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Summary

Objectives—The study aimed at identifying predictors of multivitamin use during pregnancy in
Brazil.

Methods—Birth registry data of 1,774 infants at maternity hospitals in Brazil were used. The effects
of maternal health and fertility risk indicators, enabling factors and other maternal characteristics on
multivitamin use were evaluated both pooled and stratified by African ancestry.

Results—About 14 % of the women used multivitamins during pregnancy. Number of previous
live births, maternal age and education, number of ultrasound exams and year of pregnancy had
significant effects on multivitamin use in the group reporting African ancestry. Maternal acute
illnesses and education had significant effects on use in the group without African ancestry.
Significant geographic variation in multivitamin use was observed in both groups.

Conclusions—The study identifies several risk indicators, health care access and enabling factors
that are predictive of multivitamin use with differences by African ancestry. The study highlights
the importance of increasing the awareness of women of childbearing age of the benefits of
multivitamin use and identifies barriers that need to be addressed to promote use.
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Multivitamin use during pregnancy is a commonly suggested intervention to improve general
maternal and fetal health. In the US, women of childbearing age are encouraged to take a
multivitamin containing folic acid or a folic acid supplement primarily to obtain the minimum
recommended dose of 0.4 mg folic acid to prevent neural tube defects. However, only 33 %
of women of child bearing age take regularly vitamin supplements containing folic acid, while
more than 95 % of pregnant women take such a supplement at or during pregnancy.12 Other
vitamins have also been linked to preventing certain birth defects.3 Prenatal use of
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multivitamins may also have positive effects on fetal growth, birth weight and early child
development.#:>

Information about multivitamin use during pregnancy is less available for less developed
countries including Brazil in part due to limited national survey data. Two studies have reported
multivitamin use rates during pregnancy ranging from <17 % to 37 % in the mid 1990s in few
Brazilian cities.%’

Understanding the health, demographic and socioeconomic determinants of multivitamin use
during pregnancy is important for identifying interventions and informing health policies to
improve utilization rates. Multivitamin use during pregnancy is likely to be affected by the
woman’s health preferences, perceptions of her pregnancy risks and the benefits and risks of
multivitamin use and enabling factors to obtain multivitamins. Limited research exists on the
contributions of these factors to multivitamin use, especially in less developed countries, where
multivitamin use rates are markedly lower than developed countries. Multivitamin use has been
reported to vary by maternal race, age, education and fertility history, yet most of the variation
in utilization remains unexplained.37-9 Most of the previous studies used data sources with
limited information on proxy measures for health risks, preferences and risk/benefit
perceptions. Further, few studies have estimated well specified multivariate models that
simultaneously assess the effects of several potential contributors and account for confounding
biases.

This study evaluates the effects of several health, demographic, socioeconomic and healthcare
factors on the demand for multivitamins during pregnancy in Brazil using multivariate
regression models. A primary contribution of this paper is identifying simultaneously the
effects of several important characteristics and risk factors, several of which were omitted in
previous studies, on multivitamin use in the largest country in South America. The study has
significant implications for informing public health initiatives aimed at improving
multivitamin use rates in Brazil and other countries.

We evaluate multivitamin use anytime during pregnancy as the primary outcome given that
multivitamins as a combined dietary supplement have been found in several studies to affect
birth and child health outcomes and given that effects on certain outcomes such as preterm
birth or child neurological development are not necessarily limited to use during the first
trimester. As a sensitivity analysis, we evaluate multivitamin use during the first trimester of
pregnancy during which several congenital anomalies such as NTDs and oral clefts occur. We
also evaluate the use of supplements containing folic acid (including folic acid-only
supplements) during the first trimester given the preventive effects of folic acid on NTDs.

Given that access to healthcare, health information, health risks and preferences may vary by
race, it is important to evaluate the demand function both pooled and stratified by race. Previous
studies provide support to differences in health behaviors and outcomes by race.® Therefore,
we evaluate the demand for multivitamins both pooled and stratified by African ancestry based
on maternal report of the ancestries of the infant.

