dietary item can affect a clinical problem such as the development of cancer.
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Figure V.34. In th~se experiments the number of immunoglobulin-producing cells (PFCs)
induced by Pokeweed Mirogen stimulation of lvmphocvtes from BLSA participants of varyin3 age
was determined. Each point represents the mean PFC number for replicate PWM-stinulated
‘culires from each individual.

From Adler and Nagel (1981).
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PFC/CULTURE
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Figure V.35. B cells from a responder (para | A) or a nonresponder (panel B) were cultured
alone, or with active helper T cells from a re.ronder or a nonresponder individual. The bars
represerit the mean PFC number in replicate cultures £ 1 S.D.

From Chrest et al. (1983).
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Figure V.36.  The geometric mean percentage of the *'Cr release at a 5:1 effector:target ratio
was determined as a function of age and sex. There were no statistical differences between sexes or
among ages.

From Nagel et al. (1981c).
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Figure V.37. PBL were stimulated in zitro with phytohemagglutinin (PHA), Concanavalin A
(Con A}, Pokeweed Mitogen (PWM), or Staphylococcal Protein A (SPA). After § days of culture
the cells were pulsed with tritiated thymidine and one day later the level of radioactivity in the
cellular DNA was determined. The P values for each regression line were: PHA = < .001,Con A
= <.001,SPA =< 05,and PWM = 1. The regression lines were drawn using the mean values of
replicate cell cultures obtained from blood samples from 230 individuals.

From Adler and Nagel (1981).
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Figure V.38. These experiments are exactly as described in Fig. 37, with PHA used as the
mitogen. The data are presented as the mean cpm for the peak response of cell cultures from
individuals of varying age. The numbers at each data point show how many individuals of that age
had the same amount of thymidine incorporation in their cell cultures.
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Mitogen responses of peripheral blood cells. The ability of some PBL to divide in vitro in
reponse to a mitogenic stimulus makes it possible to determine the presence and
functional activity of these cells. Different types of PBL tespond in varying degrees to
different mitogens. In general, the mitogens phytohemagglutinin (PHA) and conca-
navalin A (Con A) stimulate T lymphocytes, while Staphylococcal Protein A and PWM
stimulate both T and some B lymphocytes. A study of the age of the cell donor and the
responsiveness of .aeir cells in #itro to a mitogenic stimulus showed that the ability of
the T lymphocyte to divide was significantly reduced as the age of the cell donor
increased (Adler and Nagel, 1981; Nagel et al., 1982a) (Fig. 37). Some cell cultures
from the youngest BLSA age group respond poorly to a PHA stimulus, while some
from the oldest age group respond well (Fig. 38). A difference has, however, been
found among age groups. The number of poorly responding cultures increases and the
number of good reponses decreases with age. The age at which the number of high-
and low-responder cultures seems to change markedly is the seventh decade. The
populations below age 60 are similar to one anotb~r, as are those over age 70 (Fig. 39).
Although the reason why the T cells appear to lose the ability to divide in vitro is still
obscure, it is not a decline in the numbers of T cells. An inherent defect in the T cell
must limit its proliferative ability.
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Figure V.39. The experiments are as described in Fig. 37 and in the separation of the data
presented in Fig. 38. For each decade of age the individual culture results were divided into 3
groups. One group was composed of results with less than 60,000 cpms (Group A); Group B had
results from 60,000 to 150,000 cpms; and Group C had resulis over 150,000 cpms. The mean cpm
for all the data was 105,000.
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Serum immunoprotein levels. Immunoglobulins comprise several subclasses: IgG,
which constitutes most of the serum immunoprotein; IgM, a macroglobulin immuno-
protein; and IgA, a serum immunoprotein that can also be found in secretions. When
these were quantified across the age range, no significant differences with age were
seen in their representation in serum, except possibly in the group 90+ years old
(Adler and Nagel, 1981). The group has so few members, however, thar the findings
are heavily influenced by a few individuals with serum immunoprotein levels much
different from the “normal” levels (Fig. 40).

Summary. The most consistent age-related immunologic findings are the defects
seen in the T lymphocyte. The representation of T cells in peripheral blood decreases
with age. Both the functional ability of T helper cells and the proliferative ability of T
cells in response to a mitogenic stimulus decline with age. It is interesting to speculate
that these changes are related to the age-associated involution of the thymus seen in
humans and animals.
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Figure V.40. Serum immunoglobulins G, A, and M were determined on samples from 250
individuals of varying age. The left ordinate refers to the IgA and IgM values, the right ordinate to
the IgG values. The data points and standard error bars represent the mean value for a 5-yrinterval
and are plotted in the mean position for that age group. 00 = IgG; 0—0 = [pA; A=A = [zM.
From Adler and Nagel (1981).
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10. Oral/Dental

General dental characteristics. The participants in the oral physiology component are
a substantially denrate group, even in the upper age category. The total number of
natural teeth in persons aged 60+ is about 23 of 28 maximum (Baum, 1981a). These
persons have regular dental care; about 80% visit a dentist at least once a year for
preventive as well as problem-oriented care. The prevalence of cervical caries is
markedly elevated in older persons; those 40 and younger average one affected tooth
in 28, those 60+ four in 28. The average gingival-disease index was quite similar over
age groups, while indices of periodontal disease showed a significant increase with age.

Salivary-gland function. Deuiled evaluation of stimulated parotid-gland secretion
found no difference in the ability of non-medicated men and women of various ages to
secrete parotid fluid after stimulation by 2% citric acid (Baum, 1981b). Among
subjects taking prescription medication, post-menopausal women showed significantly
lower stimulated parotid flow than their non-medicated counterparts.

The secretion of acinar-cell exocrine proteins was studied by following the
concentration, output, and percentage in saliva of the anionic-proline-rich proteios.
These molecules have been localized to human parotid acinar cell secretory granules.
No differences in any of these parameters were observed among non-medicated males
and females of any age category (Baum et al., 1982).

The secretion of several inorganic ions (Na*, Ca**, K*, and inorganic phosphate)
was also examined. Of these electrolytes, only Na* showed a consisten: »lteration with
age. Non-medicated men and women both showed significantly lower leveis of
secreted Na* with age. In men 60 and oider, the average secretion of Na* was about
50% of that of men 40 and younger. These differences suggest increased Na*
reabsorption by gland ductal cells in older persons.

Gustatory function. Detection thresholds for each of the four basic taste qualities
(sweet, sour, salty, and bitter) were obtained from 81 men and women of varying ages.
Modest quality-specific age differences were observed. Sodium chluride (salty) showed
a higher detection threshold with advancing age (r = 0.38), as did quiaine sulfate
(bitter), although its magnitude (r = 0.25) remained lower than that of salt. No age
differences were observed for either citric acid (sour) or‘sucrose (sweet).

Motor function. Physical diagnostic evaluations observed specific decrements in
certain oral motor functions with age. The frequency of altered masticatory function
was significantly greater with age among both men (X2 = 16.3) and women (X2 =
23.2). The postural functions of the circumoral muscles appeared similarily diminished
with age (men, X?> =9.51; women, X2 = 4.52), while postural function of the tongue
musculature showed u higher frequency of age-related dysfunction among men (X? =
12.4) but not among women (Baum and Bodner, 1983).

BEHAVIOR

1. Psychophysiology
Efy2c of Age on Reaction Time and Vigilance
Cross-sectional studies have shown that aging is associated with a reduction in the

speed of responses and an increase in the probability that the response will be
inaccurate. In short, with aging speed diminishes and errors increase.
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A number of studies also showed that the effects of age became greater as the
complexity of the responses increased. Tasks that required the subject to choose among
a number of responses showed greater impairment (more time required with more
errors) than tasks eliciting a single response.

In some instances physiological indices could be included as a measure of the 4
response. Thus reaction time, latency of response, vigilance, EEG response, heart rate,
blood pressure, galvanic skin response (GSR), and skin potential were examined in
subjects of different ages in a search for relations between behavioral and physiological
events.

A study was undertaken to test the effect of age on reaction time (Suci et al.,
1960). Old (age range = 60~70 yr, median = 63} and young (age range = 17-38 yr,
median = 18.5) subjects were individually tested for choice reaction time by an
apparatus consisting of four small electri lights mounted on a panel. A varyiag number
of lights was illuminated; when one was turned off, the subject was asked to name it,
using a previously assigned code name, as quickly as he could. A plot of reaction time
against bits-per stimulus in the two age groups showed that reaction time in both old
-and young subjects increases linearly with the number of stimuli from which the subject
must choose, and that age differences in reaction time increase as a function of
increasing stimulus information; older suhjects show longer reaction times at all levels
of stimulus information (Fig. 41).
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Figure V.41. Reaction time as a function of stimulus information and age.

From Suci (1960).
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A swudy was undertaken to determine the relation of vigilance to age and wi.ether
lowered vigilance is associated with age-related slowing in reaction time (Surwillo and
Quilter, 1964). The subjects, 106 men aged 22 to 82 years, were given Mackworth's
Clock-Test. The “clock’ is a metal box with a plain circular white face 12 inches in
diameter, and a single black pointer six inches long, mounted from the center of the
clock. The pointer moves in discrete steps like the second hand of an escapement clock.
The full circle is completed in 100 steps, one per second. At long and wiregular
intervals, the pointer jumps through twice the usual distance in one step. Twenty-three
“double jumps” (0.64% of all pointer movements) occur per hour.

After inucruction, demonstration, and practice sessions, the subjects were asked to
watch the clock-pointer for one hour and to press the response key as fast as possible
whenever a double jump occurred. The mean percentage of double jumps detected by
the younger group (< 60 yr) was 72.9%, by the older group (> 60 yr) 64.4%. It was
concluded that, under the conditions of the experiment, old people were less vigil-at
than young people. Fractionation of the data into quarter-hour periods showed the the
old subjects were not significanizly less vigilant than the young subjects during the first
15 minutes of the test, but the mean differerce betwe .n the first and fourth quarter-
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Figure V.42, Decline of vigilance during prolonged visual search.
From Surwillo and Quilter (1964).
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hour periods was significantly greater in the old group (21.3%) than in the young
group (11.2%) (Fig. 42). The conclusion was drawn that vigilance declines more in
old than in young persons. At the same time, the lack of an age difference in vigilance
during the early periods of the task has important implicatio:s for the employment of
older men. The effect of short rest periods on vigilance in older subjects deserves
further investigation.

Electroencephalographic (EEG) Studies

Several studies have been made of the relation between reaction time and brain
waves recorded by elect.oencephalography.

Since the early 1930s several investigators have advanced the hypothesis that the
EEG frequency, which is not constant in an individual but varies from one instant to the
next, represents the basic unit of time in the central nervous system. Further testing of
the hypothesis was undertaken by Surwillo (1961, 1963a). In a sample of 10/ males
aged 28 to 99 years (X age =55.3 yr), reaction time to a sound stimulus was related to
the alpha frequency at the time the stimulus was given. Stimuli, responses, and EEG
were recorded simultaneously. A correlation of 0.72 was obtained between average
reaction time and the average period of the EEG (Fig. 43) This coefficient was scarcely
altered by exclusion of age from the relation by means of partial correlation. Age was
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Figure V.43. Reaction time plotted against brain-wave period for data {rom the high-
vigilance, high-motivation condition. Each point represents the average reaction time and average
brain-wave period of a single subject, and is aerived from a mean number of 14 observations.
Numbers at the top of the graph refar to the corresponding frequencies in ¢/sec. The coefficient of
correlation, r, = 0.72; N = 100.

From Surwillo (1963a).
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thus not a factor in the observed correlation. A significant positive correla.ion (r =
0.57) was found between age and the average period of brain waves (Fig. 44). A low
but statistically significant positive correlation between average reaction time and age
vanished and became negative when brain-wave period was partialled out; the
implication is that EEG frequency and not age is the cential-nervous-system factor that
determines the age-associated slowing in response time. A positive correlation was
found in individual subjects between brain-wave period and reaction time. These data
are consistent with the hypothesis that the brain-wave cycle is the basic unit of time by
which a response is programmed by the central nervous system.

The evidence that variability in response time within subjects increases with age
led to0 a study to determine whether this could be accounted for by differences in
variability of brain-wave period (Su.cwillo, 1963b). A sample of 100 male subjects aged
28 10 99 years (% age = 55.3 yr) was tested essentially as in the preceding study. The
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Figure V.44. Period of the electroencephalogram plotted against age. Each point represents
the age and average brain-wave period, recorded in the interval between stimulus and response, of
a single subject, The correlation coefficient, r, = 0.57; N = 100. Regression line is defined by the
expression: P = 0.388 AGE + 82.79, where P = brain-wave period. Standard error of estimate, §
(est. P) = 837,

From Surwillo (1963a, adapted).
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previous results were confirmed by the finding of a statistically significant positive
correlation between age and individual variability in reaction time. Although the
relation could not be accounted for by differences in variability of brain-wave period
within individual subjects, when average brain-wave period was held constant through
partial correlation the positive coefficient relating reactio.. ..me variability and age
vanished. The inference was thus drawn that differences in variability of response time
are a consequence of differences in average brain-wave period.

The finding that EEG frequency and reaction time are correlated permits no
conclusions as to cause and effect. An attempt was therefore made to determine
causality by altering the EEG frequency experimentally and measuring the effect on
response time (Surwillo, 1964a). It has been observed that repetitive flashing of a light
(photic “driving’’) can produce frequency changes in the EEG; it was assumed for this
study that the photic response and the normal brain rhythm are produced by similar
mechanisms.

A sample of 48 healthy males aged 34 to 101 years was photically stimulated, and
EEGs were recorded as has been described. Subjects whose tracing showed clear
evidence of synchronization were given a reaction task to perform while the light was
flashing: They were instructed that whenever an auditory signal, which occurred
without warning, was presented, they were to press a response key as quickly as
possible. Approximately 30 signais were given at random in about ten minutes, while
flash frequency was varied. Synchronization of the EEG and the flashing light occurred
in 18 subjects, but of these six failed to maintain synchronization while performing the
reaction task, six others showed it only over a very narrow frequency range, and one
revealed it in only one brain hemisphere; only five of the 18 subjects could synchrosize
their EEGs with a flashing light over a wide frequency range while performing the
reaction task. The findings indicate that at least in some subjects feaction time can be
influenced by EEG frequency.

All the EEG swdies described above concerned voluntary responses. The
generalization that the period of the alpha rhythm is an important factor in the
t aporal organization of behavior requires that ¢he relation hold for involuntary
responses as well. Since studies by earlier investigators had demonstrated latency of
attenuation (delay in “blocking”) of the alpha rhythm in children and had found a
relation between response speed and latenzy of alpha attenuation, a study (Surwillo,
1966a) was undertaken to determine whether the latency of alpha attenuation increases
with increase in alpha-rhythm period independently of differences%ssociated with age.
A second purpose of the study was to test thz hypothesis that latency of alpha
attenuatior increases in old age. A final purpose was to test the hypothesis that EEG
reactivity, o. the incidence of alplw attenuation, declines in old age. Ninety healthy
males aged 17 10 91 years (% age = 49.7 yr) were tested. The EEG was attenuated by
high-intensity flashes of white light lasting approximately one second; 25 flashes in
about eight minntes were distributed more or less randomly but occurred mainly
during periods when well-defined EEGs were being recorded. Average latency of
alpha attenuation and average period of the EEG, in the interval betweer flash and
initiation of the involuntary response, were determined along with the number of times
the stimulus failed to attenuate the EEG. A significan. positive relation, independent of
age, was found between attenua:ion latency and ERG period. A low but statistically
significant positive correlation was found between age and latent time of alpha
attenuation. A low correlation was also found between EEG reactivity and age.

174

IToxt Provided by ERI




154 V. CROSSSECTIONAL STUDIES

Although it was concluded that age cannot account for the relation between attenuation
latency and EEG period, the finding confirms earlier work suggesting that old persons
are as a group less activated or aroused than young persons by sensory stimulation. It
remains to be determined whether this represents an age difference at the level of the
cerebral cortex.

Electrodermal Activity

Electrodermal activity (EDA) includes both skin conductance and skin-potential
phenomena. BLSA studies have focused an age differences in skin-potential response
(SPR* and level (SPL), and skin-conductance response (SCR) and level (SCL).
Although age differences in EDA may reflect age differences in responsiveness of the
autonomic nervous system, they also may reflect age differences in the peripheral
sudomotor system.

Skir.-potential response and vigilance. The frequency of spontaneous SPRs in relation
to vigilance and age was examined in a BLSA study (Surwillo and Quilter, 1965b) of
132 healthy males, aged 22 to 85 years. The subjects were given Mackworth's Clock-.
Test described above (“Effect of Age on Reaction Time and Vigilance™). Their task
was to press a response key as quickly as possible whenever a double jump occurred. If
the subject did not press the response key within six seconds of the appearance of a
double jump, it was assumed that he had not perceived the signal. Skin wotential
between the palm and the ventral surface of the left forearm was recorded from Ag-
AgCl electrodes. The primary datum in the investigation was the number of SPRs
(negative deflections only) that occurred within the 18 seconds immediately preceding
the double jump. This frequency was considered a measure of vigilance, since derected
double jumps were preceded by significantly more SPRs (X = 1.62) in this period than
were undetected double jumps (% = 1.22),

The frequency of spontaneous SPRs was lower with age. Mean values for 42
subjects aged 22-47, 47 subjects aged 48-67, and 43 subjects aged 68-85 years were
respectively 1.70, 1.52, and 1.30 SPRs.

Effect of age on thr latericy of involuntary and voluntary responses. Before 1965,
numerous investigations of voluntary reaction time showed a general increase in
response latency with increasing age. The latency of involuntary responses, on the
other hand, had not received much attention, nor were the findings clearcut or
consistent. A BLSA study was therefore undertaken to measure simultaneously the
latency of voluntary and involurtary responses to the same stimulus (Surwillo and
Quilter, 1965a). Involuntary response latency was measured by the latency of the
galvanic skin response (GSR), while voluntary response latency was the reactic. time.
The aim was to see whether old persons show greater latencies than young persons on
both measures.

One hundred thirty-two healthy males, aged 22 to 85 years, were classified in
three age groups: Group I (42 men aged 2247 yr); Group II (47 men aged 48-67 yr);
and Group III (43 men aged 68-85 yr). As in the research described in the preceding
section, the subjects performed an hourlong watchkeeping task in which they
monitored the movements of a clock pointer and responded to double jumps by
pressing a key. GSRs (negative deflections only) and the instant of a subject’s voluntary
response were recorded on the same chart. Lack of an involuntary or voluntary
response within six seconds of a double ju - vas considered ar indication of failure to
perceive the stimulus.
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The mean GSR latency for Group I was 1.81 seconds, that for Group II, 1.82
seconds; the latency for Group IIi, 1.95 seconds, was significantly higher. The latency
of voluntary responses to the same stimuli, however, showed no increase with
advancing age.

Effect of age on skin-potential level (SPL). A BLSA investigation was made to
determine whether age differences also occurred in SPLs (Surwillo, 1965). One
hundred twenty-two healthy males, aged 22 to 85 years, were selected for SPL
measurements. SPLs between the palm and ventral surface of the forearm were
recorded from Ag-AgCl electrodes during the first 15 minutes of the previously
described hour-long vigilance task. (Although previous studies had found old persons
less vigilant in performance of the entire task, age differences were not apparent during
the first 15 minutes.) SPL was measured at 42 different points ir. the 15-minute
recording, and the mean of these measures was calculated.

In all subjects, the palm was always electrically negative with respect to the
forearm. Individual values of skin potential ranged from ~12.3 to ~56.8 mV (average
for the group was —31.5 mV). A low but statistically significant negative correlation
was found between age and SPL.

Relation of autonomic activity 1o age differences in v.gilance. Because autonomic activity
is related to the level of activation, a BLSA study was performed to determine whetl:er
differences in autonomic activity are associated with the age differences in vigilance
(Surwillo, 1966b). The hypothesis tested was that, during the vigil (the Mackworth’s
Clok-Test), measures of autonomic activity (heart rate, palmar skin temperature, and
palmar skin potential) change at different rates in old and in young persons.

Sixty-six healthy males were divided into two age groups of equal size, 22 to 45
years (X age = 36.4 yr) and 69 to 85 years (X age = 74.3 yr). The subjects’ heart rates,
palmar skin temperaturcs, and SPLs were recorded during he 18 seconds preceding
each double jump. In the fina! 45 minutes of the task, heait rate declined and SPL
became more negative. Skin temperature, however, declined progressively in the
young but not in the old group, a finding, that is consistent with the hypothesis that
differences in autonomic activity are associated with the more rapid decline of vigilance
in old subjects.

Effect of epidermal bydration on skin potential and conductance. Although age
differences in EDA may reflect age differences in activation of the sympathetic nervous
system, age differences in the peripheral sudomotor system also influence the results.
Edelberg's (1968) model illustrates how peripheral characteristics can influence the
expression of nervous activity. Of critical importance is the ratio of epidermal resistance
to sweat-gland resistance. The larger the ratio the greater the sweat-gland contribution
to the electrodermal recording. Hydrating the epidermis lowers the epidermal/sweat-
gland resistance ratio and thus reduces the sweat-gland contribution to EDA (Edelberg,
1968).

The following studies demonstrate that age differences in SPL occur oniy when a
nonhydrated recording site is used (i.e., when conditions raaximize the sweac-gland
component). The finding may reflect a less negative sweat-gland potential in old age
and/or age differences in epidermal/sweat-gland resistance ratio.

Garwood et al. (1979) studied 12 young men (age range = 23-36 yr, X age =
30.75 yr) and 12 old men (age range = 63-82 yr, X age = 75.50 yr). Three skin-
hydration cond:tions were produced on sites used for electroderma! measurements. In
order of increasing hydration, they were: a) 0.5% KCl-glycol electrolyte, b) 0.5%
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KCl-agar electrolyte, and c) presoaking with distilled wates followed by 0.5% KCl-agar
electrolyte.

Three tasks were given to the subjects. In task 1, the subjects received eight
presentations of a 50-dB, 250-Hz tone. In sk Z, a reaction-time task, the subjects
received a 50-dB, 250-Hz warning signal, then a 50-dB, 1000-Hz signal, to which they
had to respond by pressing a key. Task 3 was a choice-reaction-time task in which the
warning signal was again 50-dB, 250-Hz, which was followed either by a response
signal of the same loudness and frequency or by a 50-dB, 1000-Hz tone; the subjects
were to respond only when the low-pitch warning signal was followed by another low-
pitch tone. During both reaction-time tasks the subjects were repeatedly urged to
respond more rapidly.

There were no significant age differences in the effect of electrolyte medium on
SCL and SCR. The older subjects had lower SCL and SCR magnitudes than the
younger subjects. Thete were age differences in the effect of electrolyte medium on
SPL and SPR. The SPR in young adults was related to hydration, the largest response
occurring with the least hydration, but electrolyte did not significantly affect the
magnitude of SPR in the old subjects. Age differences in SPL and SPR occurred only
with the glycol medium, the older subjects having smaller responses and less negative
levels. The authors -postulate that the reversal in hydration/SPL relation with age
reflects a reversal in the relative magnitudes of the potentials of epidermis and sweac
glands: In old persons the epidermal is greater than the sweat-gland potential.

Garwood et al. (1981), reporting that differences in SPL were dependent on
epidermal hydration, also found that age differences occurred only when SPL was more
negative than resting levels. Basal skin-potential-level (BSPL) procedures were used.
Subjects were required to relax for 30 minutes until a minimum SPL (BSPL) was
reached during an absence of electrodermal response. BSPL is considered to be a
nonsudorific SPL component (Christie and Venables, 1971). Hydration conditions
were as in Garweod etal. (1979). Again, age differences occurred only with the glycol
medium. Furthermore, age differences occurred only at the start of the recording,
when sweat-gland activity can be expected to contribute to SPL. These were no
significant age differences at BSPL. Capriotti et al. (1981) also reported that with
increasing age there is a decline in SPL negativity when the glycol medium is used.

An additional consideration in investigating age differences in EDA is recording
site. Capriotti et al. (1981) reported that age differences in SPL were much larger
when recordings were made from the medial phalanges than when they were made
from the thenar eminence.

Time Perception and Psychomotor Function

Effect of age and institutionalization on perception of short intervals of time. While the
common observation that time seems to pass more quickly as one ages has received
some experimental support, the hypothesis has been challenged by some investigators.
An investigation was undertaken to clarify the issue experimentally (Surwillo, 1964b).
The study included a comparison of estimates of short intervals of time made by non-
institutionalized subjects with those of an age-matched group of institutionalized
subjects.

One hundred twenty healthy white BLSA males 27 to 90 years old were classified
in three age groups of 40 subjects each with means of 37.5, 56.1, and 73.7 years. A
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group of 40 white males from the Infirmary Division at BCH with 4 mean age of 73.7
years (+ 6.2) was compared with the old group of healthy subjects. The institutional-
ized subjects were low-income patients who were active, could feed, wash, and dress
themselves, and had no apparent psychiatric disorder.

Each subject was asked to estimate invervals of 30, 0, and 180 seconds by holding
atelegraph key closed for the stated pericd of time. Elapsed time was measured with a
chronoscope that was activated by the telegraph key. Three estimates obtained for each
interval were averaged to ‘determine the subject's score.

Among the non-institutionalized subjec:s, there was no systematic increase with
age in estimates of time intervals, and non= of the mean estimates differed significantly
from actual elapsed titne. The hypothesis that = short interval of time is perceived by
older persons to move at a faster rate was the.efore rejected. The fact that the time
estimates made by the group of institutionalized subjects were significantly shorter than
those of age-matched non-institutionalized subjects may possibly reflect d.iferences in
the ‘ content™ of time for infismary patients; it may equally well reflect differences
between the two groups in education, intelligence, and socioeconomic status.

Speed and accuracy of movement. The effect of age on speed and accuracy of
movement was studied (Welford et al., 1969) in subjects who tapped a pencil back and
forth as quickly as possible between two targets each consisting of two parallel lines
drawn on paper. The target widths (the distances between the parallel lines) were 32
mm, 11 mm, and 4 mm. The distances between targets—from the center of one o the
far edge of the other—were 50, 142, and 402 mm for each width. Observations of 2<h
subject were fitted to equations, based on information theory, that relate movement
time to average distance from starting to finishing point and an estimate of the scatter
of the points around each target (a measure of accuracy).

Data from 325 men ranging in age from 20 to 70 were anayzed in ten-year age
groups. Performance, as measured by rhe time required to place 50 dots on each target,
improved from age 20 to age 40 and then declined. At any age mote time was required
to place the dots in the narrow than in the wide targets. The greatest accuracy in
positioning was achieved by the 20-year-olds. Analysis of the data led to the conclusion
that two control processes could be distinguished~—one controlling movement over
distance (motor control) and a slower one that controlled ""homing" onto the target
(visual control). The authors concluded that position sense and motar control decline
more with age than do the decisional processes responsible for homing on a target.

Muscle strength and coordination. Arm strength and manual cranking ability were
measured in 218 BLSA participants 20 to 89 years of age (Shock and Norris, 1970).
The maximum power output generated in the crank-turning task, which required
coordination of several muscles, was compared with the strength of the same muscles
when their movement was kept to a m:timum (i.e., isometric strength measurement).
In contrast with previous studies in large unselected populations, in which a decline in
muscle strength was evaluated by strength of grip (Fisher and Birren, 1947; Welford,
1959, 1977), the study found that the strength of arm and back muscles ix: these
selected subjects did not differ significantly over the age span from 20 to 65 years (Fig.
45). Significantly lower muscle strength was found only in subjects in their 70s and
80s. The 28% difference in muscle Jtrength found in the 80-year-olds was reduced to
19% when allowance was made for the lower body weights of this age group. While
muscle strength showed no significant differenr=s .ntil the last two decadcs, power
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Figure V.45, A composite strength score (kg) for the arm and shoulder muscles is plotted
against age (yr) for the right side (A) and the left side {®). Values that would be expected if the
oldest subjects had weighed as much as younger subjects are shown for right side (2) and left side
(0).

From Shock and Norris (1970).
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Figure V.46. Maximum work rate (power output) (kgM/min) is shown for 4 cranking rates
for each of 7 age-decade groups. Values that would be expected if the oldest subjects had weighed
as much as fHe younger subjects are shown for the 2 lowest cranking rates (X).
From Shock and Norris (1970).
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output showed significant differences as early as the fifth decade. The largest
difference, 45% among 80-year-olds, was reduced to 30% when allowance was made
for lower body weight (Fig. 46). Since the older subjects were highly motivated to
achieve maximal results and the duration of the cranking exercise was too brief to
manifest any cardiovascular or pulmonary limitations, the most likely cause of their
power-output deficir. was judged to be reduced coordination ability.

2. Cognitive Functions

Learning and Memory

Age differences in verbal learning. Although several studies have indicated that
performance in verbal learning declines with age, it was not until the 1950s that the
rate of presentation, or pace, of verbal information was evaluated as an independent
variablé. Since some errors in paced trials may be due to insufficient time to respond,
rather than to failure to learn, direct resolution of the learning-performance problem
requires measures of errors that are not attributable to pace. To provide such measures,
a study of age differences in paired-associate lcarning (Arenberg, 1965) included self-
paced trials (without feedback) alternated witl: paced trials. In addition, the anticipa-
tion interval (the time allowed for response) was independent of the inspection
interval. In this way, differences betweer pace groups would not be attributable to
variations in the time allowed to view-the material to be learned. It was hypothesized
that the old subjects would make more errors than the young, that age difference
would be greater at the faster than at the slower pace, and that the pattern of self-paced
errors would be similar to the pattern of paced errors despite the fact that each subject
could take as much time as he needed to respond.

In Study I the subjects were 64 men participating in the BLSA. Participants were
randomly assigned to the fast or slow pace; 32 men were 29-40 and 32 were 63-77
years old. On each trial the eight items were presented in one of five orders. The
stimulus component of each item consisted of two consonants; the response component
was a fomiliar two-syllable adjective. The material was presented by means of a card-
changing instrument equipped with variable control of the shutters. The anticip-tion
interval, during which the two consonants were exposed, was 1.9 seconds for the fast
pace and J.7 seconds for the sle# pace. For both pace groups the inspection interval,
during which consonants were exposed together with the word, was 1.9 seconds. The
interval between the displays of items was 1.8 seconds for both groups. The procedure
continued until one errorless trial or 52 trials occurred.

Although the mean number of errors during the fast-pace test was substantially
greater in old than in young subjects (Fig. 47), it was impossible to judge whether the
older subjects had difficulty in learning at that pace or had learned the material but
could not respond in the short anticipation interval. Study II was designed to determine
which explanation was correct.

Subjects in Study " t.ere unemployed men, not members of the BLSA, with at
least a sixth-grade education, who were seeking work at a state employment agency.
Sixty-four men with raw scores of at least 20 on the WAIS Vocabulary test were
recruited. The age ranges were 18 to 21 years for the young group and 60 to 77 years
for the old. Subjects were randomly assigned to the fast or slow pace to provide 16
subjects in eac’ of four age-pace groups. The eight-item list was reduced to six items.

1&0
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To provide measures of errors not attributable to insufficient time to respond, self-
paced test trials were alternated with paced acquisition trials for each subject. Timing of
the paced trials was the same as in Study 1. As with the better-educated subjects of
Study I, the older group showed a significantly greater frequency of errors in the paced
trials. Older subjects also committed more errors in self-paced triais, an indication that
their poorer performance was due to a learning deficit rather than to an inability to
respond quickly.

In another study (Arenberg, 1967b), men in the BLSA whose age range was 20 to
87 years were given a paired-associate learning task (335 men) and a serial learning
task (322 men). The card-changing instrument and the eight-item list of the previous
study were used for the paired-associate learning task; the anticipation, inspection, and
between-item intervals were the same a5 before. The instrument was ~lso used, with
different time intervals, for the serial learning task, in which 12 familiar five-letter
words were shown to each subject in a fixed order.

Polynomial regression analysis elicited linear components at both long and short
anticipation intervals, buc quadratic components only at the short interval. The
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Figure V.47. Mean errors for all 4 age-pace groups plotted over the first 20 trials.
From £ ~enberg (1965).
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quadratic component indicated that the magnitude of age differences ii..reased with
age. It is possible that each passing year results in a larger decre’.eat than the
preceding one in an indi [iduat’s performance; it is also possible that some threshold
level of furctioning of the underlying mechanisms must be reached, or some event
"must occur, in order to produce a performance impairment, and that the impairments
are greater as age increases. The is ue can be resolved only by lorgitudinal
measurements.

