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Abstract

There have been observational reports that maternal vitamin D status at baseline and not closest to 

delivery is a better predictor of pregnancy outcomes, suggesting that a cascade of events is set into 

motion that is not modifiable by vitamin D supplementation during later pregnancy. To address 

this issue, in this exploratory post-hoc analysis using correlation and logistic regression, we sought 

to measure the strength of the association between serum 25(OH)D concentrations at 3 timepoints 

during pregnancy: baseline, 1st trimester (<16 wks); 2nd trimester (16-26 wks); and 3rd trimester 

(≥27 wks) and preterm birth. It was hypothesized that the 25(OH)D value closest to delivery 

would be most significantly associated with preterm birth. To accomplish this objective, the 

datasets from NICHD (n=333) and Thrasher Research Fund (n=154) vitamin D supplementation 

pregnancy studies were combined.

The results of this analysis were that 25(OH)D values closer to delivery were more strongly 

correlated with gestational age at delivery than earlier values: 1st trimester: r=0.11 (p=0.02); 2nd 

trimester: r=0.08 (p=0.09); and 3rd trimester: r=0.15 (p=0.001). When logistic regression was 

performed with preterm birth (<37 weeks) as the outcome and 25(OH)D quartiles as the predictor 

variable, adjusting for study and participant race/ethnicity, as with the correlation analysis, the 

measurements closer to delivery were more significantly associated and had a higher magnitude of 

effect. That is, at baseline, those who had serum concentrations <50 nmol/L (20 ng/mL) had 3.3 

times of odds of a preterm birth compared to those with serum concentrations ≥100 nmol/L (40 

ng/mL; p=0.27). At 2nd trimester, the odds were 2.0 fold (p=0.21) and at the end of pregnancy, the 
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odds were 3.8 fold (p=0.01). The major findings from this exploratory analysis were: (1) maternal 

vitamin D status closest to delivery date was more significantly associated with preterm birth, 

suggesting that later intervention as a rescue treatment may positively impact the risk of preterm 

delivery, and (2) a serum concentration of 100 nmol/L (40 ng/mL) in the 3rd trimester was 

associated with a 47% reduction in preterm births.
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Introduction

There have been observational reports that maternal vitamin D status at baseline and not 

closest to delivery is a better predictor of pregnancy outcomes (1), suggesting that a cascade 

of events is set into motion that may not be modifiable by vitamin D supplementation. 

Others suggest that pregnancy outcomes are modifiable through vitamin D repletion as late 

as the second trimester and even into the third trimester (2-8), suggesting that vitamin D 

supplementation given as a rescue could impact later outcome.

Utilizing a preexisting pregnancy database of close to 500 pregnant women followed from 

12-16 weeks of gestation until delivery, the objective of this exploratory post-hoc analysis 

was to determine the relationship between the timing of total circulating 25(OH)D 

concentrations during pregnancy and the pregnancy outcome of preterm birth. It was 

hypothesized that the total circulating 25(OH)D concentration closest to delivery would be 

most significantly associated with preterm birth as opposed to vitamin D status earlier in 

pregnancy.

Methods

Study Design

In this post-hoc analysis, the datasets from two randomized controlled vitamin D 

supplementation studies—NICHD (n=333) and Thrasher Research Fund (n=154) were 

combined. Details about both clinical trials have been published previously (9-11) and are 

summarized below. The studies administered identical questionnaires to produce 

comparable sociodemographic and clinical characteristics using the same criteria. Outcome 

measures for both clinical trials included the following: [1] maternal baseline and delivery 

25(OH)D; [2] neonatal 25(OH)D concentration; and [3] gestational age at delivery in weeks. 

Of note, the subjects and study team were blinded to treatment throughout both study 

periods. In addition, during the conduct of these studies it was not known that there was a 

relationship between vitamin D status and preterm birth, and therefore, women were not 

counseled regarding this potential risk factor.

Definition of Preterm Birth: Information on gestational age was based on the mother's report 

of the first day of her last menstrual period generating the obstetrical Expected Date of 

Confinement or Delivery (EDC or EDD) with ultrasound confirmation at the time of 

mother's first obstetrical visit. All women were enrolled in either the NICHD trial or the 
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Thrasher Research Fund trial <16 weeks of gestation and thus ultrasound confirmation of 

dating was within the first trimester/early second trimester. Preterm birth was defined as 

delivery of a liveborn infant at <37 completed weeks of gestation.

Laboratory measurements

Maternal and Cord Blood/Neonatal Total Circulating 25(OH)D Concentrations: A rapid, 

direct RIA developed in the Hollis laboratory and manufactured by Diasorin Corporation 

(Stillwater, MN) was used to measure total circulating 25(OH)D concentration in serum 

samples as previously described (9). The laboratory participated in an independent quality 

assessment/assurance program (DEQAS)(12) using National Institute of Standards and 

Technology (NIST) standards in place throughout both clinical trials. The inter- and intra-

assay coefficient of variation is ≤10%.

