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Abstract
Food insecurity has been associated with poor diet, but few studies focused on the postpartum period – an important time for women’s health.
We examined associations between food security and diet quality in postpartum women and assessed whether participation in federal food
assistance programmes modified this potential relation. Using longitudinal data, we analysed the association between food security at 3 months
postpartum and a modified Alternate Healthy Eating Index-2010 (AHEI) at 6 months postpartum (excluding alcohol). We conducted multivari-
able linear regressions examining associations between food security andAHEI.We assessed two food assistance programmes as potential effect
modifiers. The sample included 363 postpartum women from the Nurture study, located in the Southeastern USA (2013–2017). Among women,
64·4 %were Black and 45·7 % had a high school diploma or less. We found no evidence of an interaction between food security and two federal
food assistance programmes. In adjusted models, marginal, low and very low food security were not associated with AHEI. However, low
(β: −0·64; 95 % CI −1·15, −0·13; P= 0·01) and very low (β: −0·57; 95 % CI −1·02, −0·13; P= 0·01) food security were associated with greater
trans fat intake. Food security status was not associated with overall diet quality but was associated with higher trans fat (low and very low) and
more moderate alcohol (marginal) intake. Future studies should assess the consistency and generalisability of these findings.
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Approximately 11·5 % of Americans experienced food insecurity
in 2018(1). Having low household income, living in a female-
headed household, having a higher number of children and
being a racial minority have been positively associated with food
insecurity(2–4). Food insecurity – lacking consistent access to
enough food for an active, healthy life(1) – has been associated
with an array of negative health outcomes in adults, including
obesity(5–7), poor cardiometabolic health(8,9) and lower cognitive
functioning(10,11). Within a given household, family members
may experience food insecurity differentially. For example, chil-
dren may be partially shielded from food insecurity, while adults
may be more severely affected(1).

Diet quality is one possible mechanism through which food
insecurity affects health outcomes. A recent study conducted by
the US Department of Agriculture found that families in food
insecure households purchased lower quality foods than food
secure families(12). Food insecurity has been associated with
lower diet quality(13–15), although the evidence has been
mixed(16–18). The association between food insecurity and
obesity has been most consistently found among women(15,19).

Furthermore, there is evidence that this relation is especially
salient in women with children(20). In addition, maternal diet
quality is a primary determinant of child diet quality(21).
Women directly influence children’s eating patterns through
their own behaviours (i.e. modelling) and attitudes around food,
as well as feeding styles(22). Mothers’ influences on their child-
ren’s food preferences and eating patterns begin early in life –

during pregnancy and infancy(21,23). Therefore, understanding
the connection between food security and maternal diet quality
has implications not only for the health of women but also for
children.

A few studies have examined associations between food secu-
rity anddiet quality amongpregnantwomen. Laraia et al.(24) found
that food insecurity during pregnancy was positively associated
with stress, disordered eating and dietary fat intake in women
at 3 and 12 months postpartum. Nunnery et al.(25) found that
higher levels of food insecurity were associated with lower avail-
ability and intake of fresh fruits and vegetables among low-
income pregnant women from a southeast region of the USA.
Conversely, using nationally representative data from the USA,
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Gamba et al.(26) did not find a significant association between food
security and diet quality among pregnant women.

The postpartum period is an important time in a woman’s life,
duringwhich the body undergoes unique changes inmetabolism,
haemodynamics and emotional status(27). Healthy dietary patterns
have been associated with a lower risk of postpartum depression
and anxiety(28), amore favourable lipid profile(29) and a lower BMI
in the postpartum period(29). However, there is limited research
examining food security and diet quality that is focused on the
postpartum period. Glanville and Mcintyre(30) assessed diet qual-
ity among single women living in the Atlantic region of Canada
who had at least two children under the age of 14 years and found
that althoughmaternal diet quality was poor, it was not associated
with food security. In contrast, Holben and Smith(31) assessed
differences in produce intake by food security status in a sample
of women from Prince Edward Island, Canada, who had children
6 years and younger. They found that food insecure women con-
sumed fewer fruits and vegetables than food secure women.
Similarly, Yang et al.(32) found that, at 18months postpartum, food
secure women in the city of Bradford in the United Kingdom con-
sumed significantly more vegetables than food insecure women.
However, this is the only study that has examined the relation
between food security and diet quality in postpartum women
in developed countries, despite the fact that it is an important
and unique time for women(33).

Federal food assistance programmes may play a role in shap-
ing associations between food security and diet-related health in
postpartum women. The Special Supplemental Nutrition
Program for Women, Infants and Children (WIC) and the
Supplemental Nutrition Assistance Program (SNAP) are two of
the largest programmes in the USA. Both programmes provide
food assistance to low-income families to help provide access
to a higher-quality diet(34,35). As such, WIC and SNAP have the
potential to moderate a potential relation between food security
and diet quality. Both WIC(36,37) and SNAP(38,39) participation are
associated with higher food security. In addition, there is strong
evidence that participation in WIC is positively associated with
diet quality(40–42). However, the connection that SNAP has with
diet is less clear(43). Evidence is mixed, with most studies sug-
gesting that SNAP participants and income-eligible and higher-
income non-participants are similar with respect to daily ener-
getic and macronutrient intake, but that SNAP participants con-
sume more fruit but less whole grains(43–46).

We sought to examine longitudinal associations between
food security and diet quality in a racially diverse sample of post-
partum women. The secondary objective was to assess whether
participation in either WIC or SNAP modified this potential rela-
tion. We hypothesised that lower food security would be asso-
ciated with lower diet quality, and that participation in WIC or
SNAP would attenuate this association.

