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Abstract

Objective—To examine the relation between maternal vitamin D status and risk of pre-eclampsia 

and preterm birth in women at high risk for pre-eclampsia.

Design—Analysis of prospectively collected data and blood samples from a trial of prenatal low-

dose aspirin.

Setting—Thirteen sites across the USA.

Population—Women at high risk for pre-eclampsia.

Methods—We measured 25-hydroxyvitamin D [25(OH)D] concentrations in stored maternal 

serum samples drawn at 12–26 weeks’ gestation (n = 822). We used mixed effects models to 
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examine the association between 25(OH)D and risk of pre-eclampsia and preterm birth, 

controlling for confounders including prepregnancy BMI and race.

Main outcome measures—Pre-eclampsia and preterm birth.

Results—Twelve percent of women were vitamin D deficient [25 (OH)D <30 nmol/l]. Women 

with 25(OH)D <30 versus ≥75 nmol/l had a 2.4-fold (95% CI 1.0–5.6) higher risk of early-onset 

pre-eclampsia (<35 weeks’ gestation) after confounder adjustment. Women with 25(OH)D <50 

nmol/l had a 1.8-fold (95% CI 1.0–3.2) increased risk of preterm birth at <35 weeks compared 

with women who had 25(OH)D ≥75 nmol/l, which was driven by indicated preterm births at <35 

weeks’ gestation [25 (OH)D <50 versus ≥75 nmol/l adjusted RR 2.5 (95% CI 1.1–5.8)]. There was 

no association between vitamin D status and pre-eclampsia or preterm birth at <37 weeks.

Conclusion—Maternal vitamin D status in the second trimester was inversely associated with 

risk of early-onset pre-eclampsia and preterm birth at <35 weeks in women at high risk for pre-

eclampsia.

Tweetable abstract

Vitamin D is inversely related to risk of pre-eclampsia and preterm birth at <35 weeks in high-risk 

pregnancies.
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Introduction

Hypertensive disorders develop in 5–10% of pregnancies,1 with pre-eclampsia typically 

occurring in 2–8% of pregnancies worldwide. Pre-eclampsia is among the leading causes of 

morbidity in offspring2 and poses immediate and long-term health risks in the mother.3 

Preterm birth, the largest single obstetrical contributor to neonatal deaths in the USA,4 

occurred in 10% of live births in the USA in 2014.5 The US rate of preterm birth remains 

higher than that in high-income countries overall6 and there are few interventions proven to 

prevent preterm births.7

Vitamin D deficiency has emerged as a public health concern in recent decades8 and has 

been linked to many adverse pregnancy outcomes.9 Maternal vitamin D status has been 

associated with both preterm birth and pre-eclampsia in general obstetric populations, albeit 

with some mixed results.10-12 A recent Cochrane review of prenatal vitamin D 

supplementation found that vitamin D compared with no intervention or placebo reduced the 

risk of preterm birth [risk ratio (RR) 0.36; 95% CI 0.14–0.93] and suggested a lower risk of 

pre-eclampsia (RR 0.52; 95% CI 0.25–1.05).13 Although maternal vitamin D is becoming 

promising as an intervention, most studies of vitamin D and adverse pregnancy outcomes are 

in a general obstetric population. It is not known whether vitamin D may have benefits 

among women with high-risk pregnancies, where pre-existing conditions could overwhelm 

any effects of vitamin D. Data on maternal vitamin D status and these outcomes in 

pregnancies at high risk for adverse outcomes is sparse, studies are small, and participants 
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are relatively homogeneous,14-16 limiting both the ability to draw conclusions across racial/

ethnic groups and latitude, and to examine subgroups of pre-eclampsia and preterm birth. 

Thus, we conducted a secondary analysis in a multi-site trial across the USA in women who 

were at high risk of pre-eclampsia. Our aim was to examine the relation between maternal 

vitamin D status and risk of pre-eclampsia and preterm birth in these high-risk pregnancies.

