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Abstract
Objective: To examine associations of household food insecurity with health and
obesogenic behaviours among pregnant women enrolled in an obesity prevention
programme in the greater Boston area.
Design: Cross-sectional evaluation. Data were collected from structured question-
naires that included a validated two-item screener to assess household food inse-
curity. We used separate multivariable linear and logistic regression models to
quantify the association between household food insecurity and maternal health
behaviours (daily consumption of fruits and vegetables, sugar-sweetened bever-
ages and fast food, physical activity, screen time, and sleep), mental health out-
comes (depression and stress), hyperglycaemia status and gestational weight gain.
Setting: Three community health centres that primarily serve low-income and
racial/ethnic minority patients in Revere, Chelsea and Dorchester, Massachusetts.
Participants: Totally, 858 pregnant women participating in the First 1,000 Days
program, a quasi-experimental trial.
Results: Approximately 21 % of women reported household food insecurity.
In adjusted analysis, household food insecurity was associated with low fruit
and vegetable intake (β =−0·31 daily servings; 95 % CI−0·52, −0·10), more screen
time (β= 0·32 daily hours; 95 % CI 0·04, 0·61), less sleep (β = −0·32 daily hours;
95 % CI −0·63, −0·01), and greater odds of current (adjusted odds ratio
(AOR) 4·42; 95 % CI 2·33, 8·35) or past depression (AOR 3·01; 95 % CI 2·08,
4·35), and high stress (AOR 2·91; 95 % CI 1·98, 4·28).
Conclusions: In our sample of mostly low-income, racial/ethnic minority pregnant
women, household food insecurity was associated with mental health and behav-
iours known to increase the likelihood of obesity.
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The global obesity prevalence continues to rise among
children and adults(1,2), emphasising the need to identify
mutable risk factors for targeted intervention. A compelling
and growing body of evidence indicates that the roots of
obesity and many related adult diseases have their origins
in early childhood, or even before(3). Pregnancy thus offers
ample opportunity for prevention efforts, as women’s
dietary habits, gestational weight gain and prenatal health
behaviours have all consistently and significantly been

associated with women’s future weight status(4), as well
as with offspring weight(5).

As such, the American College of Obstetrics and
Gynecologists recommends that womenmaintain healthy
diets and engage in physical activity to avoid gaining
excessive weight while pregnant(6). Unfortunately, half
of US women have overweight or obesity when they enter
pregnancy and 47 % gain more weight than the recom-
mended limits(7); pre-pregnancy BMI and gestational
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weight gain in turn have been linked with both negative
impacts for women’s future health and the likelihood for
obesity in their children(3). Moreover, racial/ethnic minor-
ity and low-income women are disproportionately more
likely to enter pregnancy with unhealthy weights and gain
more weight during pregnancy than their counterparts(8),
further exacerbating existing health inequities for their
children.

Low-income women are also more likely to live in
households experiencing food insecurity, defined as
having limited or uncertain availability of nutritionally
adequate and safe foods or the ability to acquire such
foods in socially acceptable ways(9). Paradoxically, food
insecurity often coexists with obesity, especially among
women(10). During the pregnancy period, food insecurity
is linked with greater maternal pre-pregnancy BMI(11),
higher maternal gestational weight gain(12), gestational
diabetes(13) and low birth weight(13). Although the exact
mechanisms are likely multifaceted, diet-related behav-
iours may represent a potential pathway linking house-
hold food insecurity with these outcomes; however,
few published studies have examined associations of
food insecurity with adverse diet and health-related
behaviours in pregnancy that contribute to the develop-
ment of obesity and its consequences in mother–infant
dyads and their families.

Increasing our knowledge of the obesity-related health
implications of food insecurity during pregnancy could
inform clinical and public health efforts to maximise indi-
vidual and population-based interventions. Such work is
especially timely given recent data demonstrating a
dramatic increase in the percent of families reporting food
insecurity during the COVID-19 pandemic(14). Therefore,
our goal was to examine the association of household
food insecurity with obesogenic behaviours, mental
health and health factors in a sample of low-income,
pregnant women enrolled in an obesity prevention
programme.

Methods

Study design and population
Our data were derived from a cross-sectional survey of
women participating in the First 1,000 Days program, a
quasi-experimental trial situated within three community
health centres in Massachusetts. The conceptual frame-
work, intervention design and evaluation methods of the
First 1,000 Days program have been described in detail
elsewhere(15). Briefly, the First 1,000 Days program is a sys-
tems-level initiative aimed to reduce the prevalence of
overweight by addressing individual, family and socio-
contextual factors across early life clinical and public health
systems. Between 9 August 2016 and 29 September 2017,
the programme recruited 885 pregnant women receiving
care at three community health centres that primarily serve

low-income and racial/ethnic minority patients in Revere,
Chelsea and Dorchester, Massachusetts.

