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Background: We examined associations of material hardship with prepregnancy body mass index (BMI),
gestational weight gain (GWG), and substantial postpartum weight retention (SPPWR; ‡ 5 kg at 1 year).
Methods: We studied 2128 women in Project Viva, a Boston-area cohort with recruitment during1999–2002.
At recruitment, women reported whether they experienced material hardship, defined as having ever received
public assistance, welfare, or lacked basic necessities (food, rent, or medical care) during childhood, in adult-
hood before pregnancy, and/or in pregnancy. We used multivariable logistic models adjusted for age, race/
ethnicity, and parity (and prepregnancy BMI for GWG and SPPWR) to examine associations of material
hardship with the three weight-related outcomes (BMI, GWG, and SPPWR).
Results: Mean age was 31.8 (standard deviation, 5.2) years; 66% of women were white, 16% were obese
(prepregnancy BMI ‡ 30.0 kg/m2), 50% experienced excessive GWG, and 17% experienced SPPWR. Material
hardship was most common during childhood (n = 192, 9%), followed by adulthood (102, 5%), and preg-
nancy (41, 2%). Hardship in adulthood was associated with prepregnancy obesity (BMI ‡ 30 kg/m2 vs. 18.5 to
< 25.0 kg/m2), odds ratio ([OR] 2.35, 95% confidence interval [CI] 1.29, 4.31), but hardship in childhood
was not (OR 1.26, 95% CI 0.80, 1.98). Hardship in childhood was associated with excess GWG (OR 1.45, 95%
CI 0.99, 2.14), but hardship in adulthood or during pregnancy was not. We saw trends among hardship in each
of the periods and associations with SPPWR, but all confidence intervals included the null.
Conclusion: The timing of hardship exposure may differently influence weight before, during, and after
pregnancy.

Introduction

Substantial evidence suggests that living in poverty is
associated with higher risk for overweight and obesity,1–4

a relationship that has been termed the ‘‘hunger–obesity par-
adox.5’’ Women appear to be especially at risk for obesity
associated with the experience of poverty.6–10 For example,
among homeless adults, the prevalence of obesity has been
found to be approximately 50% higher among women com-
pared with men.11,12 While socioeconomic factors such as
neighborhood home values, college education, and household
income explain the great majority (*70%) of the variance in
obesity among all adults, these factors are especially strong
predictors of obesity among women compared with men.13

The childbearing years are a time of particular risk for
weight gain, which predicts future obesity and cardiometa-
bolic disease risk in women.14 Furthermore, excess weight
entering pregnancy, excess weight gain during pregnancy,
and substantial postpartum weight retention are each strong
predictors of adverse short- and long-term outcomes for
mother and infant, including future obesity.15,16 However,
prior research examining relationships of poverty and food
insecurity with weight during the peripartum period is limited.

In one study among 810 pregnant women in North Car-
olina,17 poor women living in a food insecure household
(10% of the cohort) were at higher risk for severe pregravid
obesity (body mass index [BMI] ‡ 35 kg/m2, adjusted odds
ratio [OR] 2.97, 95% confidence interval [CI] 1.44–6.14),

1Kraft Fellow in Community Health Leadership, Kraft Family National Center for Leadership and Training in Community Health,
Harvard Medical School, Boston, Massachusetts.

2Obesity Prevention Program, Department of Population Medicine, Harvard Medical School and Harvard Pilgrim Health Care Institute,
Boston, Massachusetts.

3Center for Obesity Research and Education, Department of Medicine, Temple University, Philadelphia, Pennsylvania.
4Connors Center for Women’s Health and Gender Biology, Brigham and Women’s Hospital, Boston, Massachusetts.

JOURNAL OF WOMEN’S HEALTH
Volume 24, Number 7, 2015
ª Mary Ann Liebert, Inc.
DOI: 10.1089/jwh.2014.5016

563



though the association with moderate obesity (BMI > 29–
35 kg/m2) was weaker (OR 1.53, 95% CI 0.68–3.43). After
adjustment for prepregnancy BMI and other factors, women
from food insecure households gained an average of 1.87
kilograms (95% CI 0.13–3.62) more during pregnancy than
women from food secure household. However, in that study,
food insecurity was assessed at a single time point; the
sample size of women with food insecurity (n = 79) was
small, limiting power; and no data were available on weight
after delivery. Another study among women enrolled in
the Special Supplemental Nutrition Program for Women,
Infants, and Children in Southern California showed that
women living at less than 100% of the federal poverty level
were more likely to experience excessive GWG during
pregnancy (OR 1.13, 95% CI 1.05–1.20).18 The study was
limited, however, by lack of information on important factors
such as parity, physical activity, and smoking status. Limited
data exist evaluating hardship during different life periods.

