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Abstract

Objective—To estimate the association between maternal hydroxyvitamin D (25-

hydroxyvitamin D) concentrations and risk of preterm birth subtypes.

Methods—We performed a case-cohort study using data and banked samples from patients at a 

teaching hospital in Pittsburgh, Pennsylvania. Eligible participants were women with a prenatal 

aneuploidy screening serum sample at or before 20 weeks of gestation who subsequently delivered 

a singleton, live-born infant. Of the n=12,861 eligible women, we selected n=2327 at random as 

well as all remaining preterm birth cases for a total of n=1126 cases. Serum 25-hydroxyvitamin D 

was measured using liquid chromatography–tandem mass spectrometry. Multivariable log-

binomial regression models were used to estimate associations between maternal vitamin D status 

and preterm birth <37 weeks (separately by spontaneous or indicated) and preterm birth <34 

weeks.

Results—The incidence of preterm birth <37 weeks was 8.6% overall and 11.3%, 8.6%, and 

7.3% among mothers with serum 25-hydroxyvitamin D<50, 50–74.9, and ≥75nmol/L, respectively 

(p<0.01). After adjustment for maternal race and ethnicity, prepregnancy BMI, season, smoking, 

and other confounders, the risk of preterm birth <37 weeks significantly decreased as 25-

hydroxyvitamin D increased to approximately 90 nmol/L and then plateaued (test of nonlinearity 

p<0.01). Results were similar when limiting to cases that were medically indicated or occurred 

spontaneously and cases occurring at <34 weeks of gestation.

Conclusions—Our data support a protective association maternal vitamin D sufficiency and 

preterm birth that combined with extant epidemiologic data may provide justification for a 
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randomized clinical trial of maternal vitamin D replacement or supplementation to prevent 

preterm birth.

Introduction

Every year, 15 million infants worldwide are born preterm (1). Of these, 1.1 million die due 

to complications of being born too soon and even more suffer from serious prematurity- 

related complications including learning disabilities (1). In the United States, 1 in 9 infants 

is born preterm (2), but rates are higher among socially disadvantaged groups, older 

mothers, and racial and ethnic minorities (3). First-year medical costs required to care for a 

preterm infant in the United States are nearly $30,000 more than for a term infant (1). 

Prevention of preterm birth is a global priority (1). There is increasing conviction that 

preterm birth is not a singular disease, but a syndrome that has a multitude of potentially 

independent causes (4, 5). While much about the pathophysiology of preterm birth remains 

obscure, there is strong evidence that intrauterine infection is a frequent and important 

mechanism causing early delivery (6).

Vitamin D may be relevant for preterm birth prevention. 1,25-dihydroxyvitamin D is known 

to reduce bacterial infections by inducing cathelicidin in many tissues, including maternal 

and fetal cells of the placenta (7, 8). While laboratory studies have elegantly demonstrated 

links between maternal vitamin D status, as measured by 25-hydroxyvitamin D, and 

placental antibacterial responses (9–11), findings from the one randomized trial (12) and 

epidemiologic studies of vitamin D and preterm birth are equivocal (13–18). Our objective 

was to study the association between maternal 25-hydroxyvitamin D concentrations and risk 

of clinical subtypes of preterm birth in a large contemporary cohort of U.S. women.

Materials and Methods

The Epidemiology of Vitamin D Study (EVITA) is a case-cohort study designed to evaluate 

associations between maternal vitamin D status and adverse pregnancy outcomes. EVITA 

uses existing data and banked prenatal aneuploidy screening samples from deliveries at 

Magee-Womens Hospital of UPMC in Pittsburgh, Pennsylvania. The hospital houses the 

Center for Medical Genetics and Genomics, which provides integrated clinical and 

laboratory service for reproductive screening. Data for EVITA came from a detailed and 

validated electronic perinatal database at the hospital, described in detail previously (19, 20), 

which was merged with a database of all clinical genetics encounters and laboratory results 

performed by the Center for Medical Genetics and Genomics. Data are populated from 

various electronic sources (e.g., procedure coding) and medical chart abstractors. A data 

administrator reviews and cleans these data regularly.