Age differences in retroaction. “*Retroaction” refers to the effect of an internclated
task on the recall or relearning of previously learned material. Two previous studies of
age and retroaction had produced contradictory results. Gladis and Braun (1958), who
used long antncnpatlon intervals, found no age differences in retroaction, while Wimer
and Wigdor (1958), who used short intervals, found that old subjects were affected
more thar young by the interpolated activity. A BLSA study (Arenberg, 1967a) used
two anticipation intervals in a paired-associate learning task to test the possibility that
the contradictions were due to the use of very different anticipation intervals. It was
kypotiiesized that an age difference in retroaction would be found at the short
anti. n~zion interval but that no age difference, or a small one, would be found at the
lone iizerval.

The subjects were 24 young (age range = 30-39 yr) .nd 24 old (age range =
62-77 yr) BLSA participants. The men were randomly assigned to the short (1.9 sec)
or long (3.7 sec) anticipation interval. Approximately two minutes elapsed between
original learning and interpolated learning and between interpolated learning and
relearning. An age differewnce i.1 relearning was found at the short but not at the long
anticipation interval. The rcsults werz thus in essential agreement with the earlier
studies: Some part of the difference in those findings was apparently due to a difference
in the anticipation interval.

Age differences in memory and decision performance. A study ..as conducted to assess the
magnitude and pattern of age differences in experimental laboratory measures of
cognitive and psychomotor performance (Robertson-Tchabo and Arenberg, 1976).
Performance measurer for a wide variety of cognitive laboratory tasks, mostly memory
and decision tasks, were factor-analyzed. The sample consisted of 96 healthy BLSA men
whose age range was 20 to 80 years. The factors were identified as speed of
information processing, secondary memory, attention, and primary processing efficien-
cy. All factor scores were correlated with age, better performance being associated with
lower age. Attention was four:d to have the highest, primary processing the lowest
correlation with age. The sample was divided into sul:samples of 32 young (20-3¢ yr),
32 middle-aged (40-59 yr), and 32 old (60-80 yr) subjects, and each subsample was
factor-analyzed separately to determine whether the factor structure was similar for all
age groups. Evidence was found of factor-structure invariance with adult age; all four
factors in the primary analysis were identifiable in each age subsample. The findings are
consistent with a model of continual cognitive decline . th age in healthy, educated
adult males. The decline seems to be quantitative rather than structural in nature: Age
appears to function as a scalar affecting the magnitude of a factor score.

Equivalence of Information in Concept Identification
A new method was designed at the GRC to provide equivaient amounts of
information for logically equivalent selections in concept identification when subjects
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select instances (Arenberg, 1970). An “‘instance” s an item or stimulus configuration
in a concept-identification task. A positive instance exemplifies the concept, that is, it
includes the defining attributes of the concept; a negative instance does not exemplify
the concept. Equivalence is maintained between comparable conjunctive and disjunc-
tive problems as wzll as within a particular type of problem. The equivalence-of-
information method permits the amount of information gained to be used to measure
performance for each selection. The non-equivalence of available information, which
usually results when subjects select instances, is avoided by this method. Data from an
experiment in which the method was used suggest that the amount of initial
information pt.vided merits investigation as a variable. Moreover, pooling the results
of concept problems with high and low initial information may obscure important
group differences.

3. Daydreaming

Age differences in daydreaming A BLSA study ot daydreaming across the adult age
span (Giambra, 1974) investigated the frequency, content, temporal setting, and
precipitating instances of daydreaming. Daydreams were defined as spontaneous
thoughts, unrelated to the task at hand, that intrude into the person’s awareness.

Six age groups of BLSA participants were studied: 24-34 (n = 20). 3544 (n =
13), 45-54 (n = 31), 55-64 (n = 46), 65-74 (n = 28), and 75-91 years (n = 26). In
addition, a young group of college students 17 to 23 years old (n = 214} were
recruited. The Imaginal Processes Inv tory (IPI), a 28-scale questionnaire, was used
r0 measure aspects of daydreaming and related activity. Linear declines with age were
found in daydreaming frequency; absorption in daydrzaming; imagery and vividness in
daydreams; and daydreams about sex, bizarre and improbable events, achievement,
hostility, heroism, fear of failure, and guilt. No decline was found in acceptance of
daydreams, impersonal and interpersonal curiosity, mentation rate, past and present
temporal setting in daydreams, or daydreams involving problem solving. Except in the
youngest group, in which sexual daydrezms predominated, problem-solving daydreams
were predominant at every age. ‘There was no concentration on daydreains about the
vast in any age group, including the oldest.

The study was later replicated (Giambra, 1977-78). The characteristics of
daydreaming obtained in the original sample were also found in the replication, which
thus supported the earlier findings. Combination of the original and replication samples
allowed a closer analysis and provided tentative norms for the populations sampled.
Two of the more salieat findings were that daydreaming did not increase in the oldest
ages, and that among BLSA men at any age daydreaming did not concentrate on the
weird, outlandish, or improbable.

Daydreaming about the past. The common belief that old people spend much time
deydreaming about the past is contradicted by a BLSA s: :dy of the past, present, and
future settings of the daydreams of 1100 men and women aged 17 to 92 years
(Giambra, 1977a). Using the three scales of the IPI that measure past, present, and
future orienrations, the study founc o correlation between age and daydreaming
about the past. Furthermore, temporal orientations were, with few exceptions, nearly
the same in all age gioups.

The relation betweer daydreaming and temperament. Reviews of studies in college
students by other ipvestigators have shown a connection between daydreaming
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characteristics and such measures of 'emperament as thoughtfulness, objectivity,
masculinity, and emotional stability. Since Giambra (1974, 1977-78) had demonstrat-
ed that certain daydreaming characteristics in males are related to age, another BLSA
investigation was conducted to determine how age may alter the relation (Giambra,
1977b).

The sample cons:sted of 170 males in six age groups: 24-34 (n =17), 3544 (n =
16), 45-54 (n = 28), 55-64 (n = 45), 65-74 (n = 36), and 75-91 years (n = 28).
Aspects of daydreaming and related imaginal processes were determined -by the IPI.
Temperament traits were measured by scales from the Guilford-Zimmerman Tempera-
raent Survey (GZTS). A factor-analytic approach was used. Only one daydreaming-
temperament factor—'‘neurotic-anxious absorption in daydreaming’’—was age-related,
and -the relation was negative, older individuals had lower scores. Subsequent
longitudinal analyses (see Chapter VI) demonstrate that this cross-sectional difference
does not represent age change.

Sex differences in daydreaming. A study was subsequently undertaken to examine the
daydreaming characteristics of a comparable sample of + ‘men of varying age
(Giambra, 1979-80).

A total of 773 women (not drawn from the BLSA population) were divided into
12 age groups ranging from 17 to 92 years. The men were the sample from the BLSA
used by Giambra (1977-78). The women were of the middle and upper-middle
classes. Aspects of daydreaming and related mental activity were determined by the
IPI. The frequencies of daydreaming about all subjects except problem solving
decreased wih age. Females reported higher frequencies than males of daydreaming
and nightdreaming, as well as more problem-solving dreams. Females also reported
lower frequencies of sexual, bizarre-improbable, heroic, and achievement-oriented
daydreams. Most sex differences persisted over the life span, and the male-female
difference in sexual daydreams increased with age. Except for sexual daydreams in
males 17 to 29 years of age, daydreams in both sexes were primarily concerned with
problem solving, which remained at a high level across the life span. After age 40,
achievement-oriented daydreams were more frequent in females than in males. Females
at all ages when contrasted with males reported more interpersoral curiosity. M..les
reported more curiosity than did females about things. An unexpected finding was that
males were curious about things and people to the same degree. The results were
interpreted as supporting the assumption that daydreaming is a way of dealing with
current concerns or of solving r-oblems.

Sexual daydreams and age. Retrospective reports of male sexual daydreaming and
their relation to three behavioral aspects of sexual vigor were analyzed over the adult
life span (Giambra and Martin, 1977). The three characteristics were frequency of
coiias during the early years of marriage, number of partners before, during, and after
marriage, and amuunt of sexual activity between 20 and 40 years of age. A total of 277
men from 24 to 91 vears of age participated. The men were divided intc siv age
groups: 24-34 (n = 23), 35-44 (n = 27), 45-54 (n = 56), 55-64 (n = 83" 53-74 (n
= 48), and 75-91 years (n = 40).

Sexual daydreams declined in frequency and intensity with age and virtually
disappeared after age 65. For men aged 24 to G4 years, scores on the ser 1l
daydreaming scale of the IPI correlated with each of the three characteristics of sexual
vigor. Men who had more frequent sexual daydreams tended to be more sexually

active. 1 8 ‘.i
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4. The Marital and Sexual History

In an introductory paper, in which the methods used in interviews to obtain
raarital and sexual information were described in detail, 603 BLSA men aged 20 to 79
were divided into age groups for a variety of comparisons with age (Martin, 1975).
Across age groups numerous gradients were in evidence, some of which reflected the
past experiences of different cohorts while othets were accounted for by the effects of
age.

The.influence of birth cohort was apparent in the fact that, with increasing age at
interview, proportionately more subjects reported early farm residence, late ages at
onset of ‘initial petting, coitus, and marriage, coital abstinence before marriage, and
coital experience confined to a single partner. An aging effect was found in the
gradients observed for a number of other variables: a history of marital dissolution and
zemarriage, thé loss of erotic reactions to certain visual stimuli, an increase in the length
of time during which abstention from sexual activity failed to produce discomfort, a
reduction in kind and frequency of sexual expression, and recurrent erectile failure.
The proportion of subjects who esponded affirmatively when asked if they might want
a restoration of sexual vigor, if this were possible, proved surprisingly small (33%) and
showed no consistent trend with age. In view of the importance males ire generally
believed to place on sexual activity, it had been anticipated that with advancing age the
prospect of renewed sexual vigor would have an increasing appeal.

Age, marital status, potency, and physical and emotional health are known 1o af“ect
the frequency with which males engage in sexual activity. It is unclear, howeve:, why
males of similar age vary widely in frequency of sexual expression and why male sexuai
vigor declines with age.. An analysis of the data obtained from 628 respondents was
undertaken in an effort to 1dentify correlates of sexual frequeincy while holding age
constant (Mzrtin, 1977). The hypothesis was that such correlates might identify factors
or mechanisms that contribute to the loss of sexual vigor that sometimes accompanies
aging.

Respondents were divided into five-year age groups, ranging fr ym 25-29 years to
80-84 years at report. Mean and median weekly frequencies of coiwal and total sexual
activity were computed from the frequencies reported for the five-year interval
immediately preceding interview, Mean frequencies of total activity showed a slight
increase from 20 to 34 years of age, but then declined steadily until age 65. The lack of
a further decrement from age 65 to 79 was attributed to the above-average health of
the older subjects. Coitus comprised an mcreasmg proportion of total activity .0 age 34
and thereafter constituted 80% to 90% o total sexual activity.

A number of subjectively evaluated variables, most derived from the interview,
proved unrelated to level of sexuval activity irrespective of age. These included subject’s
religiosity, parental religiosity, economic status of the parental home, interpersonal
relations within the parental home, number of times intoxicated, amount of physical
activity, and health complaints on the Corr.:ll Medical Index. Age ar marriage was also
i.dependent of sexual frequency. However, total sexual frequencies at ages 20 to 39
were found to be significantly related to age at first coitus, number of coital partners,
and maximum number of coital events reported for any single week of marriage, none
of which appeared as correlates of total sexual frequency at older ages. On the other
hand, the amount of sexual activity reported as having occurred butween 20 and 39
years of age proved to be higl.ly related to current rates of total sexual activity for all
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age groups past 40 years. Respondents had thus tended to maintain relatively high or
low rates of total activity over st of their lives.

Physical and physiological variables that were found to be independent of current
levels of activity at all ages included height, weight, lean body weight, percentage of
body fat, size of prostate, hematocrit, hemoglobin, triglyce-ides, creatinine excretion,
basal pulse rate, basal systolic and diastolic pressures, vital capacity, and forced

expiratory volume at one second. Four variables appeared, however, as < gnificant
correlates of frequency of sexual activity at ages 65 to 79: chest circumiterence,
maximum breathing capacity, and basal oxygen consumption as positive correlates, and
séfum cholesterol as a negative correlate. The small magnitude of the correlations, on
tire other hand, supporied the ¢~ -lusion that in persons of reasonably good health
physical fitness is of .nor importance to the maintenance of sexual vigor. R

The problem addressed in a more recent paper (Martin, 1981) was to determine
why some olde:-men are more or less sexually active than others of comparable age.
The study of 188 respondents 60 to 79 years of age provided a number of insights into
the nature of male sexuality and scrved to generate several hypotheses concerning the
fr-tors that sustain sexual motivation in the later years of life.

. Data analysis was limited to respondents who had been married throughout the
year preceding the interview, Subjecis were stratified into rive-year age groups before
being subdivided into categories of sexually least active (n = 63), moderately active (n
= 63), an2 most active (n = 62), according to the quantity of sexual activity reported
for the year prior to intern_2w. Comparisons between least active and most active
subjects revealed no important differences in occupational status, education, age at
marriage, times marzied, number of years married before age 60, age of wife, or
current marital adjustment. Nor were significant differences found between these
groups in age at first coitus, number of coital partners, attitudes concerning coital and
masturbatory activity, or perceived sexual zttractiveness of wives.

Other variables, however, emerged as significant correlates. All four measures
descriptive of past levels of sexual activity proved to be highly related 1o current levels
of activity. This finding is consistent with the hypothesis that individual differences in
level of sexual activity before middle age tend to be maintained past middle age, and
that the persistence of these differences into old age accounts for a large portion of the
variation observed in current frequencies.

An important conclusion from these findings is that men who were most sexually
active in their 70s had also been highly active s~xually in their 20s. The tehavioral
continuity is similar to the continuity of major personality dispositions.

The study also investigated sexual potency. Of the 88 men classified as less than

! fully potent at report, only 10% stated that they had sought medical advice for their
condition, although none complained of fear of failure or of being unable to live uL to
some desirable standard of s *xual performance. Moreover, questions about marriage
anc . -xual experience, episodes of acute anxi y, and instances of resort t professional
help for pers nal or sexual problems consistently failed to reveal evider e of the kinds
of marital conflict, personal grievances, or expressions of dissatisfaction one would :
expect to find were emotional factors of critica! importance fc - lack of potency. The

vast majority of respondents appeared to be functioning atal-  com—~nsurate with

thieir feelings of desi.e; because few were lacking in other resources 1or maintaining

self-esteem, their condition failed to produce the emotional trauma that is often
] encountered in clinical practice.
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5. Activities and Attitudes

A study was undertaken to measure the activities and attitudes of BLSA
participants in order to “ompare the distributions of scores at different ages (Stone and
Norris, 1966). The subjects were 463 men aged 20 to 99 years, 151 of whom were
over 60. The Chicago Activity and attitude Inventories of Burgess, Cavan, ad
Havighurst (Cavan et al., 1949) were administered to each participant. The scale is
made up of three parts: background, including general information about the
participam and his earlier life, an activity inventory, and an auitude inventory. The
activity inventory, administered to all 463 men, contains five groups of statements
dealing with leisure-time activities, religious activities, intimate contacts, security, and
health. The attitude inventory, administered to 450 of the men, deals with the personal
aspects of adjustment a.d contains eight groups of statements dealing with health,
friends, family, work, happiress, economic security, religion, and feelings of usefulness.

No significant relatiofis between activity or attitude scores and chronological age
were found. In contrast with a previous study by other i mvestngators (Mason, 1954) the
older men in this group reported as much participation in and satisfaction with activities
and relationships as the younger men. The contrasting findings were explained on the
basis of differences in the study populations. The earlier study had compared a group of
low-income institutionalized sabjects, whose mean age was 74.2 years, with a group of
high-income non-institutionalized subjects whose mean age was 70.2 years and a group
of low-income non-institutionalized subjects whose mean age was 39.5; it found
impressive differences in atritudes associated with age. In the BLSA study, the subjects
were volunteers, were generally very well educated, and were working in or retired
from high-level occupations. Most of the BLSA participants who have retired continue
in activities that enhance their self esteem and allow them to feel rhat they are useful
members of society. It is thus likely that the homogeneity of activity and attitude scores
across age groups in the BLSA sample is a result of other similarities between the old
~nd young patticipants.

6. Coping with Stressful Events

In a cross-sectional study of mechanisms used to cope with stressful life events
(McCrae, 1982a), subjects from the Augmented BLSA Sample (pardcipants plus their
spouses) were administered questionnaires to measure coping behaviors and styles. A
total of 255 men and women completed a Coping Questionnaire, and 150 completed a
Coping Self-Interview. The Coping Questionnaire required subjects to indicate which
of 118 ways of coping they had used in response to a recent life event selected by the
investigator. The items were taken from the Lazarus **Ways of Coping’ scale, together
with fifty new items developed from a review of the literature. In addition, subjects
indicated which ways of coping had been most helpful in their solutions of the problem
and in making them feel better. The Coping Self-Interview required subjects to select
three recent events—a challenge, a threat, and a loss—and to indicate which of 50 ways
of coping they had used for each; whether the method had helped them sclve the
problem; and whether it had made them feel better.

Factor analysis of the 118 items in the Coping Questionnair. led to the
identification of 28 coping mechanisms. Analysis of one step at a time found that
restraint, rational action, expression of feelings, and positive thinking w :. the
mechanisms most frequently used, ..nereas self-blame, intellectua! denial, passivity,
sedation, and hostile reaction were lzast frequently used. Although nearly half the
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mechanisms showed age differences in response to a recent life event, the kinds of
events old people typically faced were systematically differcnt from those young people
faced; older men and women were more likely to have experienced a threatening
event, younger individuals a challenge. The differences in type of stress were strongly
related to the choice of coping strategy.

When statistical controls for type of eventwere used, eight mechanisms showed
age differences. In order to replicate these findings, analyses of the Copiry, Self-
Interview treated age and type of event as independent. Two of the eignu ag»
difference.s found on the Coping Questionnaire were replicated on the Coping Self-
Interview: Older people (50-64 and 65-89 yr) were less likely than younger ones
(21-49 yr) to use hostile reaction and escapist fantasy. These cross-sectional differences
tend to support the work of Vailiant and to contradict the notion that older individuals
are prone to the use of primitive and immature defenses. In addition, the many age
differences related to the type of event testify to the fact that older individuals are able
to adapt their coping behavior to the changing situational demands of their stage in the
life span. Older men and women do not rigidly maintain habits of coping that, although
appropriate in youth, have outlived their usefulness. Instead, as stresses change, so do
coping responses. This finding was replicated in the second study, where non-
significant age-by-type-of-event interactions indicated that older people showed the
same differentiated and flexible responsiveness as younger ones to different types of

stress.
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cHAPTER VI

Longitudinal Studies of Aging
INTRODUCTION

There is not much evidence to support the concept of a general “aging process”
that controls both physiological and psycholegical aspects of aging in an individual. It
seems probable that aging, at least as we know it in humans, is rather the result of the
interplay of many spccific characteristics than a single process that reguiates physiologi-
cal and psychological.functions. Aging is thus a highly individual phenomenon that can
be characterized only by repeated observations .a the same individual. This chapter
summarizes the result. of the Baltimore Longitudinal Study of Aging (BLSA)
longitudinal analyses that have been completed and, in most instances, published. It
must be looked upon as a progress report illustrating some of the firidings about aging
that have stemmed from longitudinal analysis.

Very few subjects have been followed over the full 25 years’ existence of the
BLSA, since new subjects have been added rontinually. Long periods of observation
have, for example, produced five or more observation points on some variables for 667
subjects. Nevertheless, because of high variability of many of the measurements in
different subjects, some longitudinal analyses have not yielded estimates of age trends
in individual subjects with a desirable degree of precision.

The studies that are based on longitudina! analysis fall into five categories, for each
of which a general summary has been prepared. The categories include a) studies that
illustrate different conceptual approaches; b) analysis of anthropometric data on body
size and composition; ¢) studies of physiological performance (basal metabolism,
kidney function, blood cholesterol, and cardiovascular performance); d) studies of
cognitive performance (vigilance, problem solving, learning, visual memory, the
relation of temperament to visuai' retention, and the relation of hypertension to
intellectual performance); and e) studies of personality characteristics (stability of
personality, adjustment to aging, somatic complaints and neuroticism, hypertension and
coronary disease in relation to personality, and personality and the life course).

Because of the many details that must be considered in longitudinal data analyses,
we have chosen to reproduce ' full all the publications from the Gerontology
Research Center (GRC) that have used longitudinal analysis (see Appendix).

CONCEPTUAL CONSIDERATIONS IN THE
IDENTIFICATION OF AGE CHANGES

By. their very natre, longitudinal assessments of individual ajje changes com-
mence with the acquisition of cross-sectional observations. Many of the studies reported
in this chapter have been reported as cross-sectional investigations in Chpter V.

As Chapter I has noted, inferences of age changes from cross-sectional duta fail to
take into account birth-cohort effects. An example of the false impression that may arise
from cross-sectional analysis of age differences is provided by our own experience with
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an assessment of the erfect of age on body height and weight. Changes in these
characteristics were examined in individual subjects over an interval of two to eight
years during whizh three to eight measurements were made (Shock, 1972). The linear
regression of height and weight on age was calculated for each subject on whom at least
three measurements were available. Mean values for the slope of the individual
regressions of height and weight on age were calculated for each subject within each
age decade.

The average age decrement in body height, based on individually determined
slopes, was similar to that derived by cross-sectional aualysis. The results of cross-
sectional analvsis of body weight, however, differed from those based on longitudinal
analysis of observations made on individual subjects. Cross-sectional analysis suggested
a gradual decrement in body weight beginning with the 25-34 age group and
continuing to age 80. Longitudinal analysis, on the other ha.d, demonstrated that, on
the average, subjects 50 years of age or younger were gaining weight, while subjects
55 years and older were losing.

Early attempt to achieve an accurate longitudinal characterization of an individu-
al's change in performance proved premature, since estimates of regressions on age
based on only three observation points were highly varial le and unreliable. Further-
more, practice or first-visit effects in some of the physiological variables greatly
distorted the regressions on age when these first observations were included. For
example, although three sessions were given to each subject in order to train him in
performing the maximum breathing test (Norris et al.,, 1964), average values obrained
on the second visit, 12 to 24 months after the first, were systematically higher than first-
visit values, despite the fact that the average values fell with age and that values
obtained on the third and subsequent visits decreased progressively. If the low initial
value was used in the calculation of the age-regression coefficient, the resultant slopes
did not accurately portray the changes in performance. None of the other pulmonary-
function tests showed this practice effect.

The design of a longitudinal study requires the calculation or estimation of a
number of statistical variables for each test. An extensive series of measurements of a
variable serves 4s a data bank that can be used for determination of the sample size, the
number of tests, the intervals between tests, and thus the total duration, required to
characterize an individual's age chauges in that variable with a specified reliability
(Schlesselman, 1973a,b). These calcul tons require preliminary data to provide an
estimate, based on cross-sectional data, of the average regression of the variable on age
and of the total variance shown by the variable over the adult age span.

Schlesselman developed formulae and tables offering various combinations of
study duration and number of measurements that yield the calculated value of
“omega,’’ a statistic calculated for each variable from estimated values of the slope of its
regression on age, the standard error of estimate, and the selected degree of confidence
in the computed individual slopes. For example, for an omega value of 0.20, three tests
of kidney function distributed over a seven-year perio! * rovide as precise an estimate
of the slope of individual age regressions as 30 observauons made in three years. For a
study of fixed duration, it is thus possible to estahlish the precision of the determination
of the age regression .aat follows specified numbers of testings.

The longitudinal study of renai function (Rowe et al., 1976b) was based on the
calculation of the regression of creatinine clearance on age in individual subjects.
Although the arerage values for the individual slopes agreed surprisingly well with the
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avcrage repression on age bas. . cross-sectional data, the study concluded that in
order to characterize accurately the rate of age changes in creatinine clearance in
individuals, serial observations over a period of at least 18 years may be required.

The study by V.K. Elabi et al. (1983), based on seven-day dietary diaries, illustrates
the attempt to separate the effects of period and birth cohort from those of age. The
nutrients considered were calories, protein, carbohydrate, fat, saturated fatty acids
(SFA), polyunsaturated fatcy acids (PFA), and cholestero). Cf the 12 indices derived
from these variables, only three failed to show age effects: the percentage of calories
derived from protein, intake¢ of PFA, and P/S rato. With the exception of
carbohydrate, which rose, the intake of all of these nutrients declined with age. Birth-
cohort effects were observed for none.

That period effects were also present over the duration of the study (1961-1975)
was indicated by the systematic decrease in the absolute level of all the nuttients with
the exception of PFA, which increased. The latgest and most consistent period effects
were an increase in the ratio of PFA to SFA and a decrease in cholesterol intake.

Douglas and Arenberg (1978) also attempted to separate age changes from cohort
and period differences exhibited in responses to the Guilford-Zimmerman Tempera.
ment Survey (GZTS). Three hundred thirty-six subjects were measured on two
occasions separated by an interval of seven years. To make passible cross-sequential and
time-sequential compatisons, another 310 subjects were also tested for the first time
when the original group were retested. The longitudinal analysis showed a significant
age decline in Masculinizy scores at all ages. The magnitude of the change increased
with age. In contrast, General Activity scores declined only after age 50. Other scales
(Thoughtfulness, Personal Relations, and Friendliness) showed declines from the first
to the second administrations, but the magnitude of the change was not systematically
related to age. The declines in General Activity and in Masculinity appeared to be age
changes; the declines in Thoughtfulness and Personal Relations appeared to be related
to changes specific to the period spanned by the two times of meascrement as indicated
by the differences within age groups in the time-sequential analysis; and the declines in
Friendliness appeared to be attributable to period drift over a long time. In addition,
later-born cohorts were lower in Restraint and higher in Ascendance than early-born
cohorts.

Arenbery (1982a4) devised a modification of the sequential strategies to explore
further non-aging effzcts suggested by previous analyses of the Benton Visual
Retention Test. Regression analysis, in which calendar time is a continuous variabie,
was used in an attempt to assess the magnitude of a period effect and to determine
whether that effect could account for the within-cohort declines in petformance. In
four of the five oldest birth cohorts, declines were too large to be accounted for by the
small period effects found for all age groups. Some portion of those declines was thus
interpreted as representing the effect of aging.

BODY SIZE AND CCMPOSITION

1. Far Redistribution and Changing Body Dimensions

Cross-sectional population studies, as well as casual observation, indicate that the
size, shape, and proportions of the human body change throughout adult life. Although
all major tissues of the body change considerably with age, the changes in external size
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and body proportions occur because of changes in the relations am.ong fat, lean tissue,
and bone. The effect is most clearly evident in age-changes i1. subcutaneous fat
distribution.

In a stdy that used beth longitudinal and cross-sectinnal analysis, Borkan and
Norris (1977) measured changes in subcutancous fat distribution in relation to changes
in other body compartments. The investigators compared various diameters and
subcutancous fat thickness to determine the role of fat, in relation to lean tissue and
bone, in altering external dimensions.

The study population consisted of 699 BLSA participants aged 20 t0 92 years. A
total of 971 soft-tissue radiographs of these individuals, taken between 1958 and 1973,
was available for analysis. Each radiograph cortains views of seven body sites on the
trunk and limbs. Because radiographic differentiation between skin and fat is difficult,
measurements designated ““fat” customarily include skin. A precision caliper was used
to measure fat on radiographs of tae trunk (at bony landmarks such as the top of the
greater trochanter) and of the calf and forearm .at the widest parts). Reproducibility
was tested by remeasuring a sample of 20 films; the average correlatio. between the
paired measurements over the various sites was 0.95.

Other data used included body circnmferences at sites coszesponding to each
radiographic fat measurement, height, weight, age, and biochenically assessed
extracellular water and total body water. Values for extracellufar and total bedy water
were used to calculate the percentage of body fat. Total body water aud extracellular
water wore assessed from the dilution curves for the distribution of standard
intravenous doses of antipyrine and sodium tnincyanate. Extracellular water was
subtracted from total body water to derive au esimate of intracellular water in the
body.

Two separate dawa sets, one cross-sectional and one longitudinal, were used in the
analysis. The cross-sectional sample, consisting of first-visit data for 699 individuals,
was divided into ten-year age groups between the ages of 25 and 84. The longitudina!
sample consiczzd of the first two of three radiographs of 234 participants (average
interval between first and second films was 6.8 yr). Increments per year were calculated
tor all variables for each individual in the longitudin. ~ sample. Each individual was
placed in one of the ten-ycar categories of the cross-sectional sample based on his
average age between the two test visits. Since third and fourth radiographs were
available for very few individuals, they were not included in the longitudinal analysis.

Cross-sectional analysis showed that average values for both height and weight
decline steadily after age 30. Total body water as a percentage of body - _'ght declines
in younger adults but becomes constant after age 55. Although the proportion of fat in
relation to body weight increases wikh age, the calculated weight of fat changes little
through the adult life span. The conclusion that the decline in body weight with age is
due to loss of fat-free tissue is further supported by an age-dependent decline in
percentage of intracellular water. The data on various body sites also gave evidence of
a decline in farfree tissue with age. Fatthickness measurements of the trunk,
particularly at the ilium and lower thorax, had the highest correlations with body
weight. The marked reduc.an in forearm dian.eter after age 60 is due not to changes
in fat thickness but to a loss of muscle tissue (Fig. V.5).

Longitudinal analysis showed weight increments in the three youngest age groups
(25-34, 3544, and 45-54 yr) a~ ~ ‘screments between the ages of 55 and 74. The
oldest individuals showed 2 ~&d increase in weight, possibly as a result of
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differential survival that results in unusually good health in very old individuals.
Height decrements accelerated with age Among measures of lean tissue, calculated fat-
free weight declined in all age groups except the oldest. Body-fat increments, which
were highly positive in the first age group, decreased with age, and the oldest group
showed a marked decline. IXecrements were observed in measures of arm and calf fat in
all age groups. In the middle trunk, fat lat:ral to the lowest rib showed a decline
through adulthood. In contrast to the cross-sectional data, which showed intervals of
increase and decrease in fat lateral to the anterior-superior iliac spine, longitudinal data
showed positive increments in the groups for which sufficient data were available (all
groups except the youngest and the oldest). There were too few measurements at the
greater trochanter to allow calculation of change.

The longitudinal data reveal that sites in close anatomical proximity behave
differently during adulthood. While fat in the extremities remains relatively stable in
the cross-sectional data, the longitudinal data show that it declines through adulthood,
the middle trunk undergoing a net loss and the lower trunk a gain in fat. This shows
that subcutaneous fat is in a dynamic state throughout adult life. The change is most
striking in the longitudinal data, which show that subcutaneous fat in some sites may
actually decline during the years in which overall body weight and fat increase.

These findings suggest that, at least during old age, when all subcutaneous fat in
most sites is either declining or unchanged in thickness, total fat remains the same. The
implication is that internal fat is accumulating while subcutaneous fat is decreasing with

aging.

2. Height and Weight

Studies of the loss of height and weight with age have been described above,
under “‘Conceptual Considerations in the Identification of Age Changes.” It was found
that height showed a decrement with age, both in age groups and in individuals. On
the other hand, calculation of age regression of body weight in individual subjects
showed that for the decades 25-34, 35-44, and 45-54 the regressions on age were
positive even though the average regression calculated from cross-sectional data was
negative.

3. Juint Degeneration in Osteoarthritis of the Hand

Longitudinal anthropometric measurements based on radiographs were used by
Plato and Norris (19796) in their study of the rate of change in joint degeneration in
osteoarthritis of the hand. The authors studied 478 BLSA participants between 21 and
97 years old who were grouped in four categories according to their ages at the time of
their first x-ray. Group A incl.ded 107 individuals below the age of 40 (k age = 33.2
yr); group B 175 participants aged 40-54 (x age = 46.9 yr); group C 129 participants
aged 55-69 (x age = 61.8 yr); and group D 67 individuals who were x-rayed for the
first time when they were 70+ years old (x age = 74.1 yr).

