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Abstract
Objective—To determine whether multivitamin supplements modify the relationship between
alcohol consumption during pregnancy and the risk of miscarriage.

Study Design—We utilized data from a population-based cohort study of pregnant women
(n=1061; response rate=39%). Participants were asked about their alcohol consumption and vitamin
intake during pregnancy.

Results—Among multivitamin nonusers, women who drank alcohol during their pregnancy were
more likely to have a miscarriage compared to women who abstained (adjusted Hazard Ratio (aHR):
1.67, 95%CI: 1.04, 2.69). However among multivitamin users, there was no difference in the risk of
miscarriage between alcohol consumers and abstainers. Results suggest the volume of alcohol as
well as the timing of multivitamin supplementation may also be important.

Conclusions—Our findings suggest that a woman of child-bearing years might decrease her risk
of miscarriage associated with alcohol intake by taking multivitamin supplements. However, our
findings should be interpreted with caution and future research replicating these findings is necessary.
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Introduction
A majority of reproductive-age women in the US consume alcohol to some extent1–4. In fact,
general population studies suggest that rates of fetal alcohol exposure may be as high as 50%,
and that fetal exposure to large quantities of alcohol may be as high as 12%.

Research suggests a relationship exists between alcohol consumption during pregnancy and
miscarriage5–11, however the mechanism through which alcohol causes damage to the fetus
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resulting in miscarriage remains unknown. It is possible that alcohol's toxicity occurs partly
through its disruption of maternal and/or fetal nutrition. Research on the deleterious effects of
alcohol on nutrition has shown that alcohol consumption can lead to various micronutrient
deficiencies (such as vitamins C and E, zinc, iron and potassium)12–16. Deficiencies of these
nutrients during early pregnancy may result in adverse events ranging from fetal growth
restriction to mental retardation and developmental delay17–20. Based on this evidence,
multivitamin supplements may potentially provide protection.

We are not aware of any studies that have evaluated whether multivitamin supplements modify
the relationship between alcohol consumption during pregnancy and miscarriage. To examine
this potential relationship, we utilized data from a prospective cohort study to evaluate whether
1) taking multivitamin supplements modifies the effect of any alcohol consumption during
pregnancy and miscarriage, 2) taking multivitamin supplements modifies the relationship
between the average number of drinks a week during pregnancy (4+ drinks/week, < 4 drinks/
week, and no alcohol intake) and miscarriage and 3) the timing of multivitamin supplement
exposure modifies the relationship between any alcohol consumption during pregnancy and
miscarriage.

Materials and Methods
The current secondary data analysis was conducted utilizing data from a population-based
prospective cohort study conducted in the Kaiser Permanente Medical Care Program (KPMCP)
in Northern California. All KPMCP women members who lived in San Francisco County and
parts of San Mateo County who had a positive pregnancy test at one of two San Francisco
KPMCP facilities from October 1996 to October 1998 were identified through the
computerized laboratory database as potential eligible subjects. A woman's second pregnancy,
if any, during the study period was not eligible for the study. All women submitting a urine
sample for a pregnancy test were given a flyer describing the purpose and procedures of the
study and a postage-paid and self-addressed return refusal card. Women with positive
pregnancy tests who did not return a refusal postcard were contacted by a trained female
interviewer to determine their eligibility for the study. English-speaking women who intended
to carry their pregnancy to term and whose gestational age at the pregnancy test was less than
or equal to 10 complete weeks were eligible for the study. The median gestational age at study
entry was 40 days. The original study recruited women to evaluate the relationship between
electromagnetic field exposure during pregnancy and miscarriage21.

A total of 2,729 pregnant women were identified as eligible for the original study (Figure 1).
Of the eligible women, 1,380 (50.6%) initially agreed to participate in the study, of whom
1,061 (39%) completed an in-person interview. In-person interviews were conducted by a
trained interviewer to obtain detailed information about alcohol consumption, previous
pregnancy history, demographic characteristics and other possible confounders. The present
analysis includes 1061 women who completed an in-person interview.

Institutional Review Board approval for this study was obtained from Kaiser Permanente's
Human Subjects Committee.

Measures
Miscarriage

Miscarriage was defined as a fetal loss occurring prior to 20 complete weeks of gestation and
was based on the date of the woman's last menstrual period (LMP). It was ascertained for all
participants through one of the following methods: electronic KPMCP databases, reviewing
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medical charts, and telephoning women whose outcomes could not be identified through either
of the previous methods.

