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Abstract

Objective Analyze the association between household food
security status and diet quality during pregnancy.
Methods Cross-sectional analysis of pregnant women from
the National Health and Nutrition Examination Survey
from 1999 to 2008. Of the 1158 pregnant women with
complete household food security information, we ana-
lyzed 688 women who had complete dietary information
and household incomes <300 % of the Federal Poverty
Level (FPL). Diet quality was measured by the Alternate
Healthy Eating Index modified for Pregnancy (AHEI-P)
from 1 to 2 24 h dietary recalls. Multivariate linear and
logistic regression models were implemented to assess the
association between household food security status and
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AHEI-P, adjusting for age, nativity, marital status, race/
ethnicity, education, and household income.

Results Among women with household incomes <300 % of
the FPL, 19 % were food insecure and 4 % were marginally
food secure. The mean AHEI-P score was 41.9 (95 % CI
40.4, 43.3). Household food insecurity was not associated
with overall diet quality. However, living in a food insecure
household compared to a food secure household was asso-
ciated with a 2.3 (1.3, 4.1) greater odds of having a calcium
component score greater than the median intake of calcium
scores among food secure women in the sample.
Conclusions for Practice In a nationally representative
sample of pregnant women, 80 % lived in a fully food
secure household. Improving household food security
during pregnancy is a public health opportunity to improve
health outcomes; however household food security status
may not be associated with overall diet quality.

Keywords Food insecurity - Diet quality - Maternal
nutrition - WIC - National Health and Nutrition
Examination Survey

Significance

What is already known on this subject? Experiencing
household food insecurity during pregnancy is associated
with an array of poor health outcomes including gestational
weight gain and diabetes.

What this study adds? The prevalence of household food
insecurity in this nationally representative sample of
pregnant women is 14 %. We found no association
between household food insecurity and overall diet quality,
which suggests that food insecurity may lead to adverse
health outcomes through other mechanisms.
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Objectives

Adequate consumption of nutrients during pregnancy is
possibly the single most important environmental factor
influencing pregnancy outcomes [20]. Poor diet quality
during pregnancy has been associated with maternal
preeclampsia [33] and adverse infant health outcomes
such as insulin resistance [14], fetal growth restriction
[35], neural tube defects and orofacial clefts [5]. Diet
quality is also an important modifiable risk factor for
the most prevalent health issue facing American preg-
nant women today; excessive gestational weight gain
[30].

Household food insecurity exists “whenever the avail-
ability of nutritionally adequate and safe food, or the
ability to acquire acceptable foods in socially accept-
able ways, is limited or uncertain” [8]. In 2013, one in
seven households (14.3 %) in the United States experi-
enced food insecurity [6]. However, the national preva-
lence of pregnant women living in food insecure
households is unknown [18]. Cohort studies that have
assessed food insecurity during pregnancy have reported a
wide range of prevalence estimates and they are all con-
sistently >15 % [24, 3, 17, 4].

Previous studies have shown that stress and food scar-
city, which are both components of food insecurity, are
associated with negative changes in diet [1, 38]. Pregnant
women experiencing stress are more likely to have a higher
intake of total energy and fats compared to pregnant
women who are not stressed [11]. Similarly, women
experiencing hunger from not having enough food con-
sume less fruits and vegetables than those who have
enough food [34]. Diet quality has also been implicated by
researchers who have found household food insecurity to
lead to gestational weight gain and other pregnancy com-
plications [23].

The Special Supplemental Program for Women, Infants,
and Children (WIC) serves approximately 2 million preg-
nant women every month and is designed to improve food
security and nutrition [42]. WIC is designed to improve
food security through nutrition education and WIC
vouchers that are given to participants that may only be
reimbursed for specified healthy foods [42]. Research
suggests WIC participation is associated with higher diet
quality [2]. Therefore, we hypothesize that the relationship
between food insecurity and diet quality will be differential
by WIC participation, where participation in WIC will
attenuate any observed negative association between
household food insecurity and diet quality.