The x-rays were graded according to published standards that recognize five
grades of severity of osteoarthritis (grades 0 and 1 are considered normal, grade 4
severe). Osteoarthritis in the distal and proximal interphalangeal joints was evaluated
separatel; by the DH, PH, and IH scoring system. The DH score represents the
highest osteoarthritic grade among the five distal interphalangeal joints, the PH score
the highest grade among the four proximal interphalangeal joints plus the metacarpo-
phalangeal joint of the thumb. The IH is the highest osteoarthritic grade observed in
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any of the interphalangeal or metacarpophalangeal joints of the hand. / radiographs
were evaluated by the same investigator to eliminare variability.

The results showed that joint degeneration from osteoarthritis is a relatively slow
prcess. The maximum rate of degeneration was seen in the distal interphalangeal
ju nts, where the average increase was about one grade per individual in the interval of
12 to 16 years between x-rays. The rate of degeneration in the proximal interphalan-
geal joints was much slower.

The progress of degeneration in distal interphalangeal joints of individuals
(longitudinally evaluated) was very similar to that seen in an earlier cross-sectional
study by the same authors (Plato and Norris, 1979a).

The rate of change in the osteoarthritic grade of individual hands agreed closely
with that of their distal interphalangeal joints. This further supports the conclusion of
the authors’ earlier cross-sectional study (Plato and Norris, 1979a) that what has been
referred to as an osteoarthritic grade of the hand of an individual may actually be the
high.st grade among the distal interphalangeal joints.

PHYSIOLOGICAL PERFORMANCE

1. Basal Metebolism

Basal metabolic rate (BMR) has traditionally been expressed in relation o body-
surface area, which is calculated from height and weight by a standard formula. The use
of body size as a reference, however, assumes that all tissues contribute equally to body
metabolism. In reality, adipose, bone, and connective tissues have very low oxygen
demands and contribute very little in comparison with other tissues to the bulk of the
whole-body basal oxygen consumption. Early in this century, “active tissue mass”—the
estimated weight of tissues actively consuming oxygen—was proposed as a more
suitable reference for the BMR, but the difficulty of measuring it accurately has made
the approach impractical.

A BLSA cross-sectional analysis of aging by Tzankoff and Norris (1977)
confirmed results reported by Shock et al. (1963) showing that age-related decrements
of whole-body basal oxygen consumption in adult men +vere largely attributable to
concurrent decrements in the mass of metabolically active (creatinine-producing)
skeletal muscle. The approach was advantageous in that it was not necessary to account
for either the deposition or the loss of fat, and the questionable reference to body size
was avoided. The authors later extended these findings in a longitudinal study of 355
BISA participants in whom five or more paired determinations of whole-body oxygen
consumption and muscle mass were obtained over a mean period of 10.7 years
(Tzankoff and Norris, 1978),

Nonmuscle oxygen demand and muscle oxygen demand in the basal state were
calculated from paired values of whole-body oxygen consumption and 24-hour
creatinine excretion by the method of Tzankoff and Norris (1977). Each subject’s data
were represented by a slope obtained by least-squares linear regression of each variable
on age. They were then grouped in age decades. The overall mean rate of change,
-0.82 ml O,/min per year, was similar to that calculated from cross-sectional data.
Mean slopes of whole-body oxygen consumption, summarized by age-decade groups,
were all negative, not very different from one another, and consistent with the cross-
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sectiopal trend. Nonmuscle oxygen consumption increased for the six ol- >r groups, in
contrast with the lack of a cross-sectional age effect in skeletal muscle.

Among these subjects, 48 had died shortly after their last measurements (X interval
= 1.9 yr), 46 of them from cancer or cardiovascular disease. As a group, the decedents
had had significantly higher mean slopes for nonmuscle oxygen requirement than the
average. In the absence of these diseases, muscle-mass decrement and the concomitant
de~rease in oxygen requirement accounted for age decrements in whole-body oxygen
requirement. In the subjects who died, however, the overall decline had been slowed
or even reversed by gradual increases in nonmuscle Oxygen requirement during nearly
the entire decade before death. These findings led the authors to qualify a conclusion
of the earlier cross-sectional study that loss of muscle mass is responsible for all the
decline in whole-body oxygen requirement with age. Men nearing terminal age were
similar o the survivors in that they lost skeletal muscle at comparable rates, but they
differed from the survivors in that their decline in muscle oxygen requirement was
offset by gradusl increases in nonmuscle oxygen requirement. The result was a lower
rate of decline in their whole-body oxygen consumption. In longitudinal studies that
include only two points, one early and one very late, this effect could be mistaken for a
slower rate of aging.

2. Renal Function

All participants in the BLS 4 studied between July 1, 1961, and June 30, 1971,
were included in a longitudinal and cross-sectional study of creatinine clearance (Rowe
et al, 1976b). More than 3300 creatinine ciearances were obtained in 884 volunteers
ranging in age from 17 through 96 yeass. On the basis of clinical examinations, subjects
were placed in categories indicating the presence of specific diseases or medications
that might alter the glomerular fiitration rate. Only subjects who were not in these
categories, a total of 548 individuals, were included in the data analysis.

Cross-sectional analysis showed a highly significant reduction in creatinine
clearance with advancing age in healthy subjects. The data when grouped by decades
suggested that creatinine clearance remained stable until age 34 and thereafter
declined, the rate of decline increasing with each decade after age 65. In the cross-
sectional analysis, however, this tendency tcward an increasing rate of decline in the
very old subjects proved not to be statistizally significant.

The longitudinal analysis consisted of the calculation of the regression of
creatinine clearance on age for each subject on whom five or more tests had been
completed. The means of the individual slopes in the lop=itudinal analysis were similar
to the mean differences in the cross-sectional analysis. Regression analysis of individual
slopes by age indicated a minimally significant acceleration in the rate of decline in
renal function with age after age 65. In view of the detailed screening of the subjects to
eliminate those who might possibly have suffered from overt or occult renal disease,
the authors concluded that the decrements represent true renal aging rather than the
development of renal disease.

Shock et al. (1979) analyzed the longitudinal data from 398 BLSA subjects, aged 25
to 100 years, who we.e tested for 24-hour creatinine clearance five or more times over
a period of ten years. They found that the correlation of individual regression slopes
with age was highly significant, i.e., the rate of fall in creatinine clearance increased
with age over the range of 25 o 90 years. Average slopes for 20-year age groups
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became increasingly negative, from —-0.26 ml/min-1.73 m? per year for the 20-39 age
group to -1.51 for subjects aged 80 to 100 years. This relation could not be
demonstrated from cross-sectional data.

Although the standard error of individual regression coefficients based on as few
as five measurements may be large, eight subjects were identified with stadstically
significant positive coefficients (i.e., their creatinine clearance improved with age).
Longitudinal observations can obviously identify individual subjects who deviate
markedly from the average pattern of age changes derived from cross-sectional data.

The same study yielded five or more observations on 59 subjects who died after
the age of 55. Mean values for creatinine clearance and individual regression slopes for
this group were compared with values based on a group of 106 subjects over the age of
55 who were still living after ten years. The mean ages of the two group. did not differ
significantly. Although examination of death certificates showed that renal disease was
not recorded as a cause of death for any of the 59 subjects, the individuals in this group
had exhibited lower creatinine clearances and faster rates of decline in clearance than
subjects of comparable age who were still alive.

The longitudinal observations illustrated clearly the individual differences that
exist in the rates of change of these variables. Some individuals follow the pattern
oredicted from cross-sectional analyses (i.e., a gradual fal! in clearance with age).
However, some of the normal subjects showed a pattern of increased creatinine
clearance with advancing age—at least to age 70. This is an important finding that bears
further longitudinal exploration.

3. Serum Cholesterol

A decline in cardiovascular mortality in the past decade has been noted by several
authors. The decline has coincided with pubiic-health efforts to control such risk factors
for coronary artery disease (CAD) as blood pressure, cigarewe smoking, physical-
activity levels, obesity, and serum cholesterol. Independent cross-sectional studies have
provided evidence that serum-cholesterol levels have been dropping in recent years,
and similar changes have been suggested by preliminary longitudinal studies. The trend
to lower cholesterol levels was confirmed in a detailed study by Hersheopf et al. (1982)
of longitudinal changes in serum-cholesterol levels in BLSA participants over a period
of 14 years.

Serum cholesterol, height, and weight are among the variables that have been
followed in the BLSA since its inception. In addition, dietary and exercise histories
have been maintained in subgroups of this well-characterized population. It was thus
possible to measure not only changes inn serum cholesterol but also the effects on
cholesterol levels of body weight, diet, and physical activity.

A woral of 1011 males ranging in age from 17 to 102 had 5127 cholesterol
determinations between 1958 and 1977. After data exclusions, 3088 cholesterol
determinations in 783 participants were available to determine changes over the 14-
year period from 1963 1o 1977. As a measure of obesity, v-~ight was corrected for
height by use of the body-mass index defined as weight in nidograms divided by the
square of the height in meters. Dietary intake was assessed from seven-day diaries kept
by each participant under the guidance of nutritionists. Estimates of physical activity
were obtained by interviews or questionnaires covering specific activities at home,
work, or recreation, as well as variations in activities such as trips and seasonal sports.
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Total daily energy expenditures were calculated for each subject by use of predeter-
mined values for each 2ctivity (McGandy et al., 1966).

In the analyses ¢ serum-cholesterol changes, the annual rate of change was
computed as the slope of the regression line for each subject with three or more data
points. In the analysis of secular change, each participant was represented by the mean
of available determinations within each period. Simple linear correlations and
regressions were used to assess the relation between individual performances.

Cross-sectional analysis revealed age differences in cholesterol data obtained
between 1971 and 1977. Higher cholesterol values were found with increasing age
from 25 to 64 years, but lower values were found in the 65-84-year-old group. When
the data were examined as successive cross-sectional studies, serum-cholesterol values
were fairly constant in the periods between 1964 and 1970 but dropped 6% in the
periods between 1970 and 1972. Since then there has been little change. Because of
the drop in serum cholesterol, the total span of the study was separated into two
overlapping periods, Fra 1 (1963 to 1971) and Era 2 (1969 to 1977). Within-age-
group differences in serum cholesterol between Era 1 and Era 2 were found in all age
decades studied.

Longitudinal analysis of serum cholesterol values obtained within Era 1 showed
that changes in cholesterol levels in individuals grouped by age followed the pattern
seen in the cross-sectional analysis, i.e., cholesterol increased in the younger adult years
and decreased in the later years. The drop in cholesterol levels between Era 1 and Era
2 seen in the comparisons within age groups was strikingly evident in the longitudinal
analysis as well.

A shift in methodology was ruled out as an explanation of the period change in
cholesterol values between Era 1 and Era 2, since re-analysis of stored frozen and
lyophilized samples yielded values parallel to the original ones. When the effects of
obesity, selected dietary constituents, and physical activity were examined as potential
explanations, serum-cholesterol levels were not significantly correlated with levels of
weight or body-mass index. Changes in weight, however, were significantly and
positively correlated with changes in serum cholesterol. The fact that the study
population did not as a whole experience a significant decline rules out weight changes
as a source of the period drop in cholesterol levels. There were no significant
correlations between the absolute value of any dietary variables examined and the
absolute level of serum cholesterol. Although there were small but significant changes
in most dietary constituents, only changes in caloric intake had significant positive
correlation with changes in serum cholesterol. The small overall change in caloric
intake, however, could explain less than 1 mg/dl of the average 11 mg/dl drop. There
was no overall change in physicai activity, and no significant correlations were found
between either the level of or the change in physical activity and the level of or the
change in serum cholesterol.

Since changes in fatness, caloric intake, and physical activity cannot fully explain
the change in cholesterol levels between Era 1 and Era 2, other factors that must be
involved should be examined in future studies.

4. Cardiovascular Function

Right-bundle branch block in apparently healthy men. Although the prevalence and
incidence of several electrocardiographic (ECG) abnormalities clearly increase with
age, the long-term prognostic implicatiuns are controversial primarily because the
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effects of aging and disease on the ECG have not been adequately separated. One such
ECG abnormality is right-bundle branch block (RBBB). Most of the studies examining
the long-term prognosis of this conduction defect are derived from hospital-based or
military populations, neither of which is representative of the general community. Men
from the BLSA provided a more reasonable population for such a study, and an age-
matched control population made possible the separation of aging and disease
precesses.

Resting 12-lead ECGs identified 24 men with RBBB who had shown no evidence
of cardiac disease on initial presentation. To determine their long-term cardiovascular
prognosis, they were compared (Fleg et al., 19834) with an age-matched control group;
mean age on presentation with RBBB was 63 years. No differences in the prevalence
of major coronary risk factors or obstructive lung disease were noted initially. Over the
8.4-year average follow-up period, the incidence of angina pectoris, myocardial
infarction, cardiomegaly, congestive heart failure, high-grade heart block, or cardiac
death did not differ between RBBB and control groups. Likewise, no differences in
cardiothoracic ratio, mean blood pressure, maximal aerobic performance, or maximal
exercise heart rate were found between groups on most recent examination. Left-axis
deviation, however, occurred more commonly in RBBB subjects (46% vs. 15%, p <
.01), and their mean resting heart rate was lower than that of controls. In addition, PR-
interval prolongation of 40 msec or more over time was more frequent in men with
RBBB than in controls (21% vs. 6%, p < .03). These findings suggest that RBBB in
clinically healthy me: is found primarily in older individuals and has no effect on long-
term cardiovascular morbidity or mortality. The frequent association of RBBB with
left-axis deviation, as well as the slower heart rate and the fact that the tendency for
prolongation of atrioventricular conductior. with time is greater in men with RBBB
than in controls, suggests a primary disorder of cardiac conduction in the former.

Longttudinal cardiopulmonary chest x-ray changes in normal men. The standard chest x-
ray is the most common radiographic procedure employed in medicine. Despite the
ubiquity of the examination, most of the information on radiographic changes seen
with advancing age has been derived ‘fom cross-sectional studies in populations not
carefully screened for the presence of cardiopulmonary disease.

To determine the changes attributable to the aging process, we evaluated
cardiovascular and pulmonary structures on two standard postero-anterior chest x-rays
taken at least ten years apart (X interval = 16.9 yr) in 67 carefully screened healthy men
(Ensor et al., 1983). Only normotensive individuals with negative maximal-exercise
ECGs and normal pulmonary-function tests were included in the survey.

The mean aortic knob diameter increased from 3.4 * 0.6 cm to 3.8 + 0.5 cm,
enlarging in 78% of subjects. Although mean cardiothoracic ratio (CTR) increased
from .405 £.04 to .427 + .04 overall, only 3% of men developed a CTR greater than
.50, and none exceeded .51. Pulmonary abnormalities on initial chest x-ray consisted
mainly of hyper-inflation (27%) and increased markings (19%), both of which
doubled in prevalence during follow-up. Kerley B lines and enlarged pulmonary
arteries, which were rare initially, increased four- to fivefold over time. Commonly
accepted x-ray criteria suggested chronic obstructive lung disease in 21% of the final
chest films, despite the absence of clinical or spirometric abnormalities. These data
provide a framework by which chest radiographic changes with age can be interpreted.
The most significant finding is that the frequently quoted value of .50 for the normal
upper limit of CTR remains valid even in advanced age.
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Cardiothoracic ratto. CTR—the ratio of the cardiac diameter (CD) to the thoracic
diameter (TD) as determined from x-ray measurements—has been used to assess heart
size. CTR values exceeding 50% have been regarded as evidence of abnormal
enlargement of the heart. Cross-sectional studies on other populations have reported
values exceeding 50% in 10% of older men and in 20% of older women. Although
these studies excluded individuals with overt heart disease, rigorous screening for the
presence of heart disease was not conducted.

The availability of standard six-foot postero-anterior chest x-rays on BLSA subjects
made it possible to examine the effect of age on this ratio (Potter et al., 1982). The study
used 1124 chest x-rays from 243 men, aged 20 to 95 years, who had been followed for
an average of 12.3 years (range of follow-up was 8 to 21 yr). Criteria for inclusion in
the study were a) three or more technically adequate x-rays; b) eight or more years
between first and last x-rays; ) age at time of last x-ray under 50 or over 60 years.
Measurements of CD and TD, which were made blind to subject age and date of x-ray,
were reproducible to 0.1 cm.

In the longitudinal analysis the rate of change in CD and TD was computed as the
slope of the age-regression line for each subject estimated from three or more data
points.

Cross-sectional analysis indicated a slight but significant rise in average values of
CD up to age 75, whereas TD showed no change between the ages of 32-50 and
60-69 years but fell after age 70. The ratio CD/TD increased progressively fr~m the
32-50-year group through the 80-95-year group.

Longitudinal analysis indicated that changes in CD, TD, and CTR in individuals
generally followed the pattern suggested by the cross-sectional analysis: increasing CD
and CTR after 50 years of age, and decreasing TD in the oldest groups.

Patients with diagnosed heart disease had higher values for CD and CD/TD ratio
at all ages, but TD did not differ significantly from values for the normal controls.

For each of the 49 deceased subjects a surviving subject was selected who had
been the same age at the time of first testing and whose cardiovascular status had been
the same. Comparisons of mean slopes of CD and CTR in deceased individuals with
those in survivors showed that individuals who had died with diagnosed heart disease
had had significantly higher slopes than survivors. However, individuals who died
without evidence of heart disease had slopes that did not differ from those of matched
SuUrvivors.

COGNITIVE PERFORMANCE

1, Vigilance

“Vigilance” refers to a central process or state reflecting the individual’s readiness
to respond to specific infrequent and unpredictable stimuli. The primary index of
vigilance is the proportion of the infrequent signals that is detected. The test consists of
detecting and reporting instances when the pointer attached to a large i'ank circular
clock face moves two intervals instead of the usual single interval. The full circle
includes 100 intervals. In the course of the one-hour test, 23 double jumps occur at
irregular intervals. A cross-sectional study (Surwillo and Quilter, 1964) showed that
fewer signals were detected by an old than by a young group. The study also showed
that middle-aged individuals had the fastest reaction time to infrequent signals,
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outperforming both old and young. The reduced proportion of stimuli detected and
the slower reaction times demonstrated by elderly subjects suggest a reduction in the
reactivity of the central nervous system late in life.

Thirty-three subjects from the original study were retested, by the same
procedures, after an interval of 18 years (Quilter et 4l., 1983). In addition to the cross-
sectional comparisons of the second-time data and the longitudinal analysis of change,
measures of men who were 51 to 69 years of age at the time of first testing were
compared with measures of men who had reached ages of 51 to 69 by the time of their
second testing.

The cross-sectional analysis of the number of double jumps that were detected
showed a significant age effect. Subjects 70 to 88 years old detected 58% of the double
stimuli, while 51-69-year-olds detected 71%.

A significant longitudinal effect occurred in those who were 70 to 88 years old in
1980-1981; they detected fewer targets (58%) than they had in 1962-1964, while
those 51 to 69 years old in 1980-1981 detected one percent more targets than in
1962-1964. Longitudinal analysis thus confirmed the cross-sectional findings that
young and middle-aged groups perform equally well on vigilance, while individuals
approaching the age of 70 show a decline.

The longitudinal results also showed that in 1980-1981 the 51-69-year-olds had
faster reaction times than 18 years previously, while the 70-88-year-olds were slower.
The faster reaction times in the middle-aged group confirm the original cross-sectional
study. It should be noted that the men who were 51 to 69 in 1980-1981 were similar
to the men 51 to 69 in 1962-1964 in both proportion of signals detected and reaction
time. Instead of increasing progressively over the entire age span, reaction time to
infrequent signals increases primarily after age 70.

The results of the combined cross-sectional and longitudinal analysis and
comparison support the conclusion that differences in vigilan.e, although they are not
manifest in performance until after the age of 70, are true aging effucts and are not due
to cohort differences.

" Z. Problem Solving

Few studies have measured changes in problem-solving performance with age.
Studies published before 1974 were cross-sectional. They stiuwed tha older adults had
substantial difficulty in solving logical problems, but that some tests, which measure the
ability to solve concept-type problems, did not consistently reveal differences between
young and old adults. Arenberg (1974) was the first to publish the results of a
longitudinal study of the effects of aging on problem-solving performance. The aims of
the study were to determine whether performance on logical problems changes with
age and whether cld subjects decline more than younger subjects. A sample of 300
BLSA participants rauging from 24 to 87 years of age was studied.

All problems were administered during a single half.day session for each subject.
After instructions, which included a sample problem and a practice problem, the
subjecis were given the main set consisting of up to three problems of increasing
complexity. The second session was scheduled a minimum of six years after the first (%
interval = 6.7 yr). Of the 300 initial participants, 224 were available to take part in the
second session.

Each input prior to achievement of a solution sequence could be evaluated as
potentially informative or uninformative, depending on the pool of information
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available to the subject at that point. The number of uninformative inputs was the
primary dependent measure. These inputs were further classified as overtly redundant,
directly inferable, or indirectly inferable, in order to elucidate the age deficits in
reasoning that were hypothesized. '

Performance on the tests was analyzed both cross-sectionally and longitudinally.
Cross-sectional results for all problems showed that, with increasing age, the proportion
of subjects who achieved solutions decreased and uninformative inputs increased.
Although the pattern of age differences varied somewhat, all three problems showed a
decrease in proportion of successful solutions and a decline in effectiveness of solutions
with age.

Longitudinal measures of change in both Problem 1 (n = 193) and Problem 2 (n
= 166) showed a mean decline in performance only for the group that was over 70 at
the first testing. For that group, the number of uninformative inputs increased
primarily because of the greater number of overtly redundant inputs, even though
memory demands were minimized and the entire written record of input-outcome
events was always available to the subject. Thus the oldest subjects repeated inputs
frequently, and the increase in repeated inputs accounted for a major portion of the
decline in the effectiveness of their reasoning. Thrse subjects also made attempts at
solution sequences that were variations of earlier attempts but were ineffective because
they did not make use of the information available from previous input-outcome
events.

A follow-up analysis of mortalizy and seasoning performance for the 49 men in the
initial group over 70 showed a relation between survival and success in solving
Problem 1. Of the 36 men (% age = 74.3 yr) who solved the problem, six had died; of
the 13 (% age = 76.0 yr) who failed to solve the problem, six had died. There had heen
no difference in vocabulary scores between the survivors and nonsurvivors.

The true age changes in this study were probably reduced as a result of several
positive biases: Individuals who returned for the second test were a select subsample of
the original group; most subjects who reached Problems 2 and 3 were superior
performers; and only those who successfully solved a particurar problem in both
sessions could be included ir the analysis of change in reasoning effectiveness.
Although a substantial mean decline was found for the group over 70, even beyond age
75 the performance of some subjects had not declined from that observed six years
earlier.

In 1967, a study of concept problem solving was initiated in the BLSA. Cross-
sectional and longitudinal data collected from 1967 through 1979 were analyzed
(Arenberg, 1982b). The problems were designed to measure not only whether correct
solutions were reached but how effectively each was solved.

There were twelve problems: four one-attribute (simple), four two-attribute with
high initial information, and four two-attribute with low initial information. Each
problem comprised four dimensions, and each dimension had two attributes. To make
the problems easier to understand, they were described as attempts to identify the
“poisoned” food or foods in a problem. In the “language” of poisoned foods, the
attributes are foods, the concepts (solutions) are poisoned foods, subjects select meals,
and each meal is designated as having caused an imaginary diner to “‘Die’’ (positive) or
“Live” (negative), depending on whether it included the poisoned food or foods.

To minimize the memory component of the task, subjects were required to write
each selection and i:s designation (provided by the expzrimenter). Each concept rule
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(simple, conjunctive, disjunctive) was explained thoroughly and was prominently
displayed during the problem. The entire procedure was subject-paced.

During the first 13 years of this study, complete first-time data were collected for
751 men ranging in age from 20 to 87 years. Cross-sectional analysis of the number of
correct solutions found a monotonic decrease in means from 10.4 for the men in their
20s to 5.4 for the men in their 80s.

By the end of 1979, 327 men had returned for a repetition of all 12 problems at
least six years after the first session (X interval = 6.9 yr). Mean improvements were
found for the younger age groups, but the men who had been in their 60s or 70s when
first measured showed small mean declines in the number of correct solutions.

Estimates of age changes were calculated within birth cohorts by regression
analysis of number correct (first session) and calendar time (date of session). These
within-cohort estimates showed no change for the six ten-year cohorts born between
1897 and 1956; but for the earliest-born cohort (1887-1896) the estimate was -0.25
problems per year. The estimates of age change thus confirm the direct (longitudinal)
measures of change, i.e., declines in performance only late in life.

Results using the effectiveness measures were similar to the results for number of
correct solutions.

3. Learning

BLSA longitudinal data on age changes in learning ability, although largely
preliminary, constitute perhaps the most extensive body of information on the subject.
The data on performance in paired-associate and serial learning at two different
anticipation intervals for each task were described by Arenberg and Robertson-Tchabo
(1977) and Arenberg (1983). Arenberg (1967b) had previously shown by cross-
sectional analysis that small age differences existed before age 60 and :arger age
differences thereafter, particularly when only a short anticipation interval was used.

The BLSA data on age changes in learning are of two kinds: conventional
longitudinal data based on repeated measures at least six years apart, and independent
subsamples of the same birth cohorts measured during two separate periods. Six birth
cohorts, based on dates of birth between 1885 and 1932, were studied in the early
sample, which was measured between 1960 and 1964. The second subsample of each
cohort comprised men who entered the study after the first sample, but data for only
five of the six cohorts were available for the later sample, which was measured between
1968 and 1974. Comparison of independent subsamples born in the same periods
(cross-sequential analysis) is advantageous in that it eliminates retest effects and the
effects of noncomparability of learning material, but is disadvantageous in that age
becomes a between-subjects variable and any precision attributable to the within-
subjects design is lost. The advantage of the design lies in the argument that if
repeated-measures data are corroborated by intra-cohort differences, the evidence for
age changes is compelling,

The mean period between tests was 6.8 years for the 102 men assigned to the
short anticipation interval (fast-pace condition) who had two valid measures on the
paired-associate task. The youngest group (initially 30-38 yr) showed a small mean
decrease in errors. The other two groups of men initially less than 54 years of age
showed moderate mean increases. The three oldest groups showed larger mean
increases in errors, the largest in the oldest group (initially 69-76 yr). Cross-sequential
analysis found the smallest increases within birth cohorts in the three latest-born
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cohorts (1909 to 1932) and the largest increases in the two carll st-born cohorts (1893
to 1908), i.e., the oldest groups. Mean raw scores on the Vocabulary subtest of the
Wechsler Adult Intelligence Scale (WAIS) were similar in the carly (1960-1964) and
the later (1968-1974) samples. :

The mean interval between administrations was 6.7 years fof the 111 men
assigned to the slower pace who.had two valid measures on paired-associate learning.
The three youngest groups (initially 30-55 yr) showed the smallest mean declines, the
two oldest (iniually 61-74 yr) the largest. The smallest difference within birth cohorts
was found in the youngest cohort (1925-1932). Large differences favoring the
younger subsamples within birth cohorts were found for the two earliest-born cohorts
(1893-1908), the oldest groups. Again, the mean WAIS Vocabulary raw scores for the
early and later samples were quite similar.

For the 104 men who had two valid measures of serial learning at the faster pace,
errors decreased, although the two oldest groups (initialiy 63-76 yr) showed mean
increases. Comparison of early and late subsamples within birth cohorts showed the
largest increases in errors in the two earliest-born (oldest) cohorts.

For the 102 _men who had two vaiid serial-learning measures at the slow pace,
errors increased. Again the largest decline in performance was found in the oldest
group (initially 68-76 yr). All birth cohorts showed age differences; mean errors were
consistently greater for the older subsample within each cohort. Although no clear
pattern emerged between the magnitude of the mean age differences and the birth
periods of the cohorts, the earliest-born cohort showed the largest age difference.

‘Thus, for both paired-associate and serial learning, age decrements in conventional
longitudinal comparisons were found in the oldest age groups. In addition, compari-
"sons within birth cohorts showed that in early-born cohorts older subsamples
performed less effectively than younger subsampies. The evidence indicates a deficit in
verbal learning in the later years of life.

4. Visual Memory

In a longitudinal study of age changes in nonverbal memory published by Arenberg
(1978), performance consisted of reproducing geometric designs from memory. in
addition to cross-sectional data, the study included age changes based on conventional
longitudinal data as well as on comparisons of independent samples from the same birth
cohors measured at different times.

‘t’he cubjects included every participant in the BLSA for whom a measurable initial
performance during the period from 1960 to 1973 was 2vailable, a total of 857 men
whose age range was 18 to 102 years. The total sample was divided into carly, middle,
and late subsamples based on the date of the initial measurement. The primary cross-
sectional analysis was based on the early sample, the middle and late samples serving as
replications. The primary longitudinal analysis was based on the re-examination of 268
men from the carly sample, and a small longitudinal replication was based on the re-
examination of 82 men from the middle sample. Age changes were also estimated in
subsamples from the early and late samples on the basis of comparisons within birth
cohorts (age differences between subgroups born at the same time but measured at
diff::rent times).

Ali participants were given Form C of the Benton Revised Visual Retention Test,
Administration A, usually on their first visit. Form E was administered on a subsequent
visit at least six years after the first test. Errors were scored independently by two
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psychologists according to the test manual. At the same session the WAIS Vocabulary
subtest was also administered.

For cross-sectional analysis, subjects from the early, middle and late samples were
classified in seven age groups. In all three samples the mean number of errors increased
with age.

Although the magnitude of change increased with age in both longitudinal
samples, statistical significance was not attained in the middle sample. Assessment of
cumulative distributions of age changes for five age groups in the carly sample
demonstrated a striking aifference between the oldest group and the other four: Fewer
than half the men in each of the four youngest groups declined in performance, but
morc than two thirds of the group initially over 70 declined. The large mean increase
in errors for the'men in their 70s was attributable not to a few men who changed
drastically but to a shift of the entire distribution in the direction of larger decrements
in performance. Sim.larly, estimates of age changes based on comparisons within birth
cohorts indicated age differences in all cohorts, the largest occurring in the 2arliest
born.

In summary, increases in e-rors were small for the young groups, moderate for
men in their 50s and 60s, and substantial for men over 70. WAIS Vocabulary measures
for these same sanuples showed small cross-sectional differences favoring the older men,
no overall longitudinal change but small deficits for the older participants, and small
declines in estimates of age changes based on comparisons of independent samples
born during the same period. In general, the results indicate age decrements in
memory-for-design in men late in life, but small or no decrements in vocabulary for the
same samples. No correlation was found in either longitudinal sample between change
in memory performance and change in vocabulary score.

The picture is quite clear for memory for designs. Cross-sectional, longitudinal,
cross-sequential, and time-sequential analyses provide consistent and strong evidence of
age decrements late in life.

5. Temperament as a Predictor of Change in Visual Retention

Individua! differences raise the important question whether predictors of an
individual’s decline in memory performance can be identified. In this case it might be
possible to devise strategies for intervention in cognitive problems in the elderly. A
preliminary BLSA study was therefore undertaken to examine temperamental traits as
possible predictors of change in visual-memory performance (4. berison-Tehabo et al.,
1979).

The 52 subjects in the analysis included every BLSA participant 70 to 79 years of
age at the time of the initial administration of the Benton Test for whom there was a
second performance measure, as well as both initial and second administrations of the
GZTS, which assesses General Activity, Rest-aint, Ascendance, Sociability, Emotional
Stability, Objectivity, Friendliness, Thoughtfulness, Personal Relations, and Mascu-
linity. Multiple regression analyses were carried out with the ten scales of the GZTS as
independent variables and residualized change in Benton total errors as the dependent
measure. (Change in Benton total errors represents the part of the second measure that
is uncorrelated with or independent of the initial level of total errors.)

The results of the multiple regression analyses, together with the simple
correlations, showed that the variables Ob’zactivity, General Activity, Restraint,
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Masculinity, and Ascendance were important correlates and predictors of Eenton
performance.
Althouch the consistency with which some of the scales emerged as important
predictors in this exploratory study is encouraging, the small sample size and the need
to control for the effects of other variables, such as health factors, clearly require
replication of the findings. Furthermore, the observed relation between personality
traits and visual-memory performance in this study permits no conclusions about cause |
and effect or the underlying mechaniums. ;

6. Blood Pressure and Intelligence

Although the prevalence of elevated blood pressure in older pzople has led to
suggestions that it may be partly responsible for decline in cognitive function with age,
the literature on the subject is contradictory (Wilkie and Eisdorfer, 1971). Uncertainty
arises in part from the complexity of the variables under investigation. Hypertension is

) not a single clinical entity; there are many kinds, and this diversity may influence any
relation with intellectual performance. Most research has been conducted in clinic
patients, who are often under medication that could influence intellectual performance.
Different kinds of coguitive tests show difterent age effects: Visual memory, as the
preceding section has shown, decreases significantly after age 70, while vocabulary
does not in general decline and may even increase. Other frequent sources of
inconsistency are small sample size (which makes it difficult to measure hypertensive
effects that are small in comparison with the rangc of individual differences in
intelligence) and faulty sampling procedures.

