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Natal Influences and Twin Differences
Leland D. Van den Daele

Educational Testing Service

ED 069405

Abstract

A classification of natal influences is proposed with a model of
their operation. Natal “nfluences affect maternal capacity, maternsl
load, and maternal efficiency. Since maternal load is increased in twin
pregnancy, results of twin studies lxnust be generalized with caution. The
method of co-twin control is exemplified by examination of a small sample.
The results of the intrapair analysis imply that current formulations
of hereditary and environmental contributions to phenotypic variation are
inadequate to account for observed intrapair differences. 'wo alternative,
though nonexclusive, interpretations of intrapair variation are suggested.
The first interpretation stresses the role of complex maternal-fetal-
environmental interactions, and the second, a "genetic indetermination"

which derives, in part, from the information characteristics of the genome.
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Hatal Influences and Twin Differences

leland D. Ven den Daele2

Educational Testing Service

A, Introduction

In the following paper, a typology of natal influences is described,

a mechanism of natal influences suggested, and some of the limitations of

twin studies discussed., The application of twin technique to the examina-

tion of natal influences is‘ illustrated with a small samnle., Certain empir-

ical claims, such as the relation between 'birth weight and intellicence, are

reexamnined, and a mechanism of optimum gestation is proposed. ‘"he results

of tne intrapair evaluatiori suggest the inadequacy of current formulations of

hereditary and environmental contributions to neonatal phenotynic variation.

Two alternative interpretations are proposed. The first interoretation stresses

the role of complex matcrnal-fetal-environmental interactions, and the second,
~a "penetic indetermination" related, in ‘part, to the information characteristics

of the genome.

1, Co-twin Control

One of the major problems of reproductive causality is the relative con-
tribution of genetic and natal environmental factors to later behavior, In
studies of single children, particularly when samples are heterogeneous, genetic
and environmental factors are often confounded. One technique which exercises
effective control over genetic variation derives from variations of pre- and
paranatal factors which affect members of identical twin sets, Since variation

due to genetic sources is equivalent for identical twins, phenotypic variation




may be assumed to express variation due to natal environmental differences or

their interaction with genetic determinants (11, 14, 17, 26). The method is

the natal analogue of ti.2 post-natal study of identical twins subject to dif-

ferent rearing conditions.

2. Birth Weight and Intellectual Differences

Cne of the primary concerns of co-twin studies addressed to the long-
term effects of pre- end baranatal factors has been the relation of birth
weight to later intelligence. Co-twin studies of this problem usually nos-
tulate some nutritional inadequacy (1), intrauterine insufficiency (5), or
circulatory deficit (15, 24), which may affect prenatal development guantita-
tively and qualitotively., Birth weight differences between monozygotic twins
are assumed to vary with the operation of such factors. Relative to the larger
twin, the smaller twin is viewed as "prenatally disadvantaged."

The postulate of nutritibnal, intrauterine, or circulatory insufficiency

suggests some correspondence between the degree of weight difference and

intelligence difference, Wevertheless, with two exceptions (15, 29), co-twin
studies have simply dichotomized between heavier and lighter twin members, Twins
with weight differences as small as 10 grams have been pooled with twins with
weight differences as large as 2,000 grams (24, 28)., When dichotomized in this
way, significant intellectual differences emerge between heavier and lighter
monozygotic twins, but not dizygotic twins (5, 15). In fact, the average IQ
difference between heavier and lighter monozygotic twins has been more than

five points or roughly equivalent to the average IQ difference of identical

twins reared together,
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Although the postulate of nutritional, intrauterine, or circulatory

deficit larzely derives from the investigations of the German physiologist
Shantz, reviewed by Price (23), Shantz himself believed that the smaller twin
vas usually advantaged. Unfortunately Price does not summarize Shantz's
rationale for this assertion, However, one may speculate that the smaller
member of a twin set may be less disadvantaged since his demands for oxygen,

nutrients, etc, are proportionately smaller than his larcer co-twin,

3. A Typology of latal Influences

Bumerous other natal factors associated with intellipgence have been
implicated in retrospective studies (10, 11, 12, 18, 19), 1In a general vay,
these factors may be classed as prenatal or paranatal, environmental or organis-
mic, and specific or general, These factors may be projected in a two by two hy two
table to summafize some of the variables associated with intelligence and adapt-

ability (Table 1), Prenatal factors affect the conceptus prior to birth, and

Insert Table 1 about here

paranatal factors, at or around the time of birth, Environmental factors

derive from external manipulations or treatments while organismic factors de-

scribe maternal-fetal characteristics., Specific factors are associated with a

single member of a set, and general factors are common to members of a set.
Natal studies with co-twin control necessarily involve the identification

of specific factors which differentially affect members of the twin set, Within

sets, specific factors may be concordant or nonconcordant, Both members of a

twin set may present in a cephalic or breech position, or one with cephalic and




one with breech positior., etc, Vhen a specific factor is largely concordant
within sets, intrapair difference attributable to that factnr is reduced.

Hence, a requirement of intrapair analysis is a sufficient number of noncon-

cordant subjects within sets to obtain ihe unecessary sensitiviiy to statisti-

cal test. However, this requirement does not justify the elimination of con-
cordant sets., The expectation of no difference within pairs when concordant
is the corollay of the expectation of difference within pairs when noncon-

cordant, Deletion of concordant sets in co-twin analyses, such as twin sets

with the same weight or intelligence (2L4), discards useful information.