Alcohol Use
Participants were asked if they drank any alcoholic beverages “since becoming pregnant or
since LMP.” Women who drank any alcohol were then asked the number of beers (one beer
was equal to 12 ounces), the number of glasses of wine or champagne (one glass was equal to
4 ounces), and the number of mixed drinks (one drink was equivalent to 1 ounce of hard liquor)
consumed since becoming pregnant. A variable approximating the average number of alcoholic
drinks consumed per week was calculated by adding the total number of alcoholic beverages
consumed since the beginning of pregnancy, and dividing by the gestational age in weeks at
the time of the interview. Based on the distribution of the average number of drinks per week,
our sample size and previous research, alcohol consumption was further categorized into three
mutually exclusive categories: 1) no alcohol intake (n=626), 2) drank < 4 drinks per week
(n=403), 3) drank 4+ drinks per week (n=32).

Multivitamin Use
Participants were asked if they had taken any vitamins, including multiple, prenatal and single
vitamins or any other type of supplements “since becoming pregnant or their LMP”. Women
were asked about the type and brand of supplement for each of the supplements they reported
taking. Additionally, they were asked when they started taking the vitamin supplement.

All women who reported taking either a multivitamin or prenatal vitamin during their
pregnancy were considered multivitamin users (n=730). Multivitamins and prenatal vitamins
are similar in the content of vitamins and other micronutrients. We also considered the timing
of the multivitamin exposure window further categorizing women into three categories: 1)
periconceptional user (began taking multivitamins prior to pregnancy and continued in
pregnancy, n=475), 2) prenatal user (began taking multivitamins during pregnancy, n=252)
and, 3) non-user (n=331). Three women who reported taking multivitamins did not report when
they began taking them.

Covariates
Participants were asked about various behaviors during their pregnancy. These included
whether they used any illicit drugs, engaged in regular exercise (physical activity for 30 minutes
or more at least three times a week), smoked at all, or drank any caffeine during pregnancy.
Pre-pregnancy Body Mass Index (BMI) was calculated (kg/m2) and categorized into 2
categories 1) underweight/normal <= 24.9, 2) overweight/obese 25.0 + 22. Other demographic
characteristics considered were race (White, Black, Hispanic, Asian, and Native American),
education (≤ high school, some college/technical training, graduated from college, attended
graduate school) and marital status (married, have a partner but not married, and single).
Women were also asked about their income, but 59 (6%) did not respond and therefore were
categorized separately (<$35k, $35k-$59k, $60k+, non-responders). Age was dichotomized as
less than or equal to 35 and 36 or older, because pregnancies occurring among women aged
36 or older are considered high risk. Finally, we considered whether this pregnancy was
intended and previous miscarriage history.

Data Analysis
Stata version 9 was used for all analyses. Pearson chi-square tests were conducted to test
differences between categorical variables.
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Cox Proportional Hazards analysis was used to examine whether multivitamin supplements
modify the relationship between alcohol exposure and miscarriage at any given gestational age
while controlling for other possible confounders. This analysis considered all covariates
significantly associated with both alcohol and miscarriage. The period for which a woman was
considered at risk began at the gestational age when she had a positive pregnancy test (study
entry) and continued until she had a miscarriage, ectopic pregnancy or induced abortion (3.6%),
or was censored at 20 weeks gestation (80%) because by definition, a miscarriage occurs
through 20 weeks of gestation. The time variable used in the proportional hazards model
(gestational age in days) was left-truncated at their positive pregnancy test to reflect
participants' actual contribution of their person-time23.

Three separate sets of Cox Proportional Hazards Models were conducted. The first set of
analyses evaluated any multivitamin use (any use during pregnancy versus no use), any alcohol
consumption (any alcohol intake versus no intake), and miscarriage. The second set of analyses
evaluated any multivitamin use, the average number of drinks a week (drank 4+ drinks/week,
drank <4 drinks/week, no intake) and miscarriage. The final set of analyses evaluated the
timing of multivitamin exposure (nonuse, prenatal, periconceptional), any alcohol
consumption during pregnancy and miscarriage.

Each set of analyses began with a likelihood ratio test comparing the Cox Proportional Hazards
Model which included alcohol use, multivitamin use, all covariates, and an interaction term
for alcohol use and multivitamin use, to the same model with the exclusion of the interaction
term. The interaction term differed for each set of analyses as described above. Upon a p-value
of less than 0.10 for the likelihood ratio test, additional Cox Proportional Hazards Models were
conducted stratified by 1) any multivitamin use (first and second sets of analyses) or 2) timing
of multivitamin exposure (third set of analyses) to assess the relationship between alcohol
consumption during pregnancy and miscarriage. As tests for interaction generally have less
power to test for statistical significance24, prior to any data analysis, it was determined that a
corresponding p-value of less than 0.10 for the likelihood ratio tests would be the cut-off for
conducting the stratified analyses.