Longitudinal studies are needed to assess the long-term effects of increased blood
pressure on intellectual performance, since serial observations in the same individuals
over time permit the determination of the relations between antecedents and
consequences. A BLSA longitudinal study by Costa and Shock (1980) used the Army
Alpha test, a general intelligence test that includes some components of intelligence
that change with age and others that do not. The study had the further advantages of
relatively large sample size and a ailability of information on health status z.d
medication of the subjects.

The Army Alpha has two parallel forms, A and B, each of which consists of eight
subtests: Following Directions, Arithmetic Problems, Practical Judgment, Synonym-
Antonym, Disarranged Sentences, Number Series Completion, Analogies, and General
Information.

All subjects were given Form A of the test on their first visit. Thereafter, they were
treated differently according to age. After an interval of four to eight years, those
under 70 were given Form B, which is parallel to Form A, to avoid practice effects.
Subjects aged 70+ continued to be administered Form A at each annual visit. This
provided two sets of longitudinal data: retest data after four to eight years on Form B
for 350 men initially aged 17 to G5 years, and data from six administrations of Form A
spanning five to 11 years for 51 me; initially aged 66 to 84 years.

The two-point data for men unde;  were extensively analyzed. In the first set of
analyses, subjects were classified in three age groups, 20-39, 40-49, and 50-65 years,
and were cross-classified as low, average, or high in blood pressure on the basis of three
sources of data: average basal systolic and diastolic blood pressure at the first visit
(designated Basal), average of casual sitting pressures recorded from right and left arms
at the first visit (designated First Casual), and average right and left casual sitting
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pressures at the second visit (designated Second Casual). In the Basal classification,
subjects were divided into low, middle, and high thirds of the distribution. In the First
and Second Casual classifications, subjects were classed as “low” if their systolic
pressure was below 120 or their diastolic pressure was below 80, ‘‘high” i€ their
systolic pressure was above 140 or their diastolic pressure above 90. The remaining
subjects were classified in a “middle” group.

In the first set of analyses, scores on each of the eight timed subtests and the total
Alpha score were examined in relation to systolic and diasiolic blood pressures under
Basal, First Casual, and Second Casual classifications, a total of six definitions yielding
up to 18 groups. Age group and time were also used as classifying variables. There was
no evidence in the data for any effect of hypertension (within the existing blood-
pressure ranges) on changes in Army-Alpha performance among men under 65.
Similar analyses were conducted on data from the Army Alpha test given under
untimed conditions. Although three of 48 main effects and five of 144 interaction
terms were significant, the investigators concluded that this finding could not be
considered evidence of any effect of blood-pressure level on changes in performance.

Since this was an unscreened population in which the influence of chronic illness
or drugs could have obscured a true effect, further analysis was undertaken after
exclusion of such individuals. Additional analyses were performed in which subjects
taking medication r diagnosed as having a serious chronic illness, other than
hypertension, at any point during their first five visits to the GRC were excluded.
These exceptionally stringent criteria left a smaller sample of 117 men, few of whom
were in the “high’’ hypertension group. Since there was no evidence of an interaction
between age and hypertension, subjects were collapse across age groups, and age was
used as a covariate in the analysis.

When timed subtests and totals were treated as dependent variables, the *‘high”*-
blood-pressure group performed least well on the Following Directions and Number
Series Completion subtests. Although the effects were weak and inconsistently
replicated, they gave at least mixed evidence that higher blood pressure may be
detrimental to some kinds of cognitive performance among otherwise healthy men.
Somewhat stronger evidence was found when the untimed condition of the Alpha was
analyzed. Replicated main effects were seen for Arithmetic Problems, Synonym-
Antonym, Disarranged Sentences, and Number Series Completion, as well as for the
total untimed score. The “high” group showed the poorest performance in all these
measures. None of the effects, however, was strong, and no finding was statistically
significant in all six possible replications. In these data no support could be found for
the prevalent notion that elevated blood pressure or hypertension causes cognitive loss
or decline with aging.

In an analysis of men over 70, all subjects were classified as a) free of drugs and
major chronic diseases other than hypertension, or b) “other.” Since no significant
differences were found in any of the eight subtestz or total scores, it was possible to
collapse the two categories in subsequent analyses. Repeated-measures analyses of
variance were performed on the Alpha subtests and total score, using six levels of the
repeated factor and classifying subjects by age and blood pressure. On only one of the
subtests, Practical Judgment, was there a significant main effect for blood-pressure
classification, and then only for systolic, on which hypertensive men were somewhat
lower performers than normotensive men. It might be expected, from the literature,
that normotensives would remain relatively constant or show only a modest decline
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over tie six administrations, while hypertensives would show a more progressive and
precipitous decline. On the contrary, the study suzgests that elevated blood-pressure
levels have little if anv effect on intellectual performance for men ranging from 17 to
88 years of age. The conclusion must be interpreted cautiously because of several
limitations, which include the modest elevation of blood pressure ana the absence of
cases of severe hypertension.

PERSONALITY CHARACTERISTICS

1. Age and Stability of Personality

The question whether personality remains stable or changes over *he adult life
span has become a major focus of attention in the last decade, precisely the period
during which the field of personality psychology was undergoing fundamental
revaluation. Neugarten (1977) pointed out that the attacks of social learning theorists
(Mischel, 1968), humanistic psychologists (Maddi, 1976), and psychometrists (Fiske,
1974) had left both personality psychology and its subfield, the study of personality and
aging, in disarray. The dominant theories of adult development, outgrowths of
psychoanalytic approaches, had not proven their usefulness. The critiques of Schaie
(1965) and Baltes (1968), who demonstrated that cross-sectional studies confound age
changes with birth-cohort differences, had brought into question most of the evidence
on the relation of personality to aging.

It might have been expected that the resurgence of the field would require the
development of a new conceptual model. Instead, the findings of stability argued for
one of the oldest models of personality: trait theory. Previous trait theory (Eysenck,
1960; Catell, 1973; Guilford et al., 1976), despite its discouraging theoretical and
technical differences, had converged empirically on two basic dimensions of tempera-
ment, which may be labeled Neuroticism and Extraversion. A new trait model, the
NEO schema (Fig. 1) (Costa and McCrae, 1980c), which added the dimension of
Openness to Experience, provided support for earlier BLSA studies that had
consistently found that acult personality remains stable with advancing age.

Statistical definitions of stability and change. The term ‘‘stability”’ has three different
and largely independent r1eanings. A trait may be considered stable for a group if the
mean level of the trait in a group of individuals is constant over time. This will occur if
all individuals remain at the same level, or if equal numbers increase and decrease over
the interval. Analysis of variance on age groups for repeated administrations is the
usual way to determine whether significant changes in mean level have occurred.
Another approach compares a person’s standing on a trait in relation to that of others in
the group. Stability of this kind is usually assessed by a test-retest coefficient, which will
be higher if individuals maintain the same relative ordering on the trait over time,
regardless of the level of the trait. If some developmental process leads to a uniform
increase or decrease of a variable over time, it will have no effect on the retest
coefficient.

"The implication of these considerations is that, except in the artificial case in which
all individuals score identically on repeated administrations of a test, the issues of mean-
level stability and retest stability must be addressed separately.

There is a third way in which stability or change in personality might be seen
across the life span. Personality is often conceptualized in terms of the relation between
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discrete variables. The pattern of intercorrelations among a group of traits might alter
with maturation; and although this kind of change is least familiar, it is logically prior to
the other kinds of stability or change. The mos: common method of comparing patterns
of intercorrelations is factor analysis of the battery of tests showing that the same (or
differeni) factors emerge in different age groups or administrations. ‘‘Age-comparative

SSINSNOIISNOI—413S

VULNERABILITY

e
N
e
FANTASY
AESTHETICS
A¢,
2 s
%
W,
GV s
N\ < ",
& 2.
(83‘
&

Figure VI.1. Schematic representation of the 18-facet neuroticisin-extraversion-openness
(NEO) model.
From McCrae and Costa (1980).
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factor analysis” is a term occasionally used to designate this kind of analysis, while the
type of stability is usually referred to as “structural stability.”

The three definitions of stability were applied in a series of BLSA studies (Douglas
and Arenberg, 1978; Costa et al., 1980b; McCrae et al., 1980) that investigated the
question whether personality remains stable or changes with age.

Stability of group mean lerel. Evidence of the constancy of group mean level is
provided by a study by Douglas and Arenberg (1978), which included cross-sequential
and time-sequential designs in the analysis of a large sample on a standard personality
instrument over a considerable span of time. The authors of the study investigated the
relation between age and the ten scales of the GZTS in light of the following questions:
a) Does the GZTS demonstrate age differences? b) Does it demonstrate age changes
within individuals? ¢) Are age changes in repeated measures of the same subjects
confirmed in cross-sequential analyses of the same birth cohort measured at different
times? d) Are the changes found in repeated measures of the same individuals also
found in time-sequential analyses (i.e., are the changes due to period effects rather than
to aging)?

Between 1958 and 1974, the GZTS was administered to 915 BLSA participants
from 17 to 98 years of age. Repeated measures were obtained for 336 men from 5.6 to
9.9 years after initial testing. Each GZTS scale was analyzed cross-sectionally and
longimdinally. Time- and cross-sequential analyses of independent samples were also
performed in an attempt to separate the effects of aging from those of birth cohort and
period.

Only two scales (General Activity and Masculinity) were interpreted as showing
aging effects: Preference for fast-paced activity started to decline at age 50; masculine
interests declined at all ages. In general, results provide strong evidence for the stability
view of adult personality. Only two of the ten scales showed evidence of age-related
change, and the amount of change was very small for both. Personality differences
among individuals at all ages are far more pronounced than the effect of age itself.

Stability of individual rank order. Retest correlations or stability coefficients assess
the magnitude of personality consistency or change in the relative ordering of
individuals, regardless of absolute level. These are among the most important analyses
for longitudinal studies, for although different samples at different times, or different
birth cohorts at one time, can be used to estimate age changes in trait levels, only
repeated testing of the same individuals can speak to the degree of stability of
individual differences.

The stability of individual rank order on the scales of the GZTS was examined
longitudinally in BLSA participants who were tested on three occasions over a period
of about 12 years (Costa et al., 1980b). Of primary interest was the degree of stability
over such extended intervals. In addition, two subsidiary hypotheses were tested. The
first hypothesis was that certain socially desirable traits, like sociability, assertiveness,
and others that define the broad domain of Extraversion, are particularly stable, and
that change is more characteristic of undesirable traits that might be in.erpreted as
elements of the Neuroticism domain. The second hypothesis asserts that stability
coefficients will increase with age. This hypothesis was based on evidence that stability
coefficients increase for children (Nesselroade and Baltes, 1974), and suggestions that
personality is increasingly -onsolidated in old age (Neugarten, 1964). The subjects
were 460 BLSA participants ranging in age from 17 to 85 at the time of first testing.
Subjects were readministered the GZTS at intervals of approximately six years over a
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Table VI.1. Six- and 12-Year Retest Coefficients for GZTS Scales for Total Samples
and 12-Year Retest Coefficients for Three Age Groups

6-Yr_Retest 12-Yr Retest 12-Yr Retest

Total Sample Total Sample Young Group Middle Group Old Group
Scale (17-85 yr)* (20-76 yr) (2044 yr) (45-59 yr)  (60-76 yr)
General Activity .83 (410)° 77 (192) .77 (60) .82 (93) .78 (39)
Restraint .71 (418) .72 (193) .61 (62) .74 (94) .76 (37)
Ascendance .82 (401) .83 (194) .85 (62) .85 (95) 77 (37)
Sociability .81 (393) 74 (182) .64 (62)° .81 (88) 66 (32)
Emotional Stability 74 (427) .70 (203) .63 (68) .76 (96) 71 (39)
Objectivity .71 (405) .69 (191) .66 (64) .76 (87) .59 (40)
Friendliness .77 (418) .74 (193) .74 (64)° .68 (88)° .87 (41)
Thoughtfulness .72 (418) .73 (199) .78 (64) .71 (94) 71 (41)
Personal Relations .73 (385) .68 (188) .70 (62) .64 (89) .73 (37)
Masculinity .75 (417) .72 (200) .73 (66) .71 (94) .70 (40)

Mean stabiiity 77 73 72 .75 73

*Numbers in parentheses in column headings are age ranges at Time I. All correlations are significant at p <.001.
®Ns are given in parentheses.

“Diference between young and middle groups is significant at p < .05.

“Difference between young and old groups is significant at p < .05.

*Difference between middle and old groups Is significant at p < .01,

From Costa et al. (1980b)

12-year period. Three age groups, based on the date of first testing, were formed:
young (17-44 yr, X age = 36.7 yr, 145 men); middle (45-59 yr, % age = 51.5 yr, 183
men); and old (60-85 yr, X age = 67.9, 132 men).

Table 1 gives the six-year and the 12-year stability coefficients for the total
samples, and the 12-year stability coefficients within each of the three age groups.

Under the hypothesis that stability should be greater in older age groups, one-
tailed tests of the significance of differences between correlations were computed for
each pair of age groups on each scale. Six- and 12-year stability coefficients were
exceptionally high, comparable to the short-term retest reliability. Coefficients were
quite similar for the three age groups. Of the 30 comparisons of stability coefficients in
different age groups at each interval, only six were significant for the six-year interval
and three for the 12-year inte.val. Of the nine significant differences, four were in the
predicted direction, five in the opposite: direction. None of the specific findings for
scales at the six-year interval was replicated at the 12-year interval. The hypothesis that
younger men would show lower stability of personality traits than older men was not
supported by the data. When corrected for unreliability, data were also inconsistent
with the hypothesis of differential stability for different traits. These data provide
strong evidence for the stability of personality traits in adulthood. Increased stability
with age may be found among children and adolescents, but by young adulthood
stability in these dimensions of temperament is so high—near the limits of reliability of
the instrument—that a ceiling effect diminishes the likelihood of any further increase in
stability. Personality stability across time and instruments provides support for one
implication of the general stability position: that the time at which personality is
measured is irrelevant. Once the individual has reached full adulthood, by age 30, a
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single measurement of personality would suffice for a lifetime. In other words,
personality might be considered a constant throughout the individual’s adult life span,
including old age.

There are, of course, a number of reasons to stop short of so sweeping a stand. It
assumes a perfect correlation of tests over time, a condition rarely observed even when
corrections for unreliability are made. It also assumes that there are no circumstances
under which personality might regularly be expected to change. Evidence to date
shows only that the events encountered over the course of a lifetime by volunteer
subjects do not systematically produce change. But other circumstances, such as
therapeutic interventions, cataclysmic events, or severe illnesses, might affect traits.
The longitudinal study of personality in adulthood is simply too young a field to rule
out these possibilities.

On the other hand, if we turn from the individual to the group, much strorger
arguments can be made. On the aggregate level, there appear to be good grounds for
claiming that the time at which measurements are made should not affect the results; in
particular, the relations between different tests ought not to depend on the times at
which they are administered. Data collected in the 1960s might be used to validate
tests created in the 1970s, just as if the administration had been contemporaneous.

This approach was adopted in a study relating archival GZTS scores to recently
collected personality scores (Costa and McCrae, in press). The criteria of primary interest
were scales from the GZTS (Guilford et al., 1976), administered from 1959 to0 1979 to
subjects on their first or second visit to the GRC. Although the instrument was
subsequently readministered, for purposes of simplicity only first-administration data
are analyzed here.

Over the same period, data were also collected on the Cornell Medical Index
(CMI). Twelve sections deal with physical symptoms, six with psychiatric complaints.
Scores from the WAIS Vocabulary scale and the Army Alpha total collected in the same
two-decade period were also used.

All these measures were used to consider the convergent and discriminant validity
of three personality instruments administered in the past four years. Form A of the
Eysenck Personality Inventory (EPI), with scales for Extraversion, Neuroticism, and
Lie, was mailed to subjects to be completed at home in September 1979. The NEO
Inventory was mailed to subjects in February 1980, and the NEO Rating Form was
completed at home in August 1980 by spouses of subjects whose husbands or wives
were also participants in the BLSA. Because some spouses did not participate, rating
data are available for only a subset of subjects.

The NEO Inventory measures six facets, or aspects, of three global domains of
personality. Neuroticism is represented by anxiety, hostility, depression, self-conscious-
ness, impulsiveness, and vulnerability. Extraversion includes scales for warmth,
gregariousness, assertiveness, activity, excitement-seeking, and positive emotions.
Openness to Experience is measured in the areas of fantasy, aesthetics, feelings, actions,
ideas, and values. Total scores for the three domains are obtained by summing the
scores of the six facets in each. 'The analyses provided evidence of validity against new
criteria; in addition, since the construct validity of the NEO scales is already fairly well
established, they provided a demonstration of the feasibility of using data collected
several years previously in validation studies.

The correlations between GZTS scales administered between 1966 and 1979 and
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NEO facets administered in 1980, a. least one year after the last GZTS, are presented
in Table 2. The average interval between the two tests was 9.1 years. Despite this
considerable lapse of time, construct validity is very much in evidence. General acrivity
from the GZTS is most strongly correlated with NEO activity; GZTS ascendance with
NEO assertiveness; GZTS sociability with NEO warmth; GZTS emotional stability and
objectivity (negatively) with NEO anxiety; GZ1'S friendliness (negatively) with NEO
hostility; GZTS thoughtfulness with NEO openness to ideas. At a more global level,
the GZTS Extraversion scales, (G, A, and S) are correlated chiefly with NEO
Extraversion scales; GZTS Emotional Health-scales (E,O,F,P, and M) show consistent
negative correlations with NEO Neuroticism scales. Finally, the magnitude of the
correlations requires comment: Almost all exceed .30, and several reach .60. In view of
the somewhat different conceptions underlying the two instruments, these are high
correlations.

Correlations with NEO ratings by spouses are generally smaller than correlations
with self-reports and occasionally fail to reach statistical significance, in part because
they are based on considerably fewer cases. But in view of the fact that the correlations
cross instruments, methods of measurement, and two to 20 years, the pattern of results
is convincing. A correlation of .59 between GZTS Extraversion and spouse-rated NEO
Extraversion is particularly remarkable.

2. Historical Effects on Test Data

As the value of longitudinal studies becomes more apparent, we can expect more
researchers to collect and archive personality data, or to retrieve and retest subject
populations measured some time before. Longitudinal methodologists have pointed out
that there are potential problems in the use of such data, since the meaning of the test
may have changed in the intervening years. This phenomenon can readily be
envisioned in the case of attitudinal research: Attitudes toward women that were radical
in the 1950s might be middle-of-the-road today.

In the case of personality measures, this concern appears to be less well founded.
Over the past 20 years, scales measuring the major dimensions of personality do not
appear to have altered substantially in meaning. Subjects today appear to respond to
test items in much the same way as they did in the 1950s and 1960s. Basic aspects of
temperament are relatively impervious to historical changes, and longitudinal research
can use older personality data with some confidence that the meaning of test items has
not changed.

Indeed, it seems more likely that what has changed is our conceptualization of
what older tests measure. For example, the Bernreuter (1933) inventory contained a
scale labeled “introversion” that we might now conceptualize instead as social anxiety,
a part of Neuroticism. Such hypotheses are testable if we readminister older
instruments and revalidate them against measures that are better conceptualized and
psychometrically more sophisticated. Since the relations between tests appear to change
little over an interval of years, we could use the results of contemporary studies to
reinterpret older findings on the basis of our current understanding of the naturz of the
constructs they measure.

Stability of factor structure. Constancy and change in adult personality organization
can also be assessed by comparison at different ages of the factor structures of
personality instruments. This approach was used in another BLSA study by McCrae et al.
(1980), which compared the factor structure of the GZTS longitudinally in three
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Table Vi2. Correlations between GZTS Scales Administered 1959-1966
and NEO Facets Administered in 1980

GZTS Scales?

G R A S E
NEO Facets
Neuroticism:
Anxiety -14  -01 =-25** =25*** -67***
Hostility 23** =24 07 -12 —47**
Deprescion -04 -02 -38*** -38*** -58***
Self-Consciousness -12  -04 =37*** -33*** -55***
Impulsiveness 12 -35*** 16 1 =44+
Vulnerability =31*** 08 ~44rrr 34 =39***
Extraversion:
Warmth 11 -08 31*** 56*** 18
Gregariousness 31+t 260 41**r 52+ 17
Assertiveness 34*** -14 61*** 41*** 20"
Activity 61*** -18* 20" 10 03
Excitement-Seeking 41" =34 42+ 21 -13
Positive Emotions 324+t =29t 27**  30*** 10
Openness:
Fantasy 07 -12 10 -06 -30***
Aesthetics 19 10 26** 26** 19*
Feelings 22* 00 310 21 -09
Actions 22** -10 31 20* 03
Ideas 12 13 29*** 08 07
Values 10 -12 23** =05 -14
0 F T P M
Neuroticism:
Anxiety -55**r =31+ 17 =31** -28***
Hostility ~44*** 53+ 04 -26** =24**
Depression -52*** -26** 13 =29+ -26**
Self-Consciousness ~46*** -25** 02 -22* -26**
Impulsiveness =31 46" -06  -27** -13
Vulnerability -38*** -03 01 -10 -26***
Extraversion
Warmth 15 08 10 12 =03
Gregariousness 16 -05 -23** 16 00
Assertiveness 15 =20 01 01 00
Activity 01 -16 01 -08 06
Excitement-Seeking -08  -33*** -05 01 02
Positive Emotions 07 -06 10 =07 -05
Openness:
Fantasy -20* -22** 22*r =22** =02
Aesthetics 15 13 31*** 06 00
Feelings -06  -24*" 31 -12 -16
Actions 05 00 09 08 24"
Ideas 08 05 35*** 09 1
Values -13 -1 19* -1 00

*GZTS scales are General Activity (G), Restraint (R;, Ascendance (A), Sociability (S), Emotional Stabinty (E),
Objectivity (Q). Friendiiness (F), Thoughtiulness (T), Personal Relations (P), and Masculinity (M). N = 140 1o 152, Decimal
points omitted. *p < .05; **p < .04 ***p < .001,

From Costa and McCrae (In press)
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administrations, three age groups, and two times of measurement. Factor analyses were
performed on correlation mairices computed for eight groups. Longitudinal compari-
sons were based on analyses of first-administration data from 769 men, second-
administration data from a subset of the first group consisting of 346 men, and third-
administration data from a further subset of 171 men. Cross-sectional comparisons
were based on first-administration data from three age groups: young (17-44 yr, X age
= 34.4 yr, 314 men); middle (45-59 yr, X age = 51.6 yr, 242 men); and old (60-97 yr,
% age = 70.4 yr, 213 men). Possible structural differences resulting from period effects
were assessed by dividing the sample intc two groups: 455 men who first took the

GZTS before July 1968 (age range 17-83 yr, X age = 52.% yr), and 314 men who first.

took the GZTS after that date (age range 18-9G yr, X age = 45.6 yr); these analyses
were limited to data obtained at the first adminisiration: of the test. All factor analyses
were restricted to subjects with valid scores on all ten GZTS :scales.

Fac:ur structures in the GZTS in this sample were clearly invariant. Despite aging,
attrition, and possible practice effects, the same patteia was seen at each administration.
The data revealed no meaningful differences wheii GZTS measurements before and
after 1968 were compared, despite grear social differences between the 1960s and
1970s; the implication is that the basic structure of personality is not greatly influenced
by social and historical change in the life of the individual.

3. Eliminating Response Bias as an Explanation for Stability

Response sets and age. Most research on the stability of personality has been
conducted with self-report measures, which have in general shown a better record of
internal consistency, retest reliability, and construct validity than ratings or projective
tests.

But self-report inventories are also prone to certain problems. The transparency of
the items makes it possible for individuals so motivated to present them-elves favorably
or unfavorably. The use of a standard format for answering questions (yes-no, Likert
scale, a rating bar) makes it possible for consistencies in the style of response to distort
the scores obtained from the instrument; the result may be spuriously high consistency
or correlations. The effects of social desirability, acquiescence, and extreme response
have been the source of interminable debate among personality psychologists, and no
definitive resolution has been reached.

In addition, there has been relatively little research on age trends in response sets.
Some writers (Schaie and Schaie, 1977) have argued persuasively that there have been
enormous changes in the amounts and kinds of testing to which individuals of different
generations have been exposed, and that this may introduce unwanted sources of
variance in tests. Increased cautiousness may alter the responses of older subjects
(Botwinick, 1969), or standards of social desirability may change with age, bringing
shifts in the influences of that set. Age changes or cohort differences in response could
account for observed differences in scale scores or could mask real changes that are
occurring. To date, these possibilities remain speculative, with litle empirical
foundation. Clearly, before any conclusions about aging and personality are drawn
from objzctive personality measures, some information on these issues would be useful.
Recent analyses of data from the Baltimore study (Costa et al., 1983) contribute to a
resolution.

Over the past 20 years, subjects in the BLSA have been giv:n the GZTS every six
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years. Since recruitment into the study has been continuous, new samples of
individuals, ranging in age from the 20s to the 90s, have been tested successively. If
their ages, birth cohorts, and times of measurement are divided into six-year intervals, a
variety of analytic designs may be applied to aid in the interpretation of changes or
differences.

The GZTS was given to all subjects with standard instructions that provide three
response options—"‘yes,” “no,” and ‘‘?""— but subjects were instructed to use the *?”
option only if they were completely unabi- to select “‘yes” or “no.” In conformance
with the suggestion of Guilford and Zimmerman (1949), scales containing more than
three “?" responses were invalidated in all previously reported applicauons of the
GZTS conducted by the Baltimore study. This exclusionary principle may, however,
distort results;-in particular, if 2ge produces caution in responding, a disproportionate
number of older subjects may be excluded, perhaps especially the most cautious.
Because ot that possibility, a new approach was adopted in the analyses reported here.
All the GZTS answer sheets were keypunched, so that responses to individual items
could be analyzed. The original scoring system, in which *“?” responses were not
scored, tended to lower the score of the individual. In the new system, responses were
assigned a value of -1, 0, or +1, the “?"" being represented as a neutral, rather than
negative, value.

The handbook for the GZTS (Guilford et al., 1976) lists three scales that have
been developed to estimate the influence of certain response sets: the Gross
Falsification (GF), the Subtle Falsification (SF), and the Careless Deviancy (CD) scales.
The first two are intended to screen individuals who may be attempting to present an
unduly favorable impression; the third is composed of relatively rare responses, a high
score on which is interpretable either as careless responding or as deviancy in
personality. In addition, it is possible to measure at least three other response sets on
the GZTS. The number of blanks was summed across all scales to give an index, as was
the number of “?"’ responses. Since items in the GZTS are roughly balanced on most
scales, it is possible to interpret the sum of “yes” responses as an index, not of any
substantive personality trait, but of the tendency to acquiesce indiscriminately.

For each of these variables, cross-sectional, longitudinal, cross-sequential, and
time-sequential analyses were performed. In the repeated-measures analysis, the
subjects were 348 men ranging in initial age from 32 to 74 who were retested after
four to eight years (x interval = 6.6 yr). They were classified in seven age groups, each
spanning a six-year interval. In the time-sequential analyses, 328 men who were tested
in the period from 1958 to 1964 were compzred with 278 men tested between 1965
and 1971. They were cross-classified by the same seven age categories used in the
repeated-measures design. In the cross-sequential analysis, 345 men tested hetween
1958 and 1964 were compared with 285 men tested between 1965 and 1971. In this
design, however, they were cross-classified in seven cohorts born during six-year
intervals from 1896 to 1932,

Repeated-measures analyses showed significant (p < .05) effect on the repeated
factor for number of question marks, which increased from 6.2 to 9.6; on acquiescence,
which decreased from 132.1 1o 128.9, on the GF scale, which increased from 11.8 to
12.1; and on the SF scale, which decreased from 21.2 to 20.8. Age-group differences
were seen for the number of question marks, which was highest in the 68-74-year-old
group and lowest in the 50-55-year-old group. In addition, there were two
interactions: Men aged 38 to 43 at first testing showed a decrease instead of an increase
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in question marks, and men aged 55 to 61 showed an increase instead of a decrease in
acquiescence.

These results are somewhat puzzling; certainly they did not show a monotonic
change in any of the response sets with age. Mos: of the changes were extremely small
in magnitude, and if we require a significance level of p < .01, only two effects are
significant: the increase in question marks and the decrease in acquiescence. The fact
that neither of these longitudinal changes was mirrored in cross-sectional differences
suggests that the changes are due either to time-of-measurement effects (a cultural
change during the testing period) or to “practice™ (repeated exposure to the test).

Examination of the cross- and time-sequential analyses, conducted on samples of
more than GO0 men, is revealing. Analyses of number of blanks, number of question
marks, acquiescence, GF, SF, and careless deviancy show no significant (p < .05)
effects for aging/cohort, aging/time, cohort/time, or cohort/aging, nor were there
any significant interactions. These data suggest that the marginal cross-sectional
differences and interactions in the repeated-measures analyses are best regarded as
unreplicable error and that the longitudinal changes in acquiescence and use of
question marks are attributable to practice effects. That acquiescence decreased while
use of question marks increased by three items is suggestive: Subjects may have felt
pressured on the first administration to avoid question marks at all costs and may thus
have agreed to a few items of which they were uncertain. Some years later, as
experienced subjects no longer so hesitant to assert themselves, they may have used the
question marks when they felt they needed to.

In any case, these data imply that response sets are not ordered by age. Although
longitudinal research may want to consider the effects of repeated administration of the
same instrument, the particular effect seen here is small in its overall influence on scale
scores and is probably unique to instruments, like the GZTS, that provide a question-
mark option but fail to score it.

4. The Stability Model: Implications for Gerontology and Geriatrics

These results favor the stability model for objectively measured personality traits
throughout adulthood, at least for males. The implications for gerontology and
geriatric practice of these consistent findings are radical. Neugarten's classic formula-
tion that adult development is ““the changing basis within an individual for adaptation
to life’* may well have to be changed to read *'the stable basis.” Students of the relation
of personality to aging, secking the basis of the impact of major life events, may well
have to shift the focus of their efforts from the vectors of personality change to the
mechanisms by which personality preserves equilibrium. Not least significant is the
corollary that a clinician who finds true personality change in an aged patient is likely
dealing not with a normal event but with evidence of disease that can often be treated.

These findings do not prove that personality is unchangeable. Some individuals do
change in one or more characteristics, for reasons not yet understood. It is reasonable
to suppose that psychotherapeutic intervention can make real changes in personality,
and a host of techniques, from cognitive behavior modification to biochemical
intervention, may have profound effects as yet undocumented. What we can say is that
such changes, for better or worse, are not likely to happen to anyone simply as a resnlt
of growing older.
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5. Longitudinal Changes in Adjustment to Aging

Adjustment to aging and the effect of age on personal adjustment among the aged
have long.been of concern to gerontologists. A recent study (Costa and McCrae, 1982)
used cross-sequential and time-sequential as well as traditional longitudinal designs to
examine the stability or change in the Chicago Attitude Inventory (CAI). The eight
sections of the CAI—Health, Friends, Work, Economic Security, Religion, Usefulness,
Happiness, and Family—were supy lemented by two global items concerning assess-
ment of life-happiness and satisfaction with accoinplishments in life. Analyses were
conducted on a sample of 425 men, aged 17 to 97, on whom first-administration CAI
data had been collected before 1970. Results of cross-sequential, time-sequential, and
repeated-measures analyses led to the conclusion that attitudes toward usefulness and
work showed small age-related declines that were interpreted as non-maturational.
Assessment of Life, Satisfaction with Accomplishments, and attitudes toward Health,
Friends, Economic Security, Religion, Happiness, and Family showed no consistent
changes with age. Personal adjustment was thus found to be quite stable across the
adult and later years.

6. Personality and Adjustment to Aging

Enduring dispositions as predictors of successful personal adjustment to aging
were examined in a BLSA longitudinal study by Costa er al. (1981). Successful aging can
be studied by focusing a) on outer social adjustment defined in terms of an individual's
activities and social roles, b) on the inner subjective experience of personal adjustment,
or ¢) on subjective well-being. From the second perspective, satisfaction with life's
accomplishments, retention of high morale, or simple happiness is considered evidence
of successful aging, while hypochondriasis, fear of death, and a sense of uselessness,
loneliness, and depression are considered signs of poor adjustment to aging.

