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Abstract

Background: Maternal obesity has severe physical impacts such as increased chances of pre-eclampsia and
gestational diabetes. However, mental health impacts are given less attention within antenatal care. Evidence
suggests that women with obesity carry increased risk of maternal depression and anxiety, however, this association
is not well researched amongst South Asian women in the UK who are vulnerable to both. The aim of this study
was to investigate the association between antenatal depression and anxiety and early pregnancy BMI, within and
between White British and South Asian women, using data from the Born in Bradford cohort.

Methods: Depression and anxiety were assessed using the General Health Questionnaire (GHQ); a GHQ score of > 0
for the depression subscale and > 6 for anxiety. Mother’s BMI was stratified into six World Health Organisation BMI
categories (underweight, recommended, overweight or obese class 1–3). To determine associations, univariate and
multivariate logistic regression models (adjusting for maternal age, education, deprivation and smoking) were used.

Results: There were 7824 women included (3514 White British and 4310 South Asian). South Asian women were
more likely to have depression than White British (43.3% vs 36.1% p < 0.0001) and less likely to have anxiety (45.3%
vs 48.4% p < 0.01). There were no significant associations between BMI and depression or anxiety in South Asian
women. White British women with an overweight BMI had higher odds of anxiety compared with women with a
recommended BMI (Adjusted Odds Ratio 1.25, 95% Confidence Interval 1.05–1.47). No significant associations were
observed for other BMI categories. Smoking was a risk factor for antenatal depression (AOR 1.32, 95% CI 1.12–1.56;
AOR 2.08, 95% CI 1.49–2.91) and anxiety (AOR 1.34, 95% CI 1.14–1.57; (AOR 2.87, 95% CI 2.02–4.07) in both White
British and South Asian women, respectively.

Conclusions: Although South Asian women have a higher prevalence of depression than White women in this
cohort, the known associations between maternal obesity and anxiety do not appear to be present. More studies
are needed using validated depression tools for South Asian pregnant women. Mental health screening during
antenatal care is important for South Asian women, with factors such as smoking considered.

Keywords: Body mass index, Depression, Anxiety, Obesity, Pregnancy, White British, South Asian

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: judith.rankin@newcastle.ac.uk
Population Health Sciences Institute, Newcastle University, Newcastle upon
Tyne NE2 4AX, UK

Insan et al. BMC Pregnancy and Childbirth          (2020) 20:502 
https://doi.org/10.1186/s12884-020-03097-2

http://crossmark.crossref.org/dialog/?doi=10.1186/s12884-020-03097-2&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:judith.rankin@newcastle.ac.uk


Background
Depression and anxiety are the most common mental
health conditions during pregnancy, with approximately
12 and 13% of women experiencing them, respectively
[1]. Antenatal depression and anxiety are associated with
increased risk of post-partum depression, and poor cog-
nitive and emotional development in the child [2]. South
Asian (Indian, Pakistani and Bangladeshi) women are
more susceptible to depression and anxiety compared to
White British women [3].
There is evidence of a significant association between

mental health conditions during pregnancy and maternal
obesity. A systematic review and meta-analysis published
in 2014 found odds of antenatal depression and anxiety
increased by 43 and 30%, respectively, in women with
obesity compared to women of recommended BMI [4].
Two studies conducted in 2017 [5] and 2018 [6] in
Finland also found significantly increased odds of anena-
tal depression by 51 and 43% respectively, in women
with early pregnancy (12-13 weeks gestation) obesity.
However, a 2017 study [7] in the United States found
no significant association between obesity and antenatal
depression. These previous studies were predominately
from high-income countries (HICs), with 53 out of 62
studies in the 2014 systematic review [4]. Further, only
two studies included in the systematic review [4] focused
on ethnic-minorities (African American and Hispanic)
[8, 9]; while none focused on South Asian women. A
systematic review [10] investigating the effects of mater-
nal anthropometrics on pregnancy outcomes in South
Asian women did not identify any studies on mental
health conditions, further highlighting the lack of pub-
lished data in this field in South Asian women.
In addition to the increased risk of mental health

