Association of physical activity and sedentary behaviour with depression and anxiety symptoms during pregnancy in a multi-ethnic cohort of Asian women
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Abstract

Objectives: To investigate associations of physical activity (PA) and sedentary behaviour (SB) with depression and anxiety symptoms during pregnancy among Chinese, Malay and Indian women. 

Methods: Women answered PA and SB (sitting time and television time) interview questions, and self-completed Edinburgh Postnatal Depression Scale (EPDS) and State-Trait Anxiety Inventory (STAI) questionnaires, at week 26-28 gestation. Sufficient levels of PA (≥600MET-minutes/week), and higher sitting time (≥7hours/day) were determined. Associations of PA and SB with probable antenatal depression (EPDS-score ≥15), higher state-anxiety (score ≥42) and higher trait- anxiety (score ≥43) were determined by logistic regression analysis. 
Results: Among 1144 pregnant women included in the study, 7.3%, 22.5% and 23.6% had probable antenatal depression, higher state-anxiety and higher trait-anxiety symptoms, respectively. In the adjusted models, women with sufficient level of PA were less likely to have probable antenatal depression (OR 0.54, 95% CI 0.31-0.94, p=0.030) and higher trait-anxiety symptoms (OR 0.68, 95% CI 0.48-0.94, p=0.022). PA was not associated with state-anxiety symptoms. SB was not associated with any of the investigated outcomes. 
Conclusions: Sufficient PA was associated with a reduced likelihood of probable antenatal depression and trait-anxiety symptoms. Further investigation of these findings is warranted to determine cause-effect relationships and identify potential preventive strategies.
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Introduction

Pregnancy and transition to parenthood are major life changing events in the woman’s life, as it involves biological, psychological and social changes for the woman 
 ADDIN EN.CITE 
(Podvornik, Globevnik et al., 2015; Teixeira, Figueiredo et al., 2009)
. These changes can affect psychological wellbeing in many women, depression and anxiety symptoms being the most common mental disorders during pregnancy 
 ADDIN EN.CITE 
(Andersson, Sundström-Poromaa et al., 2003; Bödecs, Horváth et al., 2011)
. Wide variation of estimated prevalence rates have been reported for antenatal depression: 7-15% in developed countries, 19-25% in developing countries Podvornik, Globevnik et al., 2015()
, and global antenatal anxiety varied from 14-54% Madhavanprabhakaran, D’Souza et al., 2015()
. Correspondingly, in Asian countries (China, Singapore, Malaysia, India and Bangladesh) the prevalence of antenatal depression varied from 5-18%, and anxiety varied from 7-29% 
 ADDIN EN.CITE 
(Ajinkya, Jadhav et al., 2013; Fadzil, Balakrishnan et al., 2013; Kwan, Bautista et al., 2015; H. E. Nasreen, Kabir et al., 2011; Qiao, Wang et al., 2009)
. Ethnic variations have been reported in the prevalence of depression and anxiety possibly due to socio-cultural and lifestyle differences 
 ADDIN EN.CITE 
(Goebert, Morland et al., 2007; Prady, Pickett et al., 2013; Shakeel, Eberhard-Gran et al., 2015)
. Maternal depression and anxiety during pregnancy potentially predispose to detrimental effects on pregnancy and birth outcomes, such as increased risk for preeclampsia, spontaneous preterm delivery and low birth weight 
 ADDIN EN.CITE 
(Madhavanprabhakaran, D’Souza et al., 2015; Podvornik, Globevnik et al., 2015)
, but the magnitude of the association may vary in different socio-economic groups and according to country’s developmental level 
 ADDIN EN.CITE 
(Grote, Bridge et al., 2010)
.
Regular physical activity (PA) may have beneficial effects on developmental processes of depression and anxiety 
 ADDIN EN.CITE 
(Anderson & Shivakumar, 2013; Dinas, Koutedakis et al., 2011; Rebar, Stanton et al., 2015)
. It is recommended that healthy pregnant women participate in at least 150 min/week of moderate-intensity of PA U.S. Department of Health and Human Services, 2008()
, which is in line with World Health Organization (WHO) PA recommendations for health benefits in general adult populations 2010()
. The role of PA in prevention and treatment of depression and anxiety has been studied extensively in non-pregnant populations 
 ADDIN EN.CITE 
(Bartley, Hay et al., 2013; Dinas, Koutedakis et al., 2011; Strohle, 2009)
, however, research on pregnant populations is limited. To date, research on pregnant women has mainly focused on the association between PA and depression 
 ADDIN EN.CITE 
(Demissie, Siega-Riz et al., 2011; Loprinzi, Fitzgerald et al., 2012; Perales, Refoyo et al., 2015; A. F. Robledo-Colonia, N. Sandoval-Restrepo et al., 2012; Tendais, Figueiredo et al., 2011)
, while the association between PA and anxiety has hardly been studied 
 ADDIN EN.CITE 
(Costa, Rippen et al., 2003; Takahasi, Alves et al., 2013)
. This body of literature provides some evidence supporting a beneficial effect of PA on depression and anxiety symptoms of pregnant women 
 ADDIN EN.CITE 
(Costa, Rippen et al., 2003; Demissie, Siega-Riz et al., 2011; Loprinzi, Fitzgerald et al., 2012; Perales, Refoyo et al., 2015; A. F. Robledo-Colonia, N. Sandoval-Restrepo et al., 2012)
.

