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Abstract: Vitamin D deficiency (25 (OH)D < 20 ng/mL) is a modifiable risk factor that has been
associated with an increased risk of preterm birth (PTB) (<37 weeks gestation). Black women are
at a high risk for vitamin D deficiency due to higher melanin levels. Vitamin D sufficiency may be
protective against PTB risk in Black women. Black participants between 8 and 25 weeks of gestation
were included in this nested case—control study. The sample consisted of women who had either
PTBs (n = 57) or term births, were selected based on maternal age compared to those who had
PTBs (n = 118), and had blood samples available between 8 and 25 weeks of gestation. The women
completed questionnaires about depressive symptoms and smoking behavior and had blood collected
to determine their vitamin D levels. Gestational age at birth, hypertensive disorders, and body mass
index (BMI) were collected from the medical records. The odds of PTB were increased by 3.34 times
for participants with vitamin D deficiency after adjusting for hypertensive disorders of pregnancy and
depressive symptoms. Vitamin D assessment and supplementation may be an important intervention
for preventing PTB in pregnant Black women.
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1. Introduction

In 2021, the disparity of preterm birth (PTB) among non-Hispanic Black women
was doubled (14.8%) when compared to non-Hispanic White women (9.5%), a persistent
increase in risk over decades [1,2]. Higher socioeconomic status, maternal education, and
insurance status have not been shown to improve the risk of PTB for Black women in
large epidemiological studies [3,4]. No effective interventions have been identified to
mitigate the risk of PTB for Black women. Vitamin D deficiency (25 (OH)D < 20 ng/mL) is
a modifiable risk factor that has been associated, albeit inconsistently, with an increased
risk of PTB [5-7]. Black women are at high risk for vitamin D deficiency [8] due to
increased melanin which protects against harmful ultraviolet rays but inhibits vitamin
D absorption and metabolism [9,10]. According to the National Health and Nutrition
Examination Survey (NHANES), 72% of the non-Hispanic Black population were deficient
in vitamin D [8]. Due to increased maternal and fetal use of vitamin D, the Endocrine Society
considers pregnancy itself a risk factor for vitamin D deficiency [11] and encourages higher
supplementation (1500-2000 IUs daily) than the Institute of Medicine (IOM) guidelines,
which only recommend the standard 400 IUs daily [12]. In addition, the Endocrine Society
defines vitamin D sulfficiency as 25(OH)D > 30 ng/mL, whereas the Institute of Medicine
defines vitamin D sufficiency as 25(OH)D > 20 ng/mL [11].
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Vitamin D deficiency has been related to depressive symptoms and an increased risk
of PTB [13-16]. Pregnant women who are deficient in vitamin D are at a higher risk for
depressive symptoms both during pregnancy and the postpartum period [13,17-20]. Prior
work also showed that pregnant Black women who have more depressive symptoms are
at a higher risk of PTB than Black women with no depressive symptoms [21-23]. The
conversion of 25(OH)D into 1, 25dihydroxyvitaminD (1,25(OH);D) facilitates immune
function through a vitamin D receptor (VDR)-mediated transcription of a diverse array of
cells at the fetal and maternal interface, with anti-inflammatory and tolerogenic principal
effects [24-26]. The causes of PTB are multifactorial, but they are categorized as either
medically indicated or spontaneous [27]. One of the most common reasons for medically
indicated PTB is preeclampsia [27]. The spontaneous causes of PTB are due to premature
labor and /or maternal infection and inflammation at the chorion—placental interface [28].
Both medically indicated and spontaneous PTBs can potentially be mitigated via vitamin D
due to the immunomodulatory impact vitamin D has on infection and inflammation during
pregnancy. Other factors that also contribute to the risk of PTB include obesity [29,30],
prenatal smoking [31,32], and any history of hypertension, either pre-pregnancy or gesta-
tional [33,34]. Thus, the purpose of this study was to explore whether vitamin D deficiency
in early pregnancy increased the risk of PTB in later pregnancy in a cohort of Black women
while adjusting for other confounders.

2. Materials and Methods
2.1. Study Design and Participants

The data for this nested case—control study were obtained from a subset of the Biosocial
Impact on Black Births (BIBB) study, which has been published [35,36]. The BIBB study was
an NIH-funded, prospective mixed-methods study that recruited pregnant Black women
from two different geographic sites in the United States located in the Midwest region. The
data included in these analyses were collected from women recruited between December
2017 and March 2020, when the study was placed on hold due to the COVID-19 pandemic.

Women were included in the BIBB study if they self-described as being African Ameri-
can or Black, were 18-45 years of age, had a singleton pregnancy, were enrolled between
8 and 29 weeks of gestation, and could read and write English. Eligible women were
approached by the research staff about the study and invited to participate. Women who
agreed to participate completed an informed consent process. The participants completed
questionnaires on an electronic device, and blood samples were collected from them via
venipuncture two or three times during their pregnancy. The participants were compen-
sated with store gift cards for each questionnaire and biological sample collected up to a
maximum of USD 175. The research staff collected birth (e.g., PTB) and medical history
data (e.g., hypertensive disorders of pregnancy) from maternal medical records.

Women with PTB were included in the analysis if they completed the questionnaires
and had blood samples collected between 8 and 25 weeks of gestation. The gestational
age range of 8-25 weeks was selected to include as many women with PTB as possible. A
subsample of 57 women with PTB had both questionnaire responses and blood samples
collected between 8 and 25 weeks of gestation. The maternal age for women with PTB
ranged from 18 to 41 years of age. Women who had a term birth (defined as >37 weeks
of gestation) were included in the analysis based on the availability of data from the
questionnaires and the blood samples collected between 8 and 25 weeks of gestation, and
they were selected using the same quartiles of maternal age as the women with PTB. A
subsample of 264 women with term birth had questionnaire data and blood available at
8-25 weeks of gestation, and they had similar age ranges as the women with PTB. We
randomly selected 118 women from that subsample. We selected 118 women with term
birth, not a matched set of controls, to maintain an approximate 2:1 ratio of term birth to
PTB and to maximize power within the resources available for the laboratory assays. Since
this study was a nested control-cohort study, we did not match any demographic data other
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than maternal age, but statistical comparisons are provided in Table 1 to ensure the PTB
and term groups were not significantly different with respect to demographic variables.

