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BACKGROUND Little is known about the differing impacts of food insecurity on HbAlc by race in type 2 diabetes (T2D). Predictions around
increased food insecurity from COVID-19 exacerbating racial disparities led us to estimate its prevalence and associations with HbAlc by
race during the COVID-19 pandemic.

METHODS Data came from medical records and surveys among a clinic-based sample of T2D patients. Linear regression models estimated
associations between food insecurity and HbAlc and between change in food insecurity and change in HbAlc. Likelihood ratio tests and
examination of stratum-specific estimates assessed effect modification by race.

RESULTS Our sample was 59% White, 59% female, and mean age was 60.8 £ 12.6. During the pandemic, food insecurity prevalence and
HbATc were significantly (p <.05) higher among non-Whites (39%, 8.4% * 2.1) compared to Whites (15%, 7.8% +1.6). HbAlc among those
who were very food insecure was 1.00% [95% Cl: 0.222, 1.762, p = .01] higher than those who were food secure. Those with increased
food insecurity had a 0.58% [95% Cl: 0.024, 1128, p = .04] higher HbAc increase than among those experiencing no change. No effect
modification was detected.

LIMITATIONS Convenience sampling in an endocrinology clinic, recall bias, and inadequate power may underlie null effect modification
results.

coNcLusioN Although effect modification was not detected, racial disparities in HbAlc and food insecurity warrant further investigation.
These disparities, combined with the significant impact of food insecurity on HbATc, suggest that prioritization of resources to high-risk

populations should be considered early during public emergencies to minimize short- and long-term health consequences.

Food insecurity (FI) involves limited access to adequate,
safe, and nutritious foods to maintain a healthy life due
to poverty, housing instability, systematic racism, chronic
health conditions, and many other factors [1-3]. High-risk
groups for food insecurity include underrepresented groups
(i.e., people of color) and people with type 2 diabetes (T2D),
a condition that disproportionately affects underrepresented
groups [4, 5]. Food insecurity prevalence in the United
States typically hovers around 10% but the prevalence
among Blacks (20%) and Hispanics (16%) is much higher
when compared to Whites (7%) [6]. Food insecurity is more
prevalent among people with T2D when compared to those
without (16% versus 9%) [7]. Since following a healthful diet
is central to T2D management, food insecurity is a major
barrier, especially among underrepresented groups [1].
Numerous studies demonstrate that food insecurity is a
risk factor for suboptimal glycemic management due to the
inability to afford healthy foods, lower medication adher-
ence, and increased distress [1, 8-11]. Achieving individual-
ized glycated hemoglobin (HbAlc) targets is important for
reducing the risk of diabetes complications, such as retinop-
athy, nephropathy, cardiovascular disease, amputations, and
preventable mortality [12]. The higher prevalence of T2D
and food insecurity among underrepresented groups tracks
with the higher prevalence of poor glycemic control and dia-
betes complications in these groups compared to Whites

[13]. Food insecurity can lead to poor glycemic control and
increased health care utilization, resulting in less disposable
income that reinforces this cycle, suggesting that targeted
efforts to prevent food insecurity are important in T2D [14].

COVID-19-related disruptions have likely impacted daily
living for all Americans, but vulnerable populations are
especially impacted by the socioeconomic changes [15].
Temporary closure of businesses led to the rise in unem-
ployment rates from 3.5% to 14% and contributed to the
increase in food insecurity prevalence to 38% in March
2020 [15, 16]. This translates to increased demand for food
aid during times of decreased food availability due to panic
purchasing and more meals being consumed at home as
opposed to in restaurants and schools [15]. Research has
shown that underrepresented groups have been dispropor-
tionately impacted by unemployment and food insecurity
[17]. Furthermore, conceptual models have suggested that
COVID-19-related socioeconomic disruptions may contrib-
ute to short- and long-term health outcomes, such as poor
glycemic control among people with T2D [15]. Literature
published during the COVID-19 pandemic postulates that
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existing racial disparities will be magnified, leading to
more chronic disease complications through pathways that
include increased food insecurity prevalence and severity
[15-17]. Although studies cite reduced access to healthy
food during the COVID-19 pandemic as a barrier to diabetes
self-management, less is known about longer-term glycemic
impacts resulting from changes in food security [18, 19].

