
1 23

Journal of Behavioral Medicine
 
ISSN 0160-7715
 
J Behav Med
DOI 10.1007/s10865-018-9924-9

Vitamin D deficiency and depressive
symptoms in pregnancy are associated with
adverse perinatal outcomes

Eynav Elgavish Accortt, Amy Lamb,
James Mirocha & Calvin J. Hobel



1 23

Your article is protected by copyright and

all rights are held exclusively by Springer

Science+Business Media, LLC, part of

Springer Nature. This e-offprint is for personal

use only and shall not be self-archived in

electronic repositories. If you wish to self-

archive your article, please use the accepted

manuscript version for posting on your own

website. You may further deposit the accepted

manuscript version in any repository,

provided it is only made publicly available 12

months after official publication or later and

provided acknowledgement is given to the

original source of publication and a link is

inserted to the published article on Springer's

website. The link must be accompanied by

the following text: "The final publication is

available at link.springer.com”.



Vitamin D deficiency and depressive symptoms in pregnancy
are associated with adverse perinatal outcomes

Eynav Elgavish Accortt1 • Amy Lamb1 • James Mirocha2 • Calvin J. Hobel1

Received: September 29, 2017 / Accepted: April 11, 2018

� Springer Science+Business Media, LLC, part of Springer Nature 2018

Abstract Prenatal vitamin D deficiency and prenatal

depression are both separately associated with adverse

perinatal outcomes; however, to our knowledge no studies

have investigated the effects of having both risk factors.

Our objective was to determine to what extent vitamin D

deficiency predicts adverse perinatal outcomes and whether

elevated depressive symptoms in pregnancy places women

at additional increased risk. This study was a secondary

data analysis of prospective data collected from a cohort of

pregnant women (N = 101) in an obstetric clinic of a large

medical center. Maternal vitamin D deficiency (serum

25(OH)D B 20 ng/ml) and depressive symptoms (Edin-

burgh Postnatal Depression Scale, EPDS) were assessed in

early pregnancy. A composite of four adverse perinatal

outcomes (low birth weight, preterm birth, small-for-ges-

tational age, and preeclampsia) were abstracted from

medical charts. Nineteen of the 101 women had one or

more adverse perinatal outcome and 84% with an adverse

outcome (16/19) were not White. Both prenatal and time of

delivery vitamin D deficiency were associated with

developing an adverse outcome compared to those vitamin

D sufficient (prenatal relative risk 3.43; 95% CI 1.60–7.34,

p = 0.004; delivery time relative risk 5.14, 95% CI

2.68–9.86, p = 0.004). These both remained significant

after adjusting for BMI. A higher rate of adverse outcome

was found when women had both prenatal vitamin D

deficiency and elevated depressive symptoms (EPDS

C 10). Sixty percent with both risk factors had an adverse

perinatal outcome versus 17% with only one or neither risk

factor (relative risk 3.60; 95% CI 1.55–8.38, p = 0.045),

worthy of investigation with larger samples. Together,

prenatal vitamin D deficiency and elevated depressive

symptoms in pregnancy may increase risk for adverse

perinatal outcomes, especially in racial minorities.

Obstetric providers should consider routine prenatal

depression screening. The impact of vitamin D supple-

mentation to reduce risk for adverse perinatal outcomes

should be studied in prospective trials. Our results suggest

that supplementation early in pregnancy might be espe-

cially beneficial for depressed women.

Keywords Vitamin D deficiency � 25(OH)D � Adverse
pregnancy outcome � Prenatal � Depression

Introduction

According to the CDC, one of the widest of all racial

disparities in women’s health is the perinatal mortality rate

(Creanga et al., 2012). Using national data sets collected

over 11 years, Tucker et al. (2007) reported that Black

women were two to three times more likely to die from

preeclampsia, eclampsia, placental abruption, placenta

previa, and postpartum hemorrhage than white women who
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had the same condition (Tucker et al., 2007). The research

literature is teeming with examples of racial/ethnic dis-

parities in both obstetric outcomes and care (Aseltine et al.,

2015; Attanasio & Kozhimannil, 2017; de Bocanegra et al.,

2017). These health outcomes have multiple and overlap-

ping contributors such as systems biology, genetics, the

physical and social environment (i.e. racial discrimination)

and health behaviors. An important biological mechanism,

vitamin D and the multiple processes it regulates, may

underlie these disparities in maternal and infant mortality,

and is often overlooked.