Our sample consists of 858 women who enrolled in the
programme and who completed a baseline questionnaire
during intake (approximately 11 weeks’ gestation; mean
10·8 weeks, range 3–39 weeks) and answered the food
insecurity screening questions. We excluded twenty-seven
women from analyses who did not respond to the food
insecurity questions (see Fig. 1).

Measures

Household food insecurity status
Household food insecurity was assessed using the Hunger
Vital SignTM, a validated two-item screening tool(16) that
queries how often the household ‘worried whether our
food would run out before we got money to buy more’;
and ‘how often the food we bought just didn’t last and
we didn’t have money to get more’. Participants responded
on a three-point Likert scale, including ‘often true’, ‘some-
times true’ and ‘never true’. We defined households as
food-insecure if participants responded ‘often true’ or
‘sometimes true’ to either question.

Obesogenic behaviours
Women responded to one question regarding frequency of
each of the following behaviours: fruit and vegetable,
sugar-sweetened beverages (SSB) and fast-food consump-
tion. The item about fruit/vegetable consumption asked:
‘During the past 7 d, on average, how often did you eat fruit
or vegetables (including fresh, cooked, canned, or frozen)?
Do not include fruit or vegetable juice or dried fruits’. The
item about SSB consumption asked: ‘During the past 7 d, on
average, how often did you drink 100 % fruit juice or a
sugar-sweetened beverage? Sugar-sweetened beverages
are things like fruit-flavoured drinks, juice from concen-
trate, punch, Kool-Aid, soda, sports drinks, sweet tea or cof-
fee drinks, or sweetened milks’. The item about fast-food
consumption asked: ‘During the past 7 d, on average,
how often did you eat something from a fast food restau-
rant? Examples include McDonald’s, Burger King, Taco
Bell, Subway’. For all food and beverage consumption
items, response options included 0 = never, 1 = once/
week, 2 = 2–4 times/week, 3 = nearly daily or daily,
4 = 2–4 times/d or 5 = 5 or more times a day. We con-
verted responses into servings per d.

We evaluated physical activity by asking mothers
the question: ‘In the past 7 d, how many days were
you physically active for a total of at least 30 min/d?’
Screen time was assessed by the question: ‘During the
past 7 d, on average, how many hours per day did you
usually spend watching TV or videos? Include time spent
watching on a television, computer, phone or tablet’.
Sleep duration was evaluated with the question:
‘During the past 7 d, on average, how many hours of
sleep did you get in a 24-h period?’
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Mental health
We assessed past depression using two questions: (1)
‘Before this pregnancy, was there ever a period of time
when you were feeling depressed or down or when you
lost interest in pleasurable activities most of the day, nearly
every day, or for at least 2 weeks?’(17) and (2) ‘Before this
pregnancy, did you ever see a health care professional
who said that you were depressed?’(18) We coded women
has having past depression if they answered yes to either of
these questions.

To measure current depression, we extracted elec-
tronic medical record (EMR) data from the Patient
Health Questionnaire-2 (PHQ-2) and the Edinburgh
Postnatal Depression Scale (EPDS). The PHQ-2 is a vali-
dated two-question depression tool that measures the
frequency of depressed mood and anhedonia over the
past 2 weeks(19). The EPDS is a 10-question screening
tool that was developed to identify women with prenatal
depression(20). We flagged mothers with PHQ-2 scores
≥ 3 or EPDS scores ≥ 13 as having current depression.

Maternal stress was assessed by a single question
adapted from the Growing Up Today Study(21): ‘Howmuch
stress do you feel in your life’? We coded mothers who
responded ‘I feel stress fairly often’, ‘I sometimes feel a
lot of stress’ or ‘I feel a lot of stress most of the time’ as hav-
ing high stress.

Pregnancy anxiety was assessed using a five-item tool
developed by Rini et al.(22) which asked mothers to report
how often they felt concerned or worried about the follow-
ing (1= never, 4= almost all of the time): (1) How the baby

is growing or developing inside of me; (2) Losing the baby;
(3) Having a hard or difficult labour and delivery; (4) Taking
care of the new baby and (5) Developing medical problems
during my pregnancy. We calculated the total pregnancy
anxiety score by adding score of each question, with higher
scores indicating more pregnancy-related anxiety.

Health factors
Maternal hyperglycaemia status and gestational weight gain
were calculated using EMR data. Following the approach
of Huang et al.(23), we defined categories of pregnancy
hyperglycaemia status using results from both women’s
1-h non-fasting glucose challenge test (GCT) and their
3-h fasting oral glucose tolerance test (OGTT). We flagged
women as having normal glucose tolerance if their GCT
level was <=140 mg/dl. For women with GCT levels
>140 mg/dl, we extracted additional OGTT data, defining
abnormal OGTT as >95 mg/dl at baseline, >180 mg/dl at
1 h, >155 mg/dl at 2 h and >140 mg/dl at 3 h, following
American Diabetes Association (ADA) criteria(24). We then
defined women’s hyperglycaemia status as follows:
(1) normal glucose tolerance when GCT glucose level
≤140 mg/dl; (2) isolated hyperglycaemia when a GCT
level >140 mg/dl was followed by normal OGTT for all
four measures as described above; (3) impaired glucose
tolerance when a GCT glucose level >140 mg/dl was fol-
lowed by an OGTT with one abnormal result as described
above and (4) gestational diabetes mellitus when a GCT
blood glucose level >140 mg/dl was followed by an
OGTT with ≥2 abnormal results as described above.