4, Mechanism of Hatal Factors

An examination of Table 1 reveals the diversity of natal factors, Dif-
ferent factors possess distinct modes of action with different consequences
for the fetus. The mode of action of these factors and their significance for
the fetus may be summarized in terms of three interdependent concepts, maternal
capacity, maternal load, and maternal efficiency., Maternal capacity describes

the maternal ability to provide various nutrients, eliminate metabolites, and

"obuffer" the fetus against various toxic substances. Maternal load is the
ccmplement to maternal capacity. It summarizes the demands placed upon the
maternal system for nutrients, elimination of metabolites, and neutralization
of toxic substances. Maternal efficiency characterizes the maternal response
to maternal load. This response, in turn, depends upon maternal capacity:

Maternal capacity
Maternal load

Maternal efficiency =

Poor maternal efficiency may derive either through low maternal capacity or

throush hiegh maternal load. In general, as maternal efficiency decreases,

5




the probability of fetal dama,®» increases, Selecied natal factcrs which

provide an index of maternal canacity, maternal lcad, and maternal efficiency

are classified in Table 2,

Tnsert Table 2 about here

S. Linmitations of '"win ilethod

Co-twin differences attributaole to natal factors nmust be interpreted
with considerable caution. ‘Iwins are not representative of the general ponu-
lation, and factors may operate in twin pregnancies which are absent or mini-
mal in single pregnancies (9, 13, 19, 21),

During multiple pregnancies, utero-placental circulation is dramatically

slowed., Morris et al, (20)demonstrated that average cleararnce time of radio-
sodium from the utero-placental nool required more than 60 minutes in twin
preesnancies in contrast to 4 minutes in single presnancies., As circulation

is less efficient, supply of oxygen and nutrients as well as elimination of

metabolites and toxic substances may be considerably impaired. idonozyvgotic and
dizygotic twins at all stages of intrauterine gestation weigh less and are

shorter than singletons, Newman (22), Eastman (8), and others (7) argue this

q5ﬁ4 weight and heipght disadvantage derives from the failure of the mother to nro-
Cwﬁjvide adequate nutrients., Oxygen demands are approximately doubled in twin
2

.:lﬂgpregnancies and, hence, periods of minimal and acute anoxia are more vnrobable
]

(’.:

My . . . . .
C“;>1mp11cate maternal inadequacies of physiological response are more frequent,

)(21). Moreover, preeclampsia, eclampsia, toxemia, and other comnlications which

Lo

Q::Dparticularly during the last trimester of pregnancy (19).
€]
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Since the increased load of twin pregnancy aopears to reduce maternal
efficiency, pre- and paranatal insultswhich are inconsequential in single
Pregnancies may generate r:latively potent effects, That is, one may expect
the role of various pre- and paranatal insults tolbe exacerbated in multiple

pregnancies,

6. Natal TInfluences among a Sample of Identical ‘wins

The application of the typology of natal influences may be illustrated
through evaluation of intra- and interpair intellectual differences in a
sample of identical twins, Such evaluation provides a basis for examination
of the limitations of twin technique and Ior scrutiny of the empirical match

between selected natal influences and their provosed mechanism,

B, Method

1. Subjects

Three constraints were placed on sample selection to reduce extraneous
variation or otherwise increase co-twin variation due to natal factors, TFirst,
twin sets were derived from a relatively homogeneous middle class population,
Second, twin sets with & member who manifested positive evidence of neurological
damage were excluded. though neurological damage may derive from traumatic
pre- or paranatal factors such damage may exaggerate, confound, or mask group
effects, Third, twin sets were selected from an age range between 10 and 90
months with the expectation that effects due to natal differences would be more
marked at earlier than later ages.,

A population of identical twins within the appropriate age range were

identified in the Champaign-Urbana, Illinois area through the cooperation

&
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of the Gwin Club and local pediatricians, Althourh an effort was made o
evaluate the entire population, five families were not located and one family
refuged cooperation, IHineteen seis were examined, O{ne sei, however, was

not testable, and memoers of two sets had histories of previous suezial

education intervention. When these sets were eliminated the reduced samnl

4o

was 16 sets (I = 32). Confirmation of zygosity was obtained through plucentiul

examination, skin graft, serolosical, dermatoslyphic, or physical concordance,

2., Procedure

T™win members over two years old (I = 12 sets) were randemly assigned to
twe examiners and administered the Stanford-Binet Form L-M Intellipgence Test in
parallel rooms. Twin members under two years old (il = b sets) were administered
the Bayley Mental Scale, The procedure for administration of this test was
rendered flexible due to occasional fatigue or separation nrotest. SCets were
either tested together with alternate items and/or tested in succession.

