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ARTICLE INFO ABSTRACT

Available online xxxx Background: Studies have identified lifestyle risk factors for perinatal depression, but none have examined the cu-
mulative effect of these risk factors in pregnant women.

Methods: We considered the following six factors during pregnancy: poor diet quality (Healthy eating index for
Singapore pregnant women<median ), poor sleep quality (global Pittsburgh sleep quality index score > 5), phys-

I;Zﬂggf i)epression ical inactivity (<600 MET-minutes/week), vitamin D insufficiency (<50 nmol/1), smoking before or during preg-
Pregnancy nancy, and the perceived need for social support. Probable depression was assessed using the Edinburgh
Lifestyle Behaviours postnatal depression scale during pregnancy (>15) and at three months postpartum (>13). Prevalence risk ratios
Diet were calculated with Poisson regressions while adjusting for potential confounders.

Physical Activity Results: Of 535 pregnant women, 207 (39%) had zero or one risk factor, 146 (27%) had two, 119 (22%) had three,
gre]:;l:gﬁality 48 (9%) had four, and 15 (3%) had >5 risk factors at 26-28 weeks' gestation. These six lifestyle habits contributed

to 32% of the variance in depressive symptoms during pregnancy. The prevalence of being probably depressed
was 6.4 (95% CI 2.1, 19.8; Perena < 0.001) for expecting women who had >4 risk factors compared to women
who had <1 risk factor. No association was observed between the number of risk factors and depressive symp-
toms at 3 months postpartum (Preng = 0.746).

Conclusion: Pregnant women with >4 lifestyle risk factors showed a higher prevalence of depression during preg-
nancy, while no associations were observed for postpartum depression.

Clinical trial registration: This cohort is registered under the Clinical Trials identifier NCT01174875;
http://www.clinicaltrials.gov/ct2/show/NCT01174875?term=GUSTO&rank=2
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1. Introduction

Maternal mental well-being during and after pregnancy is of great
importance for the overall health of mothers and their offspring. Previous
studies have reported higher risks of pre-eclampsia, loss of productivity,
unfavourable parenting practices, family repercussion, and impaired
mother-infant bonding in women with depression at 20 weeks gestation
and 3 months postpartum [1]. Moreover, antepartum depression (be-
tween 12 and 36 weeks of gestation) has been associated with higher
risk of depression and obesity in the offspring during childhood [2]. Esti-
mations suggest that10 to 20% of women experience depressive symp-
toms during pregnancy or after delivery [3], making perinatal
depression a substantial public health problem [4].

Multiple lifestyle factors have been associated with the risk of de-
pression in general; including substance abuse, smoking, nutrition,
sleep, physical activity, vitamin D and social support [5], whereas
changes in social, psychological and hormonal levels during pregnancy
are risk factors more specifically for perinatal depression [6]. Previously,
we demonstrated that higher physical activity level, good sleep quality,
and better nutritional status were independently associated with lower
risk of depressive symptoms in pregnant women [7-11], which is con-
sistent with findings in the literature [12-14]. These lifestyle behaviours
are interrelated and may have synergistic effects on the risk of mental
disorders [15-17]. Examination of behavioural patterns may therefore
be useful to formulate effective integrated prevention or treatment ap-
proaches for depression [18].

To date, four cross-sectional studies have examined the combination
of multiple lifestyle factors on the risk of depression in adults and showed
mixed results. Pronk et al. have shown that adherence to three to four op-
timal lifestyle behaviour was associated with a 1.5 times lower likelihood
of feeling depressed as compared to adherence to none or one optimal be-
haviour in 34,603 predominantly white employees [15]. Secondly,
American adults who only adhered to zero to three health practices had
a 3.3 times higher risk of depression as compared to participants adhering
to six to seven health practices [19]. Moreover, middle-aged men and
women who adhered to zero or one protective lifestyle behaviours had
a 2.2 times higher risk of depression as compared to those adhering to
four behaviours [20]. However, no association was found between the
combination of seven health-related lifestyle practices and the risk of se-
vere depression in 254 Japanese factory workers [21]. None of these stud-
ies or others have specifically studied the cumulative associations of
multiple health behaviours and perinatal depression: a vulnerable period
in which mood disorders may have a significant impact on both mother
and child health in later life [1,2].