In the current study, we examined associations of material
hardship, which we define as having ever received public
assistance, received welfare, or lacked basic necessities (such
as food, rent, or medical care) in childhood, in adulthood
before pregnancy, or in the index pregnancy, with three
outcomes: prepregnancy BMI category, gestational weight
gain, and substantial postpartum weight retention. We hy-
pothesized that material hardship exposure, in which women
were exposed to aspects of poverty and food insecurity,
would predict higher prepregnancy weight, gestational
weight gain, and postpartumweight retention, and also that
more proximate exposure in adulthood or pregnancy would
be especially predictive. We additionally examined select
behavioral mediators (such as sleep duration, new onset de-
pression, and consumption of high calorie foods) of the re-
lationships of material hardship with outcomes.

Methods and Procedures

Study population and design

Participants were enrolled in Project Viva, an ongoing,
large, well-characterized, prebirth cohort study. We recruited
women during their first prenatal visit at Harvard Vanguard
Medical Associates, a multispecialty group practice in east-
ern Massachusetts. Details on study design and recruitment
are reported in detail elsewhere.19 Eligibility criteria included
gestational age < 22 weeks at enrollment, singleton preg-
nancy, fluency in English, and intention to remain in the study
area through delivery. All participants provided written in-
formed consent, and the Harvard Pilgrim Health Care insti-
tutional review board approved the study.

In the current analysis we include all 2128 women with
a live birth for our models predicting prepregnancy body
mass index (BMI) and gestational weight gain (GWG). In
our analyses of substantial postpartum weight retention
(SPPWR), we limited our analysis to the 1303 women who
provided information on weight at 1 year postpartum via
questionnaire. Compared with the 825 excluded women, the
1303 women included in the SPPWR analysis were more
likely to be white (74% vs. 54%) and college graduates (72%
vs. 53%). Included women experienced slightly less hardship
in adulthood (4% vs. 7%), but distributions of hardship were
the same during childhood (9% vs. 9%) and pregnancy (2%
vs. 2%).

Main exposure: Material hardship

At enrollment (median 9.9 weeks gestation) participants
completed a self-administered questionnaire on which we
asked whether they had ‘‘ever received public assistance,
received welfare, or lacked basic necessities (such as
food, rent, or medical care)?’’ during any of three time
periods: (i) before age 18 years, or childhood; (ii) from
age 18 until the current pregnancy, or adulthood; or (iii)
during the current pregnancy. We used the yes/no material
hardship responses to these three time periods as primary
exposures.

Outcomes: Prepregnancy BMI, GWG, and SPPWR

Participants self reported their prepregnancy weight and
height on questionnaires administered at study enrollment.
Among 343 women who had weight recorded in the medi-
cal record in the 3 months before their last menstrual period,
the association between self-reported and clinically mea-
sured weight was linear.20 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, prepregnancy BMI category, or history of hard-
ship exposure.

We calculated prepregnancy BMI (kg/m2) and categorized
it as underweight ( < 18.5 kg/m2), normal weight (18.5 to
< 25.0 kg/m2), overweight (25.0 to < 30.0 kg/m2) or obese
( ‡ 30 kg/m2). We obtained prenatal weights from the clinical
record, and calculated total GWG as the difference between
the last weight recorded in the 4 weeks prior to delivery
(mean 4 days, standard deviation [SD] = 3) and prepregnancy
weight. We categorized GWG as inadequate, adequate, or
excessive, for each BMI category, according to the 1990
Institute of Medicine guidelines, which were the guidelines
currently active when these Project Viva participants were
pregnant.21 The outcomes for our GWG analysis were inad-
equate GWG and excessive GWG.

Participants self-reported their weight at 1 year postpar-
tum on a mailed questionnaire. We defined substantial post-
partum weight retention (SPPWR) as at least 5 kg higher
weight at 1-year postpartum than prepregnancy, as we have
done previously.22,23 As discussed previously, we found tight
correlations between self-reported weights and clinically
measured weights among women in this cohort.

