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Abstract

Background—Evidence suggests both that chronic inflammation mediates the association of
food insecurity with adverse health outcomes and that diet may be a significant source of
inflammation among food insecure individuals.

Objective—To examine whether food security status is associated with dietary inflammatory
potential.

Design & Participants—Cross-sectional data came from the National Health and Nutrition
Examination Survey (NHANES), cycles 2007-2014 (n=10,630). The analysis sample is
representative of non-institutionalized United States (US) adults with an income-to-poverty ratio
<3.00.

Main Outcome—-Dietary Inflammatory Index (DII) score, calculated using the average of two
24 hour dietary recalls was the main outcome measure.

Statistical analysis—Type Il ~tests or XZ tests compared population characteristics by food
security status, defined using the US Food Security Survey Module. Multivariable linear
regression was used to estimate the association between food security status and the DII score and
moderation by demographic factors. Survey weighting procedures accounted for the effects of
stratification and clustering used in the NHANES study design.

Results—When accounting for socioeconomic status, demographic factors, and health status, DIl
score was higher at greater levels of food insecurity (p-value = 0.0033). Those with very low food
security had a 0.31 (95% CI1=0.12 to 0.49) higher DII score than those with high food security.
Age moderated the association between food security status and DIl score (interaction p-value =
0.0103), where the magnitude of the association between DII score and severity of food insecurity
was higher for those =65 years than for younger age groups.

Conclusion—Food security status may be associated with dietary inflammatory potential, which
is hypothesized to play a role in multiple chronic health conditions. Further research is needed to
determine the causal nature of this relationship and evaluate how best to implement programs
designed to address health disparities within food insecure populations.

Keywords

dietary inflammatory potential; food insecurity; social determinants of health; chronic systemic
inflammation; socioeconomic health disparities

Background

Food insecurity, defined as a lack of access to food of sufficient quality or quantity due to
financial constraints,! affects 14% of the United States (US) population.2 Food insecurity is
associated with numerous negative health outcomes among adults including a host of
complex chronic conditions such as heart disease, diabetes, hypertension, hyperlipidemia,
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and poor mental health and depression.3-> However, the underlying biological mechanisms
and pathways by which food insecurity influences health are not well understood.

Immune-inflammatory pathways represent a potential link between food insecurity and
multiple chronic diseases. Inflammation is an important element of the immune response
and necessary to protect against external pathogens and repair tissue damaged by infection
or trauma.® However, certain factors can lead to the development of systemic inflammation,
which is considered important in the development of cancer,’ cardiovascular disease,® and
type |1 diabetes.® Compelling evidence suggests that systemic inflammation may also result
in neurodegenerative and neuropsychiatric illnesses.”-1911 Thus, identifying socio-
environmental or behavioral factors such as food insecurity that contribute to the activation
of systemic inflammation and the production of inflammatory cytokines may inform novel
intervention strategies.

Multiple aspects of food insecurity have the potential to result in systemic inflammation.
The psychological stress and emotional strain associated with experiencing food insecurity
enhances the innate immune response and increases production of pro-inflammatory
cytokines.12 Additionally, food insecurity is believed to increase the risk for obesity since
nutrient-poor, calorically dense foods are often more affordable than healthier options;13
and, inflammatory markers present in adipose tissue can spread to the rest of the body.14
Furthermore, diet itself may be an important source of systemic inflammation.

Nutrients obtained through diet, such as flavonoids, zinc, and /-6 fatty acids, have anti-
inflammatory properties shown to reduce most chronic disease risk.1>-17 In addition, diets
rich in saturated fats and low in fruits and vegetables are believed to be pro-inflammatory
compared to diets with fewer saturated fats, and high in fiber rich foods including fruits and
vegetables.1819 |t is well established that food insecure individuals consume fewer fruits,
vegetables, and dairy products and have significantly lower intake of vitamins A and B6,
calcium, magnesium, and zinc.20 Despite this supporting evidence, limited research has
directly evaluated whether food insecurity is predictive of overall dietary inflammatory
potential or examined the role dietary inflammatory potential may play in mediating the
relationship between food insecurity and adverse health outcomes.