To fill this gap in literature, we aimed to investigate the cumulative
risk of the lifestyle behaviours on depressive symptoms during preg-
nancy and after delivery. We selected the following six modifiable life-
style factors based on previous findings from our cohort [7-11] and
the literature [22-26]: poor diet quality, insufficient vitamin D status,
smoking habits, insufficient physical activity, poor sleep quality, and
perceived need for social support. We hypothesized that there would
be a positive linear association between the number of poor lifestyle be-
haviours assessed during pregnancy and depressive symptoms assessed
in the late second trimester of pregnancy and at 3 months postpartum.

2. Methods
2.1. Study design and participants

The Growing Up in Singapore Towards healthy Outcomes (GUSTO)
cohort study recruited 1247 pregnant Singapore citizens or permanent

residents in their first trimester during the period between June 2009
and September 2010. They were two major public hospitals in
Singapore. Inclusion criteria included women of Chinese, Malay or
Indian descent and participant's parents and spouse's parents of the
same ethnic origin, ages 18 to 50 years with the intention to live in
Singapore for the following 5 years and intention to deliver in one of
the two major maternity units in Singapore; and willing to donate
cord, cord blood and placenta. Persons with pre-existing serious health
conditions including psychoses and type I diabetes or who were receiv-
ing chemotherapy or psychotropic drugs were excluded from participa-
tion. Further detailed information on recruitment and eligibility criteria
has been reported previously [27]. The study was approved by the Na-
tional Healthcare Group Domain Specific Review Board (reference num-
ber D/09/021) and the Sing Health Centralised Institutional Review
Board (reference number 2009/280/D) and written informed consent
was obtained from all participants at inclusion.

2.2. Depressive symptoms

Depressive symptoms were self-reported using the Edinburgh Post-
natal Depression Scale (EPDS) at 26-28 weeks' gestation and 3 months
postpartum. The EPDS is a 10-item screening tool that rates the intensity
of depressive symptoms in the preceding seven days [28]. It is a well-
known and validated instrument for use in the perinatal period [29]
and showed good reliability of 0.82 by means of Cronbach's analyses
in our cohort [30]. Participants were considered at high risk for probable
depression when having EPDS scores >15 during pregnancy or EPDS
scores >13 postpartum based on previously published normative values
[29].

2.3. Lifestyle risk factors

In this study, we selected behavioural risk factors that have been in-
dependently associated with depression during and after pregnancy
within the GUSTO cohort; sleep quality and physical activity [7,8]. We
chose to include diet quality to reflect the dietary components
(omega-3 and omega-6 fatty acids, choline, and folate) that were previ-
ously demonstrated to be associated with antepartum depression in the
GUSTO cohort [9-11]. Moreover, diet quality has consistently shown in-
verse associations with depression in literature [22,23]. In addition, on
the basis of previous literature, we included smoking habits, vitamin
D, and social support [24-26], which we observed to be significantly as-
sociated with depression in additional unpublished analyses on the
GUSTO cohort (Supplemental table 1). Although alcohol use was sug-
gested an important risk factor for depression [5], we did not include
it, because the rate of self-reported habitual alcohol intake during preg-
nancy was low in our study sample (<2%).

