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Abstract

Purpose—Pre-pregnancy obesity and weight changes accompanying pregnancy (gestational 

weight gain and postpartum weight retention) may be associated with risk of maternal depressive 

symptoms during pregnancy and in the postpartum. The few studies that have examined these 

relationships report conflicting findings.

Methods—We studied pregnant (n=2112) and postpartum (n=1686) women enrolled in Project 

Viva. We used self-reported pre-pregnancy and postpartum weight and measured prenatal weight 

to calculate pre-pregnancy body mass index (BMI), gestational weight gain (GWG), and 

postpartum weight retention (PPWR) at 6 months after birth. We assessed elevated depressive 

symptoms (EDS) with the Edinburgh Postnatal Depression Scale (≥ 13 on 0–30 scale) at mid-

pregnancy and 6 months postpartum. We used logistic regression to estimate the odds of prenatal 

and postpartum EDS in relation to pre-pregnancy BMI, GWG, and PPWR.

Results—214 (10%) participants experienced prenatal EDS, and 151 (9%) postpartum EDS. 

Neither pre-pregnancy BMI nor GWG were associated with prenatal EDS. Pre-pregnancy obesity 

(BMI≥30 kg/m2) was associated with higher odds of postpartum EDS (OR=1.69, 95% CI: 1.01, 

Corresponding author: Karen Ertel, Department of Biostatistics and Epidemiology, School of Public Health and Health Sciences, 
University of Massachusetts, Amherst, 715 North Pleasant Street, Arnold House, Amherst, MA 01003-9304, 
kertel@schoolph.umass.edu. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

All authors declare no conflict of interest and no financial disclosures.

HHS Public Access
Author manuscript
Ann Epidemiol. Author manuscript; available in PMC 2018 November 01.

Published in final edited form as:
Ann Epidemiol. 2017 November ; 27(11): 695–700.e1. doi:10.1016/j.annepidem.2017.10.007.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2.83) compared to normal pre-pregnancy weight in a model adjusted for age, race/ethnicity, 

nativity, education, marital status, household income, parity, pregnancy intention, and smoking.

Conclusions—Pre-pregnancy obesity is associated with elevated depressive symptoms in the 

postpartum period. Given the current obesity epidemic in the US and the consequences of perinatal 

depression, additional depression screening in this population may be warranted.
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pre-pregnancy BMI; gestational weight gain; postpartum weight retention; prenatal depression; 
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INTRODUCTION

Depression is characterized by low mood, an inability to experience pleasure, and a range of 

other possible symptoms, including appetite change, sleep disturbance, fatigue, guilt, 

diminished concentration, and recurrent ideas of self harm (1). Perinatal depression, with a 

period prevalence of 18% for prenatal depression and 14% for postpartum depression (2), is 

one of the most common complications of the perinatal period. Prenatal depression is 

associated with premature delivery and lower rates of breastfeeding initiation (3). 

Postpartum depression may impair caregiving and mother-infant interactions, with life-long 

cognitive and emotional repercussions for the child, including poorer language and IQ 

development (4). Elevated depressive symptoms in the postpartum period, regardless of if 

the threshold for clinical diagnosis of depression is met, negatively affects mother-infant 

interactions (45, 46). Understanding risk factors for perinatal depressive symptoms, 

particularly those that are modifiable, could advance our ability to identify women at risk 

and provide additional avenues for possible prevention and intervention.

Numerous studies suggest that obesity is a risk factor for depression and elevated depressive 

symptoms in non-pregnant populations (5–8) however, little is known about the relation 

between weight and depressive symptoms in the perinatal period. Maternal obesity prior to 

pregnancy coupled with rapid weight gain during pregnancy or excessive weight retention 

following pregnancy may exacerbate mood disorders through negative effects on body image 

and self-esteem (8, 9), or through inflammatory pathways or hypothalamic-pituitary-adrenal 

(HPA) axis dysregulation (6). In particular, HPA axis dysregulation is implicated in both 

obesity and depression (10, 11) and it has been suggested that the dysregulation of the HPA 

axis is a critical piece in the shared biology of these disorders (11). Generally, in obese 

individuals, HPA axis over-activity is observed along with elevated cortisol levels (12, 13). 