Methods

Study design and population

We used data from the longitudinal Nurture study (2013–2017),
an observational birth cohort of women and their infants from
the southeastern USA. Recruitment has been described in detail

elsewhere(47). In brief, researchers recruited and enrolled
women in mid- to late-pregnancy from a private prenatal clinic
and a local health department. Researchers obtained written
informed consent from each woman at recruitment during
pregnancy. Women confirmed their willingness to participate
shortly after delivery (online Supplementary Fig. S1). Women
were eligible to participate if they were 20–36 weeks gestation
with a singleton pregnancy, were at least 18 years of age, spoke
and read English, planned to keep the baby and to stay in the
area for the next 12 months. Women whose infants were born
prior to 28 weeks’ gestation, had congenital anomalies that
could affect growth and development, who had been in the
hospital for 3 or more weeks or were not able to take food
by mouth at the time of hospital discharge were excluded.
Of the 860womenwho enrolled during pregnancy, 666women
consented to participate for themselves and for their infants.
Researchers conducted home visits at 3, 6, 9 and 12 months
postpartum. Of the 381 women who completed FFQ during
the 6-month home visit, 363 had complete data on food security
at 3 months. The Nurture study was approved by the Duke
University Medical Center Institutional Review Board (Pro
00036242).

Exposure: food security at 3 months postpartum

Postpartum women completed the validated ten-item US
Department of Agriculture Adult Food Security Survey
Module(48,49) at the 3-month study visit. The ten items ask about
the food security of the postpartum women and other adults in
the household. We modified the survey to ask about food secu-
rity in the past 30 d rather than the past year because the post-
partum period is dynamic, and we wanted to differentiate food
security in the postpartum period from food security during
pregnancy. We categorised postpartum women as having
either high, marginal, low or very low food security using stan-
dard methods(48). We classified women with zero affirmative
responses as having high food security; 1–2 affirmative
responses as marginal food security; 3–5 affirmative responses
as low food security; and 6–10 affirmative responses as very
low food security.

Outcome: diet quality at 6 months postpartum

Women completed the Block FFQ(50) at 6 months postpartum.
The FFQ asked about usual food consumption in the past 3
months. The Alternate Healthy Eating Index-2010 (AHEI-2010)
is based on US dietary guidelines and scores an individual’s diet
to create a summary measure of overall diet quality(51).
Researchers at the Harvard School of Public Health developed
the AHEI-2010 as an expansion of the Healthy Eating Index to
assess not just diet quality but also chronic disease risk(51,52).
The food groups included in the score were chosen based on
the 2010 dietary guidelines and their relation to lower chronic
disease risk(51,52). The AHEI-2010 applies to the general adult
population(51,52) and is not specific to the postpartum period.
Even so, we opted to use the AHEI-2010 rather than other dietary
indices because the AHEI-2010 is predictive of chronic disease
risk(51) and mortality(53). Furthermore, previous studies with a
focus on pregnant or postpartum women used a modified
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version of the AHEI that excludes alcohol(54–56), andwe followed
this approach.We calculated the AHEI-2010 total score and com-
ponent scores(51) for all women. The modified AHEI-2010 total
score has a maximum of 100, where higher scores indicate
higher diet quality. The AHEI-2010 includes ten components,
each of which has a maximum score of 10: (1) vegetables, (2)
fruit, (3) whole grains, (4) nuts and legumes, (5) long-chain fatty
acids (DHA and EPA), (6) PUFA, (7) red and processedmeats, (8)
trans fat, (9) Na and (10) sugar-sweetened beverages. Similarly,
higher numbers in the component scores indicate a healthier
level for the specific food or nutrient.

Other variables

At study enrolment and at each home visit, women supplied
information on socio-demographic characteristics and other var-
iables. For the present analysis, we identified a priori maternal
and household characteristics that have been associated with
diet quality and food security: age, race (White, Black, other
race/multiracial), education level (high school graduate or less,
greater than high school), marital status (married, not married),
number of children in the household, total weeks of breast-feed-
ing and total daily kilocalories consumed(13,26,55–58). Women also
provided information on participation in WIC and SNAP at each
home visit. WIC and SNAP have distinct goals and women can
participate in both programmes simultaneously if they meet
the eligibility criteria for both programmes individually. We used
data onWIC and SNAP participation from the 3-month study visit
for the current analysis.

Statistical analysis

The analysis included 363 women who had complete food
security and FFQ data. We used adjusted linear regression
to examine the relation between food security and AHEI-
2010 total and component scores in separate models. First,
we assessed the connection between food security and
AHEI-2010 with all covariates (age, race, education level,
marital status, number of children in the household, total
weeks of breast-feeding, total daily calories consumed)
except indicators of participation in WIC or SNAP. Next, we
added in controls for WIC and SNAP participation to examine
whether programme participation affected results. To assess
WIC and SNAP participation as potential modifiers, we con-
ducted an overall F-test with three df. We also investigated
the robustness of our results in two sensitivity analyses.
First, we excluded eleven women who reported a total daily
intake of 500 kilocalories or less and fourteen women who
reported a total daily intake of 5000 calories or greater to
see if results differed. Second, we repeated our main analysis
while including the alcohol component in the AHEI-2010. We
also assessed whether breast-feeding status altered the rela-
tion betweenmarginal food security and alcohol consumption
by restricting the sample to breast-feeding women only, as
alcohol consumption is not recommended for breast-feeding
women. We conducted all analyses using Stata 16.1 using a
significance level of α = 0·05 (two-sided)(60).