A novel strategy to quantify the total inflammatory potential of diet has been developed for
use across multiple studies of diet and health.2:22 Originally produced by Cavicchia et al.
(2009) and refined by Shivappa et al. (2014), the Dietary Inflammatory Index (DII) is
designed to estimate the degree to which diet induces or suppresses inflammatory pathways,
by leveraging dietary intake data, which attempts to provide an accurate picture of foods
regularly consumed by an individual. Hypothetically, the ideal strategy for assessing an
individual’s dietary inflammatory potential would be to determine the amount of energy and
nutrients available for metabolism from foods consumed over a long period of time.23 In
general, this is not a feasible data collection approach, especially at the scale required by
large population-based studies. Thus, the ability to estimate the inflammatory potential of
diet with widely used dietary intake tools provides an appealing alternative.22
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As described in detail by Shivappa et a/. (2014), the DII is based on a meta-analysis of 1,943
articles that assessed the impact of whole foods, nutrients, and bioactive compounds on
inflammatory markers, specifically interleukin(IL)-1p, IL-4, IL-6, IL-10, tumor necrosis
factor a, and C-reactive protein (CRP). Eligible articles were weighted based on study
design, and food parameters were assigned an inflammatory effect score based on whether
associations with biomarkers were pro- or anti-inflammatory. A negative inflammatory
effect score means that a food parameter is considered anti-inflammatory (e.qg. fiber,
polyunsaturated fatty acids), and a positive inflammatory effect score means that a food
parameter is considered pro-inflammatory (e.g. saturated fat, total kilocalories). Likewise, an
individual’s total DIl score can range from negative values, indicating an overall anti-
inflammatory diet, to positive values, indicating an overall pro-inflammatory diet. The
association between DII score and circulating levels of inflammatory markers, CRP and
IL-6, has been validated in previous population-based studies, including the National Health
and Nutrition Examination Survey (NHANES).24-27

The use of the DIl differs from nutritional epidemiology studies that assess single nutrients
in isolation, which are unable to consider complex interactions between foods that may
impact inflammation differently.28 The DII approach also differs from methods examining
dietary patterns (e.g. Mediterranean diet, Western diet), which group individuals based on
consumption of certain foods in combination but are not characterized by their potential to
influence underlying biological mechanisms.2% DIl score has previously been associated
with circulating levels of pro-inflammatory biomarkers,24:30 depression and other measures
of mental health,31-35 cardiovascular disease and metabolic conditions,36-38 and multiple
cancers.39-41

This study examines whether food security status is associated with DIl score within a large
representative sample of lower-income US adults. This study also investigates whether this
association is moderated by important demographic characteristics: marital status, sex, and
age group. Evidence indicates that the experience of food insecurity differs by demographic
factors. For example, a socioeconomically disadvantaged single-mother that is food insecure
may be likely to decrease her consumption of food or go without in order to provide for her
children*2 and, therefore, may be more likely to consume calorically-dense, nutrient poor
foods with a higher inflammatory potential in order to feel satiated. Alternatively, a higher
prevalence of functional impairment among food insecure elderly persons contributes to
poorer food utilization (e.g. poorer nutritional status and difficulty obtaining food assistance)
compared to other age groups.*3 Thus, it is reasonable to hypothesize that disparate access to
various resources across demographic groups may moderate the association of food security
status with dietary inflammatory potential.

Materials and Methods

Data

Data for this study came from the National Health and Nutrition Examination Survey
(NHANES) 2007 to 2014 cross-sectional samples, collected in two-year cycles. These were
the most recent cycles that had released the variables of interest included in this study.
Approval for NHANES and data collection was provided by the National Center for Health
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Statistics Research Ethics Review Board. Secondary analysis of NHANES data was
determined to be exempt from institutional review board by the University of Wisconsin-
Madison Health Sciences Institutional Review Board. NHANES included two components:
an in-home interview and a health examination. Signed consent for both was obtained from
all participants during the in-home interview.** A complex, multistage probability sampling
design was used to select samples representative of the US population. Analyses for this
study were limited to adults aged 20 years and older, since this is the age restriction set by
NHANES for its study participants to receive questionnaires specific to adults. The sample
was also limited to those with an income-to-poverty ratio <3.00. The income-to-poverty ratio
reflects the ratio of an individual’s household income to the federal poverty level; this level
is set by the federal government each year and is considered the minimum household income
required to cover basic living expenses in the US, adjusted for household size. Those that
have an income-to-poverty level <1.00 are considered to live in poverty.#> Finally, the
sample was restricted to those with non-missing information for variables of interest.