Statistical Analyses

Baseline demographic characteristics were summarized for the NICHD and Thrasher 

cohorts and compared using chi-square tests for categorical variables (race, insurance, 

education, season at enrollment, and preterm birth), Mann-Whitney tests for continuous 

variables (age and baseline maternal 25(OH)D), and Poisson regression for count data 

(parity). Pearson's correlation was used to measure the association between maternal serum 

25(OH)D at 3 timepoints during pregnancy: baseline, 1st trimester (<16 wks); 2nd trimester 

(16-26 wks); and 3rd trimester (≥27 wks to delivery) and gestation week at birth. If a woman 

had more than one measurement during any of the three time periods, the mean of the values 

was used. Logistic regression was used to determine the association between 25(OH)D 

serum levels and the risk of having a preterm birth at each timepoint, adjusting for study and 

participant race/ethnicity. Participants with a race of “other” were excluded due to small cell 

sizes. Correlation and logistic analyses were also conducted separately for each race/ethnic 

group to identify differences in trend by race/ethnicity, adjusting for study. Statistical 

analyses were performed using SPSS statistics version 22 (IBM, Armonk, NY).

Results

There were a total of 487 women who had participated in the previous pregnancy vitamin D 

supplementation studies: 333 in the NICHD trial and 154 in the Thrasher Research Fund 

trial on whom all study variables were available. There were an additional 16 women in the 

NICHD trial and 9 women in the Thrasher Research Fund study on whom key variables—

25(OH)D measurements at all three timepoints were not available, and so those women were 

excluded from the analysis. Of the 25 that were excluded, 9 were preterm births, of which 4 

were born <32 weeks gestation. Focusing on the 25 who were excluded: 12 did not have 

measurements at <16 weeks; 8 did not have measurements at 16-26 weeks and 5 did not 

have measurements ≥27 weeks to delivery. Of the 9 women who delivered preterm and who 

were excluded: 2 did not have measurements at <16 weeks; 3 did not have measurements at 

16-26 weeks; and 4 did not have measurements ≥27 weeks to delivery.

The sociodemographic characteristics of the cohort are found in Table 1. In these diverse 

groups of women, there were significant differences between the NICHD and Thrasher 
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Research Fund cohorts by race/ethnicity, maternal age, parity, insurance status, education 

level, and season of enrollment but not baseline 25(OH)D or proportion of preterm births. 

Forty-one (8.4%) of women in the combined cohort had a preterm birth (<37 weeks). The 

median gestational age at delivery was 39 weeks with the earliest delivery being at 27 weeks 

of gestation, which corresponds to the beginning of the 3rd timepoint.

When analyzing 25(OH)D as the indicator of vitamin D status of the women during 

pregnancy, 25(OH)D values closer to delivery were more strongly correlated with 

gestational age at birth than earlier values as shown in the correlation (see Table 2). While 

25(OH)D status at baseline was significantly associated with gestational age at birth, the 

strength of the association increased at the timepoint ≥27 weeks gestation. There was no 

correlation between vitamin D status obtained at 16-26 weeks of gestation and gestational 

age at birth.

As shown in Table 3 and Figure 1, when logistic regression was performed with preterm 

birth (<37 weeks) as the outcome and 25(OH)D quartiles as the predictor variable, as with 

the correlation analysis, the measurements closer to delivery were more significantly 

associated and had a higher magnitude of effect, adjusting for study and participant race/

ethnicity. That is, at baseline serum level, those who had serum levels <50 nmol/L (<20 

ng/mL) had 3.3 times the odds of a preterm birth compared to those with serum levels ≥100 

nmol/L (≥40 ng/mL) (p=0.27). At 2nd trimester, the odds were 2.0 fold (p=0.21) and at the 

end of pregnancy, the odds were 3.8 fold (p=0.01). Participants with a serum concentration 

of ≥100 nmol/L (≥40 ng/mL) in the 3rd trimester had a 47% reduction in preterm births 

compared to those <100 nmol/L (<40 ng/mL), adjusting for study and race/ethnicity 

(OR=0.53, p=0.08).

Additional analyses were conducted using the 25 excluded participants and in each case the 

relationship between 25(OH)D concentration and preterm birth showed a stronger trend 

towards maternal 25(OH)D closer to delivery having a larger and more significant 

magnitude of effect (data not shown). This indicates that excluding participants without data 

for each timepoint did not influence the results.

