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Abstract

Background—Approximately 50 to 70% of childbearing-aged women consume alcohol and up
to 23% of pregnancies have some level of prenatal alcohol exposure.

Methods—Using data from the Pregnancy Risk Assessment Monitoring System from 2004 to
2008, 111,644 women who completed questions relating to periconceptional alcohol use and
multivitamin supplement use were included in the study. This study explored associations between
periconceptional alcohol use and multivitamin supplementation use. Weighted multivariable
logistic regression was used to explore associations, adjusting for maternal education, maternal
ethnicity, maternal age, household income, and parity.

Results—During the periconceptional period, a dose-dependent association was found where
women who consumed alcohol (< 3 drinks/wk, odds ratio [OR] = 0.76; 4 to 6 drinks/wk, OR =
0.60; 7 to 13 drinks/wk, OR = 0.49; = 14 drinks/wk, OR = 0.39) and binged on alcohol (1 time,
OR =0.76; 2 to 3 times, OR = 0.66; 4 to 5 times, OR = 0.56; > 6 times, OR = 0.50) were
significantly less likely to take a multivitamin supplement compared with those that did not
consume alcohol.

Conclusions—These findings emphasize the importance of periconceptional multivitamin
supplement use, especially among alcohol-consuming women of childbearing age.
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Surveys in the United States show a high prevalence of alcohol consumption among women
of childbearing age that has been found to range from roughly 53% (Center for Disease
Control, 2009) to approximately 60 to 70% (Caetano et al., 2006), with 12 to 14% reporting
“binge” or heavy episodic drinking (Centers for Disease Control and Prevention [CDC],
2009; Naimi et al., 2003; Paintner et al., 2012). Alcohol consumption among this group of
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women is of public health concern since more than 50% of pregnancies are unplanned
(Henshaw, 1998), and it is likely that a woman may unintentionally drink during the early
stages of pregnancy (Paintner et al., 2012).

It has been estimated that approximately 12 to 23% of pregnancies have some level of
prenatal alcohol exposure (Center for Disease Control, 2009; Meschke et al., 2013).
Maternal alcohol consumption, especially binge drinking, is the cause of the specific pattern
of adverse birth outcomes known as fetal alcohol spectrum disorders (FASD). The range of
adverse outcomes associated with prenatal alcohol exposure includes increased risks of
structural malformations, pre- and postnatal growth deficiency, preterm delivery, stillbirth,
spontaneous abortion, and cognitive and behavioral deficits (Feldman et al., 2012). FASD is
estimated to affect approximately 1 in 100 births, rivaling autism spectrum disorders as one
of the most common developmental disabilities (May and Gossage, 2001; Sampson et al.,
1997).

Although it is well-known that alcohol intake during pregnancy may lead to FASD, not
every pregnant woman who consumes alcohol, even at high levels, will have a child affected
with the disorder (Abel, 2001). A variety of factors are thought to modify the risk of FASD
among women who consume alcohol. These include previous history of having an affected
child (Li et al., 2001), older maternal age (Chiodo et al., 2010), and alcohol metabolizing
genotype (Jacobson et al., 2006; Li et al., 2001; Warren and Li, 2005). There is ample
animal data, and some human evidence to suggest that maternal nutrition may also play an
important role (Paintner et al., 2012; Riley et al., 2011).

Alcohol alters the metabolism of nutrients, resulting in reduced absorption and utilization, as
well as increased absorption and can also interfere with the nutritional supply from the
placenta to the developing fetus (Dreosti, 1993). In animal models, maternal diets that are
nutritionally inadequate (especially in antioxidant nutrients, choline, iron, and folic acid)
have been shown to exacerbate the detrimental effects of alcohol consumption on the fetus
and demonstrate that nutrient supplementation may attenuate these alcohol-induced
outcomes (Dreosti, 1993; Rufer et al., 2012; Thomas et al., 2009). Pregnancy increases
nutritional requirements for several vitamins and minerals that are vital for the growing fetus
(Pick et al., 2005). Due to the increasing demand for nutrients during pregnancy, many
women do not meet the recommended intake through diet alone (Pick et al., 2005). Prenatal
multivitamin supplementation use before and during pregnancy can improve maternal
nutrition and help to meet the vitamin and mineral requirements which can more than double
for many nutrients during pregnancy (Menard, 1997).

