
3/11/2019 Vitamin D supplementation in pregnancy and lactation to promote infant growth

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6004541/?report=printable 1/31

N Engl J Med. 2018 Aug 9 : 10.1056/NEJMoa1800927.
Published online 2018 Aug 9.
doi: 10.1056/NEJMoa1800927: 10.1056/NEJMoa1800927

PMCID: PMC6004541
PMID: 30089075

Vitamin D supplementation in pregnancy and
lactation to promote infant growth
Daniel E. Roth, M.D., Ph.D., Shaun K. Morris, M.D., Ph.D., Stanley Zlotkin, M.D., Ph.D.,
Alison D. Gernand, Ph.D., Tahmeed Ahmed, MBBS, Ph.D., Shaila Sharmeen Shanta,
MBBS, Eszter Papp, Ph.D., Jill Korsiak, M.Sc., Joy Shi, M.Sc., M. Munirul Islam, MBBS,
Ph.D., Ishrat Jahan, MBBS, MPH, Farhana Khanam Keya, MBBS, Andrew R. Willan,
Ph.D., Rosanna Weksberg, M.D., Minhazul Mohsin, MBBS, Qazi Sadeq-ur Rahman,
M.Sc., Prakesh S. Shah, M.D., Kellie E. Murphy, M.D., Jennifer Stimec, M.D.,
Lisa G. Pell, Ph.D., Huma Qamar, B.Sc., and Abdullah Al Mahmud, MSS, MMSc.

Daniel E. Roth, Department of Pediatrics, University of Toronto and Centre for Global
Child Health, The Hospital for Sick Children, Toronto, Canada ;
Contributor Information.

Address reprint requests to Dr. Roth at The Hospital for Sick Children, 686 Bay Street,
Toronto, ON, Canada, or at daniel.roth@sickkids.ca

Copyright © 2018 Massachusetts Medical Society.

This Author Final Manuscript is licensed for use under the CC BY license.

Abstract

BACKGROUND

Causes of early infant growth restriction remain incompletely understood. Where
vitamin D deficiency is common, vitamin D supplementation during pregnancy
and lactation may improve fetal-infant growth and other birth outcomes.

METHODS
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We conducted a randomized, double-blind, placebo-controlled trial of maternal
vitamin D supplementation from 17-24 weeks gestation until birth or 6 months
postpartum. Participants were randomly allocated to five vitamin D and/or
placebo supplementation groups: (A) 0 IU/week, (B) 4200 IU/week, (C) 16800
IU/week, or (D) 28000 IU/week in pregnancy, all with 0 IU/week postpartum; or,
(E) 28000 IU/week in prenatal and postpartum periods. The primary outcome was
length-for-age z-score at one year of age according to World Health Organization
child growth standards.

RESULTS

Among 1164 infants assessed at one year of age (90% of 1300 pregnancies), there
were no differences across groups in length-for-age z-scores (mean ±standard
deviation): A: -0.93 ±1.05, B: -1.11 ±1.12, C: -0.97 ±0.97, D: -1.06 ±1.07, E:
-0.94 ±1.00 (p=0.23). Groups were similar with respect to other anthropometric
measures, birth outcomes, and morbidity. Vitamin D had dose- dependent effects
on maternal and infant serum 25-hydroxyvitamin D and calcium, maternal urinary
calcium excretion, and maternal parathyroid hormone concentrations. No clinical
adverse events were attributed to the vitamin D intervention.

CONCLUSIONS

In a population with widespread prenatal vitamin D deficiency and fetal/infant
growth restriction, maternal vitamin D supplementation from mid-pregnancy until
birth or 6 months postpartum does not influence fetal or infant growth, and has no
beneficial or harmful effects on numerous other birth and infant outcomes.

BACKGROUND
Environmental and dietary regulation of fetal and infant growth remains
inadequately understood. Observational studies have demonstrated associations of
early-life exposures with later anthropometric outcomes , but there is limited
evidence of effects of prenatal nutritional interventions on childhood linear
growth . Small-for-gestational age (SGA) and postnatal linear growth faltering
continue to be major public health problems in low- and middle-income
countries .

Vitamin D may influence fetal and postnatal growth through effects on calcium
absorption , parathyroid hormone (PTH) expression , phosphate metabolism ,
growth plate function , and possible regulation of the insulin-like growth factor
axis . Meta-analyses of observational studies  and clinical trials  have
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suggested a possible beneficial effect of vitamin D on fetal growth, but most
previous trials had important methodological limitations . In a previous small
trial in Bangladesh, we found that early postnatal linear growth was accelerated in
infants born to vitamin D-supplemented mothers .

In Bangladesh, 30% of newborns are SGA  and 36% of children under 5-years of
age are stunted (height-for-age z-score <-2) . Vitamin D deficiency is common
in Bangladeshi women of reproductive age . In this Maternal Vitamin D for
Infant Growth (MDIG) trial, we aimed to evaluate the dose-dependent effects of
prenatal vitamin D supplementation, with and without postpartum
supplementation, on infant growth and other maternal, newborn and infant
outcomes in Dhaka, Bangladesh.

METHODS

Trial Design and Oversight

MDIG was a randomized, double-blind (participants and study personnel),
placebo-controlled, dose-ranging parallel five-arm trial of maternal vitamin D
supplementation . The protocol and statistical analysis plan are available at
NEJM.org. The study was overseen by a trial steering committee and an
independent data and safety monitoring board. The protocol was approved by
research ethics committees at The Hospital for Sick Children (Toronto, Canada;
REB1000039072) and icddr,b (PR-13055). All authors contributed to finalizing
the manuscript and attest to the completeness and accuracy of analyses and
adherence to the protocol. The trial funder had no role in trial design, data
collection, analysis, or interpretation of the results.

Participants

Generally healthy women between 17 and 24 weeks of gestation were enrolled
after providing written informed consent between March 2014 and September
2015 at the Maternal and Child Health Training Institute (MCHTI), a public
hospital in Dhaka, Bangladesh. Inclusion and exclusion criteria are shown in
Table S1 in the Supplementary Appendix.