24. Diet quality

Dietary intake at 26-28 weeks gestation was assessed by a face-to-
face 24-h recall using the validated five-step multiple pass interviewing
technique to increase accuracy [31]. Visual aids were used to increase
the accuracy of reported food portions. Energy and nutrient intakes
were, thereafter, calculated using a local food composition database
[32], the USDA food composition database [33] and information from
food labels. The dietary intake was used to calculate diet quality as de-
fined by the Healthy Eating Index for pregnant women in Singapore
(HEI-SGP) that reflects the Singapore dietary guidelines for pregnant
women [34]. Briefly, the HEI-SGP comprises 11 components: total
fruit, whole fruit, total vegetables, dark green, leafy, and orange
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vegetables, total rice and alternatives, whole grains, dairy, total protein
foods, use of antepartum supplements, total fat, and saturated fat. Total
fruit, whole fruit, total vegetables, and dark green, leafy, and orange veg-
etables were scored between 0 and 5 and the remaining seven compo-
nents were scored between 0 and 10 resulting in a total summed score
of 0-90, which was converted to a 0-100 scale for easier interpretation.
Higher scores on the HEI-SGP correspond to greater adherence to the di-
etary recommendations. Within the GUSTO study sample, the HEI-SGP
was able to rank participants based on their macro- and micronutrient
intakes [34] and to date, has been related to sleep quality [35], infant
birth outcomes [36], and retinal microvasculature abnormalities [37].
We used scores below the median of the HEI-SGP score (52.2 points)
to define poor diet quality, as no standard cut-off value is yet available.

2.5. Lifestyle questionnaires (sleep, need for emotional support, smoking
habits, physical activity)

At 26-28 weeks gestation, participants were asked to complete mul-
tiple questionnaires during the clinic visit. Sleep quality was assessed
using the validated Pittsburgh Sleep Quality Index [38] in a random sub-
sample of the study population. This questionnaire contains 19 items
used to derive 7 components on a 0-3 scale (subjective sleep quality,
sleep latency, sleep duration, sleep efficiency, sleep disturbances, use
of sleep medications, and daytime dysfunction) resulting in a summed
global score ranging from O to 21; higher scores represent poorer sub-
jective sleep quality. Poor sleep quality was defined as having a global
PSQI score higher than five [38] based on previous published normative
values [38,39].

Need for emotional support was assessed in another random sub-
sample of the study population by the question “During the last two
weeks, did you feel that you needed someone to give you feedback,
that is, to approve you or tell you that you have made the right choice
or right decision?”. Response options for the question were ‘yes’ or ‘no’.

Smoking habits were assessed before and during pregnancy in all
participants. Women who smoked before or during pregnancy were
considered smokers.

Questions on physical activity level included light-moderate, moder-
ate and vigorous intensity activities during the first 6 months of preg-
nancy. Frequency and duration for each intensity level were obtained,
then converted into total weekly durations and finally into Metabolic
Equivalent Task (MET) values (3.3, 4.0 and 8.0 MET-hour for light-
moderate, moderate, and vigorous intensities, respectively) in line
with the International Physical Activity Questionnaire short form as de-
scribed in a previous publication [40]. Total MET was calculated and
being insufficiently active was defined as less than 600 MET-minutes/
week as per the WHO recommendations [41].

2.6. Vitamin D status

A venepuncture was drawn during the clinic visit at 26-28 weeks'
gestation. Plasma blood samples were analysed for 25(0H)D2 and 25
(OH)D3 by isotope-dilution liquid chromatography-tandem mass
spectrometry (Applied Biosystems, California, US). The intra- and
inter-assay coefficient of variation for both metabolites were < 10.3%.
Detailed information on extraction and assessment methods have
been published previously [42]. Insufficient vitamin D was defined as
plasma concentrations <50 nmol/l according to the standards of the
Endocrine Society clinical practice guidelines [43] and was previously
used within the GUSTO cohort [44].

2.7. Covariates

Questions on demographics including age, ethnicity, marital status,
education level, household income, employment status, and parity
were administered during the clinic visit at 26-28 weeks gestation or
during the recruitment phase. Anxiety was assessed during pregnancy
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using the State-Trait Anxiety Inventory [45]. Probable anxiety was de-
fined as a STAI-state antenatal score > 41, which was the top 75th per-
centile of the population under study. Perceived stress was asked
during the clinic visit at 26-28 weeks' gestation as follows: “In general
how much stress or pressure have you experienced in your daily living
in the last 4 weeks?” and recorded on a 4-point Likert scale, where four
points indicated the most stress.