conditions among South Asian women, this population
also carry an increased risk of maternal obesity. In the
UK, half of all pregnant women enter pregnancy with
a BMI in the overweight or obese range [11]. Evidence
suggests that South Asian women have the highest
odds of first trimester obesity compared to White Brit-
ish women [12], and an increased risk of obesity-
related complications, e.g. Gestational Diabetes Melli-
tus [7] during pregnancy at a lower BMI than White
British women. The World Health Organisation
(WHO) reflects this in their BMI criteria, where the
categories for overweight and obesity are lower in
South Asian groups (23–27.49 kg/m2 and ≥ 27.5 kg/m2

respectively) [10] compared with the general popula-
tion criteria (25–29.9 kg/m2 and ≥ 30 kg/m2) [13]. The
National Institute of Health and Care Excellence
guidelines have recommended the use of these lower
WHO thresholds to identify and treat South Asian in-
dividuals with obesity-related illnesses [14]; however,
this is not reflected in pregnancy guidelines.

Given the increased risk for both obesity and mental
health conditions in South Asian women, compared to
White British, and the limited research focusing on these
ethnic differences, the aim of this study was to address
the current research gap by investigating the association
between antenatal depression and anxiety and early
pregnancy BMI within and between South Asian and
White British women, using data from the Born in Brad-
ford (BiB) cohort. We hypothesised that higher early
pregnancy BMI, particularly obesity, would be associated
with antenatal depression and anxiety, with South Asian
women displaying higher risk than White British
women.

Methods
Study population
Bradford is the seventh largest city in the UK with a
population of 537200 in 2018 and a growth rate of
0.06% [15]. This growth is largely due to the higher
number of births than deaths; in 2017 there were 3600
more births than deaths. Bradford is one of the most
deproved areas in the UK [15]. Around 20% of the
popualtion are of South Asian origin, with higher fertility
rates compared with the White British population. Al-
most half of the babies born in the city have parents of
Pakistani origin and form a significant proportion of the
individuals with poor health outcomes in the city
[15]. BiB is a longitudinal multi-ethnic community birth
cohort of 12453 women (including 6900 South Asian,
50.1%) established in Bradford in 2007 to understand
the reasons behind poor health outcomes within the city
[15]. The cohort aimed to examine how environmental,
genetic, behavioural and social factors impact on the
health of the mother and child, and development from
childhood through to adult life [15]. Many research
studies using the BiB cohort put particular emphasis on
investigating differences between White British and
South Asian individuals to explore important health in-
equalities, and to provide culturally appropriate health-
care within this population [15].

Study design
This study was a retrospective analysis of data from the
BiB cohort. White British and South Asian pregnant
women were the populations of interest. Women from
other ethnic groups, or where ethnicity data were miss-
ing, were excluded from the analysis. The BiB question-
naire was administered to women in a standardised
manner during 26-28 weeks gestation when they
attended for an oral glucose tolerance test [15]. The ori-
ginal questionnaire was translated into Urdu and Mir-
puri for women of South Asian origin who could not
read or speak English and this was verbally administered
[15]. This was carried out in a standardised process to
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ensure accurate translation using bilingual translators
[15]. No incentives were offered for participation redu-
cing self-reporting bias [15].
The dependent variables were the General Health

Questionnaire (GHQ) scores indicating antenatal de-
pression and anxiety. The GHQ is a validated self-report
questionnaire with 28 items relating to the respondent’s
current mental state, ability to carry out functions and
daily activities and appearance of new and distressing
phenomena [16]. The 28 items are grouped into four
categories each used to identify symptoms of certain
psychiatric disorders. Since this study focused on depres-
sion and anxiety as the most common mental health
conditions during pregnancy, the total Likert score of
the subscales for depression and anxiety (D, items 22–
28; B, items 8–14) were used in the analysis (see Add-
itional File 1) [16]. There are no agreed thresholds for
the subscales to indicate depression or anxiety, but stud-
ies suggest that the cut-off score should be based on the
mean/median of the sample of interest [17, 18]. In this
study, the median was used due to the non-normality of
distribution. This was 0 for depression and 6 for anxiety.
Therefore, a score of > 0 was used to indicate depression
and > 6 indicated anxiety.
The main independent variable was maternal early