Results

Women were predominantly Black (64·4 %), with White women
comprising 24·0 % and other race or multiple race women com-
prising 11·6 % (Table 1). Fewer than half (45·7 %) had a high
school education or less, and 60·9 % were married or living with
a partner. Mean age was 28·2 (SD 5·9) years, and women
breastfed 13·3 (SD 10·2) weeks, on average. The majority of
women (66·7 %) had high food security, although 12·1 % expe-
rienced marginal, 8·3 % experienced low and 13·0 % experi-
enced very low food security at 3 months postpartum. Almost
all women (95·8 %) reported receiving WIC and 80·8 % reported
receiving SNAP. At 6 months, women had a mean AHEI-2010
score of 41·5 (SD 11·2) (Table 2). Mean intake was 2040·1 (SD
1425·6) calories. When examining WIC and SNAP as potential
modifiers, we found no evidence of an interaction between food
security andWIC or SNAP. Therefore, we included both as cova-
riates in adjusted models.

We compared models with and without controlling for par-
ticipation in WIC and SNAP, and the results were similar. After
adjustment for potential confounders and WIC and SNAP, mar-
ginal (β: 2·42; 95 %CI−1·32, 6·15; P= 0·20), low (β=−2·43; 95 %
CI−6·60, 1·74; P= 0·25) and very low (β=−0·85; 95 % CI−4·48,
2·79; P= 0·65) food security were not associatedwith total AHEI-
2010. However, women with low (β=−0·64; 95 % CI−1·15,
−0·13; P= 0·01) and very low (β=−0·57; 95 % CI−1·02,
−0·13; P= 0·01) food security had significantly lower AHEI-
2010 trans fat component scores, compared to women with high
food security (Table 3). In our sensitivity analysis, we did not
observe any differences in results when we excluded women
who reported low (500 kilocalories or less) or high values
(5000 calories or greater) on the FFQ. Therefore, we present
results with all women included. Results of our supplementary
analysis in which we included the alcohol component in the
AHEI-2010 were qualitatively similar to our main results (online
Supplementary Table S1). Marginal food security was associated
with moderate alcohol intake (β: 1·27; 95 % CI 0·33, 2·22;
P= 0·01). When we restricted the sample to women who were
not breast-feeding at 6 months postpartum, marginal food secu-
rity was associated with a 1·77 (95 % CI0·69, 2·85; P= 0·002)
higher AHEI-2010 alcohol score, compared to women with high
food security. We did not find a significant association between
marginal food security and the alcohol component score among
women who were breast-feeding.

Discussion

In this cohort of racially diverse postpartum women from the
southeastern USA, we found that food security status was not
associated with overall diet quality in our sample of women.
Food security was, however, associated with higher trans fat
intake for women with low and very low food security.
Moreover, we did not observe an interaction between WIC
and food security or SNAP and food security. Therefore, the
effect of food security did not vary byWIC or SNAP participation
in our study. However, low variation in WIC and SNAP partici-
pation potentially hindered our capacity to identify significant
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moderation effects. This was contrary to our pre-specified
hypothesis that women experiencing food insecurity would
have lower diet quality, comparedwithwomen not experiencing
food insecurity, and that WIC and SNAP participation would
attenuate this association.

To our knowledge, no other studies have reviewed the con-
nection between food security and diet quality in postpartum
women in a high-income country setting. Even so, one study
examined food insecurity and dietary diversity among pregnant
women and lactating women in rural Malawi(61). Kang et al.(61)

found that compared with food secure lactating women, food
insecure women had significantly lower dietary diversity and

were less likely to consume meat/fish or eggs. These results
could potentially be relevant to the US context.

A higher AHEI-2010 score has been associated with a lower risk
of gestational diabetes(62,63), cancer(64) andCVD(64). Ahealthy diet in
the postpartum period has been shown to have beneficial impacts
on plasma inflammatory markers(65), glucose regulation(66) and
reaching or maintaining a healthy body weight(29,67,68) for women,
and on the body fat percentage of infants(69). Multiple studies have
found a link between food insecurity and lower diet quality in
women but not postpartum women specifically, except for one
study that examined diet quality at 18 months postpartum in a
sample of women from the city of Bradford in the United
Kingdom(13,25,32,70,71). We based our hypothesis on these prior stud-
ies. However, we focused on women in the early postpartum
period whereas other studies assessed diet quality in pregnant
women or women with older children. The postpartum period is
a time of significant physiological and emotional changes(72,73),
making it a unique stage in a woman’s life. Our sample was also
different in other aspects from prior studies. One study(25) used a
convenience sample from the southeastern USA, whereas two pre-
vious studies(13,71) used large, nationally representative samples
from the USA. Compared with national samples, a higher propor-
tion of women in the Nurture study were Black and received less
formal education(74). In addition, other studies(13,25,71) used house-
hold-level food security that included any children in the house-
hold. In contrast, because evidence suggests that adults are likely
to experience food insecurity differently than children in the same
household(1,75–77), our food security measure focused on adults in
the household. Furthermore, our analysis used longitudinal data,
whereas most previous studies(13,25,26,30,71) used cross-sectional
data. Of note is the study by Laraia et al.(24) that also used longi-
tudinal data and focused on the postpartumperiod. Although study
authors did not assess overall diet quality, they found that food inse-
curity during pregnancy was associated with a higher level of
dietary fat intake at 3 and 12 months postpartum(24).

