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Purpose: This study aimed to assess the relationship between early-pregnancy Body Mass

Index (BMI), perinatal depression risk and maternal vitamin D status.

Patients and Methods: A retrospective cohort study from 2013 to 2017 was undertaken

involving 16,528 birth events in the Australian Capital Territory. Multivariate binary logistic

regression was conducted using the forced entry method. Mediation of the association between

maternal early-pregnancy BMI and perinatal depression risk by vitamin D status was also tested.

Results: Adjusted logistic regression models found that high maternal early-pregnancy BMI

was associated with increased risk of developing perinatal depression (AOR 1.421; 95% CI,

1.191, 1.696) as well as increased odds of being vitamin D deficient (AOR 1.950; 95% CI;

1.735, 2.191). In comparison to women with low perinatal depression risk, women with high

perinatal depression risk had increased odds of being vitamin D deficient (AOR 1.321; 95%

CI, 1.105, 1.579). Maternal early-pregnancy BMI was a weak significant predictor of

perinatal depression risk after including vitamin D as a mediator, consistent with partial

mediation, Path C: B=0.016 (95% CI 1.003, 1.030), p= 0.02. Path C´: B=0.014 (95% CI

1.001, 1.028), p= 0.04.

Conclusion: In line with current Australian recommendations, women with high early-

pregnancy BMI should be screened for both perinatal depression risk and vitamin

D deficiency, with referral to relevant support services when indicated.
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Introduction
Globally, in 2014 it was estimated that there were 38.9 million overweight pregnant

women of which 14.6 million were obese.1 In Australia, there is an increasing

incidence of obesity in young women with their National Health Survey reporting

42.4% of women in the peak child-bearing years of 25–34 to be overweight or

obese.2 It is widely accepted that a high body mass index (BMI) during pregnancy

increases the risk of various adverse obstetric outcomes including pregnancy-

induced hypertension, caesarean section, macrosomia, depression and stillbirth.3–6

Maternal obesity is a notable risk factor for vitamin D deficiency which may be

related to the sequestering of D3 into adipose tissue.7

Vitamin D acts as a unique neuro-steroid hormone which is required for normal brain

development, homeostasis and function. Pregnancy is a time of susceptibility to Vitamin
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D deficiency, due to the fact that women must sustain their

own vitaminD stores aswell as those of their unborn child.7–10

On average 10–20% of women experience depression

during pregnancy, and approximately 1 in 7 women

experience depression within the first year after giving

birth.11–15 In their systematic review, Aghajafari et al8

reported an inverse association between vitamin D and

Edinburgh Postnatal Depression Scale (EPDS) scores dur-

ing the antenatal period in 5 of 7 studies. While the results

in their review varied, overall they indicate a significant

association between maternal vitamin D status and both

antenatal and postnatal depression.8

Given that pregnancy may be a time of vulnerability to

vitamin D deficiency, which, in turn, may lead to

a predisposition for depression we sought to examine the

relationship between maternal serum vitamin D and the

risk of perinatal depression in an obstetric cohort of

Australian women with varying BMI.

Methods
Study Design and Participants
This retrospective cross-sectional, cohort study used data

from the Birthing Outcomes System (BOS) at a major

tertiary institution in the Australian Capital Territory

(ACT) between the 1st of January 2013 and to the 31st

of December 2017. In that time, there were 17,132 birth

events with the hospital being the major maternity centre

for a catchment population of 550,000. Women with miss-

ing BMI data and multiple pregnancies were excluded

leaving 16,528 women for analysis. The ethics committee

who approved this study did not require written consent as

the researchers received the birthing outcomes secondary

data de-identified.

Maternal BMI
Maternal BMI was derived from measured height and

weight recorded at the first antenatal visit (usually at

12–14 weeks gestation). In BOS, BMI values are rounded

up or down to the nearest whole number according to

scientific notation. BMI was categorised into four groups;

underweight (≤18kg/m2); normal weight (19–24kg/m2);

overweight (25–29kg/m2); obese (≥30kg/m2).16

Pregnancy-Related Depression Risk
At the facility where this study was conducted, the

Edinburgh Postnatal Depression Scale (EPDS) is used to

screen depression risk in all women receiving routine

antenatal care. The EPDS is a 10-item self-rating scale,

which was developed by Cox, Holden and Sagovsky.17 It

has been validated as a reliable screening tool for asses-

sing pregnancy-related depression.17 Each of the 10

answers is given a score of 0 to 3 with a maximum score

is 30. Every woman at the study hospital is invited to take

this questionnaire at around 12–14 weeks gestation and are

asked to select the answer which best describes how they

have felt over the past 7 days. A high EPDS score is

defined ≥13 as originally validated by Cox, Holden and

Sagovsky.17 Following the definition, EPDS scores were

categorised for analysis as high risk (≥13) and low to

moderate risk (<13).