Interventions

Participants were randomly allocated at enrolment to one of five groups: 0
IU/week vitamin D from enrolment until delivery and 0 IU/week from 1 to 26
weeks postpartum (0;0 or ‘placebo’ group); 4200 IU/week prenatal and 0 IU/week
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postpartum (4200;0); 16800 IU/week prenatal and 0 IU/week postpartum
(16800;0); 28000 IU/ prenatal and 0 IU/week postpartum (28000;0); or, 28000
IU/week prenatal and postpartum (28000;28000). A computer-generated simple
randomization scheme was created independently by the trial statistician
(A.R.W.). The master list linking unique participant identifiers to supplementation
groups was held by the supplement manufacturer and not accessed by any study
personnel until final unmasking. Allocation concealment was ensured by using
pre-labeled sequentially-numbered and otherwise identical supplement vials
assigned to participants according to the allocation sequence. Oral vitamin D3 and
placebo tablets were manufactured by Toronto Institute for Pharmaceutical
Technology (Toronto, Canada). Vitamin D content of each batch of tablets was
verified in product testing . Tablets of varying doses were identical in
appearance and taste. Tablets were routinely administered under direct
observation by study personnel; however, up to 4 consecutive doses could be
unobserved when participants were unavailable for scheduled visits. Missed doses
were administered up to 7 days late. Calcium (500 mg/day), iron (66 mg/day), and
folic acid (350 μg/day) were provided to all participants throughout the
intervention phase . A mid-trial audit of self-reported calcium and iron-folic acid
adherence revealed that >85% participants reported >85% adherence. If a
participant reported non-study vitamin D or calcium supplement use for >1 week,
study supplements were suspended until non-study supplement use was
discontinued. Supplementation was discontinued in participants with confirmed
hypercalcemia (see definition below), fetal or infant death, or a new condition or
medication that could alter vitamin D metabolism.

Assessments

Study personnel contacted participants at weekly intervals from enrolment until
26 weeks postpartum, then every three months. Visits were conducted in the home
or clinic, and included standardized questionnaires, point-of-care tests,
anthropometry, and specimen collection (Table S2 in the Supplementary
Appendix). Socioeconomic and household characteristics were collected at
baseline. Weekly prenatal questionnaires included healthcare encounters and a
clinical symptom checklist. Postnatal follow-ups included history of the infant’s
health and feeding practices, and a basic physical exam of the infant. Maternal
blood pressure was routinely measured at enrolment, 24 and 30 weeks gestation,
and weekly from 36 weeks gestation to delivery. Study personnel tracked
pregnancy outcomes, study physician encounters, hospitalizations and deaths.
They attended all facility-based deliveries and home births when feasible.
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Participants were encouraged to seek medical attention from study physicians or
to notify study personnel of any concerns. Free medical care was provided
throughout the trial. Pregnancies were completed from June 2014 to February
2016; one-year postnatal visits were conducted from June 2015 to March 2017.

Infant crown-to-heel length (to the last completed 0.1 cm), head circumference
(HC), upper arm length (UAL), mid-upper arm circumference (MUAC), and
rump-to-knee length (RKL) – all to the last completed 0.1 cm – and weight (to the
nearest 5 g up to 10 kg, and nearest 10 g for >10 kg) were measured according to
standardized procedures by trained personnel, as previously described  and
adapted from Intergrowth-21st protocols . Length, weight, HC, UAL, and RKL
were measured at birth. Length, weight, and HC were measured at a randomly
timed visit during the first 2 months, and then at 3, 6, 9 and 12 months of age.
MUAC, UAL, and RKL were measured at 3, 6, and 12 months. Each parameter
was measured independently by two study personnel; paired measurements were
compared and repeated if the difference exceeded 7 mm for length, 5 mm for HC,
UAL, MUAC, or RKL, and 50 g for weight. Means of the final pair of values
were used in analysis. Missing, outlying or implausible values were identified and
interrogated (Method 1 in the Supplementary Appendix) . There was high inter-
rater reliability and few measurements were dropped due to implausibility or
temporal inconsistencies (Table S3 in the Supplementary Appendix). Length,
weight, weight-for-length (WFL), body mass index (BMI), HC, and MUAC were
expressed as sex- and age- (or gestational age-) standardized z-scores using
Intergrowth-21st standards for newborn size , postnatal growth standards for
preterm infants to 64 weeks post-menstrual age  (weight, length, HC only), or
World Health Organization (WHO) child growth standards .

Serum calcium (sCa) and urinary calcium:creatinine ratio (uCa:Cr) were
measured by routine methods at icddr,b (Dhaka, Bangladesh). Serum 25-
hydroxyvitamin D (25(OH)D) and intact parathyroid hormone (iPTH)
measurements were performed by the Analytical Facility for Bioactive Molecules,
The Hospital for Sick Children (Toronto, Canada)(Method 2 in the Supplementary
Appendix). Biochemical screening for rickets was scheduled at 6 months of age
(Method 3 in the Supplementary Appendix). Radiological confirmation of rickets
was based on interpretations of wrist and/or knee radiographs by a pediatric
radiologist (J.S.) blinded to clinical or laboratory data. Classification of infant
neurological disabilities and congenital anomalies, and clustering of study
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physician-assigned diagnostic codes for clinical encounters and hospitalizations,
were done by investigators (D.E.R., S.Z., S.K.M., R.W.), post-hoc but masked to
treatment allocation.