We also found that, comparedwithwomenwho reported high
food security, women who experienced low or very low food
security had significantly lower scores on the AHEI-2010 trans
fat component, indicating that food insecure women consumed
significantly more trans fat as a percentage of total energy intake.
Similar to the present study, Mazidi and Vatanparasat(78) found
that serum trans fatty acids were higher in food insecure men
and women from the US National Health and Nutrition
Examination Survey (2009–2010). Dietary choices could explain
the connection between food insecurity and higher trans fat con-
sumption. Trans fats are produced when vegetable oils are parti-
ally hydrogenated in the food manufacturing process. Top
sources of trans fats in the American diet include packaged snack
foods, bakery products, margarines and deep-fried fast foods(79).
Substantial evidence indicates that consumption of trans fat
increases the risk of CHD, sudden death from cardiac causes,
all-cause mortality and metabolic changes that are linked with
the metabolic syndrome(79–83). Similarly, food insecurity has been
associated with increased risk of the metabolic syndrome(9) and
clinical risk factors of cardiometabolic diseases, such as hyperten-
sion, hyperlipidaemia and poor glycaemic control(84,85). Dietary
choices – such as greater intake of trans fats – may be one of

Table 1. Demographic characteristics of postpartumwomen in theNurture
study
(Mean values and standard deviations; numbers and percentages, n 363)

Maternal characteristics Mean SD

Age in years 28·2 5·9
Children in household 2·3 1·3
Weeks any breast-feeding, birth to 6 months 13·3 10·2

Percentage n
Race
White 24·0 87
Black 64·4 233
Other race/more than one race 11·6 42

Education
≤ High school 45·7 166
> High school 54·3 197

Marital status
Never married/divorced/separated 39·1 141
Married/living with partner 60·9 220

Food security status
High 66·7 242
Marginal 12·1 44
Low 8·3 30
Very low 13·0 47

Received WIC, 0–3 months postpartum
No 4·2 12
Yes 95·8 275

Received SNAP, 0–3 months postpartum
No 19·2 55
Yes 80·8 232

WIC, Special Supplemental Nutrition Program for Women, Infants and Children;
SNAP, Supplemental Nutrition Assistance Program.

Table 2. AHEI-2010 and AHEI-2010 component scores of postpartum
women in Nurture study
(Mean values and standard deviations, n 363)

Dietary outcomes Mean SD

AHEI-2010 total score 41·5 11·2
AHEI-2010 component scores
Vegetable 3·2 2·7
Fruit 3·1 2·8
Whole grains 3·3 2·7
Nuts and legumes 5·0 4·0
Long-chain fatty acids (EPA and DHA) 3·1 2·7
PUFA 7·1 1·9
Trans fat 7·6 1·3
Red and processed meats 3·1 3·3
Na 4·6 3·4
Sugar-sweetened beverages and fruit juice 1·8 2·9

AHEI-2010, Alternate Healthy Eating Index-2010.
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several potential mechanisms driving the connection between
food insecurity and cardiometabolic diseases(86,87).

Food insecuritymay contribute to lower diet quality and specifi-
cally greater intake of trans fats through multiple pathways. Food
insecurity is connected with increased stress and anxiety(4,88,89).
The physiological response to stress, namely increased cortisol
and neuropeptide Y, may promote increased consumption of
highly palatable items, such as packaged baked goods and salty
snacks(87,90). Using nationally representative data from the USA,

multiple researchers have found that food insecuritywas associated
with a lower total Healthy Eating Index score, greater intake of
added sugars, empty calories, sugar-sweetened beverages, high-
fat dairy products and salty snacks(13,91). Food insecurity has also
been associated with greater consumption of fast food(92,93).
Packaged snack foods, bakery products and fast foods are top con-
tributors of trans fats in the American diet(79).

A secondmechanism linking food insecurity and greater con-
sumption of trans fat is related to the management of scarce

Table 3. Adjusted* linear regression of the association between food security† and AHEI-2010‡ and AHEI-2010 component scores§
(β-coefficients and 95 % confidence intervals)

Without adjusting for WIC and SNAP Adjusting for WIC and SNAP

β 95% CI P β 95% CI P

AHEI-2010 total score
Marginal 1·92 −1·61, 5·46 0·29 2·42 −1·32, 6·15 0·20
Low −3·21 −7·20, 0·78 0·12 −2·43 −6·60, 1·74 0·25
Very low −1·89 −5·18, 1·40 0·26 -0·85 −4·48, 2·79 0·65

AHEI-2010 component scores
Vegetable
Marginal 0·07 −0·82, 0·97 0·87 0·04 −0·87, 0·96 0·93
Low 0·40 −0·63, 1·42 0·45 0·50 −0·52, 1·53 0·33
Very low −0·45 −1·29, 0·39 0·30 -0·44 −1·34, 0·46 0·34

Fruit
Marginal 0·17 −0·81, 1·14 0·73 0·44 −0·55, 1·43 0·38
Low −0·50 -1·62, 0·61 0·38 -0·34 −1·45, 0·76 0·54
Very low 0·03 −0·88, 0·95 0·95 0·06 −0·91, 1·03 0·90

Whole grains
Marginal 0·30 −0·46, 1·05 0·44 0·40 −0·39, 1·18 0·32
Low −0·03 −0·88, 0·82 0·94 0·16 −0·72, 1·03 0·73
Very low 0·14 −0·56, 0·84 0·70 0·16 −0·61, 0·92 0·69

