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ABSTRACT

Background: Household food insecurity (HFI) is a stressor that is associated with type 2 diabetes (T2D). However,
little is known about HFI and the insulin resistance (IR) underlying T2D, and the mechanisms involved.

Objective: \We examined the cross-sectional association between HFI and IR among low-income Latinos with T2D and
tested whether inflammation and stress hormones mediated this association.

Methods: HFI was measured with the 6-item US Household Food Security Survey module. IR was calculated from
fasting plasma blood glucose and serum insulin. Inflammation was indicated by high-sensitivity C-reactive protein
(hsCRP), and stress hormones included urinary cortisol, metanephrine, and normetanephrine. To test for an indirect
effect of HFl on homeostasis model assessment of IR, a parallel multiple mediation model was run with biological
markers that significantly differed between food security status—entered as mediators in the model. We used 95%
bias-corrected bootstrap Cls, with 10,000 bootstrap samples, to assess the significance of the indirect effects.
Results: The 121 participants with T2D were primarily Puerto Rican (85.8%), aged mean = 60.7 y, and 74 % were female.
Eighty-two (68%) were classified as food insecure. Compared with food-secure individuals, food-insecure individuals had
a significantly higher IR [mean difference (A) = 721, P=0.001], insulin (A = 9.7 P=0.019), glucose (A =41, P < 0.001),
hsCRP (A = 0.8, P=0.008), cortisol (A =21, P= 0.045), and total cholesterol (A = 29, P=0.004). Groups did not differ
on other lipids, metanephrine, normetanephrine, or Alc. The mediation model showed a significant direct effect of HFI
on hsCRP (P=0.020) and on cortisol (P=0.011). There was a direct effect of cortisol (P = 0.013), hsCRP (P= 0.044), and
HFI on IR (P = 0.015). The total combined indirect effect of HFI through cortisol and hsCRP indicated partial mediation.
Conclusions: Among Latinos with T2D, HFI is associated with IR partially through inflammation and stress hormones.
Interventions to ameliorate HFI and mitigate its effects on inflammation, stress, and IR are warranted. This trial was
registered at clinicaltrials.gov as NCT01578096. J Nutr 2019;149:982-988.
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Introduction

Food insecurity is the limited or uncertain availability of
nutritionally adequate and safe foods or the limited or uncertain
ability to acquire such foods in socially acceptable ways (that
is, without resorting to emergency food supplies, scavenging,
stealing, or other coping strategies) (1). In 2017, 15 million
people in the United States lived in food-insecure households
(2) and the rates were higher for Latinos (18%) than for
white non-Hispanic households (8.8%) (2). Several studies have
demonstrated an association between household food insecurity

(HFI) and the spectrum of metabolic disorders: from overweight
and obesity (3, 4) to metabolic syndrome (5) and overt type
2 diabetes (T2D) (6), all of which disproportionately affect
Latinos (7-11). Rates of T2D are 12.1% among Hispanics
compared with 7.4% for non-Hispanic whites (12).

T2D is a disorder characterized by progressive insulin
resistance (IR) and B-cell loss resulting in hyperglycemia (13).
Recent data have demonstrated that among individuals with
extant diabetes, HFI is related to greater hyperglycemia, i.e.,
poorer glycemic control (14, 15). However, glycemic control
is an aggregated indicator reflecting the net combination of
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various disease management factors including access to medical
care and culturally appropriate diabetes education, quality of
the prescribed diabetes regimen, affordability of therapeutic
medications, and the patient’s own diabetes self-management
behaviors. Alternatively, IR is the underlying hallmark of T2D
and is a more strictly biological indicator of T2D progression
that is relatively less confounded by diabetes treatment.

Food insecurity may affect IR through various putative
biological mechanisms (16, 17) that have not been elucidated.
First, HFI is associated with dietary-related adiposity, including
central adiposity (18). Second, HFI is a psychosocial stressor
(19). Circulating stress hormones may contribute to the patho-
genesis of IR. Cortisol, for example, is a glucocorticoid, a stress
hormone regulated by the hypothalamic—pituitary—adrenal axis.
It directs fat deposits viscerally, thereby increasing central
adiposity and IR (20, 21). Metanephrine and normetanephrine
are metabolites of epinephrine (adrenaline) and norepinephrine,
which are catecholamines. They are stress hormones produced
by the adrenal gland that promote gluconeogenesis and hepatic
glucose release (22). Third, food insecurity may be associated
with systemic inflammation through associated psychosocial
stress (23), adiposity (24), or a proinflammatory diet (235).
High-sensitivity C-reactive protein (hsCRP) is an inflammatory
marker associated with IR (26).