We used existing maternal serum samples that the Center banked as part of the second-

trimester multiple marker (quad) screening test in 1999, 2000, 2001, 2003, 2009, and 2010 

(lack of adequate freezer space prevented storing samples in 2002 and 2004 – 2008). We 

also used samples stored from 2007 to 2010 for first-trimester aneuploidy screening. The 

Center began performing first-trimester aneuploidy screening in 2007. EVITA used de-

identified data and was approved by the University of Pittsburgh Institutional Review Board.
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We used a case-cohort study because (1) this design provides nearly equal statistical 

efficiency as a cohort study while reducing laboratory costs; (2) controls can be selected 

from the sub-cohort for multiple endpoints such as preterm birth and preeclampsia; and (3) 

information from the randomly selected sub-cohort can be used to estimate the prevalence 

vitamin D deficiency and other exposures in the original cohort (21).

There were 65,867 singleton live-born infants that delivered at Magee-Womens Hospital in 

the 8 years when genetics samples were stored (1999–2001, 2003, 2007–2010). Of these, 

12,861 received aneuploidy screening at the Center for Medical Genetics and Genomics at 

or before 20 weeks and were therefore eligible for EVITA (Figure 1). Based on a priori 

power calculations, we randomly sampled 2,327 of these deliveries to form a representative 

subcohort (n=204 were preterm birth cases). We then augmented the subcohort with all 

remaining cases of preterm birth in the eligible cohort (n=922) for a total of 1,126 cases. In 

the analysis, the 204 cases from the subcohort serve in both the subcohort and in the case 

group, resulting in 3453 total observations from 3249 unique records. Sampling weights 

were 1 for cases and 5.52 (1/sampling probability) for non-cases.

Gestational age at delivery was determined using customary derivation of best obstetric 

estimate based on a comparison of menstrual dating and ultrasound dating (22) derived from 

the perinatal database. We defined preterm birth as the delivery of a live-born infant at <37 

weeks of gestation (3). We also examined cases at <34 weeks. Spontaneous preterm births 

were preterm births occurring after preterm labor with intact membranes or preterm prelabor 

rupture of the fetal membranes, and remaining preterm deliveries were classified as 

indicated preterm births. Throughout the study period, policies at the hospital prevent 

inductions or cesarean deliveries before 37 weeks without a medical indication.

An unpublished validation study demonstrated excellent agreement between gestational age 

at delivery determined by the perinatal database compared with physician chart abstraction 

(r = 0.96, n=184). The database has 100% sensitivity for identifying preterm birth cases and 

96% specificity. Additionally, clinical presentation of preterm birth in the perinatal database 

was appropriately classified as following spontaneous preterm labor, preterm premature 

rupture of membranes or medical induction in 95% of cases (174/184).

Maternal serum samples were stored at ™20°C for 3 months and transferred to long-term 

storage at ™80°C. There were no recorded interim thaws. We sent samples to the laboratory 

of Dr. Michael Holick at Boston University (Boston, Massachusetts), which is Vitamin D 

External Quality Assessment Scheme–proficient (DEQAS, London, United Kingdom) and 

Clinical Laboratory Improvement Amendments–certified (Centers for Disease Control and 

Prevention, Atlanta, Georgia). Samples were assayed for total 25-hydroxyvitamin D 

(calculated as 25(OH)D2 + 25(OH)D3) by using liquid chromatography–tandem mass 

spectrometry according to the requirements of the National Institute of Standards and 

