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BACKGROUND
Spina bifida and other neural tube defects 

(NTDs) are serious birth defects, with spina 
bifida affecting approximately 3.5 per 10,000 
live births in the U.S.1 In the general popu-
lation, folic acid supplementation has been 
shown to reduce the risk of NTDs.2 The NTD 
risk is higher in certain individuals with a 
family history of NTDs, with a 2-5% recur-
rence risk in siblings with a single affected 
child and a risk in other close relatives that is 
increased above that of the general popula-

tion.3-7 For women with a previous affected 
pregnancy, 4 mg of folic acid supplementa-
tion daily, 10 times the dosage recommended 

for the general population, is recommended 
to reduce risk of recurrence in siblings,8 and 
folic acid supplement use has been shown to 
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result in an 87%  reduction in recurrence 
in siblings.5

Despite public health campaigns to in-
crease folic acid supplement use in the gen-
eral population, only about 40% of women 
of childbearing age report consuming the 
recommended daily level of supplemental 
folic acid.9 Even among those women 
with an affected child, a sizeable fraction 
does not take folic acid supplements.5, 10-13 
Familial cases account for 3.7-18% of all 
NTD cases,14 and recurrence prevention 
programs have been shown to be effective 
in increasing supplemental folic acid intake 
and reducing recurrence.5, 15-18

Only one group has examined use of 
folic acid supplements in close relatives of 
children with an NTD, in studies performed 
in Ireland and the U.S.19-21 These studies 
focused on aunts and female first cousins of 
the affected child, who were interviewed be-
fore and after receiving a folic acid informa-
tion pack. The information packs included: 
(1) a letter from the principal investigator; 
(2) folic acid education materials from the 
Centers for Disease Control and Prevention 
(CDC), March of Dimes, the local Depart-
ment of Health and cereal manufacturers; 
(3) vouchers from cereal manufacturers; and 
(4) a package of folic acid tablets (Ireland 
only). These studies found that these brief 
interventions increased both knowledge and 
use of folic acid supplements among relatives 
in the short-term, consistent with previous 
studies that have shown that brief interven-
tions can increase folic acid awareness.22-25 
In the Irish study, although 73% of relatives 
had knowledge of  the benefits of folic acid, 
only 8.8% took folic acid supplements prior 
to receiving the information pack, with an 
increase to 19% afterward, compared with 
2.7% in the general population.20 In a retro-
spective cross-sectional study from 1998 to 
2000, aunts reported preconceptional use of 
folic acid supplements for 57.9% of pregnan-
cies and use of folic acid supplements during 
pregnancy for 89.5% of pregnancies.19 In a 
Washington, D.C. study, at baseline 80.2% 
of relatives reported knowing that folic acid 
prevented birth defects, compared with 20% 
of the general population, and following the 

intervention, relatives’ folic acid supplement 
use increased from 41.9% to 48.5%.21

Our project used family history informa-
tion to identify and enroll women who were 
at increased risk for having a pregnancy af-
fected by an NTD and was integrated into 
existing state-based recurrence prevention 
programs in Colorado and Michigan. The 
project included a survey to determine 
folic acid supplement use, reproductive 
planning and views on having an affected 
child. Participants who provided contact 
information were sent standard folic acid 
education materials and a follow-up survey 
(Michigan only). Our project extended the 
work of Byrne and colleagues19-21 to other 
populations in the U.S. and illustrated the 
challenges in incorporating such a program 
into the state health department setting. 

PURPOSE
The primary goals of the project were: 

(1) to assess whether women at increased 
risk of having a pregnancy affected by an 
NTD, due to their or their partner’s fam-
ily history, showed differences in folic acid 
supplement use compared with the general 
population; (2) to determine whether per-
ceptions of risk and pregnancy-planning 
status affected folic acid supplement use; 
and (3) to provide these women with folic 
acid education materials.

METHODS

Overview
Our project took advantage of existing 

recurrence prevention programs in Colo-
rado and Michigan by extending preven-
tion education to second-degree relatives. 
Through these programs, probands (preg-
nancies or children affected by an NTD) had 
been identified, and contact information 
for their mothers was available. The project 
targeted second-degree female relatives 
and female partners of second-degree male 
relatives of an affected child: paternal and 
maternal grandmothers and aunts, as well 
as sisters and female partners of brothers, of 
childbearing age (ages 18-44). Families were 
considered ineligible if the affected child 
had been adopted, because relatives would 

not be at an increased risk due to a lack of 
a biological relationship to the child, or in 
certain other circumstances. We conducted 
a retrospective survey to determine whether 
these relatives were more likely to take folic 
acid supplements than the general popula-
tion and planned to begin a prospective 
intervention project to promote folic acid 
supplement use among these relatives. We 
aimed to evaluate the effectiveness of the 
intervention, measured both by whether or 
not an increased number of relatives took 
folic acid supplements and by rates of NTD 
recurrence within the family (i.e., whether 
any relatives of the affected child had a 
pregnancy or child affected by an NTD after 
either the birth of the affected child or the in-
tervention). However, this plan was limited 
by the small number of participants and the 
inability to contact relatives directly.

