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Abstract   

Background: Previous studies have linked maternal obesity with depressive symptoms during and 

after pregnancy. It remains unknown whether obesity associates with consistently elevated 

depressive symptoms throughout pregnancy, predicts symptoms postpartum when accounting for 

antenatal symptoms, and if co-morbid hypertensive and diabetic disorders add to these associations. 

We addressed these questions in a sample of Finnish women whom we followed during and after 

pregnancy.  

Methods: Early pregnancy body mass index, derived from the Finnish Medical Birth Register and 

hospital records in 3234 PREDO study participants, was categorized into underweight (<18.5 

kg/m2), normal weight (18.5-24.99 kg/m2), overweight (25-29.99kg/m2) and obese (≥30 kg/m2) 

groups. The women completed the Center for Epidemiological Studies Depression Scale biweekly 

during pregnancy, and at 2.4 (SD=1.2) and/or 28.2 (SD=4.2) weeks after pregnancy.  

Results: In comparison to normal weight women, overweight and obese women reported higher 

levels of depressive symptoms and had higher odds of clinically significant depressive symptoms 

during (23% and 43%, respectively) and after pregnancy (22% and 36%, respectively). 

Underweight women had 68% higher odds of clinically significant depressive symptoms after 

pregnancy. Overweight and obesity also predicted higher depressive symptoms after pregnancy in 

women not reporting clinically relevant symptomatology during pregnancy. Hypertensive and 

diabetic disorders did not explain or add to these associations.  

Conclusions: Maternal early pregnancy overweight and obesity and depressive symptoms during 

and after pregnancy are associated. Mental health promotion should be included as an integral part 
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of lifestyle interventions in early pregnancy obesity and extended to benefit also overweight and 

underweight women.  

 

Keywords: early pregnancy body mass index; antenatal depression; postpartum depression; 

pregnancy disorders 
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Introduction 

In 2014, 14.9% of the world’s adult population of women were obese (body mass index [BMI] ≥30 

kg/m2), including women of reproductive age (NCD-RisC 2016). The global prevalence of obesity 

is expected to increase to 21% by 2025 (NCD-RisC 2016). Convincing evidence shows that 

maternal pre-pregnancy/early pregnancy obesity poses multiple health risks during pregnancy and 

at delivery, including hypertension-spectrum pregnancy disorders (O’Brien et al. 2003; Rahman et 

al. 2015), and gestational diabetes (Torloni et al. 2009).  

 

Growing evidence suggests that maternal obesity not only increases the risk for physical health 

hazards, but is also associated with poorer mental health during and after pregnancy. According to 

one meta-analysis, obese women had a 43% and 21% higher odds for reporting clinically relevant 

symptoms of depression during pregnancy than normal weight (BMI 18.5-24.99 kg/m2) or 

overweight (25-29.99 kg/m2) women, respectively (Molyneaux et al. 2014). The meta-analysis also 

showed that obese women had a 30% and 20% higher odds of reporting clinically relevant 

symptoms of depression after pregnancy than normal and overweight women, respectively 

(Molyneaux et al. 2014).  

 

In agreement with this meta-analysis, findings from a more recent study of over 7000 US women 

reported that in comparison to normal weight women overweight women had 31% and obese 

women had 65% higher odds for reporting clinically relevant depressive symptoms during 

pregnancy (Venkatesh et al. 2016). In another study of over 13000 UK women, obese, but not 

overweight women, had 39% higher odds than had normal weight women for reporting clinically 

relevant depressive symptoms during pregnancy (Molyneaux et al. 2016a). Yet, another study of 

over 5000 women from Australia, Ireland, New Zealand and UK reported that only in women with 

high socio-economic status (SES), obese, but not overweight women, had 116% higher odds than 

had than normal weight women for reporting clinically relevant depressive symptoms during 
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pregnancy (Molyneaux et al. 2016b). This study did not find significant differences in depressive 

symptoms between obese, overweight and normal weight women in the low SES group or when 

high and low SES groups were combined (Molyneaux et al. 2016b). In a series of smaller scale 

studies from different countries and ethnic groups the pattern of findings is more mixed with some 

reporting associations between overweight and/or obesity and depressive symptoms (Bogaerts et al. 

2013; Dotlic et al. 2014; Mina et al. 2015; Nagl et al. 2016; Ruhstaller et al. 2017; Salehi-Pourmehr 

et al. 2017), others reporting null associations (Ertel et al. 2015; Sahrakorpi et al. 2017) or 

associations with even lower levels of depressive symptoms during pregnancy (Ertel et al. 2015). In 

the more recent studies that have focused on depressive symptoms after pregnancy the pattern of 

findings is also mixed with other studies reporting associations between overweight and/or obesity 

and depressive symptoms (Mina et al. 2015; Salehi-Pourmehr et al. 2017), while other studies 

report that they are unrelated (Ruyak et al. 2016; Sahrakorpi et al. 2017). 