Independent from meeting recommended physical activity levels, time spent in sedentary behavior (SB) has emerged as a potential risk factor of maternal mental health M. Teychenne, Costigan et al., 2015()
. Previous studies suggest that overall sitting time and television viewing time are associated with increased risk of depression and anxiety in non-pregnant population 
 ADDIN EN.CITE 
(Leonore de Wit, van Straten et al., 2011; Granner & Mburia-Mwalili, 2010; M. Teychenne, Costigan et al., 2015; Megan Teychenne, Ball et al., 2010)
. However, two existing studies found inconsistent associations between sitting time and depression in pregnant women University of Warwick, 2015(; Watts, Miller et al., 2013)
. 

Most of these studies were conducted in Western populations. In contrast, associations of PA and SB during pregnancy with antenatal depression and anxiety are poorly documented in Asian countries, which have many ethnic groups with varied socio-cultures and lifestyles. Hence, the purpose of our study was to bridge this gap in scientific knowledge by investigating the associations of PA and SB with antenatal depression and anxiety symptoms within the Growing Up in Singapore Towards healthy Outcomes (GUSTO), a pregnancy-offspring cohort study.  

Methods

Study design and population

The GUSTO study is a population-based pregnancy-offspring cohort, which enrolled pregnant women attending first trimester antenatal clinic visit at two major public maternity units in Singapore, namely KK Women’s and Children’s Hospital (KKH) and National University Hospital (NUH) from June 2009 to September 2010. Participants were pregnant women aged 18 years and above, from the three major Asian ethnic groups in Singapore, namely Chinese, Malay and Indian, Singapore citizen or permanent residents who had the intention of delivering in KKH/NUH and staying in Singapore for at least next 5 years, and who had agreed to donate biological tissue samples. Women who had type I diabetic mellitus, receiving chemotherapy, psychotropic drugs were not included. More details on the study are available elsewhere 
 ADDIN EN.CITE 
(Soh, Chong et al., 2014; Soh, Tint et al., 2014)
. The study protocol was approved by ethics committees of the hospitals involved, SingHealth Centralized Institutional Review Board and National Healthcare Group Domain Specific Review Board in Singapore. All participants gave written informed consent.

