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Abstract

IMPORTANCE Food insecurity is a growing public health concern, but its association with perinatal
complications remains unclear.

OBJECTIVE To examine whether food insecurity in pregnancy was associated with the risk of
perinatal complications and determine whether these potential associations differed by receipt of
food assistance.

DESIGN, SETTING, AND PARTICIPANTS This cohort study used data from a pregnancy survey
conducted between June 22, 2020, and September 9, 2022, at Kaiser Permanente Northern
California, an integrated health care system serving a diverse population of 4.6 million. Participants
included individuals who delivered singletons. Data were analyzed from December 2023 to
June 2024.

EXPOSURE Food insecurity in pregnancy assessed using the validated 2-item Hunger Vital Sign
screener.

MAIN OUTCOMES AND MEASURES Maternal (gestational diabetes, gestational hypertension,
preeclampsia, cesarean delivery) and neonatal (preterm birth, neonatal intensive care unit [NICU]
admission, small-for-gestational age [SGA], and large-for-gestational age [LGA]) complications
extracted from the electronic health records, and a composite adverse perinatal outcome (APO) of
maternal and neonatal complications. Modified Poisson regression models were adjusted for
covariates and stratified by receipt of food assistance in pregnancy.

RESULTS Among 19 338 individuals, 2707 (14.0%) reported food insecurity in pregnancy.
Individuals with food insecurity in pregnancy had a higher risk of gestational diabetes (adjusted
relative risk [aRR], 1.13 [95% CI, 1.01-1.29]), preeclampsia (aRR, 1.28 [95% CI, 1.11-1.49]), preterm birth
(aRR, 1.19 [95% CI, 1.02-1.38]), NICU admission (aRR, 1.23 [95% CI, 1.07-1.42]), and APO (aRR, 1.07
[95% CI, 1.02-1.13]) compared with individuals without food insecurity. Among 1471 individuals (7.6%)
who received food assistance in pregnancy, associations of food insecurity in pregnancy with
perinatal complications were attenuated to the null, except for preeclampsia (aRR, 1.64 [95% CI,
1.06-2.53]). On the contrary, the associations persisted among individuals who did not receive food
assistance: gestational diabetes (aRR, 1.20 [95% CI, 1.04-1.37]), preeclampsia (aRR, 1.24 [95% CI,
1.06-1.46]), preterm birth (aRR, 1.23 [95% CI, 1.05-1.46]), NICU admission (aRR, 1.31 [95% CI,
1.12-1.52]), and APO (aRR, 1.12 [95% CI, 1.06-1.18]).

CONCLUSIONS AND RELEVANCE In this cohort study, food insecurity in pregnancy was associated
with a higher risk of perinatal complications, and these associations were overall attenuated to the
null among individuals who received food assistance in pregnancy. These findings support clinical
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Abstract (continued)

guidelines of screening for food insecurity in pregnancy and provide evidence to expand food
assistance programs that may help improve maternal and neonatal outcomes.
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Introduction

Food insecurity, a lack of consistent access to the nutritionally adequate and safe food needed for a
healthy life,1 is a major public health problem in the US associated with adverse health sequalae and
increased health care expenditure.2-4 Pregnancy is a critical period during which exposure to food
insecurity can have magnified detrimental effects on the pregnant individual and their developing
fetuses.5 National estimates of food insecurity among pregnant individuals in the US are lacking, but
the available limited data among peripartum individuals indicate an alarming prevalence of 10.8% in
2019 to 2021.6

Albeit the growing body of evidence linking food insecurity to adverse health outcomes in the
general population,2,3,7 less is known about this link in pregnancy. Gestational diabetes (GD) is the
most commonly studied perinatal complication in terms of its association with food insecurity;
however, the few existing studies are limited with a small sample size and yielded mixed results.8-10

As for other perinatal complications, one study found higher risk of preterm birth among individuals
who reported food insecurity in pregnancy,11 and another reported no association between food
insecurity in pregnancy and low birth weight.12

Food assistance programs such as the Supplemental Nutrition Assistance Program (SNAP) and
Special Supplemental Nutrition Program for Individuals, Infants, and Children (WIC) aim to improve
nutrition and health outcomes.13-15 However, studies among nonpregnant populations have shown
mixed results on the role of these programs in the association between food insecurity and health
outcomes,16-18 potentially due to residual confounding by socioeconomic status-related factors, as
individuals enrolled in these programs are more likely to be vulnerable to poverty, food insecurity,
and poor health.19-21 Nonetheless, such data in pregnancy are lacking.