 

However, significant caveats in the previous studies hinder conclusions about validity of the 

findings. None of the studies measured depressive symptoms on multiple occasions throughout 

pregnancy. In only seven (Rallis et al. 2007; Ban et al. 2012; Christian et al. 2012; Ertel et al. 2012; 

Van Poppel et al. 2012; Mina et al. 2015; Ruyak et al. 2016) of the studies on postpartum 

depressive symptoms, were depressive symptoms during pregnancy taken into account. As over 

40% of women with clinically relevant depressive symptoms during pregnancy continue to suffer 

from these symptoms after pregnancy (Evans et al. 2012), it remains unclear if the effects of obesity 

on postpartum depressive symptoms reflect continuity of symptoms during pregnancy or if obesity 

is predictive of the onset of symptomatology after pregnancy. Further, the often co-morbid 

hypertension-spectrum pregnancy disorders and/or gestational diabetes were taken into account in 

only one (Mina et al. 2015) of the studies on symptoms during pregnancy and in two of the studies 

on postpartum symptoms (Sundaram et al. 2012; Mina et al. 2015). Hence, it remains unknown if 
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the associations between pre-pregnancy/early pregnancy obesity and depressive symptoms are 

explained by these hypertensive and diabetic disorders. Finally, in only four (Fowles et al. 2011; 

Lukose et al. 2014; Mina et al. 2015; Molyneaux et al. 2016b) studies out of the 40 focusing on 

depressive symptoms during pregnancy, and in only one (Mina et al. 2015) of the studies out of the 

20 focusing on postpartum depressive symptoms was weight measured (in two studies weight was 

measured in a subsample (Xuto et al. 2012; Salehi-Pourmehr et al. 2017)); in the other studies it 

was self-reported, even years after delivery, which carries bias (Stommel & Schoenborn 2009) and 

may result in misclassification of women into different BMI categories.  

 

To address these critical knowledge gaps in the literature, we tested in a large sample of pregnant 

Finnish women if early pregnancy BMI derived from the Finnish Medical Birth Register (MBR) 

(Gissler & Haukka 2004) was associated with depressive symptoms reported by the mother 

biweekly during pregnancy from the 12th until the 39th gestational week or delivery, and twice at 2.4 

and 28.2 weeks after delivery. We also tested if maternal early pregnancy BMI predicted clinically 

relevant postpartum-onset depressive symptoms. Finally, we tested if any of these associations were 

driven by maternal hypertensive or diabetic pre-pregnancy or pregnancy disorders, or if these 

disorders added to the effects of maternal early pregnancy BMI.  

 

Methods  

Participants 

The participants were from the Prediction and Prevention of Preeclampsia and Intrauterine Growth 

Restriction (PREDO) study (Girchenko et al. 2017). Figure 1 presents a flow chart of the current 

study participants and sample attrition. The PREDO study enrolled 4785 pregnant women, of whom 

4777 (8 miscarriages or stillbirths according to child birth date data from hospital records or MBR) 

gave birth to a singleton live child between 2006 and 2010. Of note, of the total number of 5332 
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enrolled participants who consented to participate, the 537 who withdrew participation or could not 

be traced, and hence were not included in the PREDO study sample, may include miscarriages or 

stillbirths not identified via hospital records or the MBR owing to missing child birth date data.  

 

The women were recruited to the study when they visited antenatal clinics at one of the ten study 

hospitals in Southern and Eastern Finland for their first ultrasound screen between 12+0 and 13+6 

weeks+days of gestation. The PREDO study comprises two subsamples. First, a community-based 

subsample who were enrolled regardless of their risk factor status for preeclampsia and intrauterine 

growth restriction. They comprise 3698 women who gave birth to a live child (among the 3702 

women in this subsample there were 4 miscarriages or stillbirths). Second, to increase the number 

of women with pre-eclampsia and intrauterine growth restriction in our sample, we recruited a 

subsample with a known risk factor status for pre-eclampsia and intrauterine growth restriction, 

including obesity; they comprised 1079 women who gave birth to a live child (among the 1083 

women in this subsample there were 4 miscarriages or stillbirths). As shown in Figure 1, of the 

4745 women who gave birth to a live-born infant and had data on early pregnancy BMI and pre-

pregnancy and pregnancy disorders, data on depressive symptoms during pregnancy were available 

in 3372 (71.1%). Of them, 3234 (95.9%) had data on depressive symptoms both during pregnancy 

and at an average of 2.4 (SD=1.2) and/or 28.2 (SD=4.2) weeks after pregnancy. This sample of 

3234 women formed the analytic sample of the current study. 

 

The women in the analytic sample were older than the participating women with a live-born infant 

who did not have data on depressive symptoms both during and after pregnancy (p<0.001), were 

more often primiparous (p<0.001) and had less often preeclampsia (p<0.05). The groups did not 

differ in the other maternal, obstetric or perinatal characteristics (all p-values>0.11).  
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The study protocol was approved by the Ethics Committee of Obstetrics and Gynaecology and 

Children and Psychiatry of the Helsinki and Uusimaa Hospital District and by the participating 

hospitals. All participants provided written informed consent.  

 

Measures 

Maternal early pregnancy BMI and hypertensive and diabetic pre-pregnancy and pregnancy 

disorders 

Data were extracted from the Finnish MBR (Gissler & Haukka 2004) and/or the maternity care 

cards and hospital records. Each individual diagnosis was further verified by a clinical jury for the 

subsample recruited based on their known risk factor status of preeclampsia and intrauterine growth 

restriction (Figure 1).  

 

Early pregnancy BMI was calculated from weight and height measured by a nurse at the first visit 

to the antenatal clinic, in our sample on average 8+4 (SD=1+3) weeks+days of gestation when 

pregnancy weight gain is still minimal, and categorized into underweight (<18.5 kg/m2), normal 

weight (18.5-24.99 kg/m2), overweight (25-29.99kg/m2), and obese (≥30 kg/m2) groups according 

to the World Health Organization criteria (World Health Organization 2000).  