There is limited research comparing food insecurity
prevalence before and during the pandemic among people
with T2D and examining the change in food insecurity with
change in HbAlc during this time. Furthermore, no previous
research has tested effect modification by race in the associ-
ation between food insecurity and HbAlc. Addressing these
knowledge gaps is important for informing resource alloca-
tion strategies during public health emergencies and ensur-
ing that disproportionately impacted groups are prioritized.
Through a cross-sectional study design, we aimed to 1) com-
parefoodinsecurity prevalence before and duringthe COVID-
19 pandemic in North Carolina, 2) estimate associations
between food insecurity and HbAlc during the COVID-19
pandemic, and 3) estimate associations between change in
food insecurity and change in HbA1lc from before to during
the COVID-19 pandemic, overall and by race.

Methods

Participants

Adults aged = 30 years diagnosed with T2D for at least
one year, English-speaking, and affiliated with the endocri-
nology clinic at the University of North Carolina at Chapel
Hill (UNC) were eligible. Pregnant women were excluded due
to the unique impacts on HbA1c during pregnancy. Upon IRB
approval, convenience sampling was used to recruit partici-
pants seen in clinic and online via a ResearchForMe@UNC
posting (< 5% of participants recruited online). This recruit-
ment tool was offered through the UNC IRB application and
connected prospective participants with research teams.
Those who expressed interest were sent a screening survey
to determine eligibility. If eligible, consent forms and surveys
were sent via email, followed by an electronic gift card upon
survey completion. For in-clinic recruitment, electronic health
records (EHR) were used to screen for eligible patients on the
following day's clinic schedule. A research team member met
eligible patients during their clinic visit (while they were wait-
ing) to introduce the study. Consent and survey forms were
completed in private rooms during waiting periods or after
the participants finished their clinic visit. Each participant
received a $10 gift card upon survey completion.

Measurements

Participants filled out a survey in summer 2021 that ret-
rospectively assessed food security before the COVID-19
outbreak (March 2019 to February 2020) and during the
COVID-19 outbreak (March 2020 to February 2021). This
survey also captured Fl duration and frequency, perceived
impact of COVID-19 on food security, COVID-19 diagno-

sis, diabetes complications and duration, household size,
dependents, education, and employment.

The six-item short form US Household Food Security
Survey Module measured food security [20]. Response
options included affirmatives (e.g., “often true,” “sometimes
true,” "yes"), negatives (e.g., “never true,” “no"), and “refuse
to answer” [20]. Affirmatives were summed to generate
a food security score where 0-1, 2-4, and 5-6 described
food security, low food security, and very low food security,
respectively [20]. This short form is a reliable substitute for
the 18-item Food Security Survey Module and reduces par-
ticipant burden (97.1% concordance) [20, 21].

Age, race, biological sex, insurance type, diabetes
medication, and HbAlc were retrieved from EHR. Multiple
HbA1c values within the year before the COVID-19 outbreak
(March 13, 2019, to March 12, 2020) and within a 1.25-year
period during the pandemic (March 13, 2020, to June 12,
2021) were averaged. The additional three months were
intended to capture potential lagging effects of Fl during
February 2021 on HbATc, because red blood cell turnover
rate is three months, which corresponds to the time between
HbA1c measurements. Change in HbAlc was calculated by
subtracting mean HbATlc before the pandemic from mean
HbA1c during the pandemic.

"mu

Data Analysis

Chi-square and t-tests were used to compare participant
characteristics by race. Since more than 5% of participants
were missing pre-pandemic HbAlc and change in HbATc, chi-
square and t-tests compared missing and non-missing groups
across variables in Table 1. Imputation was used to replace
11 “refuse to answer” responses on the food security survey
(n = 8) with a response from a similar participant matched by
age, sex, insurance, education, employment, and food secu-
rity questions [22]. This was done to prevent selection bias
caused by potential differences between people who checked
“refuse to answer” on the survey compared to those who did
not. McNemar's test was used to compare Fl prevalence
before and during the pandemic, overall and by race.

Prior to adjusted analyses, to determine the most appro-
priate specification of independent variables, functional
form was assessed by examining distributions and associa-
tion with HbAlc using simple linear regression. Race and
diabetes medication were dichotomized to White versus
non-White and insulin versus no insulin, respectively, due
to sample size limitations. Food security scores 0-1, 2-4,
and 5-6 were specified as food secure, moderately Fl, and
very Fl, respectively, while HbAlc and age were continuous.
Change in Fl was categorized as no change, increase, and
decrease, based on the change in food security scores from
before to during the pandemic.