Concurrent with the édministration of the Stanford-Binet or after the
administration of the Bayley, mothers were interviewed about their prenatal
and birth histories. The interview included guestions about prescrintions,
The average interview was about 40 minutes in duration., The obstetricians who
attended delivery of the twin sets were provided parallel forms to supplement
or correct information obtained through maternal interview, Fifteen physicians
replied, When maternal and obstetric reports differed,the information obtained

from the obstetric report was coded for statistical analysis.

o




C. Intrapair Fvaluation

1. #Results

nformation about six specific parsnatal factors was obtained from ob-
stetric records. The factors included birth order, birti weight, presenta-
tion, neonatal Apgar, use of forceps, and period of umbilical separation.,
Each factor was scaled to correspond *c clinical Qifficulty or the severity
of stress presumptively related to various levels of thmui factor. Cephalic
presentations were rated "0"; breech presentations, "1"; and transverse presenta-
tions, "2." lMeonatal Apgar vas assigned to th:ee classes, "1," poor (Apgar
L or less); "2," fair (Apgar 5-7); and "3" goed condition (Apgar 8-10). MNo
forceps was rated "0"; low forceps, "1"; midforcers, "2"; and high forceps, "3."
timbilical sepafation was rated "1" when the cord was clamned ‘immediately after
delivery; "2," after pulsations of the cord had ceased; and "3," after separa-
tion of the placenta (30). All sets were nonconcordant for birth order and
birth weight, six sets for presentation, four sets for neonatal Apgar, two sets
for use of forceps, and no sets for umbilical seniaration. Since no variation
for the last factor occurred it was excluded from intrapair analysis.

Correlational analvses between factor and intellectual difference scores
were calculated for each factor. Difference scores for birth weight and intel-
lirence were treated as a ratio of difference beiween heavy and lighter members

of a twin set by the formula:

vhere R is the ratio of difference to totai score, x the value of the

h 9

heavier twin; and X s the value of the lighter twin. Adjustment of sign (plus

% 3 of
Q .3..'{.‘,
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or rinus) fer the specific factor differernce scores which remained wa

"
<]
-4
3
' 3
'J-
[¢+]
2.

when zopropriate. The dependent wvariable fcor all correlations was the ratio

i:tellectual difference (Table 3).

Insert 'Mable 3 about here

2. Discussion

lo sinhificant relationship was cbtained between intrapair differences for
specific paranatal factors and intrapair differences in intelligénce. lioncons
éordance for presentation, n~onatal Apgar, and use of ferceps vas relatively
infrequent, and results for these factors are not reliable. iiowever, noncon-
cordance for birth order and birth weight was sufficiently large 3o wvrovide o
reasonable test of their effect.

Difference scores for birth order approached significance with a 2,82 In
advantage for the second born. This diffevcnes may derive from the latter's
"easier" birth, Since dilation of the cervix and uterus is relatively ~omrlete
for the second born, intracerebral pressure with its attendant complicelions
may be reduced. This result appears to agree with that of Koch (16), but
remains inconsistent with the obstetric observation that complications of

delivery and neonatal ‘amage are more frequent with the second born (2). As

Koch suggests, this result may derive through a sample bias associated with

[

differential selection, i.ét, only the more "fit" second-born twin menmbers sur-
vive,

The failure to replicate the association between birth weight and intel-
leclual diffgrences among identical twins introduces methodological and inter-

pretative problems, The postulate of nutritional, intrauterine, or circulatery

3
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insufficiency sugeests some reilation between the degree of weight difference
and intellectusl difference. Twraluntion of grour mean differences character-

istic of earlier studies is oniy susimestive of thi

72}

relationshin., That is,
not only group mean differences are anticipated, but some systematic intra-
vair covariation between weirht and intellectual advantare, In fact, the
insufficiency nostulates suppest that croup mean differences derive from this
covariation.

To test this expectation, the primary data from “ive recent studies
(1, 5, 15, 2k, 29) which report group mean intellectual differences between
heavier and lighter twins were subject to a correlational analysis. The
correlational procedure provides a measure of intrapair covariation between

the magnitude of weight and intellectual differences unconfounded with the

group mean differences already rerorted in the literature. The numbzr of

subjects and results of correlational analysis are reporied in Tzble L.

Insert Table L about here

fne study sugpests a positive relation (15), two suggest no relation, (24, 29),

pd

—

ard two susresti a nerative relation (1

, 5). The direction of relation remains 5

the szme when the ratio of weirht differ

w

nce is regressed against the ratio of
intellectual difference. !oreover, when subjects are pooled and partitioned

by midtwin weirht ficant linear or curvilinear associat’on occurs

[

, NG sien
between intrapair weight and intellectual difference (27). Thus, the grour

rmean differences between heavier and lighter twins reported in the literature
do not derive from zystematic intrapair covariation of weight and intellectual

difference, That is, whether the weight difference between a pair of twins

is 10 grams or 2000 rrams is independent of the marnitude of IQ difference

Q A
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between the twins. This conclusion is consistent with the resulis of <he
present investigation and inconsistent with the various inzufficiency rcstu-
lales which surgest some correspondernce between the marnitude of weight and

intellectual difference. The group mean differences repcrted irn earli=zr

studies remain problematic,

D. Interpair Evaluation

1. Results

A total of 15 pre- and paranatal factors were assessed for intervair d4if-
ferences. GSeven of the 15 factors were the general, endorenous, nrenatal
type: (1) maternal age at the time of twin birth; (2) the frequency of prior

known miscarriages and stillbirths; (3) prior parity; (4) the approzimate

maternal weight at conception; (5) maternal weight gain or loss with iwin

vregnancy; (6) maternal dysfunctions, such as diabetes, hyper- and hypothy-
reidism, anemia, etc., weipghted for degree of dysfunction on a three-vcint
scale (1-3), mild, moderate or severe; and (7) maternal oedema adjusted for
degree of oedema (1-3) for extremities, feet, hands, and face. fTwo factorz
were the general, exosenous, prenatal type: (8) frequency of diagnostic Z-rayr;
and (9) number of prescriptions administered with pregnancy, Four factors were
the general endogenous, paranatal type: (10) neonatal maturity classed in one
of seven categories (1-7), 28 weeks or less, 29 to 32 weeks, 33 to 36 weeks,