To test the association and putative mediators between
HFI and IR, we leveraged baseline data from the CALMS-D
(Community health educators Assisting Latinos Manage Stress
and Diabetes) randomized controlled trial (27-29) that studied
Latinos with T2D. We hypothesized that 1) HFI would be
associated with IR and 2) stress hormones, hsCRP, and central
adiposity would partially mediate this association.

Methods

Setting and sample

Data were drawn from a parent study, CALMS-D. CALMS-D was
approved by the Institutional Review Boards of all institutions involved
(29).

Participants were Hartford residents, age >18 y, Latino or Hispanic,
Spanish-speaking, ambulatory, with T2D for >6 mo, and with a most
recent past year glycated hemoglobin (HbA1c) score >8.0. Participants
were excluded for major medical conditions; and uncontrolled, or recent
changes to the treatment of, psychiatric disorders, as described in detail
elsewhere (29, 30).

Procedures

As previously reported (19, 29), participants were recruited from an
urban outpatient clinic at Hartford Hospital, serving primarily low-
income Latinos. Self-reported information was entered into REDCap
databases (31). Using standard urine collection supplies and technique,
participants collected and kept refrigerated all their urine over a
24-h period. Blood draws were performed by a community phle-
botomist in participants’ homes. Urine and blood samples were
delivered immediately to the UConn Health Center for processing and
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analysis. Participants were paid $10 for completing surveys and $10 for
the blood draw.

Measures

Descriptive demographic, socioeconomic, and clinical
characteristics.

Demographic information included age, gender, and marital status.
Socioeconomic information included income and education. Serum
blood lipids were assayed with spectrophotometry at the UConn John
Dempsey Hospital Laboratory. HbAlc was measured in the UConn
clinical laboratory using HPLC. In this laboratory, HbAlc shows the
following CVs for normal and high values: Level 1 mean = 5.51%,
CV = 3.3 based on n = 320; and Level 2 mean = 9.01%, CV = 3.2
based on 7 = 304.

Independent variable: food security status.

Food security status was assessed using the 6-item US Household Food
Security Survey module, short form (32, 33). The sum of affirmative
responses produces a scale score (0-6). Higher scores indicate greater
food insecurity. Recent evidence indicates people in households with
“marginal food security,” usually classified as food secure in the
US government’s prevalence estimates, may also face an increased
likelihood of impaired health and nutrition (34). For this reason, we
defined scores = 0 as food secure and scores >1 as food insecure, the
latter including marginal, low, and very low food security levels. In our
sample, Cronbach’s « for the food security scale was 0.89.

Dependent variable: IR.

Log-transformed HOMA-IR (logHOMA-IR) was calculated from
fasting plasma glucose and serum insulin values, according to the
method described by Matthews et al. (35). Higher HOMA-IR values
indicate higher IR. Fasting plasma glucose was analyzed at the UConn
John Dempsey Hospital Laboratory using the LXI R system by Beckman
Coulter. Fasting serum insulin was analyzed by the UConn Clinical
Research Center laboratory using a solid-phase chemiluminescent
immunometric assay using the Immulite 1000 Analyzer by Siemens
Healthcare Diagnostics. The insulin assay has a median range of
8.9 ulU/mL, sensitivity of 2 ulU/mL, intra-assay CV of 3.6%, and
interassay CV of 2.5%.

Potential mediators.

Stress  hormones. Urinary  cortisol, metanephrine, and
normetanephrine were measured from 24-h urine samples. The
UConn Clinical Research Center laboratory used kits from Alpco
Diagnostics. The cortisol assay has a normal range of 50-190 ug/24 h,
sensitivity of 2.0 ng/mL, intra-assay CV of 7.4%, and interassay CV
of 7.8%. The metanephrine assay has a normal range of <350 ug/d,
sensitivity of 13 ng/mL, intra-assay CV of 8.9%, and interassay CV of
12%. The normetanephrine assay has a normal range of <600 ug/d,
sensitivity of 23 ng/mL, intra-assay CV of 17.5%, and interassay CV
of 20.4%.

hsCRP, an acute-phase reactant that reflects acute and chronic
inflammatory processes, was analyzed by a solid-phase chemilumi-
nescent immunometric assay using the Immulite 1000 Analyzer by
Siemens Healthcare Diagnostics at the UConn Clinical Research Center
laboratory. The hsCRP assay has a normal range of <3 mg/L, sensitivity
of 0.1 mg/L, intra-assay CV of 3.3%, and interassay CV of 4.5%.

