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Abstract
Background—Maternal low birthweight and vitamin D deficiency in pregnancy are associated
with a similar spectrum of adverse pregnancy outcomes including preeclampsia and gestational
diabetes. However, the relationship between maternal birthweight and subsequent vitamin D
concentrations in early pregnancy is largely unknown.

Methods—We assessed whether self-reported maternal birthweight was associated with risk of
early pregnancy vitamin D deficiency (≥20 ng/mL) among a pregnancy cohort (n=658). Vitamin
D (25[OH]D) was measured using liquid chromatography-tandem mass spectroscopy.

Results—Adjusting for maternal characteristics and month of blood draw, a 100-gram higher
maternal birthweight was associated with a 5.7% decreased risk of early pregnancy 25[OH]D
deficiency (OR = 0.94, [95% CI: 0.90, 0.99]). Low birthweight (<2,500 g) women were 3.7 times
as likely to have early pregnancy 25[OH]D deficiency compared to normal birthweight women
(OR = 3.69, [95% CI: 1.63, 8.34]). These relationships were not modified by either pre-pregnancy
overweight status (BMI ≥25 kg/m2) or adulthood weight trajectory (BMI change ≥2 kg/m2 from
age 18 to pre-pregnancy).

Conclusions—Further research on shared developmental mechanisms that determine
birthweight and vitamin D homeostasis may help identify targets and related preventative
measures for adverse pregnancy and birth outcomes.
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Maternal low birthweight (<2500 g) has been associated with a wide range of adverse
maternal pregnancy outcomes including gestational diabetes,1,2 preeclampsia,3,4 and
preterm delivery,5 as well as infant birth outcomes such as low birthweight,6 small for
gestational age,7 and infant mortality8. However, neither the importance of intermediary risk
factors nor the mechanisms by which poor maternal in utero growth affects risk factors and
pregnancy outcomes have been fully described.
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Early pregnancy vitamin D deficiency (≥20 ng/mL) has also been associated with a
spectrum of adverse pregnancy and birth outcomes similar to that of low birthweight
mothers, including gestational diabetes,9 preeclampsia,10 low birthweight,11 and small for
gestational age.12 Vitamin D and its associated cell-surface receptors have been increasingly
implicated as important moderators of gene regulation in pregnancy,13 fetal growth,14 as
well as cardio-metabolic risk development.15

Vitamin D deficiency may be a critical risk factor mechanistically linking maternal in utero
growth and subsequent pregnancy outcomes. Suggestive evidence links in utero growth with
future vitamin D homeostasis. Possible mechanisms for associations between poor in utero
growth and adulthood vitamin D deficiency involve reduced vitamin D binding protein
(DBP),16 reduced renal function,17 and genetic variations that influence both fetal growth
and vitamin D homeostasis.18–21 Evaluating maternal low birthweight (an indicator of
suboptimal in utero growth) as a potential determinant of vitamin D concentration in
pregnancy, particularly during early pregnancy, may enhance understanding of early life
mechanisms of adverse pregnancy outcomes.

To our knowledge, no previous study has assessed the relationship between maternal
birthweight and early pregnancy vitamin D concentrations. Two previous studies on
maternal birthweight and post-menopausal bone health found inverse associations between
birthweight and late-life vitamin D.22, 23 One small case-control study of very low
birthweight (VLBW) individuals found no association of birthweight with vitamin D status
(at 22–25 years of age).24 However, pregnant women were excluded in that study.24

Based on the hypothesis that maternal in utero growth may influence adult vitamin D
homeostasis, we investigated whether birthweight was associated with risk of early
pregnancy vitamin D (25[OH] D) deficiency. We additionally explored whether any such
association was modified by pre-pregnancy overweight/obesity status or weight change in
adulthood.