37 to 39 weeks, full term, 1 to 2 weeks postmature, 3 or more weeks postmature;
(11) length of labor assigned to one of three classes (1-3), less than 3 hours,
3 to 23 hours, and 24 hours or more; (12) mean neonatal Apgar, the average

value for the twin pair; and (13) mean birth weight. Two factors were the

reneral, paranatal, exogenous type: (1h) anesthetic assigned to one of five

{AFullToxt Provided by ERIC




catesories (0-l), none, 100 m ar less, 100 to

analresiec or anesthetic sndminictored abt the oix
umbilical separation, Tr Tat:lriong tue nonnatn

. s . .
sex and Ch!‘/f;,nc'lé{f}f_‘?il are were included in the

.
==

variable was the averaere 100 for She indiviidual
The means, standard dewvialions, and correl

and chronological are with midiwin intelligence

200 ri#=, or 200 mg or more,

e of labery a:d (15) mean

L variables, the subject's
analysis. The dependent
memners of each twin set,
ations of natel factors, sex,

are provided in Table 5.

Insert Table 5 about

here

Exposure to ionizing radiation during pregnancy

nificantly inversely correlated with IQ. Th

3ig

]

and neonatal maturity were

e chronological age of the

.

sub ject at the time of IO evaluation was sirnificantly positively correlated

with IQ.

v

. Discussion

a., Pre- and Paranatal Factors

Although the majority of natal factors failed to obtain significance, the

direction of effect for such prenatal factors as maternal ase, previous still-

births, weirght gain, dysfunction, and the clinical administration of prescrin-
tions was in the direction expected from the postulates of maternal load, capac-
ity, and efficiency. With the exception of neonatal maturity and birth weight
discussed below, the direction of effect for paranatal factors was far less
consistent. Prenatal factors typically operate for the duration of pregnancy;
varanatal factors, arain with the excention of neonatal maturity and birth weight,

operate for a relatively brief period., llence, the effect of prenatal factors

Aruitoxt provided by Eic:




is less subject to the vicissitudes of relatively transient sizuational

[N

factors such as maternal state, obstetric skill, etc,

b. aternal Efficiency and Intelligence

As suggested earlier, twin pregnancies apvear tc place an incrensed

burden on maternal physiological capacities. In twin presnancies, partic-
ularly during the last trimester of opregnancy, maternal efficiency is reduced,
Mature twins, late in presnancy, are more likKely to experience a less advan-

taed uterine environment with reduction of necessary oxygen and nutrierts

and increase of toxic substauces. Since the developing fetal brai:n is yartic-
ularly sensitive to anoxia, nutrient deprivition, and toxicity, an inverse
relation between intellirence and midtwin weight is exrected. Prematurity,
¢ommon Lo twin births, may provide an adaptation to limited materrnal excuanre
capacity. Tn view of these considerations, the assertion, "The birger tha
baby, the better (2L)," ard similar conclusions seem exargerated. More likely
with twin births, as Koch (16) maintains, there is some optimum maturity.

The optimum maturity probably expresses in part some compromise between
maternal load and maternal capacity. Even z small load may exceed maternsl
rhysiological limits if capacity is poor with correlative injury to the fetus.

In an ‘deal system, when:
Maternal load = illaternal capacity

for some nontrivial time duration, the birth reflex is elicited and notential

damage to the fetus or mother, minimized. Selected studies of singletons (6)
> b ()

reviewed by Canuto and Mandell (4) suggest "small for dates" neonates {pre-

maturity by restational age) are relatively disadvantaged while "small for

Aruitoxt provided by Eic:
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weights" neonates (prematurity by weight) ure not, If the prematurity of the
small for weights and small for dates neonates derive from poor maternal effi-

ciency, the small for dates ineonate experiences this environment for a longer

duration than the small for weights neonate, 'Thus, certain obstetric practices,
such as the administration of muscle relaxants to delay premancy to full-
term gestationsl maturity, may be ill-advised. This would appear particularly

true with twin pregnancy.

c. 'Twin Catch-up

The conseguences for intelligence of increased maternal load are likely
to diminish with postnatal development. Experimental studies of teratological
agents suggest that cell groups characterized by rapid development are more
vulnerable to the deleterious effects of biochemical imbalance, Since the
development of the cortex is, in a relative sense, less complete at birth

than the developmerit of lower brain centers, verbal and interpretative func-

tions associated with the cortex may be expected to be less impaired than

sensory-motor functions associated with lower brain centers. Insofar as sen-

sory-mctor tasks are characteristic of intelligence tests for younger subjects

and verbal and interpretative tasks for older subjecis, the effect of increased
hY

maternal load on IQ may be anticipated to be larger wi younger subjects,

E. Theoretical Implications

As the largely negative results of the intrapair analysis suggest, the
determinants of individual differences between identical twins are potentially
complex, The poor fiit between the data and the expectation that differences in

- natal concitions account for intraindividual twin differences mz2y be briefly

illustrated by reference to two cases.