2.8. Statistical analyses

In total, 1247 pregnant women were recruited, of whom those with
missing values for the lifestyle risk factors (n = 709; Fig. 1) or missing
data for the EPDS (antepartum n = 3, postpartum n = 179) were ex-
cluded, resulting in an analytical antepartum sample of 535 participants
and postpartum sample of 356 participants. A comparison between the
included and excluded participants can be found in Supplemental
table 2. The participants in the analytical antepartum sample had higher
education levels and household income as compared to the excluded
participants. No differences between included and excluded partici-
pants were observed for age, pre-pregnancy BMI, ethnicity and probable
antepartum depression, and probable anxiety. These were similar for
the analytical postpartum sample (results not shown).

Characteristics of the sample were presented according to having
probable antepartum depression or not. Differences between groups
were computed using independent samples t-test, Mann-Whitney U
test for non-normal distributed variables or chi-square for categorical
variables.

The lifestyle risk factors were dichotomized into high versus low risk
as described earlier (also see: Table 1) and the number of high -risk life-
style factors was summed. Women with 4 or more risk factors were
combined due to low number of persons with depressive symptoms,
and those with one or no risk factor were combined due to the lack of
depression cases in the lowest category.

Poisson regression analyses with robust variance were used to calcu-
late the relative risk of being probably depressed during pregnancy
(outcome) for each number of lifestyle risk factors (exposure). Statisti-
cal models were adjusted for ethnicity (Chinese, Malay, Indian), educa-
tion level (primary/secondary, postsecondary, university), age (years),
household income (S$ 0-1999, S$ 2000-5999, S$ > 6000), employment
status (unemployed/employed), and parity (first/>1 children). The
analyses for postpartum depression were additionally adjusted for

Recruited
N=1247

Excluded due to missing predictor
variables (n=709)

Missing data on

- Diet quality (n=157)

I - Vitamin D (n=305)

- Smoking (n=70)

- Physical activity (n=83)

- Sleep (n=525)

- Social support (n=507)

Missing data on EPDS
1 - 26-28 weeks gestation (n=3)
- 3 months postnatal (n=179)

¥ N
Final antenatal sample Final postnatal sample
N=535 N=356

Fig. 1. Flow chart of study participants.
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Table 1

Prevalence and criteria of lifestyle risk factors in 535 expecting women.
Risk factors Criteria Prevalence (n, %) 95% Cl
Smoking habits Smoking pre-pregnancy or during pregnancy 69, 12.8% 0.10,0.16
Insufficient plasma vitamin D < 50 nmol/I 71,13.2% 0.11,0.16
Physical inactive < 600 MET-minutes/week 197, 36.6% 0.33,041
Poor sleep quality Global PSQI score > 5 234, 43.5% 0.39,0.48
emotional support The perceived need for feedback, approval or reassurance from someone 249, 46.3% 0.42,0.51
Poor diet quality HEI-SGP < median (HEI SGP score < 52.2) 257,47.8% 0.44, 0.52

HEI-SGP, healthy eating index for pregnant women in Singapore; MET, Metabolic equivalents of task; PSQI, Pittsburgh sleep quality index.

antepartum depression assessed at 26-28 weeks gestation. The ex-
plained variance (r-squared) was obtained for each of the single lifestyle
risk factors and combinations of these factors in the relation with de-
pressive symptoms using linear regression.

To explore the robustness of our results, we additionally examined
the poor diet quality definition by using the <75th percentiles as the
cut-off value (HEI < 61.6) and antenatal minor depression definition
(EPDS score > 10) in sensitivity analyses. Also, we further examined
the potential confounding effect of marital status and perceived stress
in daily life and the possibility of effect modification of ethnicity by in-
cluding an interaction term between ethnicity and lifestyle risk factors.
To distinguish poor sleep due to depressive symptoms from sleep dis-
turbance due to pregnancy, we further excluded those that mentioned
having difficulties sleeping most of the time in the EPDS questionnaire
(n = 19). Lastly, we examined multicollinearity of our statistical
model by computing the variance inflation factor.