pregnancy BMI. Data from the BiB cohort includes in-
formation on the mother’s booking BMI calculated using
measured height and weight between 10 and 12 weeks of
pregnancy [19]. A realistic lower limit of 11 kg/m2 was
set as this has been shown to be the lowest BMI for sur-
vival in women [20]. An upper limit of 80 kg/m2 was
based on the frequency distribution in the data from the
BiB cohort and a published study [21]. Women with a
booking BMI outside this range were excluded from
analysis (n = 720, 6.5%). BMI was analysed as a categor-
ical variable due to the inclusion of underweight which
is also associated with increased depression and anxiety
[22], therefore, a continuous analysis may skew the re-
sults. BMI was stratified by the WHO’s classification.
For White British women, the categories were: under-
weight, < 18.5 kg/m2; recommended weight, 18.5–24.9
kg/m2; overweight, 25–29.9 kg/m2; and obese class 1,
30.0–34.9 kg/m2; class 2, 35.0–39.9 kg/m2; class 3, ≥40.0
kg/m2 [2]. The categories used for South Asian women
were: underweight, < 18.5 kg/m2; recommended weight,
18.5–22.9 kg/m2; overweight, 23–27.49 kg/m2; and obese
class 1, 27.5–32.49 kg/m2; class 2, 32.5–37.49 kg/m2;
class 3, ≥37.5 kg/m2 [23]. A secondary analysis was per-
formed using the general population BMI criteria (see
Additional File 2) for South Asian women due to the
current lack of guidance in the UK for using Asian-
specific criteria in pregnancy.
Additional variables included in the adjusted models

were maternal age, maternal education, area of residence

deprivation (based on postcode) and maternal smoking.
Maternal age (years) was analysed as a continuous vari-
able. Maternal education was defined as mother’s highest
educational qualification (equivalised) with the following
categories: none, GSCE equivalent, A-level equivalent
and higher than A-level (used as reference group). The
Index of Multiple Deprivation (IMD) was used to cat-
egorise area of residence deprivation. The IMD is a
measure of relative deprivation for small areas in Eng-
land and is the most widely used tool to measure
deprivation in health-related research in the UK [24].
Since BiB was carried out in Bradford, the national IMD
quintiles would be of limited use for this study because
Bradford has a higher level of deprivation compared to
most areas of the UK [15]. Therefore, the deprivation
data were skewed towards the most deprived quintiles
for this population. A binary variable was created with
quintiles 2–5 combined to represent lower levels of
deprivation (used as the reference group) and quintile 1
represented the highest level of deprivation. Maternal
smoking during pregnancy was a binary variable (yes/
no). Full details for all variables can be found online in
the BiB Data Dictionary [25].

Statistical analysis
Primarily, data were summarised using descriptive statis-
tics (proportions and percentages for categorical vari-
ables and means and standard deviations for continious
variables). Following this, univariate independent t-tests
were used to test for significant associations for normally
distributed continuous variables and the chi-squared and
Fishers exact test were used for categorical variables.
Statistical hypotheses were tested using two-tailed 95%
confidence intervals (95% CI), with a signficance level of
0.05 and critical value of 1.96 set. Regression assump-
tions were met, and data were analysed using multiple
logistic regression modelling with maternal BMI, mater-
nal age, maternal education, deprivation level and smok-
ing during pregnancy as independent variables, and
GHQ depression > 0 and GHQ anxiety > 6 as the dichot-
omous dependent variables. Finally, interaction analysis
was carried out to determine if there were differences in
the regression associations between White British and
South Asian women i.e. associations between ethnicity
and antenatal depression and anxiety within each BMI
category. The analyses were performed using STATA
version 16.

Results
There were 9420 White British and South Asian women
who had a BMI between 11 and 80 kg/m2. Following ex-
clusions for missing GHQ data (n = 1596, 17%), a total
sample size of 7824 women was available for analysis.
One reason for this missing data is during the first few
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months of recruitment, the GHQ was not included in
the questionnaire. Also, some women may have chosen
not to answer some of the questions. The final sample
included 3514 White British and 4310 South Asian
women (3780 Pakistani, 343 Indian and 187 Bangla-
deshi). There was no statistically significant difference
between the included and excluded group in terms of
age (27.3 ± 0.1 versus 27.3 ± 0.14) or deprivation level
(low deprivation 34.5% vs 31.3%, high deprivation 65.5%
vs 68.7%) (Table 1). However, the included population
had significantly higher education levels than those ex-
cluded (>A-level 24.6% vs 21.1%, A-level 15.8% vs 8.9%,
p < 0.0001) and were more likely to smoke (17.6% vs
10.2%, p < 0.0001) (Table 1).
Table 2 shows the summary of characteristics of the