Table 1. Characteristics of the sample (n = 175).

. Preterm Birth Term Birth V1ta.n?1n D V1ta.m.1n D
Characteristics p Value Deficiency Sufficiency p Value
(n =57) (n =118)
(n=74) (n =101)
Mean + SD
Maternal Age (years) 27.77 £ 591 27.14 £5.83 0.501 27.66 £ 5.96 26.91 £5.70 0.398
Gestational Age at Blood 1421 +488 1393 +4.07 0.692 1348 £407 1477 + 461 0.051
Draw (weeks)
Frequency (%)
Annual Household Income 0.230 0.879
<US 10,000 27 (47.4%) 49 (41.5%) 46 (45.5%) 30 (40.5%)
USD 10,000-19,999 10 (17.5%) 17 (14.4%) 14 (13.9%) 13 (17.6%)
USD 20,000-29,999 14 (24.6%) 24 (20.3%) 22 (21.8%) 16 (21.6%)
>USD 30,000 6 (10.5%) 28(23.7%) 19 (18.8%) 15 (20.3%)
Level of Education 0.294 0.685
Less than high school 7 (12.3%) 15 (12.7%) 12 (11.9%) 10 (13.5%)
High school or GED 27 (47.4%) 53 (44.9%) 49 (48.5%) 31 (41.9%)
>High school education 23 (40.3%) 50 (42.4%) 40 (39.6%) 33 (44.6%)
Marital status 0.615 0.712
Married/live with partner 24 (42.1%) 45 (38.1%) 41 (40.6%) 28 (37.9%)
Work Status 0.355 0.355
Currently working 31 (54.4%) 55 (46.6%) 48 (47.5%) 38 (51.4%)
Insurance 0.676 0.474
Medicaid 38 (66.7%) 71 (60.2%) 63 (62.4%) 46 (62.2%)
Medicare 6 (10.5%) 11 (9.3%) 12 (11.9%) 5 (6.8%)
Medicaid + Medicare 4 (7.0%) 14 (11.9%) 8 (7.9%) 10 (13.5%)
Private or other 9 (15.8%) 22 (18.6%) 18 (17.8%) 13 (17.6%)
CES-D scores > 23 13 (22.8%) 31 (26.3%) 0.621 28 (27.7%) 16 (21.6%) 0.358
HDP diagnosis 28 (49.1%) 32 (27.1%) 0.004 * 35 (34.7%) 25 (33.8%) 0.905
Obese (BMI > 30 kg/m?) 30 (52.6%) 60 (50.8%) 0.825 57 (56.4%) 33 (44.6%) 0.122

Continuous variables are presented as means =+ standard deviations. Values for categorical variables are presented
in frequency (%). CESD, Center for Epidemiological Studies Depression Scale; HDP, hypertensive disorders of
pregnancy. Obesity is based on the body mass index (kg/m?) at the first prenatal visit. * p < 0.01

2.2. Variables and Instruments

Maternal characteristics. Demographic data were collected via self-reporting and in-
cluded maternal age, level of education, marital status, employment, and annual household
income. Maternal smoking status was determined based on self-reports of the frequency of
smoking cigarettes and e-cigarettes. Any smoking during pregnancy was coded as “yes”,
and not smoking was coded as “no”.

Maternal Body Mass Index (BMI). Maternal weight and height were measured by
prenatal clinic staff at the first prenatal visit if weight was available prior to 14 weeks
of gestation and retrieved from the electronic medical records. The prenatal body mass
index (BMI, weight(kg)/height(m?)) was calculated using IOM guidelines, and obesity was
defined as a BMI of > 30 m? and analyzed as a categorical variable (obese = BMI of > 30 m?;
non-obese = BMI < 30 m?) [37].

Depressive symptoms. The Center for Epidemiologic Studies Depression Scale (CES-
D) was used for measuring symptoms of depression. The CES-D is a 20-item instrument
on a 4-point scale (ranging from 0 = rarely to 3 = most of the time) with a seven-day recall
period and a total score ranging from 0 to 60 [38]. A higher score represents more symptoms
of depression, with a cut-off point of >23 being highly correlated with a clinical diagnosis
of depression in pregnancy [39].

Hypertensive disorders of pregnancy (HDP). Retrospective medical record abstrac-
tion was conducted to identify participants with any diagnosis of hypertensive disorder
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in pregnancy (HDP), including preeclampsia, eclampsia, gestational hypertension, pre-
pregnancy hypertension, and superimposed preeclampsia (pre-pregnancy hypertension
with the development of preeclampsia). The variable was binary, with 0 representing no
HDP diagnosis and 1 representing any HDP diagnosis.

Plasma total 25(OH)D. Blood was collected via venipuncture in 6 mL EDTA tubes
between 8 weeks and 25 weeks of gestation. The blood samples were kept on ice or
in a refrigerator until processing and were centrifuged (1600x g 15 min at 4° Celsius)
within 2 h of collection to separate the plasma from red blood cells. A total of 1 mL
of plasma was pipetted and aliquoted into 1.5 mL microcentrifuge tubes and frozen at
—80 °C in freezers at two different data collection sites. The plasma was analyzed at
Heartland Assays using liquid chromatography—-mass spectrometry (LC/MS). Intra- and
inter-assays of the Coefficient of Variance (CV) were <5%. Vitamin D deficiency was defined
as 25(0OH)D < 20 ng/mL based on the IOM guidelines [40].

2.3. Statistical Analysis

Data were analyzed using IBM SPSS Statistics 28. Descriptive statistics for the variables
in the analysis included frequencies(n) and percentages for categorical variables and means
and standard deviations for continuous variables. Independent samples t-tests and x tests
were used to determine whether there were statistically significant differences in maternal
characteristics between women with PTB and women with term birth. Bivariate analyses
were conducted with each potential predictor variable (vitamin D, depressive symptoms,
HDP, BM], and prenatal smoking) and PTB unadjusted to screen for potential issues with
multicollinearity. Binary logistic regressions were then performed to predict the odds of
PTB depending on vitamin D status, controlling for depressive symptoms, HDP, BMI, and
prenatal maternal smoking. Logistic regression was selected for the analysis because the
gestational age in weeks was non-normally distributed and logistic regression provides
interpretable estimates of the probability of having a PTB or term birth. Due to slight
differences in the average gestational age at blood draw and to increase confidence in the
logistic regression estimates, propensity scores were calculated based on the gestational
age at the time of blood draw and maternal age. As plasma 25(OH)D changes throughout
gestation [41], propensity weights were then applied to the final logistic regression model
to account for the potential confounding effects of maternal age and gestational age at
blood draw on the relationship between vitamin D status and PTB.