Our study has three aims; (1) identify the prevalence of
pregnant women who live in food insecure households in
the United States; (2) examine the extent to which

household food insecurity is associated with diet quality
among pregnant women; and, (3) assess whether WIC
participation modifies the association between household
food insecurity and overall diet quality.

Methods

This cross-sectional study used data from the National
Health and Nutrition Examination Survey (NHANES).
NHANES is an ongoing multistage survey administered by
the National Center for Health Statistics, which selects a
nationally representative sample of the noninstitutionalized
United States civilian population [28]. NHANES data from
waves 1999 through 2008 were combined to increase the
sample of pregnant women. There were 1158 women in
NHANES waves 1999-2008 with complete information on
household food security. We used this sample to estimate
the national prevalence of food insecurity among pregnant
women. For our main analysis, we restricted our population
to the 688 women with household incomes <300 % of the
Federal Poverty Level (FPL) because <4 % of those with
household incomes 300400 % of the FPL were food
insecure or marginally food secure. When testing for effect
modification of the food insecurity and overall diet quality
relationship by WIC participation status (WIC participant,
income eligible non-participant, and income ineligible), we
restricted the population to those who were financially
eligible to participate in WIC (<185 % of the FPL) and
compared the relationship between household food security
status and overall diet quality among WIC participants and
income-eligible non-participants.

Household food security status was derived from the
United States Department of Agriculture’s (USDA) vali-
dated Standard Food Security Survey Module, which is
used in NHANES [13]. A household respondent is asked
ten questions if the household does not contain children
and 18 if it does contain children. Responses to the
questions are used to categorize households into one of
four groups: full food security, marginal food security,
low food security, and very-low food security. The low
(n = 115) and very-low food security (n = 47) groups
were combined due to small cell sizes to create a food
insecure category. For the analytic sample, we combined
the marginal food secure group of women (n = 106) with
the food insecure group because of the ample research
showing the negative health effects of living in a mar-
ginally food secure household [24, 22, 7]. Therefore, in
the analytic sample, households were classified as food
secure if 0 questions were answered affirmatively, and
food insecure if 1 or more questions were answered
affirmatively.
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The Alternate Healthy Eating Index modified for Preg-
nancy (AHEI-P) was used to measure diet quality from 1-2
24 h dietary recalls. From 1999 to 2002, NHANES col-
lected one 24-h dietary recall, and from 2003 to 2008
NHANES collected two 24-h dietary recalls. Diet quality
was averaged across the 24-h recalls for those who had two
recalls collected. The AHEI-P is a variation of the Alter-
nate Healthy Eating Index that does not consider alcohol
intake and the “nuts and soy protein” component of the
index as pregnant women often avoid these foods during
pregnancy [33]. However, the AHEI-P has component
scores for calcium, folate, and iron intake because adequate
intakes of these nutrients are important during pregnancy.
Our calculation of the AHEI-P does not consider the con-
sumption of trans-fats, as trans-fat information is not
available in NHANES. Therefore, diets were evaluated
across 8 components of the AHEI-P index: vegetables,
fruit, and ratio of white to red meat, fiber, ratio of
polyunsaturated to saturated fatty acids, folate, calcium,
and iron. The maximum score was 80, as each of the 8
components were scored from O to 10. Supplementation is
not considered in the calculation of the nutrient scores.

The AHEI-P variable was square root transformed for
the analysis so the distribution of AHEI-P scores would
better approximate a normal distribution. However, all
values reported in the manuscript have been transformed
back to the original AHEI-P scale. The AHEI-P component
scores were not normally distributed and even after trans-
forming the scores, regression diagnostics revealed that the
distributions violated assumptions of linear regression.
Additionally, the skewed distributions of the component
scores prevented us from analyzing tertiles or quartiles.
Therefore, we created binary component score variables
that indicated if an individual had a high or low component
score, where the variable was coded O if the component
score for the individual was less than the median compo-
nent score among the food secure women in the sample,
and 1 if the component score was greater than the median
component score among the food secure women in the
sample. Women who had the median score were not
included in the component score analyses.