Assessment of maternal psychological well-being

At 26-28 weeks of gestation visit, information on depression and anxiety symptoms were obtained by using respectively the Edinburgh Postnatal Depression Scale (EPDS) and the Spielberger State-Trait Anxiety Inventory (STAI) self-administered instruments. EPDS was originally designed to assess postnatal depression, and has proven to be reliable and sensitive for assessing antenatal depressive symptoms during pregnancy 
 ADDIN EN.CITE 
(Bergink, Kooistra et al., 2011; Rubertsson, Börjesson et al., 2011)
. EPDS is a10-item scale, each item being scored on a four-point scale (0-3). A score of ≥15 on EPDS is considered to be suggestive of probable antenatal depressive symptoms 
 ADDIN EN.CITE 
(Gibson, McKenzie-McHarg et al., 2009)
. STAI is a 40-item instrument using 4-point Likert scales, twenty items assessing the trait measure, and another 20 items assessing the state measure. The trait measure reflects a more stable personality characteristic, while the state measure reflects transient characteristics of anxiety. The cut-off for high STAI scores is determined by the 75th percentile of given sample as suggested by Nasreen et al. 
 ADDIN EN.CITE 
(2010)
 and Li et al. 2013()
. In our study, a score of 42 and 43 identified the top quartile (75th percentile) group based on levels of state and trait anxiety. Hence, ≥42 and ≥43 were determined as prenatal higher state-anxiety and trait-anxiety symptoms, respectively.
Assessment of physical activity and sedentary behavior
Physical activity and sedentary behavior questions were asked as part of a structured interviewer-administered questionnaire at 26-28 weeks of gestation. The detailed measurement of PA and SB has been reported elsewhere 
 ADDIN EN.CITE 
(Padmapriya, Shen et al., 2015)
. Briefly, physical activities were categorized as light-moderate (leaves the person tired but not exhausted), moderate (leaves the person exhausted but not breathless) and vigorous intensity (makes the heart beat rapidly and leaves the person breathless). The participants reported frequency per week, and duration of each period of activity for three different intensity levels of PA. Total weekly hours spent in each intensity level of PA were obtained by multiplying frequency with duration. 
PA energy expenditure was calculated in metabolic equivalent task (MET). An absolute MET value was assigned for light-moderate, moderate and vigorous intensity (3.3, 4.0 and 8.0, respectively), it was adopted from protocol for International Physical Activity Questionnaire short form, with 1.0 MET corresponding to resting energy expenditure IPAQ Research Committee, 2005()
. Energy expended on each intensity level of PA in MET hours per week was calculated by multiplying total hours spent on specific intensity per week with its corresponding MET value. Energy expended per week in all three PA intensity levels were summed up to estimate total energy expended (TEE) on PA per week (light-moderate + moderate + vigorous MET-hours/week), and then it was converted into MET-minutes per week. TEE on PA was categorized into insufficiently active (<600 MET-minutes/week) and sufficiently active (≥600 MET-minutes/week) based on WHO recommendation of a minimum of 600 MET-minute per week PA for health benefits WHO(, 2010)
. 
Sedentary behavior was determined by asking participants to report total sitting time per day and television viewing time per day. Given the lack of established cut-offs for total sitting time and television viewing time, categories were based on lower tertile. In our sample, <7 hours of total sitting time per day and <2 hours of television viewing time per day were identified as lower tertiles. Hence, ≥7 hours of total sitting per day and ≥2 hours of television viewing time per day were defined as higher total sitting time and television time, respectively. These categories seem to correspond with existing literature that found that more than seven hours of sitting time per day was associated with depressive symptoms in non-pregnant women 
 ADDIN EN.CITE 
(van Uffelen, van Gellecum et al., 2013)
. Similarly, two or more hours of television viewing time per day was found to be associated with depression and anxiety in general adults Elements behavioral health, 2010()
.

Other measurements and covariates

Maternal age, ethnicity, educational level, household income, and pre-pregnancy weight were asked at recruitment visit, and maternal occupation during pregnancy and history of cigarette smoking were asked at 26-28 weeks gestational visit as part of interviewer administered questionnaires. Parity data was collected from hospital medical records. Monthly household income was categorized as low, lower-medium, medium and high based on hierarchy in the administered questionnaire (Singapore dollars <2000, 2000-3999, 4000-5999 and ≥6000, respectively). Weight in kilograms and height in centimeters were measured using a weighing scale (SECA model 803), and a stadiometer (SECA model 213, Hamburg, Germany) by trained research staff. Pre-pregnancy body mass index (BMI, kg/m2) was calculated based on self-reported pre-pregnancy weight in kilograms, and height in centimeters measured at the 26-28 weeks gestational visit. Pre-pregnancy BMI was categorized as underweight, normal weight, overweight and obese (<18.5, 18.5-24.9, 25-29.9 and ≥30, respectively), according to the WHO cut-offs. 

Statistical Analysis

Means and standard deviations were calculated for continuous data, while frequencies and percentages were calculated for categorical data. Independent t-test for continuous variables and chi-square test for categorical variables were computed to describe the differences between women with probable antenatal depression symptoms, and higher state-anxiety symptoms and trait-anxiety symptoms. Unadjusted and adjusted odds ratios (ORs) with corresponding 95% confidence intervals (CI) for the associations of maternal PA, total sitting time and television viewing time during pregnancy with probable antenatal depression symptoms, and higher state-anxiety and trait-anxiety symptoms were estimated by simple and multivariable logistic regressions. Findings were tested for ethnic differences by stratifying regressions according to ethnic group. Though, statistically significant interactions between PA/total sitting time/television viewing time and ethnicity on probable antenatal depression, and higher state-anxiety and trait-anxiety symptoms during pregnancy were not found in this study (p>0.05). Based on the literature, models were adjusted for the following potential confounders: maternal age, ethnicity, education, working status during pregnancy, household income, history of cigarette smoking, parity and pre-pregnancy BMI 
 ADDIN EN.CITE 
(Demissie, Siega-Riz et al., 2011; Loprinzi, Fitzgerald et al., 2012; Shakeel, Eberhard-Gran et al., 2015)
. Additionally, PA and total sitting time were mutually adjusted in separate model (results remained unchanged), to explore the independent associations of PA and total sitting time with probable antenatal depression symptoms, and higher state-anxiety and trait-anxiety symptoms during pregnancy (data not shown). Statistical significance was determined at p<0.05. All statistical analysis were performed using SPSS v19 (IBM, Chicago, IL, USA).
Results

