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Abstract

Obijective: Limited evidence demonstrates pathways linking food insecurity (FI) to chronic
disease. Allostatic load (AL) may elucidate potential pathways, capturing both primary
(neuroendocrine, inflammation) and secondary (metabolic, cardiovascular) physiological
disturbances. We examined the longitudinal association of FI with 5-year AL and primary and
secondary subsystem dysregulation and tested moderation by Supplemental Nutrition Assistance
Program (SNAP) participation.

Methods: We analyzed data from the longitudinal Boston Puerto Rican Health Study among 733
adults aged 45 to 75 years. Participants categorized as food insecure (assessed by US survey
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module) experienced FI at baseline and/or year 5. AL score comprised 11 biological components
(5 primary, 6 secondary). We classified participants as having high scores for AL (=6 dysregulated
components), primary system (=3), and secondary system (=4). Multivariate models estimated
odds ratios (OR), adjusting for baseline AL, sociodemographic, cultural, and behavioral
characteristics.

Results: By study end, 33.8% had experienced Fl, 65.5% had participated in SNAP, and 37.5%
had high AL. In adjusted models, FI was not associated with AL (OR [95% confidence intervals]
=1.07 [0.70-1.64]) or secondary system (0.82 [0.48-1.40]) scores, but was associated with high
primary system scores (1.71 [1.25-2.36]). SNAP participation seemed to moderate the Fl-primary
system relationship (p = .06); food-insecure participants never receiving SNAP (mean (SE) = 2.06
(0.14)) had higher scores than food-secure participants receiving (1.72 (0.06], p=.02) or never
receiving SNAP (1.64 (0.10), p = .01) and food-insecure participants receiving SNAP (1.80 (0.07),
p=.08).

Conclusions: Fl is associated with dysregulated components of the primary AL system, and this
relationship may be stronger for those not receiving SNAP. Research is needed in additional
populations to test AL as a plausible pathway connecting FI to chronic disease and SNAP as a
moderator.
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INTRODUCTION

Food insecurity (FI), or lack of persistent access to sufficient, healthy, and safe food (1),
affects 13% of US households, yet low-income and ethnic minority populations experience
FI disproportionally (2). FI risk is tightly linked to socioeconomic status, but individuals and
households deficient in social support, physical capabilities, adequate food environments, or
food management skills are also at risk (3). Older adults and low-income minority
populations often encounter many of these vulnerabilities concurrently (4-7). Furthermore,
potential consequences associated with FI, including poor mental health (8,9), chronic
disease (10,11), and related risk factors (10,12,13), are also prevalent among older, minority
adults (14,15).

Reducing FI may simultaneously contribute to reducing health disparities, especially in
chronic disease. However, pathways linking FI to chronic disease have not been fully
elucidated. Previous research with resource-poor families demonstrates that chronic
economic hardships prompt households to make trade-offs between food security, necessary
expenses, and health (16,17). As a result, these difficult choices increase stress, anxiety, and
depression among adults heading the households (18,19). Framing FI as a stressor in the
context of lower socioeconomic conditions (8,11,20) provides a potential biological pathway
by which FI may influence chronic disease (11). Allostatic load (AL), or the cumulative
physiological wear-and-tear on multiple bodily systems in response to multiple or repeated
stressors (21), may serve as a potential mechanism for understanding this relationship
between FI and chronic disease. Elevated AL shares similar risk factors with Fl, including
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lower socioeconomic status (20-22) and minority race/ethnicity (22,23), and AL provides a
whole-system approach to understanding health, in that the overload of coping with a
stressor (e.g., FI) may manifest itself differently in various physiological systems (24,25).