METHODS
Study setting

This study was conducted among participants of the Omega study, a prospective cohort
study designed to examine maternal dietary risk factors of preeclampsia and other adverse
pregnancy outcomes. Pregnant women were eligible for participation if they were 18 years
or older, spoke and read English, initiated prenatal care at or prior to 20 weeks of gestation,
and planned to deliver at either the Swedish Medical Center (Seattle, WA) or Tacoma
General Hospital (Tacoma, WA). Between 1996 and 2008, 4000 participants were enrolled
in the Omega study. The institutional review boards of Swedish Medical Center and Tacoma
General Hospital approved the study protocols.

Study population
Study participants for the current analyses were drawn from a previous Omega case-cohort
sub-study designed to investigate associations of 25[OH]D with pregnancy complications.
The randomly selected sub-cohort of 750 women enrolled in the Omega study and delivered
at the Swedish Medical Center constituted the study population for the current analyses. Of
676 mothers with singleton pregnancies, 13 (2%) were missing birthweight information and
5 others were missing serum 25[OH]D measurements (<1%), leaving 658 (97%) with
complete data on maternal birthweight (exposure) and early pregnancy 25[OH]D
concentrations (outcome).
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Data collection
Study participants were asked to complete a questionnaire at or near the time of enrollment
(median gestational age = 16 weeks; interquartile range: 13 to 17 weeks) regarding socio-
demographics, anthropometric characteristics, and reproductive and medical history, as well
as data on maternal birthweight, weight at 18 years, pre-pregnancy weight, and current
height. Body mass index (BMI) at age 18 years and pre-pregnancy BMI were calculated as
self-reported weights in kilograms divided by height in meters squared. BMI change was
calculated by subtracting BMI at 18 years from pre-pregnancy BMI.

Vitamin D measurements
Study participants provided a 20 mL non-fasting sample of peripheral blood at or near the
time of enrollment (16 weeks on average). The samples were immediately fractionated and
stored at −80°C until analysis. Serum 25[OH]D concentrations were measured using liquid
chromatography-tandem mass spectroscopy (LC-MS/MS) by ZRT Laboratory (ZRT
Laboratory, Portland, OR). Both 25[OH]D2 and 25[OH]D3 concentrations were measured,
with the sum giving total serum 25[OH] D concentration. Our analyses strictly refer to total
serum 25[OH]D concentrations. The assay reportable range is 2–800 ng/ml with a
coefficient of variation ranging between 6% and 11%. Measurements were conducted
blinded to history of maternal birthweight.

Vitamin D deficiency
Vitamin D deficiency was defined as an early pregnancy 25[OH]D serum measurement < 20
ng/mL (50 nmol/L), in accordance with the 2011 Institute of Medicine report on vitamin D
supplementation25 and American College of Obstetricians and Gynecologists 2011
Committee Opinion.40 This value is thought to be a conservative threshold in assessing
adequacy of vitamin D for both skeletal and non-skeletal health.26 With respect to dissenting
opinion, we also categorized participants separately as severely deficient if total early
pregnancy 25[OH]D was <12 ng/mL (30 nmol/L). This is a recognized threshold for risk of
poor bone health25 with some evidence of adverse non-skeletal outcomes including infant
low birthweight.27

Statistical analyses
We fit three multiple logistic regression models with robust standard errors to estimate
associations between maternal birthweight (grouped in 100 g increments) and vitamin D
deficiency risk. The first model provided unadjusted estimates of associations. The second
model was adjusted for self-reported race, age at assessment, parity, and month of blood
draw. These are biological factors consistently found to be associated with vitamin D
status.28, 29 The final regression model was adjusted for these factors as well as other a
priori covariates: infant sex, height, pre-pregnancy BMI, smoking status, marital status, and
family income. These three models were repeated comparing vitamin D deficiency risk in
normal birthweight mothers (2500 – 3999 g) to those who were low birthweight (<2500 g)
or high birthweight (≥4000 g).

We also evaluated whether pre-pregnancy BMI or BMI trajectory modified this relationship
using stratified analyses. Pre-pregnancy BMI ≥25 kg/m2 and an increase in BMI of over 2
kg/m2 between age 18 and pre-pregnancy were used as the respective cutoffs. All analyses
were conducted using STATA 12 (StataCorp 2011).