Subject characteristics

Among 1247 pregnant women enrolled in the GUSTO cohort, 1144 (91.7%) completed at least one complete set of EPDS (n=1136, 99.3%) or STAI-state (n=1013, 88.6%) or STAI-trait (n=1039, 90.8%) questionnaires along with PA and SB questions were included in the analysis (Figure-1). 
Table I presents socio-demographic characteristics of women included in the analysis overall and according to probable antenatal depression symptoms, and higher state-anxiety and trait-anxiety symptoms. A total of 65.7% (n=744) women was classified as sufficiently active, 72.4% (n=827) as having higher sitting time and 53.7% (n=614) as having higher television viewing time. A total of 84 (7.3%) had probable antenatal depression, 257 (22.5%) higher state-anxiety symptoms and 270 (23.6%) higher trait-anxiety symptoms. Women with probable antenatal depression symptoms and/or higher state-anxiety symptoms and/or higher trait-anxiety symptoms were younger, more likely to be Malay and Indian, and not working, and had lower education and income levels, history of smoking, higher BMI, lower total sitting time and higher television viewing during pregnancy (p<0.05). A total of 164 (14.3%) participants had missing data for at least one of the covariates and were not included in the regression analysis. They were not significantly different from included subjects according to age, ethnic group, education, parity, BMI, PA, total sitting time and television viewing time (p>0.05).
Associations of PA with probable antenatal depression, and higher State-anxiety and Trait-anxiety symptoms

Table II shows the associations of level of PA with probable antenatal depression symptoms, and higher state-anxiety and trait-anxiety symptoms during pregnancy. In the crude model, sufficient level of PA during pregnancy was not associated with probable antenatal depression symptoms (OR 0.77, 95% CI 0.46-1.28, p=0.315). However after adjusting, women with sufficient level of PA were less likely to have probable antenatal depression symptoms as compared to women with insufficient level of PA (OR 0.54, 95% CI 0.31-0.94, p=0.030). When stratified by ethnicity, associations appeared stronger in Chinese and Malay than in Indian (adjusted OR 0.46, 95% CI 0.20-1.10, p=0.081 for Chinese; OR 0.37, 95% CI 0.13-1.03, p=0.056 for Malay; and OR 1.06, 95% CI 0.28-3.99, p=0.930 for Indian). 
PA during pregnancy was not associated with higher state-anxiety symptoms during pregnancy in crude, adjusted and stratified models. However, women with sufficient level of PA during pregnancy were less likely to have higher trait-anxiety symptoms in overall sample (adjusted OR 0.68, 95% CI 0.48-0.94, p=0.022). In stratified analyses, significant associations were only found in Indian and Malay, but not in Chinese women (adjusted OR 0.31, 95% CI 0.12-0.80, p=0.016 for Indian; OR 0.54, 95% CI 0.28-1.03, p=0.062 for Malay; OR 0.88, 95% CI 0.56-1.36, p=0.555 for Chinese). 
Associations of SB and probable antenatal depression and anxiety symptoms: 

Table III shows total sitting time during pregnancy was not associated with probable antenatal depression symptoms and higher state-anxiety and trait-anxiety symptoms in the overall sample and in ethnic subgroups. Television viewing time during pregnancy was also not associated with probable antenatal depression symptoms and higher trait anxiety symptoms. Women with higher television viewing time were more likely to have higher state-anxiety symptoms as compared to women with lower television viewing time in crude analysis (OR 1.56, 95% CI 1.14-2.14, p=0.006), this association ceased to exist in adjusted analysis for overall sample (OR 1.21, 95% CI 0.86-1.71, p=285) and for ethnic subgroups. 
Discussion

