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The objective of this studywas to determine the association betweenmaternal 25-hydroxyvitaminD (25(OH)D) and

the risk of spontaneous preterm birth (sPTB) before 35 weeks’ gestation. A random subcohort from the US Collabo-

rative Perinatal Project (1959–1965) was sampled (n = 2,629) and augmented with all remaining cases of sPTB

before 35 weeks’ gestation for a total of 767 cases. Banked serum samples collected at 26 weeks’ gestation or earlier

were assayed for 25(OH)D. Constructs for vascular histology and inflammatory histology were developed from pla-

cental pathology examinations. Therewas no relationship between 25(OH)D and sPTB among whitewomen. Among

nonwhite mothers, serum 25(OH)D levels of 30–<50, 50–<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. This association was driven by inflammation-mediated cases of sPTB and sPTB cases without placen-

tal lesions. A sensitivity analysis for unmeasured confounding byexercise, fish intake, and skin color suggested some

bias away from the null in the conventional results, but conclusions were generally supported. The vitamin D–sPTB

relationship should be examined in modern cohorts with detailed data on skin pigmentation and other covariates.

gestational age; 25-hydroxyvitamin D; inflammation; placenta; pregnancy; preterm birth

Abbreviations: BMI, body mass index; CPP, Collaborative Perinatal Project; 25(OH)D, 25-hydroxyvitamin D; sPTB, spontaneous

preterm birth.

Preterm birth is the most important problem in modern
obstetrics. In 2010, more than 1 million infants born preterm
(at less than 37 weeks of gestation) died worldwide, making it
the second leading cause of death in children under the age of
5 years (1). Preterm infants who survive are at risk of chronic
lung disease, deafness, blindness or other visual impairment,
and learning and cognitive disabilities (1). The 12% rate of
preterm birth in the United States ranks 131st of 184 coun-
tries, behindmany developing nations (1). The past 3 decades
in the United States have seen little decline in preterm births,
including the earliest deliveries, which cause the most mor-
bidity and mortality (2, 3). Identifying potential targets for
preterm birth prevention is a public health priority (1, 3).
Recently, maternal vitamin D deficiency has been linked to

adverse pregnancy outcomes, including preeclampsia and

fetal growth restriction (4), and also may be important in pre-
term birth. Vitamin D is a prohormone that is either ingested
orally or produced photochemically in the skin. It affects
established physiological pathways in the pathogenesis of
preterm birth, including inflammation, immunomodulation,
and transcription of genes involved in placental function
(5–7). Vitamin D deficiency is common in pregnant women
and, like preterm birth (2), is substantially more frequent
among non-Hispanic black mothers (8, 9). Nevertheless, little
research has been done to explore the relationship between
maternal vitamin D status and the risk of preterm birth.
Our objective was to determine the association between

maternal vitamin D deficiency at 26 weeks’ gestation or ear-
lier and the risk of spontaneous preterm birth (sPTB) before
35 weeks overall and by placental histology.
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MATERIALS AND METHODS

The Collaborative Perinatal Project (CPP) (1959–1965)
was the largest prospective cohort study of pregnant
women in the United States (10). It involved 55,000 pregnan-
cies of approximately 42,000 women receiving their initial
antenatal care visits at 12 US medical centers. As was com-
mon at the time the CPP was conducted, women provided a
general verbal informed consent for participation at enroll-
ment (11). At the initial prenatal visit, data on maternal char-
acteristics, behaviors, and medical and obstetric history were
recorded via in-person interviews. Nonfasting blood samples
were collected from mothers every 8 weeks. A labor and
delivery summary was recorded by the obstetrician responsi-
ble for each patient’s care. This study used deidentified data
and was exempt from institutional review board approval.

We used a case-cohort design because it allowed us to use
the subcohort to estimate the prevalence of vitamin D defi-
ciency in the original cohort and served as a pool of controls
for the study of multiple outcomes, including sPTB (12). Fig-
ure 1 shows how the sample was selected. There were 27,813
deliveries of singleton, liveborn infants at 26–42 weeks’ ges-
tation to mothers without preexisting medical conditions and
with study entry at 26 weeks’ gestation or earlier. From this

cohort of eligible women, we randomly selected 11%
(n = 3,009) and augmented this subcohort with all remaining
cases of preterm birth before 35 weeks’ gestation (n = 1,012,
definition below). Some mothers did not provide adequate
serum to perform the vitamin D assay, and others were miss-
ing data on covariates in the final model (n = 657). In sensi-
tivity analyses, we evaluated the impact of missing data by
using multiple imputation (described below). The final ana-
lytical sample included 2,629 pregnancies in the subcohort
and 839 cases of preterm birth before 35 weeks’ gestation,
of which 767 (91%) were sPTBs before 35 weeks’ gestation.
A total of 90% of women in the analytical sample had com-
plete placental pathology examinations.