Results
Sixteen percent (n=172) of the women in our study had a miscarriage. Forty-one percent of
the women reported drinking any alcohol, with 3% drinking 4 or more drinks a week and 38%
drinking less than 4 drinks a week (Table 1). The mean number of drinks per week among
women who drank alcohol was 1.24 (SD: 2.5). Most women (69%; n=730) took multivitamin
supplements; 475 (65%) began taking them during pregnancy and 252 (35%) began taking
them prior to pregnancy.

We found few possible covariates significantly associated with miscarriage in the bivariate
analyses (Table 1). While not statistically significant at p<0.05, the data suggest that women
who were over 35 years of age and women who drank any caffeinated beverage during
pregnancy were more likely to have a miscarriage. These (maternal age and caffeine intake)
and two other significant covariates, marital status and unintended pregnancy, were all also
significantly associated with alcohol consumption and were included as possible confounders
in all multivariate analyses.

In the first set of multivariable models, the results for the likelihood ratio test (p=0.07)
conducted for the analyses evaluating any multivitamin use and any alcohol consumption
indicate multivitamin use modified the relationship between alcohol and miscarriage.
Therefore we conducted additional analyses stratified by multivitamin use. Among women
who did not take multivitamins, women who drank alcohol were 1.67 times more likely to have
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a miscarriage compared to women who abstained, after adjusting for possible confounders
(adjusted Hazard Ratio (aHR): 1.67, 95%CI: 1.04, 2.69) (Table 2). However, among
multivitamin users, there was no difference in the risk of miscarriage between women who
drank alcohol and women who abstained (aHR: 0.98, 95%CI 0.65, 1.48).

The p-value for the likelihood ratio test assessing the interaction between any multivitamin
use and the average number of drinks per week was 0.098. Table 3 shows the Hazard Ratios
for the relationship between three categories of the average number of drinks per week during
pregnancy and miscarriage stratified by multivitamin use. Among multivitamin nonusers,
women who drank at least four drinks a week were over 6 times as likely to have a miscarriage
compared to women who abstained (aHR: 6.30, 95%CI: 2.32, 17.05) and those who drank
fewer than four drinks a week had a non-significant increased risk of miscarriage, compared
to women who abstained (aHR: 1.51, 95%CI: 0.92, 2.47) (Table 3). However, among
multivitamin users, the risk of miscarriage associated with alcohol intake during pregnancy
significantly diminished for women who drank four or more drinks a week (aHR:1.87, 95%
CI: 0.79, 4.45) and there was no increased risk of miscarriage for women who drank fewer
than four drinks a week (aHR: 0.92, 95%CI: 0.60, 1.41).

The p-value for the likelihood ratio test assessing the interaction between the timing (none,
prenatal, periconceptional) of multivitamin exposure and any alcohol consumption was 0.008,
therefore, we stratified by the timing of multivitamin use. Table 4 displays the Hazard Ratios
for the relationship between alcohol consumption and miscarriage disaggregated by the timing
of multivitamin exposure. A trend emerged with the timing of multivitamin use in which the
timing of multivitamin use appeared to have a differential but diminished effect on alcohol
consumption and the risk of miscarriage, compared to multivitamin non-users.

Additional analyses were conducted to evaluate the relationship between the timing of
multivitamin exposure and the average number of drinks per week and miscarriage. Results
followed a similar pattern, regardless of the amount of alcohol consumed (results not shown).

To ensure the robustness of our results, additional analyses were conducted which included
other demographic characteristic and behavior variables (regular exercise, white versus other
race, illicit drug use, and education) significantly associated with alcohol intake and
multivitamin use, but not considered traditional confounders. Similar trends and results
emerged for all analyses.

Comment
Our results indicate multivitamin status as an important modifier in the relationship between
pregnancy drinking and miscarriage that should be considered when evaluating the relationship
between alcohol consumption and miscarriage. We found the risk of miscarriage was greatest
for women who drank alcohol and reported no multivitamin supplementation. Commencement
of multivitamin supplementation prior to pregnancy appeared to have the greatest impact on
the relationship between alcohol consumption during pregnancy and miscarriage. Yet, our
findings also suggest that multivitamin supplementation started during pregnancy may provide
benefits as well.