Vitamin D Status
The Royal Australian and New Zealand College of

Obstetricians and Gynaecologists (RANZCOG) recom-

mends testing be considered for pregnant women at high

risk of suboptimal vitamin D levels.16 Historically (2008–-

2012) the vitamin D status of pregnant women has not

been routinely recorded in the BOS at the study hospital.

However, from 2013 onwards, maternal vitamin D status

was measured more routinely and has only been documen-

ted in BOS as a bicategorical variable (vitamin D deficient

vs non-deficient). Blood samples are collected by the

hospital’s pathology department at around 14 weeks gesta-

tion with a serum vitamin D level of ≤50 nmol/L consid-

ered low according to published guidelines.16

Data Analysis
Descriptive analysis was reported using means and standard

deviations or frequency and percentages for continuous and

categorical variables, respectively. Bivariate and multivari-

ate analysis between early-pregnancy BMI (underweight,

healthy weight, overweight, obese), vitamin D status (defi-

cient vs not deficient) and perinatal depression risk (high vs

low risk) as categorical variables were examined using bin-

ary logistic regression. For multivariate binary logistic

regression, covariates, namely, mother’s country of birth,

marital status, mother’s working status, smoking, domestic

violence, hypertension during pregnancy, season of birth,

gender (neonate), maternal age at delivery time, infant

birth weight and parity were included if significant at

p<0.1.18 These covariates are considered by clinicians, and

researchers working in the field as important and universally

used in published papers on this topic.3–5 Multivariate binary

logistic regression was conducted using the forced entry

method. With respect to multivariate outliers and influential
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data points, all cases had Cook’s D values below 1.19 No

concerns regarding multicollinearity were noted and an

acceptable goodness of fit model was observed.19

For mediation analysis data (BMI, vitamin D and

depression) from 2013 to 2017, ie 5 years (n= 8215, no

missing data) has been analysed.20 This is because, from

2013 onwards, maternal vitamin D status was measured

and documented routinely by the hospital. The indepen-

dent variable, early-pregnancy BMI, was treated as con-

tinuous, the mediator vitamin D status (deficient vs not

deficient) and dependent variable, risk of perinatal depres-

sion (high vs low risk), were bi-categorical. Maternal

early-pregnancy BMI was not normally distributed there-

fore the variable was log-transformed. However, log trans-

formation did not alter the present findings, nor did it

improve the distribution; thus, results are reported using

original data. Baron and Kenny’s (1986) guidelines were

following to examine mediation (Figure 1); establish that

the independent variable (early-pregnancy BMI) was asso-

ciated with the mediator (vitamin D status) [Path a], and

the mediator (vitamin D) was associated with the depen-

dent variable (perinatal depression risk) [Path b] while

simultaneously controlling for the independent variable

(BMI) [Path c].21 To test for mediation, unstandardized

regression coefficients (B) and associated standard errors

(SE) obtained from binary logistic regression were

inserted into equations described by

Iacobucci’s (2012)22 Z mediation

¼ ZaZb
σZab

¼ a

Sa
�

b
sbffiffiffiffiffiffiffiffi
Z2a

p þ z2bþ 1;

Jose (2013)23 and MacKinnon’s (2008)24 SE

¼
a � b SQRT t� score of að Þ2 þ t� score of bð Þ2

h i

t� score of að Þ � t� score of bð Þ
and Sobel (1982)25

z� value ¼ a � b=SQRT b2 � sa2 þ a2 � sb2
� �

:

Significant p values (p<0.05) indicated the presence of

mediation and provided the proportion of Indirect Effect

(IE) that was mediated. As the mediator (vitamin D) and

dependent variable (depression) were bicategorical in nat-

ure the aforementioned equations were used to test for

mediation as recommended by Hayes et al.26,27

Results
The majority of women in this cohort were born in

Australia (67.2%) and lived with a partner (89.1%).