To fill these knowledge gaps, our aims were 2-fold. First, we examined whether food insecurity
in pregnancy was associated with the risk of maternal and neonatal complications. Second, we
examined whether these potential associations differed by receipt of food assistance in pregnancy.
We hypothesized that food insecurity in pregnancy was associated with increased risk of perinatal
complications and that these associations were attenuated among individuals who received food
assistance in pregnancy.

Methods

Study Design and Population
This is a cohort study using data from an online survey administered between June 22, 2020, and
September 9, 2022 among members of Kaiser Permanente Northern California (KPNC) to evaluate
health, health-related behaviors, and health care utilization in pregnancy during the COVID-19
pandemic.22 KPNC is an integrated health care system serving 4.6 million members in 21 hospitals
and more than 255 outpatient clinics in 14 counties in Northern California. KPNC members are highly
representative of the general population residing in the served geographic area in terms of age, sex,
race, ethnicity, and neighborhood-level income and education.23

Detailed information on the study design is published elsewhere.22 Briefly, pregnant individuals
at 12 or more gestational weeks who were aged 18 to 54 years and spoke English were identified
through biweekly searches in the electronic health records (EHR) and recruited via email. At the
study launch, postpartum individuals who delivered between January 1 and June 22, 2020, were also
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recruited to capture their experiences in pregnancy since the beginning of the COVID-19 pandemic.
Of the 134 628 eligible individuals, 29 303 (21.8%) responded to the survey. For the current analysis,
we excluded 1232 individuals (4.2%) with discontinued KPNC membership before delivery, 495
(1.7%) with multiple gestation, 284 (1.0%) with miscarriage, and 7954 (27.1%) with missing
information on food insecurity in pregnancy, rendering an analytic sample of 19 338 individuals.

The KPNC institutional review board approved the study. Participants indicated informed
consent by completing the survey after reviewing the consent information. The study followed the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting
guideline.

Food Insecurity and Receipt of Food Assistance in Pregnancy
Food insecurity status since the beginning of the index pregnancy was assessed using the validated
2-item Hunger Vital Sign screener.24 Food insecurity in pregnancy (yes or no) was defined as
responding often or sometimes true (vs never true) to at least 1 of 2 statements: (1) during their
pregnancy they worried that their food would run out before they got money to buy, and (2) during
their pregnancy the food they bought did not last and they did not have money to get more. The
survey also asked whether the household received any food assistance (yes or no) since the
beginning of the index pregnancy from any of the following: CalFresh or SNAP; California Food
Access Program (CFAP) for qualified noncitizens; WIC; or other.

Outcome Ascertainment
Information on the perinatal complications, including maternal (gestational diabetes, gestational
hypertension, preeclampsia, and cesarean delivery) and neonatal (preterm birth, neonatal intensive
care unit [NICU] admission, small-for-gestational age [SGA], and large-for-gestational age [LGA]),
were obtained from the EHR as detailed elsewhere.25 Briefly, gestational diabetes with universal
screening was diagnosed using the 2-step method according to the Carpenter and Coustan criteria as
recommended by the American College of Obstetricians and Gynecologists (ACOG).26 Gestational
hypertension and preeclampsia were diagnosed after 20 gestational weeks using physician
diagnosis, antihypertensive medications, and/or blood pressure measurements according to the
ACOG’s recommendations.27 Sex- and gestational age-specific birth weight categories were derived
based on a 2017 US reference population as SGA (less than the 10th percentile) and LGA (more than
the 90th percentile).28 Data about cesarean delivery, preterm birth (less than 37 weeks of gestation),
and NICU admission were retrieved from the EHR. Adverse perinatal outcomes (APO), a composite
outcome of maternal and neonatal complications, was defined as at least 1 of the following
complications as done previously29: gestational diabetes, gestational hypertension, preeclampsia,
preterm birth, NICU admission, and SGA infant.