Technology (Gaithersburg, Maryland) (23). The intra- and inter-assay variation was 9.6% 

and 10.9%, respectively. There is no universally accepted definition of vitamin D 

deficiency, so we used multiple cut-points (<50, 50–74.9, and ≥75 nmol/L (24, 25)). We 

elected to group all women with 25-hydroxyvitamin D<50 nmol/L because only 6% of 

pregnancies had serum 25-hydroxyvitamin D<30 nmol/L.
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Maternal race and ethnicity, marital status, education, smoking status, and parity were 

ascertained from the electronic perinatal database based on self-report. Prepregnancy body 

mass index (weight (kg)/height (m)2) was defined using prepregnancy weight and height 

recalled at the first prenatal visit. The season of blood sampling classified as winter 

(December–February), spring (March–May), summer (June–August), or fall (September–

November) to avoid misclassification bias due to having only a single 25-hydroxyvitamin D 

measurement (26).

Of the 3453 observations in the analytic sample, 1241 were missing maternal height because 

height was not collected in the perinatal database before 2003. A total of 15 were missing 

prepregnancy weight, 396 were missing maternal education, 6 were missing smoking, and 1 

was missing parity (n=1633 with any missing data). We addressed the missing data using 

multiple imputation. Five imputed datasets that assumed a multivariable normal distribution 

with a Markov chain Monte Carlo approach were created (27, 28). Prepregnancy weight, 

height, parity, smoking, education, and weight at delivery were jointly imputed by including 

preterm birth, 25-hydroxyvitamin D, race and ethnicity, marital status, age, season, 

gestational age at blood sampling, year, and the sampling weight in the imputation model. 

We also performed sensitivity analyses using 25 imputations as well as only observations 

with complete data (n=1820).

Pearson’s chi-squared tests adjusted for the case-cohort design were used to test for 

independence in 25-hydroxyvitamin D categories across maternal characteristics. We tested 

for a trend in the weighted incidence of preterm birth across categories of 25-

hydroxyvitamin D. Multivariable log-binomial regression models were used to estimate risk 

ratios and 95% confidence intervals for the association between maternal 25-

hydroxyvitamin D and risk of preterm birth after adjusting for potential confounders defined 

a priori using theory-based causal diagrams (29) (maternal race and ethnicity, prepregnancy 

BMI, education, marital status, parity, smoking, delivery year, clinic or private prenatal care, 

season and gestational age of blood sampling, assay batch, and type of aneuploidy screening 

(first-trimester or multiple marker)). We did not adjust for medical comorbidities such as 

preeclampsia or fetal growth restriction because these variables may be on the causal 

pathway from vitamin D to preterm birth. To account for the case-cohort design (204 cases 

also in the subcohort), we used robust standard errors and sampling weights (21). Serum 25-

hydroxyvitamin D was modeled using categorical variables for ease of interpretation, but we 

also used restricted cubic spline terms with 4 knots in default locations (30) to capture non-

linear relations. We also tested for effect modification by race and ethnicity and 

prepregnancy BMI (31, 32).

Results

The 12,861 women with singleton live-born deliveries in the hospital who received prenatal 

aneuploidy screenings (the eligible cohort) were similar to the source population of 65,867 

singleton live-born deliveries with regard to maternal age, marital status, prepregnancy BMI, 

and smoking status (Appendix 1, available online at http://links.lww.com/xxx), but were 

slightly more likely to be college graduates (49.1% vs. 45.4%), non-Hispanic black (21.2% 
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vs. 18.8%), receiving care at the hospital outpatient resident clinic (23.1% vs. 16.0%), and to 

be nulliparous (51.8% vs. 55.2%).

The 2327 women randomly selected from the eligible cohort into the EVITA subcohort were 

predominantly non-Hispanic white, married, and non-smokers, and received care at a 

hospital-affiliated private practice (Table 1). Approximately half of the subcohort was 

multiparous and normal weight before pregnancy and had graduated from college. The 

subcohort was almost evenly divided among those who had received the multiple marker 

screening and those who received first-trimester screening. Compared with the subcohort, 

preterm birth cases were more likely to be younger, unmarried, non-Hispanic black, obese, 

and smokers. They also had fewer years of education and were more likely to have received 

prenatal care at the hospital outpatient resident clinic.