Nuts and legumes
Marginal 0·87 −0·35, 2·09 0·16 0·87 −0·47, 2·20 0·20
Low −0·03 −1·41, 1·35 0·97 0·05 −1·45, 1·54 0·95
Very low −0·76 −1·90, 0·38 0·19 −0·45 −1·75, 0·85 0·49

Long-chain fatty acids
Marginal 0·47 −0·27, 1·21 0·21 0·42 −0·39, 1·22 0·31
Low 0·24 −0·60, 1·08 0·57 0·15 -0·75, 1·05 0·75
Very low 0·02 −0·67, 0·71 0·95 −0·06 −0·85, 0·72 0·87

PUFA
Marginal 0·14 −0·55, 0·83 0·69 0·13 −0·60, 0·87 0·72
Low 0·00 −0·78, 0·78 0·10 0·12 −0·70, 0·94 0·77
Very low −0·02 −0·66, 0·62 0·96 0·27 −0·44, 0·98 0·45

Trans fat
Marginal −0·14 −0·57, 0·30 0·54 0·02 −0·43, 0·48 0·92
Low −0·62 −1·11, −0·13 0·01 −0·64 −1·15, −0·13 0·01
Very low −0·63 −1·03, −0·23 0·002 −0·57 -1·02, −0·13 0·01

Red and processed meats
Marginal −0·40 −1·53, 0·72 0·48 −0·38 −1·53, 0·78 0·52
Low −1·03 −2·30, 0·24 0·11 −0·68 −1·97, 0·60 0·30
Very low −0·11 −1·15, 0·94 0·84 −0·09 −1·21, 1·04 0·88

Na
Marginal 0·70 -0·62, 2·03 0·30 0·72 −0·70, 2·15 0·32
Low −1·02 −2·48, 0·45 0·17 −1·26 −2·82, 0·30 0·11
Very low −0·27 −1·50, 0·96 0·66 −0·10 −1·49, 1·30 0·89

Sugar-sweetened beverages and fruit juice
Marginal −0·10 −1·13, 0·92 0·84 −0·14 −1·20, 0·92 0·80
Low −0·41 −1·57, 0·75 0·49 −0·32 −1·51, 0·86 0·59
Very low 0·28 −0·68, 1·25 0·56 0·58 −0·47, 1·63 0·27

AHEI-2010, Alternative Healthy Eating Index-2010; WIC, Special Supplemental Nutrition Program for Women, Infants and Children; SNAP, Supplemental Nutrition Assistance
Program.
* Models adjusted formaternal age, race, education, marital status, number of children living in the household, weeks of any breast-feeding andmean daily calories. Models presented
in the first two columns have a sample size of 330 postpartum women. Models presented in the last two columns also control for participation in WIC and SNAP and have a slighter
lower sample size of 258 postpartum women.

† Food security refers to adult food security in the household, computed from the ten-item USDA Food Security Survey Module. Food security is a categorical variable, with high food
security as the reference category.

‡. Models presented here use a modified AHEI-2010 that excludes alcohol, with the total score having a maximum of 100. Includes juice in the sweetened beverage category.
§ Component scores range from 0 to 10.
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household resources(94,95). Food insecure households may
decrease the variety and quality of the foods they purchase as
a strategy to avoid hunger(86). Highly processed, nutritionally
poor foods tend to cost less than nutritionally rich foods like fruit,
vegetables and fresh meats(96). For example, Nunnery et al.(25)

found that very low food secure pregnant women had a signifi-
cantly lower variety of fruits and vegetables available at home,
compared with fully food secure women. Lower availability
mediated lower intake of fruits and vegetables in women experi-
encing very low food security(25). In the present analysis, we did
not find evidence of a significant association between food inse-
curity and consumption of fruits, vegetables or whole grains.
Thus, although theoretical and empirical reasoning suggests sub-
stituting highly processed, less healthy foods for nutritionally rich
foods as a potential mechanism,we do not find support for this in
the overall results of our study.

The mounting evidence on the health consequences of trans
fats led the US Food and Drug Administration (FDA) in 2015 to
determine that partially hydrogenated oils were no longer
‘Generally Recognized as Safe’. The FDA prohibited food manu-
facturers from adding partially hydrogenated oils to foods after 18
June 2018. The FDA provided time for foods produced before 18
June 2018 to work their way through the food system, and estab-
lished 1 January 2020 as the final date of compliance(97). Dietary
data that we used in our analysis come from FFQ questionnaires
that women completed prior to the FDA ban. Therefore, con-
sumption of products containing trans fats likely will be higher
in our sample than in samples collected in 2020 and onward.
Even though trans fats should be removed from the American diet
as of 2020(97), it is of concern that postpartum women with low
and very low food security consumed significantly more trans fats
than women with high food security, as there is a strong link
between trans fat and cardiometabolic disease(79–81).

In addition, the results of our supplementary analysis indicate
that marginally food secure postpartum women had a signifi-
cantly higher score on the AHEI-2010 alcohol component, com-
pared to women with high food security. A higher score on the
AHEI-2010 component score indicates higher diet quality, and
the AHEI-2010 ranks consumption of 0·5–1·5 alcoholic drinks/
d with the highest score for women(51). Thus, our findings indi-
cate that marginal food security is linked with moderate alcohol
consumption. There is limited research on the relation between
food security and alcohol use. Food insecurity increased the
odds of alcohol consumption among adults in Australia(98) and
among women with children aged 7–11 years in rural South
Africa(99). In contrast, in a sample of Wisconsin adults, food inse-
curity was associatedwith heavy alcohol use amongmen but not
women(100). These studies used a binary measure of food secu-
rity and thus were unable to differentiate the connection
between alcohol intake and marginal, low and very low food
security. Our study adds to this limited body of research and indi-
cates that marginal food security is associatedwithmoderate lev-
els of alcohol consumption. Future research should examine the
relation between food security and alcohol consumption in other
samples in the USA.