included sample of pregnant women, stratified by ethni-
city, with tests for association between the ethnic groups.
In the included population, South Asian women were
significantly older than White British women, had a
higher percentage with >A-level education level, were
more likely to live in the highest deprivation areas, less
likely to smoke, had a higher proportion with depres-
sion, but a lower proportion with anxiety, independent
of early pregnancy BMI. There was a significant associ-
ation between BMI and ethnicity, with a higher propor-
tion of South Asian than White British women in the
overweight and obese categories (Table 2).
Within the White British ethnic group, women with

obesity were significantly older, had a lower percentage
with >A-level education level, were more deprived and
less likely to smoke, compared to women with a recom-
mended BMI (Table 3). Overall, 36% of White British

women had depression and 48% had anxiety. Within
South Asian women, those with obesity were signifi-
cantly older and had a lower percentage with >A-level
education level compared with women with a recom-
mended BMI. There was no significant association be-
tween deprivation level, smoking status, depression or
anxiety and early pregnancy BMI among South Asian
women. In both the South Asian and White British
groups, women with an obese BMI had higher propor-
tions with depression and anxiety, compared with
women with a recommended BMI, although this was
not statistically significant.
There was no significant association between depres-

sion and early pregnancy BMI among White British
women (Table 4). Univariate regression found that South
Asian women with an overweight BMI had significantly
higher odds of depression than South Asian women of
recommended BMI (odds ratio (OR) 1.17, 95% CI 1.00–
1.36). After adjusting for age, education level, smoking
and deprivation, the adjusted odds ratio (AOR) was no
longer significant (AOR 1.16, 95% CI 0.99–1.36). No
other associations between BMI and depression were
found to be significant. Interaction analysis found no sig-
nificant association between ethnicity and antenatal de-
pression within any BMI category (Table 4).
Table 5 shows the crude and adjusted ORs for screen-

ing positive for anxiety within each ethnic group for
each BMI category and AORs for interaction analysis be-
tween White British and South Asian women. Univariate
analysis showed that White British women with an over-
weight BMI had significantly higher odds of anxiety com-
pared with White British women of recommended BMI

Table 1 Difference in maternal characteristics in the included and excluded groups

Maternal characteristics Included n = 7824 Excluded n = 1596 Differences in mean or % p-valuep

Age (mean, SD) 27.3 ± 0.1 27.3 ± 0.14 0 0.96

Education level (n, %)

None 1685 (21.5) 424 (26.6) + 5.1 < 0.0001**

GCSE 2475 (31.6) 535 (33.5) + 1.9

A-level 1235 (15.8) 142 (8.9) −6.9

Higher than A-level 1924 (24.6) 337 (21.1) −3.5

Missing 505 (6.4) 158 (9.9) + 3.5

IMD Level (n, %)

Low deprivation 2696 (34.5) 500 (31.3) −3.2 0.16

High deprivation 5125 (65.5) 1096 (68.7) + 3.2

Missing 3 (0.04) 0 (0.0) −0.04

Smoking status (n, %)

Yes 1375 (17.6) 162 (10.2) −7.4 < 0.0001**

No 6446 (82.4) 1427 (89.4) + 7.0

Missing 3 (0.04) 7 (0.4) + 0.36

**Significant at 0.05 significance level (two-tailed)
pT-tests used for continuous variable and chi-squared with Fishers exact (where cell count < 5) used for categorical variables
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(OR 1.21, 95% CI 1.03–1.42). This remained significant
after adjusting for age, ethnicity, education level, smoking
and deprivation (AOR 1.25, 95% CI 1.05–1.47). White
British women with obesity also had higher odds of anx-
iety compared with recommended weight (OR 1.18, 95%
CI 1.00–1.39). However, after adjustments this result was
no longer significant (AOR 1.13, 95% CI 0.95–1.35). There
was no significant association between anxiety and early
pregnancy BMI among South Asian women. Interaction

analysis found no significant association between ethnicity
and antenatal anxiety within any BMI category (Table 5).
Other independent variables were shown to be associ-

ated with antenatal depression and anxiety within White
British and South Asian women (Table 6). For White
British women, maternal age (AOR 0.98, 95% CI 0.97–
0.99) and education (no education AOR 2.12, 95% CI
1.63–2.76) were significantly associated with depression,
and smoking was significantly associated with both