N 727 women with gestational
weight gain values derived from

EHR data
N 711 women had glycemia 

categories derived from EHR data

Excluded:
7 women who had a repeated record

27 missing answers to food insecurity question

N 858 women included in the analysis

Multiple imputation was applied to
the N 858 women for all the

outcomes and covariates, except 
for gestational weight gain and 

glycemia categories

N 892 Completed maternal intake survey for First 1,000 Days Program 

Fig. 1 Sample Size Flow
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Finally, gestational weight gain was calculated by sub-
tracting maternal weight measured or self-reported in the
first trimester from the last maternal weight collected before
delivery. If maternal weight in first trimester was not avail-
able, we used mother’s weight within 9 months prior to the
pregnancy(15).

Covariates
We collected data on keymaternal demographic character-
istics via the baseline questionnaire, including self-reported
race/ethnicity (White, Black/African American, Asian/other
and Hispanic/Latino), marital status (unmarried/living
together v. unmarried), employment (full time, part time
and unemployed), annual household income (<$10 000,
$10 001–$20 000, $20 001–$50 000 and >$50 000) and
country of birth (USA v. other). Maternal education (some
high school or less, high school graduate and more than
high school/other) was extracted from the EMR. We aug-
mented missing data from the baseline questionnaire using
data from the EMR.

Statistical analysis
Analyses were conducted using SAS v9.4. We summarised
participant characteristics using descriptive statistics and
examined factors associated with household food insecu-
rity using bivariate analyses. We then quantified the unad-
justed association of household food insecurity and each
factor using linear regression models for continuous factors
(fruit and vegetable intake, SSB intake, fast-food intake,
physical activity, screen time, sleep, total anxiety score,
gestational weight gain and GCT value) and logistic regres-
sion models for dichotomous factors (current/past depres-
sion, high stress, GWG categories and glycemia categories;
Model 1). Separate multivariable linear and logistic regres-
sion models then quantified the same associations adjusted
for maternal race/ethnicity, annual household income,
marital status and maternal education. We adjusted for
race/ethnicity given its association with both food insecu-
rity and obesity(25). Because some variables were missing
up to 20 % of data, we performed multiple imputation
analysis with a fully conditional specification option in
SAS. Regression analyses were performed on ten imputed
datasets, which we combined using PROC MIANALYZE.
We did not imputemissing gestational weight gain and ges-
tational diabetes because we were unable to confirm if
women were missing data due to delivery outside the
MassGeneral Brigham system, or if the pregnancy was lost
or terminated before delivery.

Results

Table 1 presents demographic characteristics of the
overall sample, and comparing those who reported
and who did not report household food insecurity. Our
sample of 858 pregnant women was predominantly
Hispanic or Latina (50·1 %) with a mean age of 29·1 years

(SD 5·8 years) at the time of the baseline survey. Most
women were married or reported living with a partner
(80·5 %), had a high school education or greater (78·0 %)
and were born outside of the USA (63·9 %). Approximately
one-third (34·5 %) were unemployed and 40·1 % reported
annual household incomes of less than $20 000.

Over 21 % of women (n 181) resided in food-insecure
households. Relative to women who did not report house-
hold food insecurity, these women were younger (mean
age 27·9 v. 29·4 years), and more likely to be Hispanic
(60·8 % v. 47·2 %), unmarried (28·9 % v. 17·0 %), less edu-
cated (34·8 % v. 18·8 % reporting less than high school edu-
cation), unemployed (47·2 % v. 31·2 %) and report lower
annual household incomes (31·2 % v. 12·7 % reporting
annual incomes of less than $10 000).

Table 1 also presents the prevalence of maternal obeso-
genic behaviours, mental health and health factors for the
entire sample, and by household food insecurity status. In
the full overall sample, women reported consuming
approximately 1·38 servings of fruit and vegetables, 0·75
servings of SSB and 0·17 fast-food servings per d. They
reported over 2·36 h of daily screen time and an average
of 7·51 h of daily sleep. Nearly one in three (28·7 %)
reported having a history of depression with 5·8 % screen-
ing positive for depression at the time of the survey. Total
anxiety scores averaged 9·2 (range 4–20). Compared with
women who did not report household food insecurity,
women living in food-insecure households consumed
fewer fruits and vegetables per d (1·0 v. 1·5 servings,
P-value <0·001) and reported more hours of daily screen
time (2·6 h v. 2·3 h, P-value <0·02) and higher levels of
anxiety (10·3 v. 8·9, P-value <0·001). Women from food-
insecure households were also more likely to have depres-
sion, both past (49·2 % v. 23·2 %, P-value <0·001) and
current (13·9 % v. 3·7 %, P-value <0·001), as well as report
high stress (41·4 % v. 22·8 %, P-value <0·001) than women
from households without food insecurity. There were no
statistically significant group differences in SSB intake,
fast-food intake, physical activity, sleep, gestational weight
gain or glycemia categories.