Vitamin D plays a critical role in reproductive health

and provides a multi-systemic measure of functioning in

women (McCullough, 2007). This unique neurosteroid

hormone regulates placental development and function,

promotes tolerance of the fetus and modulates the immune

system (Arora & Hobel, 2010). Therefore, vitamin D

deficiency is a risk factor for certain gestational-associated

pathologies (Chirumbolo et al., 2017). Indeed, recent

research has found that vitamin D deficiency is associated

with increased rates of adverse perinatal outcomes such as

preeclampsia and preterm birth (Aghajafari et al., 2013;

Bodnar et al., 2015). Recent meta-analyses showed positive

associations between vitamin D deficiency and adverse

pregnancy outcomes (Aghajafari et al., 2013; Amegah

et al., 2017; Wei et al., 2013), and an ‘‘umbrella review’’ of

meta-analyses on associations of vitamin D with a variety

of health outcomes concluded that vitamin D is reliably

associated with low birth weight (LBW), small for gesta-

tional age (SGA) births and depressive symptoms

(Theodoratou et al., 2014). Adverse pregnancy outcomes

increase maternal morbidity and infant mortality and cause

costly, life-long problems (Creanga et al., 2014). Despite

improvements in prenatal care, U.S. rates of adverse peri-

natal outcomes remain high; rates are 9.6% for preterm

birth (PTB) (Martin et al., 2017), down from 13% in 2007,

16 8.1% for LBW (Martin et al., 2017), 2–8% for

preeclampsia (Redman & Sargent, 2005; Steegers et al.,

2010), and 9–16% for SGA (Ananth et al., 2004).

These multisystem outcomes often overlap and strong

evidence suggests that women who experience high levels

of stress and depression during pregnancy are more likely

to have biological changes that lead to adverse outcomes

(Kane et al., 2014; Mancuso et al., 2004). Prenatal

depression is quite common with rates ranging between 12

and 22%, twice that as in the general female population

(Andersson et al,. 2003; Bennett et al., 2004; Lee et al.,

2007; McDonald et al., 2013). Depression during preg-

nancy has been associated with poor maternal health

behaviors (Zuckerman et al., 1989) and risk of postpartum

depression (PPD) (Burt & Stein, 2002). Furthermore, pre-

natal depression and anxiety are associated with increased

risk for adverse birth outcomes, including PTB, LBW, and

intrauterine growth restriction (Davalos et al., 2012; Ding

et al., 2014; Grote et al., 2010; Szegda et al., 2014)

although more rigorous research is needed to differentiate

specific predictive effects on outcome (Accortt et al.,

2015).

Low levels of vitamin D are also associated with risk for

both depression and adverse outcomes and may be

involved in the underlying physiological mechanisms of

both conditions. According to a meta-analysis of 31,424

males and females, vitamin D was inversely associated

with depression (Anglin et al., 2013), however, none of the

included studies were on pregnancy or the postpartum.

Three prospective studies have investigated whether low

levels of prenatal vitamin D were associated with later PPD

symptoms. In a high quality prospective study of 796

women, a negative association was found between low

vitamin D levels at 18 weeks gestation and PPD symptoms

(Robinson et al., 2014). Another smaller (N = 179)

prospective study reported that lower 25(OH)D3 levels in

the second trimester of pregnancy were associated with

higher levels of PPD symptoms at 1 week, 6 weeks, and

6 months postpartum (Gur et al., 2014). Nielson and col-

leagues (2013), however, did not find this result in their

study with 605 women with PPD and 875 controls in a case

control study nested in the Danish National Birth Cohort.