Covariates
The selection of covariates was informed by previous literature30 and by examining associations of
covariates with food insecurity and perinatal complications. Selected covariates included age at
delivery, race and ethnicity, neighborhood deprivation index (NDI), individual-level education,
Medicaid or Medicare insurance during pregnancy, parity, and prepregnancy body mass index (BMI;
calculated as weight in kilograms divided by height in meters squared).

Race and ethnicity, recognized as social constructs, were self-identified and categorized as
Hispanic, non-Hispanic Asian or Pacific Islander, non-Hispanic Black, non-Hispanic White, and other
(including American Indian or Alaska Native and multiracial, which were combined because of the
small sample size). We geocoded the residential address of pregnant individuals obtained from the
EHR at the time of survey completion and linked it to NDI, an indicator of neighborhood-level
socioeconomic position that integrates census variables on education, occupation, housing, and
income or poverty.31 We categorized NDI to quartiles based on its distribution in the entire KPNC
membership during the study period. Prepregnancy BMI was calculated as prepregnancy weight in
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kilograms (measured within 12 weeks before pregnancy) divided by height in meters squared
(measured within 12 months before pregnancy).

Statistical Analyses
We used χ2 tests to compare participant characteristics by food insecurity status and receipt of food
assistance in pregnancy. To examine associations of food insecurity in pregnancy with perinatal
complications, we estimated adjusted relative risk (aRR) and 95% CI using modified Poisson
regression models adjusted for covariates. Based on the literature,16-18 we tested our a priori
hypothesis that the associations may differ by receipt of food assistance in pregnancy through
calculating the P value for interaction using the Wald test and stratifying the analysis by receipt of
food assistance.

We conducted sensitivity analyses to test the robustness of our findings. To account for survey
nonresponse, we repeated our analysis using inverse probability weights calculated as described in
a previous study.32 Acknowledging that NDI is a composite indicator that includes neighborhood-
level education and that additionally adjusting for individual-level education may be an
overadjustment, we ran a sensitivity analysis simultaneously adjusting for these 2 variables, NDI and
individual-level education. Furthermore, we excluded individuals who completed the survey post
partum. We also excluded individuals who reported that their household received food assistance in
pregnancy only from other sources, which may include food banks or pantries with potentially
different characteristics from the food assistance programs.

To account for missing data (ranging between less than 0.1% for NDI and 9.7% for education
(Table), we used multiple imputation based on all covariates, exposure, and outcomes of interest to
create 10 complete datasets and combined the analyses results on each complete dataset using the
Rubin rule.33 P values were corrected for multiple comparison using the Benjamini-Hochberg
procedure controlling the false discovery rate. All analyses were performed with SAS version 9.4 (SAS
Institute). Statistical significance was set at P<.05. Data were analyzed from December 2023 to June
2024. All tests were 2-sided.

Results

Characteristics of Study Population
Among 134 628 eligible individuals, 19 338 were included in the analysis (aged 30 to 34 years at
delivery, 8020 individuals [41.5%]; 3847 Hispanic individuals [19.9%]; 9383 White individuals
[48.5%]). Compared with individuals who were not included in the analysis, those who were
included were more likely to be older at delivery, White, reside in the least deprived neighborhoods,
have higher educational attainment, not have Medicaid or Medicare in pregnancy, be nulliparous, and
have prepregnancy healthy weight (eTable 1 in Supplement 1).

Food insecurity in pregnancy was reported by 2707 individuals (14.0%) (Table). Individuals with
vs without food insecurity in pregnancy were more likely to be younger at delivery, be Black or
Hispanic, reside in the most deprived neighborhoods, have lower educational attainment of high
school or lower, have Medicaid or Medicare in pregnancy, have prepregnancy obesity, be
multiparous, and receive food assistance in pregnancy (Table).

Individuals with vs without food insecurity in pregnancy had higher prevalence of gestational
diabetes (295 [10.9%] vs 1314 [7.9%]), preeclampsia (219 [8.1%] vs 1048 [6.3%]), preterm birth (217
[8.0%] vs 1014 [6.1%]), NICU admission (265 [9.8%] vs 1247 [7.5%]), and APO (1113 [41.1%] vs 6120
[36.8%]) (P < .001) (Figure 1). The prevalence of gestational hypertension (287 [10.6%] vs 1946
[11.7%]; P = .12 ), cesarean delivery (744 [27.5%] vs 4291 [25.8%]; P = .10), SGA (328 [12.1%] vs 1913
[11.5%]; P = .29), and LGA (292 [10.8%] vs 1663 [10.0%]; P = .22) did not differ between individuals
with vs without food insecurity in pregnancy.