3. Results
3.1. Descriptive Characteristics of the Sample

Characteristics of the sample by term birth and vitamin D status are shown in Table 1.
The independent samples t-tests showed no significant differences in maternal age or
gestational age at blood draw between (1) women with PTB and women with term birth and
(2) women with vitamin D deficiency and women with vitamin D sufficiency. Categorical
variables were assessed using bivariate tables and x? tests. The results of the x* analysis
also showed no significant differences between the groups.

3.2. Binary Logistic Regressions

Binary logistic regressions were performed to predict the odds of having PTB de-
pending on vitamin D sufficiency while controlling for depressive symptoms and HDP as
the only remaining confounders, using the epidemiologic rule that if the relative change
in the odds ratio (OR) after an adjustment for a potential confounder is ~10% or greater,
it should be kept in the adjusted model [38]. Obesity did not correlate with PTB as an
outcome. Prenatal smoking did significantly predict PTB, but when added to the binary
logistic regression, the odds ratio changed by only 0.65%. Therefore, depressive symptoms,
as measured via the CES-D and HDP, remained in the adjusted model. All models were
statistically significant based on each model’s x? output.
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Table 2 includes the results of the binary logistic regression analyses predicting PTB.
The unadjusted model included only vitamin D as a predictor of PTB. The results showed
that women with vitamin D deficiency were 2.80 times as likely to have a PTB than women
with vitamin D sufficiency (OR = 2.80, 95% CI: 1.40, 5.59, p < 0.01). The unweighted
adjusted model included vitamin D along with CES-D scores > 23 and any HDP diagnosis.
Figure 1 illustrates the adjusted probability of PTB compared with term birth by vitamin D
status. Vitamin D remained a significant predictor of PTB in the adjusted model, with a
slightly stronger odds ratio (OR = 3.00, 95% CI: 1.47, 6.15, p < 0.01). Vitamin D showed
a slightly weaker effect (OR = 2.74, 95% CI: 1.35-5.54) after propensity score weights
were applied to account for maternal age, gestational age at blood draw, and confounders
(depressive symptoms and HDP). However, the overall results are similar among all three
logistic regression models.

Table 2. Binary logistic regression predicting the odds of preterm birth (n = 175).

Preterm Birth
Variables Vitamin D Unweighted Weighted
Unadjusted Odds Ratio Adjusted Odds Ratio ! Adjusted Odds Ratio !
OR 95% CI OR 95% CI OR 95% CI
Vitamin D deficiency " . s y s .

(25(0H)D < 20 ng/mL) 2.80 1.40-5.59 3.00 1.47-6.15 2.74 1.35-5.54
Model x? 7.83* 9.09 * 7.83*
—2 log-likelihood 211.75 202.66 237.00

Predicted Probability of Preterm birth

0.9

0.8

0.7

0.6

0.5

04

0.3

0.2

0.1

*p < 0.05,** p < 0.01, ' Adjusted for the CES-D (Center for Epidemiological Studies Depression Scale) and HDP
(hypertensive disorders of pregnancy).

Deficient Sufficient

Vitamin D status

Figure 1. Predicted probability of PTB by Vitamin D sufficiency, adjusted for other predictors.

4. Discussion

Plasma vitamin D deficiency during pregnancy was a significant predictor of PTB
among a cohort of Black women in our study after controlling for depressive symptoms
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and HDP. Although we did not limit PTBs to spontaneous PTBs, vitamin D deficiency
was more strongly associated with PTB after controlling for HDP, the leading cause of
non-spontaneous (medically indicated) PTB. These findings support the need to develop
approaches for the supplementation of vitamin D for women who have vitamin D deficiency.
Research into how supplementation can be utilized more effectively and efficiently is
needed, especially among Black women who are both the most vulnerable to vitamin D
deficiency and have the highest rates of PTB [2,42,43].

The results of our study are consistent with other studies that included a significant
percentage of Black women [5,6,43]. Several meta-analyses and systematic reviews that
were published in the last 5 years have shown a significant association between vitamin D
deficiency and PTB [5,44,45]. However, there are still inconsistencies and heterogeneities
of the studies included in the review as the studies used different cut-offs for measuring
vitamin D deficiency, with some studies using the Institute of Medicine’s guidelines of
<20 ng/mL and some using the Endocrine Society’s cutoff value of <30 ng/mL for vitamin
D insufficiency [11,12]. Further, many of the studies included in those meta-analyses and
systematic reviews did not have a large population of Black women, which is a unique con-
tribution of our study. In a multiethnic cohort of 3453 pregnant women, 28.2% of the women
who had a PTB (n = 1127) were non-Hispanic Black; however, non-Hispanic Black women
comprised only 12.8% of the sample [43]. Women who had serum 25(OH)D < 20 ng/mL
were 2.1 times more likely to have a PTB at <34 weeks after adjusting for maternal race,
pre-pregnancy BMI, and other significant covariates (OR 2.1; 95% CI 1.3, 3.6) [43]. In another
multi-ethnic cohort (n = 2629) with 46% of the women identifying as non-Hispanic Black,
66% of the spontaneous PTBs occurred among non-Hispanic Black women [46]. There was
no association of serum 25(OH)D with PTB among White women, but a 30% increased risk
of spontaneous PTB < 35 weeks was found in non-White pregnant women with vitamin D
deficiency (RR 0.73; 95% CI 0.59-0.89). Bodnar et al. (2014) defined spontaneous PTB as
<35 weeks of gestation compared with our study, which used a definition of PTB < 37 weeks
of gestation. [46] which is the clinical standard for defining PTB [28]. They also limited
their definition of PTB to those who delivered spontaneously due to preterm labor with
intact membranes or the premature rupture of membranes between 26 and <35 weeks of
gestation [46].