Q e
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four natal factors. (. was delivered with cephalic nresentatizn

possessed a2 weight advantage, his neonatal condi:

good, and he was free from congenital malforma

. . . ~ -

ct

win set 1l1: The twins O, and R, were discordant for at leazw

9
110 was uiarsen
A = e ryplarian
L0ors. « WAS r.enneac

in transverse presentation which led tc delivery by internal versicrn

and breech extraction. tHis neoratal condition was judged rcor,

There was a velamentous insertion of this infnar
sessed a cleft palate and clefi lin. Confirmat

obtzined through skin graft., 4t the time of in

G.'s 10 was 102, and R.'s 10, 103. The IQ diffe

o~

v ! 2 3
Wls cord ang

ion of wvinaity wos
tellectual evuluatinon,

+

rence wial one

3
o
e
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Twin set 1b: The twins 3. and 7. were concordant for all fazctor

with the exception of weirht. Beth twins were
cephalic presentation, no forcens were impleren

cendition was judred food. S. was the heavier

of zynosity was obtained through serological exami

“«J

ct
e
]

The IQ difference vas twenty-two points,

The view, expressed in the intreduction to this

"¢ of intellectual evaluation, S.'s IQ was 95,

delivered with

ted, and neonatal
infant. Confirmaticn
nation. At the

and T.'s I§ 117.

paper, that "phenoirric

variation may be assumed to express variation due to natal eavironrmerntzl 4if-

ferences'" between identical twins seerms inadeguate ¢

crerant relation between eavironmential factorz and

ztrachromatozoic inheritance is presumed minimazl and errors of measurerent

are isnored, two additional interpretations of the s

e

ferences seem plausible. The first interpretation s

pler hereditary interactions, and the second rostulates a genetic indeterminance

in part, to genetic heterogeneity.

relaced,

7

o account for the dis-

intrapair dififerences.

T
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ources of intrawair 4if-

tresses the role of com-
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1., Comprlex Interactions

The discrepant relation of envirormental facltors to twin differences

suggests the probable importance of hereditary interactions in twin differ-

ences., However, as will be shown, the source of hereditary interactions is

not confined to the twin set. Individuzl differences are the consequence of

both environmental and hereditary influences:

. = Vv N
(1) Vp, = Vh_ + Ve,

<

H .
+ J.xs z ‘33

where Vps is the variance of the subje=t phenotype; Vh_ , variance due to
heredity; Ves , variance due to natal environmeni; =znd wh( % e_ , variance
due to their interaction. This formula is typicaily arrlied in one or another
version to estimate sources of indiidual variation in eztrzuterine environ-
ments. When applied to individuals in intrauterine environments, the environ-

mental component may be partitioned into three subcomponents:

(2) e = Dpos_+ u +pVOS X U .
S * S m = S m

tWhere eg is the environmental component; LOSg the positional comronent,

W the maternal uterine comwonent; and posg % W , the interaction comronent.

s,

By substitution of equation (2) with (1):

(3) Vp, = Vhg + V(ros, + u_ + posg x )

+ Vhy (posg + uy + pos % u_) .

The positional component implicates those sources of variation due to purely

mechanical faciors such as compressions of the umbilicus, fetal position,

Q
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. $ e v 43 3 o ~ rmoternal
rlacental site, etc., The maternzl uterine componeni derives Iroml I Le

heredity, maternal environment, 2nd their interaction:

.+ M X e .
- hm + e, N %€

—~
i

~
=
]

Then, by substitution of equation (L) with (3):

znd, by multiplication:

e
6 Vb = Vh_ + V + Vh_ + Ve_ + :
(6) D, hg DOS m * Ve, + Vh_ x e

+ V 4 + x e +V bl e
‘.poss x hy Vposs % oe, Vposg x L, % ey

+ Vhs X 1OSs

st Vhs > h_+ Vhs X e_ + Vhs X hm

peed m

. + x : h o+ Vi T 4
x e, Vhs * pos., x h, VHS X DOS e,

+ Vh i 4 .
VHS % rosg % hm b4 em

Thus, rhenotyric differences of the subject are due to sutject heredity, sub-

ject rosition, maternal heredity, maternal environment. “he interactions of
o B ’ s L)
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tion and maternal heredity, subject heredity with position and maternal enviren-

ment, and subject hered iy with rosition, maternal heredity ané environment.

-

Equation (%) reveals the potential compiexity of comronents which deter-

mine neonatal thenotypic differences. 'Traditicnal formulations of individual

w2

4i fferences in terms of simple hereditary and envircenmentzl cources of

rariation tend to ignore or grossly oversimrlify these determinants, The

<

enquntion suggests the general irrertiance of contrel or raternal and fetal
heredity and, in the evaluaticn of intraraeir win differences, the specific
imrortance of control for rositicnal factors. A reliable statement about the

direct

e

on of effect exrected from natal manipulations for an individual case

seems implausible in the absence of such control.

2. Genetic Indeterminance

An ternative, thoush not exclusive, interrretation of intrapair di:rfer-
[ - L) - :

o
-9
(4]
J
O
=]
%]

D
1]

srecifically, = component of residual

variation usually treated as error mzy derive from variation associated w

(="

Y

I3

environnental or hereditzrv sourcez, If

.