 

Gestational diabetes was defined as fasting, 1h or 2h plasma glucose during a 75g oral glucose 

tolerance test ≥5.1, 10.0 or 8.5 mmol/L, respectively; pre-eclampsia as blood pressure ≥140 mmHg 

systolic and/or ≥90 mmHg diastolic in two consecutive measurements and proteinuria ≥0.3 g/24 

hours; gestational hypertension as blood pressure ≥hypertension 140 mmHg systolic and/or ≥90 

mmHg diastolic in a women who was normotensive before 20 weeks of gestation.  
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We also identified women with Type 1 diabetes (none of the women had type 2 diabetes) and with 

chronic hypertension defined as blood pressure ≥140 mmHg systolic and/or ≥90 mmHg diastolic or 

medication for hypertension before 20 weeks of gestation. 

 

Depressive symptoms during and after pregnancy 

The Center for Epidemiological Studies Depression Scale (CES-D) (Radloff 1977) was completed 

by the women biweekly up to 14 times throughout pregnancy starting from 12+0-13+6 gestation 

weeks+days until 38+0-39+6 gestation weeks+days or delivery, and at 2.4 (SD=1.2) and/or 28.2 

(SD=4.2) weeks after pregnancy. The 20 CES-D questions were rated on a scale from none (0) to 

all the time (3). Higher scores indicate more depressive symptoms during the past week and a 

sumscore of ≥16 indicates clinically relevant depressive symptoms (Radloff 1977; Vilagut et al. 

2016). The CES-D has been used extensively and validated in pregnant populations (Maloni et al. 

2005; Nast et al. 2013). In our sample, the CES-D (Cronbach`s α=.88 to .92 in the 14 biweekly 

measurement points during pregnancy and the two measurement points after pregnancy) showed 

high internal consistency (Lahti et al. 2017).  

 

Covariates and confounders 

These included maternal age at delivery (years), smoking during pregnancy (did not smoke/quit 

during first trimester/smoked throughout pregnancy), parity (primiparous/multiparous), child’s 

gestational age (weeks), birth weight (g) and sex (girls/boy) with data extracted from medical 

records and/or MBR; maternal alcohol use during pregnancy (yes/no), maternal leisure-time 

physical activity (PA) during pregnancy (categorized into 3 groups: not at all/less than once a 

month/1 to 2 times per month; approximately once a week/2 to 3 times per week; 4 to 5 times per 

week/approximately every day), and education level (basic/secondary vs. tertiary) were self-

reported in early pregnancy. 
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Statistical analysis 

First, by using linear mixed and generalized mixed model regression analyses, we tested if 

depressive symptoms levels across the biweekly measurements from 12+0 to 39+6 weeks+days of 

gestation/delivery varied between overweight, obese and underweight women in comparison to 

normal weight women. We also tested if changes in depressive symptoms levels across the 

biweekly measurements during pregnancy varied between these groups. Associations with 

depressive symptoms were tested in two separate models with depressive symptoms treated both as 

continuous (biweekly scores were square root transformed to improve linear model fitting and then 

transformed to SD units using the mean of the biweekly CES-D scores across 12-39 gestational 

weeks to facilitate interpretation but still retaining the within time-variation), and as dichotomized 

at the clinical cutoff ≥ 16. Early pregnancy BMI groups (using normal weight as the comparison 

group) and gestational week (values compressed to even weeks) main effects were entered first into 

the regression equation as between-person time invariant and within-person time-varying 

predictors, respectively. We thereafter added BMI group x gestation week interaction terms into the 

model. Random effects were allowed in the model to account for individual differences in the 

intercept and in the gestational week -related slopes (this model provided the best model fit based 

on Akaike Information Criterion in comparison to models defining random intercept or random 

slope only). We specified unstructured covariance and autoregressive (AR1) error covariance 

matrices for the linear mixed models with the continuous depressive symptoms as the outcome, and 

unstructured covariance matrix and binomial reference distribution for the generalized linear mixed 

models with clinically relevant depressive symptoms dichotomized variables as the outcome. We 

repeated the analyses by replacing depressive symptoms during pregnancy and gestational week 

with depressive symptoms after pregnancy and the time point (expressed in a number of weeks after 

pregnancy), when reporting these symptoms postpartum, respectively. We carried out the analyses 
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on depressive symptoms after pregnancy in all women in the analytic sample, and then we excluded 

women who reported clinically relevant depressive symptoms during pregnancy (mean of CES-D 

scores across 12-39 gestational weeks ≥ 16) to study postpartum-onset clinically relevant 

symptomatology. 

 

We then tested if maternal hypertensive and diabetic pre-pregnancy and pregnancy disorders were 

associated with maternal depressive symptoms during and after pregnancy in models where early 

pregnancy BMI variables were replaced by disorders (no disorders was used as the referent). To 

study if any BMI effects were confounded by maternal hypertensive and diabetic pre-pregnancy and 

pregnancy disorders, we reran the early pregnancy BMI models by adjusting for having any vs. no 

disorders. Finally, we tested if the effects of hypertensive and diabetic pre-pregnancy and 

pregnancy disorders added to the effects of maternal early pregnancy BMI, by testing the effects of 

having any vs. no hypertensive and diabetic pre-pregnancy and pregnancy disorders on depressive 

symptoms during and after pregnancy in the different BMI groups.  