The second definition was used in this BLSA study, which examined the ability of
longitudinal measures of Neuroticism and Extraversion to predict successful personal
adjustment to aging. The study used the GZTS to measure personality characteristics
and the CAI to measure subjective weli-being. The ten GZTS scales yield scores on
three factors: Neuroticism, Extraversion, and Thinking Introversion (a factor thought
to represent meditative thinking or introspective tendencies). It was hypothesized that
Neuroticism would have a negative relation to CAI measures of subjective well-being,
that Extraversion would have a positive relation, and that Thinking Introversion would
have no relation to those measures.

The CAI and the GZTS were administered to each of the men in the sample (aged
17-97 yr) on the first or second visit to the GRC. The CAI was reidministered on the
fifth and ninth visits. In the first analyses, correlations between the CAI scales and the
contemporaneous GZTS factors were calculated for two subsamples: 418 men aged 18
to 49 and 391 men aged 50 to 97 years. In the second analysis predictive relations
between personality and adjustment were sought by correlation of GZTS Neuroticism
and Extraversion scores from the first administration with scales from the second and
third administration of the CAI for the 577 men with repeat administration data.

As hypothesized, Neuroticism was related negatively and Extraversion positively
to most concurrent measures of well-being in both younger and older subsamples, and
Thinking Introversion was unrelated to the well-being measures. Predic:ive correla-
tions between personality and subjective well-being over intervals of two to ten years
(% interval = 5.3 yr) and ten to 17 years (X interval = 12.6 yr) confirmed carlier
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rescarch (Costa and McCrae, 1980b) and showed that enduring personality disposi-
tions precede and predict measures of personal adjustment to aging.

Using m~  sophisticated measures of well-being, Costa and McCrae (in press) have
shown that an-. dividual’s affect balance and life satisfaction can be predicted years in
advance by assessment of personality. They used GZTS scores collected in the period
from 1959 to 1969 with well-being data collected ter to 23 years later (% predictive
interval = 15.6 yr for first and 17.7 yr for second interval). As had been predicted by a
model of psychological well-being (Costa and McCrae, 198Cb), three of the four
Extraversion scales were significantly related to well-being, especially to positive affect,
while four of the five Neuroticism scales were significantly related to well-being,
especially to negative affect. These correlations, which were not markedly different in
size from contemporancous measures, provide a strong longitudinal replication of the
model.

7. Somatic Complaints as a Function of Agz and Neuroticism

Sclf-perceptions of health are key components of health maintenance, since they
influence efforts at self-medication as well as decisions to seek medical treatment.
Studies have consistently shown that global selfratings, which are moderately
correlated with medical determinations of health, are also related to such psychological
characteristics as health attitudes, morale, adjustment, and psychological distress.
Despite the demonstrable increase in many kinds of illness with age, global self-ratings
often fail to show any marked association with age.

Symptom checklists like the CMI offer certain advantages over global ratings.
Since they ask specific questions about conditions and symptoms, they may be-less
influenced by general heslth attitudes and can be used 9 analyze medical conditions of
body systems scparately, as well as to determine whether age is differentiaily associated
with complaints in particular somatic systems. The CMI is a self-report symptora
checklist with 195 items divided into 12 somatic sections (A-L) and six psychiaric
sections (M-R). Somatic sections I (Frequency of Iliness) and J (Fatigue) had extremely
low endorsement in this sample and were therefore combined in all analyses. The sum
of sections A-L yields a measure of total physical complaints, while the sum of sections
M.-R provides a measure of psychiatric complaints. Like global ratings, checklists are
influenced by both objeztive health and psychological factors. Hypochondriasis,
neurosis, general anxiety, poor marital adjustment, and psychological problems have all
been found to be linked to extremely high endorsement of CMI physical complaints.

Many of the psychological factors identified in previous research can be
hypothesized to be related to Neuroticism. The hypothesis was tested in a BLSA
longitudinal study that examined the relative influences of age and Neuroticism oa self-
perception of health or illness and on total physical ccmplaints (Costa and McCrae,
1980a).

At the time of their first administzation of the CMI, the 1038 subjects ranged in
age from 20 to 97 years. Although some analyses used data from a second or third
administration of the CMI, the number of subjects was smaller because of insufficient
length of participation in the study, death, or withdrawa!. Endorsement of psychiatric
items was low in this population, about 40% of the subjects endorsing none and 20%
only one of the 51 items. The Emotional Stability Scale of the GZTS was used as an
alternate measure of neuroticism. This is a 30-item scale covesing Evenness vs.
Fluctation of Mood; Perseveration of Ideas; Composure vs. Excitability; Daydream.-




SOMATIC COMPLAINTS, AGE AND NEUROTICISM 199

ing; Feelings of Guilt, Loneliness, >r Worry; and Cheerfulness vs. Gloominess. Two
items explicitly refer to feelings of Good vs. Ill Health. Correlation between the GZTS
Emotional Stability Scale and the CMI psychiatric score was found to be 0.52 in a
sample of 915 subjects.

Longitudinal analyses were restricted to subjects whose second and third
administrations of the CMI were, respectively, five to eight years and ten to 17 years
later than the first. Each subject had also completed the GZTS Emotional Stability Scale
at either the first or second visit to the GRC. Four sets of repeated-measures analysis of
variance were conducted, with age and Neuroticism as classifying variables. In all
analyses, subjects (N = 248) were classified in three groups of equal size as young
(20-44 yr), middle-aged (45~56 yr), or old (57+ yr) on the basis of their ages at the
first administration. In two of the sets of analyses, Neuroticism was measured by the
GZTS Emotional Stability Scale and subjects were classified as unstable or stable. In the
other two sets, Neuroticism was measured by the CMI psychiatric (M~R) score, and
subjects were classified as high or low (subjects endorsing only one item in the M-R
section were omitted from these analyses).

Supplementary cross-sequential analyses using different subsets of the same cohort
(551 subjects), and time-sequential analyses (637 subjects) were also conducted on data
collected at the first administration. The data showed a consistent pattern across
different methods of analysis and different measures of Neuroticism. Age had a
selective effect on physical complaints, while Neuroticism appeared to produce a more
general and diffuse effect. Problems in sensory, cardiovascular, musculoskeletal, and
genito-urinary systems increased with age, while health habits improved. The fact that
only certain systems showed age-related increases in complaints may in part account for
the finding that global health ratings are only weakly related to age. The finding of
significant effects of Neuroticism despite its limited range in this healthy and well-
adjusted BLSA sample argues that the relation between Neuroticism and physical
complaints must be quite strong. The influence of Neuroticism on health perception
may be even more pronounced in the general population.

It was concluded that research in the influence of physical health on morale, sick-
role behavior, or adjustment should either use objective measures of health or
supplement self-ratings with measures of Neuroticism in order to control for its effects.
Most important, the findings convincingly contradict the conception that the aged are
typically hypochondriacs obsessed with their bodily functions.

8. Hypertension, Somatic Complaints, CAD, and Personality

Hypertension, Hypochondriasis, and Neuroticism. Reports that hypertensives score
higher than normotensives on measures of maladjustment, hypochondriasis, and
neuroticism have led some writers to conclude that hypertension is related to
personality (Sainsbury, 1960). Specifically, the chronic internal stress of repressed rage
or anger is thought to lead to the development of hypertension. However, two
alternative hypotheses are also consistent with the data. First, the association may be
artefactual, the result of self-selection among clinical populations. Under this hypothe-
sis, neuroticism leads only to the discovery or detection of hypertension. Second, the
causal relation may be reversed; hypertension itself, the patient’s awareness of illness,
or medical treatment may lead to poorer psychological adjustment.

In an attempt to decide between these alternatives, Costa et al. (1980a) examined
longitudinal data on systolic and diastolic blood pressure and data from the CMI and
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GZTS from more than 700 BLSA subjects. Of the volunteers, 101 who were taking
medication for hypertension either when they entered the study or at the succeeding
four visits were eliininated from all analyses because of the possibility that their
medication might increase somatic concern while decreasing blood pressure, and
*hereby obscure any real positive association between the two variables.

Each subject was given the GZTS and CMI during his first or second visit to the
GRC. The GZTS was readministered approximately every six years, the CMI on the
futh visit. Longitudinal analyses were limited to subjects who took their second GZTS
and second CMI four to 12 years after their first medical examinations. The average
predictive intervals were 7.4 years for the GZTS and 6.5 years for the CMI. A total of
12 personality and physical-complaint variables were examined.

In cross-sectional analyses, higher somatic complaints, Restraint, Friendliness, and
Good Personal Relations, as well as lower General Activity and Masculinity, showed
small associations with higher blood pressure. However, when the effect of age (which
is related to blood pressure) was partialled out, no statistically significant association
between personality characteristics and blood pressure was found.

Does hypertension affect personality? If elevated blood pressure itself affects person-
ality, the effect should have been evident in the correlations discussed above. It is
possible, however, that the interval between a blood-pressure increase and the
measurement of personality was not long enough for the hypertension to influence
personality. To test this possibility, predictive analyses using average pressures at first
measurement were correlated with GZTS and CMI scores collected four to 12 years
later. Systolic pressure was correlated with greater Ascendance and Sociability and
poorer Personal Relations, but the correlations were only marginally significant.

It can be argued that the GZTS, which is based on self-reporting, is inherently
incapable of accurately detecting repressed rage and that clinical judgment is needed.
An auempt was therefore made to approximate clinical judgment by examining
combinations of personality scales. By cross-classification on scales F (Friendly vs.
Hostile), R (Restrained vs. Impulsive), A (Ascendant vs. Submissive), and M
(Masculine vs. Feminine), six hypotheses were tested: that higher average pressure
might be found in individuals who were a) hostile but restrained, b) ascendant but
restrained, c¢) masculine but restrained, d) hostile but submissive, ) masculine but
submissive, or f) hostile but feminine. Neither main effects nor interactions proved
significant when age was used as a covariate.

In summary, when the influence of age was controlled, no association was found
between blood pressure and any of 12 personality and psychosomatic concern
measures; nor did patterned combinations of traits show any relation -5 blood pressure.
Attempts to predict personality scores four to 12 years later from blood-pressure levels
also failed; the inference is that any changes in anxiety or somatic concern due to
hypertension or its treatment are short-lived.

Does coronary disease affect personality? Examination of the relations between CAD
and personality revealed that BLSA subjects who complained of angina were lower
than average on the GZTS scales Emotional Stability and Masculinity. Was this an
example of personality change resulting from medical illness, or were personality
variables diagnostic of and perhaps causally involved in the development of the
disease? To test out these possibilities, it was necessary to separate subjects into
different groups and to take into consideration the temporal course of the disease (Costa
et ai,, 1982). Eighty-eight subjects were selected who were measured on the GZTS
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during their first or second visit to the GRC, and were free from both anginal

complaints and certain ECG signs on these visits. Over the next twenty years, four
| groups emerged: those who developed CAD as evidenced by both anginal complaints
and ECG signs; those who showed ECG signs of CAD, but did not report angina in a
follow-up period of from five to 15 years; those who reported angina but showed no
ECG signs of CAD in the same follow-up period; and a control group (age-matched to
the total of the three groups) that showed neither ECG signs nor angina in a follow-up
period of ten to 20 years. (All subjects were classified according to their status at last
examination; the variation in the follow-up intervals reflects the fact that subjects
entered and left the study at different times.)

The first group is easily diagnosed as having CAD. The second and third groups
are more ambiguous: Those with only angina seem to be overly sensitive; those with
only ECG signs appear under-sensitive. Do any of these distinctions show up in
personality measures taken before the development of disease?

Results showed that there were no differences between the first and fourth groups,
that is, between those who definitely did and did not develop CAD. Thus none of the
traits measured by the GZTS appears to have etiological significance. But there were
pre-existing differences between the two intermediate groups. Individuals who
complained of anginal pains, but who gave no ECG evidence of disease, were less
emotionally stable than those who reported no angina despite ischemic ECG signs.

It is well known (Hurst et al., 197 ¢; Froelicher, 1977) that resting and stress ECG
signs in themselves are far-from-perfect indicators of CAD, and the number of subjects
in this study (88) is too small to be conclusive. Nevertheless, some interesting
interpretations are suggested by the data. Men high in Emotional Stability may be more
likely to minimize minor chest pains, so that without routine medical examinations
those who have CAD are likely to remain undiagnosed and untrested (cf. Berglund et
al.,, 1975). On the other hand, men who are low in Emotional Stability are very
sensitive to chest pains, may report anginal symptoms even in the absence of organic
pathology. and may request medical attention that is not required. Taken together,
these analyses suggest that although the personality variables measured by the GZTS
do not affect the development of CAD they seem to affect the presentation of
symptoms.

| If these personality differences were found at the same time as the symptoms,
! several alternate interpretations could be offered. We might argue that the experience
| of angina was sufficiently traumatic to lower the individual’s emotional stability or we
j might argue that self-selection played the crucial role: Those individuals who were
| aware of chest pains and who were also predisposed to worry about their health (i.e.,
‘ the more neurotic) would be most likely to join and remain in a longitudinal study that
| promised periodic monitoring of their health. Better-adjusted men with angina, some
of whom could be expected to show no ECG signs and would thus be classified in the
third group, would be less concerned with their health and less likely to volunteer for
the study. These arguments have been supported in studies of the relationship between
hypertension and personality (Costa et al., 1980a).
‘ In this case, however, we can rule out those alternatives. Since measurement of
% personality preceded the development of angina and ECG signs, it could not have been
| influenced by them. Self-selection on this basis is likewise impossible, since the
individuals were presumably unaware that they would experience angina in the next
few years. Retrospective accounts of personality difference could not be trusted in this
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context; only the archives of a longitudinal study permit the kinds of inferences drawn
here.

These rather simple examples of the kinds of inferences that can be ruled out with
longitudinal data are useful in part because they illustrate the underlying logic. Path-
anelytic techniques, however, offer far more sophisticated statistical models, which
estimate not only the direction of causal influence but its degree, expressed as a
regression weight (see Kenny, 1979). Causal inferences based on these statistical
techniques are subject to a number of restrictions, many of them related to the
assumptions necessary to construction of the model. In general, fewer assumptions are
necessary and more reliable results can be obtained if more measurement points are
used and more of the variables that might plausibly influence elements in the model are
measured. Clearly, longitudinal studies are ideal for this type of analysis.

9. Research on Personality and the Life Course

The major drawback to the use of 2 stable individual-difference approach to life-
span development is that current conceptions and methods of research on aging and
personality are designed primarily for the study of change. The elegant models
intended to separate true maturational changes from cohort differences and cultural
changes are not very useful if there is no meaningful maturational change. The
widespread attempt to chart the developmental course of personality in adulthood no
longer seems profitable, and it may not be immediately clear what direction future
research should take.

We have argued elsewhere (McCrae and Costa, 1982) that personality dimensions
may be more usefully construed as causes than as effects. Age, and its attendant social,
cognitive, and biological changes, should be considered in conjunction with personality
as joint shapers of the life course. Personality can help explain the choices (educational,
career, familial) that must be made at specific life transitions. The stability of
personality dispositions may contribute to the individual’s sense of identity and to the
continuity and coherence of the life course. Finally, adaptation to life at all ages is likely
to be powerfully influenced by personality.

Prospective life histories collected by longitudinal studies can help to answer such
questions as the following: How do the lives of introverts differ from the lives of
extraverts? Does openness to experience lead to a more fluid and unpredictable life
course? How is neuroticism typically manifest at each stage of life? Answers to these
questions may help integrate the insights of life-span developmental psychology with
those of personality in the study of lives.

OUTCOME STUDIES

1. Obesity and Longevity

“Desirable” or “ideal” weight goals for adult men and women have been
recommended since the turn of the century by the insurance industry on the basis of its
experience with “insured lives.” The tables have been and continue to be used
widely—Dby the lay public, physicians, public-health officials, and clinical investigators.
The most recent tables (Metrrnolitan Life Insurance Co., 1959) are based upon data
subsequently published in a report of the Society of Actuaries (1960).

Since that publication, however, there have been reports of the obesity-mortality
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association in more than 40 other diverse populations (Andres, 1980a, 1981), most of
them in the United States and western Europe with isolated reports from Japan,
Australia, and Israel. There is a strong consensus that minimal mortality does not occur
in the leanest segments of the population (as is commonly averred), but in individuals
who range from the middle of the “‘desirable” weight range in the 1959 insurance
tables to a value at least 20% over the mid-point. Indeed, one of the recent reports is
an update of the experience of the insurance .industry (Society of Actuaries and
Association of Life Insurance Medical Directors of America, 1979); its data indicate
that updated “desirable” weight tables will be required and that weights in them will
be considerably increased over those of the 1959 tables.

Experience in the BLSA also indicates that mild or moderate overweight has been
over-emphasized as a risk factor for mortality (Andres, 1980b). One of the possible
confounding variables in the obesity-mortality link is cigarette smoking. Since smokers
as a group weigh less than nonsmokers, it is theoretically possible that what appears to
be the benefit of mild overweight may, in fact, be due to the fact that the percentage of
smokers in that group is lower than that in the lean segment of the population. This
hypothesis was tested in the BLSA subjects and was rejected (D. Elabi et al., in press). In
both current smokers and nonsmokert, there was a U-shaped relationship between
obesity and mortality; mortality was highest in the leanest subjects in both groups,
reached a nadir at moderately obese levels, and increased again in the more severely
obese subjects. It must be emphasized that the BLSA population includes very few
severely obese subjects. There is no question of the deleterious effects of severe obesity
on longevity as well as on many specific diseases. Further analyses of the BLSA data will
examine the impact of mild and moderate obesity on such end-points as hypertension,
diabetes, and CAD.

2. Age and Some Physiologic Variables

A study by Tobin (1981) examined four physiologic variables clinically related to
health. The variables included tests of the respiratory system (forced expiratory volume
in one second), cardiovascular system (systolic blood pressure), renal system (standard
creatinine clearance), and metabolism (glucose tolerance). Each is influenced by age
and, at its extreme, is also indicative of a disease (chronic obstructive pulmonary
disease, renal failure, hypertension, and diabetes). Normative data were obtained from
individuals who were free of disease, poor health habits such as smoking or inactivity,
or medications known to influence the organ system under study. This was done to
ascertain the effect of age as such, in distinction from disease or other factors. To judge
the importance of each variable, the age-adjusted T-scores for individuals who had died
were compared with those indivicuais who had survived a ten-year interval.

There was no effect of age on the fasting plasma-glucose level. At two hours of a
standard oral glucose tolerance test, there was a clear effect of age on blood-glucose
concentration, with higher levels in each successive age group, although there was
large variance at every age. Results of the tests of forced expiratory volume, sysiolic
blood pressure, and creatinine clearance likewise showed a progressive impairment of
performance across the age span, subjects in each successive age decade performing less
well than the younger ones.

T-scores calculated within age decades for each of the 162 volunteers who had
died since the BLSA was initiated were compared with the T-scores of those who were
still alive (matched for age). T-scores for those variables whose values increased with
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Table VI.3. T-Scores for Live and Dead Groups

BP FEVi.o Ce Glucose
Live
Mean 50.2 494 49.6 47.8
SEM 0.33 0.37 0.35 0.46
N 860 813 772 676
Dead
Mean 45.9 449 46.8 46.9
SEM 0.77 1.08 1.01 1.20
N 162 135 155 100
P < 0.001 < 0.001 < 0.01 NS

From Tobin (1981)

age (blood pressure and glucose) reflected poorer performance. Measurements of
blood pressure, forced expiratory volume, and creatinine clearance of those who had
died had all been significaatly poorer at the time of first testing than the scores of those
who lived, and represented on the average a poorer age-adjusted performance for these
values (Tab. 3). There was no significant difference between the two groups in glucose
concentration at two hours after oral ingestion of glucose, although both were
significantly lower than the normative levels.

Most of the deaths in this population have, as was expected, resulted from
cardiovascular disease and cancer. As the study proceeds, more specific mortality data
will be available to allow comparison of age changes in function commonly occurring
with disease entities.

3. Predicting Coronary Events in Asymptomatic Subjects

Despite the much-publicized decline in mortality from CAD over the last decade,
it remains the most common cause of death in the United States, especially in the
elderly. Although the presence of standard risk factors (smoking, hypertension,
hyperchoiesterolemia) or an abnormal ECG response to exercise is associated with an
enhanced risk of future coronary events (angina pectoris, myocardial infarction, or
sudden death), these findings have low predictive value in asymptomatic subjects.

Thallium myocardial perfusion scanning is a relatively new procedure for
detecting CAD without cardiac catheterization. We examined whether combining ECG
and thallium-scanning (TS) during maximal treadmill exercise would improve the
predictive accuracy for detecting CAD (Fleg et al., 1983b). Because cardiac catheteriza-
tion cannot routinely be performed in asymptomatic individuals, especially in those
with a normal response to these non-invasive tests for CAD, we monitored these
subjects for the subsequent development of cardiac events (CE) indicative of CAD
(angina pectoris, myocardial infarction, and sudden death).

Accordingly, 235 clinically healthy BLSA volunteers aged 40 to 92 years received
ECGs and TS in conjunction with maximal treadmill exercise. The incidence of
subsequent CE in each of four groups defined by the results of exercise ECGs (EE) and
TS is shown in the table below.

Groups N CE Age Follow-Up (Yr)
~EE/-TS 179 3 59.1 2.5
-EE/+ TS 22 0 58.3 2.8
+EE/-TS 20 1 65.4 2.7

5 69.3 3.2

+EE/+ TS 14

¢
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The group with + EE/+TS was significantly older than the other three groups and had
a markedly higher rate of CEs during the follow-up period. Both age and the
combination of +EE/4+TS were independent predictors of CEs. Coronary events
consisted of angina pectoris in seven subjects and myocardial infarction and sudden
death in one subject each.

In this asymptomatic population, the combination of an abnormal EE and an
abnormal TS thus identified a group of elderly subjects with a strikingly high incidence
of subsequent CE.




cHAPTER V1I

BLSA: Acta and Agenda
INTRODUCTION

We have emphasized that this book is a progress report on the first 23 years of the
Baltimore Longitudinal Study of Aging (BLSA), which has addressed a broad spectrum
of questions about physiological, psychological, and psychosocial variables in the
processes of aging. Despite its 23-year span, the bulk of its members have been
followed for only about 13 years of their lives; since half of the participants were
enrolled before they had reached age 50, substantial numbers of participants have not
yet been followed into senescence and advanced old age (85 and older). The book is
thus an interim report—a fact that receives further emphasis when we consider what we
have learned and what still remains to be investigated.

INDIVIDUALITY AND SPECIFICITY OF AGING

Aging cannot be equated to a disease or disorder, nor can there be hope for a
*“magic bullet” that will cure or stop it. In the past 20 years most gerontologists have
recognized the distinctly limited utility of a simple and sovereign notion of aging.
Instead of hypothesizing a unitary or uni-causal process of aging, researchers have
emphasized the need to consider the interacting influences of biological processes,
personality and behavioral factors, social and environmental forces, and the idiosyn-
cratic health behaviors and stresses of the individual. Similarly, the BLSA experience
has made clear the complexity of aging processes. Instead of a single underlying
mechanism, aging is now regarded as reflecting the expression of a host of processes
that independently and in concert in the individual bring about the changes we
recognize as aging. The BLSA experience has shown that multi-disciplinary longitudi-
nal studies provide a fertile basis for generating and testing hypotheses regarding aging
processes in men and women.

BLSA data indicate that aging is a highly individual process. Although cross-
sectional observations show a significant decline in many physiological variables over
the total age span, individual differences are very large. In some variables, individual
80-year-old subjects may perform as well as the average 50-year-old. Aging is highly
specific not only for each individual but also for different organ systems within the
same individual.

Because of the high degree of speciticity of aging among different subjects and
among different organ systems, chronological age itself is not a very reliable predictor
of performance in individual adults. Recognition of this great diversity may prove of
value in devising interventions to improve performance in normal aging subjects or for
subgroups. Although no single *“treatment” is likely to be discovered that will improve
various kinds of performance in all or most people, a variety of different interventions
or treatments tailored to critical personal characteristics might be developed that would
be effective for those individuals.
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The discrete character of various physiologic and behavioral functions has been
confirmed by several analyses that have found no statistically significant factor common
to them. The conclusions—that there is no single process of aging, and that so-called
““physiological indices of aging” provide no better predictors of individual perfor-
mance that chronological age—confirm the BLSA's choice of a multidisciplinary and
multivariate approach, both over its 23-year history and in future studies that will
address the problems it has identified.

PATTERNS OF CHANGE WITH AGE

From the mass of research results preseni>d in Chapters V and VI, we can readily
conclude that there is no one uniform age cou:se for all variables. The evidence is
conclusive that there are a variety of changes with age, of which we might identify six
types or patterns. One pattern is stability, or the absznce of any meaningful change with
age in important functions or aspects of the person, ranging from resting heart rate to
personality characteristics. The second pattern is characterized by declines with age that
are due not to aging per se but to illnesses associated with age. Thus, although earlier
studies reported a significant decline in plasma-testosterone levels with age, analyses
performed on subjects who were carefully screened for diseases revealed no such age
differences among healthy men. A third pattern shows steady declines in function in
spite of good health or the absence of disease; creatinine clearance is a classic
illustration of intrinsic change. Changes that occur precipitously in old age form a
fourth pattern; such changes are often expressions of disease or closely related to
disease, as in dementia. Other apparent changes may actually represent the body's
attempts to mainwin function with advancing age. This fifth pattern of change,
exemplified in the posterior pituitary response to hyperosmolality and in the use of the
Frank-Starling mechanism to maintain cardiac output during exercise, might be termed
compensatory. The sixth type of change that occurs with the passage of time has litde or
nothing to do with age, or with health and disease, but reflects cultural changes that are
of importance in interpreting research data on aging. A clear example of this is
provided by the nutritional data indicating reduction of dietary cholesterol intake over
the historical period during which BLSA data have been collected.

An intriguing opportunity for further research lies in those functions, predomi-
nantly psychosocial, that do not change with age, or change only late in life and in
minor degree. The implications for both geriatric practice and social policy of the
finding that personality is relatively unchanging, and that cognitive functions decline
substantially only after age 70—and even then are in part stabilized by compensatory
changes—must be studied both in the BLSA, in women as well as men, and in other
populations. Perhaps the most important goal is an understanding of the underlying
mechanisms responsible for both stability and change.

Complex physiological functions that require coordination among different organ
systems show greater decrements with age than more simpie responses. Some of the
major impairments of aging may be due primarily to breakdowns in various regulatory
mechanisms that reduce the adaptability of the individual, e.g., the age-related
diminution in cardiovascular response to catecholamines. The effectiveness of any
regulatory mechanism depends on its ability to detect the presence of significant
deviations and to institute measures to counteract displacements. Both these mecha.
nis ns (loss of sensitivity and of responsivity) contribute to the phenomena of aging.
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In its study of both physiological and psychosocial functions the BLSA has found
evidence of mechanisms that in part compensate for declines that accompany aging.
Examples range from cognitive to cardiac to aerobic function, and may result not only
from voluntary actions by the individual (such as the cessation of smoking) but also
from adjustments of which the individual is unaware (as when a deficit in memory is in
part offset by increases in knowledge). Identification of the mechanisms underlying
such compensatory adjustments might lead to the development of interventions that
would enhance the quality of life of the elderly.

One of the fundamental endeavors of the BLSA has been to study the effects of
aging as discrete from those of disease. Routine medical examinations have been
supplemented by diagnostic procedures, such as stress testing, that make possible
identification of diseases that would otherwise have remained occult, Screening for
these illnesses allows investigators to study aging in large samples in the absence of
clinically detectable illness. At the same time, longitudinal data from individuals who
develop specific conditions can be used to follow the course of those diseases.

Anaiysis of BLSA longitudinal data indicates that a precipitous drop in any
phys‘ological or behavioral function is likely to be a manifestation of a pathological
condition. A corollary is the hypothesis that, in variables that remain essentially stable
over the adult life span, any significant change may be a manifestation of pathology.
Further study of this hypothesis will be an important part of future BLSA analysis

The work of the BLSA is just beginning. The establishment of a data base
sufficiently large and exhibiting enough points of measurement over a period
sufficiently long to make possible longitudinal, time-sequential, and cross-sequential
analysis provides the ground for more sophisticated investigations of the questions it
has already addressed, as well as of new questions that will arise in the process.

FUTURE DIRECTIONS

It is not possible to chart with any great degree of precision the specific directions
of future research. Research directions are continuously under scrutiny and revision,
and new investigators bring with them new methods and hypotheses. But we may
sketch a few broad areas.

The failure of aging in some body systems to predict aging in other systems calls
attention to the need both for more complete description of the course of aging and for
more theoretical understanding of its mechanisms in each individual system. The
intensive investigation of specific functions will thus remain an important part of the
BLSA’s mission.

The relative homogeneity of the BLSA population has made it possible for
investigators to exclude from anrlysis factors or influences that show variation across
demographic and socioeconomic parameters, and has speeded the identification of a
variety of age-related patterns of stability and change. The validity of its findings for
other populations, however, remains to be demonstrated. What we know now is to a
great extent conditional on the subjects we have studied, the populations they are
drawn from, the methods we have used, and the historical period in which the subjects
have lived and been studied. Whether the patterns we have found will be repeated in
other ethnic and racial groups, other historical periods, ard other aspects of aging are
studied remains unpredictable. In the near future one of e most significant aspects of
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generalizability will be tested, when longitudinal analysis of data on BLSA women will
begin.

In the psychosocial area, another promising line of research will address the means
of promoting health and independence in older individuals, particularly through
research on the lifecourse patterns of health behaviors and their emotional, interper-
sonal, and experiential correlates. Future research is likely to emphasize the role of
lifelong personality dispositions in shaping characteristic modes of perceiving health,
maintaining fitness, and coping with illness. At the same time, research needs to
consider the influence of life stresses and social supports on mental and physical health
and functioning. Studies previously conducted on men will need to be extended to
women, and sex differences (physiological, psychological, and social) must be
examined for their possible significance in explaining differences between men and
women in health and longevity.

As the BLSA engages new fields of research, and pessibly new and more broadly
representative populations—the longitudinal analysis of the data from the study of
women is the most immediate example—it will be able to retest past findings and to
determine the validity of new ones. Despite the conceptual and empirical gains won
from our longitudinal and cross-sectional investigations, a great many questions remain
to be answered. Only a few cohorts have been studied, and only over two decades of
historical time. How other cohorts will age, and how other historical periods may
influence the aging of its members, awaits further observaticas on this population as
well as on others. In a society in which older people are exploring new roles and new
soiutions to old problems, the scientific and social importance of such study cannot be
sufficiently emphasized. In short, the findings of the BI.SA now constitute a kind of
gerontological agenda for the future.
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A Longitudinal Study of Problem Solving

in Adults'

David Arenberg, PhD’

A longitudine! study of en initial sample of 300 men whose sges renged from 24 to 87 yeers was
carrisd out using modifications of the logical problems devised by John. Cross-sections! results for
oll problems showed thet, with incressing ege, proportions of subjects who solved decressed end un-
informetive inputs incressed. The mean intervel betwesn first end second measures was 6.70 yeers.
Longitudinal messures of chenge showed s mean decline in performance only for the group which wes
over 70 initielly. Much of the decline wes atiributable to redundant inputs despite the fect that mem-

d

oty d were

d and the entire record of input-outcome events wes always svailable.

Six-year survivai also wes related to successful problem.solving performance in the first session.

ALTHOUGH reasoning is one of man’s most

cherished behaviors, and problem solving
is a prevalent experimiental approach to the
study of reasoning in the laboratory, few cross-
sectional studies of problem-solving perform-
ance and aging have been published; and to
the writer’s knowledge, no longitudinal study
has been reported. In this paper, a longitu-
dinal study of problem-solving performance is
described. The initial sample consisted of 300
male volunteers in the Baltimore Longitudinal
Study (sec Stone & Norris, 1966) who ranged
in age from 24 to 87 years at the time of their
first problem-solving session.

In the brief review of the cross-sectional
studies of problem solving and aging which
follows, the studies in which the problems were
similar to those used in this longitudinal study
are discussed first. In those studies, problems
were modifications of the type developed by
John (1957). Jerome (1962) and Young
(1966) used such problems and reported sub-
stantial age differences in performance be-
tween young and old adults. Similar problems
were used in the present study and are de-
scribed in greater detail in the Method section.