Puerto Ricans living in the United States have documented socioeconomic (26,27) and
health disadvantages (26—31). Previous research among older, minority participants from the
longitudinal Boston Puerto Rican Health Study (BPRHS) reported that 12.1% were food
insecure (30), 59% lived below the income-to-poverty ratio (29), and 58% had high AL (32).
Separate analyses also found that among those with diabetes, 25% were food insecure (33).
Studies in this cohort also document deleterious relationships between Fl and intake of
plant-based foods (33), cognitive function (30), and cognitive decline (31). In addition,
higher AL scores were significantly associated with higher odds of abdominal obesity,
diabetes, hypertension, self-reported cardiovascular disease, and arthritis (32). This cohort
provides a unique opportunity to test the possible cumulative and longitudinal influence of
Fl on AL in an at-risk group and proposes a potential pathway in which Fl is related to
chronic disease. ldentifying upstream (i.e., neuroendocrine and inflammatory) and
downstream (i.e., metabolic and cardiovascular) factors contributing to elevated AL will help
inform efforts to reduce racial/ethnic and socioeconomic health disparities.

We hypothesized that Fl is a stressor that would trigger subsequent higher AL (at 5-year
follow-up) primarily through mediating neuroendocrine and inflammatory biomarkers, given
their shorter response time, among Puerto Rican older adults, independently from other
socioeconomic, behavioral, and stress factors. Secondly, we tested two different moderators,
diet quality, and participation in the Supplemental Nutrition Assistance Program (SNAP), on
the relationship between FI and AL, because FI and diet quality may function independently
and in concert to influence AL (34,35) and because participation in SNAP is associated with
reduced psychological distress (36) and FI (37,38). A conceptual framework, based on the
Fl-chronic disease framework developed by Laraia et al. (2013) (11), demonstrates the
hypothesized relationship between FI and AL (Figure 1), with neuroendocrine and
inflammatory disturbances mediating metabolic and cardiovascular disturbances.

METHODS

Study Design and Data Collection

We analyzed data from the BPRHS, a longitudinal cohort study on psychosocial stress, AL,
nutrition, and health outcomes. Visits occurred at three time points (baseline, 2-year, and 5-
year) from 2004 to 2015. Recruitment and data collection methods are published in detail
elsewhere (29). Eligible participants were self-identified Puerto Rican adults, aged 45 to 75
years, and able to respond to questions in either English or Spanish. Participant recruitment
occurred in the Greater Boston area by door-to-door enumeration and through community
outreach strategies. Participants consented to participation in writing. Trained, bilingual
interviewers administered questionnaires and performed anthropometric and blood pressure
measurements in the participant’s home, in duplicate, at the time of the interview. The
average of the blood pressure readings was used as the final value. Questionnaires included
demographics, language-based acculturation, FI, food assistance program participation,
dietary intake, self-reported medically diagnosed conditions, medication use, perceived
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stress, physical activity, smoking, and alcohol use. Participants provided a 12-hour fasting
blood sample and 12-hour urine collection. Blood samples were analyzed for plasma lipids
(including high-density lipoprotein-cholesterol (HDL-C) and total cholesterol), C-reactive
protein (CRP), glycated hemoglobin (HbA1c), and dehydroepiandrosterone sulfate (DHEA-
S). Urine collections were analyzed for epinephrine, norepinephrine, and cortisol.
Coefficients of variations for all biochemistry measures are listed in the Supplementary
Table, Supplemental Digital Content 1, http://links.lww.com/PSYMED/A499. The
institutional review boards at Tufts Medical Center and at Northeastern University approved
the study.

