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Abstract

Background—~Prenatal multivitamin supplementation is recommended to improve offspring
outcomes, but effects on early infant growth are unknown.

Objectives—We examined whether multivitamin supplementation in the year before delivery
predicts offspring mass, body composition, and early infant growth.

Methods—Multivitamin use was assessedlongitudinally in 626 women from the Healthy Start
Study. Offspring body size and composition was measured with air displacement plethysmography
at birth (<3 days) and postnatally (median 5.2 months). Separate multiple linear regressions
assessed the relationship of weeks of daily multivitamin use with offspring mass, body
composition, and postnatal growth, after adjustment for potential confounders (maternal age, race,
pre-pregnant BMI; offspring gestational age at birth, sex; breastfeeding exclusivity).

Results—Maternal multivitamin use was not related to offspring mass or body composition at
birth, or rate of change in total or fat-free mass in the first 5 months. Multivitamin use was
inversely associated with average monthly growth in offspring percent fat mass (p= —0.009,
p=0.049) between birth and the postnatal exam. Offspring of non-users had a monthly increase in
percent fat mass of 3.45%, while offspring at the top quartile of multivitamin users had a monthly
increase in percent fat mass of 3.06%. This association was not modified by exclusive
breastfeeding.

Conclusions—Increased multivitamin use in the preconception and prenatal periods was
associated with a slower rate of growth in offspring percent fat mass in the first 5 months of life.
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This study provides further evidence that in utero nutrient exposures may affect offspring adiposity
beyond birth.
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Introduction

Research on developmental origins of health and disease indicates that the intrauterine
environment can have immediate and long-lasting effects on offspring health (1, 2).
Maternal malnutrition during pregnancy is associated with both low birthweight and
macrosomia, as well as future offspring risk of diabetes, obesity, and cardiovascular disease
(3). Universal recommendations exist only for iron and folic acid supplementation in
pregnancy (4), but clinicians in developed countries commonly recommend multiple vitamin
and mineral supplementation to prevent prenatal micronutrient deficiencies (5). However, in
the presence of food fortification and access to nutrient-adequate diets, such
supplementation may result in women exceeding the upper limits for dietary reference
intakes in pregnancy (6). In a study of 222 pregnant Caucasian American women, average
dietary and supplemental intake of 20 micronutrients was 2-3 times higher than prenatal
recommendations (7). Animal studies report that intrauterine exposure to high levels of
micronutrients increases susceptibility to obesity and metabolic abnormalities in offspring,
possibly through altering DNA methylation (8, 9).

Evidence for postnatal effects of intrauterine micronutrient exposure in humans is limited.
Most studies have focused on undernourished populations, and used low birthweight as an
outcome (10). A recent publication from the Nurses’ Health Study reported no association
between prenatal multivitamin use and offspring obesity in childhood and early adulthood.
However, this analysis was limited by retrospective data collection and self-reported
measures of adult weight and childhood body size (11). Additionally, it did not consider
body composition (fat mass, fat-free mass) or the role of rapid early growth, a potential
mediator between intrauterine exposures and subsequent health and disease in offspring
(12). Other authors have suggested that infant feeding (breastmilk, formula, or mixed)
should also be considered since the choice of infant feeding method is associated with
offspring growth trajectories (13).