METHODS
Data and Study Sample

The study used birth record data collected by ECLAMC, a research program of birth defects
surveillance in South America.l0 ECLAMC involves a large number of health professionals
(primarily pediatricians) who monitor all births in their hospitals to identify and enroll
newborns with birth defects into ECLAMC. An infant born without birth defects in the same
hospital is matched to each affected newborn by date of birth and sex and also enrolled. Data
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is collected through a standard interview with the mother prior to discharge from the hospital
after delivery and through abstraction from medical records. The same data collection
instrument is used across all hospitals.10

The study sample included 1,774 mothers of liveborn infants without congenital malformations
between 1995 and 2002 in 11 hospitals in Brazil. Adolescent mothers (<20 years) were
excluded to avoid the analytical problems of simultaneous self-selection into vitamin use and
other characteristics (e.g. school attendance and multivitamin use decisions of adolescent
mothers may be affected by the same factors such as perceived health risks and time costs, yet
some of these factors are unmeasured).

Empirical model

Multivitamin use was studied as a function of variables that may signal to the mother her health
risks and the extent of fetal health endowments (health risk indicators), reflect availability of
information from healthcare providers about the benefits of multivitamins and pregnancy risks
(healthcare access indicators), affect access to multivitamins (enabling characteristics) as well
as other potentially relevant characteristics including ancestry and pregnancy year (other
factors). Health risk indicators included the following: an indicator for having a family member/
relative to the child with one or more of the five most common birth defects (cleft lip and palate,
neural tube defects (NTDs), Down syndrome, congenital heart disease and polydactyly),
indicators for occurrence of maternal acute illnesses such as flu or rubella during pregnancy
and chronic illnesses such as diabetes or hypertension, indicator for reporting any difficulty in
conception and an indicator for occurrence of vaginal bleeding during the first trimester of
pregnancy. These indicators may reflect additional health risks to the mother or to the prenatal
care provider and increase the value of multivitamin use as an intervention to improve maternal
health. Also included were number of previous live births, number of miscarriages and still
births and maternal age. These factors measure fertility history which affects the woman’s
efficiency and experience in assessing and dealing with pregnancy risks, as well as her
perceptions of the value of multivitamin use. Multivitamin use is expected to decrease with
the number of previous live births (favorable experience) but increase with the number of
previous miscarriages and stillbirths (adverse experience). Maternal age results in greater
accumulation of experience and information for health production including further awareness
of the value of multivitamins but may also reflect higher risks of adverse pregnancy outcomes
(e.g. certain birth defects). Therefore, multivitamin use is expected to increase with maternal
age. There were no measures of whether the pregnancy was planned or not.

The healthcare access indicators included the number of prenatal care visits as well as the
number of ultrasounds that the mother received. A more frequent use of prenatal care and
prenatal diagnostics (which represents a proxy measure for quality and intensity of prenatal
care procedures) is expected to increase multivitamin use through identifying health risks that
may benefit from multivitamin use as well as enhancing maternal knowledge of the benefits
of multivitamins through the counseling provided by health professionals.

Enabling characteristics included maternal and father’s schooling which provide higher income
and reflect greater efficiency in health production, through increasing the access to and the
effectiveness of processing health related information; 11 higher education is expected to
increase multivitamin use. Employment status was also included as an enabling factor (through
securing higher income which may increase multivitamin use). However, employment may
increase the cost of dedicating time to prenatal health investment (expected to reduce
multivitamin use). Therefore, the net effect of employment is theoretically ambiguous. No
direct measures of family income were available.
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Health behaviors may vary by race and ancestry due to potential differences in access to health
care and health information. Indicators were included for the ancestries of the infant as reported
by the mother.

Indicators for the state of birth were included to evaluate geographic variations in multivitamin
use. Significant within and between-country geographic variations are commonly seen in
health care utilization and behaviors. These may relate to differences in physician practice
styles, availability of care, socioeconomics, and other factors. Significant variations in
prescription rates of vitamins and other medications during pregnancy have been reported
among several countries including Brazil.12 Finally, indicators for pregnancy year were
included to evaluate changes in multivitamin use through time.

Multivitamin use was measured as a binary indicator of taking any multivitamin or prenatal
vitamin anytime during pregnancy. ECLAMC professionals collected data on medication use
during pregnancy, including dietary supplements. The medications and dietary supplements
were coded at ECLAMC using the Anatomical Therapeutic Chemical Classification System
(ATC). The codes and text descriptions were used to identify the multivitamins and prenatal
vitamins that were included in the multivitamin use measure. Tab. 1 includes a description of
the primary maternal characteristics for the pooled sample and stratified by African ancestry
and Tab. Al in the Appendix includes a description of the other study variables (Tab. 1 here).