Food Security—We used the United States Department of Agriculture 10-item adult food
security survey module to assess food security, for the past 12 months, of the respondent and
other adult household members. The 12-month scale was previously found to be reliable
(range = 0.86-0.93) using Spearman- Brown split-half, Rulon’s split-half, and Cronbach’s a
reliability estimates (39). The adult module is appropriate for an older adult population as,
compared with the 18-item household module, the 10-item adult module reduces participant
burden, provides comparisons across households with and without children and does not
directly assess child food security, a sensitive topic. Affirmative responses are summed to
create a food security score that corresponds with one of the following four categories of
food security among adults: high, marginal, low, and very low (40). To maximize sample
size, and following previous studies assessing FI and health outcomes (12), high and
marginal food security were combined into a single food-secure category (score = 0-2), and
low and very low food security were collapsed into a single food-insecure category (score =
3-10). The module was administered at baseline and 5-year follow-up, each time assessing
FI1 for the past 12 months. Because Fl is episodic (41), an individual may experience FI at
one measurement point but not at another. To ensure correct categorization that captures the
influence offood-secure versus food-insecure experiences on AL, we created a dichotomous
variable to classify participants as having never experienced FI or as having experienced Fl
at least once.

Allostatic Load—The outcome variable was a composite score of AL at 5-year follow-up,
calculated from 11 biological components representing five different physiological systems.
For the primary system (neuroendocrine and inflammatory), components included serum
DHEA-S and urinary cortisol (hypothalamus-pituitary-adrenal (HPA) axis), urinary
epinephrine and norepinephrine (sympathetic nervous system [SNS]), and serum CRP
(inflammation). For the secondary system (metabolic and cardiovascular), components
included waist circumference and HbAlc (metabolic), blood pressure, HDL-C, and total
cholesterol (cardiovascular). Each component had a clinically defined cutoff point, except
for primary system markers, for which previously defined quartile and high-risk cutoffs were
used (32,42-45). Cutoffs were the following: DHEA-S (=589.5 ng/ml for men and >368.5
pg/ml for women), cortisol (=41.5 pg/g creatine for men and =49.5 pg/g creatine for
women), epinephrine (=2.8 pg/g creatine for men and =3.6 ug/g creatine for women),
norepinephrine (=30.5 pg/g creatine for men and >46.9 pg/g creatine for women), CRP (>3
mg/L), waist circumference (>102 cm for men and >88 cm for women), HbAlc (>7%),
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systolic blood pressure (>140 mm Hg), diastolic blood pressure (>90 mm Hg), total
cholesterol (=240 mg/dl), and HDL-C (<40 mg/dl). A point was assigned for each
component exceeding the cutoff point. For components within normal range but only in the
presence of medication use for diabetes, hypertension, hyperlipidemia, or testosterone, a
point was assigned for the respective parameter, to account for healthy values artificially
maintained. Points were summed across the 11 systems to calculate the composite AL score,
with scores ranging from 0 to 11. AL is reported as a dichotomous variable, with high AL
(=6 dysregulated components) based on the uppermost category of parameters associated
with chronic disease (32). An additional high AL category was assessed (=4 dysregulated
components) based on the population median and documented associations with dietary
patterns (42), but no significant differences were found by FI. Because AL reflects
cumulative dysregulation and the 5-year study timeline may be a narrow window of
exposure to follow-up, we evaluated the two AL subsystems (primary neuroendocrine and
inflammatory biomarkers versus secondary cardiometabolic responses). Dichotomous
variables were also defined for high primary system (=3 dysregulated components) and
secondary system (=4 dysregulated components) scores. Significant (v < .01) age- and sex-
adjusted Pearson correlation coefficients for individual AL biomarkers included the
following: DHEA-S and cortisol (= 0.11), cortisol and epinephrine (r=0.22), cortisol and
norepinephrine (r= 0.20), epinephrine and norepinephrine (r= 0.32), epinephrine and waist
circumference (r=-0.10), epinephrine and HbAlc (r=-0.11), CRP and waist
circumference (r=0.24), CRP and HbAlc (r=0.19), CRP and HDL-C (r= -0.16), waist
circumference and HbAlc (r= 0.19), waist circumference and HDL-C (r=-0.12), waist
circumference and total cholesterol (r=-0.15), HbAlc and systolic blood pressure (r=
0.12), HbAlc and HDL-C (r=-0.16), systolic blood pressure and diastolic blood pressure (-
=0.58), and HDL-C and total cholesterol (= 0.35).