Multiple linear regressions estimated associations
between 1) Fl and HbA1c and 2) change in Fl and change in
HbATc. The fully adjusted linear regression model included
all potential confounders in our directed acyclic graph
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TABLE 1.
Sample Demographic and Clinical Characteristics

Total N =199 White n =117 Non-White n = 82

Variable N (%) Mean (SD) N (%) Mean (SD) N (%) Mean (SD)
Age* 199 (100) 60.8 (12.6) 117 (100) 64.2 (10.8) 82(100) 56.7 (13.2)

<65 12 (56.3) 54 (46.2) 58 (70.7)

> 65 87 (43.7) 63 (53.8) 24 (29.3)
Sex* 199 (100) 117 (100) 82 (100)

Male 81(40.7) 56 (47.9) 25 (30.5)

Female 118 (59.3) 61(52.1) 57 (69.5)
Diabetes medication 199 (100) 117 (100) 82 (100)

Insulin 140 (70.4) 80 (68.4) 60 (73.2)

No insulin 59 (29.6) 37 (31.6) 22 (26.8)
Diabetes duration 196 (98.5) 19.1(11.9) 117 (100) 19.4 (11.8) 79 (96.3) 18.7 (12.0)
Insurance 199 (100) 117 (100) 82(100)

Public 147 (73.9) 85 (72.6) 62 (75.6)

Private 52 (26.1) 32(27.4) 20 (24.4)
Food security status during
pandemic*? 199 (100) 117 (100) 82 (100)

Food secure 149 (74.9) 99 (84.6) 50 (61)

Moderately FI 27 (13.6) 10 (8.5) 17 (20.7)

Very Fl 23 (11.6) 8(6.8) 15 (18.3)
Food security pre-pandemic*? 199 (100) 117 (100) 82 (100)

Food secure 158 (79.4) 99 (84.6) 59 (72.0)

Moderately FI 24 (12.6) 13 (11.1) 11(13.4)

Very Fl 17 (8.5) 5(4.3) 12 (14.6)
FI change*® 199 (100) 117 (100) 82 (100)

No change 150 (75.4) 97 (82.9) 53 (64.6)

Decrease 19 (9.5) 8(6.8) 1(13.4)

Increase 30 (15.1) 12 (10.3) 18 (22.0)
Mean HbA1c during pandemic* 192 (96.5) 8.07 (1.81) 113 (96.6) 7.81(1.56) 79 (96.3) 8.44 (2.1)
Mean HbATc pre-pandemic* 185 (93.0) 8.02 (1.66) 109 (93.2) 774 (1.42) 76 (92.7) 8.42 (1.89)
Change HbA1cc (during-pre
pandemic HbA1c) 180 (90.5) 0.05 (1.4) 106 (90.6) 0.05 (1.1) 74 (90.2) 0.05 (1.65)

Note. totals may not add up to 100 due to rounding

6/12/2021).

2The 6-item short form U.S. Household Food Security Survey Module measured food security scores and status. Scores 0-1 = food secure, 2-4 = low food secure,
and 5-6 = very low food secure but our coding for low food secure is “moderately FI" and for very low food secure is “very FI” where Fl = food insecure.

°Fl change compares food security scores from before (March 2019 - February 2020) to during the pandemic (March 2020 - February 2021). For example,
“Increase” means that food security score was higher during the pandemic compared to before.

¢Change in HbAlc is calculated by subtracting mean HbA1lc before the pandemic (3/13/2019-3/12/2020) from mean HbATc during the pandemic (3/13/2020-

*Indicates significant difference between the White and non-White groups (p <.05).

(DAG), which was informed by previous literature (Figure 1).
The full model was compared to more parsimonious mod-
els by examining the AIC, precision of the estimates, and
beta coefficient percent change (10% was the threshold
for confounding). To assess effect modification by race, an
interaction term was added to the full model. We compared
the magnitude and precision of stratum-specific estimates
and used the likelihood ratio test (LRT) to test the signifi-
cance of the interaction between race and food insecurity.
A p-value < .05 was considered statistically significant in
all analyses. We conducted analyses in SAS, version 9.4
(SAS Institute, Cary, NC).

Results

Sample Description
We recruited 203 participants but four were excluded
due to ineligibility (n = 2) and missing surveys (n = 2).