Table 2 shows the the unadjusted bivariate and multi-
variate-adjusted associations of household food insecurity
with these factors of interest. Mean differences and associ-
ated 95 % CI are presented for continuous outcomes and
ORs are presented for dichotomous outcomes; βs and
ORs represent the mean differences in or odds of each
outcome, respectively, between women who reported
household food insecurity and those who did not.
Multivariate-adjusted models control for maternal race/
ethnicity, annual household income, marital status and
maternal education. As displayed in the table, after adjust-
ment, household food insecurity was significantly associ-
ated with lower fruit and vegetable intake (β = −0·31
daily servings; 95 % CI −0·52, −0·10), more daily screen
time (β = 0·32 h; 95 % CI 0·04, 0·61) and less daily sleep
(β = −0·32 h; 95 % CI −0·63, −0·01). In terms of our
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Table 1 Demographic characteristics, obesogenic behaviours, mental health and health factors of the sample, overall and by household food
insecurity status (n 858)

Reported household food insecurity

P-value

Full sample overall No Yes

n 858 n 677 n 181

n % n % n %

Demographic characteristics
Race/ethnicity (n 857)
White 241 28·1 213 31·5 28 15·5 <0·001
Black or African American 88 10·3 64 9·5 24 13·3
Asian or other 99 11·6 80 11·8 19 10·5
Hispanic or Latino 429 50·1 319 47·2 110 60·8

Marital status (n 856)
Married/living together 689 80·5 561 83·0 128 71·1 <0·001
Unmarried 167 19·5 115 17·0 52 28·9

Employment (n 854)
Employed full-time 321 37·6 279 41·4 42 23·3 <0·001
Employed part-time 238 27·9 185 27·4 53 29·4
Unemployed 295 34·5 210 31·2 85 47·2

Annual household income (n 775)
Less than $10 000 yearly 127 16·4 79 12·7 48 31·2 <0·001
$10 001 to $20 000 yearly 184 23·7 137 22·1 47 30·5
$20 001 to $50 000 yearly 300 38·7 248 39·9 52 33·8
Greater than $50 000 yearly 164 21·2 157 25·3 7 4·5

Education (n 685)
Some high school or less 151 22·0 102 18·8 49 34·8 <0·001
High school graduate 256 37·4 196 36·0 60 42·6
More than high school or other 278 40·6 246 45·2 32 22·7

Birth country
USA 310 36·1 254 37·5 56 30·9 0·10
Other 548 63·9 423 62·5 125 69·1

Intervention site
Chelsea 395 46·0 295 43·6 100 55·2 <0·001
Revere 378 44·1 323 47·7 55 30·4
Dorchester 85 9·9 59 8·7 26 14·4

Mean SD Mean SD Mean SD

Household size (n 807) 3·9 1·6 3·8 1·6 4·0 1·5 0·21
Age at enrolment, years (n 750) 29·1 5·8 29·4 5·6 27·9 6·6 0·01
Age at delivery, years (n 743) 29·6 5·8 30·0 5·6 28·3 6·6 0·005
Obesogenic behaviours
Fruit/veg intake (servings/d) 1·38 1·3 1·47 1·3 1·04 1·1 <0·001
SSB intake (servings/d) 0·75 0·95 0·75 0·97 0·78 0·89 0·67
Fast-food intake (servings/d) 0·17 0·36 0·16 0·34 0·20 0·42 0·26
Physical activity (d/week) 2·74 2·4 2·74 2·4 2·76 2·8 0·92
Screen time (h/d) 2·36 1·7 2·28 1·6 2·64 1·9 0·02
Sleep (h/d) 7·51 1·8 7·57 1·7 7·28 2·1 0·08

n % n % n %
Mental health
Current depression (n 720) 42 5·8 21 3·7 21 13·9 <0·001
Past depression (n 858) 246 28·7 157 23·2 89 49·2 <0·001
High stress (n 856) 229 26·8 154 22·8 75 41·4 <0·001

Mean SD Mean SD Mean SD

Total anxiety score 9·22 3·0 8·93 2·8 10·34 3·5 <0·001
Health factors
Gestational weight gain (kg) (n 727) 11·61 6·3 11·74 6·2 11·12 6·7 0·30
GCT value (mg/dl) (n 707) 118·4 29·0 118·57 28·7 117·66 30·3 0·74

n % n % n %
Hyperglycaemia status (n 710)
Normal glucose tolerance 577 81·3 460 81·4 117 80·7 0·47
Isolated hyperglycaemia 63 8·9 53 9·4 10 6·9
Impaired glucose tolerance 24 3·4 19 3·4 5 3·4
GDM 46 6·5 33 5·8 13 9·0
Gestational diabetes (n 711) 46 6·5 33 5·8 13 9·0 0·17
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dichotomous outcomes, household food insecurity was
associatedwith increased odds of reporting current depres-
sion (adjusted odds ratio (AOR) 4·42; 95 % CI 2·33, 8·35),
past depression (AOR 3·01; 95 % CI 2·08, 4·35) and high
stress (AOR 2·91; 95 % CI 1·98, 4·28).