The importance of periconceptual multivitamin supplement intake has been clearly
demonstrated for the folic acid content of these supplements, which affords protection
against neural tube defects and certain other congenital anomalies (Wilson et al., 2007). As
embryonic development begins at conception, before most women are aware of their
pregnancy, the benefits of multivitamin supplementation can best be obtained by
supplementation that is initiated in the period prior to pregnancy (CDC, 2004; Wolff et al.,
2009). However, surveys show that less than half of childbearing-aged women (Ammon
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Avalos et al., 2009; Kim et al., 2011; Sullivan et al., 2009) and less than one-third of women
in the month prior to pregnancy (CDC, 2004; Yu et al., 1996) use multivitamin supplements.

Although it is highly recommended that women of childbearing age who consume alcohol
take a daily multivitamin supplement (Institute of Medicine, 1992; Menard, 1997), very little
research has investigated multivitamin supplement use among alcohol consumers in the
periconceptional period. Two studies have shown that multivitamin supplement use during
early pregnancy may modify the risks of small-for-gestational-age, preterm birth (Avalos et
al., 2011), and miscarriage (Ammon Avalos et al., 2009) associated with low-to-moderate
alcohol intake; however, no studies to our knowledge have investigated dose—response
associations between alcohol consumption and multivitamin supplement use before
pregnancy. Therefore, we explored associations between periconceptional alcohol use
(drinking and “binge” or heavy episodic drinking) and multivitamin supplementation use in
participants from Pregnancy Risk Assessment and Monitoring System (PRAMS).

MATERIALS AND METHODS

Sample and Procedures

We investigated the association between periconceptional alcohol intake and multivitamin
supplement use using data from PRAMS from 2004 to 2008, which is a surveillance project
of the CDC and state health departments that collects information on maternal
demographics, lifestyle factors and behaviors, and experiences before, during, and after
delivery of a live infant (CDC, 2012). The PRAMS sample of women who have had a recent
live birth is drawn from the state’s birth certificate file. Each participating state samples
between 1,300 and 3,400 women per year. Selected women are first contacted by mail which
commences 2 to 4 months after delivery. If there is no response to repeated mailings, women
are contacted 7 to 14 days after mailing the last questionnaire and interviewed by telephone.
Data collection procedures and instruments are standardized to allow comparisons between
states (detailed PRAMS methodology can be found at http://www.cdc.gov/prams/
Methodology.htm).

From Phase 5 (2004 to 2008) of PRAMS core questionnaire, participants were asked about
alcohol and vitamin supplement use in the period prior to pregnancy. The following
questions were selected for this analysis: (1) During the 3 months before you got pregnant,
how many alcoholic drinks did you have in an average week? The following were the
potential responses: (a) 14 drinks or more a week; (b) 7 to 13 drinks a week; (c) 4 to 6 drinks
a week; (d) 1 to 3 drinks a week; (e) <1 drink a week; (f) | didn’t drink then. These
responses were recategorized into (a) < 3 drinks/wk; (b) 4 to 6 drinks/wk; (c) 7 to 13
drinks/wk; (d) = 14 drinks/wk; (2) During the 3 months before you got pregnant, how many
times did you drink 5 alcoholic drinks or more in 1 sitting? (defined in this analysis as
“binge” or heavy episodic drinking). The following were the potential responses: (a) 6 or
more times, (b) 4 to 5 times, (c) 2 to 3 times, (d) 1 time, (e) | didn’t have 5 drinks or more in
1 sitting, () 1 didn’t drink then. These answers were recategorized into: (a) never drink or
binge, (b) 1 time, (c) 2 to 3 times, (d) 4 to 5 times, (e) = 6 times; (3) During the month
before you got pregnant with your new baby, how many times a week did you take a
multivitamin or a prenatal vitamin? These are pills that contain many different vitamins and
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minerals. The following were the potential responses: (a) | did not take a multivitamin or a
prenatal vitamin at all; (b) 1 to 3 times a week; (c) 4 to 6 times a week; (d) every day of the
week. These responses were recategorized into yes and no.