 

We present all findings as adjusted for the covariates and show unstandardized estimates 

representing mean differences in depressive symptoms in SD units and odds ratios for having 

depressive symptoms scores above the clinical cutoff and their 95% Confidence Intervals. All p-

values are two-tailed. 

 

Results 

Table 1 shows sample characteristics according to maternal BMI groups for the analytic sample of 

3234 women. The median number of depressive symptoms ratings during pregnancy was 13 

(interquartile range 12-14); 79.6% of the women had two or less missing depressive symptoms 

ratings during pregnancy. Of the 3234 women, 2382 (73.7%) had depressive symptoms data at both 
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follow-ups at 2.4 and 28.2 weeks after pregnancy, and 852 (22.3%) had depressive symptoms data 

at either follow-up. Supplemental Figure 1 shows the number of women with missing data on 

depressive symptoms during and after pregnancy  

 

Maternal depressive symptoms during pregnancy (intraclass correlations 0.46 to 0.80, all p-values < 

0.0001) and after pregnancy (intraclass correlation 0.53, p< 0.0001) were significantly correlated. 

The mean of the depressive symptoms sumscores across 12-39 gestational weeks was significantly 

correlated with the mean of the two or the only sumscore after pregnancy (intraclass correlation 

0.66, p < 0.0001). Of the 3234 women with depressive symptoms data both during and after 

pregnancy, 677 (20.9%) had clinically relevant symptoms during pregnancy and 620 (19.2%) had 

clinically relevant symptoms after pregnancy. Of the 677 women with clinically relevant symptoms 

during pregnancy, 361 (53.3% of 677) continued to have clinically relevant symptoms after 

pregnancy. Of the 2557 (79.1%) women who did not have clinically relevant depression symptoms 

during pregnancy, 259 (10.1% of 2557) had clinically relevant symptoms after pregnancy.  

 

Maternal early pregnancy BMI groups and depressive symptoms during pregnancy   

In the model adjusted for maternal age at delivery, education, parity, physical activity, smoking and 

alcohol use during pregnancy as between person time-invariant covariates and gestation week as a 

within-person time-varying covariate, obese and overweight women, in comparison to the normal 

weight women reported higher levels of depressive symptoms during pregnancy (Table 2, first 

column). Figure 2 (Panel A) shows that the levels of depressive symptoms remained stably higher 

throughout pregnancy in the overweight and obese groups, and there were no significant BMI group 

x gestation week interactions. None of these group differences in depressive symptoms levels 

changed when we made further adjustments for maternal hypertensive or diabetic pre-pregnancy or 

pregnancy disorders (all p-values<0.002). When maternal depressive symptoms during pregnancy 
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were dichotomized at the clinical cutoff, maternal early pregnancy overweight was associated with 

1.23-fold (95% CI 1.02, 1.48, p-values=0.03 after all covariate adjustments) and maternal obesity 

with 1.43-fold (1.15, 1.77, p-values<0.001 after all covariate adjustments) odds for clinically 

relevant depressive symptoms during pregnancy compared to normal weight women. Figure 2 

(Panel B) shows that the proportion of women with clinically relevant depressive symptoms was 

consistently higher throughout pregnancy in the overweight and obese groups, in comparison to 

normal weight group, and there were no significant BMI group x gestation week interactions. 

Underweight women did not differ significantly from the normal weight women in depressive 

symptoms during pregnancy (Table 2, first column; Figure 2 Panels A and B). 

 

These group differences did not change when we excluded women who reported a history of 

physician-diagnosed depression before pregnancy or those who were enrolled to the study based on 

their known risk-factor status for pre-eclampsia or intrauterine growth restriction (p-values<0.01). 

 

Maternal early pregnancy BMI groups and maternal depressive symptoms after pregnancy 

In the model adjusted for maternal age at delivery, education, parity, physical activity, smoking and 

alcohol use during pregnancy, child’s gestation length, birth weight and sex as between person 

time-invariant covariates and time (2.4 and 28.2 weeks after pregnancy) as a within-person time-

varying covariate, obese and overweight women in comparison to the normal weight women 

reported higher levels of depressive symptoms after pregnancy (Table 2, middle column). Figure 2 

(Panel B) shows that these group differences remained stable after pregnancy and there were no 

BMI group x time interactions. None of these group differences in depressive symptoms levels 

changed when we made further adjustments for maternal hypertensive or diabetic pre-pregnancy or 

pregnancy disorders (p-values<0.0003). When depressive symptoms were dichotomized at the 

clinical cutoff, overweight women had 1.22-fold (1.00, 1.49, p-values=0.05 after all covariate 
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adjustments) and obese women had 1.36-fold (1.07, 1.71, p-values=0.01 after all covariate 

adjustments) odds for reporting clinically relevant depressive symptoms after pregnancy compared 

to normal weight women. The odds to report clinically relevant depressive symptoms after 

pregnancy was 1.68-fold (1.13, 2.53, p-values=0.01 after all covariate adjustments) for the 

underweight women compared to normal weight women. Figure 2 (Panel B) shows that the 

proportion of women with clinically relevant depression symptoms after pregnancy remained stably 

higher for overweight, obese and underweight women in comparison to normal weight women and 

there were no BMI group x time interactions.  