Anthropometrics. Following recommended procedures (36),
waist-to-hip ratio (WHR) was calculated as waist in centimeters
divided by hip in centimeters, measured by trained study staff to the
nearest centimeter with calibrated equipment, with tape parallel to the
floor. Waist circumference was measured at the midpoint between the
lower margin of the last palpable rib and the top of the iliac crest. Hip
circumference was measured at the widest portion of the buttocks. All
measurements were taken twice and averaged.
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Statistical analyses

An independent-samples # test was used to compare food-secure with
food-insecure groups on the biological markers. For markers showing
excessive positive skew (>2), a log transformation was performed. Any
outliers (z >3) after the transformation were removed and then the ¢
test was conducted on the log-transformed variable. This resulted in
3 participants being removed owing to excessive values on 2 cortisol
readings and 1 hsCRP reading. To test for an indirect effect of food
insecurity on HOMA-IR, a parallel multiple mediation model was
run with the relevant biological markers that significantly differed
between food-secure and -insecure participants entered as mediators
in the model. A parallel mediation model includes >1 mediator in
the model and simultaneously tests each indirect effect associated with
each mediator. Because the sampling distribution for an indirect effect
is nonnormally distributed (37), 95% bias-corrected bootstrap ClIs,
with 10,000 bootstrap samples, were used to assess the significance of
the indirect effects. Descriptive statistics were performed in IBM SPSS
Statistics for Windows, Version 24 and the mediation model was run in
Mplus version 7.3 (38). A power analysis was performed for the parent
study, the CALMS-D randomized controlled trial; however, no a priori
power analysis was conducted for the secondary data analysis reported
here (29).

Results

Of the 121 participants, 85.8% were Puerto Rican, 90 (74%)
were female, and the mean 4 SD age of all participants was
60.7 £ 11.6 y. Most (77%) had less than a high school
education, did not work (90%), lived with a partner (69%), and
had a monthly income <$1000 (66%). The sample is described
by food security status in detail elsewhere (19).

Figure 1 shows the frequency distribution of the 6-item
food security scale. Thirty-nine (32%) of the 121 participants
responded “no” to all 6 questions and were classified as food
secure. The remaining 82 (68%) responded “yes” to >1 of
the questions and were classified as food insecure. Of these,
23 (28% among those affirming the item, or 19% of the total
sample) responded yes to all 6 questions.

Table 1 shows the mean & SD for the biological markers by
food security group. Compared with food-secure individuals,
those who were food insecure had significantly higher concen-
trations of total cholesterol (P = 0.004), hsCRP (P = 0.008),
cortisol (P = 0.045), insulin (P = 0.019), and glucose
(P < 0.001), and significantly higher HOMA-IR (P = 0.001).
WHR tended to be greater in the food-insecure group than in the
food-secure group (P = 0.058), whereas they did not differ on
HbA1c or metanephrine, normetanephrine, HDL cholesterol,
LDL cholesterol, or TGs.

Frequency

0 1 2 3 4 5 6

Food Insecurity Sum Scale Score

FIGURE 1 Frequency distribution of endorsement of the 6 food
insecurity questions by Latinos with type 2 diabetes.
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Figure 2 shows the standardized path diagram of the multiple
mediation model. There was a significant direct effect of food
insecurity on cortisol (P = 0.011) and hsCRP (P = 0.020).
Further, there were direct effects of cortisol on HOMA-IR
(P = 0.013), hsCRP on HOMA-IR (P = 0.044), WHR on
HOMA-IR (P = 0.039), and food insecurity on HOMA-IR
(P = 0.015). The 95% bootstrap CI for the mediation effect
of cortisol did not contain zero (0.005, 0.103) and likewise
the 95% bootstrap CI for the mediation effect of hsCRP did
not include zero (0.001, 0.116). Thus, there was evidence for
parallel mediation. The lower limit of the 95% bootstrap CI for
the mediation effect of WHR included zero (0.000, 0.094). The
estimate of the total combined indirect effect of food insecurity
through cortisol, hsCRP, and WHR was 0.11 and smaller than
the direct effect of food insecurity (B = 0.19), which indicates
partial mediation rather than full mediation.

Discussion

The main findings from this study of Latinos with T2D are
that 1) food insecurity is associated with elevated IR, the basic
pathology that is the hallmark of T2D; 2) the association
between food insecurity and IR is partially mediated by
inflammation and stress hormones; and 3) central adiposity
may also help explain the association between HFI and IR,
although findings for WHR as a mediator were only marginally
significant.