Statistical analysis

Results

The demand function was estimated by a random effect logit model in order to account for the
correlation of observations within hospitals of birth.13 As sensitivity analysis, a fixed-effect
logit model was estimated to account for unobserved effects at the level of hospital of birth
(excluding the state indicators) that may be related to the studied demand predictors. We used
a chow-type test to assess differences in the coefficients of regression variables by African

ancestry and a Wald-type chi-square test to assess the joint significance of all model covariates.
13,14

About 14 % of the study sample reported multivitamin use during pregnancy. About 42 % (740
subjects) reported that the infant had African ancestry. There were overall no differences in
multivitamin use, risk indicators and healthcare access indicators by African ancestry
(marginally significant differences in rates of acute illnesses and number of live births). Lower
rates of maternal and paternal education, paternal employment, and other ancestries were
observed in the group with African ancestry. Significant differences in geographic location
were observed by African ancestry.

Tab. 2 reports the odds ratios (ORs) and 95 % confidence intervals for the predictors in the
multivitamin use function with significant effects for the pooled sample and/or when stratified
by African ancestry. Tab. 2A includes the ORs of the other predictors that had marginally
significant or insignificant effects. There were no significant differences in the regression
coefficients by African ancestry using a chow-type test (p=0.49). However, in a specification
that included interaction terms between African ancestry and selected variables that showed
potential differences in effects by ancestry (acute illnesses, live births, all maternal age
indicators, prenatal ultrasounds, all maternal education indicators, and all pregnancy year
indicators), the coefficients of these interaction terms were jointly significant (p=0.03) (Table
2 here).

In the group with African ancestry, multivitamin use decreased with difficulty in conception
and first trimester bleeding (OR=0.4; marginally significant) and with previous live births
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(OR=0.7 per live birth). Multivitamin use increased with maternal age (OR=2.4 and 3.0 for
age groups 26-35 and > 36 years, respectively, compared to younger mothers) and with
receiving prenatal ultrasounds (OR=1.4 per ultrasound). Multivitamin use increased
significantly with maternal education in this group [OR=by about 2.8, 3.8 and 4.7 for
incomplete secondary (marginally significant), complete secondary and university education,
respectively, compared to completed primary education]. Use also increased with reporting
native ancestry (OR=1.8; marginally significant) and ancestry other than European, Native and
African (OR=5.8; marginally significant) and among pregnancies occurring in 1996-1998
relative to 1994 (OR=8.4, 8.7 and 4.5 for 1996, 1997 and 1998 respectively). Finally, significant
geographic differences in use were observed, with lower use in the states of Minas Gerais
(OR=0.2) and Rio Grande do Sul (OR=0.1) relative to Sao Paulo.

In the group without African ancestry, multivitamin use decreased with acute illnesses during
pregnancy (OR=0.5) and among mothers 26-35 years old compared to younger mothers
(OR=0.6; marginally significant). Lower multivitamin use was observed among mothers who
did not complete primary school compared to those who completed primary school (OR=0.5)
but no significant effects were observed with higher maternal education. Higher multivitamin
use was observed with father’s education of less than complete primary school compared to
completed primary school (OR=1.9; marginally significant). Similar to the group with African
ancestry, multivitamin use increased with reporting an ancestry other than European, Native
and African (OR=3.3). Lower multivitamin use was observed among pregnancies occurring
in 2002 relative to 1994 (OR=0.1; marginally significant) and in pregnancies occurring in the
state of Rio Grande do Sul relative to Sao Paulo (OR=0.1).

The estimated effects in the pooled model represented average effects of those estimated by
ancestry, with significant effects observed for acute illnesses, pervious live births, prenatal
ultrasounds, maternal education, reporting an ancestry other than European, Native and African
and geographic location.

Tab. A3 in the Appendix lists the ORs and the 95 % confidence intervals for the predictors that
had significant effects on the two alternative measures of using multivitamins and using folic
acid supplements during the first trimester of pregnancy. Use of either supplement increased
with number of prenatal ultrasounds and reporting an ancestry other than European, Native
and African, decreased with number of previous live births, and was lower in the state of Rio
Grande do Sul relative to Sao Paulo (see Tab. 2). The use of folic acid in the first trimester
increased with the number of prenatal visits (OR=1.1). Maternal acute illnesses and education
did not have significant effects on the use of either supplement during the first trimester.