The prevalence of maternal serum 25-hydroxyvitamin D<50, 50–74.9, ≥75 nmol/L in the 

subcohort was 21.4%, 36.7%, and 41.9%, respectively. 25-hydroxyvitamin D was assayed in 

samples drawn at a median (IQR) of 15.9 (12.6–17.3) weeks of gestation. Women in the 

subcohort who were older, married, college-educated, non-Hispanic white, parous, non-

smokers, or lean were significantly more likely to have serum 25-hydroxyvitamin D≥75 

nmol/L compared with their counterparts (Table 2). Patients receiving care at a private 

practice or whose blood was collected in the summer or fall were also more likely to have 

higher serum 25-hydroxyvitamin D.

There was an 8.6% incidence of preterm birth <37 weeks and a 2.1% incidence of preterm 

birth <34 weeks (weighted sample). Approximately 55% of preterm births <37 weeks were 

spontaneous (621/1126). The incidence of preterm birth <37 weeks was 11.3%, 8.6%, and 

7.3% among mothers with serum 25-hydroxyvitamin D<50, 50–74.9, and ≥75 nmol/L, 

respectively (p<0.01; Table 3). The incidence of spontaneous and medically indicated 

preterm birth <37 weeks and preterm birth <34 weeks also declined significantly as 25-

hydroxyvitamin D improved.

After adjustment for maternal race and ethnicity, prepregnancy BMI, parity, education, 

marital status, age, smoking, season and gestational age of blood sampling, assay batch, and 

year of delivery, the risk of preterm birth <37 weeks was 1.8-fold (95% CI 1.3, 2.6) and 1.4-

fold (1.1, 1.8) higher for among mothers with serum 25-hydroxyvitamin D<50, and 50–74.9 

nmol/L compared with ≥75 nmol/L (Table 3). Additionally, the adjusted risk of spontaneous 

preterm birth <37 weeks, indicated preterm birth <37 weeks, or preterm birth <34 weeks 

among mothers with serum 25-hydroxyvitamin D<50 nmol/L were 1.8-fold to 2.1-fold 

greater than mothers with serum 25-hydroxyvitamin D≥75 nmol/L.

Spline regression revealed curvilinear associations between 25-hydroxyvitamin D and risk 

of preterm birth. After confounder adjustment, the risk of preterm birth <37 weeks 

significantly decreased as 25-hydroxyvitamin D rose to approximately 90 nmol/L and then 

plateaued (test of nonlinearity p<0.01; Figure 2). Similar non-linear risk curves were 

observed for spontaneous and medically indicated preterm birth (tests of nonlinearity 

p<0.01; data not shown) and for preterm birth <34 weeks (test of nonlinearity p<0.01; 

Figure 3).
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None of these results varied by race and ethnicity. Findings were similar when we imputed 

25 datasets rather than 5 (data not shown) and when we limited the analysis to those with 

complete data (Appendixes 2–4, available online at http://links.lww.com/xxx).

Discussion

We found that the confounder-adjusted risk of preterm birth was highest when serum 25- 

hydroxyvitamin D was less than 50 nmol/L, declined as 25-hydroxyvitamin D increased to 

approximately 90 nmol/L, and then plateaued. Findings were spontaneous or medically 

indicated preterm birth and preterm birth <34 weeks.

Our findings generally agree with our previous work in two multi-center U.S. samples of 

women in the general obstetric population. In a case-cohort study that included 767 cases of 

spontaneous preterm birth <35 weeks (15), maternal 25-hydroxyvitamin D<30 nmol/L at 20 

weeks were associated with 50% increase in confounder-adjusted risk compared with 25-

hydroxyvitamin D≥75 nmol/L among non-white mothers (n=556 cases), but vitamin D was 

not associated among white mothers (n=211 cases). In a study of twin pregnancies, the risks 

of preterm birth <35 and <32 significantly declined as serum 25-hydroxyvitamin D at 24–28 

weeks increased (33), and like the results in our present analysis, did not vary by race and 

ethnicity.