Definition of sPTB

Information on gestational age was based on the mother’s
report of the first day of her last menstrual period. Last men-
strual period–derived gestational age is error prone, so we
used strict gestational age and birth weight limits to reduce
the potential for misclassification (13, 14). sPTB was defined
as delivery of a liveborn infant at 26–<35 completed weeks’
gestation after spontaneous preterm labor with intact mem-
branes or spontaneous prelabor rupture of the fetal membranes

43,652 Singleton infants liveborn at 
26–42 weeks’ gestation

27,813 Cohort of eligible births 

1,012 Cases of preterm birth before 35 
weeks’ gestation not in the subcohort

3,009 Randomly sampled subcohort
(117 of which were births before 

35 weeks’ gestation)

4,809 Excluded for preexisting conditions
11,030 Excluded for entry to care later 

than 26 weeks’ gestation

2,629 Subcohort members with complete 
vitamin D and covariate data (104 of 
which were births before 35 weeks’ 
gestation)

735 Cases of preterm birth before 35 
weeks’ gestation with complete vitamin D 
and covariate data

Analytical sample
2,629 in the subcohort
839 cases of preterm birth before 35 weeks’ gestation (767 of 
which were spontaneous births before 35 weeks’ gestation)

380 Excluded for 
missing vitamin D 
or covariate data

277 Excluded for 
missing vitamin D 
or covariate data

Figure 1. Study selection flow, case-cohort study in the Collaborative Perinatal Project, 1959–1966.

Vitamin D and Spontaneous Preterm Birth 169

Am J Epidemiol. 2014;179(2):168–176



and infant birth weight in the 90th percentile or less based on
a standard in which gestational age was documented by ultra-
sonography (15).

Placental pathology

Pathologists conducted gross examinations of freshly
delivered placentas. The microscopic examinations included
a full-thickness placental sample taken from a representative
block of the central portion of tissue, an umbilical cord sam-
ple, a membrane roll sample, and any significant gross abnor-
malities. In 97% of examinations, pathologists were blinded
to clinical course or outcome. Three authors with clinical
expertise in placental pathology, maternal-fetal medicine,
and pediatrics (M.A.K., W.T.P., and H.N.S.) developed con-
structs for vascular and inflammatory histologies with the
goal of identifying underlying mechanisms of preterm birth
and fetal growth restriction. A vascular placental lesion was
defined as having any 1 of 12 pathologies, including evi-
dence of placental abruption, infarction, hypoxia, decidual
vasculopathy, or thrombosis of fetal vessels. An inflamma-
tory placental lesion was defined as having at least 1 of 8
pathologies, including evidence of bacterial colonies in the
epithelium of the amnion or neutrophilic infiltration in the
umbilical vein or artery, cord substance, fetal surface, or
decidua (Web Table 1, available at http://aje.oxfordjournals.
org/). This approach of classifying pathologies in a single
construct has been used previously in relationship to preg-
nancy outcomes (16–19).

Quantification of 25-hydroxyvitamin D concentrations

Maternal serum was stored in glass at −20°C with no
recorded thaws. From each woman, we randomly selected
1 banked serum sample drawn at 26 weeks’ gestation or ear-
lier. Sera were shipped 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 (25(OH)D) (cal-
culated as 25(OH)D2 + 25(OH)D3) by using liquid chroma-
tography–tandem mass spectrometry according to the
requirements of the National Institute of Standards and Tech-
nology (Gaithersburg, Maryland) (20). The assay had a coef-
ficient of variation of 6.0%. Serum 25(OH)D is extremely
stable at −20°C for years and is not sensitive to exposure
to ultraviolet light or repeated freezing and thawing (21).
In a pilot study comparing 25(OH)D in CPP serum samples
with serum frozen for 2 years or less, we found that 25(OH)D
in the CPP samples was unlikely to show significant degrada-
tion (22). There is no universally accepted definition of vita-
min D deficiency, so we studied 25(OH)D continuously and
by using multiple cutpoints (23, 24).