Discussion

Several of the study predictors had estimated effects with the hypothesized sign including live
births, maternal education and age (in the group with African ancestry), and number of prenatal
ultrasounds. The estimated effects of difficulty in conception, acute illnesses and first trimester
bleeding had unexpected signs (though some were only marginally significant). These risk
factors may decrease the availability of healthy time to learn about or take multivitamins as
well as financial resources to purchase multivitamins (through reducing income), and they also
may be reversely affected by multivitamin use (e.g. women who take multivitamins might have
fewer acute illnesses or first trimester bleeding), which would contribute to the unexpected
sign, though there is no consistent evidence of such reverse effects. Observing a smaller number
of significant predictors of first trimester use of multivitamins or folic acid supplements
compared to multivitamin use anytime during pregnancy is likely due to their lower frequency.
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An interesting observation is that family history of the five most common birth defects had no
effect on multivitamin use or folic acid use during the first trimester. The strong evidence that
folic acid use prevents NTDs had already been established prior to the study years, and
preventive effects of multivitamin/folic acid use for other defects including oral clefts and some
forms of congenital heart disease were also suggested during the study years. 15-19 Studying
the effects of family history of birth defects that are influenced by vitamin deficiencies on
multivitamin use and the role of prenatal care practices in counseling at-risk women is an
important area for future research. A 1996 survey in six South American countries including
Brazil showed that less than 1 % of the pregnant women reported folic acid as a beneficial
vitamin during pregnancy, about 14 % reported having heard of folic acid and about 15 % took
a supplement containing folic acid.20 In 1995 in the US, about 5 % of women of childbearing
age reported knowing that folic acid may prevent birth defects, 52 % reported hearing of folic
acid and 25 % reported taking a folic acid supplement.21 While the rates of hearing of folic
acid increased over the past decade in the US to about 84 % among women of childbearing
age, only 25 % reported knowledge of its benefits in preventing birth defects and 33 % reported
regular use.! Increasing the awareness of women of childbearing age about the benefits of
multivitamins has large public health significance in both developed and less developed
countries.

The observed geographic differences in multivitamin use in this study were in accordance with
differences in wealth between the included states. For instance, the average family income in
the states of Minas Gerais, Rio Grande do Sul and Santa Catarina is lower than in the state of
Sao Paulo by 16-39 %.22 Geographic variation may also be in part due to differences in prenatal
care practices which likely impact multivitamin use, as suggested by the increased use of
multivitamins with the number of ultrasound tests. Another study has found an increase in
multivitamin use among women in the US who reported receiving advice from their healthcare
providers about multivitamins.23 The international study of 22 countries including Brazil by
the Collaborative Group on Drug Use during Pregnancy (CGDUP) found that up to 94 % of
medications including vitamins taken during pregnancy were prescribed by health
professionals including 73 % that were prescribed by obstetricians, with significant variation
in prescription and medication use rates between countries.}? Little is still known about the
counseling that pregnant women and women of childbearing age receive on multivitamin use
from health care providers in both less developed and developed countries. The lack of effects
of number of prenatal visits on multivitamin use coupled to the positive effect of number of
ultrasound tests suggests that counseling pregnant women about the benefits of multivitamins
might not be a standard prenatal care practice in Brazil, and that it might vary by quality of
prenatal care as well as identification of health problems. The increase in use of folic acid
supplements during the first trimester with prenatal visits suggests that more counseling is
provided on folic acid use than multivitamin use in Brazil. Further studies into the role of health
care providers and geographic variation in use of multivitamins and folic acid supplements are
needed.