The present study prospectively examined the association between maternal multivitamin
supplementation in the preconception and prenatal period with offspring mass and body
composition at birth and rate of growth in the first 5 months postnatally. We hypothesized
greater exposure to prenatal multivitamin supplementation would be associated with greater
mass at birth and increased rate of growth in the first 5 months for total mass and adiposity
(percent fat mass). We further hypothesized that the association between maternal
multivitamin use and early infant growth would be modified by exclusive breastfeeding.
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Participants were from The Healthy Start Study, a pre-birth cohort of mother-offspring
dyads. Women were recruited from the obstetric clinic at the University of Colorado from
2009-2014. This study was approved by the Colorado Multiple Institutional Review Board
and all participants provided written informed consent. Women were eligible for Healthy
Start if they were =16 years of age, were <24 weeks gestation at enrollment, were expecting
a singleton birth, and had no history of serious chronic disease, prior stillbirth, or very
preterm birth (<25 weeks gestation). A total of 1410 women were enrolled and completed
research visits in early pregnancy (median 17 weeks gestation), mid-pregnancy (median 27
weeks gestation), and delivery (median 1 day after birth). The postnatal research visit
(median 5.2 months) was added later to the protocol. Of the 1159 women who completed the
postnatal visit, 424 were missing data on offspring body composition at birth (n=137) or at
the postnatal visit (n=287; of these, 99 were missing postnatal body composition because
they exceeded the 10kg weight limit of the device). Of the 735 with complete body
composition data, 24 were excluded due to preterm births (<37 weeks gestation), 6 had
incomplete multivitamin data, 62 had body composition assessed >3 days after birth, 12 had
missing maternal diet data, and 5 were missing breastfeeding data (total of 533 missing).
Complete data were available for 626 mother-offspring pairs (54% of the eligible cohort,
85% of those with complete body composition data).

Data Collection

Maternal prenatal multivitamin use was assessed via self-report. At each research visit,
women described multivitamin use in the 12 weeks prior to conception (for the early
pregnancy visit), since the prior visit (for the mid-pregnancy and delivery visits), or since
delivery (for the postnatal visit). When applicable, women were asked about starting and
stopping date, dosage, and brand/type. Multivitamin use was quantified as weeks of daily
use. For example, a woman who reported taking multivitamins daily from 12 weeks prior to
conception through delivery at 40 weeks gestation had 52 weeks of daily use, whereas a
woman who reported taking multivitamins every other day for the same period had 26 weeks
of daily use. Due to missing data on the brand/type of multivitamin used, we considered all
prenatal multivitamins equivalent and did not investigate associations with specific brands/

types.

Offspring body composition was assessed at the delivery and postnatal visits without
clothing via air displacement plethysmography (PEAPOD, COSMED, Rome, Italy), which
uses a 2-compartment model to estimate fat mass (adipose tissue; g and % of total mass) and
fat-free mass (water, bone; g and % of total mass). Plethysmography has excellent validity
and reliability in infants (14, 15). Trained personnel conducted 2 measurements on each
infant, with a third measurement taken if the percent fat mass differed by >2%. The average
of the 2 closest readings was used for analysis, and total mass (g) was calculated by
summing fat mass (g) and fat-free mass (g).

Data on relevant covariates were collected at the research visits and through medical record
review. Maternal race/ethnicity, highest level of education completed, annual household
income, and gravidity (number of previous pregnancies) were assessed via self-report at the
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early pregnancy visit. Maternal age at delivery (years) was calculated from self-reported date
of birth and date of delivery. Maternal pre-pregnancy BMI was calculated from self-report or
medical record pre-pregnancy weight and height measured at the early pregnancy visit.
Gestational weight gain was calculated from pre-pregnancy weight and the last weight
recorded in the medical record prior to delivery, and classified according to the 2009
Institute of Medicine recommendations (16). Physical activity in pregnancy was assessed at
each research visit with the Pregnancy Physical Activity Questionnaire (17) and quantified
as average total energy expenditure in MET-hours/week. Diet in pregnancy was assessed 2-8
times with Automated Self-Administered 24-hour dietary recalls (18) and average daily
energy intake (kilocalories) was calculated. Smoking in pregnancy (yes/no) was assessed via
self-report at each research visit. Offspring gestational age at birth (weeks) was estimated
via prenatal ultrasound measurements and/or self-reported first day of last menstrual period.
Date of conception was estimated from gestational age at birth and date of delivery. Data on
breastfeeding and introduction of solid foods were obtained by maternal report at the
postnatal visit.