A total of 1471 individuals (7.6%) reported that their household received food assistance in
pregnancy, with the majority receiving assistance from WIC (824 [4.3%]), followed by CalFresh or
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SNAP (628 [3.3%]), and CFAP (19 [0.1%]). Furthermore, 302 individuals (1.2%) reported receiving
assistance only from other sources. Individuals in households that received food assistance in
pregnancy, compared with those in households that did not, were more likely to be younger at
delivery, be Black or Hispanic, reside in the most deprived neighborhoods, have lower educational
attainment, have Medicaid or Medicare in pregnancy, have prepregnancy obesity, be multiparous,
and report food insecurity in pregnancy (684 [46.5%] vs 2023 [11.3%]) (eTable 2 in Supplement 1).

Table. Characteristics of 19 338 Individuals Who Responded to an Online Survey at Kaiser Permanente
Northern California in 2020 to 2022 Overall and by Food Insecurity Status in Pregnancy

Characteristics

Participants, No. (%)

Food insecurity in pregnancy

OverallNo Yes
No. (%) 16 631 (86.0) 2707 (14.0) 19 338 (100.0)

Age at delivery, y

18-24 509 (3.1) 330 (12.2) 839 (4.3)

25-29 2597 (15.6) 716 (26.4) 3313 (17.1)

30-34 7098 (42.7) 922 (34.1) 8020 (41.5)

35-54 6427 (38.6) 739 (27.3) 7166 (37.1)

Race and ethnicity

Asian or Pacific Islander 3734 (22.5) 690 (25.5) 4424 (22.9)

Black 478 (2.9) 202 (7.5) 680 (3.5)

Hispanic 2909 (17.5) 938 (34.7) 3847 (19.9)

White 8627 (51.9) 756 (27.9) 9383 (48.5)

Othera 553 (3.3) 79 (2.9) 632 (3.3)

Missing 330 (2.0) 42 (1.6) 372 (1.9)

Neighborhood deprivation index,
quartileb

1 (Least deprived) 5914 (35.6) 474 (17.5) 6388 (33.0)

2 4611 (27.7) 649 (24.0) 5260 (27.2)

3 3626 (21.8) 761 (28.1) 4387 (22.7)

4 (Most deprived) 2472 (14.9) 822 (30.4) 3294 (17.0)

Missing 8 (0) 1 (0) 9 (0)

Education

High school or lower 975 (5.9) 488 (18.0) 1463 (7.6)

College, some or degree 8397 (50.5) 1649 (60.9) 10 046 (51.9)

Graduate degree 5639 (33.9) 319 (11.8) 5958 (30.8)

Missing 1620 (9.7) 251 (9.3) 1871 (9.7)

Medicaid or Medicare in pregnancy

No 15 810 (95.1) 2203 (81.4) 18 013 (93.1)

Yes 801 (4.8) 492 (18.2) 1293 (6.7)

Missing 20 (0.1) 12 (0.4) 32 (0.2)

Prepregnancy BMIc

Healthy weight 7466 (44.9) 795 (29.4) 8261 (42.7)

Overweight 4906 (29.5) 764 (28.2) 5670 (29.3)

Obesity 4108 (24.7) 1105 (40.8) 5213 (27.0)

Missing 151 (0.9) 43 (1.6) 194 (1.0)

Parity

Nulliparous 7551 (45.4) 1049 (38.8) 8600 (44.5)

Multiparous 8356 (50.2) 1535 (56.7) 9891 (51.1)

Missing 724 (4.4) 123 (4.5) 847 (4.4)

Food assistance in pregnancy

No 15 844 (95.3) 2023 (74.7) 17 867 (92.4)

Yes 787 (4.7) 684 (25.3) 1471 (7.6)

Abbreviation: BMI, body mass index.
a Other race and ethnicity includes American Indian or

Alaskan Native and multiracial individuals.
b Neighborhood deprivation index is a validated

composite score of US Census indicators of
education, income and poverty, employment,
housing, and occupation.