Age (<20, >20 and <30, >30), education level (high
school diploma or less, any college experience), household
income (FPL < 100, >100 and <200, >200 and <300 %),
and race/ethnicity (Hispanic, Non-Hispanic White & Other
Race, Non-Hispanic Black) were considered a priori to be
included as confounders. Additionally, nativity (born in the
US, foreign born), and marital status (married or living
with a partner or spouse, divorced/separated/single/wid-
owed) were added as confounders because they were sig-
nificantly associated with overall diet quality and
household food security (p < 0.20). Household size (<3
people, >4 people), current health insurance coverage
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(insured, uninsured), and trimester of pregnancy (first,
second, third), were not significantly associated with
overall diet quality and household food security (p < 0.20)
and were excluded from all models. The association
between the day/s of the week the 24 h recall/s were taken
(1-2 weekdays, 1-2 weekend days, and 1 weekday and
1 weekend day) and overall diet quality was tested to
determine if adjusting for the day/s of the week the recall/s
were collected would improve precision. However, the
day/s of the week the recall/s were collected was not
associated with overall diet quality (p < 0.20) and there-
fore was not included in any model.

Design-based F' tests and multivariate linear regressions
were used to examine the covariate relationships with food
insecurity and AHEI-P scores. Multivariate linear regres-
sion was used to estimate the adjusted relationship between
household food security status and total AHEI-P score.
Models were adjusted for race/ethnicity, age, household
income, education, nativity, and marital status. Adjusted
logistic regressions were implemented to describe the
relationship between household food security and each
AHEI-P component score. A Wald test was implemented to
assess effect modification of the household food security
and overall diet quality relationship by WIC participation;
a cutoff of p < 0.20 was implemented. A category for each
covariate was created for women who had missing infor-
mation; this was done to preserve sample size. Random
effect models were implemented to identify the proportion
of the total variance due to between-person variability for
all dietary estimates. All standard deviations reported
reflect the between-person variability in the estimates;
within-person variation due to having multiple recalls has
been partitioned out. Complex dietary and survey weights
were applied according to NHANES protocol to preserve
the representativeness of the sample, and therefore survey
commands were used throughout the analysis [28]. STATA
(version 12.0, StataCorp, College Station, TX, USA) was
used for all statistical analysis. Participants were treated
ethically in accordance with NHANES protocol, which was
approved by The National Center for Health Statistics
Research Ethics Review Board [27].

Results

Among the 1158 pregnant women from NHANES
1999-2008, 12 % lived in food insecure households and
9 % lived in marginally food secure households.

All other results refer to the analytic sample of women
with complete dietary information and with household
incomes <300 % of the FPL, where 19 % lived in food
insecure households and 14 % lived in a marginally food
secure household. On average, pregnant women were
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Table 1 Characteristics of pregnant women with household incomes <300 % of the Federal Poverty Level by household food security status in
the National Health and Nutrition Examination Survey, 1999-1908 (n = 688)

Characteristic Total population Food secure Marginally food secure p value*
100 % (n = 688) 68 % (n = 420) and food insecure
% (n) % (n) 32 % (n = 268)
% (n)

Age 0.34
<20 17 (153) 17 (93) 15 (60)
>20 and <30 60 (373) 58 (228) 66 (145)
>30 23 (162) 25 (99) 19 (63)

Educational level 0.08
High school grad or lower 57 (475) 52 (263) 67 (212)

Any college experience 43 (211) 48 (155) 33 (56)
Missing” <12 <12 0

Race/ethnicity 0.02%
Hispanic 28 (307) 23 (148) 35 (62)

Non-Hispanic White and other race 48 (244) 54 (182) 38 (159)
Non-Hispanic Black 25 (137) 24 (90) 27 (47)

Health insurance 0.82
Insured 79 (518) 79 (335) 78 (183)

Uninsured 21 (169) 21 (84) 22 (85)
Missing <1 (1) <1 (1) 0

Household size 0.31
1-3 people 46 (271) 43 (171) 51 (100)

4 or more people 55 (417) 57 (249) 49 (168)

Household poverty income ratio <0.001%#%*%*
0 <100 % 35 (291) 26 (142) 52 (149)