Individuals who lived in food-insecure households in the
past year had higher IR than those who were food secure.
This finding shows an association between HFI and underlying
T2D disease progression and extends our understanding of
reports that food insecurity is tied to worse glycemic control
as measured by HbAlc (14, 15). This sample did not show
difference in Alc by food insecurity status. Our pattern of
findings, i.e., associations with IR but not Alc, underscores that
IR is less confounded by treatment than is Alc. The participants
in this study were all recruited from the same clinic that serves
low-income, inner-city Latinos, so were likely exposed to a
similar quality of diabetes treatment, which may help to explain
the lack of findings for Alc.

Various complex mechanisms might partially explain the
association between HFI and IR. Inflammation is one such
putative mechanism. Consistent with existing literature (39),
food-insecure individuals had higher hsCRP concentrations
than their food-secure counterparts. Further, this inflammatory
marker mediated the association with IR. It is well documented
that persons with T2D have elevated concentrations of
hsCRP (40). Our findings indicate that, despite their already
proinflammatory state by virtue of having T2D, individuals
with T2D experiencing food insecurity show more chronic, low-
grade inflammation.

The stress hormone cortisol was also a significant mediator
of the HFI-IR association. Cortisol reflects sympathetically
modulated hypothalamic—pituitary—adrenal axis activity. It
binds to receptors on the fat cells, liver, and pancreas, affecting
digestion and growth. Cortisol is implicated in chronic and psy-
chosocial distress. Hormones associated with stress protect the
body in the short run and promote adaptation to environmental
challenges. But chronic or repeated exposure can compromise
metabolic, cardiovascular, neural, and immunological systems
(41). Food insecurity is a powerful psychosocial stressor (42)
that interferes with other physiological functions such as sleep;
we have previously reported that this sample showed a strong



TABLE 1 Biological markers by food security status in Latinos with type 2 diabetes’

Outcome Food secure (n=39) Food insecure (n = 82) P

Urinary metanephrine, pg/d* 68.4 £+ 398 879 + 584 0.107
Urinary normetanephrine, 1g/d* 312 £ 174 372 + 209 0.190
Serum total cholesterol, mg/dL 159 + 42 188 + 53 0.004
Serum HDL cholesterol, mg/dL 425 + 100 453 4+ 128 0.318
Serum LDL cholesterol, mg/dL 90.0 £ 331 101.3 £ 31.1 0.134
TGs, mg/dL* 147 + 94 202 + 169 0.148
Serum hsCRP, mg/dL* 9.7 + 26.1 10.5 + 12.9 0.008
Urinary cortisol, ug/d 88.8 + 39.4 109.8 + 57.2 0.045
Waist-to-hip ratio 0.94 £ 0.07 0.98 £+ 0.10 0.058
Serum insulin, ulU/mL* 214 4+ 18.0 321 £ 252 0.019
Plasma glucose, mg/dL 143 + 48 184 + 61 <0.001
HOMA-IR* 82 + 107 153 £ 145 0.001
HbA1c, % 8.46 + 1.90 8.69 + 1.65 0.498

"Values are means + SD or %. *An independent-samples t test was used to compare food-secure with food-insecure groups on the

biological markers. t Test on log-transformed variable. HbA1c, glycated hemoglobin.

association between food insecurity and psychological distress
(19). Higher concentrations of cortisol have been shown to be
associated with progression of IR among Latinos (43).

Whereas our results point to cortisol as a mediating stress
hormone, no such evidence was found for metanephrine
or normetanephrine. Metanephrine and normetanephrine are
metabolites of adrenaline and noradrenaline which reflect
sympathetically modulated adrenal activity. Adrenaline and
noradrenaline primarily bind to receptors on the heart and
heart vessels increasing heart rate, force of muscle contraction,
and respiration (44), but may have relatively weaker effects on
metabolic indicators. Also, compared with cortisol, epinephrine
and norepinephrine are implicated in more acute, rather than
chronic, stress reactions.

Analyses testing our hypothesized association among HFI,
WHR, and IR yielded only marginally significant associations.
This contrasts with previous studies that have found this
association (45). One potential explanation for our marginal
findings is that we used WHR as the indicator of central
adiposity and other studies have used visceral abdominal
tissue or subcutaneous abdominal tissue. Their measures may
have been more sensitive and may also be less prone to

Cortisol
0.19* 0.20%
Food Insecurity 0.19" HOMA-IR
}A hsCRP ﬁ:
0.16 0.18°
WHR

FIGURE 2 Standardized path diagram of parallel multiple mediation
model between food insecurity and insulin resistance in Latinos with
type 2 diabetes. *P < 0.05. hsCRR high-sensitivity C-reactive protein;
WHR, waist-to-hip ratio.

measurement error than is WHR. However, they are expensive
and require sophisticated, laboratory-based imaging, making
them less well suited for community-based research (46).
Measures of adipokines could also help delineate subcutaneous
from visceral fat. Another explanation is variance sharing, i.e.,
intercorrelation, among all the mediators. Central adiposity is
associated with hsCRP, hypercortisolemia, and disruption of the
normal cortisol circadian rhythm (47, 48). Thus, it is possible
that our other mediators accounted for variance in IR that might
otherwise be explained by WHR.