The authors used register data on antidepressant use as a

measure of PPD, which was not diagnosed, nor were any

validated depression screening tools used in this study, a

major flaw in their research design (Nielsen et al., 2013).

Cross-sectional studies have also been published in

support of these prospective ones. Prenatal depressive

symptoms have been associated with low prenatal vitamin

D levels in four published studies (Brandenbarg et al.,

2012; Cassidy-Bushrow et al., 2012; Huang et al., 2014;

Williams et al., 2016). To our knowledge, the largest study

was conducted with the Amsterdam Born Children and

Their Development cohort. Maternal serum vitamin D

(N = 4101) was measured during early pregnancy and

maternal depressive symptoms were measured at 16-week

gestation. Vitamin D deficiency was significantly associ-

ated with high levels of depressive symptoms (odds ratio

[OR], 1.48; 95% CI 1.13–1.95), even after adjustment for

confounding variables (Brandenbarg et al., 2012). Post-

partum depressive symptoms have been associated with

low postpartum vitamin D levels in two published studies

(Murphy et al., 2010; Fu et al., 2015). Fu et al. (2014)

obtained a blood sample 24–48 h after childbirth to test

serum levels of 25(OH)D. Three months postpartum,

women were screened for depression using the EPDS, with

PPD identified as EPDS C 12. Of the 213 women who

were included, 12.2% met criteria for PPD. Serum

25(OH)D levels in women with no PPD were significantly

higher than those in women with PPD
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(p\ 0.0001). Multivariate analyses showed an increased

risk of PPD associated with 25(OH)D levels B 10.2 ng/ml

(OR 7.17, 95% CI 3.81–12.94; p\ 0.0001) after adjusting

for possible confounders (Fu et al., 2015). Most recently, a

significant inverse relationship between vitamin D levels

and depressive symptoms (EPDS) was observed at three

time points in the Depression and Vitamin D (DAVID)

study. Higher EPDS scores in the third trimester were

inversely associated with low cord blood 25(OH)D (Lamb

et al., 2015). Thus, the larger literature on low vitamin D

levels and depression has been extended into pregnancy

and postpartum.

To our knowledge, no studies have investigated the

combined effects of low vitamin D status and elevated

depressive symptoms in pregnancy on the development of

adverse perinatal outcome. The present secondary data

analysis sought to determine to what extent prenatal and

delivery vitamin D deficiency predicted a composite of

four adverse perinatal outcomes and whether prenatal

depressive symptoms placed women in the DAVID study

at increased risk for an adverse outcome.

Materials and methods

Participants

The study participants were women 18 years of age or

older with a confirmed pregnancy at less than 25 weeks

gestation. Participant recruitment and data collection

occurred from 2013 to 2014 at Cedars-Sinai Medical

Center in Los Angeles, California. The recruitment and

retention process of study participants in the parent study

has been detailed elswhere (Lamb et al., 2015).

Procedures

This secondary data analysis of a subset of data from the

Depression and Vitamin D (DAVID) Study included 101

women who completed biomarker collection and depres-

sion screening at 2 time points. Data collection for Time 1,

including blood sampling and questionnaires, occurred in

early pregnancy (Mean estimated gestational age = 14

weeks ± 5.45). IRB approval for the parent study was

received from Cedars-Sinai Medical Center and Vanderbilt

University.

Vitamin D

Serum 25(OH)D was used to measure vitamin D levels in

maternal blood samples collected at Time 1 (early preg-

nancy) and Time 2 (delivery) of the DAVID study. Sam-

ples were analyzed by LC–MS/MS using a Thermo�

ARIA� TX-4 HPLC system with Agilent� 1200SL pumps

and a Sciex� API5000 triple quadrupole mass spectrome-

ter. Both 25(OH)D3 and 25(OH)D2 were measured, and

the combined total 25(OH)D value is used in this analysis.

The standard cutoff of B 20 ng/ml was used to define

deficiency (Ross et al., 2011).