Our results disagree with two recent studies of mothers receiving prenatal aneuploidy 

screening that reported no association between vitamin D at 10–14 weeks (18) or 15–21 

weeks (17) and preterm birth. Similar null results were reported in women with prior 

preterm birth (14) and in a sample of HIV-infected Tanzanian mothers (13). A randomized 

trial of vitamin D supplementation recently showed no effect of 2000 or 4000 IU vitamin D3 

per day starting at 16 weeks versus placebo in reducing preterm birth risk (12). This trial 

was designed to assess safety and did not have the statistical power to test whether 

supplementation had a causal role in adverse birth outcomes.

A limitation of our work and the aforementioned studies is a lack of additional markers of 

vitamin D metabolism. Vitamin D binding protein concentrations affect the amount of 

bioavailable 25-hydroxyvitamin D (34, 35). Because the vast majority of 25-hydroxyvitamin 

D is bound to vitamin D binding protein (36), serum 25-hydroxyvitamin D alone may be an 

inadequate indicator vitamin D function, particularly in ethnically-diverse populations like 

ours, where the vitamin D binding protein affinity is highly variable (37).

Deepening our understanding of the causal role (if any) of vitamin D in preterm birth will 

require a recognition that preterm birth has a heterogeneous pathophysiology (38). Our 

previous epidemiologic study combining gestational age information with placental 

histology data (15) as well as laboratory data support a role for vitamin D in placental 

infection and inflammation (7, 9, 11). In the present paper, we attempted to disaggregate 

cases by distinguishing spontaneous from indicated preterm births as well as those occurring 

at <34 weeks, but found a similar association with vitamin D deficiency with all subtypes. 

Our perinatal database lacked detailed information on key phenotypic components of the 

preterm birth syndrome, such as placental pathologic conditions and some signs of 
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parturition initiation (38). We therefore could not to provide further insight into the causal 

pathways of preterm birth influenced by vitamin D. Future work is needed to fill this 

important knowledge gap.

Women who elect prenatal aneuploidy screening are different than women who chose not to 

be screened. We reduced the likelihood of selection bias by adjusting for measured variables 

that influence self-selection and by choosing the term births from the same population as the 

cases. Bias would result if vitamin D status affected self-selection (i.e., if vitamin D caused 

diabetes, and this led to the choice to be screened with the multiple marker test) but this 

seems like an unlikely. Moreover, we found only modest differences in our eligible 

subcohort with a screening sample compared with the full cohort (Appendix 1, http://

links.lww.com/xxx), which suggests these results may generalize well to eligible deliveries 

at our hospital and other tertiary care centers. We adjusted for many measured confounders 

in this analysis, but cannot rule out the potential for unmeasured confounding. However, we 

have shown previously that unmeasured confounding by social status, fish intake, and 

physical activity has little impact on vitamin D- preterm effect estimates (15).

Data from our large observational pregnancy cohort support a dose-response association 

between vitamin D and preterm birth. Our data, as well as several large extant 

epidemiological studies, provide a key element of justification for the conduct of a 

randomized clinical trial. We believe that before well-powered randomized trials are 

undertaken, more research is needed into whether the intervention should be given 

universally, in a selected population, or based on screening; the most effective mode of 

intervention; patient preferences regarding screening and route of vitamin D administration, 

and fundamental pharmacokinetic and pharmacodynamic data regarding vitamin D 

replacement/supplementation in pregnancy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Study flow diagram.
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Figure 2. 
Association between maternal 25-hydroxyvitamin D and the adjusted risk of preterm birth at 

less than 37 weeks of gestation. The solid line represents the point estimate and the gray 

area represents its 95% confidence interval. 25-hydroxyvitamin D was modeled as a 