Survey Design and Distribution
The first steps were protocol develop-

ment and submission of project materials to 
the Institutional Review Board (IRB) of each 
state health department. A survey was devel-
oped to determine folic acid supplement use, 
reproductive planning and contraception 
use, previous pregnancies and outcomes, 
knowledge about folic acid and NTDs, and 
views on having an affected child (Appendix 
1). Questions were based on those from 
field-tested surveys (e.g., Behavioral Risk 
Factor Surveillance System (BRFSS), Preg-
nancy Risk Assessment Monitoring System 
(PRAMS), and HealthStylesTM) whenever 
possible. 

The Michigan and Colorado state health 
departments identified probands with 
NTDs through their existing statewide 
birth defects surveillance programs. The 
NTDs captured were spina bifida, anen-
cephaly and encephalocele. Pre-contact 
letters briefly describing the project were 
sent to probands’ mothers, who were then 
contacted by telephone to obtain consent to 
participate in the project and to determine 
the number of eligible relatives (female 
second-degree relatives and female partners 
of male second-degree relatives of child-
bearing age). The IRBs determined that 
to protect the relatives’ privacy, only the 
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probands’ mothers could be contacted di-
rectly to solicit participation. Thus, surveys 
were sent to the probands’ mothers for dis-
tribution to relatives. This method had the 
advantage of engaging the index family. A 
disadvantage was that state health workers 
were unable to re-contact nonparticipating 
relatives with reminders, which likely af-
fected the quantity of surveys returned. 

Surveys were returned directly to the 
state health departments. Contact informa-
tion was requested from relatives, and those 
relatives who provided this information were 
sent folic acid education materials about the 
importance of folic acid for the prevention 
of NTDs. Standard folic acid education 
materials were used, rather than recurrence 
prevention information, since current data 
are not sufficient to provide a quantitative 
assessment of the relatives’ risk and current 
folic acid supplement recommendations for 
those with a family history of neural tube 
defects in a second- or third-degree relative 
are the same as those for the general popula-
tion. These materials, developed previously 
by CDC, were “Emma’s Story,” a narrative 
aimed at pregnancy contemplators and se-
lected because it was designed for those with 
limited literacy skills, and the “Ready…Not” 
pamphlet, designed for non-contemplators. 
These folic acid education materials are 
available on the CDC website (http://www2.
cdc.gov/ncbddd/faorder/orderform.htm). 
If the participating relative was discov-
ered to be already pregnant, she was sent 
the “Congratulations, Mom, You Have a 
Beautiful Baby” pamphlet, produced by the 
National Birth Defects Prevention Network 
to support post-partum/interconception 
folic acid consumption. This pamphlet was 
thought to be more appropriate for preg-
nant women because it focuses on taking 
supplemental folic acid postpartum, prior to 
a future pregnancy, an action these women 
could take. By comparison, “Emma’s Story” 
stresses the importance of supplemental 
folic acid use before pregnancy and might 
cause anxiety in pregnant women who had 
not taken supplements prior to conception. 
In Michigan, relatives who provided contact 
information were re-contacted and sent a 

second survey to assess differences in folic 
acid supplement use following the interven-
tion. Respondents had the option to reply 
electronically or through the mail.

Differences in Protocols between States
Protocols differed slightly between Colo-

rado and Michigan, in part due to different 
IRB restrictions. The Colorado protocol was 
exempt from IRB review, while the Michigan 
protocol underwent expedited IRB review. 
The Colorado state health department birth 
defects data collection included data on fetal 
deaths, whereas Michigan program staff did 
not have access to this information. Colora-
do chose not to provide incentives, whereas 
Michigan provided an incentive (a gift card 
from a national retail store) to participants. 
The project coordinator for Colorado had 
direct access to the birth defects registry 
data, whereas the Michigan group did not. 
Surveys from Colorado were completely 
anonymous, while those from Michigan 
were coded by family. Colorado included in-
fants with birth dates from 2006-2007, while 
Michigan included infants with 2005-2007 
birth dates.  