Dietary Inflammatory Index (DI1) Score —DII score was calculated using previously
published methods and reference values for global mean consumption and standard
deviations described by Shivappa et a/22 In brief, DIl score was determined using an
average of the NHANES dietary intake data from two 24-hour dietary recalls. The first
dietary recall was collected in person during the medical examination and the second was
collected via telephone 3 to 10 days later. These data were used to calculate average
individual consumption values for the following DIl food parameters: total energy (kcal);
carbohydrates (g); fat (g); protein (g); alcohol (g); caffeine (mg); fiber (g); cholesterol (mg);
total saturated, monounsaturated, and polyunsaturated fatty acids (g); 7-3 and /-6
polyunsaturated fatty acids (g); niacin (mg); riboflavin (mg); thiamin (mg); vitamins A (ug),
B6 (mg), B12 (ug), C (mg), D (ug), E (mg); p-carotene (Lg); iron (mg); magnesium (mg);
selenium (pg); zinc (mg); and folate (ug).

Each individual consumption value was then subtracted from previously published global
mean daily consumption estimates and this difference was divided by the global standard
deviation for each food parameter to create a standardized Z-score. Next, these Z-scores
were converted to percentiles and centered by doubling their value then subtracting 1 in
order to minimize the effect of right skewing. The centered-percentile of each food
parameter was then multiplied by the respective inflammatory effect score, also reported by
Shivappa et a/.22 Finally, all of the individual food parameter DII scores were summed to
create the ‘overall DIl score’ for an individual. In addition to the continuous DII score,
individuals were assigned to DII quintiles. Weighted quintiles of the overall DI score were
calculated using the entire NHANES adult cohort distribution with non-missing data for
each of the food parameters included in dietary recalls.

Food Security Status—In NHANES, food security status was measured at the household
level using the US Food Security Survey Module.46 This module is a questionnaire that
assesses level of food security (high, marginal, low, or very low) using a series of questions
regarding the influence of financial hardship on quantity and quality of food consumed, as
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well as mental distress due to household food supply. A 10-item questionnaire was used for
households without children less than 18 years of age. For households with children, an 18-
item questionnaire that incorporates additional questions specific to child food security was
used. Affirmative answers to questionnaire items were summed to categorize households,
where a score of 0 indicates high food security, a score of 1-2 indicates marginal food
security, a score of 3-5 for households without children or a score of 3—7 for households
with children indicates low food security, and a score of 6-10 for households without
children or a score of 8-18 for households with children indicates very low food security.

When evaluating interactions between food security status and demographic factors, a binary
measure of food security status (secure vs. insecure) was used to facilitate interpretation.
Those living in households with marginal to very low food security were considered food
insecure. Those living in households with high food security were considered food secure.
This binary measure of food security status is consistent with previous literature that
indicates even marginal food security is associated with worse health outcomes than high
food security.4’

Covariates—Due to the potential for confounding, a number of covariates were
considered. Demographic covariates included age group (20 to <40, 40 to <65, 65 and
older), race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, other or multi-
racial), sex (male, female), educational status (<high school, high school graduate or
equivalent, some college, college graduate and above), and marital status (married or living
with partner; never married; widowed, separated, or divorced). Socioeconomic covariates
included employment status (working, not working and not looking for work, not working
and looking for work), health insurance status (private, subsidized, uninsured), and income-
to-poverty ratio. In addition, using a conservative approach, perceived health status
(excellent or very good; good; poor or fair) was also considered due to its potential for
confounding. Self-report health status is consistently associated with mortality*® and may be
an indicator of health behaviors including dietary consumption. Furthermore, chronic
conditions that contribute to poorer health status can be economically burdensome and are
hypothesized to have a bidirectional association with food insecurity.*®

Statistical Analysis

All analyses were conducted using SAS® software, version 9.4.°0 SAS® software survey
design procedures accounted for the effects of stratification and clustering used in the
NHANES study design. Six-year sampling weights were calculated by multiplying the
sampling weights provided by NHANES for two-year cycles by one-third. Applying
sampling weights accounted for (a) unequal probabilities of selection across NHANES
participants, (b) non-response specific to dietary recalls 1 and 2, and (c) the proportion of
weekend-weekday combinations of dietary recalls 1 and 2 across individuals since
proportionally more exams occur on weekend days than on weekdays.