Rates of preterm births for the cohort by race/ethnicity were as follows: 13 (6%) of 

Hispanics, 10 (8%) of whites, and 17 (11%) of black women delivered prematurely (<37 

weeks). When looking at timing of 25(OH)D by racial/ethnic group, there were some 

significant differences. For Hispanic women (n=201), as with the overall cohort, the 

strongest correlation for gestational age at delivery was seen with 25(OH)D concentration at 

≥27 weeks gestation (r=0.14, p=0.05). In the logistic regression predicting preterm birth 

using 25(OH)D quartiles, Hispanic women with 25(OH)D of <50 nmol/L (<20 ng/mL) at 

≥27 weeks were 9.6 times more likely to deliver prematurely compared with those whose 

25(OH)D was ≥100 nmol/L (≥40 ng/mL), adjusting for study (95% CI 1.65, 56.37). In black 

women (n=156), baseline 25(OH)D was more strongly correlated with gestational age at 

delivery (r=0.20, p=0.01), with a weaker trend at the third timepoint (r=0.15, p=0.07). In the 

subgroup analyses for white women (n=127), these associations did not reach significance.
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Discussion

In this exploratory post hoc analysis of almost five hundred pregnant women, maternal 

vitamin D status closest to delivery date was most closely associated with preterm birth and 

gestational age at delivery. In the overall cohort and Hispanic women, the earlier timepoints 

were more weakly associated with preterm birth. Also, those with lower 25(OH)D 

concentrations had a higher odds of preterm birth. These findings suggest that while early 

intervention with vitamin D can impact later risk of preterm delivery, especially in Hispanic 

women, those who are diagnosed with vitamin D deficiency during pregnancy may also 

benefit from vitamin D given as “rescue” therapy.

There are few reported studies that explore the association between vitamin D status and 

preterm birth. In our earlier Thrasher Research Fund study (10), we found an association 

between 25(OH)D concentration and preterm birth, but that included those women who had 

spontaneous preterm birth and women with hypertensive disorders of pregnancy and 

preeclampsia. The prior health outcomes paper of the Combined Cohort used preterm birth 

without preeclampsia as the outcome as well hypertensive disorders of pregnancy (11). After 

controlling for race and study site, preterm birth and labor were inversely associated with 

predelivery and mean 25(OH)D, but not baseline 25(OH)D. In the NICHD and Thrasher 

Research Fund Combined Cohort, there was similar association between 25(OH)D and 

preterm birth, but by treatment group only a trend was seen with fewer preterm births in the 

higher dose groups (2000 ad 4000 IU vitamin D compared to the control-400 IU/day group) 

(11). The findings have been explained as due to reverse causality in that there was 

insufficient time for women to attain higher 25(OH)D if they were deficient at baseline, and 

thus those women delivering prematurely would have lower 25(OH)D concentrations (13). 

Yet, the pharmacokinetics of vitamin D during pregnancy shows that women attain steady-

state by 8 weeks of supplement intake (9). Further, given the finding in this post-hoc 

analysis that the 25(OH)D concentration closest to delivery is most predictive of gestational 

age at delivery (with higher concentrations than at baseline), which persisted across racial/

ethnic subgroups, argues against reverse causality and the potential for improved outcome 

through vitamin D supplementation even if initiated later in pregnancy.

Other literature supports the premise that vitamin D status plays a role in preterm birth. 

Bodnar et al (14) reported an association between spontaneous preterm birth (sPTB) and 

circulating 25(OH)D concentrations in their analysis of a random subcohort from the US 

Collaborative Perinatal Project (1959–1965) (n = 2,629) augmented with all remaining cases 

of spontaneous preterm birth before 35 weeks’ gestation (n=767). While they found no 

relationship between 25(OH)D and spontaneous preterm birth among white women, an 

association was found with nonwhite mothers: serum 25(OH)D concentrations of 30 to <50, 

50 to <75, and ≥75 nmol/L were associated with reductions of 1.0–1.6 cases of sPTB per 

100 live births and 20%–30% reductions in risk of sPTB compared with 25(OH)D levels 

less than 30 nmol/L after adjustment for prepregnancy body mass index (weight (kg)/height 

(m)2), season, and other confounders. In this post-hoc analysis, similar to Bodnar et al, there 

was no association between 25(OH)D concentrations at the three timepoints and gestational 

age at delivery and preterm birth in white women, but a reduction in preterm birth with 
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improved vitamin D status most notable in Hispanic women, and to a lesser extent, in black 

women.