Covariates—Demographic data included age, sex, household income, household
composition, and employment status. Income-to-poverty ratio was calculated by dividing
total household income from all sources by the household’s appropriate federal poverty
threshold, a measure of need that accounts for minimum food costs, household size and
composition, and the age of the household head (46). For language-based acculturation, a
modified 17- item questionnaire assessed use of English (versus Spanish) language during
different daily activities, where higher scores indicated greater language acculturation (more
use of English) (47,48). The Perceived Stress Scale (PSS) measured the level at which
participants regarded their lives as stressful (49). Higher scores are indicative of higher
perceived stress. Dietary assessment was conducted using a semiquantitative food-frequency
questionnaire adapted and validated for this population (50). A Healthy Eating Index-2005
(HEI-2005) score was defined as a 12-component measure of overall diet quality relative to
the Dietary Guidelines for Americans, with overall scores ranging from 0 to 100, and high
scores indicative ofbet- ter diet quality (51). A modified Paffenbarger questionnaire was
used to assess physical activity. A physical activity score was defined as the sum of hours
spent in typical activities for a 24-hour period, multiplied by appropriate weighting factors
associated with activity intensity/oxygen consumption (52). Season of the interview was
categorized as winter, spring, summer, or fall. Participants were asked about receiving food
assistance from SNAP. To capture SNAP participation across time, a dichotomous variable
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categorized participants as having received SNAP at any point during one of the three study
visits (ever versus never received SNAP).

Statistical Analysis

RESULTS

A total of 952 participants had complete food security data at baseline and at 5-year follow-
up. Of these, 543 had complete AL data at all three time points, and 188 had complete AL
data at baseline and 2-year but not 5-year follow-up. The 188 participants with incomplete
data at year 5 were missing only a few component measures: blood pressure (7= 12), waist
circumference (n= 83), cholesterol (n=56), HbAlc (n = 62), cortisol (r7=59), epinephrine
(n=62), norepinephrine (n=56), DHEA-S (n=65), and CRP (/7= 65). Thus, we imputed
missing year 5 values for AL using the R package multivariate imputation by chained
equations with fully conditional specification (53). Multivariate imputation by chained
equation techniques only uses information related to data missingness and not associations
between variables (54) yet produces more precise estimates because it yields a larger sample
size (55). The final analysis included a total of733 participants. Participants not included in
the analysis had been in the US longer and had higher language acculturation, lower
secondary AL system scores, and lower HEI-2005 scores (see Supplementary Table,
Supplemental Digital Content 2, http://links.lww.com/PSYMED/A500).

Bivariate analyses, using ¢tests for continuous variables and x 2 (or Fisher exact test when
appropriate) for categorical variables, were conducted to determine differences in baseline
characteristics by food security status and by low versus high AL category (baseline and 5-
year). Multilevel logistic regression models were used to test the association of experiencing
FI one or more times with odds of high AL, primary AL system, and secondary AL system
score at year 5. Model 1 adjusted for time increments between visits. Model 2 adjusted for
time, baseline AL (or primary or secondary AL), and the baseline characteristics of age, sex,
income-to-poverty ratio, employment status, language acculturation, HEI-2005 score,
physical activity score, smoking status, season of interview, and PSS. Because we
hypothesized that participation in SNAP would play a protective role in the relationship
between Fl and AL, model 4 included an interaction of FI with the SNAP variable. We also
tested an interaction between FI and HEI-2005, similar to a previous analysis among those
with diabetes in the cohort with HbA1c as the outcome (33). Models with the interaction
term used continuous AL scores for ease of interpretation. Analyses were conducted in SAS
v9.4 (SAS Institute Inc, Cary, NC) with significance levels set at p < .05 for main effects and
p <.l for interaction terms.