c Racial- and ethnic-specific prepregnancy BMI
categories derived as follows: for Black, Hispanic,
and White individuals as well as those in the other
race and ethnicity group: healthy weight (BMI<25.0),
overweight (25.0-29.9), obesity (�30.0); for Asian
or Pacific Islander individuals: healthy weight
(<23.0), overweight (23.0 to 27.4), and obesity
(�27.5).
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Association of Food Insecurity in Pregnancy With Perinatal Complications
After adjusting for covariates, individuals with vs without food insecurity in pregnancy had a higher
risk of maternal and neonatal complications, specifically gestational diabetes (adjusted RR, 1.16 [95%
CI, 1.02-1.31]), preeclampsia (aRR, 1.29 [95% CI, 1.12-1.50]), preterm birth (aRR, 1.21 [95% CI,
1.04-1.41]), and NICU admission (aRR, 1.25 [95% CI, 1.08-1.43]), and composite APO (aRR, 1.08 [95%
CI, 1.03-1.14]) (Figure 2). There was no association of food insecurity in pregnancy with gestational
hypertension (aRR, 0.95 [95% CI, 0.84-1.07]), cesarean delivery (aRR, 1.07 [95% CI, 1.00-1.15]), SGA
(aRR, 1.02 [95% CI, 0.90-1.15]), and LGA (aRR, 0.97 [95% CI, 0.86-1.11]).

The associations differed by receipt of food assistance in pregnancy (Figure 3). Among
individuals in households that received food assistance in pregnancy, associations of food insecurity
in pregnancy with the risk of all perinatal complications were attenuated to the null, except for
preeclampsia (aRR, 1.63 [95% CI, 1.06-2.52]). On the contrary, among individuals in households that
did not receive food assistance in pregnancy, individuals with vs without food insecurity in pregnancy
had a higher risk of gestational diabetes (aRR, 1.23 [95% CI, 1.07-1.40]), preeclampsia (aRR, 1.26 [95%
CI, 1.07-1.47]), cesarean delivery (aRR, 1.09 [95% CI, 1.01-1.18]), preterm birth (aRR, 1.26 [95% CI,

Figure 1. Prevalence of Perinatal Complications by Food Insecurity Status in Pregnancy Among 19 338 Individuals Who Responded to an Online Survey
at Kaiser Permanente Northern California in 2020 to 2022
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Figure 2. Association of Food Insecurity in Pregnancy With Perinatal Complications Among 19 338 Individuals
Who Responded to an Online Survey at Kaiser Permanente Northern California in 2020 to 2022
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.006Preeclampsia 1.29 (1.12-1.50)

.08Cesarean delivery 1.07 (1.00-1.15)
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.04Preterm birth 1.21 (1.04-1.41)
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Individuals without food insecurity served as the
reference category. Models adjusted for age at
delivery, race, ethnicity, neighborhood deprivation
index, education, Medicaid or Medicare insurance
during pregnancy, prepregnancy body mass index,
parity, and receipt of food assistance in pregnancy.
Adverse perinatal outcome is a composite outcome of
gestational diabetes, gestational hypertension,
preeclampsia, preterm birth, NICU admission, and
small-for-gestational age infant. P values were FDR
corrected. The PFDR values were calculated according
to the Benjamini-Hochberg procedure controlling the
false discovery rate. FDR indicates false discovery rate;
NICU, neonatal intensive care unit; RR, relative risk.
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1.07-1.49]), NICU admission (aRR, 1.32 [95% CI, 1.14-1.53]), and APO (1.12 [95% CI, 1.06-1.19]), but not
gestational hypertension (aRR, 0.94 [95% CI, 0.82-1.08]), SGA (aRR, 1.08 [95% CI, 0.95-1.22]), or
LGA (aRR, 1.00 [95% CI, 0.87-1.15]).