RESULTS
The 658 women in our cohort tended to be white, primiparous, and around 33 years of age
(Table 1). 25[OH] D concentrations were generally adequate and few had deficiency or
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severe deficiency. Of the 658 mothers, 85 (12.9%) had early pregnancy vitamin D
deficiency (25[OH]D serum concentration ≤20 ng/mL). With respect to birthweight, those
that had normal or high birthweight (macrosomia) were more likely to be white,
primiparous, married, non-smokers, and have sufficient early pregnancy 25[OH]D when
compared to those born small. Mean early pregnancy serum 25[OH]D was 29.1 ng/mL (SD
= 8.4) overall and was higher in normal birthweight women than those with low birthweight
and macrosomia (29.2 versus 28.6 and 28.9 ng/mL, respectively). A greater proportion of
low birthweight women had vitamin D deficiency and severe deficiency (serum 25[OH] D
≤12 ng/mL) than normal birthweight mothers (26.5% and 4.1% versus 11.7% and 2.0%,
respectively).

Adjusting for maternal characteristics and month of draw, a 100-gram higher maternal
birthweight was associated with a 5.7% lower odds of vitamin D deficiency during
pregnancy (odds ratio = 0.94, [95% confidence interval: 0.89, 0.99]; Table 2). Similarly, a
100-gram higher maternal birthweight was associated with a 24.1% lower odds of severe
vitamin D deficiency during pregnancy (OR = 0.76, [95% CI: 0.65, 0.88]). Low birthweight
women were 3.7 times as likely to have early pregnancy vitamin D deficiency compared to
normal birthweight women (OR = 3.69, [95% CI: 1.63, 8.34]; Table 3). Women who were
macrosomic at birth did not have higher risk of vitamin D deficiency. The relationship
between birthweight and risk of deficiency was not modified by pre-pregnancy BMI or
weight gain since age 18 (P-interaction for fully adjusted models were 0.964 and 0.879,
respectively; Table 4). However, among women who were not overweight before pregnancy
(BMI <25 kg/m2) or who maintained weight between age 18 and pregnancy (BMI change
<2 kg/m2), low birthweight was associated with higher odds of vitamin D deficiency relative
to normal birthweight (Table 5). These odds ratios were not statistically different from one
among women who were overweight or obese before pregnancy (BMI ≥ 25 kg/m2) or who
gained weight between age 18 and pregnancy (BMI gain ≥2 kg/m2). However, the
differences in odds ratios were not statistically significant (both interaction P-values > 0.05;
Table 5).

COMMENT
Our study suggests that higher birthweight is related to a reduced risk of vitamin D
deficiency in early pregnancy, a period in pregnancy that is critical for placental and fetal
development. More specifically, a 5–6% lower risk of vitamin D deficiency was observed
for each 100 g greater birthweight. In addition, a 3-fold higher risk of vitamin D deficiency
was observed among low birthweight women relative to normal birthweight women. Our
findings also suggest that this relationship exists independent of attained BMI and other
determinants of adult vitamin D status.