Discussion

Approximately 21 % of the mostly low-income, racial/
ethnic minority pregnant women in our sample reported
household food insecurity, which is greater than the

10·5 % of overall US households in 2019(26). Relative to
women from households without food insecurity, women
with food insecurity in our sample were younger, andmore
likely to be Hispanic, unmarried, less educated, and unem-
ployed, and report lower annual household incomes. In
turn, pregnant women living in food-insecure households
were significantly more likely to report poor dietary behav-
iours including low fruit and vegetable intake even after
adjusting for multiple potential confounding factors. This
is consistent with other studies(27,28). Our multivariable
model also showed that pregnant women with household

Table 1 Continued

Reported household food insecurity

P-value

Full sample overall No Yes

n 858 n 677 n 181

n % n % n %

Gestational weight gain (n 727)
Excessive 269 37·0 211 36·6 58 38·4 0·51
Normal 269 37·0 219 38·0 50 33·1
Inadequate 189 26·0 146 25·3 43 28·5

SSB, sugar sweetened beverages; GCT, glucose challenge test; GDM, gestational diabetes mellitus.

Table 2 Unadjusted and adjusted associations of household food insecurity with obesogenic behaviours, mental health and health factors
during pregnancy, n 858

Unadjusted (bivariate) Multivariate-adjusted*

Mean difference 95% CI Mean difference 95% CI

Continuous outcomes
Fruit and veg intake (servings/d) −0·43 −0·64, −0·23 −0·31 −0·52, −0·10
SSB intake (servings/d) 0·03 −0·13, 0·19 −0·06 −0·22, 0·11
Fast-food intake (servings/d) 0·04 −0·02, 0·10 0·01 −0·05, 0·07
Physical activity (d/week) 0·01 −0·38, 0·40 0·10 −0·31, 0·51
Screen time (h/d) 0·36 0·09, 0·63 0·32 0·04, 0·61
Sleep (h/d) −0·30 −0·60, −0·01 −0·32 −0·63, −0·01
Total anxiety score 1·43 0·94, 1·92 1·55 1·04, 2·05
Gestational weight gain (kg) (n 727) −0·62 −1·75, 0·50 −0·56 −1·73, 0·61
GCT value (mg/dl) (n 707) −0·91 −6·20, 4·38 0·01 −5·46, 5·48

Dichotomous outcomes OR 95% CI OR 95% CI
Current depression (reference = no) 4·21 2·30, 7·69 4·42 2·33, 8·35
Past depression (reference = no) 3·20 2·28, 4·51 3·01 2·08, 4·35
High stress (reference = no) 2·40 1·70, 3·39 2·91 1·98, 4·28

GWG categories
Normal 1·00 Reference 1·00 Reference
Inadequate 1·29 0·82, 2·04 1·17 0·72, 1·90
Excessive 1·20 0·79, 1·84 1·14 0·73, 1·79

Glycemia categories
Normal glucose tolerance 1·00 Reference 1·00 Reference
Isolated hyperglycaemia 0·74 0·37, 1·50 0·89 0·42, 1·89
Impaired glucose tolerance 1·03 0·38, 2·83 1·04 0·36, 3·02
GDM 1·55 0·79, 3·04 1·60 0·79, 3·26

SSB, sugar sweetened beverages; GCT, glucose challenge test; GWG, gestational weight gain; GDM, gestational diabetes mellitus.
*Adjusted models control for maternal race/ethnicity, annual household income, marital status and education.
Multiple imputation was applied to impute the missingness in outcomes, predictor and covariates, except for GWG and GDM, and related categorical outcomes.
Values in bold are statistically significant at P< 0·05.
Reference group for the regression models is women who did not report household food insecurity.
Logistic regression was applied for dichotomous/categorical outcomes and linear regression was applied to continuous outcomes.
β-coefficients and OR represent the mean difference in or odds of each factor for women reporting household food insecurity compared with women who did not report
household food insecurity.
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food insecurity were more likely to report obesogenic-pro-
moting behaviours including less daily sleep, more daily
screen time, current or past depression, and high stress.