Table 2 Maternal characteristics of all women stratified by ethnicity

Total n = 7824 White British n = 3514 South Asian n = 4310 p-valuep

BMI categories+ (n, %)

Underweight 336 (4.3) 94 (2.7) 242 (5.6) < 0.0001**

Recommended 2835 (36.2) 1514 (43.1) 1321 (30.6)

Overweight 2438 (31.2) 1003 (28.5) 1435 (33.3)

Obese 2215 (28.3) 903 (25.7) 1312 (30.4)

Class 1 1361 (17.4) 508 (14.5) 853 (19.8)

Class 2 589 (7.5) 264 (7.5) 325 (7.5)

Class 3 265 (3.4) 131 (3.7) 134 (3.1)

Age (mean, SD) Mean = 27.3 ± 0.1 26.6 ± 0.1 27.8 ± 0.1 < 0.0001**

Education level (n, %)

None 1685 (21.5) 698 (19.9) 987 (22.9) < 0.0001**

GCSE 2475 (31.6) 1192 (33.9) 1283 (29.8)

A-level 1235 (15.8) 645 (18.3) 590 (13.7)

Higher than A-Level 1924 (24.6) 678 (19.3) 1246 (28.9)

Missing 505 (6.4) 301 (8.6) 204 (4.7)

IMD level (n, %)

Low deprivation 2696 (34.5) 1702 (48.4) 994 (23.1) < 0.0001**

High deprivation 5125 (65.5) 1810 (51.5) 3315 (76.9)

Missing 3 (0.04) 2 (0.1) 1 (0.02)

Smoking status (n, %)

Yes 1375 (17.6) 1217 (34.6) 158 (3.7) < 0.0001**

No 6446 (82.4) 2295 (65.3) 4151 (96.3)

Missing 3 (0.04) 2 (0.1) 1 (0.02)

Depression (n, %)

Yes 3158 (40.4) 1267 (36.1) 1891 (43.9) < 0.0001**

No 4666 (59.6) 2247 (63.9) 2419 (56.1)

Anxiety (n, %)

Yes 3655 (46.7) 1701 (48.4) 1954 (45.3) 0.004**

No 4113 (52.6) 1790 (22.9) 2323 (53.9)

Missing 56 (0.7) 23 (0.3) 33 (0.8)

SD standard deviation
GCSE The General Certificate of Secondary Education
IMD Index of Multiple deprivation
+White British BMI categories: Underweight, < 18.5 kg/m2; recommended weight, 18.5–24.9 kg/m2; overweight, 25–29.9 kg/m2; obese, ≥30 kg/m2; obese class 1,
30.0–34.9 kg/m2; obese class 2, 35.0–39.9 kg/m2; obese class 3, ≥40.0 kg/m2 South Asian BMI categories: underweight, < 18.5 kg/m2; recommended weight, 18.5–
22.9 kg/m2; overweight, 23–27.49 kg/m2; obese, ≥27.5 kg/m2; obese class 1, 27.5–32.49 kg/m2, obese class 2, 32.5–37.49 kg/m2, obese class 3, ≥37.5 kg/m2

**Significant at 0.01 significance level (two-tailed)
pT-test for continuous variable and chi-squared with Fishers exact (where cell count < 5) for categorical variables
Missing data not included in chi-squared analysis
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depression (AOR 1.32, 95% CI 1.12–1.56) and anxiety
(AOR 1.34, 95% CI 1.14–1.57). For South Asian women,
maternal age (AOR 1.02, 95% CI 1.01–1.04) and education
(no education AOR 0.65, 95% CI 0.55–0.78) were signifi-
cantly associated with anxiety, and smoking was signifi-
cantly associated with both depression (AOR 2.08, 95% CI
1.49–2.91) and anxiety (AOR 2.87, 95% CI 2.02–4.07).