Statistical Analyses

Analyses were conducted in SAS 9.4 (SAS Institute, Cary, NC, USA). Separate univariate
multiple linear regression models were fit for each of the outcomes at birth (total mass, fat-
free mass, fat mass, and percent fat mass) and postnatally (rate of change in total mass, fat-
free mass, fat mass, percent fat mass). The models controlled for potential confounders as
described below. In each model, the strength of the association between weeks of daily
multivitamin use and the outcomes was assessed. Postnatal rate of change was calculated by
subtracting body composition measures at birth from body composition measures at the
postnatal visit and dividing by offspring age in months at the postnatal visit (e.g. [total mass
at postnatal visit — total mass at birth] / age at postnatal visit = average growth per month).
We also tested an a priori hypothesized interaction between weeks of multivitamin use and
exclusive breastfeeding. We conducted exploratory analyses to determine whether early (12
weeks pre-conception through the first trimester) or late (second and third trimesters)
multivitamin use was more strongly related to offspring outcomes.

For descriptive purposes, we classified the women as non-users of multivitamins or into
quartiles of multivitamin use. For continuous variables, we estimated means and standard
deviations for participant characteristics and outcome measures with general linear models
and defined category of multivitamin use as a class variable. To obtain p for trend, we
entered multivitamin use as a continuous variable (weeks of daily use). For categorical
variables, we calculated group frequencies and estimated the p value for the overall variable
from the Cochran-Mantel-Haenszel test.

For the main analysis, we considered weeks of daily multivitamin use as a continuous
variable in 2 different adjusted models. Model 1 included maternal age at delivery
(continuous), race/ethnicity (Hispanic, non-Hispanic white, non-Hispanic black, other),
education (less than 12" grade, high school degree, some college or associate’s degree, 4
years of college, graduate degree), offspring sex (male, female), gestational age at birth
(continuous), and, for postnatal analyses only, exclusive breastfeeding (<0.5 months
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[predominately formula], 0.5-3 months [early mixed feeding], 3-5 months [late mixed
feeding], =5 months [exclusive breastfeeding]). Model 2 included the covariates in Model 1
plus annual household income (<$40,000, $40,000-$70,000, >$70,000, missing/don’t know),
gravidity (continuous), maternal pre-pregnant BMI (continuous), prenatal average daily
energy (continuous), prenatal energy expenditure (continuous), prenatal smoking (yes, no),
gestational weight gain (inadequate, adequate, excessive), and, for postnatal analyses only,
started solids (yes/no), and maternal use of multivitamins in the postnatal period (yes/no).
Residuals were inspected for normality. Two-sided alpha for statistical significance was set
at p<0.05. Tables depict mean and SD unless otherwise noted.

Of the 1159 eligible mother-offspring pairs in Healthy Start, complete data were available
for 626 pairs. There were no notable differences between excluded and included participants
(data not shown). Characteristics of the final sample by prenatal multivitamin use (non-users
and quartile of multivitamin users) are presented in Tables 1 and 2.

In univariate analyses we observed a significant increase in offspring total mass and fat-free
mass at birth across increasing categories of prenatal multivitamin use (p=0.0004 and
p=0.0003, respectively), but no difference in fat mass or percent fat mass (Table 2).
However, after adjustment in multivariable models (Table 3), we found no significant
association between weeks of daily prenatal multivitamin use and offspring measures of
body size and composition at birth.

In univariate analyses we observed no significant associations between weeks of daily
prenatal multivitamin use and offspring body size or body composition at 5 months
postnatally (Table 2). In multivariable analyses predicting growth rate, we observed a
significant inverse association between multivitamin use and growth rate of adiposity
(percent fat mass) in the fully-adjusted Model 2 (B=-0.009, p=0.049) (Table 3). In contrast,
multivitamin use was not associated with offspring growth rate for total mass or fat-free
mass (g). Offspring of mothers who did not use prenatal multivitamins had an adjusted
monthly rate of growth in percent fat mass of 3.45%. In comparison, offspring of mothers in
the top quartile of weeks of daily multivitamin use had an adjusted monthly rate of growth in
percent fat mass of 3.06%. These rate differences translate to an extra 2.00% adiposity
(percent fat mass) at 5 months for offspring of non-multivitamin users compared to the top
quartile of daily multivitamin users. These associations were not modified by exclusive
breastfeeding. Exploratory analyses that included separate predictors for early pregnancy use
(12 weeks pre-conception through the first trimester) and late pregnancy use (second and
third trimesters) showed that neither early nor late use predicted outcomes, suggesting that
timing of prenatal multivitamin use is not as important as overall dose.