Sample Description

Among the final analytical sample, 33.8% (/7= 248) ofparticipants were classified as food
insecure (experiencing FI at least once in the 12 months preceding baseline or year 5
assessments) and 65.5% (/7= 480) had received SNAP at least once, 16.2% (7= 119) had
never received SNAP, and 18.3% (/7= 134) had missing SNAP data. Approximately one-
quarter (25.8%, n= 189) of participants were classified as food insecure at baseline. Food-
insecure participants were younger and more likely to be female, unemployed, current
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smokers, and to receive SNAP, relative to food-secure participants. They also had lower
incomes relative to the poverty thresholds and lower secondary AL scores, but higher mean
PSS (Table 1). Participants with high AL (=6) at baseline (27.7%) were older and more
likely to be male, to have been born in the US and to have a lower mean physical activity
score (Table 2). Participants with high AL at year 5 (37.5%) had similar characteristics to
those at baseline, except that there was no difference by sex or place of birth (Table 2).
Statistically significant unadjusted correlations between the food security score as a
continuous variable and each AL parameter at baseline, as well as the change in each AL
parameter from baseline to 5-year follow-up, included baseline systolic blood pressure (r=
-0.11, p=.002) and change in norepinephrine (r=—0.07, p=.048) (see Supplementary
Table, Supplemental Digital Content 3, http://links.lww.com/PSYMED/A501).

Multilevel Mixed Models

F1 was not significantly associated with having high total AL (=6 dysregulated components)
at 5-year follow-up, in unadjusted or adjusted models (Table 3). FI was significantly
associated with having three or more dysregulated primary AL system components in the
model, adjusting for confounders (odds ratio [OR] [95% confidence intervals {CIs}] = 1.71
(1.25-2.36)). For individual AL components, FI was significantly associated with higher 5-
year cortisol (p=.02) and waist circumference (p=.02) and lower 5-year systolic (p=.02)
and diastolic (p=.03) blood pressure; no other individual AL markers were significantly
different by FI status (see Supplementary Table, Supplemental Digital Content 4, http://
links.lww.com/PSYMED/A502).

Interaction Between Fl and SNAP in Relation to AL Status

The interaction between FI and SNAP receipt on the association with AL primary system
scores was statistically significant at p<.1 (p=.06). The FI-SNAP interactions for total AL
(p=.28) and AL secondary system (p = .98) scores were not statistically significant. Being
food insecure and never receiving SNAP (mean (SE) = 2.06 (0.14)) was associated with
higher primary system AL scores compared with being food secure and never receiving
SNAP (1.64 (0.10),p = .01), being food secure and receiving SNAP (1.72 (0.06), p=.02), or
being food insecure and receiving SNAP (1.80 (0.07), p=.08) (Figure 2). No other groups
differed significantly. For individual AL components, interactions were significantat p< .1
for epinephrine (p=.03) and systolic blood pressure (p=.099), but not for other individual
AL markers (see Supplementary Table, Supplemental Digital Content 5, http://
links.lww.com/PSYMED/A503). Epinephrine was significantly lower among food-secure
participants never receiving SNAP than all other groups. Systolic blood pressure was
significantly lower among food-insecure participants receiving SNAP than all other groups.

Interaction Between FI and HEI-2005 in Relation to AL Status

The interaction between FI and baseline HEI-2005 score was associated with total AL scores
(o =.09), but not with AL primary system (p=.13) or AL secondary system (p = .25)
scores. Compared with food-secure participants, each one-unit increase in HEI-2005 score
was associated with 0.02 increase in total AL score among food-insecure participants.

Psychosom Med. Author manuscript; available in PMC 2019 January 13.


http://links.lww.com/PSYMED/A501/
http://links.lww.com/PSYMED/A502
http://links.lww.com/PSYMED/A502
http://links.lww.com/PSYMED/A503
http://links.lww.com/PSYMED/A503

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McClain et al. Page 8

DISCUSSION

Our findings indicate that FI is associated with dysregulated components of the primary AL
systems, and the association may be stronger for those experiencing FI and not participating
in SNAP. Primary AL scores for both food-secure and food-insecure participants receiving
SNAP did not differ from the least vulnerable group, food-secure participants not receiving
SNAP. FI was not associated with dysregulation of overall or secondary AL systems in this
sample of Puerto Rican older adults.