Type |11 Fests or 2 tests compared sample characteristics by food security status.
Univariate linear regression was used to determine the distribution of consumption for each
food parameter included in the DIl (mean, 95% confidence intervals) by food security status.
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Next, a series of multivariate linear regression models were used to determine the
association between food security status and DIl score. Model 1 accounts for demographic
characteristics; Model 2 accounts for all covariates in Model 1 plus a number of
socioeconomic factors, and; Model 3 accounts for self-reported health status in addition to
all covariates considered in Model 2. In addition, the potential of demographic
characteristics to moderate the association between food security status and DIl score was
examined. To do so, interaction terms between demographic characteristics (marital status,
sex, and age group) and the binary measure of food security status were tested separately by
adding them individually to Model 3.

Although total energy intake is endogenous to the DII, it is often used as a covariate in diet
studies to account for nutrient density.>! Therefore, the average of total kilocalories
consumed (determined using two 24-hour dietary recalls) was included so that total energy
intake did not confound associations between food security status and DII score.

Among all NHANES 2007-2014 participants, 11,072 were =20 years of age and had an
income-to-poverty ratio <3.00. Of these participants 10,630 had non-missing data for
variables of interest. Table 1 presents descriptive statistics by food security status. Those
who fared worse socioeconomically tended to be less food secure. The percent of individuals
not working but looking for work was three times as high among those with very low food
security than among those with high food security (7.8% vs. 2.6%). The percent of
uninsured individuals among those with very low food security was also higher than among
those with high food security (40.4% vs. 24.0%). Food security status did not vary by sex,
but White non-Hispanics, those =65 years of age, and married individuals were less likely to
experience food insecurity. In addition, comparing those with low food security to those with
very low food security, there were fewer but some noticeable differences. For example,
among those with low food security, 52.0% were married or living with a partner compared
to 43.9% of individuals with very low food security. Also, 35.9% of those with low food
security reported fair or poor health compared to 40.9% of individuals with very low food
security.

Table 2 provides the distribution of DIl food parameters by food security status. Differential
consumption of multiple DIl food parameters across food security status groups may
contribute to food secure individuals having a lower DIl score than food insecure
individuals. Highly food secure individuals reported a slightly higher intake of fiber, an anti-
inflammatory food parameter, and lower consumption of carbohydrates, a pro-inflammatory
food parameter, compared to all three subsequent levels of food security. Those with low or
very low food security had a lower intake of several anti-inflammatory food parameters
compared to those with greater food security. These include fiber, Vitamin A, B6, C and E,
[B-carotene, and magnesium.

Table 3 presents results for regression of DIl score on food security status. Even in fully
adjusted models, food security status was associated with DIl score (p-value = 0.0033).
Individuals with very low food security had a 0.31 (95% CI=0.12 to 0.49) higher DIl score
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than those with high food security. Across the three models tested, the association between
food security status and DIl did not vary significantly following multivariate adjustment.
Other factors were also observed to be associated with DI score in the fully adjusted model.
Older individuals, males, and those with higher education, private health insurance and
better health status had lower DII scores than other groups. In addition, compared to non-
Hispanic Whites, non-Hispanic Black individuals had a 0.19 (0.04, 0.34) higher DII score,
whereas Hispanic individuals had a 0.55 (0.34, 0.76) lower DII score (p-value < 0.0001).
Results in Table 3 remain unchanged when accounting for total energy intake (data not
shown).