Our results parallel prior cross-sectional research on
household food insecurity and dietary intake in the adult
population and lend new insight into how household food
insecurity affects development across the lifespan, especially
among pregnantwomen. Consistentwith findings fromnon-
pregnant populations, household food insecurity dispropor-
tionately affected pregnant women in our sample with the
highest risk for obesity, including low-income women and
members of racial or ethnic minority groups(29). These
women were also more likely to engage in obesity-promot-
ing health behaviours that track across the life course,
thereby highlighting potentially important mechanisms link-
ing food insecurity during pregnancy to childhood obesity,
and racial/ethnic and socio-economic disparities therein. In
related research, household food insecurity during preg-
nancy is associated with obesity-promoting maternal atti-
tudes, such as lower locus of control over the prevention
of childhood obesity(30) and decreased self-efficacy to make
fruit and vegetables available for children(31). Here, we show
that household food insecurity is also associated with spe-
cific prenatal health behaviours that contribute to postpar-
tum weight retention(32) and offspring weight(5), like low
fruit and vegetable intake. Other work shows the impact
of household food insecurity on obesity-promoting feeding
styles and practices, including pressuring, indulgent and
laissez-faire feeding styles(27), supplementing breastmilk
with formula, limiting healthy foods like fruits, vegeta-
bles and lean meats, and increasing juice(33). Our study
highlights the role of household food insecurity in pro-
moting obesogenic behaviours for women and family
earlier in life course, thereby highlighting a critical time
period for intervention.

Pregnant women with household food insecurity in our
samplewere also over four timesmore likely to report depres-
sion and nearly three times more likely to report high stress
than those not reporting household food insecurity, after
adjusting for demographic and socio-economic character-
istics. These results parallel previous cross sectional
research(34). Food-insecurewomen also reported fewer hours
of daily sleep and increased screen time, which are both
linked with increased obesity risk(35). While the mechanisms
are unclear, household food insecurity during pregnancy can
be conceptualised as a poverty-related stressor that leads to
the development of mental health problems and increases
the risk for suboptimal sleep. The link between maternal
depression and poor nutritional intake during childhood(36)

as well as with childhood obesity(37) indicates that interven-
tions aimed at improving household food security for preg-
nant women are likely to have positive effects on the
mental and physical well-being of bothmothers and children.

Strengths of our study include the use of an existing
cohort of pregnant women participating in a large quasi-
experimental trial, which allowed us to adjust for other

known risk factors and to use validated questionnaires to
assess household food insecurity status, maternal obeso-
genic-promoting behaviours, mental health and health fac-
tors. However, we also acknowledge limitations including
the use of cross-sectional data, which did not allow us to
untangle the directionality of the relationships we describe.
For example, it is possible that maternal mental health
(e.g. depression) mediated of the relationship between
household food insecurity and some of our obesogenic
behaviours like increased screen time. Others suggest
that the relationship among maternal depression and
household food insecurity over time is bidirectional(36).
In other words, depression or stress in women could lead
to socio-economic difficulties such as reduced education
or employment, ultimately leading to food insecurity.
Future research is needed to model these relationships
using longitudinal data. Our sample of mostly low-
income racial/ethnic minority women also limits gener-
alisability to all pregnant women.

Understanding how household food insecurity affects
development across the lifespan is critical to informing
clinical and public health preventive efforts and is espe-
cially timely given dramatic increases in the number of
US households reporting food insecurity during the
COVID-19 pandemic(14). Our results suggest that obesity
prevention strategies should recognise household food
insecurity as an important early antecedent and consider
its effect on obesity-promoting behaviours as early in the
life course as possible. Pregnancy, in particular, could be
viewed as a time in which food insecurity is worthy of
assessment and target for programming. Interestingly,
although associations of household food insecurity with
behaviours known to be associated with obesity were
found in our sample, we did not note a direct association
of food insecurity with gestational weight gain. Instead,
our findings point to the potential role of stress, depression,
screen time and poor diet quality as major factors related to
household food insecurity during this time frame that could
negatively impact obesity outcomes for women and chil-
dren. Therefore, a two-pronged approach that targets nutri-
tion and activity-related obesogenic behaviours as well as
high stress and depression during pregnancy for food-inse-
curewomenmay be a promising approach to stem the rising
rates of infant and maternal obesity and overweight. Given
substantial evidence that household food insecurity and
obesity coexist, it is critical that efforts to ameliorate house-
hold food insecurity do not unintentionally promote excess
weight gain but instead consider opportunities to promote
healthy behaviour (e.g. fruit and vegetable intake).

In conclusion, this study highlights the associations of
household food insecurity during pregnancy with behav-
iours known to increase the likelihood of obesity within
families. There is an urgent need to identify policies that
simultaneously address household food insecurity and
obesity as the prevalence of obesity continues to rise
among US families.