Depressive symptoms

Symptoms were assessed in the first trimester using the

Edinburgh Postnatal Depression Scale (EPDS) as part of

the parent (DAVID) study. The EPDS is a 10-item scale

that assesses the cognitive and affective components of

depressive symptomatology, while excluding somatic

symptoms specific to the perinatal period (Cox et al.,

1987). Each answer is given a score of 0–3 and the max-

imum score is 30. The EPDS has been validated for use in

pregnant and postpartum women and the sensitivity and

specificity was 86 and 78%, respectively (Cox et al., 1987).

The EPDS score was used as a dichotomous variable

(EPDS C 10) in this study to include minor depression and

increase sensitivity in line with previously recommended

9/10 (‘10 or more’) as the cutoff score (Harris et al., 1989;

Murray & Carothers, 1990). This cut-off score is recom-

mended as optimum for the properties of sensitivity and

specificity for risk of minor depression (Matthey et al.,

2006).

Perinatal complications/outcomes

Pregnancy data were abstracted from the medical records,

including: diagnosed preeclampsia; pre-term birth

(\ 37 weeks gestation); and low birthweight (\ 2500

grams). The outcome, small for gestational age was cal-

culated as birth weights at or below the tenth percentile for

gestational age (Dashe et al., 2000). Data on gestational

diabetes (GDM) was collected and several of the women

with GDM also had an additional adverse outcome, and

were included in the study analyses. The women with only

a GDM diagnosis had babies large for gestational age, and

likely a different mechanistic pathway was involved.

Therefore, we do not include gestational diabetes as a

separate diagnosis in analyses. A composite of these four

adverse perinatal outcomes was created, and women were

dichotomized based on the presence or absence of (1 or

more) adverse outcomes and categorized into 2 groups.

Statistical analysis

Numerical variables were summarized by mean and stan-

dard deviation or median and range. Categorical variables

were summarized by counts and percentages. Numerical

variables were compared across groups by the independent
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samples t test or the Wilcoxon rank sum test. Categorical

variables were compared across groups by the Fisher exact

test. Multivariable log-binomial regression models were

used to estimate adjusted relative risks to assess the asso-

ciation between predictor variables (vitamin D and EPDS)

and the adverse perinatal outcome composite. A two-sided

0.05 significance level was used throughout. Statistical

calculations were made using SAS version 9.2 (SAS

Institute, Cary, NC, USA).

Results

Women in the present study were on average 33 years old

(SD = 5.2). Approximately 36% were White, 23% were

Hispanic, 18% were Black, 15% were Asian, 3% were

Indian and the remaining 6% were mixed race. Approxi-

mately 35% were primiparous. The average pregnancy

EPDS score for the sample was 5.5 ± 3.9 and 17%

(N = 17) were considered at prenatal risk for minor

depression by the EPDS cutoff (EPDS C 10) in this study.

At time of delivery 15% of the women were still consid-

ered at risk for minor depression.

Participant characteristics were stratified for descriptive

purposes by having experienced one or more of four

adverse perinatal outcomes (Table 1). In line with rates of

adverse perinatal outcomes reported previously in the U.S.

(Martin et al., 2017), 19% experienced one or more of

these 4 outcomes. Eleven percent had preterm birth (PTB),

10% had babies who were small for gestational age (SGA),

8% had babies who were low birth weight (LBW), and

approximately 5% had preeclampsia (PE). The only

demographic variable that statistically differed between the

two groups was marital status; women in the adverse out-

come group were significantly less likely to be married

than those who had no adverse outcomes (69 vs. 84%,

p = 0.032). It is important to highlight that 16 of the 19

women with one or more adverse outcome were not White

(5 Hispanic, 5 Black, 4 Asian, 1 Indian and 1 identified as

mixed race). Nine of these 19 women experienced more

Table 1 Demographic and clinical variables stratified by adverse perinatal outcome for descriptive purposes for N = 101 women from the

DAVID study

No adverse outcome Adverse outcome* p value

N = 82 (81.2%) N = 19 (18.8%)