Sensitivity analysis using inverse probability weights to account for survey nonresponse yielded
similar results (eTable 3 in Supplement 1). Furthermore, additionally adjusting for individual-level
education yielded similar, although slightly attenuated, results (eTable 4 in Supplement 1). Another
analysis limited to individuals (15 070 [77.9%]) who responded to the survey during pregnancy
(mean [SD], 19.3 [7.2] gestation weeks), excluding those (4268 [22.1%]) who responded to the
survey post partum (9.6 [6.6] postpartum weeks), yielded similar results (eTable 5 in Supplement 1).
Furthermore, excluding individuals who reported that their household received food assistance in
pregnancy only from other sources (226 [1.2%]) yielded similar results (eTable 6 in Supplement 1).

Discussion

In a large, diverse population of individuals in Northern California, the prevalence of food insecurity
in pregnancy was 14.0% in 2020 to 2022. We found that food insecurity in pregnancy was associated
with a higher risk of maternal-related (gestational diabetes and preeclampsia) and neonatal-related
(preterm birth and NICU admission) complications and a composite APO. The associations of food

Figure 3. Association of Food Insecurity in Pregnancy With Perinatal Complications by Receipt
of Food Assistance in Pregnancy Among 19 338 Individuals Who Responded to an Online Survey
at Kaiser Permanente Northern California in 2020 to 2022
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Models adjusted for age at delivery, race, ethnicity,
neighborhood deprivation index, education, Medicaid
or Medicare insurance during pregnancy,
prepregnancy body mass index, and parity. P values
were FDR corrected. The P value for interaction
between food insecurity in pregnancy and receipt of
food assistance was calculated using the Wald test. The
PFDR values were calculated according to the
Benjamini-Hochberg procedure controlling the false
discovery rate. FDR indicates false discovery rate;
NICU, neonatal intensive care unit; RR, relative risk.
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insecurity with the perinatal complications were overall attenuated to the null among individuals in
households that received food assistance in pregnancy but persisted among those in households that
did not receive assistance. Our findings provide evidence on the higher risk of perinatal complications
among individuals with food insecurity in pregnancy and the effect modification of this association
by receipt of food assistance in pregnancy.

The prevalence of food insecurity among pregnant individuals in the US remains unknown. The
annual, nationally representative food insecurity surveillance conducted by the US Department of
Agriculture (USDA) does not distinguish by pregnancy status. The Pregnancy Risk Assessment
Monitoring System (PRAMS) estimated a 6.7% prevalence of food insecurity among pregnant
individuals in 2020 across 14 states,34 and the National Health Interview Survey (NHIS) estimated a
prevalence at 10.8% among pregnant and postpartum individuals in 2019 to 2021.6 Both estimates
are lower than the 14.0% prevalence in our study in 2020 to 2022, which can be partially attributed
to differences in timeframe, participant characteristics, and food insecurity scales used. The PRAMS
study assessed food insecurity using a single question that likely reflects more severe forms of food
insecurity, thus underestimating the prevalence of food insecurity.34 The NHIS study used the
10-item USDA Family Food Security questionnaire over a 30-day period covering pregnancy and/or
post partum,6 whereas we used the validated 2-item Hunger Vital Sign screener and assessed food
insecurity since the beginning of pregnancy.24,35

There is a paucity of research investigating the associations of food insecurity in pregnancy with
perinatal complications. The association of food insecurity in pregnancy with gestational diabetes is
unclear with mixed results, and the majority of studies were conducted with small sample sizes.8-10

While a study in Connecticut of 70 individuals revealed higher odds of gestational diabetes among
pregnant individuals with food insecurity,8 the National Children’s Study in 7 states, which included
592 individuals, and the Pregnancy, Infection, and Nutrition cohort study in North Carolina, which
included 810 individuals, reported null associations.9,10 There is a potential for misclassification of
food insecurity status in the latter 2 studies as they assessed food insecurity over the previous 12
months,9,10 which may not reflect food insecurity in pregnancy. As for neonatal complications, a
study of 268 individuals in Los Angeles showed that those who reported food insecurity in pregnancy
had 3 times higher risk of preterm birth.11 On the other hand, the association of food insecurity in
pregnancy with low birth weight was not significant using the PRAMS data of 50 915 live births from
11 states from 2009 to 2017.12 Less is known about the associations of food insecurity with other
perinatal complications, including gestational hypertension, preeclampsia, cesarean delivery, and
NICU admission.