Perinatal food insecurity and obesogenic behaviours 949



Acknowledgements

Acknowledgements: We would like to acknowledge the
staff of the MGH Chelsea, Revere and Dorchester Health-
Care Centers for their work implementing the programme.
Financial support: This research was funded by The
Boston Foundation (G2015-0007), the National Institute of
Diabetes and Digestive and Kidney Diseases of the National
Institutes of Health (K01DK114383, K24DK105989), and
Massachusetts General Hospital. The content is solely the
responsibility of the authors and does not necessarily
represent the official views of the funders. The sponsors
had no role in the study design, collection, analysis and
interpretation of data, writing of report, or decision to submit
for publication. Conflict of interest: There are no conflicts of
interest. Authorship: Dr Cheng helped conceptualise the
study, interpreted data, drafted the manuscript and critically
reviewed the manuscript for important intellectual content.
Dr M.L. carried out analyses and interpretation of results.
Ms. M.P. coordinated and supervised data collection and
helped with interpretation of data. Drs T.B.-L., M.K. and
A.A.B. provided feedback on the research question, analysis
plan and interpretation of the data. Dr E.M.T. is the Co-
Director and Principal Investigator of the First 1,000 Days
program. All authors critically reviewed the manuscript for
important intellectual content and approved the final manu-
script as submitted and agreed to be accountable for all
aspects of the work. Ethics of human subject participation:
This study was conducted according to the guidelines laid
down in the Declaration of Helsinki, and all procedures
involving research study participants were approved by
the Partners Human Research Committee, the Institutional
ReviewBoard of PartnersHealthCare.Written informed con-
sent was obtained from all subjects/patients.

References

1. Friedrich M (2017) Global obesity epidemic worsening.
JAMA 318, 603.

2. GBD 2015 Obesity Collaborators, Afshin A, Forouzanfar MH
et al. (2017) Health effects of overweight and obesity in 195
countries over 25 years. N Engl J Med 377, 13–27.

3. Baidal JAW, Locks LM, Cheng ER et al. (2016) Risk factors for
childhood obesity in the first 1,000 d: a systematic review.Am
J Prev Med 50, 761–779.

4. MannanM, Doi SA &Mamun AA (2013) Association between
weight gain during pregnancy and postpartum weight reten-
tion and obesity: a bias-adjusted meta-analysis. Nutr Rev 71,
343–352.

5. Huda SS, Brodie LE & Sattar N (2010) Obesity in preg-
nancy: prevalence and metabolic consequences. Semin
Fetal Neonatal Med 15, 70–76.

6. National Research Council (2010) Weight Gain During
Pregnancy: Reexamining the Guidelines. https://nap.
nationalacademies.org/catalog/12584/weight-gain-during-
pregnancy-reexamining-the-guidelines (accessed June 2021).

7. Deputy NP, Sharma AJ, Kim SY et al. (2015) Prevalence and
characteristics associated with gestational weight gain
adequacy. Obstet Gynecol 125, 773.

8. Branum AM, Kirmeyer SE & Gregory EC (2016) Prepregnancy
body mass index by maternal characteristics and state: data
from the birth certificate, 2014. Natl Vital Stat Rep 65, 1–11.

9. United States Department of Agriculture Economic
Research Service (2020) Food Security in the U.S. https://
www.ers.usda.gov/topics/food-nutrition-assistance/food-
security-inthe-us/measurement.aspx (accessed April 2021).

10. Franklin B, Jones A, Love D et al. (2012) Exploring mediators
of food insecurity and obesity: a review of recent literature.
J Community Health 37, 253–264.

11. Crandall AK, Temple JL & Kong KL (2020) The association of
food insecurity with the relative reinforcing value of food,
BMI, and gestational weight gain among pregnant women.
Appetite 151, 104685.

12. Laraia BA, Siega-Riz AM & Gundersen C (2010) Household
food insecurity is associated with self-reported pregravid
weight status, gestational weight gain, and pregnancy com-
plications. J Am Diet Assoc 110, 692–701.

13. Ivers LC & Cullen KA (2011) Food insecurity: special consid-
erations for women. Am J Clin Nutr 94, 1740s–1744s.

14. Adams EL, Caccavale LJ, Smith D et al. (2020) Food insecu-
rity, the home food environment, and parent feeding practi-
ces in the era of COVID-19. Obesity 28, 2056–2063.

15. Blake-Lamb T, Boudreau AA, Matathia S et al. (2020)
Association of the first 1,000 d systems-change intervention
on maternal gestational weight gain. Obstet Gynecol 135,
1047–1057.

16. Hager ER, Quigg AM, Black MM et al. (2010) Development
and validity of a 2-item screen to identify families at risk for
food insecurity. Pediatrics 126, e26–e32.

17. Rich-Edwards JW, Kleinman K, Abrams A et al. (2006)
Sociodemographic predictors of antenatal and postpartum
depressive symptoms among women in a medical group
practice. J Epidemiol Community Health 60, 221–227.

18. Hahn J, Gold DR, Coull BA et al. (2019) Prenatal maternal
depression and neonatal immune responses. Psychosom
Med 81, 320.

19. Kroenke K, Spitzer RL & Williams JB (2003) The patient
health questionnaire-2: validity of a two-item depression
screener. Med Care 41, 1284–1292.

20. Cox JL, Holden JM& Sagovsky R (1987) Detection of postnatal
depression: development of the 10-item Edinburgh postnatal
depression scale. Br J Psychiatry 150, 782–786.