Women who completed all the questions relating to periconceptional alcohol use and
multivitamin supplement use were included in the analyses (n = 111,644). A subset of
women answered the question relating to periconceptional binge drinking (n = 111,210), and
they were included in the analysis of binge drinking.

Statistical Analyses

RESULTS

PRAMS data are statistically weighted to adjust for the complex survey design. Weighted
multivariable logistic regression was used to explore associations between periconceptional
alcohol use and multivitamin supplement use, adjusting for maternal education, maternal
ethnicity, maternal age, household income, and parity. The covariates chosen were found to
be associated with both alcohol consumption and multivitamin supplement use in the current
study. SPSS version 19 (IBM Corp., Armonk, NY) was used for data analyses. Because of
the nature of the public use data set, the study was considered exempt by the institutional
review board at the University of California San Diego.

Demographic characteristics of the participants showed that majority of the women were
aged 20 to 29, were white or Hispanic, and educated. More than half of the women reported
not using a multivitamin supplement in the month prior to pregnancy (53.7%) and
approximately 82% of women reported consuming alcohol (< 3 drinks/wk, 67.3%; 4 to 6
drinks/wk, 9.2%; 7 to 13 drinks/wk, 3.8%; > 14 drinks/wk, 1.7%). Approximately 30%
reported at least 1 episode of binge drinking defined as 5 or more drinks per sitting (1 time,
10.9%; 2 to 3 times, 12.3%; 4 to 5 times, 3.4%; = 6 times, 3.3%) in the 3 months before
pregnancy (Table 1).

Table 2 shows results of multivariable logistic regression analysis of alcohol consumption in
the 3 months before pregnancy on odds of multivitamin use in the month prior to pregnancy,
adjusting for maternal education, maternal ethnicity, household income, maternal age, and
parity. A dose—response association was found between both drinking and binge drinking
and use of multivitamin supplements. Women who consumed alcohol (< 3 drinks/wk, odds
ratio [OR] = 0.76; 4 to 6 drinks/wk, OR = 0.60; 7 to 13 drinks/ wk, OR = 0.49; = 14
drinks/wk, OR = 0.39) and binged on alcohol (1 time, OR = 0.76; 2 to 3 times, OR = 0.66; 4
to 5 times, OR = 0.56; = 6 times, OR = 0.50) were significantly less likely to take a
multivitamin supplement compared with those that did not consume alcohol.

Figure 1 illustrates the dose-response association between periconceptual alcohol
consumption and odds of multivitamin supplement use (drinks per week [A], binge drinking

[BD).

Alcohol Clin Exp Res. Author manuscript; available in PMC 2014 June 09.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Weiss and Chambers

Page 5

DISCUSSION

We found significant dose—response associations between periconceptional alcohol use and
multivitamin supplement use. Women who were more likely to drink alcohol were less
likely to take multivitamin supplements in the periconceptional period. Two studies have
reported that multivitamin supplementation in early pregnancy reduced the risk of preterm
and small-for-gestational-age births (Avalos et al., 2011) and miscarriage (Ammon Avalos
et al., 2009) among alcohol users. However, this study is the first of which we are aware that
has explored associations between multivitamin use and alcohol consumption in women
during the periconceptual period.