While there are no previous studies specifically relating maternal birthweight to early
pregnancy vitamin D status, three previous studies have assessed the relationship between
birthweight and adult or post-menopausal vitamin D. Two studies on bone health in post-
menopausal women22, 23 suggested an inverse relationship between birthweight and late-life
serum 25[OH]D concentrations. Recently, a case-control study of skeletal health in very low
birthweight (VLBW) individuals found no difference in mean 25[OH]D between VLBW (<
1500 g) cases and normal controls at 22–25 years of age.24 However, 25[OH]D was not
their primary outcome of interest and, due to their sample size (n = 64), their study may not
have been powered to find a difference. Furthermore, it is possible that VLBW survivors
may different both biologically and behaviorally24 from our low-risk cohort. Finally,
pregnant women were excluded from their analysis, further limiting comparability.
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Despite the lack of comparable previous studies, there are several compelling pathways that
may explain the association observed between maternal birthweight and adult, early
pregnancy vitamin D deficiency. Suboptimal fetal growth, manifested by low birthweight is
associated with in utero protein restriction and reduced expression of vitamin D binding
protein (DBP) in the offspring.30 Since circulating vitamin D is almost entirely bound to
DBP,16 fetal programming that produces reduced DBP may be a reason for lower future
serum 25[OH]D reserves. DBP may also have as yet uncharacterized role(s) in fetal
programming.31, 32 Suboptimal fetal growth may also act to limit adult 25[OH]D reserves
through its impact on metabolic processes such as renal dysfunction,33 obesity,34 and insulin
resistance.35 Additionally, experimental models suggest metabolic dysfunction causes
vitamin D deficiency through reduced renal reabsorption and increased urinary excretion of
vitamin D due to inhibited expression of accessory transport proteins.17 Finally,
polymorphisms in vitamin D metabolism-related genes, including CYP2R1, DHCR7, and
VDBP, may also be related to both suboptimal growth and low birthweight18, 19 and
abnormal lifetime vitamin D homeostasis.20,21

We explored potential modification of associations of birthweight with vitamin D deficiency
by overweight/obesity status or adult weight trajectory. Low birthweight is associated with
postnatal catch-up growth and later adiposity.34 In addition, high birthweight (≥4000 g) has
also been associated with adult obesity.36 Due to lipid-solubility of vitamin D and
sequestration in fat deposits or other mechanisms,25 mothers with higher adiposity during
pregnancy may have lower serum concentrations.37 Mothers of high or low birthweight and
subsequently greater adiposity may have correspondingly lower serum 25[OH]D. In their
review of vitamin D supplementation, the IOM suggests that observational studies
investigating associations between serum 25[OH]D concentrations and increased risk of
type II diabetes or metabolic syndrome may be confounded by overweight and obesity.25

Similarly, smaller maternal birthweight may be related to vitamin D deficiency solely
through its relation to obesity. Since adjusting for pre-pregnancy BMI did not greatly reduce
our risk estimates, our findings suggest that attained weight can not fully explain the
observed relationship between birthweight and early pregnancy 25[OH]D. However, it is
important to note here that recent methodological work suggests that adjusting for
intermediates in analyses (e.g., attained BMI) may not be appropriate to assess for an
independent effect, due to the introduction of bias resulting from unmeasured intermediate-
outcome confounding.38 However, we do not anticipate any strong unadjusted confounders
between the obesity-serum 25[OH]D relationships in our case. Nevertheless, we evaluated
our assumption through a basic sensitivity analysis by re-fitting our models among strata of
propensity scores defined by overweight/obesity (≥25 kg/m2) status. By dichotomizing at
the 80th percentile for propensity of overweight/obesity status, we can estimate odds ratios
for those who would likely become overweight regardless of the influences of birthweight.
Among those with a “high” propensity for overweight/obesity (n = 144) using our maximum
model, we found a 15% reduced risk of vitamin D deficiency for each 100 g higher maternal
birthweight (OR = 0.85, [95% CI 0.74, 0.98]). Had the relationship been due solely to the
likelihood of low birthweight women to become overweight or obese, this relationship
would not be so consistently observed. This conclusion was not surprising as our cohort
consisted of few overweight and obese women.

Similarly, our secondary findings suggest that attained adult BMI does not modify the
relationship between low birthweight and early pregnancy serum 25[OH] D concentrations.
In fact, our results suggest that those who gained weight from early adulthood until
pregnancy may have lower risk associated with low birthweight than those who maintained
weight. However, these differences were not statistically significant and likely due to
differences in underlying risks of deficiency and propensity for weight gain. Nonetheless,
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due to the small sizes of our sub-strata, we can not rule out a lack of power to detect true
interaction.