restricted cubic spline with 4 knots (test of nonlinearity, P<.01). The estimates were adjusted 

for maternal race and ethnicity, prepregnancy body mass index, parity, maternal education, 

marital status, smoking status, season and gestational age of blood sampling, assay batch, 

and year of delivery. All covariates were set to the mean value for graphing.
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Figure 3. 
Association between maternal 25-hydroxyvitamin D and the adjusted risk of preterm birth at 

less than 34 weeks of gestation. The solid line represents the point estimate and the gray 

area represents its 95% confidence interval. 25-hydroxyvitamin D was modeled as a 

restricted cubic spline with 4 knots (test of nonlinearity, P<.01). The estimates were adjusted 

for maternal race and ethnicity, prepregnancy body mass index, parity, maternal education, 

marital status, smoking status, season and gestational age of blood sampling, assay batch, 

and year of delivery. All covariates were set to the mean value for graphing.
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Table 1

Characteristics of women in the random sample of the eligible cohort and cases of preterm birth <37 weeks, 

Magee-Womens Hospital, Pittsburgh, Pennsylvania.

Random subsample
of cohort

n(%)

Preterm birth cases
n(%)

Maternal age, years

<20 149(6.4) 91(8.1)

  20–29 966(41.5) 476(42.3)

  ≥30 1212(52.1) 558(49.6)

Marital status

  Unmarried 845(36.3) 491(43.6)

  Married 1482(63.7) 635(56.4)

Maternal education

  Less than high school 142(6.1) 93(8.3)

  High school or equivalent 477(20.5) 298(26.5)

  Some college 535(23.0) 262(23.3)

  College graduate 1173(50.4) 472(41.9)

Maternal race and ethnicity

  Non-Hispanic White 1727(74.2) 744(66.1)

  Non-Hispanic Black 444(19.1) 318(28.2)

  Other 156(6.7) 64(5.7)

Parity

  0 1152(49.5) 571(50.7)

  1 or more 1175(50.5) 555(49.3)

Prepregnancy body mass index, kg/m2

<18.5 100(4.3) 48(4.3)

  18.5–24.9 1191(51.2) 538(47.8)

  25.0–29.9 586(25.2) 279(24.8)

  ≥30.0 449(19.3) 260(23.1)

Smoking status

  Nonsmoker 2076(89.2) 960(85.3)

  Smoker 251(10.8) 166(14.7)

Type of provider

  Hospital-affiliated private practice 1831(78.7) 808(71.8)

  Hospital outpatient resident clinic 496(21.3) 318(28.2)

Season of blood collection

  Winter 486(20.9) 247(21.9)

  Spring 661(28.4) 304(27.0)

  Summer 572(24.6) 309(27.4)

  Fall 607(26.1) 267(23.7)

Aneuploidy screening test

  First-trimester 1019(43.8) 458(40.7)
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Random subsample
of cohort

n(%)

Preterm birth cases
n(%)

  Multiple marker (quad) test 1308(56.2) 668(59.3)
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Table 2

Association between maternal characteristics and serum 25-hydroxyvitamin D concentration at or before 20 

weeks of gestation in the random subcohort, Magee-Womens Hospital, Pittsburgh, Pennsylvania.

Serum 25(OH)D, nmol/L

<50
n(%)

50–74.9
n(%)

≥75
n(%)

Maternal age, years (%)*

<20 71(48.0) 48(32.4) 29(19.6)

  20–29 267(27.6) 343(35.5) 356(36.9)

  ≥30 159(13.1) 463(38.2) 591(48.7)

Marital status (%)*

  Unmarried 312(37.0) 281(33.3) 251(29.7)

  Married 185(12.5) 572(38.6) 725(48.9)

Maternal education (%)*

  Less than high school 67(47.4) 54(38.3) 20(14.3)

  High school or equivalent 150(31.4) 155(32.5) 173(36.1)

  Some college 124(23.0) 192(35.7) 222(41.3)