Outcomes

The primary outcome was length-for-age z-score (LAZ) at one year (364–420
days) of age. Secondary anthropometric outcomes included weight-for-age z-
score, WFL z-score, BMI-for-age z-score, HC-for-age z-score, MUAC-for-age z-
score, UAL, and RKL (Table S4 in Supplementary Appendix). Stunting was
defined as LAZ<-2. For measurements within 48 hours of birth, SGA was weight-
for-age<10th percentile (using Intergrowth-21st newborn standards ) and low
birth weight (LBW) was <2500 g. Preterm birth was gestational age (GA) at birth
<37 weeks based on last menstrual period and 2nd trimester ultrasound (Table S1
in the Supplementary Appendix). Vitamin D status was based on serum
25(OH)D ; deficiency was defined as 25(OH)D<30 nmol/L . The C3-epimer
fraction was included in sensitivity analyses (Method 2 in the Supplementary
Appendix). The primary safety measure was maternal total sCa measured at
baseline, 30 weeks of gestation, delivery, 3-months and 6-months postpartum, or
when hospitalized due to illness if feasible. Possible hypercalcemia was any
sCa>2.60 mmol/L and confirmed hypercalcemia (primary safety outcome) was
defined when sCa>2.60 mmol/L on a repeat specimen or a single sCa>2.80
mmol/L. Secondary safety indicators included infant sCa at 3 and 6 months of age
and maternal urinary Ca:Cr at delivery. Maternal possible hypercalciuria was a
single uCa:Cr>1 mmol/mmol. Participants with uCa:Cr>1 on two consecutive
specimens (confirmed hypercalciuria) and/or symptoms of renal colic underwent
abdominal ultrasound for uro- or nephrolithiasis. Infant uCa:Cr was measured at 6
months of age. Secondary clinical outcomes included gestational hypertension,
delivery characteristics, stillbirth, congenital anomalies, rickets, clinical
encounters, hospitalization and death (Table S4 in the Supplementary Appendix).

Statistical Analysis

The primary analysis was a complete-case intention-to-treat analysis. Analysis of
variance (ANOVA) was performed to compare LAZ at one year of age across all
groups. To estimate the effect of prenatal vitamin D (IU/week), five pairwise
comparisons were conducted using t-tests: 4200;0 versus placebo, 16800;0 versus
placebo, 16800;0 versus 4200;0, 28000;0 versus placebo, and 28000;0 versus
16800;0. Statistical significance was tested at an overall alpha=0.05 (two-sided),
applying the Holm test for multiple comparisons . Sample size determination
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conservatively assumed that if each between-group comparison had a two-sided
alpha=0.01 and 90% power, 220 analyzable participants per group would enable
detection of a between-group difference in LAZ of at least 0.40 . To
accommodate 15% attrition, we aimed to enroll 260 pregnant women in each arm.

The effect of postpartum vitamin D on LAZ at one year of age was assessed by
the pairwise comparison of 28000;28000 versus 28000;0 (two-sided alpha=0.05)
using a t-test. Secondary outcomes were compared across groups using ANOVA
for continuous normally-distributed variables and Kruskal-Wallis tests for skewed
distributions; Chi-square and Fischer’s exact tests were used for categorical
variables. Zero-inflated negative binomial models were used to compare
incidence rates of clinical encounters, hospitalizations, and other adverse events.
Where a global test was significant at p<0.05, post-hoc pairwise comparisons
were performed, applying the Holm test for multiplicity . We conducted
sensitivity and stratified analyses of the primary outcome, including multiple
imputation by chain equations to account for missing length at one year of age
(Method 4 in the Supplementary Appendix). Infant LAZ trajectories (and other
anthropometric parameters) were estimated using restricted cubic regression
spline models (Method 5 in the Supplementary Appendix). Per-protocol analyses
were restricted to participants who consumed at least 90% of scheduled
supplement doses and had no episodes of reported consumption of non-study
vitamin D or calcium (Method 6 in the Supplementary Appendix). All analyses
were performed using Stata version 13 (StataCorp, College Station, TX).

RESULTS

Trial Population

1,300 pregnant women were enrolled and randomized (Figure 1). Baseline
characteristics including vitamin D status were similar across groups (Table 1;
Table S5 and S6 in the Supplementary Appendix). Overall, 64% of women were
vitamin D deficient. Groups did not differ by breast-feeding patterns or reported
infant supplement use (Tables S7 and S8 in the Supplementary Appendix).
Participants in primary analyses had higher average asset indices than those
excluded but were otherwise similar (Table S9 in the Supplementary Appendix).
Across all groups, ≥90% of scheduled doses were received by >90% of women in
the prenatal period and >80% of women in postpartum periods (Table S10 in the
Supplementary Appendix).

Infant Growth Outcomes
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Infant follow-up at 1 year of age was completed for 90% of pregnancies and 94%
of infants alive at 1 year (Figure 1). Overall, mean LAZ at 1 year was -1.00 (SD
1.04) and the prevalence of stunting was 16%. Prenatal or postpartum maternal
vitamin D supplementation did not increase or decrease infant length or other
anthropometric outcomes by one year of age ( ; Figures S1-S5 and Tables
S11 and S12 in the Supplementary Appendix). The lack of effect of prenatal
vitamin D on length was evident from birth ( ) and was supported by
sensitivity and stratified analyses (Tables S13-S22 in the Supplementary
Appendix). Results of the multiple imputation analysis agreed closely with the
complete case analysis (Table S18 in the Supplementary Appendix); therefore, the
complete case analysis is shown in .

Biochemical effects of supplementation

Vitamin D had dose-dependent effects on maternal, cord blood and infant
25(OH)D ( ; Figure 2; Tables S23 and S24 in the Supplementary Appendix)
and maternal iPTH at delivery; the 28000;28000 group continued to have
significantly lower iPTH at 6-months postpartum versus other groups (Figure 2;
Table S25 in the Supplementary Appendix).