The American Academy of Pediatrics recommends that
breast-feeding womenminimise alcohol consumption, with spe-
cific guidelines to wait at least 2 h between alcohol consumption

and breast-feeding(101). To assess if breast-feeding status altered
the relation between marginal food security and alcohol con-
sumption, we repeated the analysis while stratifying the sample
by breast-feeding status (online Supplementary Table S2). We
found that food security status was not associated with the
AHEI-2010 alcohol component score among breast-feeding
women, but the association between marginal food security
and the AHEI-2010 alcohol component was stronger when
examining only women who were not breast-feeding. While it
is encouraging that marginal food security was not significantly
linked with alcohol consumption among breast-feeding women,
the fact that this association is significant among non-breast-
feeding women is of concern. Alcohol consumption by mothers
of infants may create other potential risks for the infant, beyond
the possibility of alcohol passing through breast milk. If moder-
ate alcohol consumption is associated with decreased attentive-
ness and less optimal care for the infant, then even moderate
alcohol consumption could pose risks to the infant. No identified
studies have investigated this question, which warrants fur-
ther study.

Our findings have implications for clinical care in the postpar-
tum period. Food insecurity during the postpartum period can
have serious consequences for the woman and her child. A
multi-professional (e.g. obstetrician-gynaecologist, primary care
practitioner, registered dietitian) follow-up with women in the
postpartum period could providemore opportunities for women
to discuss any health or dietary concerns. Furthermore, clinicians
should be prepared to discuss food insecurity and could use the
USDA six-item food security module(102) to screen women for
food insecurity.

There are several limitations to this study. First, with any study
using self-reported intake, there is the potential for social desir-
ability bias, in which people under- or over-report intake in gen-
eral, or the consumption of specific foods in particular(103).
Misreporting consumption would bias the results towards the
null hypothesis. That is, if women, especially those with less
healthy diets, reported healthier consumption patterns that do
not accurately reflect dietary intake, there would be less oppor-
tunity to identify a significant association between food security
and diet quality. Second, Nurture women were not fully repre-
sentative of the population in the southeastern USA. The racial
composition of our sample included a higher representation
of Black women. This limits generalisability of our findings.
However, Blackwomen are underrepresented inmost US cohort
studies(104) so this study offers a unique perspective. Third, we
assessed food security of adults within the household.
Evidence suggests that women experience food insecurity to a
greater extent than other members of the household(105,106).
Thus, the level of food insecurity of the Nurture women may
be underestimated. However, we found 21·3 % of women in
our sample were food insecure (low or very low food security)
at 3 months postpartum, which is nearly twice the national aver-
age (11·5 %)(1). Next, small sample sizes of women in the differ-
ent categories of food insecurity (n< 50) potentially limited our
power to detect significant associations. Similarly, nearly all
women in our sample participated in WIC and most participated
in SNAP, which may have hindered our ability to identify signifi-
cant moderation effects. Future studies that include greater
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variability in programme participation could examine WIC and
SNAP as potential effect modifiers.

In this longitudinal study of racially diverse postpartum
women, we found that food insecurity was associated with
higher consumption of trans fats, a particularly harmful fatty acid
that is strongly connected with increased risk for cardiometa-
bolic diseases. We also found that women experiencing mar-
ginal food security consumed more moderate amounts of
alcohol. Food security, however, was not associated with overall
diet quality in this sample of women. Also contrary to our
hypothesis, we found no evidence that participation in WIC or
SNAP modified the connection between food insecurity and
overall diet quality or dietary components. Future studies should
examine these research questions in other cohorts to assess the
consistency and generalisability of our findings. Given high rates
of food insecurity in the USA and the importance of the postpar-
tum period, the role of food security on diet quality should be
further examined. Future research can explore the potential
mechanisms throughwhich food security affects chronic disease
risk and other diet-related health outcomes in women – consid-
ering the unique contribution of trans fat and alcohol.
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Diet quality in early pregnancy and its effects on fetal growth
outcomes: the infancia y medio ambiente (childhood and
environment) mother and child cohort study in Spain. Am J
Clin Nutr 91, 1659–1666.

55. Gonzalez-Nahm S, Hoyo C, Østbye T, et al. (2019)
Associations of maternal diet with infant adiposity at birth,
6 months and 12 months. BMJ Open 9(9), e030186..

56. Boghossian NS, Yeung EH, Lipsky LM, et al. (2013) Dietary
patterns in association with postpartum weight retention.
Am J Clin Nutr 97, 1338–1345.

57. Wiltheiss GA, Lovelady CA,West DG, et al. (2013) Diet quality
and weight change among overweight and obese postpartum
women enrolled in a behavioral intervention program. J Acad
Nutr Diet 113, 54–62.

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

59. Williams JF & Smith VC (2015) Committee on substance
abuse. Fetal alcohol spectrum disorders. Pediatrics 136,
e1395–e1406.

60. StataCorp. (2019) Stata Statistical Software: Release 16.
College station, TX: StataCorp.

61. Kang Y, Hurley KM, Ruel-Bergeron J, et al. (2019) Household
food insecurity is associated with low dietary diversity among
pregnant and lactating women in rural Malawi. Public Health
Nutr 22, 697–705.