  College graduate 156(13.3) 453(38.7) 562(48.0)

Maternal race and ethnicity (%)*

  Non-Hispanic White 169(9.8) 655(38.5) 893(51.7)

  Non-Hispanic Black 267(60.1) 128(28.8) 49(11.0)

  Other 61(39.1) 61(39.1) 34(21.8)

Parity (%)*

  0 255(22.1) 451(39.1) 447(38.8)

  1 or more 242(20.6) 404(34.4) 528(45.0)

Prepregnancy body mass index, kg/m2 (%)*

<18.5 20(21.5) 35(37.1) 39(41.4)

  18.5–24.9 201(17.0) 433(36.5) 549(46.4)

  25.0–29.9 118(19.8) 230(38.5) 249(41.7)

  ≥30.0 157(34.8) 157(34.7) 138(30.5)

Smoking status (%)*

  Nonsmoker 417(20.1) 768(37.0) 890(42.9)

  Smoker 79(31.3) 87(34.5) 86(34.1)

Type of provider (%)*

  Hospital-affiliated private practice 288(15.7) 696(38.0) 848(46.3)

  Hospital outpatient resident clinic 209(42.2) 158(31.9) 86(28.9)

Season of blood collection (%)*

  Winter 140(28.8) 180(37.0) 166(34.2)

  Spring 160(24.2) 282(42.7) 218(33.0)

  Summer 92(16.0) 197(34.3) 285(49.7)

  Fall 105(17.3) 195(32.1) 307(50.6)
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Serum 25(OH)D, nmol/L

<50
n(%)

50–74.9
n(%)

≥75
n(%)

Aneuploidy screening test (%)

  First-trimester 221(21.7) 399(39.1) 401(39.3)

  Multiple marker (quad) test 276(21.1) 456(34.9) 575(44.0)

*
p<0.05 based on a Pearson’s chi-squared test of independence adjusted for the case-cohort design.

25OH(D), 25-hydroxyvitamin D.
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Table 3

Association between maternal 25-hydroxyvitamin D concentrations at or before 20 weeks of gestation and 

preterm birth.

Maternal serum
25(OH)D, nmol/L

Cases (n) Incidence per
100 birthsa

Unadjusted
relative risk

(95% CI)

Adjusted b
relative risk

(95% CI)

Preterm birth <37 weeks

<50 317 11.3 1.6 (1.3, 1.9) 1.8 (1.3, 2.6)

  50–74.9 414 8.6 1.2 (1.1, 1.4) 1.4 (1.1, 1.8)

  ≥75 395 7.3* referent referent

Spontaneous preterm birth <37 weeks

<50 177 6.6 1.6 (1.3, 2.0) 1.8 (1.2, 2.7)

  50–74.9 222 4.8 1.1 (0.9, 1.4) 1.3 (0.9, 1.8)

  ≥75 222 4.2* referent referent

Medically indicated preterm birth <37 weeks

<50 140 5.3 1.6 (1.3, 2.1) 1.9 (1.3, 3.0)

  50–74.9 192 4.2 1.3 (1.1, 2.6) 1.6 (1.1, 2.3)

  ≥75 173 3.3* referent referent

Preterm birth <34 weeks

<50 83 3.2 2.5 (1.6, 3.8) 2.1 (1.3, 3.6)

  50–74.9 109 2.4 2.2 (1.5, 3.2) 2.2 (1.4, 3.4)

  ≥75 71 1.4* referent referent

Risk ratios and 95% CI that reach statistical significance at p<0.05 are presented in boldface.

25(OH)D, 25-hydroxyvitamin D; CI, confidence interval

a
Incidence is based on the weighted sample.

b
Adjusted for maternal race and ethnicity, prepregnancy body mass index, parity, maternal education, marital status, smoking status, season and 

gestational age of blood sampling, assay batch, and year of delivery.

*
P <0.05 based on a test for trend adjusted for the case-cohort design.
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