Safety outcomes

Episodes of confirmed hypercalcemia (all asymptomatic) occurred in 0 women in
the prenatal period, 8 women (0.7%) postpartum (5 in the 28000;28000 group),
and 6 infants (0.7%); however, the frequencies of maternal postpartum or infant
confirmed or possible hypercalcemia did not differ significantly across groups
(Table S25 in the Supplementary Appendix). Prenatal vitamin D supplementation
modestly elevated maternal and fetal/infant mean sCa; differences were most
pronounced for the 16800;0, 28000;0, and 28000;28000 versus 0;0 comparisons
up to 3-months postpartum (Table S25, S26 in the Supplementary Appendix). At
6-months postpartum, groups were similar with respect to both maternal and
infant sCa (Table S25 in the Supplementary Appendix), but the 28000;28000
group had higher maternal sCa versus 0;0 or 28000;0 in post-hoc comparisons
(Table S26 in the Supplementary Appendix). Maternal uCa:Cr at delivery varied
significantly across groups (lowest median value in the 0;0 group) and the risk of
maternal possible hypercalciuria at delivery increased in a dose-dependent
manner; however, only the 28000;28000 group differed significantly from 0;0 in
pairwise comparisons after correcting for multiple testing (Table S25 in the
Supplementary Appendix). There were two asymptomatic cases of maternal
confirmed hypercalciuria, one each in the 0;0 and 28000;0 groups (Table S25 in

Table 2
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the Supplementary Appendix), but no women with urinary tract stones (Table S27
in the Supplementary Appendix). None of the women with confirmed
hypercalcemia or confirmed hypercalciuria experienced serious adverse events
(hospitalizations or deaths). Two of the six infants with confirmed hypercalcemia
had neonatal hospitalizations for acute illnesses, but these events were temporally
and clinically unrelated to the later findings of asymptomatic hypercalcemia.
There was one infant with confirmed hypercalciuria (4200;0 group) and no
differences across groups in infant uCa:Cr at 6 months of age (Table S25 in the
Supplementary Appendix).

Secondary Clinical Outcomes

Delivery characteristics, duration of gestation, preterm birth, SGA, and LBW
were similar across groups (  and Table S28 in the Supplementary
Appendix). There was no consistent evidence of beneficial or harmful effects of
any vitamin D dose on maternal or infant morbidity (Tables S27, S29-S31 in the
Supplementary Appendix), gestational hypertension (Tables S27 in the
Supplementary Appendix) or maternal self-reported or caregiver-reported infant
symptoms (Tables S32 and S33 in the Supplementary Appendix). Stillbirth (Table
S28 in the Supplementary Appendix) and infant death rates (Table S27 in the
Supplementary Appendix) did not differ significantly across groups. Of four
infants with radiologically-confirmed rickets, three were in 0;0 and one was in the
4200;0 group (Table S27 in the Supplementary Appendix).

DISCUSSION
In a setting of widespread vitamin D deficiency and fetal-infant growth
restriction, vitamin D supplementation from mid-pregnancy to delivery or 6-
months postpartum is safe but does not influence offspring growth patterns, and
has no discernible effects on numerous pregnancy or infant clinical outcomes.

These findings do not support the hypothesis that prenatal vitamin D status in the
2nd half of pregnancy is a determinant of newborn size, contrary to the
conclusions of prior meta-analyses of observational studies  and mostly small
trials , but consistent with higher-quality trials in settings with lower prevalence
of vitamin D deficiency or fetal growth restriction . Our earlier trial in
Bangladesh  and a study in the United Kingdom  found that prenatal vitamin D
increased infant linear growth. However, they were small studies (n<135) with
postnatal growth as a post-hoc outcome, and the between-group differences may
have been due to chance. The present findings are broadly consistent with a meta-

Table 3

12
13

26-29
14 30





3/11/2019 Vitamin D supplementation in pregnancy and lactation to promote infant growth

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6004541/?report=printable 10/31

analysis of six trials of prenatal daily multiple micronutrient supplements (200 to
400 IU vitamin D) in low- and middle-income countries, which showed no effect
on height at 2-8.5 years of age .

There was no clear evidence of other health benefits of improved vitamin D status
in the latter half of pregnancy or early infancy. In particular, purported effects of
vitamin D on preterm birth  were not substantiated, consistent with a recent
meta-analysis . Published prenatal vitamin D trials in high-income countries
have been limited by the inclusion of few (if any) women with vitamin D
deficiency and the lack of a placebo (no vitamin D) group . MDIG had
several advantages: most participants were vitamin D deficient at enrolment; true
placebo control group; excellent adherence; robust dose-response effect on
vitamin D status across a wide dose range up to the tolerable upper intake level
(4000 IU/day); rigorous anthropometric and clinical data collection; and, high
retention rates.

The surprising lack of any demonstrable adverse effects of maternal vitamin D
deficiency on infant outcomes underscored the uncertainties about vitamin D
requirements in pregnancy and lactation. The dose equivalent to the Institute of
Medicine recommended dietary allowance  (4200 IU/week) was sufficient for
eliminating maternal vitamin D deficiency (25(OH)D<30 nmol/L) without
elevating 25(OH)D above a conservative long-term risk threshold (125 nmol/L) .
However, 16800 IU/week prevented maternal vitamin D deficiency at the <50
nmol/L cut-off, maximally suppressed maternal iPTH, and prevented cord
25(OH)D<30 nmol/L. Maternal postpartum supplementation (28000 IU/week)
maintained infant 25(OH)D above 30 nmol/L up to 6 months of age, despite
variability in feeding patterns. The occurrence of four cases of rickets in the
placebo and 4200;0 groups was consistent with a plausible effect of 16800
IU/week or higher prenatally in the prevention of early rickets, but the incidence
of x- ray-confirmed rickets was too low to be conclusive. Ongoing analyses of
infant acute respiratory infections  and other proposed follow-up studies of the
MDIG cohort may provide additional insights into longer-term effects of maternal
vitamin D supplementation on child health (e.g., asthma , bone mass ).