Methods

The High-Risk Aspirin Study (1991–95) was a randomised, double-blind, placebo-

controlled trial to determine whether aspirin therapy reduces the risk of pre-eclampsia in 

women at high risk for the disease (n = 2539).17 The study was carried out at 13 medical 

centres in the USA by the Maternal Fetal Medicine Units (MFMU) network (https://

mfmu.bsc.gwu.edu/). Women were eligible if they met one of four high-risk criteria: pre-

gestational insulin-treated diabetes mellitus, chronic hypertension, multifetal gestation or 

pre-eclampsia in a previous pregnancy. Detailed eligibility criteria within each risk group 

and exclusion criteria have been described.17 Women were enroled at 13–26 weeks’ 

gestation, randomly assigned to receive daily 60 mg of aspirin or a placebo tablet, and 

tracked to the end of the pregnancy. At the screening visit and subsequent visits, researchers 

measured urinary protein (by dipstick) and blood pressure; further details have been 

published.17 Following delivery, medical records were abstracted to collect detailed data on 

delivery events.

Women who enroled in the trial were invited to participate in an ancillary study designed to 

document aspirin compliance.18 Women were asked to provide a non-fasting blood sample 

at baseline and twice later in pregnancy. Serum samples were stored at −70°C. The ancillary 

study began after the main trial, and approximately 52% of women with singleton gestations 

in the trial provided blood that was banked and could be retrieved (n = 951).

For the present study, we included women in the ancillary study with serum obtained at ≤26 

weeks’ gestation (i.e. baseline) and excluded multifetal gestations to provide a more 

homogeneous study population (n = 839). We excluded women with a pregnancy outcome at 

<20 weeks’ gestation (because they were not at risk of outcomes evaluated; n = 9) or 

missing BMI (n = 8), leaving a final analytic sample of 822 women. Outcomes investigated 

were hypertensive disorders of pregnancy [pre-eclampsia, early-onset pre-eclampsia (at <35 

weeks’ gestation), chronic hypertension with superimposed pre-eclampsia, and gestational 

hypertension] and preterm birth (overall, indicated, and spontaneous preterm at <37 and <35 

weeks’ gestation; Table S1).

Pre-eclampsia was defined using diagnostic criteria established by the MFMU Network 

(Table 1 and Table S1).17 Three physicians independently reviewed records and agreed 

unanimously to diagnoses. Gestational hypertension was defined by the MFMU Network as 

onset of hypertension during pregnancy for women who were normotensive before 

pregnancy. Pre-eclampsia and gestational hypertension closely align with American 

Congress of Obstetricians and Gynecologists (ACOG) categories 1 and 4, respectively, for 

hypertensive disorders of pregnancy.19 For the present study, we defined ‘early-onset’ as 

pre-eclampsia at <35 weeks (there were too few cases to define ‘early-onset pre-eclampsia’ 
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at <34 weeks’ gestation). We classified chronic hypertension with superimposed pre-

eclampsia to correspond to ACOG category 3.19

Gestational age was determined in the main trial by integrating clinical and laboratory 

information (last menstrual period, hormonal tests, and ultrasound).17 We defined preterm 

birth as live birth at 24 to <37 weeks’ gestation (Table S1). We then classified <35 weeks’ 

gestational as a cut-point for moderate preterm birth, as there were too few cases to evaluate 

preterm birth at earlier gestational cut-points.20 We defined spontaneous preterm birth as 

preterm delivery after spontaneous preterm labor or spontaneous pre-labour rupture of 

membranes. Indicated preterm births were all preterm births that were not spontaneous.

We shipped serum samples (one per woman) to the laboratory of Dr Michael Holick for 

assay of total 25-hydroxyvitamin D [25(OH)D] [25(OH)D2 + 25(OH)D3]. This DEQAS 

(Vitamin D External Quality Assessment Scheme)-proficient laboratory uses liquid-

chromatography-tandem mass spectrometry 25(OH)D assay based on National Institute of 

Standards and Technology standards.21 The assay had a coefficient of variation of 6.0%. In 

the effort to find meaningful concentrations for 25(OH)D related to pregnancy outcomes,
22,23 we used multiple cut-points of 30, 50, and 75 nmol/l (which correspond to 12, 20, and 

30 ng/ml, respectively). These cut-points correspond to the Institute of Medicine definitions 

of risk of deficiency (at <30 nmol/l) and risk of inadequacy (30 to <50 nmol/l) in relation to 

bone health,24 and the Endocrine Society definitions of deficiency (<50 nmol/l) and 

insufficiency (50 to <75 nmol/l).23

Inflammation is associated with pre-eclampsia,25 preterm birth,26 and vitamin D status.27 

We measured C-reactive protein (CRP) as a marker of inflammation because it is an acute-

phase protein for which concentrations rise in response to inflammation. High-sensitivity 

CRP was measured in a laboratory at the Magee Womens Research Institute using a Bio-Rad 

protein enzyme immunoassay with a coefficient of variation of less than 10%.