510 K. M. Hudak et al.

https://doi.org/10.1017/S0007114522001143  Published online by Cam
bridge U

niversity Press

https://www.fns.usda.gov/wic/about-wic-wics-mission
https://www.fns.usda.gov/wic/about-wic-wics-mission
https://www.fns.usda.gov/sites/default/files/snap/Food-And-Nutrition-Act-2008.pdf
https://www.fns.usda.gov/sites/default/files/snap/Food-And-Nutrition-Act-2008.pdf
https://www.fns.usda.gov/sites/default/files/snap/Food-And-Nutrition-Act-2008.pdf
https://www.fns.usda.gov/snap/measuring-effect-snap-food-security
https://www.fns.usda.gov/snap/measuring-effect-snap-food-security
http://twitter.com/USDA_ERS
https://www.ers.usda.gov/media/8279/ad2012.pdf
https://www.ers.usda.gov/media/8279/ad2012.pdf
https://doi.org/10.1017/S0007114522001143


62. Zhang C, Tobias DK, Chavarro JE, et al. (2014) Adherence to
healthy lifestyle and risk of gestational diabetes mellitus: pro-
spective cohort study. BMJ 349, g5450.

63. Tobias DK, Zhang C, Chavarro J, et al. (2012) Prepregnancy
adherence to dietary patterns and lower risk of gestational dia-
betes mellitus. Am J Clin Nutr 96, 289–295.

64. Schwingshackl L & Hoffmann G (2015) Diet quality as
assessed by the healthy eating index, the alternate healthy eat-
ing index, the dietary approaches to stop hypertension score,
and health outcomes: a systematic review and meta-analysis
of cohort studies. J Acad Nutr Diet 115, 780.e5–800.e5.

65. Segovia SA, Vickers MH, Zhang XD, et al. (2015) Maternal
supplementation with conjugated linoleic acid in the setting
of diet-induced obesity normalises the inflammatory pheno-
type in mothers and reverses metabolic dysfunction and
impaired insulin sensitivity in offspring. J Nutr Biochem
26, 1448–1457.

66. Huvinen E, Koivusalo SB, Meinilä J, et al. (2018) Effects of a
lifestyle intervention during pregnancy and first postpartum
year: findings from the RADIEL study. J Clin Endocrinol
Metab 103, 1669–1677.

67. McKinley MC, Allen-Walker V, McGirr C, et al. (2018) Weight
loss after pregnancy: challenges and opportunities. Nutr Res
Rev 31, 225–238.

68. Von Ruesten A, Brantsæter AL, Haugen M, et al. (2014)
Adherence of pregnant women to Nordic dietary guidelines
in relation to postpartum weight retention: results from the
Norwegian mother and child cohort study. BMC Public
Health 14, 75.

69. Tahir M, Haapala J, Foster L, et al. (2019) Higher maternal diet
quality during pregnancy and lactation is associated with
lower infant weight-for-length, body fat percent, and fat mass
in early postnatal life. Nutrients 11, 632.

70. Johnson CM, Sharkey JR, Lackey MJ, et al. (2018) Relationship
of food insecurity to women’s dietary outcomes: a systematic
review. Nutr Rev 76, 910–928.

71. Basiotis P & Lino M (2002) Food Insufficiency and Prevalence
of Overweight among Adult Women. Alexandria, VA: USDA
Center for Nutrition.

72. Wiegers TA (2006) Adjusting to motherhood. Maternity care
assistance during the postpartum period: how to help new
mothers cope. J Neonatal Nurs 12, 163–171.

73. Agrati D & Lonstein JS (2016) Affective changes during the
postpartum period: influences of genetic and experiential fac-
tors. Horm Behav 77, 141–152.

74. U.S. Census Bureau (2020) QuickFacts: United States. https://
www.census.gov/quickfacts/fact/table/US/PST045218
(accessed April 2020).

75. Hanson KL & Connor LM (2014) Food insecurity and dietary
quality in US adults and children: a systematic review. Am J
Clin Nutr 100, 684–692.

76. Rose D & Oliveira V (1997) Nutrient intakes of individuals
from food-insufficient households in the United States. Am J
Public Health 87, 1956–1961.

77. Nord M (2013) Youth are less likely to be food insecure than
adults in the same household. J Hunger Environ Nutr 8,
146–163.

78. Mazidi M & Vatanparast H (2018) Serum trans-fatty acids level
are positively associated with lower food security among
American adults. Nutr Diabetes 8, 1–5.

79. Mozaffarian D, Katan MB, Ascherio A, et al. (2006) Trans
fatty acids and cardiovascular disease. N Engl J Med 354,
1601–1613.

80. Zhu Y, Bo Y & Liu Y (2019) Dietary total fat, fatty acids intake,
and risk of cardiovascular disease: a dose-response meta-
analysis of cohort studies. Lipids Health Dis 18, 91.

81. De Souza RJ, Mente A, Maroleanu A, et al. (2015) Intake of
saturated and trans unsaturated fatty acids and risk of all cause
mortality, cardiovascular disease, and type 2 diabetes: system-
atic review and meta-analysis of observational studies. BMJ
351, h3978.

82. Micha R & Mozaffarian D (2009) Trans fatty acids: effects on
metabolic syndrome, heart disease and diabetes. Nat Rev
Endocrinol 5, 335–344.