Majority of the participants were White (59%), female
(59%), used insulin (70%), had a mean age of 61 years %
13, and a mean T2D duration of 19.1 years + 11.9. The number
of eligible participants who were seen in clinic during sum-
mer 2021 was 1093, where 54.5% were White, 54.3% were
female, and 55.8% were under age 65, which is similar to our
sample. Those missing pre-pandemic HbAlc or change in
HbA1c were not significantly different from the non-missing
group in terms of age, race, sex, insulin use, diabetes dura-
tion, insurance, food security status, Fl score change, and
mean HbA1c during the pandemic (all p <.05). Fl prevalence
during the pandemic was 25.1% (13.6% moderately Fl and
11.6% very FI). The majority (75%) experienced no change
in Fl while 15% experienced an increase in Fl from before
to during the pandemic. Fl prevalence and HbAlc were sig-
nificantly higher among non-Whites compared to Whites at
both time periods (Table 1).
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Figure 2 compares Fl prevalence before and during the
pandemic in the total sample and by race. Before the pan-
demic, Fl prevalence was 20.6% but the prevalence among
non-Whites was about twice that of Whites (28.0% versus
15.4%). The prevalence of Fl during the pandemic was 25.1%
but the prevalence among non-Whites was 39.0% compared
to 15.4% among Whites. The difference in Fl prevalence
between the two time points was not statistically significant
(p = 1) in the full sample but was statistically significant
among non-Whites (p =.049).

Associations Between Food Insecurity and HbA1c

The unadjusted association between Fl and HbATc dur-
ing the pandemic was statistically significant where HbAlc
among those very Fl was 1.65% higher than those food
secure (95% Cl: 0.883, 2.420, p < .0001). As shown in
Table 2, the association between FlI and HbA1lc during the
pandemic was still significant after adjusting for race, age,
and insulin use. HbAlc among those very FI was 0.99%
(95% Cl: 0.222,1.762, p = .01) higher than those food secure.
Effect modification by race was statistically non-significant
(LRT = 2.7, p = .26), but stratum-specific estimates were
quite different. Among Whites, the difference in HbATc
comparing very Fl to food secure was 1.72% (95% Cl: 0.525,
2.915, p = .005) while the difference was 0.53% (95%ClI:
-0.443,1.501, p =.29) among non-Whites.

Association Between Change in Food Insecurity and
Change in HbA1c

The association between change in Fl and change in
HbATlc was statistically significant when adjusted for pre-

pandemic mean HbATc only. The increase in HbAlc was
0.68% higher among those with increased FI compared
to those experiencing no change (95% CI: 0130, 1.227,
p =.02). As shown in Table 3, after adjusting for age, insu-
lin use, pre-pandemic food security score, and pre-pan-
demic mean HbAITc, the association between increase in
Fl and increase in HbAlc was statistically significant. The
increase in HbAlc among those with an increase in Fl was
0.58% higher than among those experiencing no change
(95% CI: 0.024, 1128, p = .04). Although effect modifica-
tion by race was statistically non-significant (LRT = 1.7
and p = .43), stratum-specific estimates were quite dif-
ferent. Among Whites, those with increased Fl had a
change in HbATc that was 0.96% (95% Cl: 0.147, 1.778,
p = .02) higher than those experiencing no change in FI.
Among non-Whites, those with increased Fl had a change
in HbATc that was 0.25% (95% CI: -0.491, 0.996, p = .51)
higher than those experiencing no change in Fl.

Discussion

The prevalence of Fl was higher during the pandemic
compared to before despite statistical non-significance.
This aligns with previous studies reporting increased Fl
prevalence during spring 2020 in the United States [17,
23-25]. The prevalence of Fl at both time points in our sam-
ple was about double the national average in 2019 and 2020
due to purposeful sampling of high-risk groups for Fl who
are underrepresented in national surveys [4, 6]. Our esti-
mate is consistent with previous literature stating that Fl is
more prevalent among T2D populations [4]. The observed
significant difference in Fl prevalence comparing before and

FIGURE 1.
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FIGURE 2.
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during the pandemic among non-Whites provides evidence
for an exacerbation of racial disparities [16, 17]. This finding
highlights the importance of stratifying future analyses by
factors associated with Fl vulnerability as overall prevalence
may mask racial disparities.