Our study was unique in that vitamin D deficiency remained predictive of PTB and
improved the odds ratio after HDP and depressive symptoms were adjusted for. There
is also evidence that vitamin D deficiency increases the risk of preeclampsia as in one
randomized control trial, early and late pregnancy vitamin D levels of >30 ng/mL upon
entry to a clinical trial reduced the risk of preeclampsia (adjusted OR = 0.28; 95% (I,
0.10-0.96) [47]. Vitamin D may play an important role in inflammation, which could
explain its relationship with increased risks of PTB and preeclampsia in women who have
vitamin D deficiency [48,49].

One result from our study that conflicts with other studies which included large
numbers of pregnant Black women [13,15,17] is that pregnant Black women with vitamin
D deficiency defined as <20 ng/mL did not have more significant symptoms of depression;
however, when included in the adjusted logistic regression model with HDP, it did increase
the OR for PTB. In contrast, Accortt et al. (2018) collected serum in early and late pregnancy
as well as during the postpartum period from a cohort of multi-ethnic pregnant women
(18% non-Hispanic Black) and found an association between women with vitamin D
deficiency and higher levels of depressive symptoms across pregnancy [17]. Women who
had vitamin D deficiency also had a higher relative risk for adverse pregnancy outcomes
which included preeclampsia, PTB, and low birth weight [17]. This is significant since
increased depressive symptoms and vitamin D deficiency have both been associated with
an increased risk of PTB [50,51].

The insidious and multi-factorial nature of the causes of PTB makes developing treat-
ment for or potentially preventing PTB challenging. However, our findings support vitamin
D supplementation as a possible intervention that could potentially reduce the risk of PTB.
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However, observational studies of risk factors for PTB are not the gold standard for es-
tablishing whether an intervention utilizing vitamin D supplementation will be effective.
Multiple randomized controlled trials (RCTs) have been conducted to assess whether vita-
min D supplementation can improve the risk of PTB or pre-eclampsia; however, the results
have been conflicting [5,44,52,53]. Heterogeneous doses of vitamin D supplementation
usage and flawed study designs have plagued the supplementation trials thus far. For
example, some RCTs do not exclude pregnant women with vitamin D sufficiency, which
makes supplementation unlikely to have an impact on PTB or preeclampsia because the
inclusion of women with vitamin D sufficiency inflates type I error. RCTs have also rarely
used a sufficient treatment/supplementation dose (i.e., 400 IU) [7,41,54]. The timing of the
vitamin D supplementation and a focus on populations that have severe vitamin D defi-
ciency as defined by the Endocrine Society as 25(0OH)D < 12.5 ng/mL may also be critical
factors in decreasing the risk of PTB. There is some evidence that vitamin D sufficiency
in the mid-second trimester and early third trimester may be beneficial in decreasing the
risk of PTB [6,55]. Interestingly, other populations that have vitamin D deficiency, such as
persons from India [56] and the Middle East [57], demonstrated a decreased risk of PTB
with vitamin D supplementation of 4000 IUs or greater. Therefore, ensuring that women
achieve adequate levels of vitamin D during pregnancy is an important determinant of
decreasing the risk of PTB [10,48,58].

This study highlights the importance of reaching sufficient levels of vitamin D during
pregnancy, specifically among Black women. In addition, there is sufficient evidence that
there are vitamin-D-binding protein single-nucleotide polymorphisms (SNPs) and other
vitamin-D-related gene variants that can significantly impact vitamin D metabolism and
may be associated with PTB [59-61]. People of African ancestry more commonly have the
homozygous 1F allelic variant of the VDBP gene and, based on vitamin D supplementation
studies, people with this variant need almost double the recommended supplementation
to achieve a normal vitamin D level [59,62]. This is clinically significant and can explain
why there have been conflicting results from vitamin D supplementation trials. Past
research has not incorporated vitamin-D-related gene variants and how they might help
achieve sufficient vitamin D levels and consequently impact outcomes such as PTB. We have
typically used a one-size-fits-all approach to nutrient supplementation, but perhaps we need
to incorporate a precision medicine approach and individualized supplementation based
on diet and genotypes to achieve improved outcomes. The results from this study show
that vitamin D status in Black women could be an important biomarker for further study.

Strengths and Limitations. One of the main strengths of this study is that the sample
comprised Black women only. Black women are at the greatest risk for both vitamin D
deficiency [8] and PTB [2]. More needs to be learned about the unique pathways to PTB that
impact Black women and contribute to the continuing health disparity of the risk of PTB
experienced by Black women. Many other studies that examined the association of vitamin
D deficiency with the risk of PTB did not include a predominantly Black population and
could not determine the effects in this at-risk population [7,42].

The limitations of this study include its relatively small sample size and the lack of
dietary data for the participating women. This was a secondary analysis of a prenatal
cohort of Black women in which the focus was not on nutrition; thus, dietary data were
not collected. The most common sources of dietary vitamin D and calcium are fatty
fish and foods fortified with vitamins such as cow’s milk, soy milk, orange juice, and
egg yolks [40,41]. Dietary intake of vitamin D and calcium is fairly minimal generally
but may be especially more so in Black populations given the high prevalence of lactose
intolerance [63]. Therefore, supplementation is likely to be required if vitamin D deficiency
is to be addressed for pregnant Black women.

Another limitation of the study was that there was such a large range of gestational
age at blood draw in the sample of participants (8-25 weeks gestation) which is significant
since there is evidence to show that 25(OH)D levels can change depending on the trimester
of pregnancy [48]. We attempted to adjust for that by creating the propensity score weights
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to help control for maternal age and gestational age at blood draw. As noted in Table 1,
there was no statistical difference in gestational age at blood draw between the term and
PTB group and was close to being statistically different in the vitamin D sufficient and
deficient group.