Covariates

The CPP defined race as white, black, or Puerto Rican.
There were few Puerto Rican mothers, and their risks of

sPTB and vitamin D deficiency were similar to those of
black mothers. Therefore, we classified race as white and
nonwhite in the regression models. Data on parity (primipa-
rous, multiparous), maternal age (<20, 20–29, ≥30 years),
marital status (unmarried, married), and smoking status at
entry (smoker, nonsmoker) were available. Education, occu-
pation, and family income data were previously combined
into a composite socioeconomic position score (25). Prepreg-
nancy body mass index (BMI) (weight (kg)/height (m)2) was
based on maternal self-reported prepregnancy weight and
measured height at enrollment. Season of blood sample col-
lection was defined as winter (December, January, February),
spring (March, April, May), summer (June, July, August), or
fall (September, October, November).

Statistical analysis

Adjusted risk differences, adjusted risk ratios, and 95%
confidence intervals were calculated from multivariable
log-binomial regression. All subjects were weighted by
using the inverse of the sampling fraction, and a clustered
robust variance was used to account for the cases in the sub-
cohort (12). Nonlinearity in 25(OH)D was tested by using
restricted cubic splines. Biological interaction between
25(OH)D and race, gestational age at blood collection, and
pregravid BMI was tested by using the synergy index (26).
When biological interaction was present, statistical interac-
tion terms were included in the model. Potential confounders
(race, prepregnancy BMI, trimester of entry to prenatal care,
smoking, parity, age, socioeconomic position, marital status,
season of blood collection, gestational age at blood collec-
tion, and study site) were identified by using theory-based
causal models (27). We allowed the confounding effect of
socioeconomic position to vary by maternal race by entering
an interaction term in the model, but because it did not
change the results, it was dropped.
To jointly address the missing data on 25(OH)D concentra-

tions and covariates in the final model, we used multiple
imputation. We created 5 imputed data sets that assumed
a multivariable normal assumption with a Markov chain
Monte Carlo approach (28). We imputed the missing data
(all of which were log-transformed) by including all covari-
ates and preterm birth in the imputation model. A comparison
of the model results based on multiple imputation (n = 3,463)
with those generated by using the complete data set
(n = 2,872) revealed no differences in interpretation (data
not shown). Therefore, we present results for the complete
data set.
Finally, we performed a probabilistic bias analysis for

unmeasured confounding by physical activity, fish intake,
and skin color/melanin content (among nonwhite mothers
only). Leisure-time physical activity and fish intake are
unmeasured variables in our data set that have been positively
associated with 25(OH)D (29–31) and negatively associated
with preterm birth (32, 33). Additionally, skin pigment was
not measured but may confound vitamin D–sPTB associa-
tions in nonwhite mothers through biological and social path-
ways. Higher melanin content (pigment) in the skin predicts
lower 25(OH)D levels (34). Skin color may also influence
sPTB risk through social class or standing (35–37) and

170 Bodnar et al.

Am J Epidemiol. 2014;179(2):168–176

http://aje.oxfordjournals.org/
http://aje.oxfordjournals.org/
http://aje.oxfordjournals.org/
http://aje.oxfordjournals.org/
http://aje.oxfordjournals.org/
http://aje.oxfordjournals.org/


may capture additional elements of socioeconomic position
that our composite measure did not (38). The Web Appendix
provides a detailed description of our bias analysis methods,
which were adapted from previous work (39). We compared
the risk ratios from the conventional log-binomial regression
model of maternal 25(OH)D and sPTB risk with estimates
obtained from the sensitivity analysis iterations, which re-
flected systematic error and random error associated with mis-
sing data on each unmeasured confounder (39).

RESULTS

A majority of women in the randomly selected subcohort
were 20–29 years of age, married, multiparous, of mid–
socioeconomic position and normal weight, and had entered
prenatal care in the second trimester (Table 1). Approxi-
mately half of the cohort was black and half smoked during
pregnancy. The geometric mean maternal serum 25(OH)D
level was 43.3 nmol/L (95% confidence interval: 42.4,
44.3), and concentrations of less than 30, less than 50, and
less than 75 nmol/L were prevalent in 23.9%, 57.4%, and
84.0% of women in the cohort, respectively.