The differences by food security status for total cholesterol
add to existing literature (6). Specifically, we found differences
for total cholesterol but not for specific lipid fractions. We
interpret these findings to mean that the nonsignificantly higher
LDL cholesterol (P = 0.134) and TGs (P = 0.148) in the
food-insecure group reached statistical significance only when
combined into a total lipid panel. Food-insecure individuals may
eat diets characterized by energy-dense and high-glycemic foods
(49) that promote dyslipidemia. We did not specifically test for
lipids as a mediator because of lack of theoretical justification,
but include them as another indicator of metabolic health that
varies by food security status.

Overall, our findings add to the literature supporting
the plausibility of links between food insecurity and poor
health. We advocate for incorporating these findings into the
design of equitable food and nutrition policies rooted in the
socio-ecological framework (50). Within such a framework,
resources should be redirected toward ending or decreasing
food insecurity, a powerful social determinant of health.
Until such policies are developed and implemented, efforts
to further mitigate the deleterious effects of food insecurity
on health outcomes including T2D are needed. Policies to
decrease food insecurity such as 1) modified disbursement
of Supplemental Nutrition Assistance Program benefits could
yield consequent benefits for diabetes control; 2) increasing
access to minimally processed foods (e.g., fruits, vegetables,
whole grains) holds promise through local store-based and non—
store-based (e.g., community or home gardening) venues (51);
and 3) interventions implementing food resource management
education (i.e., Cooking Matters for Adults) (52-54) may also
help to partially mitigate the negative effects of HFI (55).
Food pantries that offer affordable diabetes-appropriate foods
may improve diabetes control (56). Lastly, programs such as
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the CALMS-D intervention (29) can promote healthy stress
management skills to reduce the psychosocial distress associated
with food insecurity.

Limitations and future directions

Findings should be considered in light of study limitations. First,
we were unable to test whether diet mediates the association
between food insecurity and IR. This is a major limitation
because dietary intake is likely one of the most important
behavioral mediators between HFI and IR. For example,
individuals in food-insecure households eat fewer fruits and
vegetables (57, 58), resulting in higher consumption of highly
palatable foods and sweets (7, 59), which may contribute to
central adiposity and inflammation (60, 61). This hypothesis
will need to be tested through future studies that collect valid
data on usual dietary intakes taking into account portion sizes.

Second, we employed secondary analysis of cross-sectional
data and thus we cannot establish temporal precedence
or causality. Prospective studies would further this line of
research in 2 important ways. First, they would better describe
the temporal sequencing of HFI, metabolic perturbations,
and IR. Second, they would allow for testing mechanisms
underlying associations between HFI (and the strategies used
and extent to which respondents coped with it) and IR. Ideally,
microlongitudinal designs would be employed that would track
the temporal unfolding of food cycles of food abundance and
scarcity relative to health outcomes. It is possible that food
insecurity causes a stress response and inflammation which in
turn leads to IR, or, alternatively, food insecurity may lead
to both simultaneously. It is also possible, although perhaps
less likely, that IR is a causative factor in food insecurity via
poor health and associated low socioeconomic status. Finally,
a shared genetic predisposition to appetitive behaviors and
components of the metabolic syndrome cannot be ruled out,
especially through interactions with environmental factors such
as diet, physical activity, and stress.

The sample size was relatively small, especially for testing the
effects of WHR which ended up being marginally significant.
Studies of larger samples that carefully distinguish between vis-
ceral and subcutaneous fat would be informative. Future studies
should test additional alternative explanations for our findings.
For example, individuals from food-insecure households may
receive poorer diabetes medical management (62) and show
lower overall diabetes self-management behaviors (63, 64).

These limitations are generally outweighed by the study’s
strengths including a novel and important research question
along with the unique combination of social and biological
variables. A considerable strength is also that we focused on
a highly vulnerable and hard-to-reach clinical sample of low-
income Latinos who are often excluded from health research
owing to challenges of transportation, literacy and numeracy,
language, and mistrust.
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