The underlying mechanisms linking food insecurity in pregnancy with perinatal complications
are complex and remain to be elucidated.36 One potential mechanism includes constrained food
options, which may result in less healthy diets36-38 and significantly varying eating patterns due to
inconsistent budgets.39 This may contribute to visceral adiposity, inadequate weight gain,40 and
insulin resistance,41 which are associated with higher risk of perinatal complications like gestational
diabetes.10 Nutrition insecurity has been recently proposed as a related concept, defined as a lack of
consistent access to affordable, nutritious foods and beverages that support well-being and help
prevent or manage disease.42 This construct emphasizes food quality, and it is intended to
complement, rather than replace, traditional measures of food insecurity. Future research should
investigate the association between nutrition insecurity and perinatal complications, emphasizing
the crucial role of a healthy, high-quality diet during pregnancy.43 Another plausible mechanism is
through the adverse impact of food insecurity on the pregnant individual’s mental health status,
including depression and anxiety, that may contribute to dysregulation of the hypothalamic-
pituitary-adrenal axis, metabolic disturbance, and inflammation, which in turn increase the risk of
perinatal complications.44,45

We found that the association of food insecurity in pregnancy with perinatal complications was
overall attenuated to the null among individuals who received food assistance in pregnancy. WIC was
the most reported food assistance program among our study population. Despite intensive research,
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the association between WIC and pregnancy outcomes remain controversial,21 which led to different
policy proposals on WIC funds, including the recent budget shortfalls in 2024.46-49 The self-
selection bias into food assistance programs makes it difficult to assess study associations between
these programs and health outcomes.19,20 However, after adjusting for neighborhood- and
individual-level socioeconomic characteristics, we found that individuals with food insecurity who
did not receive food assistance in pregnancy had the highest risk of perinatal complications.
Considering that food assistance programs, such as WIC, can enhance health outcomes for mother-
child dyads by providing nutritious food packages, nutrition counseling, and necessary referrals to
health care professionals,50 our research supports policies designed to ensure these programs are
adequately funded and accessible to a broader population. Additionally, in alignment with ACOG’s
recommendations,51 our findings endorse screening for food insecurity during pregnancy and referral
to food assistance programs as part of prenatal care, recognizing that pregnancy is a crucial period
for health across the lifespan. These insights may address the current gap in evidence identified by
the US Preventive Services Task Force regarding the screening for food insecurity in primary care
settings.52

Strengths and Limitations
Our study has several strengths. We assessed food insecurity since the beginning of the index
pregnancy using the Hunger Vital Sign screener, a 2-item validated food insecurity screening tool
with 97% sensitivity.24,35 Furthermore, we extracted data on perinatal complications from the EHR,
as opposed to self-report in most previous studies.

This study has limitations. While the underlying population from which this study sample was
selected is sociodemographically diverse,23 generalizability to other populations may be limited since
our study sample resided in Northern California. Furthermore, individuals included in the analysis
were more likely to be younger, White individuals, reside in less deprived neighborhoods, not have
Medicaid or Medicare insurance during pregnancy, and have healthy weight compared with
individuals who were not included in the analysis; however, in a sensitivity analysis using inverse
probability weighting to account for these differences, we observed similar results to the main
analysis. Although we accounted for socioeconomic status in our analysis by adjusting for NDI, a
multidimensional index that includes neighborhood-level factors such as wealth and income,
education, occupation, and housing conditions, we cannot rule out the possibility of residual
confounding by unmeasured covariates such as individual-level income. Finally, 4271 individuals
(22.1%) responded to the survey post partum, which may introduce recall bias; however, in a
sensitivity analysis limited to individuals who responded to the survey in pregnancy, we observed
similar results.

Conclusions

This study highlights associations of food insecurity in pregnancy with higher risk of perinatal
complications, with attenuated associations among individuals who received food assistance
programs in pregnancy. Additional research is needed to confirm our findings in other study
populations and inform evidence-based interventions to improve health outcomes among pregnant
individuals with food insecurity and their offspring. Future efforts should build on these findings to
enhance screening and management of food insecurity in pregnancy, which is in line with ACOG’s
recommendation that health care clinicians screen pregnant individuals for food insecurity among
other social determinants of health.51 Public health efforts and policies should support food
assistance programs and ensure wider participation to help address food insecurity in pregnancy as
a step forward to ensure equitable prenatal care and pregnancy outcomes.
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