Missing values for the covariates (i.e. education (n = 21), household
income (n = 34), employment status (n = 9) and parity (n = 1)) were
imputed by chained equations on 20 imputed datasets. These regression
models additionally included the lifestyle risk factors and depression
status and all covariates for better prediction [46]. The results of the
20 datasets were pooled. Sensitivity analyses showed only minor
changes in results while using imputed data as compared to omitting
participants who had missing values in the covariates. Stata SE version
14.2 (StataCorp LP, Chicago, USA) was used for all analyses and
p-value<0.05 was used to define statistical significance.

3. Results

The prevalence of the single lifestyle risk factors was 59 (11%) for
none of the risk factors, 148 (28%) for one risk factor, 146 (27%) for
two, 119 (22%) for three, 48 (9%) for four, and 11 (2%) for 5, and 4
(1%) for all risk factors at 26-28 weeks gestation (Table 1). We observed
the lowest prevalence for smoking before and during pregnancy (13%)
and vitamin D insufficiency (13%); whereas almost half of the sample
reporting poor sleep quality (44%), poor diet quality (48%) and the per-
ceived need for emotional support from someone (46%). About a third
of the sample (37%) reported being insufficiently active according to
the WHO recommendations.

Pregnant women who were categorised as having probable
antepartum depression (n = 38) had a median of three risk factors
(25-75th percentiles: 2-4), whereas non-depressed women reported
a significantly lower median of two risk factors (25-75th percentiles:
1-3, p < 0.001) (Table 2). These probable-depressed women were, fur-
thermore, more likely to have poorer diet quality, sleep quality, to be a
smoker, in need of emotional support, younger, less educated, anxious,
of Malay descent and reported a lower household income as compared
to women without antepartum depression. There were no differences
detected between women with and without probable depression for
pre-pregnancy BMI, energy intake, employment status, pre-pregnancy
alcohol intake, parity, physical activity, and vitamin D concentrations.

For every increase of one risk factor, we observed and a higher prev-
alence of antepartum depression (Table 3) in the adjusted model. Com-
pared to those with zero or 1 risk factor, participants with >4 risk factors

Table 2
Baseline characteristics* of 535 study participants according to having antepartum proba-
ble depression.

Probable No depression

depression

EPDS215 EPDS<15 p for

(n = 38) (n = 497) difference
Age (y) 28.4 (1.1) 30.8 (0.2) 0.008
Pre-pregnancy BMI (kg/m?) 23.2 (0.8) 22.6 (0.2) 0.471
Energy intake (kcal) 1738.5(108.5) 1888.3 (25.4) 0.122
Employed 65.7% 75.2% 0.229
Education 0.001
Primary/secondary 47.1% 23.1%
Postsecondary 14.7% 10.8%
University 38.2% 66.0%
Household income <0.001
S$ 0-1999 28.6% 10.9%
S$2000-5999 34.3% 25.5%
S$ > 6000 37.1% 63.5%
Ethnicity 0.002
Chinese 26.3% 55.3%
Malay 42.1% 26.0%
Indian 31.6% 18.5%
pre-pregnancy alcohol intake ~ 36.8% 38.1% 0.877
First child 60.5% 55.9% 0.572
Probable anxiety 83.8% 19.3% <0.001
HEI-SGP 46.0 (2.1) 53.4 (0.6) 0.002
Vitamin D (nmol/l) 73.2 (3.8) 81.7 (1.2) 0.066
Smoking (y/n) 29.0% 11.7% 0.011
Physical activity 1039 891 (329-2079) 0.604

(MET-minutes/week) (297-2772)
PSQI global score 8.8 (0.6) 5.2 (0.12) <0.001
need for emotional support 65.8% 44.5% 0.002
(y/m)