In the parent trial, baseline interviewers collected self-reported prepregnancy weight, 

predominant race/ethnicity, parity, marital status, smoking habits, age, and years of 

schooling; height was measured at the first visit. Prepregnancy body mass index was 

calculated as weight (kg) divided by height (m) squared. Month of blood draw, gestational 

age at blood draw, and infant sex data were also available.

Statistical analysis

We used mixed-effects Poisson regression models to estimate adjusted risk ratios and their 

95% confidence intervals for the association between 25(OH)D and the risk of each 

outcome. The models were specified with 25(OH)D and covariates as fixed-effects and study 

site as a random effect (to account for women clustered by study site). Denominators for 

each outcome were based on pregnancies at risk of the outcome at the start of each 

gestational period. We tested for interactions in the relation between 25 (OH)D and 

outcomes by infant sex; however, as no interaction was observed; interaction testing was not 

presented in the results. We used theory-based causal models (diagrams that help to identify 

multiple confounders)28 to identify the following potential confounders: prepregnancy BMI, 

race/ethnicity, smoking, parity, age, education, marital status, season at blood draw, 
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gestational age at blood draw, inflammation (CRP), treatment group (aspirin versus 

placebo), and baseline risk group. Our goal was to develop a parsimonious model, so we 

built a full model and retained a variable as a confounder if its removal from the full model 

changed the main effect risk ratio by >10%. Parity (primiparous versus multiparous), marital 

status (married versus not married), and season of blood draw (winter/spring versus summer/

fall) met this criterion. We retained prepregnancy BMI (continuous), maternal race/ethnicity 

(Black versus non-Black), treatment group (aspirin versus placebo), and baseline risk group 

(prepregnancy diabetes, chronic hypertension, previous pre-eclampsia) out of convention. 

For outcomes with a small number of cases with a 25(OH)D concentration of <30 nmol/l, 

we used <50 nmol/l as the lower category. In sensitivity analyses, we reran models 

restricting to live births. We also replicated the pre-eclampsia and early-onset pre-eclampsia 

analyses after removal of women with chronic hypertension in an attempt to mirror more 

closely the current ACOG classification. We used STATA 13.1 (College Station, TX, USA) 

for all analyses.

Results

The majority of mothers were non-Hispanic black, parous, 20–29 years old, not married, 

non-smokers, and high school graduates at enrolment (Table 2). A quarter of women were 

severely obese. Mean (SD) gestational age at enrolment and blood draw was 19.5 (3.9) 

weeks (range 12.0–26.9 weeks); CRP was 10.6 (11.9) μg/ml. Males comprised 52% of 

offspring.

Maternal serum 25(OH)D <30, 30–49.9, 50–74.9, and ≥75 nmol/l was prevalent in 12, 25, 

31, and 32% of women, respectively, with a mean (SD) of 64 (30) nmol/l (range 6–184). 

Vitamin D status differed by race/ethnicity and the season of blood draw, with non-Hispanic 

Black women and women with blood draws in the winter and spring having the lowest 

concentrations (Table 2). Women who were parous at the start of the index pregnancy, 

unmarried or obese were more likely to have 25(OH) D < 50 nmol/l than were their 

counterparts. Serum 25 (OH)D varied by latitude because of the varying racial composition 

of the study sites.

Vitamin D status varied by risk group. Women with previous pre-eclampsia had lower 

25(OH)D concentrations at baseline [mean (SD): 59 (30) nmol/l, n = 293] compared with 

women with chronic hypertension [64 (29) nmol/l, n = 338] or prepregnancy diabetes [72 

(29) nmol/l, n = 191]; and those with chronic hypertension had lower concentrations than 

those with prepregnancy diabetes (all P < 0.05).