5. Conclusions

We found that plasma vitamin D deficiency during pregnancy was a significant
predictor of PTB among a cohort of Black women. Vitamin D supplementation during
pregnancy may be an important determinant in decreasing the risk of PTB among Black
women. RCTs are needed to examine whether vitamin D supplementation decreases
the risk of PTB among these women and which dose of supplementation is more likely
to provide the greatest improvements in pregnancy outcomes, especially PTB. Future
research must focus on understanding methods for maximizing the benefits of improving
vitamin D status in pregnancy and whether this indicates a higher supplementation dose
or initiating supplementation prior to pregnancy to achieve healthy pregnancy outcomes.
More research must also be conducted to understand how the intersection between genetics
and environment in relation to vitamin D increases the risk of PTB. It will be important to
evaluate the molecular mechanisms that sufficient vitamin D status can make on pregnancy
outcomes such as PTB. Lastly, more studies need to be conducted to elucidate the molecular
pathway through which calcitriol exerts its maximal effect on the immune system and how
it can prevent poor outcomes such as PTB.

Author Contributions: Conceptualization, ].W. and C.G.; methodology, ].W. and C.G.; formal analy-
sis, J.W. and T.G.; investigation, C.G. and D.M.; data curation, D.M. and R.D.; writing—original draft
preparation, ] W.; writing—review and editing, ] W., T.G., C.G., D.M. and R.D.; project administration,
C.G., D.M,; funding acquisition, C.G. and D.M. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by the National Institutes of Health, grant number 1 K23
MDO016431-01 and R01 MDO011575 and the APC was funded by the Texas Woman’s University Office
of Research and Scholarly Programs.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of Wayne State
University (IRB# 043417B3F, approved 13 June 2017).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
parent study.

Data Availability Statement: Not applicable.

Acknowledgments: Authors would like to acknowledge Ana Wong, Laura Segovia and Lindsey
McCracken for their work in pulling the plasma samples for analysis and all the women who
participated in the BIBB study.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

1.  Hamilton, B.E.; Martin, J.A.; Osterman, M.].; Rossen, L.M. Births: Provisional Data for 2018. 2019. Available online: https:
/ /www.cde.gov/nchs/data/vsrr/vsrr-007-508.pdf (accessed on 31 January 2023).

2. Osterman, M.J.K.; Hamilton, B.E.; Martin, J.A.; Driscoll, A.K.; Valenzuela, C.P. Births: Final Data for 2021. Available online:
https:/ /www.cdc.gov/nchs/data/vsrr/vsrr020.pdf (accessed on 31 January 2023).

3. Johnson, ].D.; Green, C.A.; Vladutiu, C.J.; Manuck, T.A. Racial Disparities in Prematurity Persist among Women of High
Socioeconomic Status. Am. J. Obs. Gynecol. MFM 2020, 2, 100104. [CrossRef] [PubMed]

4. McLemore, M.R,; Berkowitz, R.L.; Oltman, S.P.; Baer, R.].; Franck, L.; Fuchs, J.; Karasek, D.A.; Kuppermann, M.; McKenzie-
Sampson, S.; Melbourne, D.; et al. Risk and Protective Factors for Preterm Birth Among Black Women in Oakland, California. J.
Racial Ethn. Heal. Disparities 2020, 8, 1273-1280. [CrossRef] [PubMed]


https://www.cdc.gov/nchs/data/vsrr/vsrr-007-508.pdf
https://www.cdc.gov/nchs/data/vsrr/vsrr-007-508.pdf
https://www.cdc.gov/nchs/data/vsrr/vsrr020.pdf
https://doi.org/10.1016/j.ajogmf.2020.100104
https://www.ncbi.nlm.nih.gov/pubmed/33179010
https://doi.org/10.1007/s40615-020-00889-2
https://www.ncbi.nlm.nih.gov/pubmed/33034878

Nutrients 2023, 15, 4637 9of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Amegah, A K,; Klevor, M.K.; Wagner, C.L. Maternal vitamin D insufficiency and risk of adverse pregnancy and birth outcomes: A
systematic review and meta-analysis of longitudinal studies. PLoS ONE 2017, 12, e0173605. [CrossRef]

Wagner, C.L.; Baggerly, C.; McDonnell, S.; Baggerly, K.A.; French, C.B.; Baggerly, L.; Hamilton, S.A.; Hollis, B.W. Post-hoc analysis
of vitamin D status and reduced risk of preterm birth in two vitamin D pregnancy cohorts compared with South Carolina March
of Dimes 2009-2011 rates. J. Steroid Biochem. Mol. Biol. 2016, 155, 245-251. [CrossRef]

Woo, ].; Giurgescu, C.; Wagner, C.L. Evidence of an Association Between Vitamin D Deficiency and Preterm Birth and Preeclampsia:
A Critical Review. J. Midwifery Women’s Health 2019, 64, 613-629. [CrossRef] [PubMed]

Liu, X.; Baylin, A.; Levy, P.D. Vitamin D deficiency and insufficiency among US adults: Prevalence, predictors and clinical
implications. Br. . Nutr. 2018, 119, 928-936. [CrossRef] [PubMed]

Hossein-nezhad, A.; Holick, M.E. Vitamin D for health: A global perspective. In Mayo Clinic Proceedings; Elsevier: Amsterdam,
The Netherlands, 2013; pp. 720-755.

Hollis, B.W.; Wagner, C.L. New insights into the vitamin D requirements during pregnancy. Bone Res. 2017, 5, 17030. [CrossRef]
Holick, M.E,; Binkley, N.C.; Bischoff-Ferrari, H.A.; Gordon, C.M.; Hanley, D.A.; Heaney, R.P.; Murad, M.H.; Weaver, C.M.
Evaluation, treatment, and prevention of vitamin D deficiency: An Endocrine Society clinical practice guideline. . Clin. Endocrinol.
Metab. 2011, 96, 1911-1930. [CrossRef]

Bouillon, R.; Carmeliet, G. Vitamin D insufficiency: Definition, diagnosis and management. Best Pract. Res. Clin. Endocrinol.
Metab. 2018, 32, 669-684. [CrossRef]

Cassidy-Bushrow, A.E.; Peters, RM.; Johnson, D.A.; Li, J.; Rao, D.S. Vitamin D nutritional status and antenatal depressive
symptoms in African American women. J. Women’s Health 2012, 21, 1189-1195. [CrossRef]

Accortt, E.E.; Schetter, C.D.; Peters, R.M.; Cassidy-Bushrow, A.E. Lower prenatal vitamin D status and postpartum depressive
symptomatology in African American women: Preliminary evidence for moderation by inflammatory cytokines. Arch. Women’s
Ment. Health 2016, 19, 373-383. [CrossRef]

Bobbitt, K.R.; Peters, RM.; Li, ].; Rao, S.D.; Woodcroft, K.J.; Cassidy-Bushrow, A.E. Early pregnancy vitamin D and patterns of
antenatal inflammation in African-American women. J. Reprod. Immunol. 2015, 107, 52-58. [CrossRef] [PubMed]

Fallah, M.; Askari, G.; Asemi, Z. Is vitamin D status associated with depression, anxiety and sleep quality in pregnancy: A
systematic review. Adv. Biomed. Res. 2020, 9, 32.