Statistical Analyses
We calculated frequency distributions for 

each question stratified by state. For these 
analyses, responses to survey questions 5-10 
were categorized as disagree (response of 1 
or 2 on the Likert scale), neutral (response 
of 3 on the Likert scale), or agree (response 
of 4 or 5 on the Likert scale) (Table 1 and 
Appendix 1). Given that the demographics 
of the respondents from the two states were 
similar (Appendix 2) and the number of 
respondents was low, we combined the data 
from the two states for further analyses. In 
these analyses, survey questions 5-10 were 
dichotomized as disagree (response of 1 or 
2 on the Likert scale) or agree (response of 4 
or 5 on the Likert scale), excluding responses 
of 3 (neutral) (Table 2). Because all variables 
contained at least one category for which the 
cell count was less than 5, we used Fisher’s 
exact tests to determine any statistically 
significant associations between responses 
and adequacy of folic acid supplement use 
and pregnancy planning status using SPSS 

v17.0 (Table 2 and data not shown). Re-
spondents were coded as having adequate 
folic acid supplement use if they reported 
using a supplement or vitamin pill contain-
ing folic acid (“Yes” on Questions 1 and 2 
(Appendix 1)) and taking the supplement 
4-6 times a week or every day (Appendix 1, 
Question 3).

RESULTS
Response rates for the two states are 

shown in Figure 1. In Colorado, 16/50 (32%) 
index families that were eligible and able to 
be contacted agreed to participate. Notably, 
of the families that did not participate, 10 
families indicated that they did not want any 
further contact from the recurrence preven-
tion program. 17/28 (61%) surveys were 
returned, with contact information provided 
by 13 (76% of those responding). In Michi-
gan, 30/68 (44%) index families contacted 
were eligible and agreed to participate. 27/49 
(55%) surveys were returned, with contact 
information included on 18 (67% of those 
responding). Upon completion of the survey, 
relatives who provided contact information 
were sent folic acid education materials and, 
in Michigan, a second follow-up survey. Two 
surveys were completed electronically, with 
folic acid education materials sent to those 
respondents by email. For the follow-up 
survey, 12/18 (67%) were completed. While 
surveys were intended only for the relatives, 
in some cases surveys were completed by the 
index mother as well.

Table 1 lists the frequency distributions 
by state for selected survey questions. Com-
bining results from both states, 70.5% (31) 
of respondents reported taking a vitamin 
pill or supplement. Of those, 35.5% (11) 
reported “No” or “Don’t know” when asked 
whether the vitamin pill or supplement 
contained folic acid. For women reporting 
use of folic acid-containing vitamin pills or 
supplements, 60.0% (12) reported daily use, 
20.0% (4) reported taking multivitamins 
4-6 times per week, 15.0% (3) 1-3 times per 
week, and 5.0% (1) less than once a week. 
Table 2 lists the frequency distributions for 
selected questions, stratified by whether or 
not the respondent had adequate folic acid 
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Colorado Michigan

73 Index families identified 89 Index families identified

50 Index families eligible and 
contact information available

68 Index families eligible and 
contact information available

16 (32%) Index families agreed  
to participate

30 (44%) Index families agreed  
to participate

28 Relatives sent surveys 49 Relatives sent surveys

17 (61%) Surveys returned 27 (55%) Surveys returned

12 (67%) Second surveys returned

13 (76%) Relatives provided con-
tact information and were sent 
folic acid education materials

18 (67%) Relatives provided con-
tact information and were sent 

folic acid education materials and 
second survey

Figure 1. Survey Response Rates by State
supplement use. Overall, 36.4% (16/44) 
women reported adequate folic acid supple-
ment use, defined as taking a folic acid-
containing supplement or vitamin 4 or more 
times per week. Of those women planning 
a pregnancy or currently pregnant, 80% 
(8/10) had adequate folic acid supplement 
use. (The two women who did not report 
adequate folic acid were planning a preg-
nancy.) Adequate folic acid supplement use 
was significantly associated with intention 
to take a folic acid-containing supplement 
and pregnancy plans (currently pregnant or 
planning pregnancy within next year or so), 
and marginally associated with maternal age 
25 years and older. A higher percentage of 
maternal relatives, relatives with more than 
12 years of education, and married relatives 
reported adequate folic acid intake, but these 
differences were not statistically significant 
(data not shown).

Responses to the open-ended ques-
tion, “I take a folic acid containing vitamin 
because…” included: (1) being currently 
pregnant, planning a pregnancy, or in case 
of a pregnancy (6 respondents); (2) for other 
health reasons or for general health (5 respon-
dents); (3) folic acid being already included 
in a multivitamin (4 respondents); (4) to 
prevent NTDs (2 respondents); (5) having 
an affected pregnancy or relative (2 respon-
dents); and (6) following doctors’ advice from 
a previous pregnancy (1 respondent).

The survey included two similar ques-
tions addressing intention to take a folic 
acid-containing multivitamin (Appendix 1, 
Questions 5 and 8), perceived likelihood of 
having an affected child (Appendix 1, Ques-
tions 6 and 9), and concern about having 
an affected child (Appendix 1, Questions 7 
and 10). Agreement between responses to 
these questions was moderate for all three, 
with kappa scores of 0.680 (P < 0.001) for 
intention, 0.562 (P < 0.001) for likelihood, 
and 0.548 (P < 0.001) for concern.  