Several studies have found associations between FI and dysregulation of secondary AL
system markers or presence of clinical disease, including hypertension (12,56), low HDL
(13), high low- density lipoprotein cholesterol (12), high HbAlc (12), and obesity in women
(57,58). However, these analyses did not test potential pathways for dysregulation of overall
secondary systems. We did not detect a significant association between FI and dysregulation
of components in secondary AL systems, likely due to testing this pathway in an older adult
population with existing chronic disease and disability at baseline (29,30,32), or to a short
follow-up window between measurement of exposure and outcome. Our documented inverse
relationship between FI and blood pressure may also be indicative of an older adult
population, as previous studies demonstrating that a relationship between FI and
hypertension primarily included adults older than 65 years (12,56). The significant
relationship between FI and waist circumference is supported by previous findings linking
FI1 to obesity, although these studies were with young adult women (57,58), and mean waist
circumference for our participants was high, overall. More recent studies have demonstrated
dysregulation of components of the primary AL system by documenting cross-sectional
relationships between FI and inflammation (59,60), a relationship we did not find in our
sample, although potential mechanisms in this pathway are not refined. Gowda et al. (59)
posited that FI reduces adequate nutrient intake, compromising the body’s ability to cope
with infection, increasing risk of inflammation, and subsequently making individuals more
susceptible to chronic disease. That study documented partial mediation of the FI-CRP
relationship by high white blood cell count, an immune response to infection (59), but it did
not test adiposity (60) or diet (61) as potential mediators or moderators, emphasizing the
need for additional research addressing the pathways connecting FI with inflammation. Our
findings suggest that FI1 may be additionally associated with dysregulation of HPA axis and
SNS markers, particularly through cortisol. Previous studies have documented an association
between financial stress and cortisol (62,63), but using FI as the exposure is novel,
highlighting the need for future research on FI and neuroendocrine markers.

The stress response and its impact on chronic disease are particularly salient in the context
of FI, because FI may simultaneously produce a stress response (34,35,64) and poorly
influence diet (33,65). Whether poor dietary choices are a response to perceived stress from
being food insecure, limited availability of nutrient-dense foods, or some combination of the
two is not well understood. Repeated, prolonged stress can dysregulate the HPA axis
(20,24), one potential pathway through the HPA axis linking FI to chronic disease
development (66). A second potential pathway, with the HPA axis as a mediator, assumes
that poor food choices are a way to cope with the stress of FI. Both cross-sectional and
longitudinal studies document an association between FI and disordered eating behaviors,
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mostly in women (65,67). Cortisol triggers the brain’s reward system under chronic stress
and increases the desirability for highly palatable foods, high in energy, fat, and sugar, to
assuage the stressor (34,64). Consumption of comfort foods may, in turn, promote visceral
fat accumulation (35). However, households at risk of Fl already have limited healthy food
choices (18,68), potentially exacerbating this stress response within the context of a nutrient-
poor food environment (69). We found that diet quality moderated the relationship between
food security status and total AL scores but in the opposite direction than expected, with
higher HEI-2005 scores among food-insecure participants associated with higher AL.
Previous studies consistently found that food-insecure adults had lower intakes of fruit,
vegetables, dairy, and some micronutrients (70), but less consistently supported the
hypotheses that FI facilitates intake of highly palatable, energy-dense foods (11,70,71). Our
findings suggest a nuanced relationship between FI and diet quality that may be better
captured by accounting for the dynamic relationship between FI and diet quality and
observing changes in specific diet quality components. Future studies in other populations
should also consider other measures of diet quality and assessing diet quality as a potential
mediator.