Covariates

At the initial study visit each participant reported her race/
ethnicity, parity, household income, partner status, smoking
status, and whether she followed a vegetarian diet, via ques-
tionnaire and interview. We assessed maternal diet during
the first and second trimesters of pregnancy and at 6 months
postpartum using validated food frequency questionnaires,24,25

and estimated intake of total energy, dairy foods and bev-
erages, fried foods, and trans fats. We queried television
viewing and physical activity before, during, and after
pregnancy and depressive symptoms and sleep duration after
pregnancy, via questionnaires.22,23,26–28

Data analysis

As is common in large epidemiologic analyses, many
participants were missing data on one or more covariates. We
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used a chained equations approach to impute missing values
(the MI procedure in SAS) for the full cohort of 2128 live
births for prepregnancy BMI and GWG, and for the 1303
women with information on PPWR.29 We generated 50 im-
puted datasets, and all model results were generated by
combining these results.30 Among the 2128 observations, we
used 24 imputed values for race/ethnicity, 24 for education,
25 for marital status, and 254 for household income. Dis-
tributions of variables were similar in imputed and non-
imputed datasets.

In separate models, we examined hardship exposure dur-
ing each of the three hardship exposure periods (childhood,
adulthood, pregnancy) with each of the weight-related out-
come periods (prepregnancy, gestation, and the postpartum
period). For prepregnancy BMI analyses, we did not include
material hardship during pregnancy as an exposure, since it
would have occurred after the outcome. For each of the
models, we compared women with hardship exposure versus
without hardship exposure during that particular period. We
also examined hardship as a four-category exposure: child-
hood only, adulthood only (including both before and during
pregnancy for the GWG and SPPWR outcomes), both
childhood and adulthood, or never.

We used multivariate logistic regression models to ex-
amine the extent to which each of these periods of hardship
exposure were independently associated with prepregnancy
BMI category, GWG category, and SPPWR. We used mul-
tinomial logistic regression analyses for the four-category
BMI outcome (BMI < 18.5 kg/m2, 25.0 to < 30.0 kg/m2, or
‡ 30.0 kg/m2 as compared with the reference category 18.5 to
< 25.0 kg/m2) and for the three-category GWG outcome (in-
adequate or excessive as compared with the reference cate-
gory of adequate weight gain). We first studied unadjusted
associations (Model 0), and then we adjusted for maternal
age, race/ethnicity, and parity (Model 1). For GWG and
SPPWR outcomes, we additionally adjusted Model 1 for
prepregnancy BMI, as both excessive GWG and SPPWR are
more likely among obese women, and we were interested in
the extent to which associations were mediated by BMI en-
tering pregnancy. Models adjusting for the women’s educa-
tion level, marital status, and household income were also
included in an additional step (Model 2), as these charac-
teristics are likely to be strongly associated with material
hardship.

We next considered whether measured behaviors might
mediate associations of material hardship with each of the
three outcomes. We focused on those behaviors that we have
found to predict GWG and SPPWR in our previous work
within this cohort. Thus, we included prepregnancy smoking
status, physical activity, and television viewing as covariates
in models predicting prepregnancy obesity; pregnancy
physical activity, television viewing, and diet (vegetarian,
sugar-sweetened beverages, dairy, fried foods, total energy)
in models predicting GWG; and postpartum walking, trans
fat intake, television viewing, sleep, and depression in mod-
els predicting SPPWR.22,23,26–28 In Project Viva, breast-
feeding was not associated with SPPWR,22 and other studies
have not substantiated this relationship,31 so we did not in-
clude it as a covariate. Accounting for these mediators did
not result in significant changes in association of material
hardship with our outcomes of interest, however, so we did
not include this data in our tables.

We performed all analyses using SAS version 9.3 (Cary,
NC).

Results

Among the 2128 Project Viva participants with a live birth,
mean (SD) age was 31.8 years (5.2); 66% were white, 17%
black, 7% Hispanic, 6% Asian, and 4% other race/ethnicity.
Nineteen percent were former smokers and 13% smoked
during the current pregnancy. Slightly more than half (52%)
were parous.