(7) h, = h




variation which is nct error is indeterminats variztiiorn.
Just as phenotyric variation may covary with a large nunber of neredi-

tary, envir -mental, and interaction comronents zs in esuztion (f), so

o
=
O
]
c*
"
.

may indeterminate variation be associated with any one of these comr

-
]

In the simplest case, with error of. measure excludea, indaterminuoie raristicon

may be partitioned into three sources,

(9) V=V +V o+ Vo

where V*r is the total residual variation; Vih s indetermincte variation
% LS

associated with heredity; V'e , indeterminate variation associuted with
i
environrent; and V‘h e s indeterminate variation associated with their
P

interaction. Fguation (9) is identical in form to equation (1). The terms,

however, are different. 1In equation (1) variance identifies srsteatic

covariation; in equation (9) variance identifies systematic indeterminate

Systematic indeterminate variation may be estimated through computation
of residual variations for some factorial matriz. Such variation presumes

that the pattiern of residual variation within cells is nonrandomly distributed,

-1

n contrast, variation dus to error of measurement presumes a random distribu-
tion about some mean value. Corrected indeterminate variation is the residuzl

minus this value, In Table 6, corrected residual variation for two types of

Insert Table 6 about here
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strains,

hl and h2 , and for two environments, e and es is given for

taree hypothetical cases. In case 1, indetermirate variation is a function of

heredity; in case 2, a function of environment; and, in case 3, a function of

their interaction,

In geneval, indeterminate variation quivalent to the difference be-

tween total variation, the sum of systematic covariation and variation due %o

error of measurement:

This equation allows the expression of a "coefficient of indetermination

through computation of the ratio of indeterminate variat

[
(o]
o3
ct
e
ct
Q
ct
)
(99
<
[\V]
'3
[N
o]
ct
pete
(e}
o]
.

V.,
1
(ll) 6 - V& .

[

extent that hereditary or environmental factors or their interactions
covary with phenotypic differences in a systematic way, delta approaches
zero. To this extent these factcrs fail to account for phenotypic differences

and V. 1is nonzero, deltz approaches unity. Analogously, the expression
i

of a "snefficient of hereditary or environmental indeterminance" is the ratic
of indeterminate variation associated with heredity or environment to totail
variation,

Systematic indeterminate variation of the type exemplified in Table 6
may cerive either through incomplete control of those factors which account

for diflferential wvariation or through some inherent instability associated

with treatsents, genotypes, or their interaction. If indeterminate variation

Aruitoxt provided by Eic:
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arises from incomrlete control, then some factor levels implicate sources of

variztion other than those superficially identified with designated treat-

ments or genotyres and, in principle, resicduzl variation ray he reduced to

zero, On the other hand, if indeterminate variation follows from some inherent
instability, then some factor levels by virtue of dynamic or structural character-

istics are intrinsiczlly more variable in outcome or expression and, in pr

[V

nciple,
residual variation, no matter how complete the control, remains,

Indeterminunce associated with heredity may provide un ezample of a struc-

ct

urally predisrosed instability. In all likelihood, the genome nosses:ses con-

41}

iderable informational redundancy to determine phenoiypic regularity (28).
Redunduncy possesses the same significance for biologic systems as it does
tor communication networks. The repetition of a message serves to reduce
error. In information theory the source of error may be equated to noise,
and in biophysical systems, to perturbations (random disturbances). In the
average expected biological environment (whether natal or rostnatal) per-
turbations may be presumed to be some nonzero value.

Genetic heterogeneity is an index of genetic mizture, If it is presumed
that increased genetic heterogeneity decreases genetic redundancy, it follows
that decreased genetic redundan:y disposes to greater variability. The more
variable “he genome, the more variable potential developrment,

This conclusion leads to the expectation that intrapair twin differences
are, in part, a function of the degree of genetic heterogeneity of the twin
set., A crude, but useful, measure of heterogeneity is the number of national
origins in the parental background (3). Mothers in the present study and two
sets with previous special education were contacted and the national origins

of the twin set's grandparents (P2 generation) reguested. Eighteen mothers

23
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replied, Of this group, four mothers did not know the national origin of

the twin set's maternal and paternal grandparents. The reduced sample size

was fourteen. Twin sets were classified as either low heterogenecis (1-2

¢ countries of origin for the P, generation) or high heterogeneous (3-k
countries of origin for the P2 generation), Mean difference scores and

variations were calculated for birth weighi and intelligence (Table 7).

Insert Table T about here

Although t tests for difference scores for birth weight and intelligence
between high and low heterogeneous groups were nct significant, the direction
of effect was consistent with expectaticn. Difference scores and their vari-
ation increased with genetic heterogeneity. If, as implicated, inétabilities
of vhenotypic response derive from genetic predisposition, those studies which
estimate environmental effect by reference to intraindividual twin differences
may require qualification (25). Some coefficient of genetic indetermination

rmay be a characteristic property of various strain and racial groups.
F. Summary