Our study has several important strengths. A major strength is the prospective cohort design
and absence of differential recall based on outcome status. Additionally, our patient
population was well characterized with little missing data. Another notable strength is the
use of liquid chromatography-tandem mass spectrometry (LC-MS/MS) to measure serum
25[OH]D, as it is considered the gold standard. An assessment of laboratory methods found
other methods of measuring 25[OH]D (e.g. automated assays and radioimmunoassays) to be
biased and sensitive to concentrations of vitamin D binding protein when compared to LC-
MS/MS.39

Several limitations of our study deserve mention. First, there is a possibility that participants
missing birthweight and 25[OH]D measurements may have differed (non-white,
primiparous, non-smoking, unmarried, and poor) from the individuals included in our
analysis leading to biased estimates. However, the number of individuals missing exposure
and outcome measures was likely too few (2% and less than 1%, respectively) to
significantly influence our estimates. As a sensitivity analysis, we used the mi impute
function in Stata to perform multiple imputations by chained equations (ICE) to generate
100 simulated complete data sets (i.e. complete information for all 676 participants) under
the assumption of multivariate normality.

We then estimated odds ratios for risk of vitamin D deficiency using mi estimate, which
generates point estimates and standard errors using the weighted sum of within- and
between-simulation variances described by Rubin.41 Findings were similar to our main
results (Maximum Model OR of vitamin D deficiency per 100 g higher birthweight = 0.94,
[95% CI: 0.90, 0.99]).

Our study relied on self-report for birthweight and historical BMI, thus misclassification
may bias these results. While these measures are imprecise, past studies comparing self-
reported birthweight and birth certificates of US women of childbearing age show moderate
to good reliability42,43 with the best recall amongst white women of higher educational
attainment and income.44 Our participants were mostly non-Hispanic white, well educated,
and with high income. Therefore, we believe these women to be relatively good historians.
In addition, this misclassification is more likely to be non-differential as women do not
know their own vitamin D status, and assays of vitamin D ere conducted independently of
mothers’ interviews. Moreover, the relationship between birthweight and subsequent
vitamin D is not well known. Finally, past studies have been successful in identifying
associations between maternal birthweight and pregnancy outcomes using either self-
report1,2,4,5 or birth records6,7,8 increasing our confidence in the measure.

A recent review of vitamin D in pregnancy suggested at least 26% of pregnant women
worldwide were vitamin D deficient.12 In our study, it was less than 13%. This may have
resulted due to difference in racial/ethnic composition and socio-economic status. Therefore,
generalizability of our findings may be limited. However, it is unlikely the relationship, if it
truly exists, would differ strictly on the basis of socioeconomic status or other medical
comorbidities. Similarly, the rarity of low birthweight in our cohort (7.4% of births) makes
disentangling the role of preterm delivery versus intrauterine growth retardation difficult.
Additionally, self-report of gestational age, in contrast to birth weight, has been shown to be
unreliable45. We did not collect information on gestational age at birth. An analysis
excluding low birthweight women found a similar reduction in risk of vitamin D deficiency
per 100 gram increase in birthweight, albeit of borderline statistically significance (OR =
0.95, 95% CI 0.87, 1.04). Given the potential importance of in-utero developmental
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signaling, future studies that pay particular attention to the experience of low weight, term
birth, are warranted. Finally, the literature on the adequate level of 25[OH]D remains
nascent. We chose 20 ng/mL as our cutoff for vitamin D deficiency in line with much of the
literature12 including American College of Obstetrics and Gynecology committee opinion
(ACOG). However, the definition of adequate 25[OH]D concentrations, particularly during
pregnancy remains contested, with recommendation as high as 32 ng/mL or as low as 12 ng/
mL.12 Therefore, we reported our results using the lowest threshold reported (12 ng/mL),
and still observed a similar inverse relationship between maternal birthweight and risk of
vitamin D deficiency (Tables 2 and 3). However, it should be noted that there were only 13
participants with early pregnancy serum 25[OH] D ≤12 ng/mL and estimates may not be
stable. However, similarities of findings from these analyses using different cutoffs
minimize our concern.