Optimal nutrition during pregnancy is vital for the normal growth and development of the
fetus. The process of pregnancy increases the requirements for vitamins, minerals, and other
nutrients that are critical for the growing fetus (Pick et al., 2005) and the diets of many
pregnant women have been reported to be deficient in these vital nutrients (Shah and
Ohlsson, 2009). In addition, nutrient deficiencies can arise as a result of alcohol
consumption due to the altered metabolism of nutrients, resulting in reduced absorption and
utilization of many nutrients (e.g., choline, folate, zinc), as well as increased absorption of
others (e.g., iron, manganese) (Dreosti, 1993; Zidenberg-Cherr et al., 1988). It has been well
established that alcohol also interferes with nutritional supply to the fetal-placental unit
(Goodlett and Horn, 2001). Maternal diets that are deficient in essential nutrients may
exacerbate the effects of alcohol on the fetus (Shankar et al., 2006), and it has been reported
that women who consume alcohol during pregnancy are often also malnourished (Shankar et
al., 2006). It has been suggested that risk of FASD may be amplified by nutritional
deficiencies brought on by alcohol consumption before and during pregnancy.

While there is little published data in humans, animal studies have shown that several
defects associated with FASD can be attenuated and/or prevented with vitamin or mineral
supplementation. One study found that supplementation with folic acid prevented alcohol-
related cardiac defects in mice (Serrano et al., 2010), while another reported that antioxidant
supplementation (vitamin E) diminished alcohol-induced congenital malformations
(Wentzel et al., 2006) and neurotoxicity in rats (Heaton et al., 2000). Another study in rats
found that alcohol reduced maternal zinc levels during pregnancy and lactation (Yeh and
Cerklewski, 1984) and another reported that zinc supplementation during pregnancy
protected against fetal dysmorphology and improved postnatal survival after prenatal
alcohol exposure in mice (Summers et al., 2009). Prenatal choline supplementation was
found to mitigate the adverse effects of alcohol exposure on development in rats (Thomas et
al., 2009) and most recently, a new study found that poor maternal iron status exacerbated
FASD outcomes in rats (Rufer et al., 2012).

Currently, a human intervention trial with prenatal multivitamin supplementation initiated in
alcohol-consuming pregnant women during the late first or early second trimester is being
completed in Ukraine. This study, as part of the Collaborative Initiative on Fetal Alcohol
Spectrum Disorders (CIFASD) funded by the NIH-NIAAA, to our knowledge, will be the
first to compare neurobehavioral outcomes in moderate to heavy prenatal alcohol exposed
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children to those without prenatal alcohol exposure with or without multivitamin
supplementation (Keen et al., 2010).

The exact mechanism whereby multivitamin supplementation during pregnancy may reduce
or lessen the effects of alcohol on the fetus is unknown but several theories have been
suggested. It has been hypothesized that multivitamin supplementation may improve
immune function/immune defense system, which is important for the health of the growing
fetus (Keen et al., 2003). Alcohol-related defects may in part be due to alcohol-related
oxidative damage to the fetus and sufficient amounts of antioxidant nutrients may protect the
fetus from this damage (alcohol-induced micronutrient deficiencies) (Dreosti, 1993). More
recently, it has been suggested that epigenetic changes resulting from a diet poor in methyl
donors may play a role in the etiology of FASD (Dominguez-Salas et al., 2012; Wang et al.,
2009; Zeisel, 2011). While research suggests the benefits of a favorable nutritional status in
women consuming alcohol during pregnancy, the exact “optimal” levels of nutrients that
would be protective has yet to be elucidated.