Although active clinical surveillance in the MDIG cohort did not reveal effects of
vitamin D on maternal health measures including gestational hypertension, earlier
initiation of supplementation and a larger sample size may be required to assess
effects on hypertensive disorders of pregnancy or gestational diabetes. Some
effects of vitamin D may have been masked by concomitant supplementation with
calcium or other untreated nutrient deficiencies. Also, linear growth faltering was
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milder in participants than in national surveys  suggesting that participants had
relatively better baseline health and access to care. For example, participants had
high rates of facility deliveries (85%, versus 37% nationally) and C-sections
(51%, which is typical of local health facilities but more than double the national
average) . Consistent with WHO recommendations , MDIG trial findings do
not support routine vitamin D supplementation in pregnancy or lactation to
improve birth outcomes or infant growth, even in communities with endemic
vitamin D deficiency and fetal-infant growth restriction.
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Detailed screening refers to the complete eligibility assessment supervised by a

study physician.
Prenatal; postpartum vitamin D dose.
Participants not formally lost to follow-up but for whom data at the 1-year visit

were not obtained.

Contributor Information
Daniel E. Roth, Department of Pediatrics, University of Toronto and Centre for
Global Child Health, The Hospital for Sick Children, Toronto, Canada .

Shaun K. Morris, Department of Pediatrics, University of Toronto and Centre for
Global Child Health, The Hospital for Sick Children, Toronto, Canada .

Stanley Zlotkin, Department of Pediatrics, University of Toronto and Centre for
Global Child Health, The Hospital for Sick Children, Toronto, Canada .

Alison D. Gernand, Department of Nutritional Sciences, Penn State University,
University Park, Pennsylvania .

Tahmeed Ahmed, Nutrition and Clinical Services Division, icddr,b, Dhaka,
Bangladesh.

Shaila Sharmeen Shanta, Nutrition and Clinical Services Division, icddr,b, Dhaka,
Bangladesh.

a

b

c
d



https://dx.doi.org/10.1056/NEJMoa1800927
https://clinicaltrials.gov/ct2/show/NCT01924013


3/11/2019 Vitamin D supplementation in pregnancy and lactation to promote infant growth

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6004541/?report=printable 13/31

Eszter Papp, Department of Pediatrics, University of Toronto and Centre for
Global Child Health, The Hospital for Sick Children, Toronto, Canada.

Jill Korsiak, Department of Pediatrics, University of Toronto and Centre for
Global Child Health, The Hospital for Sick Children, Toronto, Canada.

Joy Shi, Department of Pediatrics, University of Toronto and Centre for Global
Child Health, The Hospital for Sick Children, Toronto, Canada.

M. Munirul Islam, Nutrition and Clinical Services Division, icddr,b, Dhaka,
Bangladesh .

Ishrat Jahan, Maternal and Child Health Training Institute, Dhaka, Bangladesh .

Farhana Khanam Keya, Nutrition and Clinical Services Division, icddr,b, Dhaka,
Bangladesh.

Andrew R. Willan, Ontario Child Health Support Unit at the Hospital for Sick
Children Research Institute and Dalla Lana School of Public Health, University of
Toronto, Toronto, Canada.

Rosanna Weksberg, Department of Pediatrics, University of Toronto and Centre
for Global Child Health, The Hospital for Sick Children, Toronto, Canada.

Minhazul Mohsin, Nutrition and Clinical Services Division, icddr,b, Dhaka,
Bangladesh.

Qazi Sadeq-ur Rahman, Nutrition and Clinical Services Division, icddr,b, Dhaka,
Bangladesh.

Prakesh S. Shah, Department of Pediatrics, Mt. Sinai Hospital, Toronto, Canada .

Kellie E. Murphy, Department of Obstetrics and Gynecology, Sinai Hospital,
Toronto, Canada .

Jennifer Stimec, Department of Pediatrics, University of Toronto and Centre for
Global Child Health, The Hospital for Sick Children, Toronto, Canada.

Lisa G. Pell, Department of Pediatrics, University of Toronto and Centre for
Global Child Health, The Hospital for Sick Children, Toronto, Canada.

Huma Qamar, Department of Pediatrics, University of Toronto and Centre for
Global Child Health, The Hospital for Sick Children, Toronto, Canada.

Abdullah Al Mahmud, Nutrition and Clinical Services Division, icddr,b, Dhaka,
Bangladesh.





3/11/2019 Vitamin D supplementation in pregnancy and lactation to promote infant growth

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6004541/?report=printable 14/31

References
1. Danaei G, Andrews KG, Sudfeld CR, Fink G, McCoy DC, Peet E, et al. Risk
Factors for Childhood Stunting in 137 Developing Countries: A Comparative
Risk Assessment Analysis at Global, Regional, and Country Levels. PLoS Med
2016; 13: e1002164. [PMCID: PMC5089547] [PubMed: 27802277]

2. Woo Baidal JA, Locks LM, Cheng ER, Blake-Lamb TL, Perkins ME, Taveras
EM. Risk Factors for Childhood Obesity in the First 1,000 Days: A Systematic
Review. Am J Prev Med 2016; 50: 761-79. [PubMed: 26916261]

3. Devakumar D, Fall CH, Sachdev HS, Margetts BM, Osmond C, Wells JC, et al.
Maternal antenatal multiple micronutrient supplementation for long-term health
benefits in children: a systematic review and meta-analysis. BMC medicine 2016;
14: 90. [PMCID: PMC4910255] [PubMed: 27306908]

4. Lee AC, Kozuki N, Cousens S, Stevens GA, Blencowe H, Silveira MF, et al.
Estimates of burden and consequences of infants born small for gestational age in
low and middle income countries with INTERGROWTH-21st standard: analysis
of CHERG datasets. BMJ 2017; 358: j3677. [PMCID: PMC5592775] [PubMed:
28893769]

5. Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, de Onis M, et al.
Maternal and child undernutrition and overweight in low-income and middle-
income countries. Lancet 2013; 382: 427-51. [PubMed: 23746772]

6. Christakos S. Mechanism of action of 1,25-dihydroxyvitamin D3 on intestinal
calcium absorption. Rev Endocr Metab Disord 2012; 13: 39-44. [PubMed:
21861106]

7. Kumar R, Thompson JR. The regulation of parathyroid hormone secretion and
synthesis. J Am Soc Nephrol 2011; 22: 216-24. [PMCID: PMC5546216]
[PubMed: 21164021]