100 < 200 % 34 (246) 34 (150) 35 (96)
200 < 300 % 31 (151) 40 (128) 13 (23)

Marital status 0.06
Married/living with a partner 63 (445) 65 (269) 59 (176)
Divorced/separated/single/widowed 33 (221) 30 (136) 40 (85)

Missing 4 (22) 5 (15) 2 (7)

Nativity 0.12
Born in the United States 74 (450) 77 (301) 68 (149)

Foreign born 26 (238) 23 (119) 32 (119)

Trimester 0.95
1st trimester 23 (122) 24 (69) 20 (53)
2nd trimester 29 (241) 29 (150) 29 (91)
3rd trimester 28 (213) 28 (129) 29 (84)

Missing 20 (112) 20 (72) 21 (40)

WIC participation® 0.90

WIC participant 25 (234) 21 (126) 33 (108)
Income eligible non-participant 27 (181) 23 (98) 36 (83)
Income ineligible 25 (127) 31 (103) 11 (24)

Missing 24 (146) 25 (93) 20 (53)

Day/s of the week recall/s were collected 0.94
1-2 weekdays 58 (358) 59 (224) 58 (134)

1-2 weekend days 13 (132) 13 (84) 28 (86)
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Table 1 continued

Characteristic Total population

100 % (n = 688)

Food secure
68 % (n = 420)

Marginally food secure p value®

and food insecure

% (n) % (n) 32 % (n = 268)
% (n)
1 weekday and 1 weekend day 28 (198) 29 (112) 14 (48)

Unweighted n’s and weighted percentages

* Design based f-tests were used to measure the bivariate associations between food insecurity and all categorical variables, where linear
regressions were used to measure the bivariate association between food insecurity and all continuous variables. p values were generated from
these statistical tests and reflect the probability that the observed relationships between food insecurity and the variables are due to chance.

* p < 0.05; #* p < 0.001

® Missing values were not considered in calculating p values

¢ WIC refers to the Special Supplemental Nutrition Program for Women, Infants, and Children

25.6 & 5.6 years of age, and 43 % had some education
beyond high school (Table 1). The sample was racially and
ethnically diverse; approximately 28 % were Latinas, 25 %
were non-Hispanic Black, and 48 % were either non-His-
panic White or of another racial group. Seventy-four per-
cent of women were born in the United States.

The mean AHEI-P score was 41.9 &+ 11.7, which is
slightly greater than half of the maximum score of 80. Of
the different AHEI-P components, pregnant women scored
highest in the “Polyunsaturated to saturated fat ratio”
component, and the specific nutrient components; calcium,
folate, and iron (Table 2). Pregnant women scored the
lowest in the “Fruit” and “Vegetable” components.

The association between household food security status
and overall diet quality was not statistically significant
(Table 3). However, living in a food insecure household
compared to a food secure household was associated with a
2.3 (1.3, 4.1) greater odds of having a calcium component
score greater than the median intake of calcium scores
among food secure women in the sample. All other asso-
ciations between household food security and AHEI-P
component scores were not statistically significant.

We did not observe significant effect modification of the
household food insecurity and overall diet quality rela-
tionship by WIC participation in the subgroup analysis
(p < 0.20).

Conclusions for Practice

Among all pregnant women, 12 % lived in a food insecure
household and 9 % lived in a marginally food secure
household during the 10-year period. This level of house-
hold food insecurity is consistent with the national preva-
lence, which roughly averaged 11 % from 1999 to 2008
[29]. Among pregnant women with household incomes
<300 % of the FPL, a full third experienced some level of
household food insecurity. Past cohort studies have
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consistently reported prevalence estimates >15 %
[24, 3, 17, 4], however their estimates reflect the proportion
of women who experience food insecurity at any time
during their pregnancy, and therefore are collected retro-
spectively. In contrast, this study took a sample of pregnant
women across different trimesters and asked them about
their food security status in the past 12 months. Therefore
it is possible that some of the women who reported full
food security in this sample may experience food insecurity
in the remaining duration of their pregnancy, and similarly,
it is possible that women in our study reported episodes of
food insecurity that occurred in the months leading up to
their pregnancy. Although the different methods for mea-
suring household food insecurity during pregnancy may
answer slightly different questions, the takeaways from our
estimate are clear; the national prevalence estimate of
12 % implies household food security status does not
improve during pregnancy, and household food insecurity
is affecting hundreds of thousands of pregnant women in
the United States every year [9].