Discussion

We found that increased maternal multivitamin use in the preconception and prenatal period
did not influence body composition at birth or growth in total or fat-free mass in the first 5
months of life, but was associated with a slower relative growth in percent fat mass. Percent
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fat-free mass increases as fat-free mass decreases; thus, our results also indicate that
offspring of mothers with increasing multivitamin use had a greater rate of growth in percent
fat-free mass in the first 5 months. This effect was not modified by exclusive breastfeeding
status postnatally, and was also independent of breastfeeding exclusivity.

It is well-established that nutrient deprivation during pregnancy is associated with adverse
health outcomes for offspring (19). More recently, associations of fetal over-nutrition with
subsequent obesity and metabolic diseases have been reported (20, 21), and rapid early
growth has been implicated in the development of later obesity (22). In the present cohort,
we previously reported that increased maternal glucose levels during pregnancy, even within
the normal range, independently predicted offspring adiposity at birth (23, 24). However, the
effect of high micronutrient exposure in utero and early life growth in adiposity is unclear.
Evidence in humans is lacking, while studies in Wistar rats report that intrauterine exposure
to high (10-fold increase) multivitamin diets increases food intake, body weight, and
symptoms of the metabolic syndrome in offspring (9). These effects have been amplified by
post-weaning consumption of obesogenic diets (8) and attenuated by post-weaning
consumption of diets rich in multivitamins or folate (25). It has been hypothesized that
increased availability of methyl donors or metabolic co-factors (such as choline, methionine,
or folate) increase obesity or metabolic dysfunction by altering DNA methylation and gene
expression (26).

This complex interplay between fetal nutrition and postnatal growth reported in animal
models is difficult to translate to human research. In the present study, we found that
increased multivitamin use during pregnancy was not associated with overall or fat-free
mass (g) rates of growth in the first 5 months of life, but a relatively slower rate of growth in
adiposity in offspring, an effect that was not modified by breastfeeding exclusivity. There are
several possible explanations for why these results are different from the animal studies.
First, the high-multivitamin diet used in the animal studies contained a 10-fold increase in
multivitamins compared to the standard diet. In the present study, we were unable to
estimate micronutrient intake in absolute terms due to incomplete data on specific brands
and types of multivitamins. However, there is evidence that women may be consuming 2-3
times the recommended daily amounts of micronutrients in pregnancy from combined
dietary and supplemental sources (7). Therefore, while micronutrient intake in pregnancy
may be elevated, it is unlikely that the intrauterine exposure to micronutrients in humans is
comparable to the dose tested in the animal studies. Second, the animal studies reported a
significant adverse effect of prenatal multivitamin supplementation on offspring at 12-48
weeks post-weaning, periods that correspond to adolescence and young adulthood in
humans (8, 9, 25). In contrast, the majority of offspring in Healthy Start were not yet weaned
at the time of the postnatal body composition measurements. It is possible that the
hypothesized detrimental effects of high multivitamin supplementation do not manifest until
later in life, and then only in conjunction with an obesogenic diet. This possibility is
supported by the observation of lower body weight at the time of weaning in offspring of
rats who consumed high multivitamin diets in pregnancy (9), but needs to be tested in
longitudinal human cohorts.
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In contrast to the animal literature that suggests an adverse effect of high prenatal
multivitamin supplementation on offspring obesity and cardiometabolic health, our results
indicate that daily multivitamin use throughout the preconception and prenatal period have
no deleterious effects on body size at birth and overall rate of growth in early life, and may
in fact be somewhat protective, at least with regard to relative growth in adiposity. We
acknowledge that the effect we observed was small and the clinical or biological relevance is
unclear. Normative data on infant body composition and growth is still emerging. Fields and
colleagues (27) published longitudinal body composition data measured with air
displacement plethysmography in 160 exclusively breastfed infants. From birth to 5 months
of age, the infants gained an average of 3.0% fat mass each month (females: 2.91%/month,
males: 3.10%/month) (27). Assuming an increase of 3.0%/month in fat mass (adiposity)
represents normal growth in the first 5 months, our study indicates that offspring of mothers
who did not use prenatal multivitamins gained fat mass (%) at a greater rate (3.45%/month),
while offspring of mothers who used multivitamins throughout the preconception and
prenatal periods gained fat mass (%) at a normal rate (3.06%). Additional longitudinal
assessment of offspring body composition and growth in pre-birth cohorts such as Healthy
Start is needed to further examine whether in utero exposure to multivitamin
supplementation is associated with obesity and cardiometabolic risks, or protection from
such risks, later during childhood or adolescence.