Discussion
Main findings
This study identified little evidence that early pregnancy
BMI is a risk factor for antenatal depression or anxiety

within South Asian and White British women in this
population. There was an association between ethnicity
and antenatal depression and anxiety with a significantly
higher proportion of South Asian women with depression
compared with White British women, but lower propor-
tion with anxiety, independent of early pregnancy BMI.
Analysis of other socio-demographic variables identified

smoking during pregnancy was a more important risk fac-
tor for both antenatal depression and anxiety in White
British and South Asian women than early pregnancy
BMI. Lack of education was a risk factor for antenatal de-
pression in White British women but reduced the odds of

Table 4 Associations of BMI with antenatal depression, with interaction model between White British and South Asian women

Depression White British South Asian Interaction AORa

WB = reference

BMI categories+ Unadjusted OR (95% CI) AOR (95% CI)a Unadjusted OR (95% CI) AOR (95% CI)a

Recommended weight Reference group Reference group Reference group Reference group 0.79 (0.46–1.37)

Underweight 1.16 (0.76–1.78) 0.98 (0.63–1.54) 0.92 (0.70–1.22) 0.87 (0.65–1.16) 0.66 (0.32–1.37)

Overweight 0.97 (0.82–1.14) 1.00 (0.84–1.20) 1.17 (1.00–1.36)* 1.16 (0.99–1.36) 0.95 (0.55–1.65)

Obese 1.05 (0.89–1.25) 1.05 (0.87–1.26) 1.10 (0.94–1.28) 1.13 (0.96–1.33) 1.10 (0.71–1.71)

Class 1 0.97 (0.79–1.20) 1.00 (0.80–1.25) 1.11 (0.93–1.32) 1.15 (0.96–1.38) 0.93 (0.52–1.64)

Class 2 1.22 (0.93–1.59) 1.16 (0.87–1.56) 1.01 (0.79–1.29) 1.01 (0.78–1.30) 0.68 (0.36–1.28)

Class 3 1.07 (0.74–1.55) 1.01 (0.68–1.51) 1.20 (0.91–1.86) 1.32 (0.90–1.94) –

OR odds ratio
AOR adjusted odds ratio
CI Confidence Interval
WB White British
+White British BMI categories: Underweight, < 18.5 kg/m2; recommended weight, 18.5–24.9 kg/m2; overweight, 25–29.9 kg/m2; obese, ≥30 kg/m2; obese class 1,
30.0–34.9 kg/m2; obese class 2, 35.0–39.9 kg/m2; obese class 3, ≥40.0 kg/m2 South Asian BMI categories: underweight, < 18.5 kg/m2; recommended weight, 18.5–
22.9 kg/m2; overweight, 23–27.49 kg/m2; obese, ≥27.5 kg/m2; obese class 1, 27.5–32.49 kg/m2, obese class 2, 32.5–37.49 kg/m2, obese class 3, ≥37.5 kg/
m2*Significant at 0.05 significance level (two-tailed)
-Insufficient data to run the model
aAdjusted for maternal age, maternal education, area of residence deprivation and maternal smoking

Table 5 Associations of BMI with antenatal anxiety, with interaction model between White British and South Asian women

Anxiety White British South Asian Interaction AORa

WB = reference

BMI categories+ Unadjusted OR (95% CI) AOR (95% CI)a Unadjusted OR (95% CI) AOR (95% CI)a

Recommended weight Reference group Reference group Reference group Reference group 1.18 (0.69–2.01)

Underweight 0.80 (0.52–1.22) 0.75 (0.48–1.17) 0.80 (0.52–1.22) 0.82 (0.61–1.09) 1.23 (0.60–2.52)

Overweight 1.21 (1.03–1.42)* 1.25 (1.05–1.47)** 1.09 (0.94–1.27) 1.06 (0.91–1.24) 1.05 (0.0–1.79)

Obese 1.18 (1.00–1.39)* 1.13 (0.95–1.35) 1.13 (0.97–1.31) 1.13 (0.96–1.33) 1.04 (0.85–1.29)

Class 1 1.13 (0.92–1.38) 1.09 (0.88–1.35) 1.13 (0.95–1.34) 1.15 (0.96–1.38) 1.28 (0.73–2.23)

Class 2 1.17 (0.90–1.52) 1.13 (0.85–1.49) 1.13 (0.89–1.44) 1.09 (0.84–1.40) 1.17 (0.63–2.15)