The incidence of sPTB before 35 weeks’ gestation was
3.2% based on the weighted sample. In unadjusted analyses,
mothers who had a sPTB were more likely than mothers in
the subcohort to be black, younger than 20 years, unmarried,
of lower socioeconomic position, underweight, to have en-
tered prenatal care at 14–26 weeks’ gestation, and to have had
their blood samples collected in the spring months (Table 1).
sPTB cases were also more likely than mothers in the subco-
hort to have placental inflammatory lesions (35% vs. 16%)
and placental vascular lesions (25% vs. 11%). Among the
sPTB cases, the frequency of placental pathologies increased
as gestational age decreased (data not shown).

The association between maternal 25(OH)D and sPTB
varied by maternal race (P < 0.05). Among nonwhite moth-
ers, the incidence of sPTB before 35 weeks’ gestation
decreased significantly as 25(OH)D increased (Table 2,
Figure 2; spline terms P < 0.05). After adjustment for mater-
nal race, age, socioeconomic position, parity, marital status,
prepregnancy BMI, season, smoking during pregnancy, tri-
mester of entry to prenatal care, and study site, serum
25(OH)D levels of 30–<50, 50–<75, and ≥75 nmol/L were
associated with reductions of approximately 1.0–1.6 cases
of sPTB per 100 livebirths and approximately 20%–30%
reductions in risk of sPTB compared with 25(OH)D levels
less than 30 nmol/L. Among white mothers, there was no
association between 25(OH)D and sPTB before or after con-
founder adjustment (Figure 2, Table 2).

After stratification of sPTB cases by placental histology,
nonwhite women with serum 25(OH)D levels of 30 nmol/L
or more had reduced risks of inflammation-associated sPTB,
as well as sPTB without either inflammatory or vascular pla-
cental pathologies compared with nonwhite gravidae who
had 25(OH)D levels less than 30 nmol/L (Table 3). 25(OH)D
was unrelated to sPTB with placental vascular lesions among
nonwhite mothers or to any subtypes of sPTB based on pla-
cental histology among white mothers. These results did not
change when 25(OH)D was more finely categorized.

The formal sensitivity analysis indicated that systematic
error due to unmeasured confounding by physical activity,
fish intake, or skin color (among nonwhite women only)

Table 1. Characteristics of Women in the Random Sample of the

Eligible Cohort and Cases of Spontaneous Preterm Births Before 35

Weeks’ Gestation, Collaborative Perinatal Project, 1959–1966

Characteristic

Random Sample
of the Eligible
Cohort, %
(n = 2,629)

Spontaneous
Preterm Birth
Cases, %
(n = 767)

Maternal race/ethnicity

White 47 28

Black 46 66

Puerto Rican 7 6

Maternal age, years

<20 24 34

20–29 60 53

≥30 16 13

Marital status

Unmarried 20 28

Married 80 72

Socioeconomic status

1 (lowest) 7 9

2 28 36

3 33 33

4 20 17

5 (highest) 12 6

Parity

Primiparous 34 30

Multiparous 66 70

Prepregnancy body mass
indexa

<18.5 11 17

18.5–24.9 72 70

25.0–29.9 13 10

≥30.0 4 3

Smoking status

Nonsmoker 52 47

Smoker 48 53

Trimester at entry

First trimester 27 21

Second trimester 73 79

Season of blood collection

Winter 23 19

Spring 26 29

Summer 26 26

Fall 25 26

Gestational age at blood
collection, weeks

<14 16 12

14–<26 84 88

a Weight (kg)/height (m)2.
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biased the conventional modeling results away from the null
(Table 4; results for white women are not shown). For exam-
ple, the adjusted risk ratio of 0.73 (95% confidence interval:
0.59, 0.89) for sPTB before 35 weeks obtained from the con-
ventional analysis was attenuated to 0.84 (95% simulation
interval: 0.65, 1.1) after accounting for systematic error due
to unmeasured confounding by skin color. This suggests that
nonwhite women with 25(OH)D levels of 30 nmol/L or more
were 0.84 times as likely as nonwhite women with 25(OH)D
levels of less than 30 nmol/L to spontaneously deliver before
35 weeks’ gestation, and that the true risk ratio falls between

0.65 and 1.1. In general, the bias analysis findings supported
the conclusions arrived at from the conventional analysis.
None of our results varied by prepregnancy BMI or gesta-

tional age at blood sampling. Findings were consistent when
we used multiple imputation, when we excluded Puerto
Rican mothers, and when we substituted maternal education
for socioeconomic position in the models (data not shown).
To evaluate the potential impact of vitamin D degradation
during sample collection, we excluded 2 sites that had
mean 25(OH)D concentrations lower than what was expected
based on their latitude and racial makeup. The results were
not meaningfully different (data not shown).