Age (years) 33.2 ± 4.9 32.8 ± 6.4 0.79

Married 70 (84.3) 18 (69.2) 0.032

Employed 58 (70.7) 16 (84.2) 0.39

(full or part-time)

Education (years) 16.5 ± 2.6 16.3 ± 2.3 0.78

Race/ethnicity 0.077

White 34 (41.5) 2 (10.5)

Black 13 (15.9) 5 (26.3)

Hispanic 18 (22.0) 5 (26.3)

Asian 10 (12.2) 5 (26.3)

Indian 2 (2.4) 1 (5.3)

Mixed 5 (6.1) 1 (5.3)

Number of pregnancies1 2.3 ± 1.4 2.8 ± 1.7) 0.16

BMI 25.8 ± 4.5 27.9 ± 7.1 0.23

Pregnancy Vitamin D ng/ml 28.7 ± 9.0 22.9 ± 9.6 0.014

Vitamin D\ 20 ng/ml 12 (14.6) 9 (47.4) 0.004

Pregnancy EPDS 5.2 ± 3.8 6.7 ± 4.2 0.114

Pregnancy EPDS C 10 12 (14.6) 5 (26.3) 0.30

Data are N (%) or mean ± standard deviation

Comparison was tested with t tests or Chi square. Statistically significant p values in bold

No adverse outcome: women with no adverse perinatal complications of interest in the study

*Adverse perinatal outcome includes one or more of the following: low birth weight, preterm birth, small for gestational age or preeclampsia
1Number of pregnancies available for N = 100

Pregnancy = 1st trimester

EPDS Edinburgh Postnatal Depression Scale
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than one outcome (Table 2). Note that the mean birth

weight (BW) percentiles listed in Table 2 are all less than

the 50th percentile suggesting that these adverse perinatal

outcomes are all significantly related to poor fetal growth.

All women had pregnancy 25(OH)D status measured dur-

ing January–March. The mean level of 25(OH)D in the

sample at the prenatal time was 27.6 ng/ml (SD = 9.1), and

21% (N = 21) met criteria for 25(OH)D deficiency (vita-

min D B 20 ng/ml). The adverse outcome group had sig-

nificantly higher rates of 25(OH)D deficiency than those

who had no adverse outcomes (47 vs. 15%, p = 0.004).

Table 3 presents log-binomial results. Women with

prenatal vitamin D deficiency had 3.43 times the risk of

developing an adverse outcome compared to those vitamin

D sufficient (relative risk 3.43; 95% CI 1.60–7.34,

p = 0.004). Women with delivery vitamin D deficiency had

5.14 times the risk of an adverse outcome (relative risk

5.14, 95% CI 2.68–9.86, p = 0.004), which remained sig-

nificant after adjusting for BMI. A higher rate of adverse

outcome was found when women had both prenatal vita-

min D deficiency and elevated prenatal depressive symp-

toms. Sixty percent with both risk factors had an adverse

perinatal outcome versus 17% with only one or neither risk

factor (relative risk 3.60; 95% CI 1.55–8.38, p = 0.045),

worthy of investigation with larger samples.

Comment

Prenatal vitamin D deficiency increased risk for adverse

perinatal outcomes in this sample of 101 pregnant women

from the DAVID study. This relative risk increased as the

woman reached her delivery, with RR = 3.43 at 14 weeks

gestation and RR = 5.14 at the time of delivery. Nineteen

percent of the sample was considered at risk for minor

depression by the study cutoff of EPDS C 10. When

women were both above this minor depression cutoff and

below the vitamin D deficiency cutoff (25(OH)D\ 20 ng/

ml) they were more likely to have an adverse perinatal

outcome. To our knowledge, this is one of the first studies

to include vitamin D deficiency and depression risk in

predicting adverse birth outcomes. This finding needs to be

replicated in a larger sample and for individual birth out-

comes.