Our findings on the possible protective role of SNAP receipt against dysregulation of
components of the primary AL system by FI add to a small evidence base connecting SNAP
receipt to protective health outcomes. These studies showed that associations between FI and
glucose control in adults with type 2 diabetes (72) and BMI in women (9,73) may have been
mitigated by SNAP receipt and adequate SNAP benefit amount (9). Elucidating the role of
SNAP in the relationship between FI and health is problematic because SNAP participants
may be inherently different from eligible nonparticipants, potentially attributing to the
differences we documented by SNAP receipt in our study. Likewise, cross-sectional analyses
limit causal conclusions, particularly because those most at risk of Fl are the ones more
likely to (self-select) participate in SNAP (37). SNAP participation may also facilitate
negative implications due to the stigma of receiving benefits or to the process of
transitioning into the program versus uninterrupted participation (74). Because of our small
sample size, we were unable to test moderation by continuity of SNAP receipt.

There are several notable strengths to this study. First, to the best of our knowledge, this
analysis is the first to test the relationship between FI and AL, a potential pathway to
understand the relationship between FI and chronic disease (11) and to recognize the role of
mediating systems in disease development. Second, the longitudinal design of the study
allowed us to model changes at both the individual (participant) and group (food secure
versus food insecure) levels, providing sequential evidence of the relationship between FI
and AL. We also tested our hypotheses in a vulnerable older population, serving as a model
for population groups with similar disparities. This cohort had high AL at baseline, which
may weaken the influence of FI compared with a sample with lower initial levels of
dysregulation. Nonetheless, this would suggest that starting with a population that has lower
AL at the outset may provide stronger associations between FI and AL than the ones we
report. Results from these analyses warrant attention to the role FI may play in health
disparities and how food assistance programs such as SNAP can potentially contribute to
alleviating disparities. Notably, we defined AL components with standardized clinical
cutoffs, allowing for crosscomparison with other studies, and with medication use that
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captured artificially regulated parameters. Lastly, we controlled for important
socioeconomic, life-style, and psychosocial confounders, all measured with validated tools,
to ensure that we made adequate inferences, although residual confounding is always
possible.

Our study included some limitations. Although the United States Department of Agriculture
food security module is the standard instrument for monitoring national FI trends (2,40), FI
can be difficult to separate from the trade-offs that resource-poor households make with the
expenses of other basic needs (16-18). However, stress and anxiety co-exist with chronic
economic hardship, resulting in trade-offs to maintain food security and cover necessary
expenses (18,19). The documented association in primary systems could be an acute stress
response, although we observed stable values in AL biomarkers at all three time points.
Longer exposure periods may be needed to detect changes in the secondary system. Finally,
we did not account for early life FI experiences that may influence later life risk factors and
disease development (75). However, AL serves as a predisease warning sign and way to
document pathways for disease onset and progression and to identify contributing factors,
such as FI, to target.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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AL allostatic load

BPRHS Boston Puerto Rican Health Study
CRP C-reactive protein

DHEA-S dehydroepiandrosterone sulfate

FI food insecurity

HbAlc glycated hemoglobin

HEI- 2005 Healthy Eating Index-2005
HDL-C high-density lipoprotein-cholesterol
HPA hypothalamus-pituitary-adrenal
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PSS Perceived Stress Scale
SNAP Supplemental Nutrition Assistance Program
SNS sympathetic nervous system
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CONCLUSIONS AND IMPLICATIONS