Class 3 1.43 (0.99–2.04) 1.29 (0.89–1.88) 1.11 (0.78–1.58) 1.10 (0.75–1.62) –

OR odds ratio
AOR adjusted odds ratio
CI Confidence Interval
WB White British
+White British BMI categories: Underweight, < 18.5 kg/m2; recommended weight, 18.5–24.9 kg/m2; overweight, 25–29.9 kg/m2; obese, ≥30 kg/m2; obese class 1,
30.0–34.9 kg/m2; obese class 2, 35.0–39.9 kg/m2; obese class 3, ≥40.0 kg/m2 South Asian BMI categories: underweight, < 18.5 kg/m2; recommended weight, 18.5–
22.9 kg/m2; overweight, 23–27.49 kg/m2; obese, ≥27.5 kg/m2; obese class 1, 27.5–32.49 kg/m2, obese class 2, 32.5–37.49 kg/m2, obese class 3, ≥37.5 kg/
m2*Significant at 0.05 significance level (two-tailed)
**Significant at 0.01 significance level (two-tailed)
-Insufficient data to run the model
aAdjusted for maternal age, maternal education, area of residence deprivation and maternal smoking
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antenatal anxiety in South Asian women. Older age was a
risk factor for antenatal anxiety in South Asian women
but reduced the odds of antenatal depression in White
British women. However, effect sizes for maternal age
were very small compared to smoking and education.

Interpretations
Our results indicate there were no significant associa-
tions between antenatal depression and anxiety and early
pregnancy BMI within this population. There is limited
literature on the association between maternal BMI and
depression and anxiety in the UK, with one study also
showing no significant association in either mental
health condition [26]. However, previous studies across
international, mainly high-income, settings showed sig-
nificantly increased odds of depression during pregnancy
among women with overweight and obese BMIs, com-
pared with women of recommended BMI [4–6]. The
meta-anlaysis [4] also found significantly increased odds
of anxiety in women with obesity, compared with
women of recommended BMI, but no significant associ-
ation for overweight.
The difference in statistical significance of the results

between this study and previous literature could be due
to the outcome measurement tool used. The GHQ was
not used in any of the studies which mostly used either
the Centre for Epidemiological Studies Depression Scale
[5–7] for depression and The State-Trait Anxiety Inven-
tory for anxiety [7]. This can introduce variation in the

classification of depression and anxiety between this
study and other literature.
In this study, depression rates are higher in South

Asian women compared with White British, whereas,
anxiety rates are lower. Gater et al. [27] found that de-
pressive disorder was more common in Pakistani women
compared with White women. Mckenzie et al. [28]
found higher rates of suicide among older South Asian
women, compared to White women. In relation to anx-
iety, there is a lack of published literature examining
rates of anxiety within South Asian women in the UK.
However, Weich et al. [3] found that rates of common
mental disorders (anxiety and depression) were higher in
Pakistani women compared to White women of similar
age. The contradicting results for anxiety may be partly
methodological, since Weich et al. [3] used the Revised
Clinical Interview Schedule, whereas, this study used the
GHQ which is not recommended for epidemiological as-
sessment in South Asian women [29]. It may also be ex-
plained by the study settings; this study was set in
Bradford which has a high density of South Asian’s.
These large social networks have been shown to be
beneficial for mental health due to feelings of shared
identity and provision of support [30]. Therefore, in this
study population, general anxiety symptoms may be
managed by these large social networks among South
Asian women.
Smoking during pregnancy has been associated with

increased antenatal depression and anxiety in the litera-
ture [31, 32]. This may be due to the negative impact of

Table 6 Adjusteda regression analysis for additional exposure variables association with depression and anxiety, stratified by
ethnicity

White British South Asian

Variables Depression AOR (95% CI) Anxiety AOR (95% CI) Depression AOR (95% CI) Anxiety AOR (95% CI)

Age 0.98 (0.97–0.99)* 1.00 (0.98–1.01) 1.00 (0.99–1.01) 1.02 (1.01–1.04)*

Education

Higher than A-level Reference group Reference group Reference group Reference group

A-level 1.26 (0.97–1.62) 0.99 (0.79–1.25) 1.45 (1.18–1.77)** 1.31 (1.07–1.60)*

GCSE 1.54 (1.22–1.95)** 1.15 (0.93–1.42) 1.22 (1.04–1.43)* 0.93 (0.80–1.10)