DISCUSSION

Evidence from this large, diverse, multicenter US preg-
nancy cohort suggested that low maternal serum 25(OH)D
at 26 weeks’ gestation or earlier was associated with a
reduced risk of sPTB before 35 weeks only among nonwhite
mothers. This association was strongest for inflammation-
associated sPTB and sPTB without evidence of placental
pathology. These findings were robust to adjustments for
measured confounders, such as prepregnancy BMI, season,
and socioeconomic position, as well as unmeasured con-
founders, including skin color, exercise, and fish intake.
Research on maternal vitamin D status and risk of preterm

birth is limited. In the only randomized controlled trial of
vitamin D supplementation that evaluated preterm birth,
there was no effect of daily doses of 2000 IU or 4000 IU of
vitamin D3 from 12–16 weeks’ gestation to delivery on the
incidence of preterm birth before 37 weeks without pre-
eclampsia in 504 South Carolina mothers (40). Preterm
birth without preeclampsia was more common among
women with concentrations of 25(OH)D less than 80 nmol/L
compared with concentrations of 80 nmol/L or more at the

Table 2. Association Between Maternal 25(OH)D Concentrations and the Risk of Spontaneous Preterm Birth Before 35 Weeks’ Gestation by

Maternal Race, Collaborative Perinatal Project, 1959–1966

Serum 25(OH)D Level,
nmol/L, by Race

No. of Cases of Spontaneous
Preterm Birth Before
35 Weeks’ Gestation

Incidencea of Spontaneous
Preterm Birth Before 35

Weeks’ Gestation

Adjustedb

Risk
Difference

95% CI
Adjustedb

RR
95% CI

Nonwhite mothers 556 0.045

<30 223 0.053* 0.0 Referent 1.00 Referent

30–<50 199 0.043 −0.010 −0.019, −0.0004 0.78 0.62, 0.99

50–75 94 0.037 −0.016 −0.026, −0.006 0.64 0.48, 0.86

>75 40 0.036 −0.015 −0.029, −0.002 0.66 0.44, 0.98

White mothers 211 0.019

<30 29 0.019 0.0 Referent 1.00 Referent

30–<50 64 0.019 0.0004 −0.008, 0.009 1.0 0.64, 1.7

50–75 70 0.018 0.001 −0.007, 0.010 1.1 0.66, 1.7

>75 48 0.018 0.0003 −0.009, 0.010 1.0 0.61, 1.7

Abbreviations: CI, confidence interval; 25(OH)D, 25-hydroxyvitamin D; RR, risk ratio.

* P < 0.0001.
a Incidence is based on the weighted sample.
b Adjusted for maternal age, socioeconomic position, parity, marital status, prepregnancy body mass index (weight (kg)/height (m)2), smoking

during pregnancy, trimester of entry to prenatal care, gestational age at blood sampling, season at blood sampling, and study site.
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Figure 2. Adjusted probability (solid line) with 95% confidence inter-
vals (dashed lines) of spontaneous preterm birth before 35 weeks’
gestation in relationship to maternal serum 25-hydroxyvitamin D
(25(OH)D) (in nmol/L) among nonwhite mothers (bold line) and
white mothers, Collaborative Perinatal Project, 1959–1966. 25(OH)D
was modeled with a restricted cubic spline, P < 0.001.
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end of pregnancy (17.2% vs. 10.6%, P = 0.07). However,
reverse causality likely explains these findings, because a
shorter gestation limits the duration of supplementation and
time to achieve the same 25(OH)D concentrations (41).
Results were not stratified by race/ethnicity.