DISCUSSION
While the small number of survey par-

ticipants limits interpretation of our find-
ings, the percentage of female relatives who 
reported adequate folic acid supplement 
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Table 1. Frequency distributions by state for selected survey questions, Colorado,  
2006-2007, and Michigan, 2005-2007

Survey question and 
response

Colorado (Survey 1) 
% respondents 

(number  
respondents)

Michigan (Survey 1) 
% respondents 

(number  
respondents)

Total (Survey 1) 
% respondents 

(number  
respondents)

Michigan (Survey 2) 
% respondents  

(number  
respondents)

Do you currently take any vitamin pills or supplements? (Question 1) 

Yes 82.4% (14) 63.0% (17) 70.5% (31) 81.8% (9)

No 17.6% (3) 33.3% (9) 27.3% (12) 18.2% (2)

Don’t Know 0% (0) 3.7% (1) 2.3% (1) 0% (0)

Do any of the vitamin pills or supplements you take contain folic acid? (Question 2)a

Yes 57.1% (8) 70.6% (12) 64.5% (20) 100% (9)

No 14.3% (2) 5.9% (1) 9.7% (3) 0% (0)

Don’t Know 28.6% (4) 23.5% (4) 25.8% (8) 0% (0)

How often do you take this vitamin pill or supplement? (Question 3)b

<1x/week 0% (0) 8.3% (1) 5.0% (1) 11.1% (1)

1-3x/week 25.0% (2) 8.3% (1) 15.0% (3) 22.2% (2)

4-6x/week 25.0% (2) 16.7% (2) 20.0% (4) 11.1% (1)

Daily 50.0% (4) 66.7% (8) 60.0% (12) 55.6% (5)

I intend to take a multivitamin every day (Question 5)

Disagree (1-2c) 5.9% (1) 18.5% (5) 13.6% (6) 25.0% (3)

Neutral (3c) 23.5% (4) 18.5% (5) 20.5% (9) 8.3% (1)

Agree (4-5c) 70.6% (12) 63.0% (17) 65.9% (29) 66.7% (8)

I will take a multivitamin every day (Question 8)

Disagree (1-2) 17.6% (3) 22.2% (6) 20.5% (9) 0% (0)

Neutral (3) 11.8% (2) 18.5% (5) 15.9% (7) 8.3% (1)

Agree (4-5) 70.6% (12) 59.3% (16) 63.6% (28) 91.7% (11)

It is likely that I could have a pregnancy affected by a birth defect (Question 6)

Disagree (1-2) 23.5% (4) 44.4% (12) 36.4% (16) 33.3% (4)

Neutral (3) 29.4% (5) 33.3% (9) 31.8% (14) 41.7% (5)

Agree (4-5) 47.1% (8) 22.2%(6) 31.8% (14) 25.0% (3)

It is possible that I could have a pregnancy affected by a birth defect (Question 9)

Disagree (1-2) 11.8% (2) 29.6% (8) 22.7% (10) 25.0 (3)

Neutral (3) 29.4% (5) 22.2% (6) 25.0% (11) 25.0 (3)

Agree (4-5) 58.8% (10) 48.1% (13) 52.3% (23) 50.0 (6)

continued
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use, 36.4%, is similar to what is seen in the 
general population. For example, in the 
2007 Gallup Organization survey, 40% of 
all women reported daily consumption of a 
folic-acid containing supplement.9 In their 
U.S. study, Byrne et al.21 observed slightly 
higher rates of intake of folic-acid contain-
ing vitamins in relatives in NTD-affected 
families compared with the general public 
(37% vs. 33%), but comparable to the rate 
seen in our project. In our project, folic acid 
supplement use for those relatives planning 
a pregnancy or currently pregnant, 80%, 
is similar to rates seen in women who are 
currently pregnant (76.8%) and pregnancy 
planners (71.6%) in the general population 

from the 2002 and 2004 BRFSS survey.26 
Comparison with responses to surveys 

containing similar questions is helpful as 
well. We modeled our questions on inten-
tion to take a multivitamin (Appendix 1, 
Question 5) and likelihood of having a 
pregnancy affected by a birth defect (Ap-
pendix 1, Questions 6 and 9) after ques-
tions from the 2007 HealthStylesTM survey. 
HealthStyles,TM administered by the public 
relations firm Porter Novelli, is an annual 
mail survey of the U.S. population aged 18 
years and older that examines health-related 
attitudes and behaviors. As shown in Table 
3, a greater percentage of the respondents 
in our survey reported that they intended 

to take a multivitamin and that they were 
at risk of having a pregnancy affected by 
a birth defect than the national sample in 
the 2007 HealthStylesTM survey. However, 
whether this difference is statistically signifi-
cant is difficult to determine, given the small 
number of respondents in our survey. Being 
pregnant or planning a pregnancy was asso-
ciated with intention to take a multivitamin 
(chi square = 4.516, P = 0.034) and agreeing 
that it was possible that the respondent could 
have a pregnancy associated with a birth 
defect (chi square = 7.101, P = 0.008) in the 
HealthStylesTM survey. Demographics might 
explain some of the differences between the 
results of our survey and HealthStylesTM. 