Strengths, limitations and future directions

The main strength of the DAVID study was the prospective

design. Women in this sample were studied in early

pregnancy and at the time of their delivery and collecting

medical and psychosocial data enabled control for relevant

confounders. Vitamin D samples were assayed with a

competitive chemiluminescence immunoassay platform,

consistent with other large clinical laboratories. The entire

sample had their pregnancy 25(OH)D status measured

during January–March, which allowed for consistency and

lack of seasonal differences in vitamin D. There is a higher

risk of vitamin D deficiency and related complications in

cooler climates because in winter the oblique angle of the

sun allows for fewer solar UVB photons to reach the earth

(Holick, 2007; Bouillon, 2001) even in warmer, sunnier

locations like Southern California. Limitations of this

secondary data analysis include some missing data on

adverse outcome because a portion either terminated their

pregnancy, miscarried, or their clinician did not record the

outcome in the chart. Furthermore, this study does not

involve confirmed cases of PPD and future research should

include diagnostic interviews.

Table 2 Nine women from the DAVID Study had more than one adverse perinatal outcome

Participant PTB LBW SGA PE GDM* GA (wks) BW (g) Mean BW percentile (%)**

1 Yes Yes Yes Yes Yes 35.29 2149 10

2 Yes Yes Yes 35.71 2665 27

3 Yes Yes Yes 35.14 2050 7

4 Yes Yes 38.14 2128 1

5 Yes Yes 33.14 2061 30

6 Yes Yes Yes 36.00 2345 10

7 Yes Yes Yes Yes 36.86 2389 5

8 Yes Yes Yes 31.29 1350 16

9 Yes Yes 33.57 2260 27

PTB = preterm birth; LBW = low birth weight; PE = preeclampsia; GDM = gestational diabetes mellitus; SGA = small for gestational age;

GA = gestational age; BW = birth weight

*A total of 10 women had GDM. Three of the 10 are shown above. The other 7 only had GDM (no other adverse outcome) and therefore were not

included in study analyses

**Percentiles obtained from Table 2 in Oken et al. (2003)
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Women who did not have an adverse outcome were

more likely to be married and have lower BMI than women

who had an adverse outcome, findings worthy of further

study. Marriage and social support in general are important

protective factors against stress and depression (Catov

et al., 2015; Christian et al., 2013; Yim et al., 2015),

however relationship quality should be considered (Akin-

cigil et al. 2010). Regarding BMI, pre-pregnancy obesity

rates and excessive weight-gain during pregnancy have

been associated with increased incidence of gestational

diabetes, preeclampsia, Cesarean, postpartum hemorrhage,

maternal mortality, and childhood obesity (Chung et al.,

2012; Gaillard et al., 2013; Marshall & Spong, 2012;

Norman & Reynolds, 2011). Therefore, it is possible that

the risk of adverse outcomes could be driven by these and

other factors that correlate with vitamin D levels, and that

vitamin D deficiency in and of itself may not cause the

adverse outcomes. While these results are preliminary and

do not establish causation, they are novel and important

given the prevalence of low 25(OH)D and elevated

depressive symptoms in pregnancy, especially in Black

women. We hope that they encourage interest in further

research on this topic including randomized controlled

studies.

Future directions of this research will also explore the

anti-inflammatory mechanism of vitamin D in pregnancy.

In line with our previous research, we hypothesize that

women with low prenatal vitamin D and high prenatal

inflammatory markers will be at increased risk for PPD, as

well as increased risk for adverse perinatal outcomes

(Accortt et al., 2016, 2017). A woman’s response to

pregnancy may serve as her first physiological and psy-

chological ‘‘stress test,’’ and whether she has an adverse

perinatal outcome may serve as a window into future

maternal CVD risk (Williams, 2003; Minissian et al.,

2018). Therefore in future research it is critical to consider

cardiovascular risk markers, inflammatory biomarkers and

specific forms of vascular dysfunction which may be linked

to adverse perinatal outcomes.