This study set out to investigate the associations of PA and SB with probable antenatal depression symptoms, and higher state-anxiety and trait anxiety symptoms. Our findings indicate that higher levels of PA during pregnancy were associated with a lower risk of probable antenatal depression symptoms after adjusting for relevant confounders. Similar associations were observed between PA and higher trait anxiety symptoms, but not with higher state-anxiety symptoms. Some possible differences between the three main ethnic groups were noted, but they were not conclusive and require further investigation. In contrast to PA, there were no associations of SB (total sitting time and TV viewing time) with measures of mental health during pregnancy in our population. To our knowledge, this is the first study investigating the associations between television time and depression symptoms, and associations between SB (total sitting time and television viewing time) and anxiety symptoms during pregnancy. Moreover, this study reflects the first study of its kind conducted in a multi-ethnic Asian population of pregnant women.
Our findings generally supports previous research findings that PA was inversely associated with depression and anxiety symptoms during pregnancy 
 ADDIN EN.CITE 
(Costa, Rippen et al., 2003; L. de Wit, Jelsma et al., 2015; Demissie, Siega-Riz et al., 2011; Loprinzi, Fitzgerald et al., 2012; Perales, Refoyo et al., 2015; Angelo Fernando Robledo-Colonia, Natalia Sandoval-Restrepo et al., 2012)
. In contrast, Takahasi et al 
 ADDIN EN.CITE 
(2013)
 showed no association between PA and depression. While Watts et al 2013()
 also reported no association between total sitting time and depressive symptoms another previous study reported positive association between depression and sitting time during second trimester pregnancy University of Warwick, 2015()
. In addition, previous studies in general populations suggest that SB, including television time, was positively associated with risk of depression and anxiety 
 ADDIN EN.CITE 
(Leonore de Wit, van Straten et al., 2011; Granner & Mburia-Mwalili, 2010; Rebar, Vandelanotte et al., 2014; M. Teychenne, Costigan et al., 2015; Megan Teychenne, Ball et al., 2010)
. 
The differences between these previous findings and current study might be partly explained by the diversity of assessment tools used to measure PA, SB, depression and anxiety symptoms during pregnancy. Some results suggest that the associations of PA and SB with depression and anxiety symptoms may differ by activity domains and contexts 
 ADDIN EN.CITE 
(Demissie, Siega-Riz et al., 2011; Potts & Sanchez, 1994; Rebar, Vandelanotte et al., 2014)
. Demisse et al., 
 ADDIN EN.CITE 
(2011)
 reported that adult and child care activities and other indoor household activities may increase the risk of having depressive symptoms during pregnancy, unlike recreational PA, because the former activities may be considered burdensome. Similarly, type of television programme might be associated with depressive and anxiety symptoms rather than television viewing time 
 ADDIN EN.CITE 
(Potts & Sanchez, 1994)
.
The biological mechanism behind the observed association is unclear. Potential mechanisms underpinning the inverse association of PA with depression and anxiety symptoms include the effect of PA on increases in plasma β-endorphin levels, core body temperature, central serotonergic systems, availability of neurotransmitters, and blood flow to brain regions involved in emotional regulations.  And PA results in a disruption of the hypothalamic-pituitary-adrenocortical axis that regulates endocrine response to stress and improved sleep, hypothesized that these changes might help people feel less anxious and depressed 
 ADDIN EN.CITE 
(Dinas, Koutedakis et al., 2011; van Uffelen, van Gellecum et al., 2013)
. Moreover, PA and exercise might help to increase peripheral Brain-Derived Neurotrophic Factor concentration, which may reduce depressive symptoms 
 ADDIN EN.CITE 
(Lee, Kim et al., 2007; Marais, Stein et al., 2009; Mata, Thompson et al., 2010)
.  Biological mechanisms of associations of SB with depression and anxiety may be similar to those proposed for PA, however, evidence is currently lacking 
 ADDIN EN.CITE 
(van Uffelen, van Gellecum et al., 2013)
. Psychosocial mechanism may also be important, for instance passive sedentary activities might encourage social isolation Hamer, Coombs et al., 2014()
, while PA enhances feeling of control and mastery, improved self-esteem and physical worth, behavioural activation and social interaction 
 ADDIN EN.CITE 
(van Uffelen, van Gellecum et al., 2013)
. 
The main strength of this study is that it included a large sample of pregnant women from Chinese, Malay and Indian ethnic groups. The scope of the GUSTO study allowed us to adjust for a number of potential confounders, though as in any observational study, residual confounding may remain. PA and SB data were collected as part of a structured interviewer administered questionnaire, it was administered by trained interviewers to improve data quality. EPDS and STAI questionnaires are valid, reliable and frequently used in research involving large samples to collect the data on prenatal depression and anxiety symptoms, respectively 
 ADDIN EN.CITE 
(Gibson, McKenzie-McHarg et al., 2009; Hashima E. Nasreen, Kabir et al., 2010; Rubertsson, Börjesson et al., 2011)
. 
Nevertheless, limitations have to be considered. At first, PA and SB data were self-reported by the participants, which may introduce recall bias. We assigned MET values for each PA intensity level that were standardized for an average adult and not specifically for pregnant women. However, we believe that this imprecision was minimal, as our data was restricted to the first 6 months of pregnancy 
 ADDIN EN.CITE 
(Padmapriya, Shen et al., 2015)
. A second limitation is that PA, SB, depression and anxiety data were collected at the same time-point at 26-28 weeks of gestation. Hence, we cannot exclude that our findings were due to reverse causality, as individuals with depression and anxiety symptoms may be less likely to engage in PA because of apathy or lower energy levels Azevedo Da Silva, Singh-Manoux et al., 2012()
. Also, we could not adjust for pre-existing depression and anxiety symptoms as this information is not available in our cohort, however, women who had psychotropic drugs were excluded from recruitment in the study 
 ADDIN EN.CITE 
(Soh, Tint et al., 2014)
. Thirdly, the assessment of psychiatric symptoms across scales in general, not specific to pregnant women 
 ADDIN EN.CITE 
(Gibson, McKenzie-McHarg et al., 2009; Newham, Westwood et al., 2012)
. Hence, the results should be interpreted with caution. Finally, external validity of our study is limited because the population was not representative of the general population: for instance, ethnic background of non-recruited women differed from recruited women (p=0.04) in GUSTO study 
 ADDIN EN.CITE 
(Soh, Tint et al., 2014)
. Despite these limitations, our study findings provide valuable information which will be helpful for future research.
In conclusion, this cohort study reported that PA during pregnancy was inversely associated with probable antenatal depression and trait-anxiety symptoms, but not associated with state-anxiety symptoms. And SB during pregnancy was not associated with probable antenatal depression and anxiety symptoms. Prevention and management of depression and anxiety symptoms during pregnancy is a major public health priority, as prenatal depression and anxiety can be associated with detrimental health outcome for both mother and child. The results of our study raise the possibility that promoting PA during pregnancy could be a strategy to prevent antenatal depression symptoms and trait-anxiety symptoms. Intervention studies combining subjective and objective assessments of PA and SB in various domains and context are needed to confirm such hypothesis and to better understand the potential underlying mechanisms. This knowledge will help to develop effective public health promotion strategies to reduce the incidence of depression and anxiety symptoms during pregnancy.
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Figure-I: Study flow diagram