HPA axis dysregulation associated with major depressive disorder includes heightened 

cortisol levels (14), though the HPA axis dysregulation in postpartum depression may differ 

or even change over the course of the postpartum period (15). During pregnancy, the HPA 

axis undergoes substantial changes and seems to not return to pre-pregnancy functioning for 

months after parturition (15). Though not thoroughly understood, it appears that HPA axis 

dysregulation is involved in postpartum depression (15, 16).

Few studies have examined the associations between weight and weight changes with 

perinatal depression or depressive symptoms. Only three studies have examined the 
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association between pre-pregnancy weight and prenatal depression, with positive (17), null 

(18), and inverse (19) findings reported. When evaluating postpartum depression, there is 

some evidence that pre-pregnancy overweight or obesity may confer elevated risk of 

postpartum depressive symptoms (18, 20, 21), but other studies do not confirm this 

association (22, 23). Only one study has included both pre-pregnancy weight and weight 

gain during pregnancy (both retrospectively reported up to 6 months after birth), finding that 

only among obese women, lower weight gain predicted higher postpartum depressive 

symptoms (22). Perinatal weight changes may have different effects on mood depending on 

pre-pregnancy weight, but this has been largely unstudied.

Previously published studies evaluating body weight along with depression during and after 

pregnancy have several limitations, such as small sample sizes, inability to control for a 

range of confounding factors, and lack of adequate measures for perinatal depressive 

symptoms. To our knowledge, no study has examined weight at several time points across 

the perinatal period (i.e. pre-pregnancy weight, gestational weight gain, and postpartum 

weight retention) along with both prenatal and postpartum depressive symptoms.

Thus, we sought to evaluate the complex associations between body weight and depressive 

symptoms during the perinatal period in a large cohort with information about many 

potential confounding factors and using a validated tool for assessing depressive symptoms 

in pregnancy and postpartum. Our objectives were to (a) evaluate the associations of pre-

pregnancy body mass index (BMI) and gestational weight gain (GWG) with elevated 

depressive symptoms (EDS) during pregnancy and (b) evaluate the associations of pre-

pregnancy BMI, GWG, and postpartum weight retention (PPWR) with EDS in the 

postpartum period.

METHODS

Sample and data collection

Subjects were from Project Viva, a prospective cohort study of pregnant women and their 

singleton children. Between 1999 and 2002, women were recruited to participate in Project 

Viva during their first prenatal visit to a multi-specialty group practice at eight urban and 

suburban obstetric offices in eastern Massachusetts (Atrius Harvard Vanguard Medical 

Associates). Women were eligible if they were ≤22 gestational weeks at enrollment, able to 

complete questionnaires and interviews in English and had a singleton pregnancy. Details 

about the cohort have been reported elsewhere (24). All participating women provided 

written informed consent. The institutional review board at Harvard Pilgrim Health Care 

approved the study.

Among 2,128 eligible women enrolled in Project Viva, we excluded 16 women with 

preexisting type 1 or type 2 diabetes, leaving 2,112 women for the analysis of prenatal 

depressive symptoms. Of these, 1,686 (80%) women completed 6-month postpartum follow-

up questionnaires, and were included for the analysis of postpartum depressive symptoms.
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Pre-pregnancy BMI, gestational weight gain, and postpartum weight retention

Mothers reported pre-pregnancy weight on questionnaires at enrollment. Among 343 women 

who had weight recorded in the medical record in the 3 months before their last menstrual 

period, the association between self-reported and clinically measured weight was linear. 

Correlation coefficients (r= 0.997 overall) and mean underreporting of weight 

(approximately 1 kg) did not differ by race/ethnicity, gestational age at study enrollment, or 

pre-pregnancy BMI category (25). We calculated pre-pregnancy body mass index (BMI) as 

self-reported pre-pregnancy weight (kilograms) divided by height (meter squared) and 

categorized women as underweight (<18.5 kg/m2), normal weight (18.5–<25.0 kg/m2), 

overweight (25.0–<30 kg/m2), and obese (≥30.0 kg/m2).

We obtained clinical pregnancy weights from medical records for all 2,112 women and 

calculated total gestational weight gain (GWG) as the difference between the last weight 

prior to delivery and the self-reported pre-pregnancy weight. We classified GWG as 

inadequate, adequate, or excessive, according to the 2009 Institute of Medicine’s guidelines 

(26). We also determined gestational weight gain up to the time of the Edinburgh Postnatal 

Depression Scale (EPDS) assessment during pregnancy.