It will also be important to focus on racial disparities in

future research. Black women, for example, have among

the highest rates of PTB in the USA., with rates in the

range of 16–18% compared with 5–9% for Whites

(Goldenberg et al., 2008). Additionally, the preterm-related

infant mortality rate in 2007 was 1.8 for Whites and 6.0 for

Blacks (Behrman & Butler, 2007). Black women also have

higher rates of prenatal and PPD compared to other racial

groups in the USA (Culhane & Goldenberg, 2011; Howell

et al., 2006; Orr et al., 2006; Segre et al., 2006). They are

at increased risk for vitamin D deficiency (Nassar et al.,

2011) because darker skin limits synthesis of vitamin D

and due to lower intake of supplemental vitamin D

(Bodnar & Simhan, 2010). Furthermore, higher levels of

inflammatory markers have been documented in Black

men and women (Deverts et al., 2010) and in both non-

pregnant and pregnant Black women in a stress reactivity

study (2013). Collecting data on stress and anxiety will be

important in future research. Black women tended to have

marginally higher rates of anxiety compared to White

women, and chronic anxiety among Black women may

contribute to racial disparities in adverse perinatal out-

comes via an impaired inflammatory response (Catov

et al., 2015). In the present study, 84% of the women with

adverse perinatal outcome were Black, Hispanic, Asian, or

Mixed race and had mean birth weights below the 50th

percentile. Tamura et al. (1984) were first to report reduced

fetal growth prior to preterm birth. Subsequently Wadhwa

et al. 1993 found that pregnancy stress was associated with

a 55 g decrease in infant birth weight. Thus, the cause of

poor fetal growth is likely a combination of factors such as

poor implantation of the placenta (Misra et al., 2009),

impacted by vitamin D deficiency, maternal stress and

depression and other factors related to socioeconomic

status.

Table 3 Associations between vitamin D deficiency, EPDS cutoffs and adverse perinatal outcomes (relative risks for N = 101 women from the

DAVID study)

Unadjusted RR Adjusted RR* 95% confidence interval p value

Pregnancy vitamin D\ 20 ng/mL 3.43 1.60–7.34 0.004

2.67 1.32–5.39 0.006

Delivery vitamin D\ 20 ng/mL 5.14 2.68–9.86 0.004

2.88 1.16–7.13 0.022

Pregnancy EPDS C 10 1.76 0.73–4.25 0.304

1.50 0.63–3.67 0.350

Double Hit: pregnancy vitamin D\ 20 ng/mL and pregnancy EPDS C 10 3.60 1.55–8.38 0.045

Adverse perinatal outcomes = Preterm birth, Low birthweight, Small for Gestational Age and/or Preeclampsia

Pregnancy = 1st trimester

*Adjusted for BMI only
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Clinical implications

Obstetric providers should routinely screen for depression

and consider vitamin D supplementation to reduce risk for

adverse perinatal outcomes, which might be especially

beneficial for depressed women. Our results suggest that

screenings be conducted as early as possible in the preg-

nancy, because the combined risk (vitamin D deficiency

and high EPDS scores) was present as early as 14 weeks of

pregnancy and was significantly associated with having an

adverse perinatal outcome. We considered the possibility

that early pregnancy depressive symptoms predicted later

vitamin D deficiency however this analysis did not yield

statistically significant results and has not been reported.

The significant inverse cross sectional associations between

vitamin D levels and depressive symptoms (EPDS)

observed at three time points has been reported in the

parent Depression and Vitamin D (DAVID) study (Lamb

et al., 2015). The significant prospective DAVID study

finding was between higher EPDS scores in the third tri-

mester which were inversely associated with low cord

blood 25(OH)D (Lamb et al., 2015).