PA, physical activity; SB, sedentary behavior; EPDS, Edinburgh Postnatal Depression Scale; STAI, State-Trait Anxiety Inventory
Table I: Pregnant women’s characteristics according to probable antenatal depression and higher state-anxiety and trait-anxiety in the GUSTO cohort study (n=1144)
	Characteristics 
	Total

n (%)b
	Cases with probable Depression symptoms

n (%)


	Cases with higher State-anxiety symptoms

n (%)
	Cases with higher Trait-anxiety symptoms

n (%)

	Overall sample
	-
	84 (7.3)
	257 (22.5)
	270 (23.6)


	Mean age in years (SD)a
	30.7 (±5.1)
	28.4, ±6.4
	29.5, ±5.7
	29.5, ±5.6

	                p-value
	
	<0.001
	<0.001
	<0.001

	Ethnic group
	
	
	
	

	
Chinese
	656 (57.3)
	32 (4.9)
	138 (23.1)
	143 (23.7)

	
Malay
	287 (25.1)
	29 (10.2)
	77 (30.2)
	87 (33.5)

	                Indian
	201 (17.6)
	23 (11.4)
	42 (26.3)
	40 (22.9)

	
p-value
	
	0.001*
	0.088
	0.006*

	Education
	
	
	
	

	
No formal education/Primary/Secondary 
	343 (30.3)
	38 (11.2)
	111 (37.6)
	114 (37.4)

	
GCE ‘A’ levels/Polytechnic/Diploma/Technical education
	402 (35.6)
	26 (6.5)
	92 (25.5)
	90 (24.9)

	
University 
	385 (34.1)
	16 (4.2)
	53 (15.3)
	61 (16.8)

	
p-value
	
	0.001*
	<0.001*
	<0.001*

	Working during pregnancy
	
	
	
	

	
No
	358 (31.3)
	45 (12.7)
	86 (28.7)
	93 (29.2)

	
Yes
	786 (68.7)
	39 (5.0)
	171 (24.0)
	177 (24.5)

	
p-value
	
	<0.001*
	0.12
	0.112

	Household monthly income 
	
	
	
	

	
Low 
	158 (14.8)
	23 (14.9)
	60 (42.6)
	55 (39.0)

	
Lower Medium 
	320 (30.1)
	22 (7.0)
	90 (33.2)
	95 (33.2)

	
Medium 
	270 (25.3)
	23 (8.5)
	48 (19.8)
	50 (20.4)