8. Lederer E. Regulation of serum phosphate. J Physiol 2014; 592: 3985-95.
[PMCID: PMC4198009] [PubMed: 24973411]

9. Eisman JA, Bouillon R. Vitamin D: direct effects of vitamin D metabolites on
bone: lessons from genetically modified mice. Bonekey Rep 2014; 3: 499.
[PMCID: PMC3944130] [PubMed: 24605216]

10. St-Arnaud R, Naja RP. Vitamin D metabolism, cartilage and bone fracture
repair. Mol Cell Endocrinol 2011; 347: 48-54. [PubMed: 21664253]





3/11/2019 Vitamin D supplementation in pregnancy and lactation to promote infant growth

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6004541/?report=printable 15/31

11. Ciresi A, Giordano C. Vitamin D across growth hormone (GH) disorders:
From GH deficiency to GH excess. Growth Horm IGF Res 2017; 33: 35-42.
[PubMed: 28372721]

12. Aghajafari F, Nagulesapillai T, Ronksley PE, Tough SC, O'Beirne M, Rabi
DM. Association between maternal serum 25-hydroxyvitamin D level and
pregnancy and neonatal outcomes: systematic review and meta-analysis of
observational studies. BMJ 2013; 346. [PubMed: 23533188]

13. Roth DE, Leung M, Mesfin E, Qamar H, Watterworth J, Papp E. Vitamin D
supplementation during pregnancy: state of the evidence from a systematic review
of randomised trials. BMJ 2017; 359: j5237. [PMCID: PMC5706533] [PubMed:
29187358]

14. Roth DE, Perumal N, Al Mahmud A, Baqui AH. Maternal vitamin D3
supplementation during the third trimester of pregnancy: effects on infant growth
in a longitudinal follow-up study in Bangladesh. J Pediatr 2013; 163: 1605-11 e3.
[PubMed: 23998516]

15. Research NIoP, Training - NIPORT/Bangladesh, Mitra, Associates, ICF
International. Bangladesh Demographic and Health Survey 2014. Dhaka,
Bangladesh: NIPORT, Mitra and Associates, and ICF International, 2016.

16. icddr,b, UNICEF, Bangladesh GAIN, Institute of Public Health and Nutrition.
National Micronutrients Status Survey 2011-12. Dhaka, Bangladesh: icddr,b and
UNICEF, Bangladesh, 2013.

17. Roth DE, Gernand AD, Morris SK, Pezzack B, Islam MM, Dimitris MC, et al.
Maternal vitamin D supplementation during pregnancy and lactation to promote
infant growth in Dhaka, Bangladesh (MDIG trial): study protocol for a
randomized controlled trial. Trials 2015; 16: 300. [PMCID: PMC4499946]
[PubMed: 26169781]

18. Cheikh Ismail L, Knight HE, Bhutta Z, Chumlea WC, International F,
Newborn Growth Consortium for the 21st C. Anthropometric protocols for the
construction of new international fetal and newborn growth standards: the
INTERGROWTH-21st Project. BJOG 2013; 120 Suppl 2: 42-7, v.
[PMCID: PMC4084514] [PubMed: 23841804]

19. Shi J, Korsiak J, Roth DE. New approach for the identification of implausible
values and outliers in longitudinal childhood anthropometric data. Annals of
Epidemiology 2018; 28: 204-11.e3. [PMCID: PMC5840491] [PubMed:
29398298]





3/11/2019 Vitamin D supplementation in pregnancy and lactation to promote infant growth

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6004541/?report=printable 16/31

20. Villar J, Cheikh Ismail L, Victora CG, Ohuma EO, Bertino E, Altman DG, et
al. International standards for newborn weight, length, and head circumference by
gestational age and sex: the Newborn Cross-Sectional Study of the
INTERGROWTH-21st Project. Lancet 2014; 384: 857-68. [PubMed: 25209487]

21. Villar J, Giuliani F, Bhutta ZA, Bertino E, Ohuma EO, Ismail LC, et al.
Postnatal growth standards for preterm infants: the Preterm Postnatal Follow-up
Study of the INTERGROWTH-21(st) Project. Lancet Glob Health 2015; 3: e681-
91. [PubMed: 26475015]

22. World Health Organization Child Growth Standards. Available from:
http://www.who.int/childgrowth/en/.

23. Seamans KM, Cashman KD. Existing and potentially novel functional
markers of vitamin D status: a systematic review. Am J Clin Nutr 2009; 89:
1997S-2008. [PubMed: 19403634]

24. Ross AC, Taylor CL, Yaktine AL, Del Valle HB. Committee to Review
Dietary Reference Intakes for Vitamin D and Calcium, Institute of Medicine.
Dietary Reference Intakes for Calcium and Vitamin D. Washington, DC: The
National Academies Press; 2010.

25. Gordon AY, Salzman P. Optimality of the Holm procedure among general
step-down multiple testing procedures. Statistics & Probability Letters 2008; 78:
1878-84. [PMCID: PMC2583789] [PubMed: 19759804]

26. Cooper C, Harvey NC, Bishop NJ, Kennedy S, Papageorghiou AT,
Schoenmakers I, et al. Maternal gestational vitamin D supplementation and
offspring bone health (MAVIDOS): a multicentre, double-blind, randomised
placebo-controlled trial. The lancet Diabetes & endocrinology 2016; 4: 393-402.
[PMCID: PMC4843969] [PubMed: 26944421]

27. Litonjua AA, Carey VJ, Laranjo N, Harshfield BJ, McElrath TF, O'Connor
GT, et al. Effect of Prenatal Supplementation With Vitamin D on Asthma or
Recurrent Wheezing in Offspring by Age 3 Years: The VDAART Randomized
Clinical Trial. JAMA 2016; 315: 362- 70. [PubMed: 26813209]