There were small differences in multivitamin use by ancestry, yet the significant differences
in effects of certain predictors of use suggest differences in access to health information and
resources by ancestry. For instance, the very strong effects of maternal age and education on
multivitamin use in the group with African ancestry but not in the group without African
ancestry suggest a more heterogeneous access to information and resources within this group
than the group without African ancestry. The large increase in use between 1995 and 1997 in
the group with African ancestry suggests improved access to information. The overall similar
geographic variation in use by ancestry suggests similarities in geographic effects on access
to health care and information by ancestry. Differences in vitamin use by race have been
observed in other countries such as the US.2:24
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Some of the included risk indicators showed no significant effects (such as history of birth
defects or number of miscarriages). This suggests that these factors are discounted in the
decision to use multivitamins. This result can also be, in part, due to the low multivitamin use
rate [slightly lower than rates (<17-37.5 %) reported in two other studies in Brazil, with
differences likely due to the different geographic areas, time periods and multivitamin use
measures]. 87 Multivitamin use might have been underreported due to recall bias, the open-
ended format of the question on medications and dietary supplements during pregnancy, or
data collection errors. However, the health professionals who conducted the interviews and
recorded the data received similar training and used the same data collection instrument. While
underreporting is expected to widen the confidence intervals of the odds ratios, it is not expected
to bias the estimates of the odds ratios, assuming that underreporting is unrelated to the studied
predictors. Obtaining similar results using the model with fixed effects for the hospital of birth
indicates that the estimated demand effects are not biased by differences in interviewer
characteristics or area-effects correlated with the hospital of birth.

The study sample may not be fully representative of all births in Brazil but it represents a large
proportion of the birth population given the socioeconomic and geographic diversity of the
birth samples at the study hospitals as can be seen in Tab. 1 and Al. Further, selecting the
unaffected sample into the ECLAMC program involves matching by sex, date and hospital of
birth to the affected sample, which enhances the representativeness of this sample by limiting
systematic sample selection biases. The study sample was overall comparable to two large birth
samples in 1993 and 2004 from the city of Pelotas in Southern Brazil on mean birth weight
(3,144 versus 3,152 grams), rate of first time birth (35.7 % versus 35.9 %), and mean number
of prenatal care visits (7.1 versus 7.9), providing support for the large representativeness of
the study sample.2® Unfortunately, the study sample could not be compared to the overall birth
population in Brazil due to the lack of access to population-level indicators.

A few countries including the United States, Brazil, Canada, and Chile have introduced
fortification of grain and flour and several studies have reported decreases in NTDs of up to
50 % post fortification.26-28 Other countries have not mandated folic acid fortification yet due
to concerns about potential safety issues at the population-level including primarily the
possibility of masking B12 deficiency, though evidence remains overall inconsistent.2%:30 The
lack of fortification programs in several countries further highlights the importance of further
interventions and studies to address the use of multivitamins and folic acid supplements among
pregnant women and women of childbearing age.

The study highlights the importance of increasing the awareness of women of childbearing age
of the benefits of use of multivitamin use and of developing surveillance systems to evaluate
changes in use over time through large and nationally representative samples. Such efforts are
relevant for both developed and less developed countries. The study has important public health
implications by identifying potential barriers and risk perception factors that need to be

addressed in order to promote multivitamin use. For instance, more counseling may be needed
for women who have had a previous live birth given their lower multivitamin use rates.

Risk indicators, healthcare access, enabling factors and geographic effects were found to
contribute to multivitamin use during pregnancy. Further research is needed to understand the
effects of risk indicators on multivitamin use, in particular whether perceived health risks might
increase or reduce the propensity to use multivitamins. Certain health risks are of particular
interest, including family history of birth defects, given the potential preventive effects of
multivitamins and folic acid on some major birth defects. The practices of healthcare
professionals in counseling women of childbearing age on multivitamin use deserve further
investigation. Finally, further research is needed to identify other economic and information
constraints for multivitamin use.
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Odds ratios (ORs) of the significant predictors of first trimester use of multivitamins and folic acid supplements

Variable name Multivitamins Folic acid supplements

OR 95% ClI OR 95% ClI
Live births 08" [0.6-0.99] 0.7 [0.6-0.9]
Prenatal visits 11 [0.98-1.2] 117 [1.03-1.2]
Prenatal ultrasounds 1,2** [1.1-1.4] 1_2** [1.03-1.3]
Other ancestry 44" [1.8-10.8] 27 [1.2-6.4]
Rio Grande do Sul 2 0™ [0.02-0.4] 0™ [0.03-0.5]
Wald Chi-square (df), p value 77.0 (38), <0.001 78.6 (38), <0.001

Note: 95% Confidence Intervals (Cl) of odds ratios (ORs) of the significant predictors of first trimester use of multivitamins and/or use of folic acid

supplements at p<0.05 are listed in brackets.

Fk

indicates p <0.05.

a . ] . . . .
Reference category is the state of Sao Paulo. Goodness of fit of the whole model including all the model covariates was evaluated by a Wald chi-square

test for the significance of regression coefficients.
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