We calculated postpartum weight retention as measured weight at 6 months postpartum 

minus self-reported pre-pregnancy weight. We dichotomized postpartum weight retention as 

substantial (>5 kg) or not (≤5 kg). This cut point for substantial postpartum weight retention 

(SPPWR) predicts later obesity and its consequences (27, 28).

Depressive symptoms

We assessed depressive symptoms with the 10-item Edinburgh Postnatal Depression Scale 

(EPDS) in mid-pregnancy (median 27.8 weeks gestation) and at approximately 6 months 

after birth (median 6.3 months). We chose the EPDS because it has been validated for 

prenatal and postpartum use (29, 30). The EPDS uses a four-point scale (0–3) to assess the 

frequency of ten symptoms over the past week. Items were developed to assess depression in 

the postpartum period (29). Items include: the ability to laugh, looking forward to things, 

blaming self, anxiety, fear or panic, inability to cope, difficulty sleeping, sadness, 

tearfulness, and ideas of self harm. We used the standard cut-point of 13 or more (on the 0–

30 point scale) to indicate elevated depressive symptoms (EDS), consistent with previous 

work in this cohort (31–33) and in other large cohorts that collected EPDS data prenatally 

and postnatally (19, 34). This cut-point indicates probable clinical depression with a 

sensitivity of 86% and specificity of 78% in the postnatal period (29). Finally, it should be 

noted that the EPDS is a screening tool that measures probable depression, and is not a 

clinical diagnosis of depression; thus, we refer to an EPDS score of 13 or higher as elevated 

depressive symptoms.

Covariates

During early pregnancy, women reported age, race/ethnicity, education, nativity, parity, 

marital status, household income, pregnancy intention, and smoking behavior via in-person 

interviews or self-administered questionnaires. At mid-pregnancy, we assessed history of 

depression before the index pregnancy (yes to any of these three questions: a diagnosis of 
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depression by a health care professional; prescribed medications for depression; ever 

experienced 2 weeks or more of feeling depressed, down, or little interest in pleasurable 

activities). From questionnaires and interviews at 6 months postpartum, we assessed 

maternal employment, postpartum physical symptoms (i.e. hemorrhoids, varicose veins, 

incontinence, sore breasts, pain with sex, back pain, or sciatica), household financial 

difficulties, and duration of breastfeeding.

Statistical analysis

We calculated bivariate statistics by pre-pregnancy BMI category using means and standard 

deviations (SD) for continuous variables and percentages for categorical variables. We used 

multivariable logistic regression to calculate odds ratios (OR) and 95% confidence intervals 

(95% CI) for the associations between perinatal weight and elevated depressive symptoms 

(EDS).

For predicting prenatal EDS, we present two models (age-adjusted and multivariable 

adjusted) for both maternal BMI and for GWG up until depression screening. We selected 

covariates as factors that have previously been associated with weight or depressive 

symptoms: maternal age, race/ethnicity, nativity, parity, education, marital status, household 

income, pregnancy intention, smoking behavior (all as described in Table 1). In preliminary 

analyses, we examined the GWG up until depression screening - prenatal EDS relationship 

for non-linearity or places where categories might be introduced. Finding none, we assume 

linearity adequately describes the relationship between GWG up until mid-pregnancy 

depression screening and the odds of prenatal EDS.

For predicting postpartum EDS, we present results from 4 different models, each with a 

different exposure: pre-pregnancy BMI categories, GWG categories, SPPWR, and the 

interaction between BMI and SPPWR. Similar to analyses predicting prenatal EDS, we 

present an age-adjusted model and a multivariable model adjusted for prenatal factors. When 

SPPWR is the sole exposure, we present a third model that additionally adjusts for 

postpartum factors assessed at 6 months postpartum: maternal employment, breastfeeding, 

postpartum physical conditions, and financial hardship. Because of small numbers in the 

category, we excluded women who were underweight for the analysis of the interaction 

between BMI category and SPPWR.

As sensitivity analyses, we evaluated history of depression as an effect modifier for both 

prenatal and postpartum depressive symptoms. In additional sensitivity analyses, we used 

multivariable linear regression to examine both prenatal and postpartum depressive 

symptoms in continuous form, using log-transformed EPDS score as the outcome. In a post-

hoc analysis, we examined the association between weight change from birth to 6 months 

postpartum with postpartum EDS.