	
High 
	318 (29.8)
	7 (2.2)
	37 (12.6)
	46 (15.3)

	
p-value
	
	<0.001*
	<0.001*
	<0.001*

	History of cigarette smoking
	
	
	
	

	
Never
	990 (86.7)
	57 (5.8)
	204 (23.3)
	216 (24.0)

	
Smoked before pregnancy
	124 (10.9)
	20 (16.1)
	40 (36.0)
	40 (35.4)

	
Smoked during pregnancy
	27 (2.4)
	6 (22.2)
	13 (54.2)
	13 (54.2)

	
p-value
	
	<0.001*
	<0.001*
	<0.001*

	Parity at recruitment 
	
	
	
	

	
0
	516 (45.8)
	34 (6.6)
	126 (26.6)
	131 (27.1)

	
≥ 1
	611 (54.2)
	50 (8.3)
	128 (24.4)
	136 (25.2)

	
p-value
	
	0.289
	0.435
	0.494

	Pre-pregnancy BMI 
	
	
	
	

	
Underweight 
	129 (12.2)
	9 (7.0)
	32 (27.1)
	35 (29.4)

	
Normal weight 
	668 (63.3)
	40 (6.0)
	132 (22.4)
	146 (23.9)

	
Overweight
	180 (17.0)
	16 (9.0)
	53 (34.4)
	40 (25.2)

	
Obese
	79 (7.5)
	8 (10.4)
	19 (28.4)
	23 (32.4)

	
p-value
	
	0.321
	0.019*
	0.306

	Physical activity 
	
	
	
	

	
Insufficiently active (<600 MET-minutes/week)
	388 (34.3)
	32 (8.3)
	100 (28.5)
	106 (29.5)

	
Sufficiently active (≥600 MET-minutes/week)
	744 (65.7)
	51 (6.9)
	154 (23.7)
	162 (24.2)

	
p-value
	
	0.381
	0.093
	0.064

	Total sitting time 
	
	
	
	

	
Low (<7hrs/day)
	315 (27.6)
	31 (10.0)
	82 (30.6)
	87 (31.6)

	
High (≥7hrs/day)
	827 (72.4)
	53 (6.4)
	174 (23.4)
	182 (23.9)

	
p-value
	
	0.043*
	0.021*
	0.012*

	Television viewing time
	
	
	
	

	
Low (<2hrs/day)
	530 (46.3)
	37 (7.0)
	101 (21.6)
	109 (23.2)

	
High (≥2hrs/day)
	614 (53.7)
	47 (7.7)
	156 (28.6)
	161 (28.3)

	
p-value
	
	0.667
	0.011*
	0.062

	SD, standard deviation; GCE ‘A’ levels, General Certificate of Education-Advance levels; BMI, body mass index
a Data is presented as mean and ± standard deviation.
b Total sample size ranged from 1056 to 1144 due to the missing values.
p-values are determined by Chi-square or independent t-test.   
* Significantly associated at alpha level p=0.05.


Table II: Odds for probable antenatal depression symptoms, and higher state-anxiety and trait-anxiety symptoms for sufficiently active women compared with insufficiently active women during pregnancy in the GUSTO cohort study
	
	Crude
	Adjusted analysisa
	Adjusted analysis-stratified according to ethnic groupb
	p-for interaction

	
	
	Overall sample
	Chinese
	Malay
	Indian
	

	
	N
	OR (95%CI)
	p
	OR (95%CI)
	p
	Cases n(%)
	OR (95%CI)a
	p
	Cases n(%)
	OR (95%CI)a
	p
	Cases n(%)
	OR (95%CI)a
	p
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Probable Depression symptoms 
	961 
	0.77 (0.46, 1.28)
	0.315
	0.54 (0.31, 0.94)
	0.030*
	12 (3.7)
	0.46 (0.20, 1.10)
	0.081
	14 (8.1)
	0.37 (0.13, 1.03)
	0.056
	14 (10.8)
	1.06 (0.28, 3.99)
	0.930
	0.470

	Higher State-anxiety symptoms
	853 
	0.77 (0.56, 1.06)
	0.114
	0.75 (0.53, 1.06)
	0.105
	58 (19.7)
	0.79 (0.49, 1.26)
	0.321
	42 (27.5)
	0.59 (0.30, 1.14)
	0.116
	26 (26.0)
	0.81 (0.30, 2.17)
	0.675
	0.740

	Higher Trait-anxiety symptoms
	883 
	0.72 (0.53, 0.98)
	0.039*
	0.68 (0.48, 0.94)
	0.022*
	64 (21.4)
	0.88 (0.56, 1.36)
	0.555
	46 (28.6)
	0.54 (0.28, 1.03)
	0.062 
	20 (18.5)
	0.31 (0.12, 0.80)
	0.016*
	0.178

	OR, odds ratio; CI, confidence interval

a Odds ratios are adjusted for age, ethnicity, education, working during pregnancy, household income, smoking history, parity during pregnancy and pre-pregnancy BMI.
b Odds ratios are adjusted for age, education, working during pregnancy, household income, smoking history, parity during pregnancy and pre-pregnancy BMI.
* Significantly associated at alpha level p=0.05.