Our findings support considering FI as a stressor that may be associated with
dysregulation of components of the primary AL system but that may be moderated by
SNAP participation. Additional studies with at-risk populations are warranted to further
develop our understanding of AL as a potential pathway linking FI to chronic disease, as
well as the potential moderating role of SNAP, and moderating or mediating role of
dietary quality. Future studies should also assess FI occurrences and severity in earlier
life stages to assess influence on AL later in life, while also considering other early life
stressors and adverse events that may confound this relationship. A more comprehensive
consideration of FI coping strategies is also needed to understand how FI’s impact on
health can be mitigated. In addition to formal coping strategies, such as SNAP receipt,
future studies should consider community-based food assistance programs, food and
resource management skills, and social networks (4,5). Although the relationship
between low socioeconomic status and poor health outcomes is widely recognized (76),
our findings reiterate the importance of identifying specific social determinants of
psychobiological health in the context of poverty and marginalization.
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h 4

Conceptual model of potential pathways through which FI is associated with AL (adapted
with permission from Laraia et al., 2013) (11). Primary markers include neuroendocrine and
inflammatory disturbances, and secondary markers include metabolic and cardiovascular

disturbances. The model is not inclusive of all possible AL biomarkers or systems, because
AL is not defined consistently.
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T T,
a, b, c
II |

Allostatic load  Primary AL system Secondary AL

Adjusted mean of dysregulated
parameters

system
® Food secure-No SNAP 2 Food Insecure-No SNAP
Food secure-SNAP - Food Insecure-SNAP

FIGURE 2.
Adjusted means (SE) for the moderation of the SNAP? on the association of FIP and AL

score,® and primary and secondary AL system scores at year 5. Models adjusted for time
between waves/visits, baseline age, sex, and baseline income-to-poverty ratio, being
employed, language-based acculturation, Healthy Eating Index score, physical activity score,
smoking status, season of interview, perceived stress score, SNAP participation, and the
interaction between experiencing FI and ever participating in SNAP. Overall interaction p=.
06. @ Receipt of the SNAP defined as having reported receiving SNAP at least once at
baseline, 2-year, or 5-year follow- ups. °PFI was defined as reporting FI at least once at either
baseline or 5-year follow-up using the United States Department of Agriculture 10-item
adult food security survey module. AL score was defined as a composite score from 11
biological components representing different physiological systems. For the primary AL
system, these components included serum DHEA-S and urinary cortisol (HPA axis), urinary
epinephrine and norepinephrine (sympathetic nervous system), and serum C-reactive protein
(inflammation). For the secondary system, components included waist circumference and
glycated hemoglobin (metabolic), and blood pressure, HDL-C, and total cholesterol
(cardiovascular). Total AL score was a total score of both primary and secondary system
dysregulation. Clinical cutoffs and medication usage were included in the definition.
agjgnificantly different (p < .05) from food secure - no SNAP. PSignificantly different (p< .
05) from food secure - SNAP. CSignificantly different (p<.10) from food insecure — SNAP.
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TABLE 3.

OR (95% CI) of Having Dysregulated AL or Primary or Secondary AL System at Year 5 for Food-Insecure,
Compared with Food-Secure Participants

Model 12 Model 2b

Food Insecure Food Insecure

OR(95% Cl)  OR (95% Cl)
1.07 (0.70-1.64)  1.13 (0.73-1.74)

High AL (26)°

High primary AL system (237 170(1:25-231)  1.71.(1.25-2.36)

High secondary AL system (s4)° 082 (048-140) 093 (0.54-1.62)

AL = allostatic load; OR = odds ratio; Cl = confidence interval.
aModeI 1: adjusted for time between waves/visits.

bModeI 2: adjusted for model 1 plus sex and baseline age, income-to-poverty ratio, being employed, language-based acculturation, HEI-2005,
physical activity score, smoking status, season of interview, and perceived stress score.

DHigh AL defined as >6 greater dysregulated systems. Low AL, the comparison group, defined as <6 dysregulated systems. Definition included
clinical cutofs and medication usage.

dHigh primary AL system defined as =3 dysregulated components. Low primary AL system defined as <3 dysregulated components.

61High secondary AL system defined as >4 dysregulated components. Low secondary AL system defined as <4 dysregulated components.
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