To account for missing data, we used multiple imputation to impute missing values for all 

analyses. We imputed 50 datasets using the 'chained equations' method (35). We included 

exposures, outcomes, covariates, and potential predictors of missing values in our imputation 

model. We then combined information across the imputed datasets. We conducted analyses 

using SAS 9.3 (SAS Institute, Cary, NC).
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RESULTS

Mothers in this sample were predominantly white, married, and had an annual household 

income over $70,000 at enrollment 1999–2002. Two hundred fourteen (10%) participants 

experienced prenatal EDS, and 151 (9%) experienced postpartum EDS. According to their 

pre-pregnancy BMI, 22% of Project Viva participants were overweight (BMI 25–29.9 

kg/m2) and 16% were obese (BMI≥30 kg/m2). All baseline sociodemographic 

characteristics varied by pre-pregnancy BMI category (Table 1). 35% of women retained at 

least 5 kg at 6 months postpartum.

Neither pre-pregnancy BMI nor gestational weight gain up to the mid-pregnancy EPDS 

assessment were associated with prenatal EDS (Table 2).

Pre-pregnancy obesity was associated with higher odds of postpartum EDS. Compared to 

normal weight women, women who were obese before pregnancy had higher odds of 

experiencing postpartum EDS in age-adjusted models (OR=2.23, 95% CI: 1.38, 3.58), with 

some attenuation in fully adjusted models (OR=1.69, 95% CI: 1.01, 2.83) (Table 3). Women 

who were underweight pre-pregnancy also had suggestion of a higher odds of postpartum 

elevated depressive symptoms, though confidence intervals were wide (adjusted OR=1.36, 

95% CI: 0.50, 3.68) (Table 3). Gestational weight gain was not associated with postpartum 

EDS.

There was some evidence that substantial postpartum weight retention may confer elevated 

risk of postpartum EDS, although confidence intervals did not exclude the null (adjusted 

OR=1.22, 95% CI: 0.79, 1.86) (Table 3). For the interaction between pre-pregnancy BMI 

and SPPWR, wide confidence intervals suggest lack of power to detect a relationship, but 

there was a suggestion that obese women who retain substantial weight in the postpartum 

period may have a higher risk of postpartum EDS compared to women with normal pre-

pregnancy weight and ≤5 kg postpartum weight retention (OR=2.23, 95% CI: 1.09, 4.55) 

(Supplementary Table). There was no association between weight change from birth to 6 

months postpartum with postpartum EDS (data not shown).

To understand if the associations between perinatal weight and perinatal depressive 

symptoms are different among women with different histories of depression, we performed 

sensitivity analyses. In models predicting prenatal EDS, estimated associations were not 

meaningfully different for women without a history of depression compared to women with 

a history of depression. For the models predicting postpartum EDS, we found estimates 

similar to those shown in table 3 when we, a) restricted the sample to women with no history 

of depression before pregnancy and no prenatal EDS and b) defined the outcome as new 

onset postpartum EDS, that is, postpartum EDS without prenatal EDS (data not shown).

To examine if perinatal weight was associated with incremental changes in depressive 

symptoms, we examined both prenatal and postpartum EPDS scores as log-transformed 

continuous outcomes. No association was detected between any of the exposures and the 

log-transformed linear outcomes of prenatal and postpartum EPDS score (results not 

shown).
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DISCUSSION

In this study, we found a prospective association between pre-pregnancy obesity and 

elevated depressive symptoms at 6 months postpartum. We did not find a strong association 

between perinatal weight and prenatal depressive symptoms. That results were largely the 

same in our sensitivity analyses restricted to women without a history of depression (pre-

pregnancy and during pregnancy) suggests that the association between pre-pregnancy 

weight and postpartum depressive symptoms is not necessarily due to a bi-directional or 

causal chain between depression and weight gain that starts earlier in life. As such, obese 

women, regardless of depression history, may be at elevated risk of postpartum depression.

Our finding that pre-pregnancy obesity is associated with risk of postpartum depressive 

symptoms is consistent with other research (18, 20, 21) and suggest a possible target 

population for postpartum follow-up and/or intervention to reduce the burden of depressive 

symptoms.