Observational results have been mixed, with some studies
reporting that maternal 25(OH)D is negatively associated
with risk of preterm birth (42) or shortened gestational age
(43) and others reporting no association (44–46). Previous
research has focused on twin gestations (42), US mothers
with a history of preterm birth (44), women at high risk for
preeclampsia (45), and human immunodeficiency virus–
infected pregnant Tanzanian mothers (46), and it is not
known whether these findings apply to racially diverse sam-
ples of US women in the obstetric population. The preterm
birth phenotypes that investigators have evaluated previously
have been limited, likely because of too few cases to stratify
by timing of delivery and/or pathological features. Our study
included more than 700 cases, the largest number to date,
which may have provided us with the statistical power needed
to detect a modest vitamin D effect within subtypes of sPTB.

Our placental histology–based classification of sPTB may
help to identify critical pathways for vitamin D action in this
complex, heterogeneous syndrome and to target intervention
efforts. Our finding that vitamin D–deficient nonwhite moth-
ers may be susceptible to inflammation-mediated sPTB
before 35 weeks’ gestation is consistent with previous work
linking maternal vitamin D deficiency to bacterial vaginosis
(47, 48), a well-established risk factor for early sPTB result-
ing from intrauterine bacterial infection (49). Vitamin D biol-
ogy is critical for a healthy-host innate immune response.
Toll-like receptors are critical initiators of host innate im-
mune defense against microbial pathogens, and vitamin D
deficiency impairs toll-like receptor induction of the antimi-
crobial peptide cathelicidin from systemic macrophages,
increasing the susceptibility to infection (50). The human
placenta and decidua express the vitamin D–activating
enzyme 1-α hydroxylase, as well as the vitamin D receptor
(51). Trophoblastic vitamin D plays a pivotal role in control-
ling placental inflammation in response to lipopolysaccharide
(7), a stimulus with direct relevance to microbial origins of
preterm birth.

Table 3. Association Between Maternal 25(OH)D at 14–26 Weeks’ Gestation and Spontaneous Preterm Birth Before 35 Weeks’ Gestation in the

Presence of Inflammatory Pathology Lesions, Placental Vascular Pathology Lesions, or Neither, Collaborative Perinatal Project, 1959–1966

Serum 25(OH)D Level,
nmol/L, by Race

Spontaneous Preterm Birth With
Placental Vascular Lesions

Spontaneous Preterm Birth With
Placental Inflammatory Lesions

Spontaneous Preterm Birth With Neither
Placental Pathology

No. of
Cases

Adjusteda

RR
95% CI

No. of
Cases

Adjusteda

RR
95% CI

No. of
Cases

Adjusteda

RR
95% CI

Nonwhite mothers 129 177 257

<30 1.00 Referent 1.00 Referent 1.00 Referent

≥30 0.88 0.59, 1.3 0.68 0.49, 0.95 0.74 0.56, 0.98

White mothers 66 67 80

<30 1.00 Referent 1.00 Referent 1.00 Referent

≥30 0.87 0.44, 1.7 0.75 0.39, 1.45 1.1 0.55, 2.1

Abbreviations: CI, confidence interval; 25(OH)D, 25-hydroxyvitamin D; RR, risk ratio.
a Adjusted for maternal age, socioeconomic position, parity, marital status, prepregnancy body mass index (weight (kg)/height (m)2), smoking

during pregnancy, trimester of entry to prenatal care, gestational age at blood sampling, season at blood sampling, and study site.

Table 4. Summary of Estimates Yielded by the Conventional Analysis and the Sensitivity Analysis of the Effect of 25-hydroxyvitaminD≥30 nmol/L

Versus <30 nmol/L on the Risk of Spontaneous Preterm Birth Among Nonwhite Mothers, Collaborative Perinatal Project, 1959–1966

Preterm Birth by
Placental Histology

Conventional Analysis Bias Analysis

Adjusted
RR

95% CI

UC by Physical Activity UC by Fish Intake UC by Skin Color

Point
Estimate

95% BSAI
Point

Estimate
95% BSAI

Point
Estimate

95% BSAI

sPTB before 35 weeks 0.73 0.59, 0.89 0.78 0.63, 0.97 0.83 0.66, 1.1 0.84 0.65, 1.1