Almost half of them worked (46.7%) and only 9.0%

reported smoking during pregnancy. The distribution of

births was similar during seasons, with 25.8% during

Autumn, 25.1% during Winter, 32.1% in Summer and

17.0% in Spring (Table 1).

Adjusted logistic regression models reported that high

maternal early-pregnancy BMI was associated with

increased odds of having a greater risk of perinatal depres-

sion (AOR 1.421; 95% CI, 1.191, 1.696: p<0.001). High

early-pregnancy BMI was associated with increased odds

of being vitamin D deficient (AOR 1.950; 95% CI; 1.735,

2.191, p<0.001). In comparison to women with low peri-

natal depression risk, women with high perinatal depres-

sion risk had increased odds of being vitamin D deficient

(AOR 1.321; 95% CI, 1.105, 1.579: p=0.002) (Table 2).

These results supported the conduction of mediational

analysis. Sobel's test25 confirmed vitamin D deficiency

significantly mediated the relationship between high early-

pregnancy BMI and perinatal depression risk, test statis-

tics= 3.1521, SE= 0.0025, p= 0.001. Similarly, based on

Jose (2013)23 and MacKinnon’s (2008)24 equations there

was a significant indirect effect of maternal early-

pregnancy BMI on perinatal depression risk through vita-

min D deficiency, IE (Indirect Effect) = 0.0024 (95% CI

0.0009, 0.0038), z= 3.1521, p= 0.0016. This was further

confirmed based on Iacobucci’s equation (2012)22 which

reported that there was a significant indirect effect of

maternal early-pregnancy BMI on the risk of perinatal

depression through vitamin D deficiency, IE = 22.2273,

SE= 7.1221, z= 3.1209, p= 0.0018. Based on MacKinnon

(2008)24 equations the proportion of total effect size that

was partially mediated by vitamin D equalled 0.2350 ie

↑ Vitamin D 

deficient (Yes)

↑ Depression 

(High)

↑Pre-pregnancy 

BMI

Path a: 0.024 Path b: 0.032

Path c: 0.016

Path c´: 0.014

Figure 1 Mediational pathways between BMI, vitamin D status and perinatal

depression risk.36,37

Note: Solid thick line indicates the association between BMI and perinatal depres-

sion risk to be partially mediated by vitamin D status. Data represent un-

standardised regression coefficients.

Abbreviation: BMI, Body Mass Index.
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approximately 24%. Maternal early-pregnancy BMI was

a weak significant predictor of perinatal depression risk

after including vitamin D as a mediator, consistent with

partial mediation, Path C: B=0.016 (95% CI 1.003, 1.030),

p= 0.02. Path C´: B=0.014 (95% CI 1.001, 1.028), p= 0.04

(Figure 1).

Discussion
As far as the authors are aware this is the first study to

demonstrate that high maternal early-pregnancy BMI was

no longer a significant predictor of perinatal depression

risk after including the mediator (vitamin D) in the logistic

regression model. Partial mediation was found with

approximately 24% of the total effect of maternal obesity

on low vitamin D status being explained by an increased

risk of perinatal depression. The complexities associated

with pregnancy-related depression need to be better under-

stood to determine the mechanisms that contribute to its

aetiology and the most effective interventions to prevent it.