21. Harvard Medical School (1999) Growing Up Today Girls
Survey. http://nhs2survey.org/gutswordpress/wp-content/
uploads/2018/06/1999girls.pdf (accessed June 2021).

22. Rini CK, Dunkel-Schetter C, Wadhwa PD et al. (1999)
Psychological adaptation and birth outcomes: the role of per-
sonal resources, stress, and sociocultural context in preg-
nancy. Health Psychol 18, 333.

23. Huang T, Rifas-Shiman SL, Ertel KA et al. (2015)
Pregnancy hyperglycaemia and risk of prenatal and post-
partum depressive symptoms. Paediatr Perinat Epidemiol
29, 281–289.

24. American Diabetes Association (2008) Standards of medical
care in diabetes – 2008. Diabetes Care 31, Suppl. 1, S12–S54.

25. HernandezDC, Reesor LM&Murillo R (2017) Food insecurity
and adult overweight/obesity: gender and race/ethnic dis-
parities. Appetite 117, 373–378.

26. United States Department of Agriculture Economic Research
Service (2021) Food Security and Nutrition Assistance.
https://www.ers.usda.gov/data-products/ag-and-food-statistics-
charting-the-essentials/food-security-and-nutrition-assistance/
(accessed June 2021).

27. Gross RS, Mendelsohn AL & Messito MJ (2018) Additive
effects of household food insecurity during pregnancy and
infancy on maternal infant feeding styles and practices.
Appetite 130, 20–28.

28. Fernández CR, Chen L, Cheng ER et al. (2020) Food insecu-
rity and sugar-sweetened beverage consumption among

950 ER Cheng et al.

https://nap.nationalacademies.org/catalog/12584/weight-gain-during-pregnancy-reexamining-the-guidelines
https://nap.nationalacademies.org/catalog/12584/weight-gain-during-pregnancy-reexamining-the-guidelines
https://nap.nationalacademies.org/catalog/12584/weight-gain-during-pregnancy-reexamining-the-guidelines
https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-inthe-us/measurement.aspx
https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-inthe-us/measurement.aspx
https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-inthe-us/measurement.aspx
http://nhs2survey.org/gutswordpress/wp-content/uploads/2018/06/1999girls.pdf
http://nhs2survey.org/gutswordpress/wp-content/uploads/2018/06/1999girls.pdf
https://www.ers.usda.gov/data-products/ag-and-food-statistics-charting-the-essentials/food-security-and-nutrition-assistance/
https://www.ers.usda.gov/data-products/ag-and-food-statistics-charting-the-essentials/food-security-and-nutrition-assistance/


WIC-enrolled families in the first 1,000 d. J Nutr Educ Behav
52, 796–800.

29. Nord M, Coleman-Jensen A, Andrews M et al. (2010)
Household Food Security in the United States, 2009.
Washington DC, USA: ERR-108, US Department of
Agriculture, Economic Research Service.

30. Gross RS, Mendelsohn AL, Gross MB et al. (2016) Material
hardship and internal locus of control over the prevention
of child obesity in low-income hispanic pregnant women.
Acad Pediatr 16, 468–474.

31. Hilmers A, Cullen K, Moore C et al. (2012) Exploring the
association between household food insecurity, parental
self-efficacy, and fruit and vegetable parenting practices
among parents of 5-to 8-year-old overweight children.
J Appl Res Child 3, 5.

32. Skouteris H, Hartley-Clark L, McCabe M et al. (2010)
Preventing excessive gestational weight gain: a systematic
review of interventions. Obes Rev 11, 757–768.

33. Gross RS, Mendelsohn AL, Arana MM et al. (2019) Food inse-
curity during pregnancy and breastfeeding by low-income
Hispanic mothers. Pediatrics 143, e20184113.

34. Hromi-Fiedler A, Bermúdez-Millán A, Segura-Pérez S et al.
(2011) Household food insecurity is associated with depres-
sive symptoms among low-income pregnant Latinas.Matern
Child Nutr 7, 421–430.

35. Buxton OM&Marcelli E (2010) Short and long sleep are pos-
itively associated with obesity, diabetes, hypertension, and
cardiovascular disease among adults in the United States.
Soc Sci Med 71, 1027–1036.

36. Ward WL, Swindle TM, Kyzer AL et al. (2020) Maternal
depression: relationship to food insecurity and preschooler
fruit/vegetable consumption. Int J Environ Res Public
Health 17, 123.

37. Lampard AM, Franckle RL & Davison KK (2014) Maternal
depression and childhood obesity: a systematic review.
Prev Med 59, 60–67.

Perinatal food insecurity and obesogenic behaviours 951


	Household food insecurity is associated with obesogenic health behaviours among a low-income cohort of pregnant women in Boston, MA
	Methods
	Study design and population
	Measures
	Household food insecurity status
	Obesogenic behaviours
	Mental health
	Health factors

	Covariates
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References