The limitations of this exploratory post-hoc analysis are that this was a post-study analysis 

that did not include controlling for other covariates related to preterm birth such as body 

mass index (BMI), placenta previa, hypertension, gestational diabetes, and other 

sociodemographic factors such as smoking and alcohol use (which were extremely low in 

this cohort). The second issue is one of generalizability and whether or not the women in the 

study are representative of the larger population (or other clinic sites). There is also the 

limitation of sample size, with a larger sample size necessary in order to investigate race/

ethnic trends further. Lastly, multiple statistical comparisons were performed. The 

statistically significant correlation and regression results for the third trimester survive alpha 

correction; however, the first trimester and race/ethnicity subgroup analysis results do not.

In conclusion, in this exploratory post hoc analysis maternal vitamin D status closest to 

delivery date was more strongly associated with the risk of preterm birth. Earlier timepoints 

were only weakly associated with preterm birth and gestational age at delivery. The 

implications of these findings are that intervention with vitamin D supplementation 

throughout pregnancy but even given as “rescue therapy” may impact vitamin D status and 

pregnancy outcome. Further work is needed to assess the impact of early vs. rescue 

intervention with vitamin D supplementation on preterm birth rates and pregnancy outcomes 

such as preeclampsia.
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Highlights

• Association between serum 25(OH)D & preterm birth during 3 timepoints was 

examined

• 25(OH)D value closest to delivery more strongly correlated with preterm birth

• Findings most notable in Hispanic women

• 47% lower preterm birth rate associated with 25(OH)D >100 nmol/L at 27 

weeks

• Later intervention as rescue therapy may positively impact risk of preterm 

delivery
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Figure 1. 
Significance Level for Odds of Preterm Birth Comparing Participants <50 nmol/L to ≥100 

nmol/L, Adjusted for Study and Race/Ethnicity
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Table 1

Maternal Sociodemographic and Clinical Characteristics of Cohort

Characteristic Combined Cohort (N=487) NICHD Cohort (N=333) Thrasher Cohort (N=154) p-value
*

Race/ethnicity (N, %) <0.0001

Black 156 (32.0%) 87 (26.1%) 69 (44.8%)

White, Non-Hispanic 127 (26.1%) 112 (33.6%) 15 (9.7%)

Hispanic 201 (41.3%) 134 (40.2%) 67 (43.5%)

Other 3 (0.6%) 0 (0.0%) 3 (1.9%)

Age, years (median and range) 26 (16-44) 27 (16-44) 24 (16-39) <0.0001

Parity, (median and range) 1 (0-9) 2 (0-9) 1 (0-4) <0.0001

Insurance
** <0.0001

None/Medicaid (N, %) 325 (67.0%) 203 (61.3%) 122 (79.2%)

Education
** <0.0001

Some college or higher (N, %) 251 (53.4%) 202 (63.9%) 49 (31.8%)

Season at enrollment 0.005

Spring/Summer (N, %) 258 (53.0%) 162 (48.6%) 96 (62.3%)

Baseline Maternal 25(OH)D, nmol/L 
(median and range)

58 (5-185) 58 (5-173) 55 (15-185) 0.30

Preterm Birth (<37 weeks) (N, %) 41 (8.4%) 25 (7.5%) 16 (10.4%) 0.29

*
Race, insurance, education, season at enrollment, and preterm birth compared using chi-square tests. Age and baseline maternal 25(OH)D 

compared using Mann-Whitney test. Parity compared using Poisson regression.

**
2 participants missing insurance status data and 17 missing education level data.
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Table 2

Correlation between 25(OH)D Concentration at Three Time Points during Pregnancy and Gestational Age at 

Delivery

25(OH)D at <16 wks 25(OH)D at 16-26 wks 25(OH)D at ≥27 wks

Gestational Age (wks at delivery) r = 0.108 (p=0.017)
* r = 0.076 (p=0.093)

r = 0.146 (p=0.001)
*

*
p<0.05
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Table 3

Logistic Regression Predicting Preterm Birth (<37 weeks of gestation) with 25(OH)D Quartiles, Adjusted for 

Study and Race/Ethnicity

Serum 25(OH)D Concentration Baseline 25(OH)D levels (<16 
weeks) (OR, 95% CI)

Second Trimester 25(OH)D 
levels (16-26 weeks) (OR, 
95% CI)

Third Trimester 25(OH)D levels 
(≥27 weeks) (OR, 95% CI)

<50 nmol/L (20 ng/mL) 3.29 (0.39, 27.59) 1.98 (0.67, 5.86)
3.81 (1.35, 10.71)

*

50-74 nmol/L (20-29 ng/mL) 1.49 (0.18, 12.27) 1.07 (0.45, 2.56) 1.81 (0.70, 4.70)

75-99 nmol/L (30-39 ng/mL) 2.05 (0.25, 16.81) 0.51 (0.21, 1.25) 1.48 (0.63, 3.47)

≥100 nmol/L (40 ng/mL) 1.00 1.00 1.00

*
p<0.05
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