Accortt, E.E.; Lamb, A.; Mirocha, J.; Hobel, C.J. Vitamin D deficiency and depressive symptoms in pregnancy are associated with
adverse perinatal outcomes. J. Behav. Med. 2018, 41, 680—-689. [CrossRef]

Lamb, A.R.; Lutenbacher, M.; Wallston, K.A.; Pepkowitz, S.H.; Holmquist, B.; Hobel, C.J. Vitamin D deficiency and depressive
symptoms in the perinatal period. Arch. Women's Ment. Health 2018, 21, 745-755. [CrossRef]

Williams, J.A.; Romero, V.C.; Clinton, C.M.; Vazquez, D.M.; Marcus, S.M.; Chilimigras, J.L.; Hamilton, S.E.; Allbaugh, L.J.;
Vahratian, A.M.; Schrader, R.M. Vitamin D levels and perinatal depressive symptoms in women at risk: A secondary analysis of
the mothers, omega-3, and mental health study. BMC Pregnancy Childbirth 2016, 16, 203. [CrossRef] [PubMed]

Murphy, PK.; Mueller, M.; Hulsey, T.C.; Ebeling, M.D.; Wagner, C.L. An exploratory study of postpartum depression and vitamin
D. J. Am. Psychiatr. Nurses Assoc. 2010, 16, 170-177. [CrossRef] [PubMed]

Giurgescu, C.; Misra, D.P. Psychosocial Factors and Preterm Birth Among Black Mothers and Fathers. MCN Am. |. Matern. Child
Nurs. 2018, 43, 245-251. [CrossRef]

Giurgescu, C.; Slaughter-Acey, ].C.; Templin, T.N.; Misra, D.P. The Impact of Symptoms of Depression and Walking on Gestational
Age at Birth in African American Women. Womens Health Issues 2017, 27, 181-187. [CrossRef]

Nutor, J.J.; Slaughter-Acey, J.C.; Giurgescu, C.; Misra, D. Symptoms of Depression and Preterm Birth Among Black Women. MCN.
Am. J. Matern. Child Nurs. 2018, 43, 252. [CrossRef]

Wagner, C.L.; Hollis, B.W. The implications of vitamin D status during pregnancy on mother and her developing child. Front.
Endocrinol. 2018, 9, 500. [CrossRef] [PubMed]

Tamblyn, J.; Hewison, M.; Wagner, C.; Bulmer, J.; Kilby, M. Immunological role of vitamin D at the maternal—fetal interface. J.
Endocrinol. 2015, 224, R107-R121. [CrossRef] [PubMed]

Garcia, A.M.; Kutmon, M.; Eijssen, L.; Hewison, M.; Evelo, C.T.; Coort, S.L. Pathway analysis of transcriptomic data shows
immunometabolic effects of vitamin D. J. Mol. Endocrinol. 2018, 60, 95-108. [CrossRef]

ACOG. Prediction and Prevention of Spontaneous Preterm Birth: ACOG Practice Bulletin Summary, Number 234. Obstet. Gynecol.
2021, 138, 320-323. [CrossRef] [PubMed]

Vogel, ].P.; Chawanpaiboon, S.; Moller, A.-B.; Watananirun, K.; Bonet, M.; Lumbiganon, P. The global epidemiology of preterm
birth. Best Pract. Res. Clin. Obstet. Gynaecol. 2018, 52, 3-12. [CrossRef] [PubMed]

Liu, B.; Xu, G.; Sun, Y,; Du, Y.; Gao, R.; Snetselaar, L.G.; Santillan, M.K.; Bao, W. Association between maternal pre-pregnancy
obesity and preterm birth according to maternal age and race or ethnicity: A population-based study. Lancet Diabetes Endocrinol.
2019, 7, 707-714. [CrossRef]

Ju, A.C.; Heyman, M.B.; Garber, A.K.; Wojcicki, ]. M. Maternal obesity and risk of preterm birth and low birthweight in Hawaii
PRAMS, 2000-2011. Matern. Child Health J. 2018, 22, 893-902. [CrossRef]

Moore, E.; Blatt, K.; Chen, A.; Van Hook, J.; DeFranco, E.A. Relationship of trimester-specific smoking patterns and risk of preterm
birth. Am. J. Obstet. Gynecol. 2016, 215, 109.e101-109.e106. [CrossRef]


https://doi.org/10.1371/journal.pone.0173605
https://doi.org/10.1016/j.jsbmb.2015.10.022
https://doi.org/10.1111/jmwh.13014
https://www.ncbi.nlm.nih.gov/pubmed/31411387
https://doi.org/10.1017/S0007114518000491
https://www.ncbi.nlm.nih.gov/pubmed/29644951
https://doi.org/10.1038/boneres.2017.30
https://doi.org/10.1210/jc.2011-0385
https://doi.org/10.1016/j.beem.2018.09.014
https://doi.org/10.1089/jwh.2012.3528
https://doi.org/10.1007/s00737-015-0585-1
https://doi.org/10.1016/j.jri.2014.09.054
https://www.ncbi.nlm.nih.gov/pubmed/25453750
https://doi.org/10.1007/s10865-018-9924-9
https://doi.org/10.1007/s00737-018-0852-z
https://doi.org/10.1186/s12884-016-0988-7
https://www.ncbi.nlm.nih.gov/pubmed/27485050
https://doi.org/10.1177/1078390310370476
https://www.ncbi.nlm.nih.gov/pubmed/21659271
https://doi.org/10.1097/NMC.0000000000000458
https://doi.org/10.1016/j.whi.2016.12.010
https://doi.org/10.1097/NMC.0000000000000464
https://doi.org/10.3389/fendo.2018.00500
https://www.ncbi.nlm.nih.gov/pubmed/30233496
https://doi.org/10.1530/JOE-14-0642
https://www.ncbi.nlm.nih.gov/pubmed/25663707
https://doi.org/10.1530/JME-17-0186
https://doi.org/10.1097/AOG.0000000000004480
https://www.ncbi.nlm.nih.gov/pubmed/34293768
https://doi.org/10.1016/j.bpobgyn.2018.04.003
https://www.ncbi.nlm.nih.gov/pubmed/29779863
https://doi.org/10.1016/S2213-8587(19)30193-7
https://doi.org/10.1007/s10995-018-2464-7
https://doi.org/10.1016/j.ajog.2016.01.167