Early screening would allow for early intervention

which could benefit the pregnant woman, her baby and her

entire family (Accortt & Wong, 2017). Best practice would

be prenatal testing for blood levels of 25(OH)D both before

and after supplementation to ensure that a woman has

adequate levels of cirdulating vitamin D, regardless of the

season. Vitamin D supplementation is a cost-effective and

safe intervention during pregnancy (Hollis & Wagner,

2011) that may benefit the mother’s health and that of the

developing fetus (Al-Shaikh et al., 2016; Asemi et al.,

2013; Bener et al., 2013; De-Regil et al., 2016; Hobel,

2015; Kalra et al., 2012; McDonnell et al., 2017; Morales

et al., 2012; Perez-Lopez et al., 2015; Roth et al., 2017;

Vaziri et al., 2016). A recent randomized, double-blind,

placebo-controlled clinical trial of vitamin D supplemen-

tation in 48 pregnant women resulted in significant

decreases in serum hs-CRP, fasting plasma glucose, sys-

tolic blood pressure, and diastolic blood pressure compared

with placebo (Asemi et al., 2013). However, depressive

symptoms were not measured. Depression as an outcome

was also not included in Roth et al. (2017) recent sys-

tematic review and meta-analysis of 43 randomized con-

trolled trials including 8406 participants. They showed that

prenatal vitamin D supplementation was associated with

increased maternal and cord serum 25-hydroxyvitamin D

concentrations, increased mean birth weight, reduced the

risk of small for gestational age, reduced the risk of wheeze

in offspring, and increased infant length at one year of age.

However, there was insufficient evidence of benefits of

prenatal vitamin D supplementation for maternal health

conditions related to pregnancy, and no effect on preterm

birth. Few of the trials reviewed were designed to test the

effect of vitamin D on clinical or functional outcomes, and

most trials were small and at overall high or uncertain risk

of bias (Roth et al., 2017). One of the largest (N = 1024),

most diverse and most recent trials of vitamin D supple-

mentation, not included in Roth’s meta analysis, found that

pregnant women with 25(OH)D C 40 ng/ml had a 62%

lower risk of PTB compared to those\ 20 ng/ml

(p\ 0.0001). After adjusting for socioeconomic variables,

this lower risk persisted (OR = 0.41, p = 0.002). The

authors found a considerably lower PTB rate (60%) for

those who reached C 40 ng/ml versus those who did not

(78%), particularly among non-white women (McDonnell

et al., 2017). This indicates that improving the vitamin D

status of non-white women, who are known to have par-

ticularly low vitamin D concentrations, could decrease

racial disparities in PTB rates and perhaps decrease rates of

postpartum depression as well.

Randomized controlled trials of prenatal vitamin D

supplementation to reduce PPD are merited, and to our

knowledge only one such trial has been conducted. Vaziri

et al. (2016) showed that consuming 2000 IU vitamin D3

daily during late pregnancy was effective in decreasing

perinatal depression. The authors do not report on adverse

perinatal outcomes in their study, but suggest future clin-

ical trials in pregnant mothers who are at risk for PPD

(Vaziri et al., 2016). Future evaluation of psychothera-

peutic and complementary interventions designed to

influence the physiological response to depression and

anxiety, such as progressive muscle relaxation, yoga,

biofeedback and mindfulness-based stress reduction, may

provide additional insight into how inflammation and

vitamin D deficiency may be influenced by depression or

anxiety. The ability to minimize inflammatory responses to

stress influences the burden that stressors place on an

individual. If yoga, for example, dampens stress-related

changes (Kiecolt-Glaser et al., 2010), then regular practice

could have substantial future cardiovascular health benefits

as well (Catov et al., 2007; Rich-Edwards et al., 2014).

This could be especially beneficial for depressed or anxious

pregnant women who might not be interested in anti-de-

pressants or other medications during their reproductive

years (Accortt & Wong, 2017).

Conclusion

The present findings provide additional evidence that low

prenatal and delivery 25(OH)D predict adverse perinatal

outcomes (p\ 0.05). Women with both prenatal vitamin D

deficiency and elevated prenatal depressive symptoms

(EPDS C 10) were more likely to have an adverse out-

come. Specifically 60% with both risk factors had an

adverse perinatal outcome versus 17% with only one or
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neither risk factor (p = 0.045), worthy of investigation with

larger samples. These results may elucidate psychological

moderators linking vitamin D status to adverse perinatal

outcomes.
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