Material hardship exposure was most common in child-
hood (n = 192; 9%), followed by adulthood (102; 5%), and
pregnancy (41; 2%). Women who were black or Hispanic
were more likely to experience hardship during any period,
but especially during adulthood or pregnancy (Table 1).
Material hardship was also more common in women who
were younger entering the index pregnancy, were parous,
experienced depressive symptoms, or who smoked during
pregnancy (Table 1). Women who reported material hardship
in any of the periods watched more television, but also re-
ported more physical activity. There were no substantial
differences in diet or postpartum sleep duration by exposure
group.

Mean (SD) prepregnancy BMI was 24.9 (5.6) kg/m2. Few
women (4%) were underweight (BMI < 18.5 kg/m2) entering
pregnancy, while 22% were overweight (BMI 25.0 to
< 30.0 kg/m2) and 16% were obese (BMI ‡ 30 kg/m2) (Table
2). In unadjusted models, women who experienced hardship
during childhood were more likely to be obese entering
pregnancy (OR 1.57, 95% CI 1.02–2.41), but with adjustment
for age, race/ethnicity, and parity, the association was at-
tenuated (OR 1.26, 95% CI 0.80–1.98) (Table 2, Model 0).
With adjustment for education, marital status, and household
income, the association was attenuated slightly further (OR
1.12, 95% CI 0.71–1.78) (Table 2, Model 1).

Material hardship in adulthood before the index preg-
nancy, however, was associated with obesity after adjust-
ment for maternal age, race/ethnicity and parity, (OR 2.35,
95% CI 1.29–4.31) (Table 2, Model 1). A model including
adjustment for education, marital status, and household in-
come, however, was attenuated and included the null (OR
1.68, 95% CI 0.91–3.11) (Model 2). Associations with pre-
pregnancy overweight were in the same direction as for
obesity, but weaker (e.g., adjusted OR 1.39, 95% CI 0.76–
2.57 for hardship in adulthood) (Model 1). Hardship was
not associated with prepregnancy underweight (Table 2),
although confidence intervals were wide given the small
number of underweight women.

Half (50%) of women had excessive GWG and 15% had
inadequate GWG.21 Women with childhood material hard-
ship were more likely to have excessive (vs. adequate) GWG
in both unadjusted (OR 1.50, 95% CI 1.03–2.19) and adjusted
(OR 1.45, 95% CI 0.99–2.14) models (Table 3, Models 0 and
1). A model additionally adjusting for education, marital
status, and household income showed a similar association
(OR 1.47, 95% CI 0.99–2.17) (Model 2). On the other hand,
women with hardship exposure in adulthood were some-
what more likely to have inadequate GWG (OR 2.15, 95%
CI 1.17–3.97), although that relationship was attenuated in
models adjusted for maternal age, race/ethnicity, parity, and
prepregnancy BMI (OR 1.55, 95% CI 0.81–2.96) as well as
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after additional adjustment for education, marital status, and
household income (OR 1.44, 95% CI 0.75–2.78). Hardship in
adulthood before or during pregnancy was not associated
with excessive GWG (Table 3).

We had information on weight at 1 year postpartum among
1303 women, of whom 219 (17%) retained at least 5 kg
compared with their prepregnancy weight. In unadjusted
models, women exposed to hardship during any of the three
periods were more likely to have SPPWR than women not

exposed to material hardship (childhood hardship OR 1.98,
95% CI 1.24–3.16; adulthood hardship OR 1.92, 95% CI
0.92–4.01; pregnancy hardship OR 3.06, 95% CI 1.16–8.11)
(Table 4, Model 0). However, all estimates were attenuated
toward the null with adjustment for age, race/ethnicity, par-
ity, and prepregnancy BMI (Table 4, Model 1). Additional
adjustment for educational, marital status, and household
income resulted in only minimal additional attenuation
(Table 4, Model 2). Of note, we ran a sensitivity analysis

Table 1. Characteristics of 2128 Women Enrolled In Project Viva, Overall

and by Exposure to Material Hardship

Experienced material hardship in

Characteristics Total Childhood Adulthood
Index

pregnancy
Never experienced
material hardship

n (%) or mean (SD)

All 2128 (100%) 192 (9%) 102 (5%) 41 (2%) 1852 (87%)
Maternal age (years) 31.8 (5.2) 29.8 (6.8) 29.9 (7.6) 26.4 (7.3) 32.1 (5.2)