28. Hollis BW, Johnson D, Hulsey TC, Ebeling M, Wagner CL. Vitamin D
supplementation during pregnancy: Double blind, randomized clinical trial of
safety and effectiveness. J Bone Miner Res 2011; 26: 2341-57.
[PMCID: PMC3183324] [PubMed: 21706518]





3/11/2019 Vitamin D supplementation in pregnancy and lactation to promote infant growth

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6004541/?report=printable 17/31

29. Grant CC, Stewart AW, Scragg R, Milne T, Rowden J, Ekeroma A, et al.
Vitamin D during pregnancy and infancy and infant serum 25-hydroxyvitamin D
concentration. Pediatrics 2014; 133: e143-53. [PubMed: 24344104]

30. Brooke OG, Butters F, Wood C. Intrauterine vitamin D nutrition and postnatal
growth in Asian infants. Br Med J (Clin Res Ed) 1981; 283: 1024.
[PMCID: PMC1507263] [PubMed: 6794748]

31. Wagner CL, Hollis BW, Kotsa K, Fakhoury H, Karras SN. Vitamin D
administration during pregnancy as prevention for pregnancy, neonatal and
postnatal complications. Reviews in Endocrine and Metabolic Disorders 2017; 18:
307-22. [PubMed: 28214921]

32. Chawes BL, Bønnelykke K, Stokholm J, et al. Effect of vitamin d3
supplementation during pregnancy on risk of persistent wheeze in the offspring: A
randomized clinical trial. JAMA 2016; 315: 353-61. [PubMed: 26813208]

33. Morris SK, Pell LG, Rahman MZ, Dimitris MC, Mahmud A, Islam MM, et al.
Maternal vitamin D supplementation during pregnancy and lactation to prevent
acute respiratory infections in infancy in Dhaka, Bangladesh (MDARI trial):
protocol for a prospective cohort study nested within a randomized controlled
trial. BMC Pregnancy Childbirth 2016; 16: 309. [PMCID: PMC5064894]
[PubMed: 27737646]

34. World Health Organization. WHO recommendations on antenatal care for a
positive pregnancy experience. Geneva: World Health Organization; 2016. p. 152
pages.

Figures and Tables





3/11/2019 Vitamin D supplementation in pregnancy and lactation to promote infant growth

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6004541/?report=printable 18/31

Figure 1: Trial flow diagram

Open in a separate window
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Table 1

Maternal characteristics at enrolment, by supplementation group

Open in a separate window

Participants found to be ineligible after randomization were excluded from analyses
(one in each of the 0;0 and 16800;0 groups).
N  = 257, N  =259, N  = 254, N  = 257, N  = 256

Prenatal; Postpartum Vitamin D Dose
(IU/Week)

0; 0 4200; 0 16800;
0

28000;
0

28000;
28000

Participants, N 259 260 259 260 260

Age, median (min, max) 23 (18,
38)

22.5
(18, 40)

22 (18,
35)

22 (18,
38)

23 (18,
38)

Gestational age (weeks), median
(min, max)

20.4
(17, 24)

20.1
(17, 24)

20.3
(17,
24)

20.4
(17, 24)

20.1
(17, 24)

Married, n (%) 255
(99.2)

259
(100)

254
(100)

257
(100)

256
(100)

Secondary schooling complete
or higher, n (%)

52
(20.1)

70
(26.9)

51
(19.7)

58
(22.3)

55
(21.2)

Occupation outside the home, n
(%)

17 (6.6) 19 (7.3) 15
(5.9)

16 (6.2) 14 (5.5)

Asset index, median (min,
max)

-0.1
(-4.5,
4.1)

-0.2
(-3.2,
3.6)

0.0
(-4.5,
3.8)

-0.2
(-3.5,
4.9)

0.2
(-3.7,
4.5)

Gravidity , median (min, max) 2 (1, 9) 2 (1, 6) 2 (1, 6) 2 (1, 7) 2 (1, 6)

Parity, median (min, max) 2 (0, 6) 2 (0, 5) 2 (0, 5) 2 (0, 5) 2 (0, 4)

Height (cm), mean ± SD 151.2 ±
5.4

150.9 ±
5.0

150.7 ±
5.5

150.2 ±
5.4

151.8 ±
5.5

Weight (kg), mean ± SD 54.5 ±
10.3

53.2 ±
10.1

53.8 ±
9.9

53.3 ±
9.1

55.2 ±
10.6

a a

b

b

c

d

a

b
0; 0 4200; 0 16800; 0 28000; 0 28000; 28000



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6004541/table/tbl1/?report=objectonly


3/11/2019 Vitamin D supplementation in pregnancy and lactation to promote infant growth

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6004541/?report=printable 21/31

N  = 257, N  = 258, N  = 253, N  = 256, N  = 256.
Higher scores indicate greater household asset ownership relative to other participants.
See Method 7 in the Supplementary Appendix for a description of the construction and
interpretation of the asset index.
Number of pregnancies, including the current pregnancy.
N  = 253, N  = 258, N  = 258, N  = 258, N  = 256.

Vitamin D deficiency defined as 25(OH)D <30 nmol/L.

c
0; 0 4200; 0 16800; 0 28000; 0 28000; 28000

d

e
0; 0 4200; 0 16800; 0 28000; 0 28000; 28000
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Table 2

Anthropometric outcomes of infants at 1 year of age, by
supplementation group

Open in a separate window

P-values for multiple group comparisons are from ANOVA or Kruskal-Wallis tests for
continuous variables, and Chi-square tests for categorical variables.