The mean AHEI-P score of this sample of pregnant
women with household incomes <300 % of the FPL was
41.9 £+ 11.7, which is substantially lower than what has
been observed in comparable dietary indices of higher-in-
come groups [33, 35]. Rifas-Sherman et al. [33] conducted
an analysis of 1777 English speaking pregnant women
from Massachusetts with higher average incomes and
found, after excluding the trans-fat category for compar-
ison, women had an average AHEI-P score of 52.3. The
greater score of the higher-income sample was most largely
accounted for by their better scores in the “fruits” and
“vegetables” components, which were both more than 2
points higher on average than what was observed in this
sample. The study also found 5 point changes in AHEI-P to
be significantly associated with lower blood glucose and
slightly lower odds of preeclampsia. Additional studies
using AHEI-P and other dietary indices during pregnancy
have found lower quality diets to be associated with lower
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Table 2 Alternate Healthy Eating Index for Pregnancy component scores for women with household incomes <300 % of the Federal Poverty
Level in the National Health and Nutrition Examination Survey, 1999-2008 (n = 688)

Component scores Criterion for Criterion for Median Median score Median score of Mean
minimum maximum score of food secure food insecure score =+ SD
score of 0 score of 10 (n = 420) (n = 268)
Vegetables (servings/day) 0 >5 1.3 1.5 1.0 22 +28
Fruit (servings/day) 0 >4 0 0.6 0 2.8 £38
Ratio of white to red meat 0 >4 5.0 5.0 5.0 50+ 38
Fiber (g/day) 0 >25 5.6 5.6 5.7 59 +27
Polyunsaturated to saturated fat ratio <0.1 >1 5.8 5.8 59 6.2 +26
Calcium (mg/day) 0 >1200 8.2 7.7 9.1 74 +28
Folate (g/day) 0 >600 55 5.9 5.2 62 +3.7
Iron (mg/day) 0 >27 5.7 5.7 5.7 6.1 £2.6
Total score - - 41.2 40.9 42.6 419 £ 11.7

SD standard deviation

Intakes between the minimum and maximum levels are scored proportionately [33]

birth weights and lengths, and greater insulin resistance
[14, 35]. Our finding of low diet quality scores in a sample
of lower-income pregnant women is consistent with past
research [40, 12]. Given the importance of diet quality
during pregnancy, the gap in diet quality between low- and
high-income pregnant women remains a pressing concern.

Finding that food insecurity was not associated with
overall diet quality among pregnant women was not
expected. Research has found that household food insecu-
rity is associated with poorer diet quality among seniors
[36], women of childbearing age [38, 19], and to a lesser
extent, children [31]. When no association is found
between household food insecurity and diet quality among
children, it is often attributed to a household buffering
effect, where older household members reduce their intakes
to protect children from having to alter their intakes [26].
Given pregnant women are typically viewed as a vulnera-
ble population;[10] it is possible that a similar buffering
mechanism is adapted by a household when a member
becomes pregnant. However this phenomenon was not
analyzed in this study and has not been largely studied in
pregnant women.

The finding that household food insecurity was posi-
tively associated with calcium intake was unexpected but
important, as adequate calcium intake is needed in preg-
nancy to meet maternal and fetal bone requirements and
has been associated with lower risks of preterm delivery,
preeclampsia and other poor health outcomes [25, 15, 39].
Post hoc analyses indicated there was no significant effect
modification by WIC participation in the household food
insecurity and calcium relationship; the relationship
between household food insecurity status and calcium
intake did not vary significantly among those participating
in WIC and eligible non-participants (data not shown).