Survey question and 
response

Colorado (Survey 1) 
% respondents 

(number  
respondents)

Michigan (Survey 1) 
% respondents 

(number  
respondents)

Total (Survey 1) 
% respondents 

(number  
respondents)

Michigan (Survey 2) 
% respondents  

(number  
respondents)

I am afraid of having a baby with serious birth defects (Question 7)

Disagree (1-2) 17.6% (3) 37.0% (10) 29.5% (13) 16.7% (2)

Neutral (3) 23.5% (4) 7.4% (2) 13.6% (6) 0% (0)

Agree (4-5)  58.8% (10) 55.6% (15) 56.8% (25) 83.3% (10)

The possibility of having a baby with serious birth defects scares me (Question 10)

Disagree (1-2) 14.3% (2)  18.5% (5) 17.1% (7) 8.3% (1)

Neutral (3) 21.4% (3) 7.4% (2) 12.2% (5) 8.3% (1)

Agree (4-5) 64.3% (9)  74.1% (20) 70.7% (29) 83.3% (10) 

Which one of the following best describes your pregnancy plans? (Question 11)

Currently pregnant (a) 0% (0) 7.4% (2) 4.5% (2) 16.7% (2)

Planning pregnancy (b) 23.5% (4) 14.8% (4) 18.2% (8) 25.0% (3)

Future planning (c) 29.4% (5) 40.7% (11) 36.4% (16) 33.3% (4)

Not planning (d) 23.5% (4) 25.9% (7) 25.0% (11) 25.0% (3)

Cannot get pregnant (e) 23.5% (4) 11.1% (3) 15.9% (7) 0% (0)

Notes: 
a Of those reporting taking a vitamin or supplement  
b Of those reporting taking a folic acid-containing vitamin 
c Responses on the Likert scale

Table 1. Frequency distributions by state for selected survey questions, Colorado,  
2006-2007, and Michigan, 2005-2007 (con’t)
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The HealthStylesTM survey respondents had 
a greater diversity of race and ethnicity, age, 
and education than the respondents in our 
survey, with approximately 50% of Health-
StylesTM respondents older than our cutoff 
of 44 years of age. 

In their studies, Byrne et al.21 observed 
an increase in folic acid supplement use fol-
lowing a brief intervention which included 
providing folic acid education materials. 
We found a higher percentage of women 
reporting folic acid supplement use (50%) 
in the follow-up survey from Michigan, but 
since not all relatives completed the follow-
up survey, we cannot determine whether the 
increase is real or reflects increased interest 
in completing the survey by those already 
taking folic acid supplements.

Our study had some important limita-
tions, including the low numbers of surveys 
completed, reliance on self-reported infor-
mation, the retrospective design, and the 
differences between the states, for example 
in use of incentives. The low participation 
rates for index families (32% for Colorado 
and 44% for Michigan) could indicate a self-
selection bias in families choosing to partici-
pate. For example, participation rates might 
be higher for those families more aware of 
the importance of folic acid or for families 
who have a closer relationship with their 
relatives. Such a bias might be reflected in 
the higher intention to take folic acid supple-
ments and the elevated risk perception of the 
respondents. However, folic acid supplement 
intake rates in relatives were similar to those 
in the general population. The inability to 
contact relatives directly likely decreased the 
response rate and did not allow for any for-
mative research on relatives’ perceived risk 
and other issues. Furthermore, this ham-
pered our ability to evaluate the program 
by determining changes in survey responses, 
since first and second surveys could not 
be linked. However, our project had some 
important strengths, including the unique 
method of outreach to relatives through the 
index family. The outreach and prevention 
effectiveness of these intervention programs 
might have been increased through contact 
with multiple family members for each 

proband. A recent study showed that NTD 
recurrence prevention programs are cost ef-
fective,17, 27 and extending these programs to 
second-degree relatives might improve cost 
effectiveness while not substantially raising 
the overall cost. 

TRANSLATION TO HEALTH  
EDUCATION PRACTICE

Lessons Learned
This project offered lessons learned that 

could be applicable to similar programs in 
the future. In an effort to be transparent, the 
probands’ families were sent the same educa-
tion materials that would be distributed to 
relatives. Some index families had a negative 
reaction to some of the standard folic acid 
education materials, such as “Emma’s Story.” 
While we believed that the standard folic acid 
message was most appropriate for the rela-
tives, separate folic acid education materials 
have been developed addressing recurrence, 
and sensitivity is required in addressing the 
needs of these different groups.  