When testing whether demographic factors moderate the association between the binary
measure of food security status and DIl score, interactions with marital status (interaction
term p-value = 0.16) and sex (interaction term p-value = 0.46) were not significant.
However, as presented in Figure 1, age group moderated the association between food
security status and DI score (interaction term p-value = 0.0103). The association between
food insecurity and DII score was 0.15 (-0.01 to 0.31) for those aged 20 to <45 years, 0.14
(-0.05 to 0.33) for those aged 45 to <65 years, and 0.52 (0.32 to 0.71) for those aged 65
years and older. Results of moderation by demographic factors remain unchanged when
accounting for total energy intake (data not shown).

Discussion

While food insecurity has been associated with a number of adverse health outcomes,
including poor mental health,>2 there is a need for greater evidence regarding underlying
biological mechanisms in order to ascertain the causal nature of these associations. One
hypothesis is that food insecurity may influence inflammatory pathways associated with
chronic disease due to psychosocial strain or diet quality.>3 This study is among the first to
examine whether food insecurity is associated with dietary inflammatory potential,
measured using the Dietary Inflammatory Index (DII). The DIl is a composite dietary index
that includes components associated with inflammation, and is related to a number of
negative health outcomes.31-41

Among a representative sample of lower-income US adults, those with low or very low food
security had a higher DII score than those with high food security, even after accounting for
demographic and socioeconomic factors, as well as perceived health status. This indicates
that food security status may be associated with dietary inflammatory potential.
Interestingly, results also suggest that age moderates this association. While food insecurity
was associated with a higher DII score for all age groups, DIl score was much higher for
food insecure individuals aged 65 years and older compared to younger age groups. When
looking at the distribution of DIl food parameters across food security status, it appears that
a lower consumption of fiber, Vitamin A, B6, C and E, p-carotene, and magnesium, and a
higher consumption of carbohydrates among those that have low or very low food security
may contribute to the observed associations. This is consistent with previous findings
regarding diet quality among food insecure individuals.20
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To contextualize the findings of this study, the overall magnitude of the association between
food security status and DIl score in this study is similar to that detected for occupational
status in previous work. Wirth and colleagues,>* for example, observed that day workers had
a lower mean DII score (0.86; 95% CI: 0.79 — 0.94) than those with any evening/night
shiftwork (1.01; 95% CI: 0.89 to 1.13) or rotating shifts (1.07; 95% CI: 0.92 — 1.22).

One other known study has evaluated whether indicators of systemic inflammation may be
associated with food security status. Gowda and colleagues observed that food insecurity
was associated with lower levels of serum folate, considered anti-inflammatory by the DI1.53
However, they did not find food insecurity to be associated with vitamin A or B12 levels,
considered anti- and pro-inflammatory by the DII, respectively. The previous study differs
from this current investigation; it took a single nutrient approach examining the association
between food security status and serum levels of specific micronutrients, rather than the DII
as a whole. Another important distinction is that this analysis was restricted to lower-income
individuals, whereas Gowda et a/. (2012) did not use an income cutoff. If those with an
income-to-poverty ratio >3.00 had not been excluded in this analysis, there would likely be
an even larger difference in DIl score when comparing highly food secure individuals to
those with lower food security. This is because higher-income adults tend to consume diets
of better quality than lower-income adults, as demonstrated in a previous study using
NHANES data.%®

Of note, results of this study also indicate that food insecurity may lead to a particularly high
DIl score among those aged 65 years and older. Traits that are more common among elderly
persons may contribute to food insecurity having a greater influence on diet. A higher
prevalence of functional impairment due to disability, cognitive decline, and aging is of
particular concern. The association between frailty and malnutrition is well established.>®
Functional impairment contributes to elderly persons having poorer food utilization,
including poorer nutritional status and greater difficulty obtaining food assistance, than
younger age groups.*3 Additionally, a lack of social resources, due to social isolation or less
social support or capital, may play a role. Among older persons, having fewer social
resources is associated with decreased transportation, weaker community ties, an inability to
prepare meals, and increased nutritional risk.5” It is hypothesized that these factors may limit
one’s access to healthy foods, decrease healthy eating practices, and increase consumption
of convenient, yet nutrient poor foods that lead to a diet with a higher pro-inflammatory
potential. Further research examining these mechanisms is needed.