Pre-eclampsia developed in 24% of pregnancies and early-onset pre-eclampsia (at <35 

weeks) occurred in 7% (Table 3). After adjusting for prepregnancy BMI, race, parity, marital 

status, season of blood draw, treatment group (aspirin versus placebo), baseline risk group, 

and study site, the risk of early-onset pre-eclampsia among women with 25(OH)D <30 

nmol/l was 2.4 times higher than among women with 25(OH)D ≥75 nmol/l (Table 3). After 

dropping stillbirths (n = 20) in sensitivity analysis, results were similar but the 95% 

confidence interval included the null [adjusted risk ratio (aRR) 2.2, 95% CI 0.9–5.5]. 
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Excluding women with chronic hypertension from the analysis (n = 338) led to the same 

conclusion, though precision was greatly compromised (aRR 4.65, 95% CI 1.03–20.9).

Preterm birth at <37 weeks and <35 weeks occurred in 27 and 11% of all pregnancies at 

risk, respectively (Table 4). After confounder adjustment, women with 25 (OH)D <50 nmol/l 

had a 1.8-fold increased risk of preterm birth at <35 weeks compared with women with 

25(OH) D ≥75 nmol/l. Risk was 2.1 times higher (95% CI 1.0–4.4) for a value of <30 nmol/l 

than ≥75 nmol/l. For medically indicated preterm birth at <35 weeks, women with 25(OH) D 

<30 nmol/l versus ≥75 nmol/l had a 2.5-fold increased risk (Table 4). Results were 

essentially identical after dropping stillbirths. Other results by outcome are presented in 

Tables 3 and 4, and Supporting Information Table S2.

The top medical reasons for induction at <35 weeks (n = 41) were hypertension (n = 9; 

22.0%) and pre-eclampsia/gestational hypertension (n = 8; 19.5%); top indications at <37 

weeks were pre-eclampsia/gestational hypertension (n = 29; 23.6%), hypertension (n = 26; 

21.1%), and diabetes (n = 9; 7.3%). Overall, 39% (n = 35) of preterm births at <35 weeks 

and 61% (n = 25) of indicated preterm births at <35 weeks were mothers who also had 

diagnosed onset of pre-eclampsia at <35 weeks’ gestation.

Discussion

Main findings

In this geographically and racially diverse population of US pregnant women, second-

trimester maternal vitamin D status was inversely associated with risk of early-onset pre-

eclampsia (at <35 weeks’ gestation) in women at high risk for pre-eclampsia. Further, 

vitamin D status was associated with risk of preterm birth at <35 weeks’ gestation—an 

association driven by indicated deliveries, many of which were medically necessary due to 

hypertensive disorders. With relatively few cases for each of these outcomes, we report these 

findings cautiously.

Strengths and limitations

We used the current best method for assessment of vitamin D status in a laboratory 

internationally certified to do so. Serum had been stored for approximately 20 years but we 

and others have shown that 25(OH)D is not likely to degrade with long-term storage.29,30 

We were limited by only having one measurement of vitamin D status per woman, at 

approximately 20 weeks’ gestation. It is unknown what timepoint is best for assessing 

vitamin D status in pregnancy to investigate the relation with these outcomes, and earlier 

timepoints (including preconception) should be tested based on the presumed early origins 

of pre-eclampsia31 and previous vitamin D research.32

This study was both racially and geographically diverse. However, the sample size for 

outcomes at <35 weeks was relatively small and some associations were imprecise. For this 

reason, we did not make statistical adjustments for multiple testing in spite of assessing 

several outcomes. With observational studies there is always the potential for unmeasured 

confounding, and in this study we did not have information on diet, vitamin and mineral 

supplement intake, sun exposure or skin pigmentation. With the potential to impact both 
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vitamin D status and risk of pre-eclampsia or preterm, these factors should be measured in 

future studies. Intake of calcium, unmeasured here, could confound the vitamin D and pre-

eclampsia relation, although one previous study suggests it might not.33 Calcium may be 

important in studying preterm birth. The 2016 Cochrane meta-analysis found a lower risk of 

preterm birth from vitamin D supplementation alone but a higher risk when women were 

supplemented with vitamin D and calcium together.13

Interpretation

Our finding of an association between maternal 25(OH)D concentration and early-onset pre-

eclampsia, but not pre-eclampsia overall, was not necessarily surprising. There is compelling 

evidence that supports an effect of maternal vitamin D status on risk of overall pre-eclampsia 

in general obstetric populations;13,34-36 however, studies in high-risk pregnancies have not 

found a link.14,15 In an observational study of women at high risk for pre-eclampsia in 