With placental vascular
lesions

0.88 0.59, 1.3 0.94 0.63, 1.4 1.0 0.66, 1.5 1.0 0.66, 1.5

With placental inflammatory
lesions

0.68 0.49, 0.95 0.73 0.52, 1.0 0.78 0.55, 1.1 0.79 0.54, 1.1

With neither placental lesion 0.74 0.56, 0.98 0.79 0.59, 1.1 0.85 0.63, 1.1 0.84 0.60, 1.2

Abbreviations: BSAI, bootstrapped sensitivity analysis interval; CI, confidence interval; RR, risk ratio; sPTB, spontaneous preterm birth; UC,

unmeasured confounding.
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Our finding that higher concentrations of 25(OH)D in
nonwhite mothers were associated with a reduced risk of
sPTB before 35 weeks’ gestation in the absence of placental
pathological lesions raises the possibility of alternative bio-
logical contributions to preterm birth. In a human myometrial
model system, vitamin D attenuates myometrial contractile-
associated protein expression in response to labor stimulus
(52). Targeted basic studies designed to determine whether
vitamin D influences the sensitivity of the myometrium to
endogenous and exogenous labor stimuli appear justified.
Racial differences in associations between 25(OH)D and

adverse health outcomes like the one we noted here have
been reported previously (23) and may be due to heteroge-
neity in action of parathyroid hormone or expression of the
vitamin D receptor, the vitamin D binding protein, or the
enzymes involved in its metabolism (53). It may also be
that there were not enough cases of sPTB among white
women with 25(OH)D levels less than 30 nmol/L (n = 29)
to detect an effect. The presence of a vitamin D–sPTB asso-
ciation only among black and Puerto Rican mothers in our
study raises concern regarding residual confounding by
social status and wealth (38). Therefore, we evaluated sys-
tematic error caused by unmeasured data on skin color, a
strong biological determinant of 25(OH)D levels (54) and a
marker of social status (35, 36). Our probabilistic bias analy-
sis for unmeasured confounding by skin color, as well as fish
intake and exercise, suggested that the conventional risk ratio
somewhat overestimated the protective effect of 25(OH)D
levels of 30 nmol/L or more but did not alter conclusions sub-
stantially. The bias analysis results are conditional on the
accuracy of the distributions assigned to the parameters,
and these may not apply to our population. Our planned
work genotyping key vitamin D metabolic loci, including
ancestry informative markers to estimate skin color in this
cohort, should lead to a more rigorous assessment of con-
founding and yield insight into potential biological underpin-
nings of this association.
Preterm birth defined on the basis of menstrual dating has

imperfect sensitivity and specificity that are likely to be non-
differential by vitamin D status after controlling for race and
socioeconomic position. Our use of strict gestational age and
birth weight criteria was intended to reduce the likelihood of
outcome misclassification. Indeed, when we defined preterm
birth as before 37 weeks’ gestation, our results were substan-
tially attenuated (data not shown). In the 1960s, when the CPP
was conducted, medically indicated preterm births were rare.
Births in the CPP that likely would be medically indicated in
the modern era were either spontaneous deliveries of liveborn
infants at later gestational ages (and perhaps classified as term
births in our study) or stillbirths (which would have been
excluded from our study). Furthermore, although the high
vitamin D deficiency rates in the CPP are similar to those of
racially diverse cohorts today (8, 55, 56), other factors that we
measured (e.g., obesity, smoking) and did not measure (e.g.,
physical labor, diet) differ. For these reasons, it is critical that
we test the vitamin D–preterm birth hypothesis in a contem-
porary cohort of medically indicated and spontaneous pre-
term deliveries to evaluate the generalizability of our results.
Major strengths of our study include a large number of pre-

term birth cases, rich data from placental pathology examina-

tions performed by pathologists blinded to clinical outcomes,
and a geographically diverse population of black and white
mothers. Serum 25(OH)D was measured by using the “gold
standard” method after a careful evaluation of the stability of
the analyte in stored samples (22). Finally, the similarity
between the multiple imputation and complete-case analyses
suggests that the missing data on 17% of women selected into
our study were not a major source of bias.
Vitamin D may have relevance to the prevention of partic-

ular subtypes of sPTB, but more work is needed to rigorously
evaluate this association with large contemporary cohorts of
mothers from a wide range of racial and ethnic backgrounds
with detailed data on skin pigment and other covariates.
Exploring the role of vitamin D in sPTB, particularly among
African American mothers, is critical because it may be an
important mediator of the racial/ethnic inequality in preterm
birth.
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