In this study, we demonstrate a relationship between maternal birthweight and risk of
vitamin D deficiency during early pregnancy. Given previous studies that have implicated
vitamin D in gene regulation, growth, insulin resistance, and other related metabolic
pathways, our findings suggest some effort should also be directed towards understanding
mechanisms by which in utero growth and development may lead to changes in vitamin D
homeostasis. This understanding may enhance targeted interventions for preventing both
adverse pregnancy outcomes and future metabolic diseases. Studies targeting potential
mechanisms by assessing the relationships in the context of genetic variations, vitamin D
binding protein, and, pregnancy cardiometabolic comorbidities are also warranted.
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Table 1

Study participant characteristics by maternal birthweight

Overall Low Birthweight (<2500
g)

Normal Birthweight (2500
to 3999 g) Macrosomia (≥4000 g)

Mean (SD) (n = 658) Mean (SD) (n = 49) Mean (SD) (n = 556) Mean (SD) (n = 53)

Birthweight (kg) 3.31 (0.5) -- -- --

Age (years) 32.9 (4.5) 33.0 (5.1) 32.8 (4.5) 33.5 (4.5)

Prepregnancy BMI (kg/m2) 23.8 (5.4) 24.2 (4.5) 23.7 (5.4) 25.1 (5.8)

BMI at 18 years (kg/m2) 20.8 (3.0) 20.3 (2.3) 20.8 (3.0) 21.5 (3.5)

BMI change (kg/m2) 3.0 (4.1) 3.9 (3.8) 2.9 (4.2) 3.3 (3.8)

Serum vitamin D (ng/mL) 29.1 (8.4) 28.6 (11.1) 29.2 (8.2) 28.9 (8.0)

% (n) % (n) % (n) % (n)

% white 90.7 (567) 80.0 (36) 91.1 (481) 96.2 (50)

% previous pregnancies 37.7 (248) 28.6 (14) 38.3 (213) 39.6 (21)

% ever smoked 29.2 (192) 32.7 (16) 29.1 (162) 26.4 (14)

% unmarried 10.5 (69) 14.3 (7) 10.1 (56) 11.3 (6)

% family income <$30K 3.5 (23) 6.3 (3) 3.7 (20) 0.0 (0)

% vitamin D ≤20 ng/mL 12.9 (85) 26.5 (13) 11.7 (65) 13.2 (7)

% vitamin D ≤ 2 ng/mL 2.0 (13) 4.1 (2) 2.0 (11) 0.0 (0)
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Table 2

Association between maternal birthweight and early pregnancy vitamin D

2a. Risk of vitamin D deficiency (≤20 ng/mL), per 100 g higher maternal birthweight

Odds Ratio [95% CI] P-value

Unadjusted 0.96 [0.91, 1.00] 0.067

Minimum Model* 0.96 [0.92, 1.01] 0.147

Maximum Model* 0.94 [0.90, 0.99] 0.026

2b. Risk of severe vitamin D deficiency (≤12 ng/mL), per 100 g higher maternal birthweight

Unadjusted 0.89 [0.82, 0.96] 0.004

Minimum Model* 0.82 [0.74, 0.92] 0.001

Maximum Model* 0.76 [0.65, 0.88] 0.001

*
Minimum Model: Adjusted for race, age, parity, and month of blood draw

Maximum Model: Also adjusted for infant sex, maternal height, BMI, smoking, marital status, and family income
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Table 3

Association between maternal birthweight categories and early pregnancy vitamin D

3a. Risk of vitamin D deficiency (≤20 ng/mL), relative to normal birthweight (2500 to 3999 g)

Normal Weight (Odds Ratio [95%
CI])

Low Birthweight (Odds Ratio [95%
CI])

Macrosomia (Odds Ratio [95%
CI])

Unadjusted 1.00 [Reference] 2.73 [1.37, 5.41] 1.15 [0.50, 2.65]

Minimum Model* 1.00 [Reference] 2.84 [1.30, 6.18] 1.19 [0.53, 2.70]