Prenatal; Postpartum Vitamin D Dose
(IU/Week)

0; 0 4200;
0

16800;
0

28000;
0

28000;
28000

p

Age at measurement (days),
median (min, max)

364
(364,
419)

365
(364,
415)

365
(364,
418)

365
(364,
419)

365
(364,
416)

0.70

Length

N 229 237 237 230 231 -

Length (cm), mean ± SD 72.62
± 2.76

72.31
± 2.84

72.56
± 2.54

72.39
± 2.80

72.67
± 2.53

0.53

Length-for-age z-score, mean
± SD

-0.93 ±
1.05

-1.11 ±
1.12

-0.97 ±
0.97

-1.06 ±
1.07

-0.94 ±
1.00

0.23

Stunted , n (%) 36
(15.7)

46
(19.4)

36
(15.2)

39
(17.0)

31
(13.4)

0.49

Other Anthropometric Indices

Weight-for-age z-score, mean
± SD

-0.81 ±
1.12

-1.00 ±
1.14

-0.86 ±
1.09

-0.96 ±
1.09

-0.89 ±
1.04

0.34

Weight-for-length z-score,
mean ± SDc

-0.47 ±
1.07

-0.60 ±
1.03

-0.52 ±
1.08

-0.58 ±
1.01

-0.59 ±
1.01

0.62

Body mass index-for-age z-
score, mean ± SDc

-0.36 ±
1.05

-0.48 ±
1.00

-0.40 ±
1.07

-0.46 ±
0.99

-0.48 ±
1.00

0.66

Head circumference-for-age
z-score, mean ± SD

-1.11 ±
0.99

-1.25 ±
0.96

-1.21 ±
1.05

-1.22 ±
0.92

-1.22 ±
0.89

0.61

Mid-upper arm -0.14 ± -0.27 ± -0.21 ± -0.29 ± -0.23 ± 0.42

a

b

c

d

a
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Length-for-age z-score <-2.
N0; 0 = 228, N 4200; 0 = 236, N 16800; 0 = 237, N 28000; 0 =229, N 28000; 28000 =

231
N0; 0 = 225, N 4200; 0 = 235, N 16800; 0 = 234, N 28000; 0 =229, N 28000; 28000 =

231
Same sample size as length-for-age z-score.
Weight-for-length z-score <-2.

b

c

d

e

f
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Table 3

Delivery characteristics and pregnancy outcomes, by supplementation
group
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Open in a separate window

Except for maternal serum 25(OH)D concentration at/near delivery, all characteristics
and outcomes presented are among live births only.
P-values from ANOVA or Kruskal-Wallis tests for continuous variables, and Chi-

square or Fischer’s tests for categorical variables.
Two infants (in group 0; 0 and 16800; 0) were born at a location other than a

hospital/clinic or home; all other deliveries were home births.

Prenatal; Postpartum Vitamin D Dose
(IU/Week)

0; 0 4200;
0

16800;
0

28000;
0

28000;
28000

p

Characteristic/Outcome N =
259

N =
260

N =
259

N =
260

N =
260

Live birth, n (%) 247
(95.4)

254
(97.7)

252
(97.3)

252
(96.9)

249
(95.8)

0.53

Gestational age at birth
(weeks), median (min, max)

39.1
(32,
43)

39.1
(34,
42)

39.0
(26,
43)

39.1
(29,
43)

39.1
(30,
42)

0.62

     Preterm (<37 weeks), n
(%)

24
(9.7)

21
(8.3)

31
(12.3)

26
(10.3)

22
(8.8)

0.60

Caesarean section, n (%) 121
(49.0)

143
(56.3)

131
(52.0)

127
(50.4)

132
(53.0)

0.54

Facility (hospital or clinic)
delivery , n (%)

211
(85.4)

216
(85.0)

216
(85.7)

212
(84.1)

207
(83.1)

0.93

Female infant, n (%) 129
(52.2)

117
(46.1)

132
(52.4)

124
(49.2)

121
(48.6)

0.58

Maternal serum 25(OH)D
concentration at/near delivery
(nmol/L), mean ± SD

25.4
±
21.0

69.0
±
19.4

99.7 ±
23.7

110.0
± 27.6

112.2
± 28.8

<0.001

Newborn anthropometryf,
mean ± SD

     Birth weight (kg) 2.72
±
0 36

2.70
±
0 39

2.72 ±
0.35

2.67 ±
0.34

2.76 ±
0.35

0.25

b

a

c

d

e

g

a

b

c
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N0; 0 = 125, N4200; 0 = 119, N16800; 0 = 127, N28000; 0 = 113, N28000; 28000 =
124. Median (IQR) gestational age (days) at timing of measurements was 275 (268-281)
days.
Post-hoc pairwise comparisons using t-tests showed significant pairwise differences

between all groups except both groups who received a prenatal dose of 28000 IU/week,
after adjusting for multiple comparisons using the Holm test.
Limited to measurements obtained within 48 hours of birth.
N0; 0 = 166, N4200; 0 = 171, N16800; 0 = 168, N28000; 0 =161, N28000; 28000 =

169
N0; 0 = 164, N4200; 0 = 169, N16800; 0 = 166, N28000; 0 = 160, N28000; 28000 =

165
N0; 0 = 167, N4200; 0 = 168, N16800; 0 = 169, N28000; 0 = 159, N28000; 28000 =
167
Weight <2500 g.
Weight-for-age z-score below the 10th percentile, based on the Intergrowth-21st

Neonatal Standards.

d

e

f

g

h

i

j

k
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Figure 2: Study design and CONSORT diagram

Open in a separate window

Maternal, venous cord, and infant 25-hydroxyvitamin D (25(OH)D) [nmol/L], and maternal
iPTH [pmol/L] concentrations, by vitamin D supplementation group. (A) Mean maternal
25(OH)D at baseline (n=1285), delivery (n=656; delivery specimens were collected within
-19 days to 11 days of delivery [median: 0 days]), 3 months postpartum (n=581), and 6
months postpartum (n=590). Bars denote 95% confidence intervals (CI); (B) Mean 25(OH)D
concentrations in venous cord (n=507), infants at 3 months (n=345), infants at 6 months
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(n=254), and infants at 12 months (n=182). Bars denote 95% CI; (C) Geometric means of
maternal iPTH concentrations [pmol/L] at baseline (n=608), delivery (n=551; delivery
specimens were collected within -19 days to 11 days of delivery [median: 0 days]), and 6
months postpartum (n=588). Bars denote 95% CI.
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