Race/ethnicity
White 1413 (66%) 92 (48%) 36 (35%) 8 (19%) 1295 (70%)
Black 352 (17%) 55 (29%) 39 (38%) 20 (48%) 260 (14%)
Hispanic 156 (7%) 26 (13%) 17 (16%) 9 (21%) 119 (6%)
Asian 123 (6%) 4 (2%) 4 (4%) 3 (8%) 114 (6%)
Other 84 (4%) 15 (8%) 7 (7%) 1 (4%) 64 (3%)

Nulliparous
No 1111 (52%) 103 (54%) 74 (72%) 25 (61%) 946 (51%)
Yes 1017 (48%) 89 (46%) 28 (28%) 16 (39%) 905 (49%)

Smoking status
Never 1458 (69%) 120 (62%) 60 (59%) 24 (59%) 1287 (70%)
Former 402 (19%) 37 (19%) 15 (15%) 6 (16%) 353 (19%)
During pregnancy 268 (13%) 36 (18%) 26 (26%) 11 (25%) 212 (11%)

Before pregnancy
Total physical activity (hours/week) 9.9 (8.8) 11.5 (12.1) 12.3 (12.5) 13.1 (11.0) 9.6 (8.3)
TV watching (hours/week) 11.5 (9.2) 12.9 (11.5) 14.5 (13.0) 13.2 (13.7) 11.3 (8.9)

During pregnancy
Total energy (kcal/day) 2115 (666) 2199 (763) 2200 (915) 2080 (898) 2104 (657)
Trans fat (g/day) 2.2 (0.7) 2.3 (0.8) 2.5 (0.9) 2.3 (0.9) 2.2 (0.7)
Fried food away from home (servings/week) 1.0 (0.8) 1.1 (1.1) 1.5 (1.5) 1.2 (1.2) 0.9 (0.8)
Total dairy (servings/day) 2.9 (1.6) 3.0 (1.9) 2.8 (1.9) 2.7 (2.0) 2.9 (1.6)
Vegetarian diet, n (%) 142 (7%) 16 (8%) 13 (13%) 6 (15%) 116 (6%)
Total physical activity (hours/week) 7.5 (8.7) 10.1 (14.7) 10 (16.6) 14.2 (17.1) 7.1 (7.7)
TV watching (hours/week) 12 (10.5) 16.4 (16.4) 15 (14.9) 17.6 (19.0) 11.4 (9.6)

Six months postpartum*
Walking (hours/week) 5.5 (7.6) 6.5 (10.7) 5.6 (12.4) 7.8 (14.3) 5.4 (7.2)
TV watching (hours/week) 11.8 (12.6) 15.2 (17.8) 14.9 (20.9) 16.2 (22.6) 11.4 (11.9)
Sleep (hours/day) 6.8 (1.6) 6.8 (2.0) 6.7 (2.8) 7.2 (3.2) 6.8 (1.5)
Incident postpartum depression 73 (6%) 16 (14%) 4 (9%) 2 (8%) 55 (5%)

College graduate
No 753 (35%) 109 (57%) 77 (75%) 33 (79%) 581 (31%)
Yes 1375 (65%) 83 (43%) 25 (25%) 9 (21%) 1271 (69%)

Household income > $70,000/year
No 896 (42%) 114 (59%) 88 (86%) 40 (96%) 709 (38%)
Yes 1232 (58%) 78 (41%) 14 (14%) 2 (4%) 1143 (62%)

Married or cohabitating
No 183 (9%) 39 (20%) 22 (22%) 20 (49%) 125 (7%)
Yes 1945 (91%) 154 (80%) 80 (78%) 21 (51%) 1727 (93%)

Breastfeeding duration (months)* 5.8 (5.2) 5.2 (5.6) 5 (6) 3.8 (5.4) 5.9 (5.2)

*Among n = 1303.
SD, standard deviation.
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additionally adjusted for the number of people supported by
the household income and results did not change for any of
the outcomes examined.