We did not observe an association of either pre-pregnancy weight or early pregnancy GWG 

with prenatal depressive symptoms. Of the three prior studies that have explicitly examined 

these associations, one found a positive association between pre-pregnancy obesity and 

likelihood of major depressive disorder across pregnancy (17), one found no association 

between pre-pregnancy BMI and depressive symptoms in pregnancy (18), and one found 

that pre-pregnancy overweight (but not obesity) was associated with lower odds of elevated 

depressive symptoms across pregnancy (19). A 2014 review of perinatal weight and mental 

disorders (36) examined published studies with enough information to extract data for the 

association between pre-pregnancy weight and depression during pregnancy; that is, there 

are only a handful of published studies examining this association directly, but many others 

present adequate data to examine a bivariate association between pre-pregnancy weight and 

depression during pregnancy. Using bivariate information, the authors pooled data from 29 

studies: compared to normal weight women, the unadjusted pooled odds ratio for prenatal 

depression for pre-pregnancy obesity was 1.43 (95% CI: 1.27, 1.61) and for pre-pregnancy 

overweight was OR=1.19 (95% CI: 1.09, 1.31) (36). Discrepancies between findings may be 

explained by differences in adjustment for confounding factors, timing of and method/scale 

used to assess depression or depressive symptoms, and sample composition. In our analyses, 

household income and race/ethnicity were particularly important confounding factors. Of the 

other studies in this arena, only the Ertel et al study controlled for income (19). The meta-

analysis (33) was not able to control for any potential confounders. Sample composition, 

particularly social and cultural factors, may influence body image, weight/shape satisfaction, 

and weight gain attitudes. For example, in a low-income sample of pregnant women in the 

U.S., higher weight gain was associated with depressive symptoms among European 

Americans, but this association did not hold for African American women (9).

Though additional research on perinatal weight and perinatal depression is required, 

divergent associations of weight with prenatal depressive symptoms as compared with 

postpartum depressive symptoms may be due to different attitudes regarding weight change 

during pregnancy compared to postpartum. Specifically, women may view weight and 

weight changes during pregnancy in a positive, or less negative way (18, 37, 38). Thus, 
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excess pre-pregnancy weight and weight gain during pregnancy may not contribute to 

prenatal depressive symptoms. In contrast, it may be that weight-related concerns return and 

even intensify in the postpartum period (37, 39). This may explain why pre-pregnancy 

weight and weight retention (though weight retention results included the null) were 

associated with postpartum depressive symptoms in our sample, but gestational weight gain 

was not.

Divergent associations with prenatal compared to postpartum depression may also be 

explained by distinct etiologies and pathophysiologies for prenatal compared to postpartum 

depression (4). For example, the HPA axis dysregulation seen in both obesity and depression 

may provide a common biologic link between pre-pregnancy obesity and postpartum 

depressive symptoms, though not with prenatal depressive symptoms. The HPA axis 

undergoes major changes during pregnancy, and it has been suggested that exaggeration of 

these changes or a slower return to normal HPA axis functioning after parturition may put 

women at higher risk of postpartum depression (16). Indeed, differences in HPA axis 

reactivity have been observed between depressed and non-depressed women at 6 months 

postpartum (15). Perhaps underlying HPA axis changes associated with obesity places these 

women at higher risk of such postpartum differences. A next step in this line of research 

would be to integrate measures of perinatal weight with HPA axis functioning and 

depressive symptoms across the perinatal period.

Strengths of the current study are that we were able to examine perinatal weight and weight 

change at 3 time points (i.e. pre-pregnancy, GWG, weight retention) along with depressive 

symptoms both during pregnancy and in the postpartum. Additionally, we were able to 

account for a wide range of potential confounding factors in a large, prospective cohort. Our 

examination of depression history allowed us to evaluate first-onset prenatal and postpartum 

depressive symptoms, accounting for possible recurrence of depressive symptoms and the 

recursive nature of weight change and depression.

Despite these strengths, this study had several limitations. First, pre-pregnancy and 

postpartum weight were self-reported in this study population. However, a validation study 

in this cohort showed very high reliability for self-reported weight when compared with 

clinical records (25). Second, though the EPDS is highly correlated with clinical depressive 

symptoms, it is a measure of depressive symptoms rather than clinical depression. As such, 

we can only evaluate elevated depressive symptoms and cannot determine whether these 

associations hold true for clinically diagnosed depression. Additionally, there may be 

different cut points to best distinguish high versus low depressive symptoms depending on 

timing of administration, as well as sociodemographic and contextual characteristics (40–

43). However, among validation studies of the English version of the EPDS using the 

standard cut point of 13 or higher for postpartum depression, sensitivity ranged from 76 to 

100% and specificity ranged from 70 to 99% (41). Future research into the interplay of 

perinatal weight and depressive symptoms using the EPDS may usefully examine alternate 

categorizations and/or functional forms for depressive symptoms. We note, however, that our 

examination of continuous depressive symptoms revealed that, at least in these data, 

depressive symptoms did not have a linear association with perinatal weight exposures. 