Support for hypotheses one, that high maternal early-

pregnancy BMI would be associated with an increased risk

of perinatal depression, was found. Similar findings have

been reported in the literature. Molyneaux et al.28 investi-

gated the risk of antenatal and postpartum mental health

disorders among obese and overweight women. In their

systematic review and meta-analysis, 62 studies with

a total of 540,373 women were included. Obese and over-

weight women had significantly higher odds of elevated

depressive symptoms than normal-weight women. This

was found during pregnancy (obese OR 1.43, 95% CI

1.27–1.61, overweight OR 1.19, 95% CI 1.09–1.31) and

the postnatal period (obese OR 1.30, 95% CI 1.20–1.42,

overweight OR 1.09, 95% CI 1.05–1.13).28

Our prediction, that high maternal early-pregnancy BMI

would be associated with low vitamin D status, was also

found to be correct. Bodnar et al.29 examined the relationship

between maternal early-pregnancy BMI and 25-

hydroxyvitamin D [25(OH)D] concentrations. Serum 25

(OH)D was measured at 4–21 weeks gestation in 400 preg-

nant women. Multivariable logistic regression models were

used to assess the independent association between maternal

early-pregnancy BMI and the odds of vitamin D deficiency

(<50 nmol/L) after adjustment for ethnicity, season, gesta-

tional age, multivitamin use, physical activity, and maternal

age. Compared with lean women (BMI <25kg/m2), pre-

gravid obese women (BMI ≥30kg/m2) had lower adjusted

mean serum 25(OH) vitamin D concentrations at 4–22weeks

(56.5 verses 62.7 nmol/L; P <0.05) and a higher of preva-

lence vitamin D deficiency (61 versus 36%; P <0.01).29

Our study supports previous research demonstrating

a significant association between low serum vitamin

D and perinatal depression.30 A recent systematic review

and meta-analysis investigated the association of vitamin

D deficiency with pregnancy-related depression. Nine

longitudinal studies with 8470 participants were included.

The authors reported maternal 25(OH)D serum levels <50

nmol/l were associated with 2.67 times (OR 3.67; 95% CI

1.72–7.85) increased risk of postpartum depression com-

pared to maternal 25(OH)D levels ≥50 nmol/l.12

There are strengths and limitations to our study that

should be discussed. The most significant strength, as far

as we are aware, is that this is the first study of its kind to

be published. Data were collected in the course of routine

care by obstetric and midwifery staff and therefore at risk

of potential recording bias. Nevertheless, the large sample

size is a significant strength. Weight and height are taken,

on average, at 12–14 weeks gestation before any real

Table 1 Descriptive Characteristics of the Obstetric Cohort

Variables n (%) or

Mean ± SD

Minimum–

Maximum

IV

BMI (n= 16,528) 25.30±6.320 13–77

Healthy weight 18.5–24.9 8338 (50.4)

Underweight <18.5 1012 (6.1)

Overweight 25–29.9 3904 (23.6)

Obese >30.0 3274 (19.8)

DV

Vitamin D deficient (Yes) 4792 (50.0)

Depression (High) 948 (6.7)

Covariates

Mum COB (Australia) 11,077 (67.2)

Marital Status (With Partner) 14,524 (89.1)

Mother Working (Yes) 7718 (46.7)

Smokes during pregnancy (Yes) 1486 (9.0)

Domestic Violence (Yes) 86 (0.5)

Hypertension during pregnancy (Yes) 838 (5.1)

Season of Birth (Summer) 5310 (32.1)

Season of Birth (Autumn) 4267 (25.8)

Season of Birth (Winter) 4142 (25.1)

Season of Birth (Spring) 2809 (17.0)

Gender (baby) (Female) 8031 (48.6)

Maternal age at delivery time (years)

(n= 16,528)

31.06±5.176 13–55

Birth Weight (grams) (n= 16,528) 3331.84

±632.993

310.00–5520.00

Parity (n= 16,528) 0.90±1.08 0–10

Abbreviations: IV, Independent Variable; DV, Dependent Variable; BMI, Body Mass

Index; COB, Country Of Birth; SD, Standard Deviation.
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impact of GWG is observed. We acknowledge, these

values are still only an approximation of pre-pregnancy

BMI. The ‘first’ documentation of pre-pregnancy weight at

the study hospital is at the initial antenatal visit (typically

around 14 weeks gestation) which is the routine practice

throughout Australian maternity care institutions. A major

limitation of the BOS software is that it does not allow the

user to record actual BMI but is rounded up to the nearest

whole figure instead. BMI has been used as a categorical

variable in many similar studies investigating the associa-

tion of maternal pre-pregnancy BMI and factors of

interest.3–5 It should be noted that further stratification of

weight may yield important health insights (eg, BMI

30–40, BMI 41–50, BMI 51–60 et.). However, we ana-

lysed all obesity classes together to preserve power. We

found a ‘U’ shaped curve with underweight, overweight

and obese women demonstrating a greater risk of both

perinatal depression and vitamin D deficiency when com-

pared to women of normal weight. This finding provided

a rationale for the next step in our statistical analysis. The

results of this study are clinically transferable by empha-

sising the need for risk reduction screening (and in this

case vitamin D status and perinatal depression) in pregnant

women who are outside of the ‘normal’ BMI range.