Nutrients 2023, 15, 4637 10 of 11

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Soneji, S.; Beltran-Sanchez, H. Association of maternal cigarette smoking and smoking cessation with preterm birth. JAMA Netw.
Open 2019, 2, €192514. [CrossRef]

Berger, H.; Melamed, N.; Davis, B.M.; Hasan, H.; Mawjee, K.; Barrett, J.; McDonald, S.D.; Geary, M.; Ray, ].G. Impact of diabetes,
obesity and hypertension on preterm birth: Population-based study. PLoS ONE 2020, 15, e0228743. [CrossRef]

Premkumar, A.; Henry, D.E.; Moghadassi, M.; Nakagawa, S.; Norton, M.E. The interaction between maternal race/ethnicity and
chronic hypertension on preterm birth. Am. J. Obstet. Gynecol. 2016, 215, 787.€781-787.e788. [CrossRef] [PubMed]

Saadat, N.; Zhang, L.; Hyer, S.; Padmanabhan, V.; Woo, ].; Engeland, C.G.; Misra, D.P,; Giurgescu, C. Psychosocial and behavioral
factors affecting inflammation among pregnant African American women. Brain Behav. Immun. Health 2022, 22, 100452. [CrossRef]
[PubMed]

Nowak, A.L.; Anderson, C.M.; Zhao, Y.; Ford, ].L.; Mackos, A.R.; Ohm, J.; Tan, A.; Saadat, N.; Misra, D.P,; Giurgescu, C. Epigenetic
Implications of Neighborhood Disorder and Psychological Distress among Pregnant Black Women. West. |. Nurs. Res. 2023, 45,
780-788. [CrossRef] [PubMed]

Institute of Medicine Committee on Nutritional Status During Pregnancy and Lactation. Nutrition During Pregnancy: Part I Weight
Gain: Part II Nutrient Supplements; National Academies Press: Washington, DC, USA, 1990.

Radloff, L.S. The CES-D scale: A self-report depression scale for research in the general population. Appl. Psychol. Meas. 1977, 1,
385-401. [CrossRef]

Orr, S.T.; Blazer, D.G.; James, S.A.; Reiter, ].P. Depressive symptoms and indicators of maternal health status during pregnancy. J.
Women’s Health 2007, 16, 535-542. [CrossRef]

Hossein-nezhad, A.; Holick, M.E. Optimize dietary intake of vitamin D: An epigenetic perspective. Curr. Opin. Clin. Nutr. Metab.
Care 2012, 15, 567-579. [CrossRef]

Hollis, B.W.; Wagner, C.L. Substantial Vitamin D Supplementation Is Required during the Prenatal Period to Improve Birth
Outcomes. Nutrients 2022, 14, 899. [CrossRef]

Bodnar, L.M.; Simhan, H.N. Vitamin D may be a link to black-white disparities in adverse birth outcomes. Obstet. Gynecol. Surv.
2010, 65, 273. [CrossRef]

Bodnar, L.M.; Platt, RW.; Simhan, H.N. Early-pregnancy vitamin D deficiency and risk of preterm birth subtypes. Obstet. Gynecol.
2015, 125, 439. [CrossRef]

Lian, R.H.; Qi, PA; Yuan, T; Yan, PJ.; Qiu, W.W.; Wei, Y;; Hu, Y.G,; Yang, K.H.; Yi, B. Systematic review and meta-analysis of
vitamin D deficiency in different pregnancy on preterm birth: Deficiency in middle pregnancy might be at risk. Medicine 2021,
100, 26303. [CrossRef]

Qin, L.L,; Lu, EG,; Yang, S.H.; Xu, H.L.; Luo, B.A. Does Maternal Vitamin D Deficiency Increase the Risk of Preterm Birth: A
Meta-Analysis of Observational Studies. Nutrients 2016, 8, 301. [CrossRef] [PubMed]

Bodnar, L.M.; Klebanoff, M.A.; Gernand, A.D.; Platt, RW.; Parks, W.T.; Catov, ].M.; Simhan, H.N. Maternal vitamin D status and
spontaneous preterm birth by placental histology in the US Collaborative Perinatal Project. Am. ]. Epidemiol. 2014, 179, 168-176.
[CrossRef] [PubMed]

Mirzakhani, H.; Litonjua, A.A.; McElrath, T.F.; O’Connor, G.; Lee-Parritz, A.; Iverson, R.; Macones, G.; Strunk, R.C.; Bacharier,
L.B.; Zeiger, R.; et al. Early pregnancy vitamin D status and risk of preeclampsia. J. Clin. Investig. 2016, 126, 4702—4715. [CrossRef]
[PubMed]

Karras, S.N.; Wagner, C.L.; Castracane, V.D. Understanding vitamin D metabolism in pregnancy: From physiology to pathophysi-
ology and clinical outcomes. Metabolism 2018, 86, 112-123. [CrossRef]

Hollis, B.W.; Wagner, C.L. Vitamin D supplementation during pregnancy: Improvements in birth outcomes and complications
through direct genomic alteration. Mol. Cell Endocrinol. 2017, 453, 113-130. [CrossRef]

Giurgescu, C.; Engeland, C.G.; Templin, T.N. Symptoms of depression predict negative birth outcomes in African American
women: A pilot study. J. Midwifery Women'’s Health 2015, 60, 570-577. [CrossRef]

Christian, L.M. At the forefront of psychoneuroimmunology in pregnancy: Implications for racial disparities in birth outcomes
PART 1: Behavioral risks factors. Neurosci. Biobehav. Rev. 2020, 117, 319-326. [CrossRef]

Roth, D.E.; Leung, M.; Mesfin, E.; Qamar, H.; Watterworth, J.; Papp, E. Vitamin D supplementation during pregnancy: State of the
evidence from a systematic review of randomised trials. BM] 2017, 359, j5237.