 

Table 2 (third column) shows that the depressive symptoms levels were also higher for overweight 

and obese women in comparison to normal weight women, even when we excluded women who 

reported clinically relevant depressive symptoms during pregnancy from the analyses. In the 

women, who did not report clinically relevant depressive symptoms during pregnancy, overweight 

and obesity did not, however, predict clinically relevant depressive symptoms after pregnancy (p-

values >0.45; data not shown).  

 

These group differences did not either change when we excluded women who reported a history of 

physician-diagnosed depression before pregnancy or those who were enrolled to the study based on 

their known risk-factor status for pre-eclampsia and intrauterine growth restriction (p-values<0.03). 

 

Maternal hypertensive and diabetic pre-pregnancy and pregnancy disorders and maternal 

depressive symptoms during and after pregnancy 

Supplemental Table 1 shows that maternal hypertensive and diabetic pre-pregnancy and pregnancy 

disorders were not significantly associated with depressive symptoms during or after pregnancy 

when we made adjustments for maternal early pregnancy BMI (p-values>0.23). There were not 
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either any significant differences in depressive symptoms during or after pregnancy between 

women with and without any hypertensive and diabetic pre-pregnancy and pregnancy disorders 

when these differences were tested separately in the normal weight, underweight, overweight or 

obese groups (Supplemental Table 2). 

 

Discussion 

Our study shows that maternal early pregnancy overweight and obesity are associated with 

consistently higher levels of depressive symptoms throughout pregnancy and consistently higher 

proportion and odds to report symptoms that are clinically relevant. Of the overweight and obese 

women nearly 23% and 27%, respectively, reported clinically relevant symptomatology during 

pregnancy, in comparison to 19% of normal weight women. The odds for clinically relevant 

symptomatology during pregnancy were 23% and 43% higher for overweight and obese women, 

respectively, in comparison to those who were normal weight.  

 

Maternal early pregnancy overweight and obesity also increased the odds to report clinically 

relevant symptoms after pregnancy by 22% and 36%, respectively. Importantly, our study revealed 

that this risk was also increased for underweight women by 68%. While early pregnancy 

overweight and obesity were significantly associated with higher depressive symptoms levels also 

in women without clinically relevant depressive symptomatology during pregnancy, the 

associations with clinically relevant symptoms after pregnancy did not reach significance in this 

subgroup. 

 

Our study also showed that maternal hypertensive and diabetic pre-pregnancy and pregnancy 

disorders did not explain any of the early pregnancy BMI effects. These disorders did not either add 

to the effects of maternal early pregnancy BMI. Rather, our study showed that any significant 
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associations between hypertensive and diabetic pre-pregnancy and pregnancy disorders were 

accounted for by the maternal early pregnancy BMI.  

 

Our study has many strengths. Unlike in any of the previous studies, we measured depressive 

symptoms consecutively throughout and after pregnancy. Second, we studied the associations in a 

large sample of which a subset was chosen to increase the incidence of pre-eclampsia and 

intrauterine growth restriction resulting in an increased statistical power to test associations of early 

pregnancy BMI and hypertensive and diabetic pre-pregnancy and pregnancy disorders with 

repeatedly measured depressive symptoms. A related strength of our study is that early pregnancy 

weight and height were extracted from antenatal clinical measurements and pre-pregnancy and 

pregnancy disorders were derived from medical records and for a subset verified by a clinical jury. 

In only a handful of the previous studies have weight or height been measured (Fowles et al. 2011; 

Lukose et al. 2014; Mina et al. 2015; Molyneaux et al. 2016b) and in only one of the previous 

studies (Sundaram et al. 2012) have these pre-pregnancy and pregnancy disorders been taken into 

account. Finally, sample attrition during follow-up was minor, and we were able to account for a 

number of relevant covariates.  

 

A major study limitation relates to not knowing what the biological mechanisms are that underpin 

these associations. These may relate to alterations in hypothalamic-pituitary-adrenocortical (HPA) 

axis activity and inflammatory markers that are related to maternal BMI (Lindsay & Nieman 2005; 

McEwan et al. 2009; Denison et al. 2010; Duthie & Reynolds 2013; Godfrey et al. 2017). 

Emerging data suggest that alterations in HPA-axis activity and inflammation may also be 

associated with maternal depressive symptoms or distress during pregnancy (Haeri et al. 2013; 

Shelton et al. 2014). While these same mechanisms may account for the associations with 

depressive symptoms after pregnancy (Brunton & Russell 2008; Anderson & Maes 2013; O’Hara & 
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McCabe 2013), it remains unknown what role do changes in glucocorticoids, estradiol and 

progesterone, that take place after parturition, play in these associations. And, what is the role of 

other factors implicated in obesity and depression, such as leptin, tryptophan and vitamin D 

(Anderson & Maes 2013).  

Also genetic and epigenetic factors may underlie the associations between obesity and depression. 

Twin studies suggest that the genetic component of depression is partially shared with obesity 

(Afari et al. 2010; Jokela et al. 2016). According to a recent systematic review of genome-wide 

association and candidate gene studies pleiotropic genes, such as the FTO gene, may underlie 

(Amare et al. 2017), but findings are however, inconsistent (Walter et al. 2015). Also interactions 

between genotype, such as the FTO gene, depression and BMI have been reported (Clarke et al. 