Figure 1 shows odds of obesity, excessive GWG, and
SPPWR according to whether participants experienced

hardship in childhood only, adulthood only, both child-
hood and adulthood, or never. The figure shows that odds
of all outcomes tended to be more likely with hard-
ship exposure, although the lone statistically significant
finding was the association of hardship in adulthood only

Table 2. Associations of Maternal Material Hardship with Prepregnancy

BMI Category Among 2128 Women in Project Viva

Prepregnancy body mass index (BMI) category

Underweight
(BMI < 18.5 kg/m2)

Overweight
(BMI 25 to < 30 kg/m2)

Obese
(BMI ‡ 30 kg/m2)

Odds ratio (95% confidence interval) vs. normal (BMI 18.5 to < 25)b

Childhood hardship Childhood hardship Childhood hardship

Modela Yes (n = 6) No (n = 75) Yes (n = 49) No (n = 413) Yes (n = 39) No (n = 297)

0 0.99 (0.38–2.63) 1.0 (reference) 1.40 (0.95–2.06) 1.0 (reference) 1.57 (1.02–2.41) 1.0 (reference)
1 0.79 (0.29–2.16) 1.0 (reference) 1.25 (0.84–1.86) 1.0 (reference) 1.26 (0.80–1.98) 1.0 (reference)
2 0.75(0.27–2.08) 1.0 (reference) 1.20 (0.80–1.79) 1.0 (reference) 1.12 (0.71–1.78) 1.0 (reference)

Adulthood hardship Adulthood hardship Adulthood hardship

Yes (n = 4) No (n = 77) Yes (n = 25) No (n = 437) Yes (n = 34) No (n = 302)

0 1.69 (0.53–5.41) 1.0 (reference) 1.79 (0.99–3.24) 1.0 (reference) 3.49 (1.98–6.16) 1.0 (reference)
1 1.32 (0.39–4.42) 1.0 (reference) 1.39 (0.76–2.57) 1.0 (reference) 2.35 (1.29–4.31) 1.0 (reference)
2 1.14 (0.34–3.87) 1.0 (reference) 1.28 (0.69–2.38) 1.0 (reference) 1.68 (0.91–3.11) 1.0 (reference)

aModel 0, unadjusted; Model 1, adjusted for maternal age, race/ethnicity, and parity; Model 2, model 1 additionally adjusted for
education, marital status, and household income

bSample sizes for normal BMI (18.5 to < 25): childhood hardship, yes = 97 and no = 1151; adult hardship, yes = 39 and no = 1209.
BMI, body mass index.

Table 3. Associations of Material Hardship with Gestational Weight Gain Category

(Institute of Medicine 1990) Among 2128 Women in Project Viva

Gestational weight gain category OR (95% CI) vs. adequate GWGb

Inadequate childhood hardship Excessive childhood hardship

Modela Yes (n = 32) No (n = 287) Yes (n = 108) No (n = 954)

0 1.48 (0.88–2.48) 1.0 (reference) 1.50 (1.03–2.19) 1.0 (reference)
1 1.26 (0.74–2.15) 1.0 (reference) 1.45 (0.99–2.14) 1.0 (reference)
2 1.23 (0.72–2.11) 1.0 (reference) 1.47 (0.99–2.17) 1.0 (reference)

Adulthood hardship Adulthood hardship

Yes (n = 29) No (n = 290) Yes (n = 39) No (n = 1023)

0 2.15 (1.17–3.97) 1.0 (reference) 0.82 (0.48–1.39) 1.0 (reference)
1 1.55 (0.81–2.96) 1.0 (reference) 0.72 (0.41–1.26) 1.0 (reference)
2 1.44 (0.75–2.78) 1.0 (reference) 0.71 (0.40–1.25) 1.0 (reference)

Pregnancy hardship Pregnancy hardship

Yes (n = 12) No (n = 307) Yes (n = 18) No (n = 1044)

0 2.47 (0.92–6.60) 1.0 (reference) 1.10 (0.45–2.69) 1.0 (reference)
1 1.91 (0.68–5.34) 1.0 (reference) 1.09 (0.43–2.76) 1.0 (reference)
2 1.82 (0.64–5.19) 1.0 (reference) 1.12 (0.44–2.88) 1.0 (reference)

aModel 0: unadjusted; Model 1: adjusted for maternal age, race/ethnicity, parity and prepregnancy BMI; Model 2: model 1 additionally
adjusted for education, marital status, and household income.

bSample sizes for adequate GWG: childhood hardship yes = 52 and no = 695, adult hardship yes = 34 and no = 714, pregnancy hardship
yes = 12 and no = 735.

CI, confidence interval; GWG, gestational weight gain; OR, odds ratio.
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with prepregnancy obesity. We did not see strong evi-
dence for an additive or multiplicative effect of hardship
exposure during both childhood and adulthood (data not
shown).