Maximum Model* 1.00 [Reference] 3.69 [1.63, 8.34] 1.07 [0.46, 2.52]

3b. Risk of severe vitamin D deficiency (≤12 ng/mL), relative to normal birthweight (2500 to 3999 g)‡

Unadjusted 1.00 [Reference] 2.11 [0.45, 9.81] --

Minimum Model* 1.00 [Reference] 6.46 [1.01, 41.27] --

Maximum Model* 1.00 [Reference] 15.3 [2.44, 95.98] --

*
Minimum Model: Adjusted for race, age, parity, and month of blood draw;

Maximum Model: Also adjusted for infant sex, maternal height, BMI, smoking, marital status, and family income

‡
Estimates for risk of severe deficiency unstable due to small cell counts: 3 LBW mothers and 0 macrosomic mothers with severe deficiency.
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Table 4

Potential modification of vitamin D deficiency risk associated with birthweight, by BMI

4a. Risk of Vitamin D Deficiency (≤20 ng/mL) per 100 g higher maternal birthweight, by pre- pregnancy BMI

Pre-pregnancy BMI <25 (OR [95% CI]) (n
= 483)

Pre-pregnancy BMI ≥25 (OR [95% CI]) (n
= 192)

P-value for interaction

Unadjusted 0.952 [0.896, 1.01] 0.962 [0.892, 1.04] 0.828

Minimum Model* 0.960 [0.908, 1.02] 0.970 [0.887, 1.06] 0.850

Maximum Model* 0.946 [0.893, 1.00] 0.948 [0.863, 1.04] 0.964

4b. Risk of Vitamin D Deficiency (≤20 ng/mL) per 100 g higher maternal birthweight, by BMI change from age 18 to pre-pregnancy

BMI gain <2 kg/m2 (OR [95% CI]) (n = 324) BMI gain ≥2 kg/m2 (OR [95% CI]) (n = 342) P-value for interaction

Unadjusted 0.939 [0.829, 1.06] 0.960 [0.912, 1.01] 0.738

Minimum Model* 0.941 [0.884, 1.00] 0.990 [0.919, 1.07] 0.311

Maximum Model* 0.958 [0.856, 1.07] 0.948 [0.895, 1.00] 0.879

*
Minimum Model: Adjusted for race, age, parity, and month of blood draw

Maximum Model: Also adjusted for infant sex, maternal height, BMI, smoking, marital status, and family income
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Table 5

Potential modification of vitamin D deficiency risk associated with low birthweight relative to normal
birthweight mothers, by BMI

5a. Risk of vitamin D deficiency (≤ 20 ng/mL), by pre-pregnancy BMI

Pre-pregnancy BMI <25 (OR [95% CI])
(n = 483)

Pre-pregnancy BMI ≥25 (OR [95% CI]) (n
= 192)

P-value for interaction

Unadjusted 3.67 [1.59, 8.50] 1.47 [0.443, 4.87] 0.219

Minimum Model* 3.35 [1.37, 8.18] 2.04 [0.510, 8.13] 0.551

Maximum Model* 3.87 [1.49, 10.1] 2.84 [0.719, 11.2] 0.708

5b. Risk of vitamin D deficiency (≤20 ng/mL), by BMI change from age 18 to pre-pregnancy

BMI gain <2 kg/m2 (OR [95% CI]) (n =
324)

BMI gain ≥2 kg/m2 (OR [95% CI]) (n = 342) P-value for interaction

Unadjusted 3.79 [1.41, 10.2] 2.05 [0.775, 5.44] 0.387

Minimum Model* 4.54 [1.74, 11.8] 1.74 [0.487, 6.21] 0.240

Maximum Model* 4.26 [1.48, 12.2] 2.51 [0.716, 8.78] 0.525

*
Minimum Model: Adjusted for race, age, parity, and month of blood draw;

Maximum Model: Also adjusted for infant sex, maternal height, BMI, smoking, marital status, and family income
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