We observed a significant increase in offspring birthweight across categories of multivitamin
use in univariate models that was attenuated and no longer significant in adjusted models.
Multiple micronutrient supplementation during pregnancy is recommended to prevent low
birthweight, particularly in developing countries (28). Our results indicate that prenatal
multivitamin use is not strongly associated with birthweight in this sample of ethnically-
diverse urban women in Colorado.

The present study has some limitations and several strengths. As noted previously, we were
unable to estimate absolute intake of supplemental micronutrients, which prevents us from
drawing conclusions about deficiency/over-sufficiency status or optimal maternal intake of
specific micronutrients with regard to offspring adiposity. Similarly, we did not evaluate
individual micronutrient intake or assess circulating levels of specific micronutrients, and
therefore can only comment on multiple micronutrient supplementation. Multivitamin data
were collected via self-report which is subject to reporting errors; however, every effort to
minimize reporting errors and recall bias was made by assessing multivitamin use multiple
times throughout pregnancy. Strengths include the prospective cohort design, a large
ethnically diverse sample, and measures of offspring body composition in addition to
birthweight.

In conclusion, prenatal multivitamin supplementation was not associated with overall or fat-
free mass rates of growth in early life, but was associated with a relatively slower rate of
growth in adiposity from birth to 5 months. Our study suggests that, in an urban population
from Western United States, prenatal multivitamin supplementation during pregnancy has no
deleterious effects on infant body size and composition, and may in fact be protective
against early life adiposity. Future follow-up is needed to test whether any differences in
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rly life growth are associated with clinically meaningful differences in adiposity or
ronic disease risk in childhood and beyond.
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What is already known about this subject

. Prenatal multivitamin supplementation is recommended to improve
offspring outcomes

. In animal models, exposure to high levels of multivitamins is
associated with increased obesity and metabolic dysfunction in
offspring

. In humans, effects of high multivitamin supplementation on offspring

adiposity are unknown
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What this study adds
. Prenatal multivitamin supplementation was not associated with mass or
body composition at birth
. Increased multivitamin use in the preconception and prenatal periods

was associated with a slower rate of growth in offspring percent fat
mass in the first 5 months of life

. This study provides further evidence that in utero nutrient exposures
may affect offspring adiposity beyond birth
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Table 3

Association between weeks of daily prenatal multivitamin use and rate of change in offspring size and body
composition in the first 5 months of life

Model 1* Model 2Jr
B SE  Pvalue B SE  Pvalue

Birth (median 1 day)

Total mass (g) 1.14 1.14 0.32 1.56 111 0.16

Fat-free mass (g) 0.82 0.88 0.35 1.09 0.87 0.21

Fat mass (g) 0.32 0.44 0.48 0.48 0.43 0.27

Adiposity (%) 0.008  0.012 049 0012  0.012 0.30
Postnatal (median 5.2 months)

Total mass growth rate (g/mo) -0.17 0.49 0.73 -0.41 0.48 0.40

Fat-free mass growth rate (g/mo) 0.11 0.27 0.67 0.04 0.27 0.89

Fat mass growth rate (g/mo) -0.29 0.34 0.40 -0.44 0.34 0.19

Adiposity growth rate (%/mo) -0.006 0.005 0.182 -0.009 0.004 0.049

*
Adjusted for maternal factors (age at delivery, race/ethnicity, education) and offspring factors (sex, gestational age at birth). Postnatal analyses
additionally adjusted for exclusive breastfeeding.

fAdjusted for factors in model 1 plus additional maternal factors (household income, gravidity, pre-pregnancy BMI, average daily calories,
physical activity, smoking, gestational weight gain). Postnatal analyses additionally adjusted for solids and maternal postnatal vitamin use.
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