Discussion

In this longitudinal cohort study, we found evidence that
experience of material hardship throughout a woman’s life-
time was associated with higher risks for excess weight
entering pregnancy and weight gain during pregnancy. All
effects were attenuated in adjusted models. Women with
exposure to material hardship in adulthood were more likely
to be obese entering pregnancy than women without exposure
to material hardship. Women with childhood hardship ex-
posure were more likely to experience excessive gestational
weight gain, though hardship exposure in adulthood before
pregnancy did not confer the same risk. Analyses of post-
partum weight retention were limited by smaller sample size
and thus lower power, but were suggestive of an association
of hardship exposure during childhood or adulthood with
SPPWR. Similarly, all analyses of women with hardship
during pregnancy were limited by a small sample size of only
41 women with this exposure. While our sample of exposed
women was relatively small, and thus confidence intervals
were broad and many included the null, the consistent di-
rections of the effect estimates suggest that the experience of
hardship may influence weight independent of other mea-
sured behaviors and characteristics.

This study contributes to the literature in several important
ways. We studied women enrolled in a prospective cohort
representing a range of socioeconomic status and considered
multiple potential confounding and mediating factors. To our
knowledge, only one other cohort study has looked at asso-
ciations of material hardship (specifically food insecurity)
with peripartum weight, which focused on hardship experi-
ence during pregnancy.17 Other evidence also suggests that
current household income has an inverse relationship with
gestational weight gain.32 Our results suggest that hardship
experiences before pregnancy, including in childhood, are
also important in predicting excess weight, weight gain, and
weight retention.

Several mechanisms are likely to be contributing to the
observed associations. Women under financial stress may
choose to consume less expensive but more calorie-dense
processed foods.33 In a qualitative study among 21 over-
weight and obese low-income African American women,
women chose foods high in fats and sugars because of taste,
cost, and convenience, as well as misconceptions about the
healthfulness of certain behaviors or foods.34 Also, fluctuations
in food availability may cause people to eat more than they
normally would when food is available, ultimately resulting in
weight gain.35 Further, when diets are not consistently adequate,
the body may compensate for periodic food shortages by be-
coming more efficient at storing more calories as fat.35 Ad-
ditionally, financial insecurity may be associated with higher
stress,36 more depressive symptoms, and sleep debt,36 although
in our study we also did not find these factors mediated asso-
ciations of hardship with postpartum weight retention.

Setting could be a factor: people faced with poverty are
more likely to live in disadvantaged neighborhoods, and both
opportunities for physical activity and the food environment

Table 4. Associations of Material Hardship

with Weight Retention at 1 Year Postpartum

Among 1303 Women in Project Viva

Substantial postpartum weight retention
at 1 year ( ‡ 5 kg vs. < 5 kg)b

OR (95% CI)

Childhood hardship

Modela Yes (n = 31) No (n = 188)

0 1.98 (1.24, 3.16) 1.0 (reference)
1 1.43 (0.87, 2.37) 1.0 (reference)
2 1.34 (0.80, 2.25) 1.0 (reference)

Adulthood hardship

Yes (n = 13) No (n = 207)

0 1.92 (0.92, 4.01) 1.0 (reference)
1 1.44 (0.66, 3.15) 1.0 (reference)
2 1.22 (0.56, 2.69) 1.0 (reference)

Pregnancy hardship

Yes (n = 9) No (n = 211)

0 3.06 (1.16, 8.11) 1.0 (reference)
1 1.64 (0.56, 4.78) 1.0 (reference)
2 1.24 (0.41, 3.72) 1.0 (reference)

aModel 0: unadjusted; Model 1: adjusted for maternal age, race/
ethnicity, parity and pre-pregnancy BMI; Model 2: model 1 addition-
ally adjusted for education, marital status, and household income

bSample sizes for no substantial postpartum weight retention
( < 5 kg): childhood hardship, yes = 83 and no = 1001; adult hard-
ship yes = 34 and no = 1050; pregnancy hardship, yes = 14 and
no = 1070.