Number of risk factors 3(2-4) 2 (1-3) <0.001

*Mean (SE), median (25-75th percentile) or % from pooled analyses.
EPDS: Edinburgh postnatal depression scale; HEI-SGP: Healthy Eating Index - Singapore.
Probable Anxiety was defined as STAI-state antenatal score > 41.

had a 6-fold [PR 6.4 (95%CI 2.1, 19.8)] higher prevalence of antepartum
depression, as compared to those with 0 or 1 risk factor. The linear trend
was highly significant (pirena < 0.001). We observed no linear associa-
tion between the number of lifestyle risk factors and depressive symp-
toms at three months postpartum (>4 factors: pyena = 0.715; Table 3).

Next, we examined which lifestyle risk factors were driving the asso-
ciation with depression by explaining the most variance in our analyti-
cal sample. We observed that sleep quality was the most important
predictor (r> = 0.28; Table 4), whereas vitamin D concentrations and
MET-minutes of physical activity contributed the least to the variance
explained. The explained variance increased from 10% (including only
the covariates) to 32% by combining all lifestyle risk factors.

Sensitivity analyses showed that defining poor diet quality using the
75th percentile gave similar results when examining the number of life-
style factors on perinatal depressive symptoms (Supplemental
Table 3). Additional adjustment for marital status or perceived daily
stress did not alter our results meaningfully (data not shown) and no ef-
fect modification by ethnicity was observed (interaction term for ante-
natal depression P = 0.728). Excluding those who reported severe
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Prevalence ratios (PR)" between depressive symptoms as assessed by EPDS and the number of lifestyle risk factor score.

Probable depression at 26-28 weeks' gestation

Probable depression at 3 months postpartum

Crude Multivariate adjusted Crude Multivariate adjusted’
n PR 95% CI p PR 95% CI n PR 95% CI p PR 95% CI p
0-1 207 0.00 Ref - 0.00 Ref 141 0.00 Ref - 0.00 Ref -
2 146 1.98 0.64, 6.14 0.234 1.82 0.59, 5.61 0.298 100 1.69 0.76,3.77 0.198 1.38 0.62,3.07 0.425
3 119 4.52 1.65,12.39 0.003 3.44 1.12,10.59 0.032 72 0.98 0.35,2.76 0.968 0.61 0.22,1.73 0.353
4-6 63 8.54 3.16, 23.06 <0.001 6.43 2.09,19.77 0.001 43 2.62 1.10,6.23 0.029 1.72 0.68,4.31 0.250
B trend* 535 2.06 1.51,2.75 <0.001 1.87 1.32,2.63 <0.001 356 1.26 0.94, 1.69 0.116 1.06 0.78,1.43 0.715

* Adjusted for age, ethnicity, educational level, household income, employment status, and parity.

T Additionally adjusted for depressive symptoms at 26-28 weeks' gestation.

¥ Determined by linear regression of probable depression on a continuous lifestyle factor score.

Table 4
The cumulative explained variance of single lifestyle factors on
depressive symptoms in 535 expecting women".

Lifestyle risk factors R?

0. 0.103
1. HEI-SGP 0.112
2. Vitamin D 0.103
3. Smoking 0.119
4. Sleep 0.278
5. Physical activity level 0.104
6. Social support 0.135
4&6 0.307
1&4&6 0.310
1&4&5&6 0311
1&3&4&5&6 0.316
All 0.318

* Including the covariates: age, ethnicity, educational level,
household income, employment status and parity.

sleeping difficulties s did not change our results (Supplemental
Table 4). No issues with multicollinearity were observed showing by
the mean variance inflation factor of 1.65 and none of the correlations
between the lifestyle behaviours were greater than 0.13.