83. Zhang Z, Gillespie C & Yang Q (2017) Plasma trans-fatty acid
concentrations continue to be associated with metabolic syn-
drome among US adults after reductions in trans-fatty acid
intake ☆ ScienceDirect. Nutr Res 43, 51–59.

84. SeligmanHK, Laraia BA&KushelMB (2010) Food insecurity is
associated with chronic disease among low-income NHANES
participants1,2. J Nutr 140, 304–310.

85. SeligmanHK, Jacobs EA, Lopez A, et al. (2011) Food insecurity
and hypoglycemia among safety net patients with diabetes.
Arch Intern Med 171, 1204–1206.

86. Seligman HK & Schillinger D (2010) Hunger and socioeco-
nomic disparities in chronic disease. N Engl J Med 363, 6–9.

87. Laraia BA, Leak TM, Tester JM, et al. (2017) Biobehavioral fac-
tors that shape nutrition in low-income populations: a narra-
tive review. Am J Prev Med 52, S118–S126.

88. Casey P, Goolsby S, Berkowitz C, et al. (2004) Maternal
depression, changing public assistance, food security, and
child health status. Pediatrics 113, 298–304.

89. Black MM, Quigg AM, Cook J, et al. (2012) WIC participation
and attenuation of stress-related child health risks of house-
hold food insecurity and caregiver depressive symptoms.
Arch Pediatr Adolesc Med 166, 444–451.

90. Laraia BA (2013) Food insecurity and chronic disease. Adv
Nutr 4, 203–212.

91. Nguyen BT, Shuval K, Bertmann F, et al. (2015) The supple-
mental nutrition assistance program, food insecurity, dietary
quality, and obesity among U.S. adults. Am J Public Health
105, 1453–1459.

92. BrueningM, MacLehose R, Loth K, et al. (2012) Feeding a fam-
ily in a recession: food insecurity among Minnesota parents.
Am J Public Health 102, 520–526.

93. Burns C, Bentley R, Thornton L, et al. (2015) Associations
between the purchase of healthy and fast foods and restric-
tions to food access: a cross-sectional study in Melbourne,
Australia. Public Health Nutr 18, 143–150.

94. Maxwell D, Ahiadeke C, Levin C, et al. (1999) Alternative food-
security indicators: revisiting the frequency and severity of
“coping strategies.” Food Policy 24, 411–429.

95. Leroy JL, RuelM, Frongillo EA, et al. (2015)Measuring the food
access dimension of food security: a critical review and map-
ping of indicators a critical review and mapping of indicators.
Food Nutr Bull 36, 167–195.

96. Darmon N & Drewnowski A (2015) Contribution of food
prices and diet cost to socioeconomic disparities in diet quality
and health: a systematic review and analysis. Nutr Rev 73,
643–660.

97. US Food and Drug Administration. (2018) Trans Fat.
https://www.fda.gov/food/food-additives-petitions/trans-
fat (accessed February 2020).

98. Drakoulidou P, Drayton B, Shepherd L, et al. (2020)
Sociodemographic factors associated with food insecurity:
data from the 2003–2014 New South Wales population health
survey. Public Health Nutr 23(11), 1–11.

99. Rochat TJ, Houle B, Stein A, et al. (2019) Maternal alcohol use
and children’s emotional and cognitive outcomes in rural
South Africa. S Afr Med J 109, 526.

100. Bergmans RS, Coughlin L, Wilson T, et al. (2019) Cross-sec-
tional associations of food insecurity with smoking cigarettes

Food security and diet in postpartum women 511

https://doi.org/10.1017/S0007114522001143  Published online by Cam
bridge U

niversity Press

https://www.census.gov/quickfacts/fact/table/US/PST045218
https://www.census.gov/quickfacts/fact/table/US/PST045218
https://www.fda.gov/food/food-additives-petitions/trans-fat
https://www.fda.gov/food/food-additives-petitions/trans-fat
https://doi.org/10.1017/S0007114522001143


and heavy alcohol use in a population-based sample of adults.
Drug Alcohol Depend 205, 107646.

101. American Academy of Pediatrics (2012) Breastfeeding and the
use of human milk. Pediatrics 129, e827–e841.

102. U.S. Department of Agriculture & Economic Research Service
(2012) U.S. Household Food Security Module: Six-Item Short
Form. https://www.ers.usda.gov/media/8282/short2012.pdf
(accessed March 2020).

103. Westerterp KR & Goris AHC (2002) Validity of the assessment
of dietary intake: problems of misreporting. Curr Opin Clin
Nutr Metab Care 5, 489–493.

104. Konkel L (2015) Racial and ethnic disparities in research stud-
ies: the challenge of creating more diverse cohorts. Environ
Health Perspect 123, A297–A302.

105. Broussard NH (2019) What explains gender differences in
food insecurity? Food Policy 83, 180–194.

106. Jung NM, De Bairros FS, Pattussi MP, et al. (2017) Gender
differences in the prevalence of household food insecurity:
a systematic review and meta-analysis. Public Health Nutr
20, 902–916.

512 K. M. Hudak et al.

https://doi.org/10.1017/S0007114522001143  Published online by Cam
bridge U

niversity Press

https://www.ers.usda.gov/media/8282/short2012.pdf
https://doi.org/10.1017/S0007114522001143

	Food security and diet quality in a racially diverse cohort of postpartum women in the USA
	Methods
	Study design and population
	Exposure: food security at 3 months postpartum
	Outcome: diet quality at 6 months postpartum
	Other variables
	Statistical analysis

	Results
	Discussion
	Financial support
	Supplementary material
	References