$The author sratefully acknowledges the assistance of Don McQ
Reynolds sand Marcia fI  Schwartz for sdministenng and scoring
oblems, of Patricis Allen for administenng them. and of Barbara
novan and Karen Douglas for sconng and snalyzing the data.
’Guomology Rescarch Center, NIH, Baltimore City Hospitals,
Baliimore 2124,

Q

RIC

Aruitoxt provided by Eic:

The important point is that both studies
showed that the old have considerable difficulty
solving such problems

Other cross-sectional studies have not con-
sistently found age differences in problem-
solving performance. In most of those studies,
the problems required some form of concept
identification. Wetherick (1954, 1966), in a
number of studies of concept-type problem
solving, has reported no age differences at least
as often as age differences. Some of his nega-
tive results probably are attributable to his
matching age samples on non-verbal intelli-
gence which correlates with problem-solving
performance. Such matching tends to select
better performers in an old group than would
be selected without matching. Even + th the
same samples, however, Wetherick (1$64) has
found age differences in some problems and
not in others.

Age differences have not been found consist-
catly in other concept-type studies. Wiersma
and Klausmeier (1965) reported no age differ-
ence in time to solve four conjunctive problems
with two relevant attributes. Although the
number of incorrect identifications prior to so-
lution jncreased monotonically with age, the
authors reported no statistically significant age
effect. It should be noted that the oldest group
was between 35 and 51 years of age. Arenberg
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(1968) found age differences in five varia-
tions of one-attribute concept problems. Brin-
ley, Jovick, and McLaughlin (1974) also
reported age differences in one-attribute prob-
lems in which both memory and organization
were manipulated systematically. Young
(1971) reported a study of conceyt identifica-
tion in which she found consister age differ-
ences for men in their 40s, 50s, - d over 60;
but the performance of their wiv was not age
related at any of the several levels of com-
plexity used. The mean performance measure
for the men over 60 was lower than the means
for the younger groups for all six problem
types. The women over 60 performed as well
as the younger female groups on all problems.

In summary, the experimental literature on
reasoning in gerontology indicates that: (a)
few cross-sectional studies have been reported;
(b) concept studies of aging have not always
shown age differences; (c) logical problems
like those devised by John (1957) have con-
sistently shown age differences (Jerome, 1962;
Young, 1966); and (d) no longitudinal study
of problem solving has been reported.

The primary purposes of the present study
are: (a) to determine whether performance on
problems like those used by Jerome and by
Young changes with age, and (b) to determine
whether such changes are related to age, i.e,
whather the old decline more than the younger
subjects., The cross-sectional analyses also
provide information about age differences in
performance for rather large samples under
conditions in which the subject has total con-
trol over the occurrence of each input-outcome
event. In the previous studies the input-out-
come events were paced, and the samples were
small.

METHOD

Subjects.—All of the participants n the
Baltimore Longitudinal Study who were avail-
able between 1962 and 1967 were included in
this study. The resulting sample consisted of
300 male volunteers ranging in age from 24 to
87 at the time of the first administration of the
problems. A vast majorit,;’ of the men had
some college education, and 819, of the sam-
ple had earned at least a bachelor’s degree.
The number in each decade with an earned
degree is shown in Table 1. With very few
exceptions, the participants were white, mid-
dle-class men employed (or retired) as sci-
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entists, professionals, or managers. WAIS
Vocabulary scores (X = 66.8) were above the
national average and at least as high for the
old as for the younger groups. For all analyses,
the subjects initially in their 20s were com-
bined with the group in their 30s, and those
in their 80s were combined with the group in
their 70s.

Procedure.-—In all problems a display of ten
lights was used (see Fig. 1), and in each prob-
lem a set of logical relations between lights
was defined by the experimenter. The lights
which were related were connected by arrows
on a problem disk displayed with the lights.
Each arrow was assigned one of several pos-
sible meanings. Three possible meanings were
used in this study: (a) effector, (b) combinor,
and (c) preventor. The effector meaning was
a simple cause-and-effect relation between two
lights. The arrows on the sample problem disk
which were effectors are designated “1”” in Fig-
ure 1. (Of course, the specific designations did

Table 1. Mean WAIS Vocabulary Scores and Number
with One or More Earned Degrees.

20s 308

40s_50s 60s_ 705 808
Vocabulary 60.8 63.1 67.3 66.4 67.9 69.0 €9.4
No. with eartied degree 4 20 60 66 43 37 4

N 5 40 7 80 47 45 4

G = Preventor % = Combinor 1 = Effector

Fig. 1. Sample problem. The solution sequence is:
A ] A 2 a

3 N
¢ ——x § }—*c
}—‘ 5
8
where A, B, and C represent lights which were acti-
vated by button presses, and 1, 2, 3; 6, 4, 5, and G

represent lights which resulted as outcomes of the
previous input.
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not appear on the disk displayed to the sub-
ject.) For example, the arrow from 1 to 2
meant that whenever the input was 1, 2 re-
sulted. In the published studies in which
similar problems had been wused, input-out-
come events occurred at a fixed pace. Lights
which were on became inputs and were re-
placed by their outcomes at the end of a con-
stant period of time (typically 3 sec.). In the
present study, no external pace was imposed.
The transition from an input to an outcome
was totally under the controt of the subject.
When he activated 1, for example, 2 would
result only after the subject indicated that he
wanted the results of his input. Then the
experimenter would extinguish 1 and activate
2 using switches on the control unit. With 2
lighted, the subject had three options: (a) he
could clear the board (with a large button in
the upper right corner of his display panel not
shown in Fig. 1) and resume; (b) he could
request the results of 2, i.e., 2 becomes an in-
put; or (c) to the 2 already lighted he could
add other lights, and the next input would
consist of 2 and the additional lights. The
other effector arrows operated in a similar way.
In the sample problem (Fig. 1), A resulted in
1, 2 resulted in 3, 3 resulted in 4, and C re-
sulted in 6.

The combinor meaning is designated “1/2”
on pairs of arrows with common targets in
Figure 1. For example, the arrow from 4 10 G
and the arrow from 5 to G were a pair of com-
binor arrows. Operationally, an input of 4
without 5 (or 5 without 4) resulted in a blank
outcome. The target light, G, resulted only if
the input consisted of both 4 and 5. Similarly,
5 resulted from an input of both B and 6;
neither B without 6 nor 6 without B resulted
in 5.

The preventor meaning is designated “0” in
Figure 1. The arrow from B to 2 on the sam-
ple disk was a preventor arrow. Operationally,
2 did not result whenever an input included
B. In other words, B prevented 2; B alone
resulted in a blank outcome, I alone resulted
in 2, and B with | in the same input resulted
in a blank outcome.

The three possible meanings of arrows were
explained to the subject in great detail using
the sample problem. Each light on the periph-
ery of the disk could be activated by pressing
a corresponding button adjacent to that light.
The goal light, G, in the center of the disk had
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no corresponding button on the subject’s panel.
In the sample problem and in all other prob-
lems, G could be lighted only as an outcome.
During the sample problem subjects were
shown that each of the peripheral lights could
be lighted directly by pressing its button, but
the goal light could only be lighted as a:result
of a particular input. In the sample problem,
only if an input included both 4 and 5 would
G result.

The task in each problem was to arrive at
the outcome, G, via a sequence of inputs with-
out pressing the buttons for the numbered
lights. It was strongly impressed upon every
subject that the buttons for numbered lights
could be pressed to obtain information about
the meanings of specific arrows (and that such
information was important in solving a prob-
lem logically); but only the buttons for let-
tered lights could be used in a solution se-
quence of inputs.

After all the meanings of arrows in the sam-
ple problem had been explained, the solution
sequence was demonstrated. This was done
after the subject understood that both 4 and 5
were necessary in the final input, and that it
was necessary to achieve 4 and 5 together as
an input without pressing the buttons for 4 or
5 (or any other numbered light). He was
shown how to obtain the outcome, 4; how to
obtain the outcome, 5; and how to obtain the
outcome, 4 and 5, which could then be used as
the final input to reach the outcome, G. As
indicated in Figure 1, the solution sequence
was: (a) press A which yields outcome, 1; (b)
add nothing and | yields outcome, 2; (c) press
C which added to 2 yields outcome, 3 and 6;
(d) press B which added to 3 and 6 yields out-
come, 4 and 5 (3 yields 4, and at the same
time B together with 6 yields 5); and (e) add
nothing and 4 together with 5 yields outcome,
G.

The sample problem was used to intrcduce
the many rules and procedures for solving this
type of problem. They included demonstrating
input-outcome transitions, emphasizing that at
the subject’s command (and not until then)
outcome lights replaced input lights, explain-
ing the three possible meanings of arrows,
showing that inputs consist of lights which
can result either from button pressing or from
an outcome of the previous input, explaining
and demonstrating the restrictions on button
pressing during solution sequences (but not
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during collection of information about specific
arrow meanings), and illustrating a system for
recording all input-outcome events to provide
a written record which could be reviewed at
any time.

Subjects were instructed to attempt to mini-
mize the number of inputs required to solve
the "problems but were informed that it was
more important to reach a solution using many
inputs than not to reach a solution at all.
They were also informed that time was a sec-
ondary consideration in evaluating perform-
ance and that no savings in time could com-
pensate for even one superfluous input.

Following the sample problem, the practice
problem was administered. The experimenter
instructed the subject to make specific inputs
and explained the information available after
each outcome. During this part the subject
nressed buttons and recorded inputs and out-
comes. After all arrow meanings could be
identified, he was given the opportunity to syn-
thesize independently a solution sequence of
inputs. Questions about rules and procedures
were encouraged, and the subject was told at
the beginning of this and all subsequent prob-
lems that he could ask such questions at any
time. If the subject needed help solving the
practice problem, the experimenter attempted
to elicit the source of the difficulty in order to
maximize the subject’s understanding of the
task and permissible operations.

The necessity of maintaining an accurate
record of all inputs and outcomes was stressed.
It was explained that such a record relieved
the subject of the burden of remembering his
previous inputs and their outcomes, so that his
major efforts could be applied to reasoning.

All problems were administered during a
single half-day session for each subject. Be-
tween 45 and 120 min. were required for in-
structions, the sample problem, and the prac-
tice problem. Up to 150 min. were used to
work on one to three problems in the main
sct. Typically, two breaks of about 10 min.
were provided; the first usually followed the
practice problem. All subjects attempted the
first problem and also attempted the second
and third problems if time permitted. Each
problem in the main set was logically more
complex than the preceding problem. The
three problems were logically identical to the
first three levels used by Jerome (1962).

Because the apparatus was not automated,
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the experimenter was in the room with the
subject at all times. As a fortuitous result,
questions about rules and procedures which
arose during problems (even in the main set)
could be answered and misunderstandings
could be clarified.

The second session was scheduled during a
subsequent visit to the Gerontology Research
Center & minimum of 6 years after the first
session. The mean interval was 6.70 years, and
mean intervals for all decades were quite simi-
lar (ranging from 6.57 to 6.83 years). Of the
300 men who participated initially, 224 re-
turned. The number of men who did not
return and the major reasons are shown in
Table 4 for each decade (age at first sassion).
Problems in the main set of the second session
were logically identical to the comparable
problems in the first session. In all other re-
spects, the second session was the same as the
first.

Dependent measure—~—The primary purpose
of the study was to measure age changes in
effectiveness in reasoning, ie., in analyzing
and synthesizing information in solving logical
problems. The level of difficulty of the prob-
lems was selected so that few of the partic-
ipants in the Baltimore Longitudinal Study
would be unable to solve at least the first
problem without making it trivial. In order to
assess on-going problem-solving performance,
a measure was developed to reflect the poten-
tial gain in information of each input. This
measure was the number of uninformative in-
puts. Each input prior to echieving a solution
sequence could be evaluated as (potentially)
informative or uninformative depending upon
the pool of information available at that point
in the subject’s solution. The number of unin-
formative inputs was the primary dependent
measure; and these inputs were further classi-
fied as overtly redundant, directly inferable, or
indirectly inferable in order to elucidate the
age deficits in reasoning that were hypoth-
esized.

Resurrs

Problem I: Cross-sectional—Of the total of
300 men in the initial sample, 263 solved the
first problem. The proportion of men who suc-
cessfully solved the problem is shown for each
age group in the top part of Table 2. The
proportions declined monotonically with age;
a substantially higher proportion of men under
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Table 2. Proportions Who Solved Problems I, II, and III.
Under 40 40s 50s 608 Over 70 Al
Problem I
First session (N) 45 » %0 47 9 300
—proportion solved 96 o 91 70 3 88
Returned (N) 34 65 65 34 26 204
—proportion® solved 1st session . 97 1] ] .81 91
—~proportion® solved 2nd sesaion 97 98 95 .85 .82 B3
Problem 11
First semion (N) 45 7 7 [} 34 m
—proportion solved 87 2 87 .68 %! .83
Returned (N) 34 65 62 X 20 am
—proportion® solved 1at session e .92 .90 80 20 i1
—propottion® solved 2nd sesion 98 87 7 .60 8
Problem 111
First wemion (N) 39 (] 56 A 20 202
—~—proportion solved 95 9 91 .88 .85 .8
Returned (N) ] &8 46 18 12 180
—projortiond solved 13t session 97 0 91 1.00 .67 9
—~propottion® solved 2nd session i) 95 91 .85 .80 8

¢ Three additional subjects returned. but data could ot be obtained,

Table 3. Mean Nt __.er of Uninformative Inputs.

® Of those who returned, proportion who solved.

Under 40 408 508 60s Over 70 All
Problem |
Solved 1st session
—number 43 ] ” 37 36 E
—mesn §.12 7.38 6.88 8.46 8.50 .17
Solved both sesions
—number 32 62 5 24 16 193
—mean 1at semion 5.28 671 .07 6.96 6.62 6.61
~mean 2nd semion 4,00 3.90 5.39 3.08 11,37 5.14
—mean change -1,28 =81 -1.68 -1.87 .78 —1.47
Problem 11
Solved 1st session
—number 39 7 (] 27 24 227
—mesn 7.36 10.35 10.65 11.00 14,00 10.40
Solved both sessions
—number 30 59 50 17 10 168
—mean Igt session 8.07 8.93 9.86 11.24 12.90 9.83
—ean 2nd eemsion 4.67 .92 6,88 8.18 19.90 .7
—mean change , —3.40 -1.02 -2.98 -3.08 7.00 -1,%
Problem 111
Sclved 15t session
——number 37 60 5 18 13 17
—mean 8.89 9.12 10.31 16,28 14.08 10.49
Solved both sessions
—number 27 52 40 11 6 136
—mean 13t stion 9.4 8.02 8.20 20,36 15,33 9.4
—mean 2nd simion 10.11 4.56 9.82 13.58 .8 8.08
—mean change 0.37 —3.46 1,62 -8.82 =1.50 —1,85

60 than over 60 successfully soived the prob-
lem.

The mean number of uninformative inputs
for successful solutions in each age decade are
shown in Table 3. (Note that the higher the
number of uninformative inputs, the less effec-
tive the solution.) There was a general in-
creasing trend with the largest increments
between the 30s and 40s and between the 50s
and 60s. The product-moment correlation be-
tween uniniormative inputs and age was (.12
(p < 0.05. N = 263). Of the three kinds of
uninformative inputs, both overtly redundant
inputs and directly inferable inputs contrib-
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uted substantially to the high mean of total
uninformative inpu's for the men over 60.
Before considering longitudinal analyses of
age changes, it is necessary to determine the
effects of attrition (due to failure to return)
on initial cross-sectional data. Of the 300 men
in the original sample, 224 returned for an-
other udministration of logically equivalent
problems. The returning subsample of 224
men had a higher proportion of solvers
(91.7%)_ in the first session than ‘the sub-
sample which did not return (77.6%). An-
other cffect of the attrition was that age differ-
ences in the mean number of uninformative

23
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_Table 4. Number and Reasons for Failure to Raturn.

Under 40  40s 508 608 Over70 Al

Total 11 1 15 13 23 73
—diede 2.0 1.0 4.1 2.1 6.6 158
~—withdrews 0.0 &1 8.2 8.1 6.2 306
~ills 0.0 1.0 0.0 0.1 3.0 4.1

¢ Eatries separated by comma indicate number who solved and number
who did aot solve Problem I.

inputs based on all subjects who solved Prob-
lem I were not found for the groups who
returned and successfully solved this probleia
in both sessions; e.g., subjects in their 40s had
a mean of 6,71 uninformaitve inputs, whereas
the men over 70 had a mean of 6.62 (see Ta-
ble 3).

Problem I: Longitudinal—For those sub-
jects who solved the first problem in both ses-
sions, cross-sectional age differences in unin-
formative inputs were apparent the second
time. Inspection of the mean change for each
decade (see Table 3) indicates that all groups
improved except the men initially over 70. The
decline in reasoning effectiveness (increase in
uninformative inputs) was larger for the
70-year group than for each of the other age
groups (all ps < 0.05, Mann-Whitney test).
More than half of the men in each group be-
low 70 improved; but only 5 of the 16 men
over 70 improved.

Among the 49 men over 70 in the original
sample, 12 died before they were due to return
(sce Table 4), and survival was related to per-
formance. Of the 36 men who solved the first
problem initially, 839, survived, whereas only
54% of the 13 men who failed that problem
survived (p < 0.05, one-tailed exact probabil-
ity). This relationship was not found for the
vocabulary measure. A comparison of mean
WAIS Vocabulary raw sccres of those who
died and those who lived showed no difference
(Xpiea = 69.3; Riivea = 68.9). It should be
pointed out that the vocabulary measure typ-
ically was obtained 1 tc 3 years prior to the
problem-solving session. The relationship be-
tween survival and problem-solving success
was not attributable to age; l.e., survivors were
not predominantly the younger men in the
over-70 group who were also more frequently
successful in solving Problem I. For the 36
solvers in this group, the mean age of survivors
was 74.3 years, and of nonsurvivors, 74.2
years; for the 13 nonsolvers, the mean age of
survivors was 75.4 years, and of nousurvivors,
769 years. As would be expected, deaths
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among the men who were between 50 and 70
initially were far less frequent, but even in this
age range the results were similar. Of the men
in their 50s and 60s who successfully solved
Problem I, 5% died; whereas 129 of those
who failed to solve that problem died.

A second and third problem were admin-
istered in each session if time permitted. The
attrition in the sample due to insufficient time
was a source of bias in the performance meas-
ures for these problems. Prior performance of
subjects who did not reach a problem was typ-
ically poorer than for those who reached that
problem.

Problem II: Cross-sectional—Of the 300
men in the original sample, 272 reached Prob-
lem II and had valid performances. The age
distribution of those who solved that problem
is shown in Table 2. As with Problem I, the
proportions of successful solutions for Problem
II declined with age.

The measure of reasoning effeciiveness for
those who solved Problem II also was related
to age. The correlation between uninformative
inputs and age was 0.17 (p < 001, N = 227).
Table 3 shows that the largest increments in
uninformative inputs occurred beiween the
30s and 40s and beiween the 60s and 70s.

Of the 224 men who retumed for a second
session 6 (or more) years after their first ses-
sion, 13 had not reached Problem II the first
time; and of the 2I11 who had attempted to
solve that problem, 178 (84%) had been suc-
cessful. The distribution by age groups can be
seen in Table 2. Of the 209 men who reached
that problem the second time, 182 (87%)
solved successfully; this included three men
who solved Problem II the second time but had
not reached that problem the first. time.

Problem II: Longitudinal—There were 166
men who solved Problem II both times and
who could be included in an analysis of change
in number of uninformative inputs. Unlike
Problem I, the initial performance of the sub-
sample who solved Problem II both times was
age-relatel (see Table 3). A similar result
was obtained for the second measure .of unin-
frrmative inputs. Just as in Problem I, all age
Sooups except the oldest showed small mean
improvements; but the oldest group shrwed a
substantial age decline in reasoning ...ective-
ness. In Problem II, that decline was almost
entirely attributable to an increase in the num-
ber of overtly redundant inputs.
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Problem III: Cross-sectional —Of the 300
men in the original sample, 202 reached Prob-
lem III and had valid performances, and 179
(89%) solved it sucressfully. The distribution
by age groups of those- who solved is shown in
Table 2. Similar to Problems I and II, the
propertions of successful solutions for Problem
III declined with age. For successful solutions,
the number of uninformative inputs was also
age related (r = 020, p < 0.01, N = 179).
The largest age difference in reasoning effec-
tiveness occurred between the 50s and G0s (see
Table 3).

Sixty-four of the 224 men who returned and
could be scheduled for a second session had not
reached Problem III in the first session. Of the
160 men with valid performances and who re-
turned, 145 (91%) had successfully solved
that problem the first time; the age distribu-
tion can be seen in Table 2. Of the 179 men
who reached Problem III the second time, 160
(89%) solved it successfully.

Problem UI: Longitudina:-—A total of 136
men solved Problem III both times and could
be included in a longitudinal analysis of
change in number of uninformative inputs.
The groups over 60 had substantially more
uriinformative inputs than the groups under
60 the first time. This finding is similar to the
results of the cross-sectional analysis of the en-
tire original sample. As can be seen in Table 3,
the relationship between reasoning effective-
ness and age was not monotonic the second
time; and as a result, the age changes were not
consistent with the previous data. Unlike the
results of Problems I and II, the group initially
in their 70s did not decline in performance;
but it should be noted that due to many
sources of attrition, that sample was reduced to
6, and was an atypical subsample of their age
peers.

“Nongoal-directed” behavior.—Early identi-
fication of the subgoal condition (the necessary
input for the goal outcome, G) was an essential
component of the backward solution strategy
which was emphasized in Jerome's (1962)
study. Jerome found, however, that his old
subjects typically did not identify the subgoal
condition early. A measure was devised to
quantify such “nongoal-directed” behavior in
the wresent study. This measure is the number
of inputs which were prior to identification of
the subgoal coudition, but which were not
directly related to the goal light. In Table 5,
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Table 5. Mean Number of Early Inputs
Not Directly Related to Goal.

Under 40  40s 50n 608 Over70 Al

Problems

(N = 263) 1.81 1.2 181 L8 292 197
(N = 22D 1.02 1.68 2.61 1.9 3.08 2.02
HI(N = 170) 1.43 1.3  2.16 2390 1,62 1.60

it can be seen that this measure increased
across the age dimension for all three prob-
lems (first session)

Discussion

The cross-sectional results based on the
initial sample showed an wicquivocal decline
in reasoning performance with ege. Although
the pattern of age differences varied somewhat,
all three problems showed a decrease in pro-
portion of successful solutions and a decline in
effectiveness of solutions with age. In the first
problem, the decline in reasoning effectiveness
was partially attributable to an increase in
overtly redundant inputs; in the second and
third problems, the declines were almost totally
attributable to increases in overtly redundant
inputs. Despite the substantial differences in
procedures, these results are consistent with
the two-sample age differences reported by
jerome (1962) and by Young (1966).

A measure of “nongoal-directed” behavior
(the number cf inputs which were prior to
identification of the subgoal condition, but
which were not directly related to the goal
light) showed an increasing monotonic rela-
tionship with age. These cross-sectional results
are consistent with Jerome’s (1962) findings
that the old did not identify the subgoal con-
dition early as part of the backward solution
strategy which was emphasized in his instruc-
tions. In the present study no explicit strategy
was included in the instructions; nevertheless,
“nongoal-directed” inputs early in the solution
increased with age. Perhaps the old are poor
at formulating and adopting an effective strat-
egy as well as poor at carrying out such a
strategy when it is explicitly taught to them.

In the longitudinal analyses, mean age
changes were limited to the subjects who were
initially in their 70s. For thesz men the num-
ber of uninformative inputs increased, and the
increases were primarily attributable to more
overtly redundant inputs. The mem. ry com-
ponent of the task had been minimized by
having subjects maintain wnitien records of
every input-outcome event. Despitc the avail-
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ability of such a record the oldest subjects re-
peated inputs frequently, and it was an
increase in these repeated inputs that ac-
counted for a major portion of the decline in
the effectiveness of their reasoning perform-
ances. Descriptively this tool the form of addi-
tional attempts at solution sequences which
were variations of earlier attempts, but which
were ineffective because they did not make use
of the ir’ormation available from previcus
input-outcome events.

Rarely are studies of age changes free of
methodological problems, and this study has
its share. Ideally, a time-sequential design
would have been used with a minimum of two
cchorts at’ each age. Sometimes early and late
entries into a sample can be separated to create
different cohorts for time-sequential analyses,
but in this study the sample was too small and
the time span of data collection was too short.
Also it would have been preferable to have
data for all three problems for all subjects in
both sessions, but time was a restricting factor
which biased the proportions-solved measure,
and both time and ability to solve 4 problem
were biasing selective factors for the reasoning-
effectiveness measure. Furthermore, subjects
who returned were not representative of the
initial sample. All of these factors affected the
data positively, i.e., by excluding a subsample
of predominantly poorer performers. Never-
theless, age changes in reasoning performance
were obtained for the group initially in their
70s, and that is the primary finding of this
study. The positive biases mentioned above
could have masked age changes for men below
70, but the age changes for the 70-year-olds
emerged despite these biases.

The results of a follow-up analysis of mor-
tality and reasoning perforinance for the 49
men in the initial group over 70 showed a rela-
tionship between survival and success in
solving Problem 1. Similar results of so-called
“terminal drop” have been reported for several
psychological performance measures (see
Granick, 1971, for a review of the relationship
of cognitive performanc~ and mortality)., The
mortality results of particular interest in this
study were the differential relations between
death and vocabulary on the one hand and
death and reasoning on the other hand. Death
occurred before the second administration. of
the problems for 17% of subjects over 70 who
had successfully solved Problem I, but for 469
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of those men who had failed that problem.
On vocabulary performance, however, the
mean of survivors was the same as the mean of
those who died.

All the results together suggest strongly that
the age changes found in rearoning effective-
ness among the men over 70 who successfully
solved problems in both sessions were not early
manifestations of “terminal drop.” These men
were heslthy enough to return, they were able
to solve problems in the second session, and
their vocabulary perforisance did not decline,
If the decrements in performance are early
indices of “terminal drop,” however, then de-
eline in reasoning performance should predict
death; ie, men whose performance declined
from the first to the second problem-solving
tession should have a less favorable survival
experience than those whose performance was
maintained or improved. Time (and follow-up
data) will tell.

SuMMARY

A longitudinal study of logical problem solv-
ing was conducted. The initial sumple con-
sisted of 300 men, predominantly well-edu-
cated and middle-class, who ranged in age
between 24 and 87 years. Six years later, 224
men returned and attempted to solve logically
equivalent problems. Cross-sectional snalyses
of age differences and longitudinal analyses
of age changes in proportions who solved suc-
cessfully and in effectiveness of successful solu-
ticns resulted in the following:

1. Age differences favoring the young were
found in proportions of successful solutions in
al' three problems, and the largest differences
occurred between groups under 60 and groups
over v0.

2. For the successful solvers, age differences
favoring the young were found in effectiveness
in attaining solutions in all three problems.

3. Proportions of successful solutions in the
second session (6 or more years after the first)
were quite similar to comparable proportions
in the first session.

4. For the me: who successfully solved a
specific problem in both sessions, age declines
in 1easoning effectiveness were found only for
the group over 70 (initially) in Problems I
and II

5. Of the 49 men in the over-70 group in
the first session, 12 died before they were due
to return 6 years later. Survival was related
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to success in solving Problem I but was not
related to WAIS Vocabulary. Of the 36 men
who solved the problem, 17% died; of the 13
men who failed to solve the problem, 46%
died. The vocabulary means for survivors
(R = 68.9) and for those who died (R = 69.3)
were virtually identical.

Consistent age differences were found across
the entire adult age range, but longitudinal age
changes were not found for the age groups
below 70. Several positive biases were operat-
ing which probably reduced the true age
changes: those who returned were a select
subsample of the original ~ample; those who
reached Problems II and III were, for the most
part, superior performers; and only those who
successfully solved a particular problem in
both sesslons could be included in that analysis
of change in reasoning effectiveness. Despite
these biases, age changes were found for the
group over 70, evidence that ability to solve
reasoning problems declines in late life even
for & highly sclect group of men.
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Differences and Changes with Age in the
Benton Visual Retention Test!

David Arenberg, PhD?

The selation of adult age and performance on memory for designs (Benton Revised Visual Retention
Test) was determined for men by analyzing: (a) three cross-sectionai sampies (Ns = 402, 162, and 293);
(b) two longitudinal samples (repeated measures at least 6 years apart, Ns = 268 and 82); and (c) within-
cohort comparisons of men born ln the same periad, but tested at different times. The results were essen.
tlatly the same for the age differences, age changes, and estimates of age changes based upon within-cohort
differences. Increases in errors were small for the young groups, moderate for the men in their 50s snd
60s, and substantial for the men over 70. WAIS Vocabulary measures for these same samples showed
small cross-sectional differences favoring the older men, no overall longitudinal change but small relative
deficits for the older participants, and small declines in estimates of age changes based upon comparisons
of independent samples born during the same period. In general, the results indicate age declines in
memory-for-designs performance for men particularly late In life, but only small (if any) age declines
In vocabulary for the same samples. No correlation was found in eithar longitudinal sample between

change in memory performance and change in vocabulary score.

LTHOUGH memory loss is considered a

pervasive problem of the aged, few cross:
sectional studies of memory and agire hava
been reported outside the verbal-memory
domain, and not one longitudinal study of age
changes in nonverbal memory has appeared in
the gerontological literature. In this study,
performance consists of reproducing geo-
metric designs from memory. In addition
o cross-sectional data, age changes based
on conventiunal lengitudinal data and esti-
mates of age changes based on comparisons
of independent samples from the same birth
cohort measured at different times are
includ=a.

Age differences in memory tour designs have
been reported across the adult age range
(Bentica, 1963; Davies, .967; Grabam &
Kendall, 1960; Poitrenaud & Clém.:nt, 1965)
and between young and old adults (Arenberg,
1977). The results of those studies are con-
sistent; mean errors increased with increasing
age.

The data in the current study are from <he
Baltimore Longitudinal Study (see Stone &

Many psychologists pasticipated in the collection and scoring of the
data an ths study The contribulions of Patrkiz Lamb, Robert Walker,
Rchtand Mathiac, Don Reynolds. Barbara Donovan. Patrikia Allen. Maséia
Schwertz, Steven Kanis. Dasrell Gray. and Marian Hednck are gratefully
acknowledged | am partcularly indebted 1o Karen Douglac not only for
ad'nznlenu and sconng. but especially for programming and analyzing
the data.

1Gerontology Research Center, National Inctitute on Aging. NIH.
Baltimore City Hospitals, Baltimore 21224,

.
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Norsis, 1966) during the perioc from late
1960 to mid-1973. It was predicted that: (a)
errors would increase with age cross-sec-
tionally; (5) age changes would be found
longitudinally; and, (c) these longitudinal
changes would increase with age. Tte fact that
the data were collected over an extensive
period of time provided an opportunity to
explore whether cstimatg¢s of age changes
based upon age differences within birth cohorts
(pesformance for men in an early sample
compared with performance of men bom at
the same time but from a later sample) would
be consistent with the longitudinal age
changes.

METiIOD

Subjects

The subjects included every participant in
the RBaltimure Longitudinal Study for whom a
mi:asurable initial performance during the
period 1960-1973 was -vailable (N = 857).
The participants in the Baltimore Longitudinal
Study are males between the ages of 18 and
102, but heavily concentrated between the
ages of 30 and 80. They are all volunteers who
agree to come to Baltimore City Hospitals
periodically for 2% days during which an
extensive vari~* of physiological, biochem-
ical, and behavioral measures are obtained.
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The men are predominantly white, well-
educated, and of high socioeconomic status
living in the Baltimore-Washington area.

Procedures

For purposes of analysis, the total sample
of 857 was divided into three subsamples on
the basis of the date of the initial measure.
The periods were: (a) early, 1960.9 - 1964.9,
(b) middle, 1965.0 - 1968.5, and (c) late, 1968.6 -
1973.5.

The primary cross-sectional analysis was
based on the early sample with the middle and
late samples serving as replications. The
primary longitudinal analysis was based on the
“repeats’’ from the ecarly sampie. A small
longitudinal replication was based on the
*'repeats’* from the middle sample. In addition,
estimates of age changes were based upon
within-cohort comparisons (i.e., age differ-
ences between subgroups born at the same
time but measured at different times). These
birth cohort subsamples were from the early
and late samples.