4. Discussion

We observed that pregnant women with >4 risk factors had at least a
6-fold higher prevalence of having antepartum probable depression
compared to those having zero or one risk factor, while no association
was observed for postpartum depression. This combination of six life-
styles factors accounted for over a third of the variance in antepartum
depressive symptoms. To the best of our knowledge, we are the first
to study the relationships of a combination of multiple, modifiable life-
style risk factors (diet quality, vitamin D concentrations, smoking, phys-
ically activity, sleep quality, and need for emotional support) with
mental well-being during the perinatal period.

Our findings are consistent with previous findings from non-
pregnant adults, showing that being exposed to multiple lifestyle risk
factors is related to an increased prevalence of depression, ranging
from a 1.5- to 3.3-fold increased prevalence comparing the persons
with the highest to the lowest number of risk factors [15,19,20]. Another
study did not show an association between the combination of lifestyle
behaviours and reported severe depression in Japanese factory male
workers, but observed a significant inverse relationship with depression
as assessed with the Self-rating Depression Scale and overall mental
health in those older than 40 years [21]. Most of the lifestyle risk factors
examined in these studies (e.g., smoking, alcohol drinking, breakfast
consumption, sleep duration, work hours, physical activity, subjective
stress, and diet) were similar to our selected risk factors.

Sleep appeared to be the strongest contributor to depressive symp-
toms according to the variance explained in our statistical model. This

might not be surprising, as women during pregnancy may experience
difficulty sleeping due to normal changes of pregnancy in her body
such as hormonal changes, need to urinate more frequently, abdominal
discomfort, leg cramps, back pain and anxiety for labour and delivery.
Women with multiple symptoms may face greater difficulties sleeping
[47]. However, poor sleep is a hallmark feature of mood disorders [48]
and might have common causes [49]. It was reported in a meta-
analysis of 17 studies that non-depressed subjects with insomnia had
a twofold higher prevalence to develop depression compared to sub-
jects without sleep difficulties. These suggest that programs on mental
well-being during pregnancy could include emphasis on sleep habits
and improvement of sleep hygiene practices through environmental
changes, or behavioural therapies [47], alongside other lifestyle
changes. However, we acknowledge that the directionality of this asso-
ciation cannot be made from this study, and more research is needed.

The six lifestyle habits contributed 32% to the variance of depressive
symptoms in our study population, meaning that 68% of the variance
was still unaccounted for. When compared to another study conducted
in older persons, our finding was higher than a reported explained var-
iance of 17.6% in psychological stress ratings by social support and sleep,
but similar to the 35% explained variance in quality of life ratings by psy-
chological stress and functional limitations [50]. We only considered
modifiable behaviours for prevention or co-treatment purposes and
may have excluded important risk factors that are not easily modifiable.
For example life stress (i.e. important psychologically life events such as
death or divorce), childhood adversities, satisfaction at work, unin-
tended pregnancy, and insurance status have been suggested as impor-
tant risk factors for antepartum depression [51]. Moreover, longer
duration of depressive episode, and family history of mood disorders
appeared to be important risk factors in previously published studies
in non-pregnant populations [52].

Similar to our previous findings in the GUSTO cohort in which life-
style factors were examined individually [7,9-11], we observed no linear
association between the combination of risk factors with postpartum de-
pression. In our prior work, however, poor sleep quality during preg-
nancy showed an association with depressive symptoms at 3 months
postpartum in the GUSTO cohort [8]. Our null findings for postpartum
depressive symptoms might be explained by the major changes in life-
style habits (i.e. dietary intake and physical activity) after the delivery,
potentially caused by coping with a newborn and higher nutritional
needs for recovery from the delivery and breastfeeding, that might be
stronger predictors for postpartum mental well-being [53,54]. In addi-
tion, a third of our study sample did not complete the postpartum de-
pression questionnaires (3 months postpartum n = 179), which may
have resulted in selection bias and loss of statistical power.