Women from food insecure households may rely more
heavily on inexpensive calcium rich foods and calcium
fortified juice drinks compared to women from food secure
households. For example, women in food insecure house-
holds may consume more inexpensive mixed dishes (e.g.,
pizza, pasta dishes, macaroni and cheese, burritos, tacos,
and tamales) which share dairy as a common ingredient,
and significantly contribute to the calcium intake in the
American diet [16]. However, more studies are needed to
reproduce and explore this novel finding.

NHANES is a cross-sectional study, which prevents
determining causality. Food security status was assessed in
a 12 month time frame, but diet quality was not concur-
rently assessed over this same time frame, limiting our
ability to determine whether diet quality was assessed at a
time of food shortage or food anxiety. Although the 24 h
recall is an effective tool for gathering dietary information,
misreporting can be an issue with any self-reported dietary
measure [32]. Women varied in the number of 24 h recalls
they completed, and the recalls were collected on different
days, at different times of the month, and in different
months. These differences in diet quality assessment may
introduce variability into the diet quality measures as
people consume different foods on different days and in
different months [41]. This variability may influence the
precision, but not the accuracy of our estimates [37]. WIC
participation is often underreported when using self-report
data which may result in some misclassification of partic-
ipation [21]. Additionally, although a woman may be
income-eligible for WIC, it is a requirement of the program
to have some nutritional risk to participate, and such a risk
was not measured in this study [42]. Participation in the
Supplemental Nutrition Assistance Program may also
impact the relationship between household food insecurity
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1.2 (0.7, 2.0)

Iron
OR (95 % CI) OR (95 % CI)

Folate
0.6 (0.3, 1.3)

2.3 (1.3, 4.1y

y Level in the National Health and Nutrition Examination
OR (95 % CI)

Polyunsaturated to  Calcium

saturated fat ratio
1.0 (0.5, 1.9)

1.1 (0.5, 1.9)

<300 % of the Federal Povert

Survey, 1999-2008 (n = 688)

Ratio of white Fiber
1.3 (0.7, 2.5)

to red meat
OR® (95 % CI) OR (95 % CI) OR (95 % CI) OR (95 % CI) OR (95 % CI)

0.6 (0.3, 1.2)

Fruit

Vegetables

Adjusted total
B (95 % CI)

AHEI-P

B (95 % CI)*

Crude total
AHEI-P

> 0dds ratios represent the odds of having an AHEI-P component score greater than the median component score of food secure women in the sample, comparing those from food secure

households to those from food insecure households

household food security status and having above or below the median AHEI-P component score of the food secure women in the sample. All models except the crude model were adjusted for
** p value <0.01

Linear regression was applied to analyze the association between household food security status and total AHEI-P score and logistic regression was used to analyze the association between
age, education, race/ethnicity, income, marital status, and nativity

# Coefficients represent the change in total AHEI-P associated with a change in household food security status from food secure to food insecure

Table 3 Associations between household food insecurity and Alternate Healthy Eating Index
for Pregnancy (AHEI-P) total and component scores among women with household incomes

Food insecure 0.7 (=2.5, 3.0) 0.3 (=2.8,3.4) 0.7 (0.4, 1.4)

Food secure

and diet quality, however we did not feel confident
assessing effect modification by SNAP participation
because few women participated in SNAP in this sample.
Finally, having more detailed information on the number of
adults and children in the household may have reduced
unmeasured confounding. Strengths of this study include
the national representativeness of the data and the infor-
mation on potential confounders and effect modifiers,
including nativity, marital status, and WIC participation.

In a nationally representative sample of pregnant
women, only 80 % lived in a fully food secure household.
Among women with household incomes <300 % of the
FPL, the average overall diet quality score reflects a need
for improvement. Our study showed that food insecurity
was not associated with overall diet quality among preg-
nant women with household incomes <300 % of the FPL
in NHANES 1999-2008. Future research is needed to
determine why the positive association between household
food security and overall diet quality does not persist into
pregnancy. As a substantial proportion of lower-income
women are subject to household food insecurity during
pregnancy and have diets of poor quality, a better under-
standing of the relationship between household food inse-
curity and overall diet quality is critical for improving
population health of mothers and infants.
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