All participants were given Form C of the
Benton Revised Visual Retention Test, Admin-
istration A {(Benton, 1963), usually on their
first 2%5-day visit. Form E was administered
on a subsequent visit 6 (or more) years after
the first test. A form is made up of ten
designs. Each of the first two designs consists
of one major (g7ometric) figure; each of the
other eight, designs consists of two major
figures and a peripheral, minor figure. Under
Administration A, the standard procedure,
cach design is displayed for 10 sec and with-
drawn. The subject’s task is to reproduce
the design from memory at his own pace.
Errors were scored according to the test
manual (Benton, 1963). Each design was
scored by two psychologists independently,
and the infrequent disagreements were re-
solved by discussion or a third psychologist.
The dependent variable was the number of
errors in all ten reprodtuctions.

Whenever either form of the Bentun was
administered, the Voczuulary subtest of
the Wechsler Adult Intelligence Scale was
also administarad. Every analysis of the
memory data was paralleled by the same
analysis of the vocabulary data. 1n addition,
the correlations between change in memory
performance and change in vocabulary were
calculated for the two longitudinal samples.

Aruitoxt provided by Eic:
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RESULTS

Cross-Sectional

The three cross-sectional samples were
classified into seven age groups, and the
means for Benton errors are shown in Table 1.
The monotonic increases in means were
consistent with product-moment correlations
between errors and age of 47 (N = 402),
47 (N = 162), and .51 (N = 293) in the early,
middle, and late samples respectively (all
ps < .01).

Longitudinal

Longitudinal analyses we'e based upon all
participants in the early and middle samples
for whom a valid second measure was obtained
6 (or more) years after the first measure.
The mean interval between measures was 6.7
yr for the early sample and 6.5 yr for the
middle sample. These samples were grouped
according to age at first measure. The means
for first and second measures 2nd their dif-
ferences are shown in Table 2.

Table 1. Mcan Errors for Seven Age Groups
in Three Cross-Sectional Samples?

Early Middle Late
Agegroups N X N X N X
> 80 ] 1175 3 12,00 12 83
70 55 6.33 20 6.05 50 664
03 66 4.58 3 .09 39 s
50s 100 3.50 37 4.51 48 448
40s 98 2.88 40 315 4l 3.2
30s 67 2.61 15 pA L] 61 .3
<30 8 1.28 12 2,28 2 2.58

3More detailed descriptive data are available from the
author upon request.

Table 2. Mean Errors for First and
Second Measures for Two Longitudinal Samples.

Initial Early Middle
age N 1stX 20d¥ DX N I1stR 2ndX DX
>80 1 13.00 11.00 1 1100 10.00
705 .24 633 933 300 8 550 875 3.2
608 45 493 533 .0 17 494 559 .65
S0s 77 336 397 61 22 432 464 2
0s 0 270 299 .29 26 308 300 08
30s 48 265 300 35 3 467 3.00
<3 3 .6 @ S 280 200

o
o
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The mean increase in errors in the early
sample was .68; together with a correlation
of .60 (ignoring age) between the first and
second measures and a sample size of 268,
that mean change was statistically significant
(»p < .01). In the middle sample, the mean
increase was .39 errors; together with the
correlation of .41 (ignoring age) between the
first and second measure and the sample size
of 82, that change was not statistically signifi-
cant. However, the magnitude of change in-
creased with age in both samples. The correla-
tions between age at first measure and increase
in errors was .20 (N = 268, p < .01) for the
carly sample and .27 (N = 82, < .01) forthe
middle sample.

In order to determine the relationship of
age with that part of the second measure which
was independent of the first measure, part
correlations (age with residual of second
measure on first; see DuBois, 1957) were
calculated; these correlations were .36 (p < .01)
for the carly sample and .45 (p < .0l) for the
middle sample. .

The relationship of magnitude of change
with age is depicted in Fig. 1. This figure,
shows cumulative distributions of age changes
for five age groups in the early sampie. Most
striking is the marked difference between the
cldest group and the other four. For example,
over 50% of the men in each of the four
youngest groups did not decline, but only
28% of the group initially over 70 did not
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Fig. 1. Cumulalive percentages of magnitude of change
in five age groups (early sample).
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decline. An increase of more than three errors
was found in fewer than 107 of the two
youngest groups and in fewer than 20% of the
groups initially in their 50s and 60s, but
almost 50% of the men over 70 declined to
that extent.

Typically in longitudinal studies of cognitive
performance, the participants who retumn for
repeated measures are a positively biased
subsample of the initial sample (e.g.. Riegel
et al., 1967). The effects of attrition in the two
longitudinal samples can be seen by comparing
the mean for each age group in the initial
sample (in Table 1) with the mean of the first
measures for that age group (in Table 2) for
the subsample for whom a second measure
was obtained. In the early sample, 268 of the
original 402 subjects had a valid second mea-
sure. The **repeat’* age gréups performzd with
about the same or fewer errors than the initial
age groups. In the middle vample, of the 162
subjects in the initial sample, 82 had a valid
second measure and returned in time to be
included; except for the groups below 40,
the ‘‘repeat” age groups committed fewer
errors than the initial age groups. No statis-
tically significant difference was found,
however, between ‘‘repeats’ and ‘‘non-
repeats” in the two samples combined
(F <1,unweighted means ANOVA forunequal
cell frequencies). Reasons for attrition are
shown in Table 3 by age decade for the carly
and the middle samples.

Table 3. Reasons for Nonrepeats.

% of
Initial
<3030s 405 05 60s 70s 80s Total Sample
Early sample
Withdrewd 4 12 24 17 15 11 0 83 2
Dicd 0 2 2 4 3 14 6
Other® 1 5 2 23 61 2
Total $ 19 18 220 31 7 B4R
Middle sample
Withdrewd 3 4 3 7 6 4 1 28 17
Dicd 0 0 1 3 4 7 1 16 10
Other® 4 810 5 8 1 0 3 N
Total 7 12 14 15 18 12 2 80 49

AWithdrew™ includes failure to respond {to request to
schedule a visit),

beOther' inciudes  wisual impairment. refusal, invalid
measure, scheduling omission during a visit.
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Table 4. Mean Errors and Age for.
Nine Birth Cohorts at Two Periods
of Mcasurement — Independent Samples.

Ealy2 Late?
Cohorts N Ape Emors N  Age  Errors
1877- 1884 11 811 7.9 2 88 9.00
1885 - 1892 53 728 5.70 10 824 3.2
1893 - 1900 52 659 5,28 49 N2 6.59
1901 - 1908 55 516 3.29 35 655 5.49
1909 - 1916 9% 502 49 3} 566 49
19171924 77 418 2N 40 9.2 3.67
1925- 1932 486 346 2.4) M 419 3.81
1933 - 1940 6 218 1.50 st N6 3.2
1941 - 1948 1 208 2.00 0 1) 2.2

*Two sutyects in the carly sample were born before 1877,
and one subject in the late sample was born after 194C,

Birth Cokhort

Although the Baltimore Longitudinal Study
was not designed to test differences within
cohorts, it was possible ¢0 compare the early
sample with the late sample for grougs of men
bom during the same period. In Table 4, the
same nine 8-year birth periods are listed for
each sample, and the mean errors and mean
ages are tabulated. For each of the nine birth
cohorts, the error mean was larger for the late
sample (the older subsample) than for the early
sample (the younger subsample). Althoupt
comparisons of means for groups of similar
age consistently show more errors for the
late sample (e.g., 7.91 and 8.20 errors for
ages 81.1 and 82.4 in Table 4), these time-lag
differences account for only a small part of
the within-cohort estimates of age declines.

Means for the seven cohorts boin between
1877 and 1932 in the early sample are shown in
Fig. 2 connected by a dotted line. On the
same figure, mean changes are shown for
participants (from six of those seven cohorts)
who had two valid measures. These changes
are depicted by solid triangles connected by
dashed lines. Similar to the shape of the
cross-sectional curve, age changes were small
for the youngest groups, moderate fo~ the
groups with mean ages initially of 57 and 65,
and substantix! for the oldest cohort in their
late 60s or early 70s at the time of their first
test. Estimates of age changes are shown for
these same six birth cohorts by comparing men
born during the same periods, but tested at
two different times. The cross-sectional points
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Fig. 2. Crossesectional, longitudinal. and within-cohort
comparisons for groups classificd by period of birth and
time of measurement.

(open circles) from the early sample are
connected by solid lines to the cross-sectional
points (filled circles) from the late sample
for men born during the same periods. All of
these within-cohort comparisons indicated
age differences with the largest estimate
of age changes in the earliest born (oldest)
cohort.

WAIS Vocabulary

The WAIS Vceabulary test was included
in the Baltimore Longitudinal Study primarily
as a marker variable to describe the high level
of the study group. A vocabulary measure
was available for virtually every Benton
performance included in this report. As a
result, it is possible to analyze the Vocabulary
measures for cross-sectional age differences,
longitudinal age changes (repeated measures),
and estimates of age changes based upon
independent cohort subsamples bomn during
the same period, but tested at different times.

In all three cross-sectional samples, the
relationship between age and vocabulary
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raw score was slightly positive; » = .14, .07,
and .13 in the early, middle, and late samples,
respectively. Although the correlations were
small and statistically significant only for the
early (p < .01, N = 47" and late (p < .05,
N = 293) samples, tite consistency of the
positive trend indic .ies that the older men
were slightly higher in vocabulary performance
than the younger men.

Longitudinally, a mean age change was not
found for either the early or the middle sample.
For the early sample (N = 267), the means
for the first and second measures were 66.96
and 66.84 (¢ < 1); for the middle sample
(N = 82), the means were 66.01 and 65.52
(r < 1) (the correlations between measu: s
were .86 and .87 despite the restricted range).
However, magnitude of change was related
to age; the means for the older groups tended
to decline slightly, whereas the means for the
younger groups increased slightly. The cor-
relations between age and change were ~.19
for the early sample (p < .01) and —.06 for the
middle sample (p > .05). Part correlations
between age and that part of the second
measure which was independent of the first
measure (age vs residual) were —.16 (p <.01)
for the early sample and ~.13 (p > .05) for the
middle sample.

Within-cohort comparisons of WAIS Vo-
cabulary measures showed a small overall
mean diffcrence favoring the early sample
(X = &.5) over the late sample (X = 64.5)
(unweighted means ANOVA, F (1,566) = 4.98,
p <.05). However, the estimates of age changes
weie not age related; that is, the within-
cohort differences were similar for all age
groups (F < 1).

The correlations between change in memory
performance (increase in errors) and change
in vocabulary (increase) were .01 (N = 267)
for the early sample and —.09 (N = 82) for
the middle sample. Neither correlation was
statistically significant (¢ < 1). The correla-
tions between initial vocabulary score and
change in Benton performance (increase in
errors) were —.09for the early sampleand ~.04
for the middle sample. Neither correlation
was statistically significant (f < 1).

DISCUSSION
Age differences in the three c;os.*-sectional
samples were auite similar, and these results

AP, OIX

are consistent with the increases in errors
reported in previous cross-sectional studies
of memory-for-designs. The longitudinal age
changes were remarkably similar to the cross-
sectional age differences. Errors increased
little at the younger ages, moderately for
the groups tested initially in their 50s and
60s, and substantially for the men in their 70s.
This result wis found for two independent
longitudinal samples, one initially measured
between 1960 and 1964, the other between
1965 and 1968.

The longitudinal findings were supporteG
by the estimates of age changes based upon
comparisons of independent samples from
the same birth cohort measured at different
times. Again the largest di.rrences (between
cubsamples bom at the same time) were found
for the earliest born (oldest) cohorts.

Different results wire found for the Vocabu-
lary subtest of the WAIS with virtually the
same subjects. Cross-sectional comparisons
showed small age differences favoring the
older men. Mean longitudinal changes were
virtually nil, but magnitude of change was
related to age. The oldest men declined
slightly, and the youngest men improved
slizhtly. However, change in vocabulary
was unrelated to change in Benton per-
formance. The men who declined in memory
performance were not the men who declined
in vocabulary.

The Benton task appears to fall under
the M dim=nsion (ability to reproduce imme-
diately information presented either auditorily
or visually) in Hom's (1975) description
and dis 3sion of intelligence and aging, and
the WAIS Vocabulary task clearly is in the
Gc dimension (crystallized intelligence). The
memory results of this study are consistent
with previous cross-sectional findings of
memory for geometric figures (Benton, 1963;
Davies, 1967; Graham & Kendall, 1960;
Poitrenaud & Clément, 1965) and of other
memory tasks which Hom characterizes as M
measures (see Botwinick & Storandt, 1974).
The longitudinal age changes found in the
present study (supported by the estimates
of age change based upon within-cohort
comparisons) add the important information
that Benton performance declines within the
individual, especially late in life. These
findings are strong evidence for maturational
change in memory for geometric designs and

-
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suggest that previous cross-sectional age
differences in performance on other tasks in
the M dimension of intelligence are also
attributable to maturational declines.

In the later of the two longitudinal samples,
the initial memory performance of those men
who returned was slightly superior to that of
those who did not return. However, in the
first and larger longitudinal sample, returnees
and nonreturnees were not different in their
initial performance. Even if there were biases
due to attrition (superiority of those who
return), they should be positive biases; that is,
they should operate to reduce age changes.

All of the results point to the same conclu-
sion. Memory-for-designs performance de-
clines with age, particularly after age 70.

Although memory-for-designs performance
is intended to measure nonverbal memory, it
is clear that at least some geometric figures
can be verbalized, and such verbalizations
can be used to encode designs during presenta-
tion and can serve as retrieval cues at the
time of reproduction. It has been demonstrated
in this laboratory that elderly men with less
education than the pariicipants in the present
study benefited substantially from auditory
description of the Benton designs during
visual presentation (Arenberg, 1977). It is
likely that the older men in the present study
did not use verbal encoding maximally. Thus,
some part of their decline in performance
may well be remediable by training. It would
be valuable to determine whether such train-
ing at the time of initial performance would
prevent or substantially reduce declines
especially in those over 70. If the effective-
ness of the training is not maintained, it would
be important to determine whether the decre-
ment was attributable to failure to apply the
encoding techniques or to reduced effective-
ness of the encoding presumably due to age
changes in the brain.

Even among the group over 70 when initially
tested, some men did not decline. Why do
some men decline while others do not? This
is an important research question, and one
approach is to look for correlates of change.
When other information is available, it may
be possible to characterize those who do not
decline. If such characterizations can be
validated ~n other groups, directions for
preventive intervention to maintai. per-
formance may be indicated. Currently the
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medical and physiological data available for
the participaiits in the Baltimore Longitudinal
Study are being explored in search of cor-
relates of changes in performance on memory
for designs.

SUMMARY

From 1960 to 1973, as part of the Baltimore
Longitudinal Study, the Benton Revised
Visual Retention Test (Benton, 1963) was
administered initially to 857 men between 18
and 102 yrs of age. When this group was
divided into an early, middle, and late sample,
the correlations between number of errors
and age were .47 (N = 402), .47 (N = 162), and
S1 (N = 293), respectively (all ps < .01).
Repeated measures for the early and middle
samples were obtained 6 (or more) years after
the initial measures. The correlations between
change in errors and age were .20 (N = 268)
and .27 (N = 82) (both ps < .01); and the part
correlations between age and residual of
second mesurz2 on first were .36 and .45 (both
ps <.01). The subsamples of men who returned
performed slightly better initially than their
age reers who did not return, but the differ-
ences were not statistically significant.

Men in the early sample were compared
with men in the late sample who were born
during the same period. The withi. -cohort
comparisons are estimates of age changes,
and they were consistent with the longitudinal
measures of age changes. The largest within-
cohort difference was found for the earliest
born (oldest) birth-cohort.

Results were quite different for WAIS Vo-
cabulary scores from the same samples.
Cross-sectionally the correlations between
vocabulary and age were positive; that is,
the older men had slightly higher scores
initially than the young men. Overall changes
measured lengitudinally were virtually nil,
but magnitude of change was correlated with
age. The old men declined slightly and the
young men improved slightly. Within-cohort
comparisons of vocabulary scores did not
show a relation between age and estimate of
age change. The correlations between change
in Benton performance and change in vocabu-
lary score were not statistically significant.

Clearly memory for designs declines with
age in men, substantially for men initially
over 70. The age changes in vocabulary were

047
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small. The lack of relationship between change
in memory for designs and change in vocabu-
lary is further evidence against a general
decline in cognitive performance with age.
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Estimates of Age Changes on the
Benton Visual Retention Test!

David Arenberg, PhD?

Performances on the Benton Visual Retention Test were collected for §94 men 17 to 96 years of age
between 1960 and 1976 and were analyzed using slopes tc tstimate time-of-measurement effects. For
each of the nine birth cohorts and eight age groups, performance (errors) was plotted on calendar
time. Comparisons of the within-birth-cohort slopes showed an increase in slope with age (rho = 0.92):
carlier born (older) cohorts had larger slopes indicating increased errors per year. Comparisons of
within-age-group slopes showed no difference among age groups. Slopes of four of the five oldest
cohorts were larger (p < .05) than the common age-group slope. Whether the common age-group
slope was a secular effect, a cohort effect, or some combination of the two, the data were consistent
with age changes in performance late in life confirming longitudinal results of direct measures of

change previously reported.

Key Words: Aging, Human memory, Cognition, Estimates of age change, Time-of-measurement effects

R ECENTLY, Arenberg (1978) reported
substantial mean age changes on the
Benton Visual Retention Test (Benton, 1963)
over a 6-year interval only for men over 70
when initially tested. Mean differences within
birth cohorts were included also and were
consistent with the direct measures of change;
the largest mean difference between men
tested early (younger) and men tested later
(older) in the study was found for the earliest
born cohort.

Although the study was not designed for
sequential analyses (see Schaie, 1977), there
was some suggestion in the data that at least
part of the within-cohort differences (and
perhaps part of the longitudinal changes) were
due to time-of-incasurement effects within
age groups. The purpose of this paper is to
sxamine more intensively the time-of-measure-
ment effects within birth cohorts and within
age groups: (1) to obtain estimates of age
changes within many cohorts and to determine
whether these estimates were related to age;
(2) to obtain estimates of nonmaturational
changes within many aie groups and to deter-
mine whether these estimates were equivalent
for all age groups; and (3) to determine whether

'Many eTpenmenurs were involved an administering and sconing the
Benton VRT since 1960, most recenlly Barbam H:scock Susan Gold‘lem
and Judy Fniz Ther contnb
especially indebted 1o Judith Plotz for programmag as well as for
administering and scoring the test,

’Geromology Research Clr
B: ny t

National Insitute on Aging. NIH.
MD 21224,
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the within-age-group effects could account
for the within-birth-cohort effects. Regression
analyses were used rather than mean differ-
ences because the data were collected con-
tinually rather than within narrow time periods
separated by a long time interval. In these
regression analyses, time is a continuous
rather than a discrete variable.

METHOD

Participants. — The data included in these
analyses were collected from 1960 to 1976
from participants in the Baltimore Longitudinal
Study of Aging. They were unpaid volunteers
who agreed to come to Baltimore City Hos-
pitals periodically for 2'4 days during which
an extensive variety of phvsiological, bio-
chemical, and behavioral measures were ob-
tained. The men were predominantly white,
educated, and of high socioeconomic status
living in the Baltimore-Washington area. The
sequential analyses were based upon 894 men
with a first-time measure on the Benton Re-
vised Visual Retention Test during the first
16 years of the study (between late 1960 and
late 1976). These 894 men include the 692
from the cohort comparisons of means in the
previous report, 161 men tested between the
beginning of 1965 and mid-1968, and 41 men
tested between mid-1973 and the end of Sep-
tember, 1976. The men ranged in age from
17 to 96 years at the time they were tested.
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Procedures. — The procedures were de-
scribed in detail in the previous report (Aren-
berg, 1978). Form C of the Banton Revised
Visual Retention Test was administered to
virtually every par.icipant in the Baltimore
Longitudinal Study. Administration A was
used; this is the standard procedure in which
each design is displayed for 10 sec, and the
participant can take as much time as he needs
to reproduce the design from memory.

The dependent measure was the number
of errors for all 10 designs. The designs were
scored independently by two psychologists
according to the test manual, and the infre-
quent disagreements were resolved by dis-
cussion or by a third psychologist.

Analysis. — Regression analyses were car-
ried out for nine birth cohorts and for eight
age .groups. Each regression analysis was
based on all the men born within a specific
8-year period (birth cohort) or within an 8-year
age span (age group). First a scatter plot was
made of all the points within each birth cohort
and within each age group. A point represents
one man’s first Benton performance (number
of errors) and calendar time of its occurrence.
For a specific birth cohort, the slope of errors
on calendar time is an estimate of linear age
change for that cohort. In addition, slopes
for age groups were calculai d to determine
whether there were linear nonmaturational
effects over the 16-year period.

RESULTS

An example of a birth-cohort plot of errors
and calendar time is shown in Fig. 1. These
points represent all men born betwecn the
beginning of 1885 and the end of 1892 whose
first Bentuu measure was obtained between
1960 and 1976. The men in this cohort were
68 to 75 years old at the beginning of the study
(late 1960) and 84 to 91 at the end of the 16-
year period (late 1976). The slope of the best-
fit (least squares) straight line for this birth
cohort wzs 0.35 (i.e., ther: was an average
increase of 0.35 errors per vear).

The regression lines for all nine birth cohorts
are shown in Fig. 2. The runk -order correlation
(Spearman rho) between birth cohort and slope
was 0.92 (p < .01); the earlier born, the larger
the estimate of age change. A test of common
slope rejected the null hypothesis, F (8,871) =
2.53, p < .05; the slopes were significantly
different.
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. Fig. 1. Scatter plot of Benton errors and calendar
time for 78 men born between 1885 and 1892.
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Fig. 2. Regression lines of Benton errors and calendar
time for nine birth cohorts.

When the men were categorized by age
group rather than by birth cohort, the regres-
sion lines of errors on calendar time were
calculated and are shown in Fig. 3. The test
for common slope did not reject the null
hypothesis, F (7,866) = 1.07, p > .05; the
common slope was 0.074 which was different
from zero, F (1,866) = 10.13, p < .01). The
age groups did not differ in slope, but the
common slope was different from zero.

If we assume that the time-of-measurement
effect within age groups is a secular effect,
that is, some systematic effect during the 16
years of the study, then part of the estimates
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Fig. 3. Regression lines of Benton errors and calendar
time for cight age groups.

of age changes based on the analyses of birth
cohorts is attributable to secular rather than
maturational effects. The common age-group
slope was compared with the slope for each
birth cohort to determine whether that estimate
of age change was significantiy different from
the estimate of secular change. (In order to
make these statistical comparisons of inde-
pendent data, the points in the birth cohort
were cwmitted from the calculation of the
common age-group slope for each comparison.)
Four birth-cohort slopes were significantly
larger (p < .05) than the common age-group
slope: 1877-1884, 0.49; 1885-1892, 0.35; 1901-
1908, 0.35; and 1909-1916, 0.20.

DISCUSSION

These data are quite consistent with the
longitudinal (repeated-measures) findings re-
ported previously. Not only were mean errors
related to age, but the estimates of age change
were related to age. The rank-order correlation
between ‘mean age of cohort and estimate of
age change was extremely high (0.92). Further-
more, for four of the five oldest birth cohorts,
the estimates of age change were significantly
larger than the estimate of secular effects.

The rationale for comparing the common
age-group slope with each withir ~ohort slor2
was based on the assumption that the age-
group slope is an estimate of the nonmatura-
tional effects over time and each birth-cohort
slope represents a combination of those effects
and the maturational effect for that cohort.
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The common age-group slope, however, could
be due to a systematic cohort effect (i.e.,
within each age group, the men born later
committed more errors than the men born
earlier). If we assume that the common age-
group slope is due to cohort differences rather
than a secular effect, then two conclusions
can be drawn: (1) the cross-sectional age
differences underestimate the contributions
of maturation because the cohort differences
were in the opposite direction, namely, later
born commit more errors than earlier born;
and (2) all of the within-cohort effects are
maturational because there were no secular
effects. Therefore, the more the age-group
slopes were due to cohort differences, the
more the cross-sectional and within-cohort
results must represent maturational decline.
Whether the time-of-measurement effect with-
in age-groups was purely secular, purely
cohort, or some combination of the two, the
conclusions are the same; the data are totally
consistent with maturational declines late in
life with the magnitude of decline related
to age.

One other possibility that could account
for the time-of-measurement effect within age
groups is sampling. If the caliber of men in
each age group decreased over the period of
the study, then errors would increase with
time. This, however, could not account for
the increases in errors for the oldest birth
cohorts being significantly larger than the
increases within age groups. Sampling should
affect age groups and birth cohorts to the
same degree. Therefore, the maturational ex-
planation fits here as well.

The regression method developed to quan-
tify liaear effects over time within cohorts
and within age groups identified time-of-
measurement effects in both types of analyses.
It was possible to compare not only magnitudes
of time-of-measurement declines among birth
cohorts and among age groups, but with these
dawa, the method provided comparisons of
individual birth cohorts with a time-of-mea-
surement effect common to all age grorps. In
that way, it was possible to conclude that
the time-of-measurement declines for the older
cohorts, which were substantially iarger than
the common age group declines, are attrib-
utable to maturation.

In teto, the results are quite consistent
with the longitudinal findings. The evidence

Yoo vos o s




24 ARENBERG APPENDIX

. is clear; on average, the older the man, the 1978, 33, 534-540.
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Changes with Age in Problem Solving

David Arenberg

Gerontology Research Center
National Institute on Aging
Baltimore, Marvland

Reasoning is among the most cherished of man’s abilities. It is, however, an
aspect of cognitive performance which has proved more difficult to study than
several others such zs intelligence, memory, and learning. As a result, the
reasoning literature is more meager and less systematic than the literature in other
areas; and. not surprisingly, that picture is reflected in the area of reasoning and
aging as well.

Typically, problem solving is used to study reasoning quantitatively. Some-
times performance is measured by the number of problems solved correctly; at
other t:mes the problems are designed so that finer aspects of the solutions can be
quantified. An extensive review of problem-solving performance and aging can
be found in Rabbitt (1977), and subsequent research was reviewed by Giambra
and Arenberg (1980). The most recent review of the area is by Denney (1982).

As in other areas of cognitive performance and aging, most problem-solving
research is cross-sectional. Many of these studies show age differences with old
groups performing less well than young adults. It is recognized among cognitive
investigators in aging that in a cross-sectional study age and birth cohorts are
confounded and, therefore. age differences may reflect cohort differences and/or
age changes. Group differences found in cross-sectional studies are sometimes
referred to as ““age/cohort’’ differences.

Longitudinal studies provide direct measures of change within individuals,
but such studies are not without their problems. In a longitudinal study, age is
confounded with time-of-measurement effects; that is, scmething may be hap-
pening during the course of the study which could account for or contribute to
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‘nonmaturational performance changes within individuals over time. Attrition is

also a problem in longitudinal studies. Some participants leave the study for
various reasons including death and declining health. It is unlikely that those who
drop out are representative of the initial study group. As a result, longitudinal
samples may be biased; typically, the better performers continue in the study.

Sequential strategies have been designed to avoid or minimize some of these
problems (sece Schaie, 1977), but they are not panaceas. These strategies require
independent samples of several birth cohorts and several age groups at different
times of measurement. Sequential analyses can provide group estimates of age
changes to confirm longitudinal firdings and can also provide estimates of non-
maturational changes over time.

The data segment of this chanter consists of 13 years of an ongoing longitu-
dinal study of concept problem s.iving carried out in the Baltimore Longitudinal
Study of Aging (BLSA). Several types of analyses of number of problems solved
correctly are included: (1) cross-sectional age differences; (2) longitudinal
changes following a six-year interval; (3) estimates of agz change for many birth
cohorts; and (4) estimates of nonmaturational change over time for many age
groups. In addition, some longitudinal analyses are reported for measures of
effectiveness in reaching solutions. This segment is followed by some comments
on the current status and future directior:s of problem solving and aging.

Data collection in the longitudinal study of concept problem solving was
initiated in 1967. At that time, two general types of problem-solving tasks had
been used in more than one cross-sectional study of aging. Jerome (1962) and his
colleague, Young (1966), had shown clear and consistent age differences in
performance on complex logical problems developed by John (1957). Cross-
sectional results from a longitudinal study using modifications of such problems
(see Arenberg, 1974) were quite consistent with the age differences reporied by
Jerome and by Young. In those problems, the task is to light a goal light by a
sequence of button presses involving other lights which are logically related.
Arrows indicate which lights are logically related. Subjects are instructed about
the possible relations that arrows represent. Each arrow indicates the direction of
the relation, but the specific relation must be determined by the subject. In the
studies by Jerome and Young, solutions required appropriately sequenced inputs
within rather narrow time periods. The major modification introduced in Aren-
berg’s longitudinal study was to make the task subject-paced.

The other general type of task used in studies of aging was concept problem
solving. Wetherick’s studies (1964, 1966) were of that kind. Unlike the studics
with problems of the type used by John, consistent age differences in perfor-
mance had not been found in the concept studies. It should be pointed out that in
some of Wetherick’s studies the old and young groups had been matched on
nonverbal intelligence, and this almost certainly reduced age differences that
may have existed. In 1967, therefore, when this longitudinal study was initiated,
even the cross-sect'iqslal picture of problem solving and aging was not clear, and
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no data were available at all to answer the longitudinal question, whether reason-
ing changed with age. At that time, gerontologists were becoming increasingly
more aware that cross-sectional studies are not dependable portrayals of change
in an individual (or a group) with age even in the area of intelligence where many
such studies had been reported. One purpose of this longitudinal study was to
provide descriptive, quantified measures of change in problem-solving perfor-
mance among an elite group of men.

As will be seen in the results thus far, cross-sectional age differences are
quite apparent. The longitudinal results are not nearly so clear cut, but they are
probably attenuated by biases due to attrition. The estimates of age change based
on sequential analyses are showing substantial aging effects only for the oldest
birth cohort. No evidence of nonmaturational changes over time is emerging.

The Longitudinal Study of Concept Problem Solving

In addition to gross measures involving number of problems solved cor-
rectly, the problems were designed to provide measures of how effectively each
problem was solved. One way to investigate effectiveness is to allow subjects to
select the instances. Then each selection can be evaluated for the amount of
information gained. There was also the possibility that th< pattern of selections
would help us understand how a subject goes about solving problems. Typically,
in concept problems, the experimenter selects the sequence of instances; this is
referred to as a reception paradigm. In that way, the amount of information
available to a subject can be controlled. Obviously this has great appeal; experi-
menters like to maintain tight control. It ensures that all subjects have the same
amount of information at each point in the problem. When subjects are permitted
to select instances, the general procedure referred to as the selection paradigm,
that kind of control is relinquished. Furthermore, under typical conditions, log-
ically equivalent selections can result in substantially different amounts of infor-
mation gain. A procedure described by Arenberg (1970) was developed to mini-
mize that problem in a selection paradigm.

In all of the problems in this study, there are four binary dimensions. The
four dimensions are labeled A, B, C, and D; ¢ J the values for each dimension
are 1 and 2. Therefore, the two attributes of din.ension A are Al and A2, the two
attributes of B are B1 and B2 and so forth. Each instance consisis of one attribute
from each dimension, for example, Al, B2, C2, D1. The subject’s task is to
identify the concept by selecting instances which the experimenter designates as
positive or negative. Using this information, the subject attempts to identify the
concept with as few selections as he can. That is the solution to the problem.

The problems are presented as poisoned-food problems. Previous experi-
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ence with less educated subjects had shown that some people have much diffi-
culty understanding even simple concept problems when abstract dimensions are
used. By using the language of poisoned foods, these difficulties were substan-
tially reduced. In the language of poisoned foods, the attributes are foods, the
selections (or instunces) are meals, the concepts (solutions) are poisoned foods,
and the designations are ‘‘Died’’ (positive) ard ‘‘Lived’’ (negative).

So, ir. .imple (one-attribute) problems, subjects are told that one of the eight
foods has been poisoned and their task is to discover that poisoned food. In order
to obtain information to solve the problem, they select meals. Each meal corsists
of one A food, one B food, one C food, and one D fcad. Each meal is designated
“Lived’’ or *‘Died’’ by the experimenter. Whenever the poisoned food is in-
cluded in a meal, the experimenter says, ‘‘Died’’; meals which do not include
the poisoned food are designated ‘‘Lived.’’ Subjects are instructed to solve the
problem with as few meals as they can but not to offer a solution until they are
certain they have enough information to solve the problem.