These findings should be interpreted in light of certain limitations. First, we note that
miscarriage was based on a clinical diagnosis and therefore miscarriages which occurred prior
to pregnancy awareness were not included. Second, 105 (61%) of the women were interviewed
after they had a miscarriage. However, the proportion of women who reported alcohol use
during pregnancy was the same for women interviewed either pre- or post- miscarriage (44%
for both), with no indication of differential reporting due to the timing of interview in relation
to miscarriage.
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Third, the generalizeability of the findings may be limited due to the study's low response rate.
We can not rule out with certainty that participation was not associated with factors related to
both alcohol consumption and multivitamin use; however the requirements of participation in
the original study resulted in many refusals. We were able to obtain the percent of miscarriage
among non-participants which was similar to that of participants (17.2% versus 16.4%,
respectively) somewhat reducing this concern. In addition, other papers published from these
data have reported findings consistent with previous research21, 25, 26. Nevertheless, low
participation could potentially impact the interpretation of the findings.

The accuracy of self-reported alcohol consumption during pregnancy is a concern in all studies
evaluating alcohol-related reproductive and birth outcomes. Comparisons of self-reported
pregnancy drinking with the use of vessels (varying sizes of beer, wine and other glasses) to
visualize the amount of alcohol consumed have found an underestimation of alcohol
consumption resulting from self-report27. Further, studies comparing pregnancy drinking as
measured by antenatal self-report and retrospective self-report have documented an under-
reporting for antenatal assessment, especially among heavy drinkers28, 29. However, self-report
antenatal assessment has been found to be a more accurate and valid measure30.

Finally, we are unable to establish which micronutrients are most important in modifying the
relationship between prenatal alcohol exposure and miscarriage. Although information was
collected on the brand and type of vitamin supplements consumed, the small number of women
taking any particular individual vitamin or micronutrient supplement made analyses of these
individual micronutrients unfeasible. Of the 776 women who reported taking vitamins, 78%
reported taking only multivitamins, and only 5% reported not taking multivitamins.

Previous research has found an increased risk of miscarriage when alcohol consumption is
measured in discrete levels5–11. To an extent, our findings support previous research regarding
this relationship. For example, our findings suggest an increased risk of miscarriage for women
who drank four or more drinks a week compared to abstainers, among both multivitamin users
and non-users. However, the magnitude of the risk of miscarriage associated with alcohol
consumption was smaller for multivitamin users. We note that our results are based on a small
sample which may affect the precision of our results. Contrary to the literature which has not
found an increased risk of miscarriage at lower levels of alcohol intake, our findings suggest
an increased risk of miscarriage for women who drank less than four drinks a week, but only
among multivitamin non-users.

Research has shown that optimal nutrition at the start of pregnancy is important for healthy
pregnancy outcomes. For example, studies evaluating multivitamin supplementation suggest
the timing of supplementation may be important in affecting preterm birth and small for
gestational age births31, 32. In addition, sufficient levels of folic acid within the first few months
of pregnancy are important to protect against birth defects such as neural tube defects33. The
results from our study appear to support previous research suggesting the timing of optimal
nutrition during pregnancy is important. Our findings suggest that starting multivitamin
supplementation during pregnancy may reduce the risk of miscarriage for women who drank
alcohol during pregnancy compared to abstainers. Further, although based on a small sample,
a non-significant, but protective trend was found for periconceptional users. While further
research is needed to replicate this finding, this association is consistent with previous reports
that perinatal vitamin use is beneficial to a healthy pregnancy31–33.

The epidemiologic literature lacks research assessing the potential role of nutrition as a
modifier in the relationship between alcohol consumption and adverse pregnancy outcomes.
However nutrition has been found to be an important modifier between alcohol consumption
and several chronic diseases such as cancer34, 35. In addition, interactions between alcohol and
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select nutrients can affect fetal development, as demonstrated in animal studies36–45. Thus it
is plausible that multivitamins may mitigate the risk of adverse pregnancy outcomes including
miscarriage, associated with alcohol use during pregnancy.

Conclusions
Our study has important implications for women of child-bearing age in the US. Nearly half
of the pregnancies in the US are unintended and surveys have shown that binge-drinking is
prevalent among women of child-bearing age3, 4. Our findings suggest that a woman of child-
bearing years might decrease her risk of miscarriage by taking multivitamin supplements as
part of her daily nutrition. However, we acknowledge that our findings should be interpreted
with caution and future research replicating these findings is necessary.
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Figure 1.
Recruitment Process
1The main reasons for refusing participation were 1) too busy/not interested/too stressful to
participate (47.9%), 2) husband's objection (11.1%), 3) had miscarried already and would rather
not talk about it (7.3%), 4) unwilling to wear the meter (required for the original study) (6.2%),
5) other miscellaneous reasons (8.3%), and 6) no specific reasons given (19%).
2Participants were not interviewed because they were too far along in their pregnancy (>15
weeks gestation) when they were reached by the interviewers
3Participants were never able to schedule an interview.
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