Table III: Odds for probable antenatal depression symptoms, and higher state-anxiety and trait-anxiety symptoms for women reported higher total sitting time as compared to lower total sitting time and higher television viewing time as compared to lower television time during pregnancy

	
	N
	Crude
	Adjusted analysisa
	Adjusted analysis-stratified according to ethnic groupb
	

	
	
	
	Overall sample
	Chinese
	Malay
	Indian
	

	
	
	OR (95%CI)
	p
	OR (95%CI)a
	p
	Cases

n(%)
	OR (95% CI)a
	p
	Cases

n(%)
	OR (95% CI)a
	p
	Cases

n (%)
	OR (95% CI)a
	p
	p for interaction

	Total Sitting Time 


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Probable depression symptom
	971 
	0.75 (0.44, 1.27)
	0.283
	1.22 (0.69, 2.17)
	0.499
	20 (4.7)
	1.57 (0.55, 4.45)
	0.400
	15 (8.8)
	1.35 (0.49, 3.73)
	0.563
	11 (9.7)
	0.88 (0.28, 2.76)
	0.832
	0.755

	Higher State-anxiety symptoms
	862 
	0.73 (0.52, 1.03)
	0.069
	0.92 (0.63, 1.34)
	0.669
	85 (21.6)
	1.28 (0.71, 2.30)
	0.405
	43 (27.9)
	0.63 (0.32, 1.22)
	0.171
	20 (22.2)
	0.67 (0.27, 1.64)
	0.381
	0.166

	Higher Trait-anxiety symptoms
	893 
	0.74 (0.53, 1.03)
	0.077
	0.89 (0.62, 1.28)
	0.520
	90 (22.3)
	1.32 (0.75, 2.33)
	0.340
	46 (28.9)
	0.62 (0.32, 1.20)
	0.159
	20 (20.0)
	0.60 (0.25, 1.45)
	0.253
	0.145

	Television viewing Time


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Probable Depression symptoms
	972 
	1.10 (0.67, 1.81)
	0.709
	0.75 (0.44, 1.30)
	0.307
	15 (5.3)
	0.87 (0.36, 2.06)
	0.746
	14 (8.9)
	0.61 ((0.23, 1.60)
	0.311
	9 (11.4)
	1.06 (0.34, 3.29)
	0.918
	0.643

	Higher State-anxiety symptoms
	863 
	1.56 (1.14, 2.14)
	0.006*
	1.21 (0.86, 1.71)
	0.285
	69 (26.1)
	1.31 (0.81, 2.11)
	0.266
	42 (30.0)
	0.71 (0.37, 1.37)
	0.311
	23 (34.8)
	2.08 (0.85, 5.10)
	0.110
	0.124

	Higher Trait-anxiety symptoms
	894 
	1.31 (0.97, 1.79)
	0.082
	1.04 (0.75, 1.45)
	0.813
	70 (25.5)
	1.30 (0.82, 2.04)
	0.263
	47 (31.1)
	0.74 (0.39, 1.41)
	0.355
	18 (26.1)
	1.16 (0.49, 2.79)
	0.735
	0.486

	OR, odds ratio; CI, confidence interval

a Odds ratios are adjusted for age, ethnicity, education, working during pregnancy, household income, smoking history, parity during pregnancy and pre-pregnancy BMI.
b Odds ratios are adjusted for age, education, working during pregnancy, household income, smoking history, parity during pregnancy and pre-pregnancy BMI.

* Significantly associated at alpha level p=0.05.


Recruited (n=1247)





Lost to follow up or not answered PA and SB questions (n=65)    





Excluded from analysis 


Multiple pregnancy (n=10)


Non-homogeneous ethnic group (n=1) 





PA and SB questions answered (n=1171)





Not answered at least one complete set of depression (EPDS) or anxiety (STAI-state/trait) questionnaires (n=27) 








Total subjects included (n=1144)





EPDS– all 10 items answered (n=1136)





STAI-all 20 trait items answered (n=1039)








STAI- all 20 state items answered (n=1013)
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