Probands’ mothers who were unaware 
of folic acid prior to having a pregnancy or 
child affected by an NTD were encountered 
in both states. While most relatives were 
aware of their family history of an NTD, a 
few were not. Women whose NTD-affected 
pregnancies resulted in fetal loss might 
have been expected to have been less likely 
to participate in our project. However, the 
experience of the Colorado State Health De-
partment, whose registry included informa-
tion on fetal loss, was that these women were 
among the most willing to participate. 

The Colorado State Health Department 
plans to reinstate the maternal interview 
with all mothers with a pregnancy or child 
affected by an NTD. This is in response to the 
finding that every affected family contacted 
for this project had been sent a letter within 
3 months of having had an NTD-affected 
pregnancy, but not one had contacted the 
state health department. However, the state 
health worker found that many of the af-
fected families had many questions and 
concerns and they greatly appreciated and 
benefited from active contact from the State 
Health Department.

The Michigan State Public Health De-
partment also plans to modify its routine 
NTD follow-up protocol to include out-
reach to female relatives as in this project. 
This information will be added to the 
cover letter when index families are first 
contacted, and ~6 folic acid pamphlets will 
be included in the mailing, with different 
pamphlets to target pregnancy contem-
plators and non-contemplators, as well as 
postpartum mothers. 

In both states, success rates in contact-
ing families were higher when state health 
workers were able to call after regular work 
hours (e.g., 5-6 pm). Also, the Colorado state 
health worker found that the ability to access 
the entire birth defects registry file for each 
family was helpful, in terms of being able to 
gain a more complete understanding of the 
families’ experiences and to relate to fami-
lies better when contacting them. Contact 
information was more likely to be correct 
the closer the contact date was to the date 
that information was collected, reinforcing 
the importance of timely data collection. Use 
of web-based tools for locating addresses 
increased the number of families that could 
be contacted. 

Expanding upon this method of out-
reach, involving clinicians or other trusted 
sources of information might help reach 
more at-risk relatives. For a pilot project in 
one county, the Colorado State Health De-
partment has partnered with a family-based 
support group, who will be the first one to 
contact families about referral to services. 
This project could be expanded to include 
the NTD recurrence prevention program. 
Families may be more responsive to being 
contacted by family-based groups, and 
involving the broader support group com-
munity in the effort may also reinforce the 
program’s message (e.g., the importance of 
folic acid supplementation). This approach 
might also be helpful in decreasing staff 
time and cost required for the state health 
departments. One important consideration 
is compliance with the Health Insurance 
Portability and Accountability Act (HIPAA), 
which restricts the ability to share informa-
tion acquired in the public health setting 
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Table 2. Supplemental folic acid adequacy and survey question responses  
by frequency distribution, Colorado, 2006-2007, and Michigan, 2005-2007

Survey question and response
% adequate folic acid 

supplement use  
(number of respondents)

% inadequate folic acid 
supplement use 

(number of respondents)

Fisher’s exact 
test 

P value

Intention to take folic acid:
I intend to take a multivitamin every day 
(Question 5)

  Disagree (1-2a) 0% (0) 100% (6)

  Agree (4-5a) 51.7% (15) 48.3% (14) 0.03

I will take a multivitamin every day  
(Question 8)

  Disagree (1-2) 0% (0) 100% (9)

  Agree (4-5) 53.6% (15) 46.4% (13) 0.005

Likely have affected pregnancy:
It is likely that I could have a pregnancy  
affected by a birth defect (Question 6)

  Disagree (1-2) 31.3% (5) 68.8% (11)

  Agree (4-5) 35.7% (5) 64.3% (9) N.S.b

It is possible that I could have a pregnancy 
affected by a birth defect (Question 9)

  Disagree (1-2) 20.0% (2) 80.0% (8)

  Agree (4-5) 47.8% (11) 52.2% (12) N.S.

Afraid of having affected baby:
I am afraid of having a baby with serious 
birth defects (Question 7)

  Disagree (1-2) 30.8% (4) 69.2% (9)

  Agree (4-5) 40.0% (10) 60.0% (15) N.S.
The possibility of having a baby with serious 
birth defects scares me (Question 10)
  Disagree (1-2) 14.3% (1) 85.7% (6)

  Agree (4-5) 34.5% (10) 65.5% (19) N.S.