Although psychological studies of natal factors by the method of co~twin
control largely have concerned the relation of intrapair birth weight difference
to intellectual difference, many natal factors other than birth weight are

subject to evaluation by the co-twin method. Natal co-twin studies require the

identification of specific pre- or paranatal, environmental or organismic factors
which differentially affect members of the twin set. The majority of these

factors operate through the increase or decrease of maternal capacity, maternal

=
N




Lot

load, or maternal efficiency. 3ince the incressed demands of wwin rregnancy

increase maternal load, which may exceed maternal capncity to yrovide nde-

auate cxygen, nutrients, and metabolite elimination, the resulils cf twin

studies must be interpreted with caution.

liatal histories and intellectual examinations were obtained for = to%tal

f 16 sets of identical twins between the ages of 10 to 90 months, Cerrela-
tional analvses of intellectual differences and intrapair differences for
birth order, birth weight, presentation, neonatal Angar, 2nd use of forcers
were nonsignificant. The failure to replicate earlier investigzticns which
suggested an intellectual advantage for the heavier twin promrted the reevalua-
tion of the primary data from these studies. UlNo consistent relaticnshir be-
tween weight advantage and intellectual difference was demonstrated. These

~

results appear inconsistent with the hypotheses of intrauterine, circulatory,

or nutritional insufficiency whizh suggest some correspondence bhetween weight |
and intellectual advantage within sets.

In contrast to the negative results for intrapair analyrses, interrzir
analyses for general prenatal factors were largely in the expected direction.
leonatal maturity and diagnostic X-ray were significantly inversely rei=zted
to midtwin intelligence while chronological age at the time of examination was
significantly positively related. The former factors are measures of mater-
nal load and imply that prematurity among twins may provide an adaptation to
limited maternal capacity. Correspondingly, the intellectual "catch-up"
growth evidenced by identical twins suggests differential injury to lower brain

. centers associated with decreased maternal efficiency. Thus, while intellectual
differences between twin sets were related to generzl prenatal factors, dif-
ferences within sets were unrelated to specific factors. That is, with genetic

control, intrapair intellectual differences were independent of intrarair nztal

]: \I)C <ol
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differences. This result suggested the reevaluation of traditional models
of neonatal variation. Two alternative, but nonexclusive, models were formu-
lated.

The first model stresses the role of complex maternal-fetal interactions
which determine phenotypic variation. Intrapair intellectual differences are
not a simple function of intrapair natal differences. The magnitude and direc-
tion of effect depend upon the individual maternal-fetal genome.

The second model suggests a "genetic indetermination" related to the
genetic heterogeneity of the twin set. When genetic redundancy is reduced
through outcrossing, the probability of divergent development is enhanced. A
measure of outcrossing was obtained for the present semple and, although the
results were nonsignificant, the magnitude and variability of intellectual and

weight difference increased with genetic heterogeneity.

BE1




-25-
References

Babson, S. G., Kangas, J., Young, H., & Bramhall, J. L. Growth and develop-
ment of twins of dissimilar size at birth. Pediatries, 1964, 33,
327-333.

Bender, S. 'Twin pregnancy; a review of 472 cases. Journal of Obstetrics

and Gynecology, 1952, 59, 510-518.

Bresler, J. B, Outcrossings in Caucasians and fetal loss. Social Biology,

1970, 17, 17-25.

Caputo, D. V., & Mandell, W. Consequences of low birth weight. Develop-

mental Psychology, 1970, 3, 363-383.

Churchill, J. A. Relationship between intelligence and birth weight in twins.
Neurology, 1965, 15, 341-3h47.

Dawkins, M., ! MacGregcr, W, G. Gestational age, size and maturity. London:

Spastics Society Medical Education and Information Unit, 1965,

Dunn, P, M. Some perinatal observations on twins, Developmental Medicine

and Child Neurology, 1965, 7, 121-13k,

Eastman, N. J. (Ed.) Williams obstetrics. New York: Appleton-Century-

Crofts, 1956,
Falkner, F., General considerations in human development. In Falkner, F.

(Ed.), Human development. Philadelphia: Saunders, 1966. Pp. 10-39.

Ferreira, A. J. Prenatal environment. Springfield, Illinois: Thomas, 1969.

Fuller, J. L., & Thompson, W, R, Behavior genetics. New York: Wiley, 1960.

Hoopes, J. L. An infant rating scale. HNew York: Child Welfare League of

America, 1967.

Howard, R. G., & Brown, A, M, Twinning: A marker for biological insults,

Child Development, 1970, 41, 519-530.

r“.‘;
LS

R R




1k,

15.

16'

17.

18.

19.

20,

21.

22,

23.

2k,

-26-

Jensen, A, R, Uses of twin and sibling data in psychometric and educa-

tional research, Mimeographed paper, University of California,

Berkeley, 1968,

Kaelber, C. T., & Pugh, T. F. Influence of intrauterine relations on

the intelligence of twins. New England Journal of Medicine, 1969,
280, 1030-103L,

Koch, H. L. Twins and twin relations. Chicago: University of Chicago

Press, 1966.
McClearn, G. E. Genetic influences on behavior and development. In P. H.

Mussen (Ed.), Carmichael's Manual of Child Psychology. MNew York:

Wiley, 1970, Pp. 51-12k,

McKay, R. J. The high—risk infant. In Nelson, W, E., Vaughan, V, C,, &
McKay, R. J. (Eds.), Pediatrics, Philadelphia: Saunders, 1969. Pp.
360-372.

Montagu, A. Prenatal influences. Springfield, Illinois: Thomas, 1962,

Morris, N., Osborn, S. B., & Payling, W. H, Effective circulation of the

uterine wall in late pregnancy measured with 2hNaC1. Lancet, 1955,
1, 323-325.