Ideally, we would have liked to control for gestational

age at the time of initial BMI recording, but this data is

not routinely collected in our dataset. Around the world,

the EPDS is the most common and acceptable screening

tool for identifying depressive symptoms in the perinatal

period, with a reported sensitivity of 68–86% and

specificity of 78–96%.14 An Australian study used the

EPDS among a sample of 4148 women reporting

a sensitivity of 100% and specificity of 89%.31 However,

limitations with using the EPDS are that it was only

routinely administered at one point in time, some of the

questions have been criticised for being ambiguous and

there is the risk of potential scoring error.32 However,

clinical practice guidelines for depression and related dis-

orders during the perinatal period recommend universal,

routine antenatal screening for depressive symptoms using

the EPDS.33,34

Historically, vitamin D status has not been routinely

tested for all pregnant women receiving antenatal care at

the study hospital. More regular testing and documentation

commenced in 2013; therefore, we can only include data

from that year onwards. Serum levels are typically mea-

sured at the beginning of the second trimester (12–14

weeks). However, the exact timing of testing may differ

for some women. In addition, we cannot exclude the

possibility of residual confounding by factors known to

influence vitamin D status such as maternal sun or Ultra

Violet light exposure, physiological factors (such as dark

skin pigmentation, certain medical disorders), vitamin/

mineral supplementation use and dietary intake of foods

rich in this micronutrient.35 Lastly, our 5-year cohort data

are cross-sectional in nature. Therefore, we can confirm an

association between BMI, vitamin D and depression but

casual relationships cannot be ascertained.

The most common psychiatric disorders during preg-

nancy and the post-partum are depression and anxiety

Table 2 Association Between Pre-Pregnancy BMI, Perinatal Depression Risk and Vitamin D Status

Pre-Pregnancy BMI Unadjusted OR (95% CI) P value Adjusted OR (95% CI) P value

Predicting Depression from BMI (Unadjusted n= 14,056, Adjusted n= 13,805)a,b

Underweight 1.922 (1.506, 2.452) <0.001 1.544 (1.194, 1.997) 0.001

Overweight 1.254 (1.061, 1.482) 0.008 1.220 (1.026, 1.451) 0.024

Obese 1.553 (1.311, 1.839) <0.001 1.421 (1.191, 1.696) <0.000

Predicting Vitamin D from BMI (Unadjusted n= 9583, Adjusted n= 9561)a,c

Underweight 1.413 (1.194, 1.673) <0.001 1.204 (1.009, 1.437) 0.040

Overweight 1.299 (1.176, 1.434) <0.001 1.374 (1.238, 1.525) <0.000

Obese 1.479 (1.325, 1.650) <0.001 1.950 (1.735, 2.191) <0.000

Predicting Depression from Vitamin D (Unadjusted n= 8215, Adjusted n= 8088)b,d

Vitamin D deficient (Yes) 1.404 (1.182, 1.667) <0.001 1.321 (1.105, 1.579) 0.002

Notes: Reference group: Healthy weighta, Vitamin D deficient (No)d, bCovariates Adjusted: Marital Status (With Partner), Mother Working (Yes), Smokes during pregnancy

(Yes), Domestic Violence (Yes), Maternal age at delivery time (years), Birth weight, Parity. cCovariates Adjusted: Mum Country Of Birth (Australia), Maternal age at delivery

time (years), gender, Birth weight, Parity.

Abbreviations: BMI, Body Mass Index; OR, Odds Ratio; CI, Confidence Intervals.
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which are associated with high rates of both maternal and

neonatal morbidity. The consequences of perinatal depres-

sion and anxiety can be both catastrophic and lifelong for

both the mother and baby.13–15 Future research should

include a more comprehensive examination of women’s

vitamin D status in association with sun exposure, eating

behaviours and supplement use. This research should be

combined with barriers that are commonly present in

women who are overweight or obese, as these predictors

increase the risk of developing perinatal depression.

Conclusion
In summary, we found that low levels of serum vitamin

D in the second trimester of pregnancy are associated with

a higher risk of developing perinatal depression. Early-

pregnancy BMI was no longer a significant predictor of

perinatal depression risk after including the mediator, vita-

min D, in the logistic regression model. In addition to the

positive impacts on health and development of the off-

spring, ensuring adequate intake of vitamin D during preg-

nancy may be one method of reducing perinatal depression

risk in women. Consistent with current recommendations,

women with high early-pregnancy BMI should be

screened for both depression risk and vitamin

D insufficiency, as should women of all BMIs, with refer-

ral to relevant support services when indicated.

Abbreviations
BMI, Body Mass Index; EPDS, Edinburgh Postnatal

Depression Scale; PPV, positive predictive value.
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