Pregnancy plans (Questions 11-12):

  Not planning or unable 23.5% (8) 76.5% (26)

  Currently or planning 80.0% (8) 20.0% (2) 0.002

Age (Question 18)

  <25 years 0% (0) 100% (6)

  ≥25 years 43.2% (16) 56.8% (21) 0.07

Overall 36.4% (16) 63.6% (28) 

Notes:  
a Responses on the Likert scale 
b N.S. = not significant.
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Table 3. Comparison of Responses from Our Survey and 2007 HealthStyles.TM

Survey question and response HealthStylesTM Our survey 

I intend to take a multivitamin every day (Question 5)

  Disagree (1-2a) 23.8% 13.6%

  Neutral (3a) 55.1% 20.5%

  Agree (4-5a) 21.1% 65.9%

It is likely that I could have a pregnancy affected by a birth defect (Question 6)

  Disagree (1-2) 57.1% 36.4%

  Neutral (3) 18.6% 31.8%

  Agree (4-5) 31.8% 24.4%

It is possible that I could have a pregnancy affected by a birth defect (Question 9)

  Disagree (1-2) 57.6% 22.7%

  Neutral (3) 19.4% 25.0%

  Agree (4-5) 22.9% 52.3%

Note: 
a Responses on the Likert scale

with private entities. Another approach 
would be to work with spina bifida treatment 
centers to include outreach to relatives as 
part of their follow-up activities.

Role of Health Educators
Our project was carried out by state 

public health departments as part of their 
activities for families with children with 
special needs. Health educators are often the 
first contact for these families who are then 
referred to more specialized care if needed. 
Often, families do not receive information 
on their risk or know how to access it, so this 
program provides a way to arm them with 
this information. With half of pregnancies 
in the U.S. unplanned or mistimed, folic 
acid education of women, especially those 
in higher risk groups, should not be reserved 
for the prenatal setting. Pre-pregnancy mes-
saging is often carried out by health educa-
tors. To maximize its benefits, folic acid 
should be taken prior to pregnancy, so that 
this information would be best embedded in 
a broader health education initiative. 

Health education strategies for at-risk 
relatives might vary both from those aimed 

at women with previously affected pregnan-
cies and those used for the general popula-
tion. For example, relatives in our project 
reported a higher intention of taking a 
folic acid-containing vitamin and increased 
perceptions of risk of having an affected 
baby, compared with a national sample. 
However, these relatives’ supplemental folic 
acid intake was similar to that seen for the 
general population. Thus, health education 
initiatives centered on relatives of affected 
families might focus on the step between 
behavioral intention and behavioral change, 
although further studies should be done to 
confirm our findings.

Our project, especially if done on a larger 
scale, offers one way of examining the utility 
of family history information as a motivator 
for behavioral change, a goal of many health 
education initiatives and an area of active 
research with challenges in finding behavior 
changes that are easily measured. The gap 
between relatives’ intention to take a folic 
acid-containing vitamin and their actual fo-
lic acid supplement use means that this pri-
ority population has room for improvement, 

an important factor in effecting behavior 
change. Our project not only contributed 
to the state health departments’ develop-
ment of public health capacity by increasing 
awareness of the importance and practical 
applications of family history information, 
but also established a system for contacting 
close relatives of affected children. Family 
history is a potentially cost effective tool for 
disease prevention. Targeted, early interven-
tions can be especially beneficial to those 
at high risk due to family history, allowing 
scarce resources to be directed to those most 
at risk.28 The methods used in our project 
could inform methods for identifying at-risk 
relatives for other rare disorders. 
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Appendix 1. Survey Questions

1. Do you currently take any vitamin pills or supplements? 
	 a. Yes
	 b. No (GO TO QUESTION 5)
	 c. Don’t know/Not sure (GO TO QUESTION 5)
2. Do any of the vitamin pills or supplements you take contain folic acid? 
	 a. Yes
	 b. No (GO TO QUESTION 5)
	 c. Don’t know/Not sure (GO TO QUESTION 5)
3. How often do you take this vitamin pill or supplement?
	 a. Less than once a week
	 b. 1-3 times a week
	 c. 4-6 times a week
	 d. Every day of the week
4. I take a folic acid-containing vitamin because…
5. I intend to take a multivitamin every day:
	 Strongly disagree	 Strongly agree
	 1	 2	 3	 4	 5	
6. It is likely that I could have a pregnancy affected by a birth defect:
	 Strongly disagree	 Strongly agree
	 1	 2	 3	 4	 5		
7. I am afraid of having a baby with serious birth defects:
	 Strongly disagree	 Strongly agree
	 1	 2	 3	 4	 5
8. I will take a multivitamin every day:
	 Strongly disagree	 Strongly agree
	 1	 2	 3	 4	 5	
9. It is possible that I could have a pregnancy affected by a birth defect:
	 Strongly disagree	 Strongly agree
	 1	 2	 3	 4	 5	
10. The possibility of having a baby with serious birth defects scares me:
	 Strongly disagree	 Strongly agree
	 1	 2	 3	 4	 5	
11. Which one of the following best describes your pregnancy plans? 
	 a. I am currently pregnant
	 b. I am planning to get pregnant in the next year or so
	 c. I am not planning a pregnancy in the next year or so, but I plan to at some time in the future
	 d. I do not plan to get pregnant at any time in the future
	 e. I cannot get pregnant (post-menopausal, tubal ligation, hysterectomy (GO TO QUESTION 13))
12. Of the following, which is the main method of birth control you used during the last 6 months?
	 a. I didn’t use any birth control regularly
	 b. Surgical (partner’s vasectomy, tubal ligation, hysterectomy, etc.)
	 c. Hormone (birth control pill, Norplant, Depo-Provera)
	 d. Barrier (condoms, diaphragm, cervical cap)
	 e. Abstinence (not currently sexually active)
	 f. Rhythm method (periodic abstinence), withdrawal
	 g. Other (sponge, IUD, spermicide)
13. Did you have a neural tube defect (NTD) such as spina bifida or encephalocele at birth?
	 a. Yes
	 b. No 
	 c. Don’t know/Not sure