Naeye, R. L. The fetal and neonatal development of twins., Pediatrics,
1964, 33, 546-553.

Newman, H. H. The physiology of twinning. Chicago: University of Chicago

Press, 1923,

Price, B, Primary biases in twin studies. American Journal of Human Genetics,

1950, 2, 293-352.

Scarr, S. Effects of birth weight on later intelligence. Social Biology,

1969, 16, 2k9-256.

2

r
e 3




26.

27.

28.

29.

30.

-27=

Scarr-Salapatek, S. Race, social class, and IQ. Science, 1971, 17k,
1285-1295,
Van den Daele, L. D. Infant reactivity to redundant proprioceptive and

auditory stimulation: a twin study. Journal of Psychology, 1971,

18, 269-276.
Van den Daele, L. D, Birth weight and developmental differences among

monozygotic twins. Unpublished paper. Princeton, N. J.: Educa-

tional Testing Service, 1971.

Waddington, C. H. (Ed.) Towards a theoretical biology. Chicago: Aldine,

1970,
Willerman, L., & Churchill, J. A. Intelligence and birth weight in identi-

cal twins. Child Development, 1967, 38, 623-630.

Windle, W.r F., Hinman, H, E., & Pearce, B. MNeurological and psycholcgical

deficits of asphyxia neonatorum. Springfield, Illinois: Thomas, 1958,




-28-

Footnotes

lSections of this paper were presented at the second annual Behavior
Genetics conference at Boulder, Colorado and at a University of North Carolina
Medical School, Grand Rounds bolloquium.

The author expresses his gratitude to Charles T. Kaelber for access to
his primary data and Sydell Carlton, Donald Goodenough, Michael Lewis, John
Loehlin, and Lee Willerman for comments on an earlier version of this paper,

The reviewers, however, are in no way responsible for the limitations of this

paper which remain the author's own,
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Table 2
Representative Natal Factors Related to Maternal

Capacity, Load, and Efficiency

Maternal Maternal Maternal

Capacity Load Efficiency
Maternal weight Prescriptions Eclampsias
Maternal height Ionizing radiation Toxemias
Pelvic girth Fetal maturity Oedema
Nutrition | Fetal number Miscarriages
Maternal age | Fetal dysfunctions Parity

\,
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Table 3

Intrapair Natal and Intellectual Differences

Mean Intrapair Mean Intrapair rFactor Difference
Factor n Factor Difference IQ Difference x IQ Difference p#*
Birth order 16 1.00 3.82 A1 n.s.
Birth weight 16 269.25 0.75 .00 n.s.
Tresentation 6 ik 1.9 .11 n.s.
Heonatal Apgar L .25 3.80 -.25 n.s.
Forcens 2 .13 3.59 -.15 n.s.

%
2-tailed test




Intrapair Birth Weight and In%ellectual Differences

=-32=

Table b

by Study

Mean Intrapair

Mean Intrapair

rWeight Difference

Study n Weight Difference IQ Difference x IQ Difference p¥*
Babson 9 8hs 6.5 -.2% .S.
Churchill 13 220 3.0 -.30 .S,
Kaelber and 42 29k 2.1 .28 .S.

Pugh :
Scarr 25 33k 8.9 .01 5.
Willerman and 27 270 5.3 .01 .S,

Churchill

*
2-tailed




Pfable 4

mberpadr Natal and Tnhellechbual biCferonces

General Factors Wean Interpair o, ican ractur Beore p#
Yacror Score = ¥ lidtwin [Q

Prenatal Organismic
Maternal Age 20,50 948 - 350 Meile
Miscarriages 0.50 1.6 -.10 n.s.
liaternal Jarity 1.hh 1.h1 L0i oS
laternal Weight ) 6Ok Yioio o N
Weight Gain 9,19 b, Ol - Meiss
Maternal Dysfunction 1Y LO0 - 10 Nn.s.
laternal Oedema 1.00 ol .00 n.s.
Prenatal Bnvironmental

Factors
X-ray 0 A8 by L0
Prescriptions 1.51 1.01 -1 Nes.
Paranatal Crganismic

Factors
Neonatal Maturity h,06 1.4 -he < 0Y
Length of Labor S 1,88 Ly .08 oS
Mean Apgar ENEs) <5k .00 n.s.
lMean Rirth Veight ARy g -. 50 n.s.
Paranatal Environmental

Factors
Anesthetic 298 1.0 . N.S.
Umbilical Separation 1.05 - .50 - 17 UeS.
Nonnatal Factors
Sex 68 iy ITs) -.08 .S,
Chronological Age 2.69 27.58 78 <, 01

*One-tailed tests were applied to natal factors for which a direction of
effect was expected from the maternal capacity-load-efficiency model.
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Table 6

Syst.ematic Residual Variation for Three Hypothetical Cases




Table T
Mean Intrapair IQ and Birth Weight Differences for

High and Low Heterogeneous Groups

Intrapair IQ Difference

i X o1
Low Heterogeneous 7 6.9 3,2
High Heterogeneous ' T 11.1 9.7

Intrapair Birth Weight Difference

Low Heterogeneous T 255.15 2hk b2

High Heterogeneous 7 340.19 his.k2