None 2.12 (1.63–2.76)** 1.25 (0.98–1.59) 0.99 (0.83–1.77) 0.65 (0.55–0.78)**

IMD level

Low deprivation Reference group Reference group Reference group Reference group

High deprivation 1.17 (1.00–1.37) 0.93 (0.80–1.08) 1.13 (0.97–1.31) 0.98 (0.85–1.14)

Smoking status

No Reference group Reference group Reference group Reference group

Yes 1.32 (1.12–1.56)* 1.34 (1.14–1.57)** 2.08 (1.49–2.91)** 2.87 (2.02–4.07)**

GCSE The General Certificate of Secondary Education
IMD Index of Multiple deprivation
AOR adjusted odds ratio
CI Confidence Interval
*Significant at 0.05 significance level (two-tailed)
**Significant at 0.01 significance level (two-tailed)
aAdjusted for BMI, maternal age, maternal education, area of residence deprivation and maternal smoking
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nicotine on psychiatric symptoms [32] but also related
to increased guilt for not being able to quit and health
concerns for the baby [32]. Although this study found
that less South Asian women smoke during pregnancy,
the impact of smoking tends to be higher among South
Asian women due to cultural and religious stigma at-
tached to it [33]. This could play a role in higher depres-
sion rates found in South Asian women and should be
effectively managed during antenatal care for South
Asian women.
Lack of education has been shown to be a risk factor

for antenatal depression in many studies [34–36]. How-
ever, in a study of South Asian women, it reduced ante-
natal anxiety and depression [37] which is also
highlighted in this study. This could be explained by
gender roles in South Asian culture in which women are
expected to be more involved in taking care of the family
than earning money or getting educated [38]. Therefore,
South Asian women with less education tend to be more
accepted by their in-laws as they fulfil their roles and re-
sponsibilities within the family. This may reduce the
amount of stress and conflict within the family.

Strengths and limitations
This study used data from a large prospective birth co-
hort, which minimises selection bias. However, following
exclusions and categorisation of data, sample sizes were
reduced. Although this study had a large sample size of
3514 White British women and 4310 South Asian
women, the numbers of women with early pregnancy
obesity were much smaller (903 and 1312 respectively).
This study applied the Asian-specific BMI criteria as well
as carrying out a secondary analysis using general popu-
lation BMI criteria, which adds to the pregnancy
evidence-base for South Asian women. We also used
mother’s booking BMI which is measured in early preg-
nancy rather than self-reported pre-pregnancy weight
and height. This approach reduces self-reporting bias
since self-reported BMI tends to be under-estimated and
provides a more accurate measure of BMI [39].
The South Asian ethnic group encompassed Pakistani,

Indian and Bangladesh women which may introduce
heterogeneity. Pakistani women have higher rates of
obesity compared to Indian and Bangladeshi women
[40]. Rates of depression are also different between these
sub-groups, with Indians showing higher rates (61%)
compared with Pakistani and Bangladeshi people (55%)
[41]. Nevertheless, 88% of the included South Asian
group were Pakistani, therefore, inclusion of women from
India and Bangladesh may not have resulted in much bias.
The use of the GHQ in a South Asian sample comes with

limitations as screening instruments may perform differ-
ently in different populations due to cultural and social dif-
ferences [29]. This is especially important to consider when

assessing differences between populations as was the case
in this study. In a study examining the psychometric prop-
erties of the subscales of the GHQ in a multi-ethnic mater-
nal sample from the BiB cohort [29], results showed that
there was variation in the concepts measured by the GHQ
between groups of different language and ethnic heritage.
This may be due to the artefacts of translation and adminis-
tration bias. The meaning of underlying concepts for some
of the GHQ items differ according to language of adminis-
tration [29]. Nevertheless, these issues of subjectivity and
translations are found within most measurement tools,
hence, more studies should be carried out in South Asian
women using measurement tools such as the Edinburgh
Postnatal Depression Scale which has validated Urdu [42]
and Bengali [43] versions.

Conclusions
This study suggests little evidence to support the known
association between early pregnancy BMI and antenatal
depression and anxiety in South Asian or White British
women in this population. Smoking was found to be an
important risk factor for antenatal depression and anx-
iety, particularly among South Asian women who have
higher rates of antenatal depression. This has implica-
tions on the antenatal care South Asian women receive
which should acknowledge cultural stigma associated
with smoking. Further research should focus on South
Asian women using validated depression and anxiety
measurement tools for this population and Asian-
specific BMI criteria.
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