Third, though we included many potential confounding factors, there remains the possibility 
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that a common antecedent explains the association between pre-pregnancy obesity and 

postpartum depressive symptoms. In particular, future research may usefully examine how a 

history of trauma or abuse plays into the perinatal weight – perinatal depression relationship. 

Finally, it is worth noting that our study population, while somewhat diverse, is 

predominantly white and of higher socioeconomic status. Therefore, we did not have enough 

power to test effect modification based on potential racial/ethnic differences and 

sociocultural factors. Future studies will need to evaluate these associations in more diverse 

and disadvantaged study populations.

In summary, our study suggests that pre-pregnancy obesity may confer risk for elevated 

depressive symptoms in the postpartum period. There is evidence that screening and 

treatment programs for perinatal depression can be effective at reducing depressive 

symptoms and depression prevalence (44). Given the current obesity epidemic in the U.S. 

and the consequences of postpartum depression, prevention and screening efforts may 

usefully target obese women during pregnancy and postpartum.
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BMI body mass index

EDS elevated depressive symptoms

EPDS Edinburgh Postnatal Depression Scale
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OR odds ratio

PPWR postpartum weight retention

SD standard deviation

SPPWR substantial postpartum weight retention
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Table 2

Odds ratios and relative risks, along with 95% confidence intervals for elevated prenatal depressive symptoms 

according to pre-pregnancy body mass index and gestational weight gain

Age-adjusted model1 Multivariable model

Pre-pregnancy BMI

  Underweight 1.51 (0.73, 3.13) 1.31 (0.62, 2.78)2

  Normal 1.00 (Ref) 1.00 (Ref)

  Overweight 1.45 (0.96, 2.18) 1.28 (0.84, 1.95)

  Obese 1.45 (0.93, 2.28) 1.20 (0.74, 1.95)

Gestational weight gain up to mid-pregnancy EPDS assessment (per kg) 0.99 (0.95, 1.03) 1.00 (0.96, 1.04)3

1
Adjusted for age at enrollment

2
Adjusted for age at enrollment, race/ethnicity, nativity, education, marital status, household income, parity, pregnancy intention, and smoking

3
Adjusted for age at enrollment, race/ethnicity, nativity, education, marital status, household income, parity, pregnancy intention, smoking, and pre-

pregnancy body mass index
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Table 3

Odds ratios and 95% confidence intervals for elevated postpartum depressive symptoms according to pre-

pregnancy body mass index, gestational weight gain and postpartum weight retention

Age-adjusted
model1

Multivariable
model

Multivariable + postpartum
factors

Pre-pregnancy BMI

  Underweight 1.37 (0.52, 3.61) 1.36 (0.50, 3.68)2 --

  Normal 1.00 (Ref) 1.00 (Ref) --

  Overweight 1.19 (0.74, 1.91) 1.05 (0.64, 1.70) --

  Obese 2.23 (1.38, 3.58) 1.69 (1.01, 2.83) --

Gestational weight gain

  Inadequate 1.10 (0.61, 2.01) 0.98 (0.53, 1.82)3 --

  Adequate 1.00 (Ref) 1.00 (Ref) --

  Excessive 1.07 (0.70, 1.64) 0.96 (0.62, 1.50) --

Postpartum weight retention

  ≤5 kg 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

  >5 kg 1.43 (0.95, 2.14) 1.22 (0.79, 1.86)3 1.23 (0.80, 1.90)4

1
Adjusted for age at enrollment

2
Adjusted for age at enrollment, race/ethnicity, nativity, education, marital status, household income, parity, pregnancy intention, and smoking

3
Adjusted for age at enrollment, race/ethnicity, nativity, education, marital status, household income, parity, pregnancy intention, smoking, and pre-

pregnancy body mass index

4
Adjusted for age at enrollment, race/ethnicity, nativity, education, marital status, household income, parity, pregnancy intention, smoking, and pre-

pregnancy body mass index, plus postpartum maternal employment, duration of breastfeeding, financial hardship, and postpartum physical 
symptoms
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