Leow, S.M.; Di Quinzio, M. K.W.; Ng, Z.L.; Grant, C.; Amitay, T.; Wei, Y.; Hod, M.; Sheehan, PM.; Brennecke, S.P.; Arbel, N.; et al.
Preterm birth prediction in asymptomatic women at mid-gestation using a panel of novel protein biomarkers: The Prediction of
PreTerm Labor (PPeTaL) study. Am. J. Obstet. Gynecol. MFM 2020, 2, 100084. [CrossRef]

Heaney, R.P. Guidelines for optimizing design and analysis of clinical studies of nutrient effects. Nutr. Rev. 2014, 72, 48-54.
[CrossRef]

McDonnell, S.L.; Baggerly, C.A.; Aliano, J.L.; French, C.B.; Wagner, C.L.; Sullivan, S.A.; Newman, R.B. 713: Prenatal correction
of vitamin D deficiency is associated with substantial reduction in preterm birth. Am. J. Obstet. Gynecol. 2018, 218, S428-5429.
[CrossRef]

Sablok, A.; Batra, A.; Thariani, K; Batra, A.; Bharti, R.; Aggarwal, A.R.; Kabi, B.; Chellani, H. Supplementation of vitamin D in
pregnancy and its correlation with feto-maternal outcome. Clin. Endocrinol. 2015, 83, 536-541. [CrossRef] [PubMed]


https://doi.org/10.1001/jamanetworkopen.2019.2514
https://doi.org/10.1371/journal.pone.0228743
https://doi.org/10.1016/j.ajog.2016.08.019
https://www.ncbi.nlm.nih.gov/pubmed/27555318
https://doi.org/10.1016/j.bbih.2022.100452
https://www.ncbi.nlm.nih.gov/pubmed/35403067
https://doi.org/10.1177/01939459231184713
https://www.ncbi.nlm.nih.gov/pubmed/37382364
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1089/jwh.2006.0116
https://doi.org/10.1097/MCO.0b013e3283594978
https://doi.org/10.3390/nu14040899
https://doi.org/10.1097/OGX.0b013e3181dbc55b
https://doi.org/10.1097/AOG.0000000000000621
https://doi.org/10.1097/MD.0000000000026303
https://doi.org/10.3390/nu8050301
https://www.ncbi.nlm.nih.gov/pubmed/27213444
https://doi.org/10.1093/aje/kwt237
https://www.ncbi.nlm.nih.gov/pubmed/24124195
https://doi.org/10.1172/JCI89031
https://www.ncbi.nlm.nih.gov/pubmed/27841759
https://doi.org/10.1016/j.metabol.2017.10.001
https://doi.org/10.1016/j.mce.2017.01.039
https://doi.org/10.1111/jmwh.12337
https://doi.org/10.1016/j.neubiorev.2019.04.009
https://doi.org/10.1016/j.ajogmf.2019.100084
https://doi.org/10.1111/nure.12090
https://doi.org/10.1016/j.ajog.2017.11.244
https://doi.org/10.1111/cen.12751
https://www.ncbi.nlm.nih.gov/pubmed/25683660

Nutrients 2023, 15, 4637 11 of 11

57.

58.

59.

60.

61.

62.

63.

Dawodu, A.; Saadi, H.F,; Bekdache, G.; Javed, Y.; Altaye, M.; Hollis, B.W. Randomized controlled trial (RCT) of vitamin D
supplementation in pregnancy in a population with endemic vitamin D deficiency. J. Clin. Endocrinol. Metab. 2013, 98, 2337-2346.
[CrossRef] [PubMed]

Kiely, M.; Wagner, C.; Roth, D. Vitamin D in pregnancy: Where we are and where we should go. J. Steroid Biochem. Mol. Biol. 2020,
105669. [CrossRef] [PubMed]

Newton, D.A.; Baatz, ].E.; Kindy, M.S.; Gattoni-Celli, S.; Shary, J.R.; Hollis, B.W.; Wagner, C.L. Vitamin D binding protein
polymorphisms significantly impact vitamin D status in children. Pediatr. Res. 2019, 86, 662—-669. [CrossRef]

Karras, S.N.; Koufakis, T.; Fakhoury, H.; Kotsa, K. Deconvoluting the biological roles of Vitamin D-Binding protein during
pregnancy: A both clinical and theoretical challenge. Front. Endocrinol. 2018, 9. [CrossRef]

Wang, S.; Xin, X.; Luo, W.; Mo, M.; 5i, S.; Shao, B.; Shen, Y.; Cheng, H.; Yu, Y. Association of vitamin D and gene variants in the
vitamin D metabolic pathway with preterm birth. Nutrition 2021, 89. [CrossRef]

Ganz, A.B,; Park, H.; Malysheva, O.V.; Caudill, M.A. Vitamin D binding protein rs7041 genotype alters vitamin D metabolism in
pregnant women. FASEB J. 2018, 32, 2012. [CrossRef]

Keith, J.N.; Nicholls, J.; Reed, A.; Kafer, K. The prevalence of self-reported lactose intolerance and the consumption of dairy foods
among African American adults are less than expected. . Natl. Med. Assoc. 2011, 103, 36—45. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1210/jc.2013-1154
https://www.ncbi.nlm.nih.gov/pubmed/23559082
https://doi.org/10.1016/j.jsbmb.2020.105669
https://www.ncbi.nlm.nih.gov/pubmed/32302652
https://doi.org/10.1038/s41390-019-0322-y
https://doi.org/10.3389/fendo.2018.00259
https://doi.org/10.1016/j.nut.2021.111349
https://doi.org/10.1096/fj.201700992R
https://doi.org/10.1016/S0027-9684(15)30241-8

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Variables and Instruments 
	Statistical Analysis 

	Results 
	Descriptive Characteristics of the Sample 
	Binary Logistic Regressions 

	Discussion 
	Conclusions 
	References