2015; Rivera et al. 2017). On the other hand, both depression (Osborne et al. 2016; Chen et al. 

2017; Edvinsson et al. 2017) and BMI (Dick et al. 2014; Ligthart et al. 2016) have been associated 

with DNA methylation changes at specific genetic loci, including genes regulating inflammatory 

function.   

Behavioral mechanisms may also be involved, including sleep problems and pain that may be 

aggravated in higher BMI pregnancies and that may induce more depressed feelings. In addition, 

unhealthy diet and low physical exercise may be involved (Nascimento et al. 2012; Jacka & Berk 

2013). We lack data on the women’s dietary patterns and our measure of physical activity was self-

reported. Future studies will need to unravel if these mechanisms are involved. As the association 

between obesity and depression is suggested to be bi-directional (Luppino et al. 2010), we cannot 

rule out the possibility of reverse causality between BMI and depressive symptoms either.  

 

Other study limitations relate to generalizability from our findings to other groups who are different 

from our sample. Because a subset of women with risk factors for preeclampsia and intrauterine 

growth restriction was recruited in our study, our sample has a higher proportion of obese women 
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and a higher prevalence of preeclampsia and gestational hypertension, compared to the general 

population of pregnant Finnish women (Girchenko et al. 2017). Further, even though the attrition in 

our sample was minor, it was selective: the women in the analytic sample were older, more often 

primiparous and less often had preeclampsia than participating women with a live-born infant 

without data on depressive symptoms both during and after pregnancy. Finally, although we were 

able to control for a number of potential covariates, we cannot entirely exclude the possibility of 

residual confounding.  

 

To conclude, maternal early pregnancy overweight and obesity are associated with higher levels of 

and proportion and odds to report clinically relevant depressive symptoms during and after 

pregnancy. Early pregnancy underweight women also have higher risk of clinically significant 

depressive symptoms after pregnancy. Hypertensive and diabetic pre-pregnancy and pregnancy 

disorders do not explain or add to these associations. Our findings showing that obese and 

underweight women are vulnerable to depressive symptoms suggest mental health needs to be 

considered as part of routine antenatal care. Existing lifestyle interventions in pregnant overweight 

and obese women have focused on dietary and physical activity behavior change without 

considering maternal mental health (Poston et al. 2015). Our findings suggest that it would be 

beneficial to take into account the depressive symptoms of the obese women since depression might 

hinder the effectiveness of the interventions. This will not only benefit the health and wellbeing of 

women during and after pregnancy, but the offspring as well, as maternal early pregnancy 

underweight, overweight, obesity and depressive symptoms during and after pregnancy may 

increase the offspring’s risk of adverse perinatal and physical health and neurodevelopmental 

(Reynolds et al. 2013; Rahman et al. 2015; Lahti et al. 2017) outcomes in later life. 
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Figure captions 

Figure 1. Flow chart of the participants and sample attrition of the PREDO-study. 
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Figure 2. Maternal depressive symptoms measured by using the Center for Epidemiological Studies Depression Scale (CES-D) during 

and after pregnancy in early pregnancy body mass index (BMI) groups. Panel A represents the mean of CES-D scores at the biweekly 

measurement points between 12+0-13+6 and 38+0-39+6 gestational weeks+days, and at 2.4 and 28.2 weeks after pregnancy in the 

early pregnancy BMI groups. Panel B represents the proportion of women scoring 16 or above at the biweekly measurement points 

between 12+0-13+6 and 38+0-39+6 gestational weeks+days, and at 2.4 and 28.2 weeks after pregnancy in the early pregnancy BMI 

groups. P-values refer to BMI group x gestation week and BMI group x timepoint after pregnancy interactions derived from the linear or 

generalized linear mixed model analyses.  
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Supplemental Figure 1. Frequency of participants who did and did not fill in the Center for Epidemiological Studies Depression Scale 

(CES-D) during and after pregnancy. 
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Table 1. Characteristics of the sample according to maternal early pregnancy weight groups (N=3234). 

 

 

 

 

 

  

Maternal early pregnancy body mass index ( kg/m2) 

P 

< 18.5 18.5-24.99 25-29.99 ≥ 30 

Underweight 

n=106 

Normal weight 

n=2065 

Overweight 

n=633 

Obese  

 n=430 

Mean (SD)/ 

n (%) 

Mean (SD)/ 

n (%) 

Mean (SD)/ 

n (%) 

Mean (SD)/ 

n (%) 

Maternal characteristics 

Early pregnancy weight 

(kg) 
49.8 (3.7) 60.6 (6.2) 74.0 (6.5) 94.5 (12.5) <0.001 

Height (m) 1.67 (0.06) 1.66 (0.06) 1.65 (0.06) 1.66 (0.06) 0.001 

Early pregnancy body mass 

index (kg/m2) 17.9 (0.5) 21.9 (1.7) 27.0 (1.4) 34.5 (4.0) <0.001 

Age at delivery (years) 30.2 (4.9) 31.7 (4.6) 32.0 (4.7) 32.2 (5.0) <0.001 

Education, n (%)     <0.001 

Lower secondary or less 47 (44.3%) 711 (34.5%) 304 (48.1%) 237 (55.1%)  

Upper secondary 23 (21.7%) 545 (26.4%) 162 (25.6%) 112 (26.0%)  