FIG. 1. Odds of prepregnancy obesity, excessive ges-
tational weight gain, and substantial postpartum weight
retention according to the timing of material hardship ex-
posure among women in the Project Viva cohort. The
reference group for each analysis is women who never ex-
perienced material hardship. Error bars are 95% confidence
intervals around the odds ratio. GWG, gestational weight
gain; PPWR, postpartum weight retention.
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track with neighborhood.37,38 However, lower socioeco-
nomic status has been associated with obesity in such dis-
parate settings as Seattle and Paris,39 as well as in developing
countries, and supermarket proximity does not always predict
where people shop,40 suggesting that factors such as differ-
ences in setting such as food environment and health care do
not fully explain the relationship. In our study we found
variable associations of physical activity and diet with ma-
terial hardship, and adjustment for these behaviors did not
substantially change observed associations.

In the present study we observed that women with hard-
ship exposure in childhood were at somewhat higher risk for
both excessive gestational weight gain and substantial post-
partum weight retention compared with women without
hardship exposure. These relationships were evident even
when we examined women with hardship exposure only
during childhood. Thus, the period of childhood hardship
exposure (before the age of 18) may have been separated
from the time of pregnancy (mean age at enrollment among
women in the sample was 31.8 years) by many years. These
findings could suggest an enduring effect of childhood
hardship exposure on weight regulation. We are not aware of
other studies that have examined this relationship in partic-
ular, although a robust literature connects early life exposures
including nutrition and stress with later obesity risk.

Our study should be interpreted in light of several limita-
tions. All women were recruited from a group practice in
Eastern Massachusetts from 1999 to 2002 and all had either
private or public health insurance during pregnancy, and re-
presented mostly non-Hispanic white, married, educated, and
fairly high income women. Results may not be generalizable
to other populations. The sample of women with exposure to
material hardship during each of the time periods was small,
in particular during pregnancy when only 41 women reported
hardship. The questionnaire inquiring about hardship has not
been validated and could underestimate hardship exposure
because of social stigma. We relied on self-reported pre-
pregnancy weight, which may not be accurately reported;
however, as we found and others have shown,41–43 self-report
tends to be highly correlated with measured weight, and thus
ranking is likely to have been preserved across women.
Furthermore, the prevalence of obesity, excessive GWG, and
SPPWR were each similar to estimates from many other
studies conducted around the same period. We assessed
hardship via questionnaire and it may be misreported; the di-
rection of bias with the outcomes we studied is uncertain. One
difficulty is our inability to detect the timing of the onset of
hardship relative to the onset of prepregnancy overweight or
obesity, precluding certainty about the direction of the asso-
ciation. Both prepregnancy and postpartum weights were self-
reported, although we have found these measures to be highly
correlated with measured weights. We are unable to isolate the
independent effects of the different components of our mate-
rial hardship variable (e.g., food insecurity vs. poverty vs. in-
sufficient housing vs. overall stress). Further, we are unable to
capture whether the women received public assistance such as
supplemental nutrition assistance or access to public housing
during their periods of hardship; variable access to assistance
may explain some of the attenuation of effect of material
hardship, and we are unable to parse this out in our sample.

This study adds to the extant literature on associations of
poverty with obesity in several ways. We studied several

weight-related measures in the peripartum period, each of
which is an important predictor of both pregnancy outcomes
and longer-term maternal and child health. We examined the
relationships of discrete periods of material hardship expo-
sure, in the past as well as during the index pregnancy. We
accounted for depressive symptoms and obesogenic behav-
iors that we have previously found to predict these outcomes
in our analyses, but these measured factors did not appear to
explain the observed associations of hardship exposure with
outcomes.

In conclusion, in unadjusted models, we found that women
with material hardship in adulthood were more likely to be
obese entering pregnancy, and women with hardship in
childhood were more likely to have excessive gestational
weight gain. Suggestive but nonstatistically significant as-
sociations were also seen for hardship exposure in both
childhood and adulthood with risk for substantial postpar-
tum weight retention. More research is needed to determine
the pathways by which material hardship influences weight
change across the life course; in particular, replicating this
analysis in a cohort with a larger number of women exposed
to material hardship may elucidate the relationships between
maternal hardship and peripartum weight status. Never-
theless, these findings suggest that material hardship can have
not only short-term but also longstanding influence on weight
regulation. Since maternal peripartum weight is associated
with offspring long-term weight regulation,16 programs and
policies to promote financial well-being among girls and
women throughout their lives may prevent obesity and its
sequelae across multiple generations. Furthermore, caregiv-
ers may consider inquiring about financial security during
visits with childbearing age women and offering referrals to
appropriate social service agencies.
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