Six different types of problems are used in this study, and a subject attempts
to solve two of each type, 12 problems in all. Two types are one-attribute
problems, that is, the concept is defined by one of the eight attributes (Al, A2,
Bl, B2, Cl, C2, DI, D2). The cnly difference between these two types of
simple, one-attribute problems is that in one the designations are predominantly
positive and in the other they are predominantly negative.

The other four types are two-attribute problems; two are conjunctive and
two are disjunctive. In the conjunctive problems, subjects are told that there are
two attributes which together define the concept. Any instance which includes
both of the attributes is a positive instance, an exemplar of the concept. Any
instance which does not include both attributes (one or both are missing) is a
negative instance, a nonexemplar of the concept. Subjects are told that two foods
are poisoned but that a meal is fatal only if both are included. One type of
conjunctive problem has low initial information, that is, the first instance is
designated negative. Regardless of the selection, the designation is ‘‘Lived.”
This eliminates 6 of the 24 possible solutions. The other type of conjunctive
problem has high initial information, that is, the first instance is designated
positive (*‘Died’"). This eliminates 18 of the 24 possible solutions.

Similar’y, there are two types of disjunctive problems—one with high initial
information and one with low initial information. In a disjunctive problem, a
concept has two defining attributes, but an instance is designated positive if
either attribute (or both) is included. An instance is designated negative only
when neither attribute is included. Subjects are told that two foods are poisoned
and that either is fatal. In a disjunctive problem with high initial information, the
first instance is designated negative (‘‘Lived’ ); this eliminates 18 of the 24
possible solutions. In a disjunctive problem with low initial information, the first
instance is designated positive (‘‘Died"’); this eliminates 6 of the 24 possible
solutions.
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With binary dimensions, conjunctive and disjunctive problems are virtually
mirror images of each other. A positive designation in one is equivalent to a
negative designation in the other. Logically they are identical (and that helps
when we use computers to administer and analyze these problems). As a result, it
is possible to compare performance on conjunctive and disjunctive problems of
the same type (i.e., high with high initial information and low with low). Con-
ceptually, however, ‘‘bothness’’ and ‘‘neithe.ness’’ sometimes seem different
and frequently are dealt with differently by problem solvers.

In order to minimize the memory compouent of the task, subjects are
required to write every selection and its designation throughout each problem.
They are also encouraged to write notes whensver they believe that would be
helpful. Furthermore, the entire procedure is subject-paced. Subjects decide
when-to make a selection and when to identify a solution. They are given as
much time as they need to solve each problem. While they are solving a problem,
the concept rule for that problem type is prominently displayed. Any procedural
question is answered by the experimenter. The six problems in a block are
presented in four different orders, but the two one-attribute problems always
precede the four two-attribute problems. For each subject, the six problems in the
second block are presented (after a rest of about 10 minutes) in the same order as
the first block.

Participants in the Baltimore Longitudinal Study of Aging are predomi-
nantly white, educated men! living in the Baltimore-~Washington area and em-
ployed (or retired) as managers, scientists, or professionals (see Stone & Norris,
1966). The study group is sometimes described as *‘self-recruited,”” because of
the fact that most participants were recruited by men already in the study. The
BLSA was initiated in 1958 with a small group recruited by Dr. W. W. Peter.
'The men spend two and one-half days (every year or two) at the Gerontology
Research Center in Baltimore participating in many physiological, biochemical,
and behavioral studies.

Results

The data were collected from 1967 through 1979. First arc the analyses of
the gross measure of number of problems solved correctly. These begin ™"
cross-sectional data, proceed in some detail with the two-point (at Jeast six years
apart) longitudinal data, and end with some regression analyses based on first-
time dat. to provide estimates of age changes and estimates of nonmaturational
changes over time. (These are analogs of Schaie’s cross-sequential and time-
sequential analyses but use slopes instcad of mean differences because the data

! Beginning in 1978. women were included in the Baltimore Longitudinal Study. however, only the
data for the men arc reported here,
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are collected continually.) Then some longitudinal analyses of the effectiveness
measures are presented.

Cross-sectional Data. Table 1 shows the cross-sectional means of number
of problems correct for the seven age groups from the 20s to the 80s; the numbers
of subjects in each age group (N) are also given. The table shows that there is a
monotonic decrease from youngest to oldest.

Longitudinal Data. By the end of 1979, 376 men had returned for a repeat
session. Of these, 87% (327) had a correctness measure for all twelve problems
the second time. These are the men whose longitudinal correctness data are
presented below.

Table 2 shows the mean number of problems correct for the first and second
sessions for seven age groups. For this select group of men who continued in the
Baltimore program and were able to attempt all 12 problems both times, the
means decrease monotonically both times. The mean change measures, howev-
cr, are not so consistent; nevertheless, the mean changes are positive for the
youngest groups and negative only for the men who were in their 60s or 70s
when first measured. The relationship between age and magnitude of change can
be seen more directly using the correlation of age and individua! change (r, =
— .08). It is interesting to note that this relationship between age and magnitude
of change occurs only in the secord block. For the six problems in the first bluk,
the age correlatiop with change in number of problems correct is only —.028; for
the same six problems in the second block, the age correlation is —.094
(p < .05). It is possible that switching back to the types of problems previously
encountered in the first block is more interfering for the older men after six years
of aging.

Smaller groups of logically identical problems can be examined in the same
way to determine whether particular types of problems contribute to these
changes in overall performance with age. In the four simple (one-attribute)
problems, the decreases with age are small, but they are virtually monotosic at
both times. For this select group of subjects, however, magnitude of change is
marginally related to age (r, = —.07).

Table 1. Cross-Sectional Means—Number of
Problems Correct

N Mean
20s 71 10.4
30s 143 9.7
40s 154 9.0
50s 142 8.2
60s 118 8.0
70s 101 6.6

80s 22 5.4
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Table 2. Longitudinal Means—Number of Problems Correct

N Mean Ist  Mean 2nd Change
20s 10 10.3 10.8 0.5
30s 31 10.1 10.2 0.1
40s 6o 8.9 9.2 0.4
50s 86 8.4 8.5 0.1
60s 69 8.5 8.1 ~-0.4
70s 31 6.9 6.7 -0.2
80s 4 3.5 4.5 —
All 327 8.6 8.6 0.1

The complex problems with high iutial information tend to be easier than
their low-initial-information counterparts. The typical monotonic decreuases are
emerging for the four high-initial-information problems. Mean magnitude of
change is also clearly age-related. The age correlation is —.09 (p < .05).

In the four low-initial-information problems, too, the monotonic decreases
with age are seen at both times. Magnitude of change, however, is not related to
age; the age correlation is zero.

The two-attribute problems with high initial information are major contribu-
tors to the relationship between age and change in total number of problems
correct. It should be noted that these are not the most difficult problems. For
every age group, problems with high initial information are correctly solved
more frequently than those with low initial information. The differences are even
more evidext among the effectiveness measures (to be presented later); problems
with high initial information are solved much more effectively than are problems
with low initial information.

Estimates of Age Change. The fact that first-time data have been collected
for 13 years makes it possible to calculate estimates of age changes within birth
cohorts. This is conceptually similar to Schaie’s cross-sequential analysis with
independent samples except that to estimate age changes, within-cohiort slopes
are used rather than differences between means. Schaie samples each birth cohort
at two (or more) points in calendar time. The two samples within a cohort are
tested at different mean ages; that is, the second sample is measured seven years
later than the first and is seven years older. In the BLSA, intake of new longitudi-
nal participants occurs continually over time. Data are not collected during
narrow time periods with long intervals between. Therefore, means at discrete
times cannot be compared. Instead, for each birth cohort, first-time measures are
plotted against calendar time. Declines with age within cohorts shouid show up
as negative regressions of performance on time. Figure 1 is an example of a plot
of number of problems correct for the cohort born from 1827 through 1896. Such
slopes can be calculated for seven birth cohorts (there were only seven subjects in
the cohort born prior to 1887 and, therefore, that cohort is not discussed) for
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Fig. 1. Number of problems solved correctly in the first testing sessirn for men born between 1887
and 1896. The abscissa is ** = date of testing.

number of problems correct. The results can be seen in Table 3. These slopes are
near zero except for the cohort born from 1887 through 1896. That is the cohort
plotted in Figure 1. Estimates of substantial age *=clines are showing up only for
the oldest cohort, the men who were in their 70s at the beginning of the study.

These men can also be categorized into age groups to plot performance on
calendar time. This is similar to Schaie’s time-sequential analysis. If there is
some systematic nonmaturational effect occurring during the 13 years of the
study, it should show up as nonzero regressions within age groups as weil as
within birth coherts. Table 4 shows the slopes for number of problems correct for
the seven age groups in the cross-sectional anatysis. All of these slopes are small
and all but one are positive. The common age-group slope is .04, which is not
statistically different from zero.

The slope of —.25 for the cohort bern from 1887 through 1896 can be
compared with zero and with the common age-group slope. Both comparisons

Table 3. Birth Cohort Slopes—Number of Problems
Carrect First Time

N Slope (per yr.)
1947-56 45 A2
193746 135 .09
1927-36 87 -.03
1917-26 156 -.09
1907-16 138 .02
1897-06 109 .00
1887-96 75 -.25

1877-86 1 —_
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Table 4. Age Group Slopes—Number of Problems
Correct First Time

N Slope (per yr.)
20s 71 .08
30s 143 .06
40s 154 03
50s 142 .05
60s 118 .03
70 101 .05
80s 22 -.1
Comumon .04

are statistically significant. The estimate of age change for the earliest-vorn
cohort indicates a decline of one problem correct every four years. This is
substantially larger than the mean longitudinal change of the oldest groups when
measured directly (longitudinal repeated measures). Sequential analyses of inde-
pendent samples avoid many of the attrition problems inherent in repeated mea-
sures (longitudinal) analyses. It is likely that the mean changes seen longitudi-
nally are positively biased. In order to be included in the longitudinal analyses,
the men not only had to centinue in the study for at least six years after the first
measures but had to solve all 12 problems both times. There is some evidence
that these criteria are positively biasing, particularly for the older groups. In
other words, the older participants who are included in the analyses are a highly
select group, and their measures of change are likely to be underestimates of the
actual changes (if everyone could be measured).

Effectiveness Measures. The problems were designed in such a way that
each solut.un could be quantified in terms of information gain. For each selection
(after the first) in every problem, the number of possibilities eliminated is deter-
mined as well as the number of possibilities that could be eliminated by an
optimal selection at that point. These are converted to bits of information; then
the ratio of the subject’s bits and tne optimal bits is calculated. These ratios range
from zero (no additional information) to one (maximal information gain). The
effectiveness measure for a subject is the mean of these ratios for all of his
selections in a single problem. Within each problem, this measure is highly
correlated with the number of selections required to solve that problem.

For each subject, effectiveness measures were averaged for problems which
are logically identical: simple (one attribute), complex (high iniiial information),
and co.aplex (low initial information). Decade means of tiese averages for the
simple problems are presented in Table 5 for the 391 subjects who had a valid
average at both times of measurement (at least six years apart). These means
decline monotonically with age when first measured and also when retested.
Furthermore, the youngest group is improving and the men in their seventies
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Table 5. Longitudinal Means—Effectiveness Measures, Simple Problems

N Mean st Mean 2nd Change
20s 10 .82 .87 .04
30s 35 .79 .79 -.01
40s 105 77 .76 -.01
50s 105 73 1 -.02
60s 80 1 .68 =.03
70s 49 .64 .58 -.06
80s 7 .58 .58 -

(when first measured) are showing the largest mean decline. The correlation of
magnitude of change with age is —.14 (p < .05).

Similar results are emerging for the complex problems with high initial
information (see Table 6). The age group means decline virtually monotonically
at both times of measurement. Again, those in the youngest group are improving
and the men in their seventies (initially) are showing the largest mean decline.
The correlation between age and magnitude of change is —.12 (p < .05).

Although the effectiveness measures are substantially lower for the complex
problems with low initial information, the pattern of results is somewhat similar
to those of the other two types of problems (see Table 7). Age group means
decline virtually monotonically at both times of measurement. The youngest
group is improving; but, unlike the results of the other problem types. the men in
their seventies (initially) are not declining substantially. For these problems the
correlation between age and magnitude of change is only —.05.

These effectiveness data indicate substantial age differences cross-sec-
tionally; and longitudinally, the youngest group is showing consistent improve-
ment whereas the men in their seventies are declining. All correlations between
age and change are negative, indicating that the magnitude of change in effec-
tiveness is related to age with the oldest men tending to decline the most, quiie
similar to the results for number of problems correct.

One of the ways the effectiveness means are deflated is by overtly redundant

Table 6. Longitudinal Means—Effectiveness Measures, High Initiu: Information

N Mean ist Mean 2nd Change

20s 10 .88 91 .03
30s 32 .84 85 .00
40s 94 .79 .79 -.01
50s 93 .76 .76 -.0!
60s 72 71 72 0l
70s 37 .66 .58 -.09
80s 4 5 .47 —
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Table 7. Longitudinal Means—Effectiveness Measures, Low Initial Information

N Mean Ist Mean 2nd Change

20s 10 .66 12 .06
30s 32 .66 .65 -.01
40s 99 .62 .64 .02
50s 86 .61 .59 -.02
60s 64 .57 .58 .01
70s 38 .52 .50 -.02
80s 3 41 54 —

selections, that is, repetitions of selections previously made within a problem.
These, of course, are totally noninformative. Such repetitions occur mostly in the
two-attribute problems with low initial inform -tion. They occur most frequently
in problems solved incorrectly, less frequently in problems solved correctly by
the elderly, and quite infrequently by the young. It should be noted that subjects
know such repetitions are moninformative. Later in the same problem when
subjects review their previous selections, they often discover the repetitions.
When they do, they frequently attempt to cross them out on the paper, sometimes
commenting with a four-letter expletive.

It appears that after many selections are made, the older subjects have
substantial difficulty reviewing their selections and planning and cairying out
their next selection. They 'seem to be sufiering from information overload, and
one way to deal with this is not to compare the tentative next selection (written
but not yet verbalized to the experimenter) with all of the previous selections.
When they make that comparison, they may lose sight of why they made the
selection. As a result, they sometimes omit comparing their tentative next selec-
tions with their previous selections. Young subjects appear not to have that
difficulty. :

It seems therefore, that in complex problems, even when access to all
current information is available for review (thereby reducing the memory load),
the older men nevertheless experience information overload, and that contributes
to their lower effectiveness (relative to younger men).

Summary of Results

Consistent cross-sectional age differences are found both in number of
problems solved correcily and in measures of effectiveness. Furthermore, the
direct measures of change (longitudinal, repeated measures) tend to be age-
related; typically, the younger men improve and the older men decline. This is
supported by the indirect estimates of change using regression analyses (sequen-
tial procedures) within birth cohorts and within age groups. Only the earliest
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born (oldest) birth cohort (in their 70s at the beginning of the study) are showing
evidence of substantial decline with increasing age. These data indicate that in
concept problems requiring reasoning, but with all current information available
for review to reduce memory load, older men do not perform as well a, younger
men; and for many of the older men, performance declines in six or seven years.
It is tempting to dismiss these longitudinal data because ‘..z mean declines are
small and the correlations between age and magnitude of change are very small.
These longitudinal findings, however, are almost surely conservative assess-
ments of mean changes (due to the positive bias likely for the older, highly
attrited groups). The substantial estimate of decline with age seen in the sequen-
tial analysis of the earliest born cohort is an indication that declines with age are
larger than those found longitudinally for the highly select group of older men.
Taken together, these preliminary analyses indicate that concept-problem-solv-
ing performance of even well-educated older men is not only poorer than that of
young men, but declines with age even over a period of six or seven years.

Current Status and Future Directions

The literature on problem solving and aging was recently reviewed by
Rabbitt (1977). I believe I am not distorting the tone of his chapter to describe the
status at tl. . time as disappointing. The domain of psychology labelcd problem
solving has a history of disarray. Not surprisingly, then, the area of problem
solving in geropsychology is not well organized. What is surprising is the paucity
of research. Rabbitt was struck by the contrast between the vast literature on
problem solving in children and the scanty literature in aging.

Last year, my colleague, Leonard Giambra, surveyed the literature since
Rabbitt’s chapter and found about another dozen studies after 1974. One interest-
ing aspect of the most recent studies is a focus on what is sometimes referred to
as “‘intervention”” studies. In these studies, experimental procedures are used to
improve problem-solving performance of the elderly.

Some studies have shown that specific training improves performance of the
elderly immediately after iraining. Of more practical significance, perhaps, are
the results of a few recent studies which were desizned to determine whether
training has any lasting effects on problem-solving performance. Some training
procedures were found to haprove performance some time after training. Most
intriguing was the finding by Labouvie-Vief and Gonda (1976) that the control
group, which received no training but had practice equivalent to the trained
groups, showed sustained effects (about two weeks later) equal in magnitude to
that of the trained groups. These investigators interpreted this ourcome as evi-
dence that practice allows subjects to develop their own strategies, and that self-
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developed strategies are as likely to be retained as strategies provided in the
training conditions. It is rather reassuring to me that the elderly can develop skills
in solving unfamiliar problems without intervention when given opportunity to
become experienced with the tasks.

One aspect of cognitive intervention research baffles me. Some investiga-
tors seem to assume that if performance of the elderly can be improved by
training, then differences or changes with age in such performance are not
attributable to maturation. Frankly, I do not understand this reasoning. If we
provide a hearing aid to an older person whose hearing has declined with age,
and that person can hear better when he uses the device, I doubt that we would
say that this is eviaence that the hearing impairment was not maturational. If we
teach a mnemonic procedure to an older person whose memory has declined with
age, and that person can remember better when he uses the mnemonic, why is
that evidence that the memory impairment was not maturational?

One direction of research that Rabbitt advocated to account for age dif-
ferences and changes in problem solving is to dissect complex performance into
components. He suggested that contributions of memory, learning, information-
processing rate, attention, and other cognitive components must be assessed to
improve our understanding of problem solving and what happens to problem-
solving performance with advancing age. I concur wholeheartedly.

Giambra has embarked on an ambitious enterprise in this direction. After
many years of research in the mainstream of concept learning, Giambra con-
cluded that group means based on one or a few problems per subject are not
likely to enhance our knowledge about how an individual solves a complex
problem. He decided that it is necessary to study individuals through many
problems in order to understand how they go about solving. He has each subject
solve more than 100 cemplex concept problems and attempts to model their
performance. During some of the problems, subjects ‘‘think aloud’’ as they
solve. The models are generated from the “‘thinking aloud’” protocols and tested
with the other problems. A successful model must predict performance through-
out each problem.

The components of each person’s model include some of the components
mentioned by Rabbitt. Memory is very important. Each model includes param-
eters for how many instances are retained during the solution, which are retained,
which aspects of instances are attended to, and how the information is organized.
Giambra has succeeded in ‘»veloping a model for a few subjects including a 96-
year-old man. It will be extremely interesting if commonalities of the models can
be found among problem scivers of the same age, of the same proficiency, or of
the sain. combination of age and proficiency.

Recently, I had the opportunity to read a manuscript (Charness, 1981)
describing an age study of rated tournament chess players in Canada. It was
possible to obtain measures of components (such as memory) of the complex
performances on chess problems. Even when the ratings of the players were
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statistically controlled, age was related to some memory measures accounting for
performance on the chess problems. Age, however, was not related to perfor-
mance on the chess problems, suggesting that a compensatory mechanism, such
as more efficient search, allowed the older chess players to perform as well as the
young. The memory decrement is rather surprising to me because I had a general
impression that highly practiced memory skills were not affected by aging. When
I played duplicate bridge, I frequently observed skilled players in their seventies
who had no difficulty maintaining card counts during a hand and, at the end of a
session, reconstructing virtually all the hands they had played. But now there is
some evidence that highly practiced memory skills are age-related even among
proficient performers.

So where do we stand and where are we going? At the descriptive level, it
seems clear that there are age differences in problem-solving performance. Lon-
gitudinal data are scanty; and, based on what is available-thus far, mean changes
with age are small and tend to be found only late in life. It is likely, however, that
these means are underestimates of changes with age due to the positive biases
typically operating in longitudinal studies; and the effects of these biases are
likely to be even larger in these problem-solving studies because only a-select
subgroup of returning subjects can be included.

These results are similar to many of the cross-sectional and longitudinal
findings in studies of inte’ligence test performance. In Botwinick’s recent review
of intelligence and aging, he stated, ‘‘By and large, longitudinal studies show
tese decline than do cross-sectional ones; they may also show the decline starting
later in life’” (1977, p. 590). Thesc results are rather different from the findings
for memory-for-designs performance. In general, age differences in cross-sec-
tional comparisons, longitudinal changes, and sequential analyses were quite
consistent—small, if any, age effects in early adulthood, modest cffects in mid-
dle age, and substantial age effects only late in life (Arenberg, 1978, 19§2). Not
surprisingly, different aspects of cognitive performance are showing somewhat
different patterns of decline with age, but the finding common to virtually all
aspects of cognitive performance is decline late in life.

There are indications of some progress, mostly not yet published, in analyz-
ing components of complex probicm-solving performance. Much more research
of this type is needed. I would like to conclude on the optimistic note that, at
least fo. some types of problems, when older people become familiar with them,
performance improves without training, and the level of performance is main-
tained beyond the practice session. If that finding holds up generally, th: n some
of the age differczices in performance shouid be reduced by exposure to the
problems.
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Memory and Learning Do Decline Late in Life
David Arenberg

Introduction

I would like to present some research evidence which indicates diminished
performance on learning and memory tasks late in life. These preliminary resulis
are from the Baltimore Longitudinal Study and I will first explain why I believ
they are important. A pervasive belief among people in the field of aging in the
United States is that intellectual functioning does not decline even late in life
except shortly before death. Much of this thinking is based primarily on
longitudinal psychometric data, particularly the papers of Dr Warner Schaie and
his colleagues. These data have been characterized by the ¢rm ‘the myth of
intellectual decline’. Recently, in response to a critical paper, Drs Baltes and
Schaie clarified their use of the term ‘myth’ as meaning ‘an uncritically accepted
belief. Unfortunately, many of us interpreted ‘myth’ to mean ‘imaginary’ or
‘contrary to fact’. As a result, many gercatologists and people who work in the
field of aging now believe that intellectual functioning is maintained even late in
life.

Furthermore, it is easy to use ‘cognitive functioning’ for ‘intellectual
functioning’, a short step from ‘cognitive decline’ instead of ‘intellectual de...ne".
Then we have gerontologists, even some who are in cognitive gerontology,
believing that memory and learning and reasoning do not decline latein life. It is an
appealing belief, and it is understandable why it is so readily accepted, but 1 am
convinced that it is wrong! Let me hasten to add that I am not referring only to
speed or cognitive performance based upon speed; I am talking about learning,
and memory, and problem-solving—aspects of behaviour we cherish and would
like to maintain.

Evidence can be found for decline in performance late in life even in Dr Schaie’s
own data. Age gradients for the five subtests of the Primary Mental Abilities were
reported by Schaie and Strother (1968a, b), Schaie, Labouie-Vief, and Buech
(1973), and Schaie and Labouie-Vief (1974). One paper in 1968 described
analyses of repeated measures at two points seven ycass apart. The other paper in
1968 compared independent samples of the same birth cohort measured at two
different times. By comparing several birth cohorts in this way, estimates of age
changes can be obtained without repeating the tests for any individual. In both
papers, the means for the cohorts which were over 60 when initially measured
declined in all five subtests.

Similarly,in 1973 and 1974, one paper described 2 .1alyses of repeated measures
of three-point data covering a 14-year period; and the other paper compared
three independent samples of the same birth cohort measured.at different times.
Again, in both types of comparisons, repeated measures of the same individuals
and independent samples born at the same time, the means declined in all five
subtests for the cohorts whicl: consisted of people over sixty when measured
initially. For the most part, the mean declines over seven years and even over
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fourteen years were not large; but the consistency of these declines indicat s to me
that even psychometric performance declines late in life.

The investigation

The data I will report are from studies of verbal learning and memory, aspects of
cognitive functioning not represented in the psychometric longitudinal data in
the literature. The primary analyses were of cross-sectional data collected
between 1960 and 1964 and of longitudinal data of the men who continued in the
programme and were measured again six or more years after t’.:ir first measure.
We also compared independen* samples of the same birth cohorts measured at
different times. First measures obiained between 1968 and 1974 were compared
with first measures obtained betwéen 1960 and 1964 for six different birth
cohorts. Although our sampling procedures were not nearly so elegant as those in
Dr Schaie’s studies, and the period within each time of measurement was several
years, we decided to compare the independent samples with this idea in mind. If
the age changes obtained in the repeated measures, the primary data, were
supported by age differences within cohorts in the independent samples, we
would be more confident that our longitudinal changes were not artefacts of
attrition, repeated neasurement, or other poter.tial sources of bias.

The participants in the Baltimore Longitudinal Study are all males whose ages
spanthe entire adult range with the vast majority between 30 and 80. They are, for
the most part, healthy and educated and the group includes a high proportion of
active or retired scientists, administrators, and professionals.

Paired-associate learning

We begin with paired-associate learning. In this task, each item consists of a
stimulus component and a response component. The stimulus is the signal to say
the response that has been paired with that stimulus. We used two consonants for
eav.. stimulus and a two-syllable word for each response, for example,
TL-INSANE. Whenever the learner saw ‘TL’ he was supposed to say ‘insane’.
There were eight such items in each list.

Each participant was randomly assigned to one of two anticipation intervals.
He was given 1.8 s (the short interval) or 3.7 s (the long interval) to respond to
eachstimulus. The dependent mieasure was the total number of errors to reach the
criterion of one errorless trial.

The results at the short interval are shov'n in Fig. 1. The same format is used in
most of the figures. The dependent measure is errors, so up is in the direction of
poor performance. Age is the variable on the abscissa, but instead ot age decades,
the data were classified according io birth cohort. The youngest cohort was born
between 1925 and 1932, the next cohort between 1917 and 1924, and so on, with
the oldest cohort born between 1885 and 1892.

The cross-sectional means are shown as open circles connected by dotted lines.
1 There were small age differences for the youngest groups, larger age differences in
the middle groups, and a very large difference for the oldest groups. These data
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FiG. 1. Paired-associate learning—short interval.

are for all men born between 1885 and 1932 who were measured at the short
interval between 1960 and 1764 (N =153). :

Only some of those men continued in the programme and had a valid second
measure at least six years later (N = 102). Mean errors for those who returned are
shown as filled triangles. The first and second measures are connected by dashed
lines for each cohort. The youngest group improved slightly, the next two groups
had a moderate inciease in errors, the next two substantial increases in errors,
and the oldest group had the largest mean increase in errors.

Ordinarily in a longitudinal study, we would stop at this point. Hov ever, as I
men...ned earlier, we could compare performance of men born at the same time
but measured at different times to determine whether these within-cohort
comparisons supported the longitudinal results. Mean errors of men measured
between 1968 and 1974 are shown ac filled circles on the figure (N =65 for §
cohorts). A solid line connects the twn samples born at the same time, showing
that for the latest born cokort, the younger subsample (measured early) was not
different from the older subsample. The next two cohorts showed -
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differences in different directions. But the two oldest cohorts showed large

‘ diYerences between the younger and older men bhorn at the same time.

The longitudinal results based on repeated measures were well supported by
the comparisons of indépendent samples born at the same time. All of these data
indicate substantial declines in verbal learning late in life. |

The other verbal learning data are not so compelling, but the same story |
emerges nevertheless. In Fig. 2 we see the same kind of data for men who learned
at a longer anticipation interval, i.., they had more time to respond to each
stimulus. The cross-sectional data (N = 165), shown as open circles connected by
a dot.ed line, resulted in little age difference until the 60s. The older men benefited
a great deal from having the additional time to respond. The longitudinal data
(N=111), shown as filled triangles connccted by dashed lines, resulted in
increases in errors for all cohorts with the two oldest groups showing the largest
increases (declines in performance).

Again independent samples within a cohort are shown as an open circle
connected to a filled circle by a solid line (N = 50for 5 cohorts in later sample). All
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but the youngest cohort showed increases in errors and, except for the second
cohort, the largest increases were found for the oldest cohorts. Again the
comparisons of independent samples within cohorts support the {ongitudinal
findings of declines late in life even at & pace the older men could handle quite well
when measured initially.

Serial learning
Now we move on to the serial-learning study. Thetask was to learn alist of twelve
words in serial order. The list was presented in the same order repeatedly. Each
word, when presented, was the signal to say the next word in the list. Participants
were given 3.8 s (short interval) or 5.6 s (long intervai} to respond to each signal.
As in paired-associate learning, the dependent measure was the number of errors
to reach one errorless trial.

The cross-sectional results at the short anticipation interval (N=157) were
similar to the paired-associate results. In Fig. 3 the open circles connected by a
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dotted line indicate small age differences for the younger groups and large age
differences for the oldest groups.

The longitudinal results (N = 104) were quitz different, but t < relative pattern
was similar. These results are shown by tilled triangles connected by dashed lines.
The youngest age groups decreased in mean errors. Although the words in the list
used for the second measure were structurally similar (in form and frequency) to
thewords in the first list, we have some external evidence that the second list was
easier. That would account for some of the improvement for the younger groups.
Despite the.easier second list, the two oldest. groups showed increases in mean
errors, i.e, their performance declined.

The comparisons of independent samples within cohorts is not affected by list
differences. Everyone learns the same list. These cohort differences are shown by
an open and a filled circle connected by a solid line (N =68 for 5 cohorts in later
sample). Although the results are not systematic, again the largest differences
between the younger and older subsamples were found for the oldest cohorts.

The cross-sectional results (N =158) for the longer interval were also similar to
the paired-associate data. Fig. 4 shows that the means (open circles connected by
a dotted line) did not increase monotonically with age, but there was a trend of
increasing errors with increasing age.

The longitudinal data (filled triangles connected by dashed lines, N=102)
show small and inconsistent mean changes except for the oldest group for whom
errors increased greatly.

The comparisons of independent samples within cohorts (an open circle
connected to a filled circle by a solid line) were not affected by list differences, and
these results showed increases for all cohorts (N=51 for 5 cohorts in later
sample) with the largest increase found for the oldest cohort.

The results for serial learning were consistent with those for paired-associate
learning. These findings indicate decrements in verbal-learning performance late
in life.

When the two learning tasks were given for the first time during the period
from 1964 to 1968, they were administered self-paced; that is, whenever the
learner was supposed to respond, he had as much time as he needed to say the
word. These samples were smaller than the paced samples, and no later sample
was available to carry out sequential analyses. Although the mean age changes
were not substantial, the relationship of age to change in performance was
statistically significant for both serial and paired-associate learning so that even
when subjects were given as much time to respond as they needed, a condition
that reduces cross-sectional age differences, the oldest subjects declined the most
in both tasks.

Memory for designs

We also studied memory for designs using the Benton Revised Visual
Retention Test which is predominantly non-verbal. Each of the ten designs is
shown for ten seconds and then is removed. The task is to reproduce each design
from memory immediately after inspection of that design; no time limit is
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imposed. Each design consists of one or three geometric figures. The designs were
scored independently by two psychologists in accordance with the manual, and
the few disagreements were resolved by them or with a third scorer, if necessary.
The dependent measure was the number of errors in all ten designs.

The cross-sectional, longitudinal, and sequential analyses are shown in Fig. 5;
the format is the same as the one used for the verbal learning figures.

The cross-sectiona'’ results are shown as open circles connected by a dotted line
(N =382 for 6 cohorts born between 1885 and 1932 in carly sample). Small
differences were found at the younger ages, but substantial increases in errors
were found for the oldest cohorts.

The longitudinal results are shown by filled triangles connected by dashed lines
(N =263 for 6 cohorts). The changes follow ciosely the cross-sectional age curve.
The young groups changed very little, the middle groups declined moderately,
and the oldest group declined substantially.

Comparisons of independer  samples from the same birth cohorts are shown
by an open circle connected to a filled circle by a solid line {N = 198 {or 6 cohorts
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in later sample). These estimates of change were all in the direction of decline,
with the largest decline in the oldest cohort. .

The cross-sectional, longitudinal, and sequential changes and differences all
point to substantial declines in non-verbal memory late in life.

Thus far we have been looking only at means. Fig. 6 shows a cumulative
frequency curve of changes for each decade group to provide some indication of
the distribution of longitudinal change