Tertiary 36 (34.0%) 806 (39.1%) 166 (26.3%) 81 (18.8%)  

Data not available, n 0 3 1 0  

Parity, n (%)     0.86 

Primiparous 44 (41.5%) 856 (41.5%) 250 (39.7%) 173 (40.2%)  

Multiparous 62 (58.5%) 1205 (58.5%) 379 (60.3%) 257 (59.8%)  

Data not available, n 0 4 4 0  

Smoking during 

pregnancy, n (%) 
    0.48 

No 99 (93.4%) 1941 (94.0%) 582 (92.1%) 401 (93.5%)  

Quit during first trimester 2 (1.9%) 59 (2.9%) 28 (4.4%) 15 (3.5%)  

Smoked throughout 

pregnancy 
5 (4.7%) 65 (3.1%) 22 (3.5%) 13 (3.0%)  

Data not available, n 0 0 1 1  

Alcohol use during 

pregnancy, n (%) 
    0.001 

No 97 (92.4%) 1690 (82.6%) 543 (84.7%) 387 (88.6%)  

Yes 8 (7.6%) 355 (17.4%) 97 (15.5%) 48 (11.3%)  

Data not available, n 1 20 8 5  

Leisure-time physical 

activity, n (%)  
    <0.001 

I do not exercise; less 

than once a month; 1 to 2 

times per month  

27 (25.7%) 354 (17.3%) 135 (21.6%) 114 (26.8%)  

Approximately once a 

week; 2 to 3 times per 

week  

56 (53.3%) 1301 (63.7%) 389 (62.1%) 263 (61.7%)  
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4 to 5 times per week; 

approximately every day  
22 (21.0%) 386 (18.9%) 102 (16.3%) 49 (11.5%)  

Data not available, n 1 24 7 4  

Hypertension spectrum 

disorders, n (%) 
    <0.001 

Normotensive 101 (95.3%) 1901 (92.1%) 537 (84.8%) 301 (70.0%)  

Gestational hypertension 2 (1.9%) 64 (3.1%) 27 (4.3%) 43 (10.0%)  

Pre-eclampsia 2 (1.9%) 55 (2.7%) 35 (5.5%) 27 (6.3%)  

Chronic hypertension 1 (0.9%) 45 (2.2%) 34 (5.4%) 59 (13.7%)  

Gestational diabetes, n (%)     <0.001 

No 104 (98.1%) 1962 (95.0%) 529 (83.6%) 295 (68.6%)  

Yes 2 (1.9%) 103 (5.0%) 104 (16.4%) 135 (31.4%)  

Type 1 diabetes, n (%)     0.06 

No 105 (99.1%) 2058 (99.7%) 625 (98.7%) 427 (99.3%)  

Yes 1 (0.9%) 7 (0.3%) 8 (1.3%) 3 (0.7%)  

History of physician 

diagnosed depression 

before pregnancy, n (%) 

    0.000 

No  82 (82.8%) 1777 (91.1%) 530 (88.6%) 345 (84.4%)  

Yes 17 (17.2%) 174 (8.9%) 68 (11.4%) 64 (15.6%)  

Data not available, n 7 114 35 21  

Depressive symptoms during pregnancy 

Sumscore 12.1 (6.8) 11.0 (6.2) 11.8 (6.3) 12.7 (6.8) <0.001 

Sumscore ≥ 16, n (%) 27 (25.5%) 391 (18.9%) 145 (22.9%) 114 (26.5%) 0.001 

Depressive symptoms after pregnancy 

Sumscore 11.0 (7.2) 9.7 (6.6) 10.7 (7.2) 11.6 (8.1) <0.001 

Sumscore ≥ 16, n (%) 28 (26.4%) 359 (17.4%) 131 (20.7%) 102 (23.7%) 0.002 

Child characteristics 

Gestational age (weeks) 39.9 (1.3) 39.9 (1.5) 39.8 (1.8) 39.8 (1.7) 0.43 

Birth weight (g) 3370.8 (475.7) 3504.2 (499.7) 3547.3 (548.6) 3658.4 (550.8) <0.001 

Sex, boys, n (%) 47 (44.3%) 1058 (51.2%) 307 (48.5%) 251 (58.5%) 0.005 

Data not available, n 0 0 0 1  

Note. Frequencies and percentages refer to valid N of variable.  
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Table 2. Associations between early pregnancy body mass index (BMI) and depressive symptoms during and after pregnancy. 

 

 

 

 

 

Center for Epidemiological Studies Depression Scale (CES-D) in Standard Deviation units 

During pregnancy in all women 

(N=3234) 

After pregnancy in all women 

(N=3234) 

After pregnancy in women 

without clinically relevant 

symptoms during pregnancy 

(CES-D < 16) 

(N=2557) 

Mean 

difference 

95%  

Confidence 

Interval 

Pa Mean 

difference 

 

95% 

Confidence 

Interval 

Pa Mean 

difference 

 

95%  

Confidence 

Interval 

Pa 

Early pregnancy BMI 

group 

         

  Normal weight  

 (BMI 18.5-24.99 kg/m2) 

Referent   Referent   Referent   

  Underweight 

 (BMI <18.5 kg/m2) 

0.11 -0.05, 0.26 0.18 0.13 -0.02, 0.29 0.09 -0.02 -0.20, 0.16 0.85 

  Overweight  

 (BMI  25-29.99 kg/m2) 