The current study has several strengths. The PRAMS surveillance system employs a
standardized sample collection that allows for multistate analysis of a large sample size. In
addition, the results are generalizable due to the large population- based sample. Our study
also has some limitations. Self-reported alcohol consumption (reporting bias) may be subject
to misclassification due to potential stigma of drinking alcohol during pregnancy. In
addition, recall of alcohol use and/or vitamin use more than 12 months earlier than the
postnatal interview may be subject to error. Furthermore, the data set is restricted to
pregnancies ending in live births. Thus, pregnancies ending in spontaneous abortion or
stillbirth, outcomes that occur with increased frequency in alcohol- consuming mothers,
were not included. We were unable to assess associations between alcohol use and
multivitamin supplement use later in pregnancy because the question relating to supplement
use in the last 3 months of pregnancy was only asked by a few states. Finally, findings from
this study may not be generalizable to all women of childbearing age because the
participants included in this study recently had a pregnancy that ended in a live birth.

The current study found that periconceptional alcohol consumption was associated with lack
of multivitamin supplement use in a dose-dependent relationship. These findings highlight
the importance of supplement use periconceptionally, especially among women of
reproductive age who are consuming alcohol. Although the explanation for the association
between the lack of periconceptional supplement use and alcohol consumption may relate to
unplanned pregnancies, these findings clearly reinforce the need for targeted intervention in
alcohol consumers of childbearing age.
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Fig. 1.
Dose-response association between drinks per week (A) and episodes of binge drinking (B)

on odds of multivitamin use. Pregnancy Risk Assessment and Monitoring System, 2004 to
2008.
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Table 1

Selected Demographic Characteristics of 111,644 Women Who Reported Using or not Using Alcohol Before
Pregnancy, PRAMS, 2004 to 2008

Characteristic® Number  Percent

Maternal age (years)

<19 8,536 6.4
20t0 29 59,256 52.7
=30 43,852 40.9

Maternal education

High school or less 45471 37.6

Some college or more 66,173 62.4
Maternal race/ethnicity

Black 17,421 12.7

Asian 6,146 2.7

Other (includes white, Hispanic) 95,445 84.6
Household income (dollars/y)

<35,000 55,772 449

35,000 to 49,999 12,265 10.9

250,000 43,607 44.2
Parity

0 50,576 44.4

1to2 51,574 48.0

>3 9,494 7.6

Use multivitamin 1 month before pregnancy
No 61,594 53.7
Yes 50,050 46.3

Drink 3 months before pregnancyIO

Never 22,171 17.9
< 3 drinks/wk 73,261 67.3
4 to 6 drinks/wk 9,845 9.2
7 to 13 drinks/wk 4,186 3.8
> 14 drinks/wk 2,181 1.7

Binge drink (5 or more drinks/sitting) 3 months before pregnancy®

Never drink or binge 78,677 70.1
1time 11,617 10.9
2 to 3 times 13,373 12.3
410 5 times 3,770 34
> 6 times 3,773 3.3

PRAMS, Pregnancy Risk Assessment and Monitoring System.
aNumbers are unweighted, percents are weighted.

bn =111,644.
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Table 2

Multivariable Logistic Regression of Alcohol Use 3 months Before Pregnancy on Odds of Using a
Multivitamin Supplement 1 month Before Pregnancy, PRAMS, 2004 to 2008

Multivitamin use

Exposure variable

Drink 3 months before pregnancy@
Never
< 3 drinks/wk
4 to 6 drinks/wk
7 to 13 drinks/wk
= 14 drinks/wk
p-for-trend

Binge drink (5 or more drinks/sitting) 3 months before pregnancyb
Never drink or binge
1 time
2 to 3 times
4t0 5 times
= 6 times

p-for-trend

OR 95% CI

1.00 -

0.76 0.72,0.80

0.60  0.56,0.66

0.49 0.44, 0.55

0.39 0.32,0.47
<0.001

1.00 -

0.76 0.71,0.81

0.66 0.62, 0.70

0.56 0.50, 0.64

050  0.44,0.56
<0.001

PRAMS, Pregnancy Risk Assessment and Monitoring System.

Adjusted for maternal education, maternal ethnicity, household income, maternal age, and parity.

8= 111,644,

bn =111,210.
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