Canada, 221 women had 25(OH)D measured at 10–20 weeks’ gestation and were followed 

across pregnancy.14 This study found no relation between the mother’s vitamin D status and 

risk of pre-eclampsia, or any other adverse pregnancy outcomes; however, there were only 

28 cases of pre-eclampsia. A randomised controlled trial of 60 high-risk women in Iran 

found no difference in risk of pre-eclampsia between women receiving bi-weekly doses of 

50 000 IU and those receiving placebo, but only four women developed pre-eclampsia.15 

Our current study with a larger sample size (196 cases of pre-eclampsia) also found no 

relation between vitamin D and overall pre-eclampsia.

We could not find any studies of high-risk pregnancies that examined subgroups of 

hypertensive disorders. Most studies in general obstetric populations that divided pre-

eclampsia into groups by severity or timing of onset found an association between maternal 

vitamin D status and severe or early-onset pre-eclampsia.11,37-40 It is interesting that our 

findings were similar, as in our study pre-eclampsia developed in 24% of pregnancies, 

compared with 2–6% in other studies.

For preterm birth, there is limited but growing evidence of a relation with maternal vitamin 

D status in general obstetrics populations.10,13,41 There is inadequate data on high-risk 

pregnancies—we identified only two comparable studies. Similar to our study, Shand et al.14 

found no association between 25(OH)D measured at 10–20 weeks’ gestation and preterm 

birth at <37 weeks, but preterm subgroups were not examined. In a nested case-control study 

of women considered high-risk due to a previous preterm birth, no association was observed 

between midgestation maternal 25(OH)D concentration and preterm birth at <37 or <32 

weeks.16 Although our finding of an association between vitamin D status and preterm birth 

at <35 weeks appears to be the result of pre-eclampsia-indicated delivery, subgroups of 

preterm birth should be still be given attention in future vitamin D studies.

There are plausible mechanisms that could underlie the effect of vitamin D on hypertensive 

disorders of pregnancy. Calcitriol, the biologically active metabolite of vitamin D, may 

impact maternal blood pressure by stimulating the production of estradiol in the 

syncytiotrophoblast42 or through local actions in vascular smooth muscle cells where 

vitamin D receptors are present.43 Pre-eclampsia is arguably a syndrome rather than a single 

disease and the heterogeneous symptoms across different pregnancies, including lack of 
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hypertension among some women with HELLP syndrome, make it difficult to understand 

the aetiology.31 Research suggests early-onset pre-eclampsia is caused by poor implantation, 

spiral artery remodelling, and placental development. Angiogenic and anti-angiogenic 

factors produced by the placenta are released into maternal circulation, and these factors 

appear to be the most likely candidates for maternal vascular damage leading to early-onset 

pre-eclampsia. Calcitriol impacts gene transcription of a wide range of proteins, including 

vascular endothelial growth factor (VEGF), one of the most prominent angiogenic factors.
44,45

Conclusion

Thus far, very few randomised vitamin D supplementation trials have assessed pre-

eclampsia and preterm birth, and although the data are suggestive of an effect, causal 

evidence is limited. We aimed to investigate whether vitamin D status would be associated 

with these adverse outcomes among women with high-risk pregnancies, where pre-existing 

conditions could overwhelm any effects of vitamin D. Our results support a connection 

between maternal vitamin D status and pre-eclampsia and preterm birth at <35 weeks. These 

early outcomes are particularly concerning because health risks to the mother and baby are 

higher compared with the same outcomes occurring later in pregnancy.46 The current study 

supports the need for vitamin D research in high-risk pregnancies. Vitamin D 

supplementation is a safe, practical, public health measure that could be adopted if proven 

effective. With the enormous burden of poor maternal and child health outcomes resulting 

from preterm birth and pre-eclampsia, vitamin D should be given continued attention in the 

search for preventative factors.
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