0.10 0.03, 0.17 0.005 0.14 0.07, 0.21 0.0002 0.09 0.01, 0.17 0.03 

  Obese 

 (BMI  ≥30 kg/m2) 

0.19 0.11, 0.28 <0.0001 0.20 0.11, 0.29 <0.0001 0.11 0.01, 0.21 0.03 

Note. The analyses during pregnancy are adjusted for maternal age at delivery, maternal education, parity, maternal physical activity, smoking 

and alcohol use during pregnancy as time-invariant between person covariates and gestation week as time-varying within-person covariate; The 

analyses after pregnancy are adjusted for maternal age at delivery, maternal education, parity, maternal physical activity, smoking and alcohol 

use during pregnancy, child’s gestational age, birth weight and sex as time-invariant between-person covariates and timepoint after pregnancy 

as time-varying within-person covariate. 
aExact p-values are given unless they are below 0.0001 
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Supplemental Table 1.  Associations between hypertensive and diabetic pre-pregnancy and pregnancy disorders and depressive symptoms 

during and after pregnancy. 

  

During pregnancy in all women  

(N=3234) 

 

After pregnancy in all women  

(N=3234) 

After pregnancy in women without 

clinically relevant symptoms 

during pregnancy (CES-D <16)  

(N=2557) 

  Mean 

difference 

 

95%  

Confidence 

Interval 

Pa Mean 

difference 

 

95%  

Confidence 

Interval 

Pa Mean 

difference 

 

95% 

Confidence 

Interval 

Pa 

Pre-pregnancy and 

pregnancy 

disorders: 

         

  No disorder Referent   Referent   Referent   

  Any disorder 0.06 -0.01, 0.13 0.11 0.09 0.02, 0.17 0.02 0.09 0, 0.17 0.04 

  Gestational 

  hypertension 

0.02 -0.12, 0.16 0.77 0.04 -0.10, 0.17 0.61 0.05 -0.10, 0.21 0.50 

  Preeclampsia 0.12 -0.02, 0.27 0.10 0.12 -0.02, 0.27 0.10 0.15 -0.02, 0.31 0.09 

  Chronic 

  hypertension 

-0.04 -0.19, 0.09 0.49 -0.01 -0.15, 0.13 0.90 0.01 -0.14, 0.16 0.88 

  Gestational 

  diabetes 

0.05 -0.04, 0.14 0.32 0.08 -0.01, 0.18 0.08 0.07 -0.04, 0.17 0.21 

  Type 1 diabetes 0.12 -0.25, 0.49 0.53 0.11 -0.28, 0.50 0.57 0.01 -0.44, 0.44 0.98 

Note. Model is adjusted for maternal age at delivery, maternal education, parity, maternal physical activity, smoking and alcohol use during 

pregnancy, time (gestation week) in the analyses during pregnancy; Model is adjusted for maternal age at delivery, maternal education, parity, 

maternal physical activity, smoking and alcohol use during pregnancy, child’s gestational age, birth weight, sex, and time (measurement point 

at an average of two weeks and six months after pregnancy) in the analyses after pregnancy. 
aExact p-values are given unless they are below 0.0001 
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Supplemental Table 2. Differences between women with none or any hypertensive or diabetic pre-pregnancy and pregnancy disorders in 

depressive symptoms during and after pregnancy when these differences are tested in different categories of body mass index (BMI). 

 Center for Epidemiological Studies Depression Scale (CES-D) in Standard Deviation units 

  

During pregnancy in all women  

(N=3234) 

 

After pregnancy in all women  

(N=3234) 

After pregnancy in women 

without clinically relevant 

symptoms during pregnancy 

(CES-D <16)  

(N=2557) 

 Mean 

difference 

95% 

Confidence  

Interval 

P Mean 

difference 

95% 

Confidence  

Interval 

P Mean 

difference 

95% 

Confidence  

Interval 

P 

Underweight  

(BMI  <18.5 kg/m2) 

         

  Any disorder vs. no disorder -0.31 -1.02, 0.40 0.39 -0.11 -0.83, 0.60 0.76 -0.03 -0.84, 0.79 0.94 

Normal weight  

(BMI 18.5-24.99 kg/m2) 

         

  Any disorder vs. no disorder  -0.01 -0.13, 0.10 0.82 0.05 -0.07, 0.17 0.38 0.07 -0.06, 0.20 0.32 

Overweight  

(BMI 25-29.99 kg/m2) 

         

  Any disorder vs. no disorder  0.11 -0.03, 0.25 0.11 0 -0.15, 0.15 0.96 0.01 -0.15, 0.18 0.91 

Obese  

(BMI  ≥30.00 kg/m2) 

         

  Any disorder vs. no disorder  -0.04 -0.19, 0.11 0.60 0.02 -0.15, 0.20 0.95 0.04 -0.15, 0.23 0.66 

Note. The analyses during pregnancy are adjusted for maternal age at delivery, maternal education, parity, maternal physical activity, smoking 

and alcohol use during pregnancy as time-invariant between person covariates and gestation week as time-varying within-person covariate; The 

analyses after pregnancy are adjusted for maternal age at delivery, maternal education, parity, maternal physical activity, smoking and alcohol 

use during pregnancy, child’s gestational age, birth weight and sex as time-invariant between-person covariates and timepoint after pregnancy as 

time-varying within-person covariate. 
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