continued
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14. Have you had a pregnancy affected by a neural tube defect (NTD) such as spina bifida, anencephaly, or encephalocele?
	 a. Yes
	 b. No 
	 c. Don’t know/Not sure
	 You have been contacted because you have a relative with a pregnancy or child affected by a neural tube defect (NTD) such 	
	 as spina bifida, anencephaly, or encephalocele. 
15. Did you know that you had a relative with a pregnancy or child affected by a neural tube defect (NTD) such as spina bifida, 
anencephaly, or encephalocele?
	 a. Yes
	 b. No (GO TO QUESTION 17)
16. How were you told about your relative with a pregnancy or child affected by a neural tube defect (NTD) such as spina bifida, 
anencephaly, or encephalocele?
	 a. The parents of the infant told me
	 b. Another relative told me
	 c. Someone outside the family (such as a family friend or clergyperson) told me
	 d. Other (please tell us): 
17.What is your relationship to the relative with a pregnancy or child affected by a neural tube defect (NTD) such as spina bifida, 
anencephaly, or encephalocele?
	 a. She is my sister
	 b. She is the sister of my husband or partner
	 c. She is my brother’s wife or partner
	 d. She is the wife or partner of my husband/partner’s brother
	 e. She is my aunt
	 f. She is my daughter
	 g. She is my son’s wife or partner
	 h. She is my mother
	 i. She is the mother of my husband or partner
18. What is your current age?   ____________
19. Which of these groups would you say best represents your race?
	 a. White
	 b. Black or African American
	 c. Asian
	 d. Native Hawaiian or Other Pacific Islander
	 e. American Indian or Alaska Native
	 f. Multiracial (parents of different background, please indicate)
20. Are you Hispanic or Latino?
	 a. Yes
	 b. No 
	 c. Don’t know/Not sure 
21. Are you Arabic or Chaldean? 
	 a. Yes
	 b. No 
	 c. Don’t know/Not sure 
22. What is the highest grade or year of school you completed?
	 a. Never attended school or only attended kindergarten 
	 b. Grades 1 through 8 (Elementary)
	 c. Grades 9 through 11 (Some high school)
	 d. Grade 12 or GED (High school graduate)
	 e. College 1 year to 3 years (Some college or technical school)
	 f. College 4 years or more (College graduate)

Appendix 1. Survey Questions (con’t)

continued
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23. Are you…?
	 a. Married
	 b. Divorced
	 c. Widowed
	 d. Separated
	 e. Never married
	 f. A member of an unmarried couple
24. What state do live in?
	 a. Colorado
	 b. Michigan
	 c. Other (please specify): 

Appendix 1. Survey Questions (con’t)

Appendix 2. Demographic Responses by State, Colorado, 2006-2007, and Michigan, 2005-2007

Survey question and response
Colorado (Survey 1) 

% respondents  
(number respondents)

Michigan (Survey 1) 
% respondents  

(number respondents)

Total (Survey 1) 
% respondents  

(number respondents)

Age (Question 18)

  <25 years 5.9% (1) 19.2% (5) 14.0% (6)

  ≥25 years 94.1% (16) 80.8% (21) 86.0% (37)

 Race/ethnicity (Questions 19 and 20)

  Non-Hispanic White 94.1% (16) 92.6% (25) 93.2% (41)

  All other races and ethnicities 5.9% (1) 7.4% (2) 6.8% (3)

Education (Question 22)

  0-12 years 0% (0) 18.5% (5) 11.4% (5)

  >12 years 100.0% (17) 81.5% (22) 88.6% (39)

Marital Status (Question 23)

  Not Married 23.5% (4) 29.6% (8) 27.3% (12)

  Married 76.5% (13) 70.4% (19) 72.7% (32)
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