Lifestyle factors are often clustered and intertwined in multidimen-
sional behavioural patterns. For example, people who adhere to the
physical activity recommendations are more likely to also consume
healthy diets [17]. Prior studies have reported ‘healthy’ clusters compris-
ing persons who reported a physically active life, healthy diet, and no
smoking [55], or inversely high-risk clusters of poor health behaviours
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for sleep, fruit and vegetable intake, physical activity, sexual behaviour,
drug use, and alcoholic beverages [56]. In addition, lifestyle habits are
known to be patterned among demographical variables; healthy life-
styles are commonly found in those who are older, and have a higher
socio-economic status [55], which agrees with our study. We observed
that those that had none, or one risk factor were more likely to be
older, of Chinese descent, had university or higher degree, and higher
household income as compared to those having multiple risk factors.

There are a number of plausible mechanisms underlying the relation-
ship between lifestyle behaviours and depression. It was suggested that
diet, vitamin D, and sleep may have an impact on neurotransmitter im-
balances, HPA-axis disturbances, oxidative stress, neuro-progression, mi-
tochondrial disturbances, and immune inflammation [24,57]. Physical
activity has been associated with increases in 3-endorphins release, neu-
rotransmitter availability, and blood flow to the brain [57]. Lastly, the
need for emotional support may contribute to lower stress levels [58].

A strength of the present study is the use of multiple modifiable life-
style risk factors that may provide important information for future be-
havioural change interventions aimed at prevention or co-treatment of
mental mood disorders during the perinatal period. Furthermore, we
provided extensive information on multiple lifestyle habits, depression
during the perinatal period and important confounders.

5. Limitations

This study has some limitations that merit attention. Our associa-
tions are largely cross-sectional and no conclusion on causality can be
drawn. It is recognized that most lifestyle factors have bidirectional re-
lationships with mental well-being [57], such that having a high likeli-
hood of depression can in turn lead to poorer adoption of healthy
lifestyles [59]. A randomized controlled trial has previously shown
that lifestyle recommendations on sleep, exercise, diet and sunlight ex-
posure significantly decreased depressive symptoms and lowered re-
mission rates in 80 Spanish outpatients with major depression [60].
However, these findings are yet to be replicated. The value of modifying
lifestyle behaviours as an approach to preventing or treating depressive
symptoms will need to be further investigated using intervention stud-
ies. Secondly, the lifestyle habits were measured at 26-28 weeks gesta-
tion and may not accurately reflect late pregnancy or postpartum habits.
Repeated measurements performed longitudinally would have
strengthened our analyses and could have given insight into lifestyle
changes during the perinatal period and its cumulative effect on the de-
velopment of depression. Thirdly, we excluded persons who reported
taking psychotropic drugs or having pre-existing mental disorders,
thus generalizability to populations with more severe depression
might be limited. Moreover, misclassification in depression status dur-
ing the perinatal period is possible and may have attenuated our results.
In the current study, 43% of the original sample of participants were in-
cluded because the sleep and emotional support questionnaires were
administered in a random subsample of the study population. Conse-
quently, this led to a smaller study sample and low prevalence of de-
pression, which could have under-powered our study, leading to
underestimation of our results. Moreover, we acknowledge that using
a single question to indicate emotional support and stress is not com-
prehensive and may be subjected to measurement error. Lastly, while
our statistical models included many covariates known for their associ-
ation between mood and lifestyle habits, our findings may be subject to
residual confounding from unmeasured confounders. For example,
need for emotional support from specifically the partner has been
strongly related to depression during pregnancy and the first postpar-
tum year [51,61], but this was not assessed in our cohort.

6. Conclusion

This study demonstrates that pregnant women with more lifestyle
risk factors as compared to those having 1 or zero risk factors have an

Comprehensive Psychiatry 103 (2020) 152210

increased prevalence of probable antepartum depression. No associa-
tions were observed between lifestyle factors and postpartum
depression. These lifestyle risk factors are modifiable, suggesting that
multi-component lifestyle behavioural interventions could provide a
more holistic and comprehensive strategy for prevention or co-
treatment of depressive symptoms in pregnant women and therefore
possibly also postpartum depression. Our research should be replicated
in longitudinal studies and the effectiveness of behavioural programs
should be further examined in intervention studies.
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