Strengths of this study include the use of a large dataset that accommodated testing
moderation of the association between food security status and DIl score by demographic
factors. Furthermore, these data are representative of non-institutionalized lower-income US
adults and may be useful in comparisons to low income populations in other Western
countries with similar dietary behaviors. The use of the DIl to estimate the association
between food insecurity and dietary inflammatory potential may be considered both a
strength and a weakness. The DII’s ability to estimate total dietary inflammatory potential
goes beyond a single nutrient approach to investigate whether an individual’s aggregate diet
may contribute to mechanisms of chronic inflammation and subsequent associations with
adverse health. However, relying on 24-hour dietary recalls to determine habitual dietary
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intake is a weakness. Even though this study assessed dietary intake using an average of two
24-hour recalls on different days of the week, this may not capture the temporal variability
of dietary consumption. It is well established that 24-hour dietary recalls are an imperfect
measure when assessing diet; they are prone to differential underreporting across population
subgroups,8 and they are a less precise tool than daily diary records.>® While the DII
developed by Shivappa et al. 2014, includes 45 food parameters, only 28 food parameters
are available from the NHANES 24-hour dietary recalls and included in the calculation of
DIl score for this study, which is a limitation. However, the missing food parameters likely
make up a small proportion of total nutrients consumed within the sample population (e.g.
turmeric, saffron, green tea), and previous studies have validated the association between the
DIl and circulating levels of inflammatory markers even when limited by the number of food
parameters available,2° as in this study.

Limitations of this study also include the cross-sectional nature of NHANES data, which
precludes causal interpretation of results. In addition, social desirability bias may lead to
underreporting of food insecurity and subsequently result in underestimating the association
between food security status and dietary inflammatory potential. Finally, random
measurement error has the potential to decrease precision and bias results towards the null.60
The inability to account for potential unobserved confounders may upwardly bias results.

Results of this study suggest that food insecurity may be associated with dietary
inflammatory potential, which has been linked with a number of chronic diseases. Findings
further suggest that elderly persons may be especially at risk for a high dietary inflammatory
potential when struggling with food insecurity. More evidence is needed to determine
whether reducing dietary inflammatory potential among food insecure populations is a
viable strategy for addressing health disparities. While previous studies have validated the
association between the DIl and circulating levels of inflammatory markers,24-27 these
studies include only two markers of inflammation, CRP and IL-6, and are limited to
relatively homogenous populations. Moving forward, studies may consider validation of the
DIl using additional inflammatory markers, and examine whether the DI is associated with
circulating levels of the specific micronutrients it is designed to capture. Given the
differential associations observed by age, future research may consider whether DII score
among food insecure older adults is a function of worse scores across all DIl components, or
if older adults have worse scores for specific components compared to younger individuals.
To effectively address health disparities, it is important to understand the underlying
biological mechanisms by which psychosocial stressors like food insecurity influence
adverse health outcomes. Empirically-based strategies are necessary to ameliorate the
complex chronic conditions associated with food insecurity.
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Research Snapshot
Research Question
Is food security status associated with dietary inflammatory potential?
Key Findings

In this cross-sectional cohort of 10,630 adults from the United States National Health and
Nutrition Examination Survey (NHANES) 2007-2014 cycles, food security status was
associated with dietary inflammatory potential, measured using the Dietary Inflammatory
Index (DII). When accounting for socioeconomic status, demographic factors, and health
status, DIl score was higher at greater levels of food insecurity (p-value = 0.0033). Those
with very low food security had a 0.31 (95% C1=0.12 to 0.49) higher DII score than those
with high food security.
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Figure 1.
The association between food insecurity? and D11P score among lower-income€ adults and

moderation by age group¢: €

@Those that reported marginal to very low food security were considered food insecure.
Those that reported high food security were considered food secure.

bDietary Inflammatory Index

CAdults with an income-to-poverty ratio <3.00

dAdjusted for sex, race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic,
other), education (<high school, high school degree or equivalent, Associates degree or some
college, collage and above), marital status (married or living with partner; separated,
widowed, or divorced; never married), income-to-poverty ratio, employment status
(employed, not working and not looking for work, not working and looking for work), health
insurance status (private, subsidized, uninsured), and perceived health status (excellent or
very good, good, fair or poor).

€The p-value for the interaction between food insecurity and age group was 0.0103.
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