Measuring Fl prevalence over an entire year post-
COVID-19 outbreak as opposed to immediately after may
explain the lower prevalence estimates observed com-
pared to those previously published [16, 17, 23]. Trends in
Fl prevalence from April 2020 to March 2021 indicate that
Fl prevalence was highest in April 2020 and leveled off to
pre-pandemic prevalence during mid-2020, which aligns
with the United States Department of Agriculture's (USDA)
estimate for 2021 (~10%) [6, 26]. Additionally, differences
in the questions and number of questions used to assess
Fl and different types of samples may influence prevalence
estimates.

There was a positive association between Fl and HbAlc
during the pandemic, where mean HbAlc among those very
Fl was ~1% higher than among those who were food secure.
Increased Fl was positively associated with increased HbATc.
The increase in HbAlc among those with increased Fl was
0.6% higher than among those with no change. Among
those with increased Fl, the mean increase in food security
score was ~ 2, which is large enough to change food security
status. These findings suggest that severe Fl and increas-
ing Fl have large negative impacts on glycemic control since
it was associated with a clinically significant difference in

HbA1c [12]. Further research is required to understand the
volatility of FI on HbA1c, as we did not observe an associa-
tion between decreased Fl and change in HbA1c.

Although no effect modification by race was detected,
the magnitude of associations was quite different between
race strata. The difference in HbAlc comparing very Fl to
food secure was significant among Whites only. Since the
mean HbA1lc among Whites who were food secure was
0.5% lower (HbAlc = 7.6% #1.39) than among non-Whites
who were food secure (HbA1lc = 8.1% * 2.19), the difference
in HbAlc when comparing very Fl to food secure may be
larger among Whites and therefore more easily detected.
However, the higher HbAlc among non-Whites even when
food secure may have greater implications on long-term
health risks when Fl occurs.

The generalizability of these results is limited due to the
sample of patients from an endocrinology clinic who may
differ from the general T2D population (e.g., higher socio-
economic status). Convenience sampling may contribute to
underestimates in Fl prevalence and severity, mean HbA1c,
and therefore estimates of associations due to the exclu-
sion of high-risk groups (e.g., Spanish-speaking Latinos,
low-income groups). It has been established that conve-
nience samples underestimate food insecurity prevalence
compared to targeted sampling of high-risk groups [17].
Participants recruited from clinics may have better glyce-
mic control due to consistent access to health care [14]. The
exclusion of individuals with severe Fl and suboptimal gly-
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TABLE 2.

Difference in HbA1lc (%) During the 1-Year Period after
the COVID-19 Outbreak Comparing Food Security Status,
Adjusted for Age, Race, and Insulin Use

% Difference

Parameter in HbA1c (SE) 95% Cl P-value
Intercept 8.91(0.74) (7.460,10.354) <.001
Moderately Fl vs

food secure 0.41(0.36) (-0.291,1102) .25
Very Fl vs food

secure 0.99 (0.39) (0.222,1.762) .01
Non-White 0.20 (0.25) (-0.291, 0.700) 42
Age -0.03 (0.01) (-0.049, -0.008) .0063
Insulin use 0.92 (0.26) (0.402,1.437) .0005

cemic control from the non-White stratum may explain the
small and non-statistically significant associations.

Recall bias leading to misclassification of food security
status is another key limitation because food security sta-
tus was determined retrospectively, up to two years prior
to survey administration. This could have resulted in an
underestimate of Fl prevalence at both time periods and
may underlie why no statistically significant difference in
HbA1c was observed when comparing moderately Fl to food
secure, since people may more reliably remember severe
Fl. Additionally, this smaller estimate suggests that glyce-
mic management may be impacted when very Fl rather than
moderately Fl, but further research is needed to determine
the severity at which FI begins to have a clinically relevant
impact on glycemic management. Recall bias that obscured
differences between those with a decrease and no change
in Fl, along with a small sample of those who experienced a
decrease in Fl (n =19), may also explain why we were unable
to detect significant differences in change in HbATc.

Additional limitations include a smaller sample size of
non-Whites that may have compromised the power needed
to detect differences in HbAlc between Fl categories.
Further, information on income, nutrition assistance bene-
fits, and BMI was not collected. Public insurance status was
supposed to be a proxy for income but was an unsuitable

proxy since it was not associated with food insecurity or
HbAlc. We were unable to examine the potential confound-
ing effects of these variables and therefore cannot preclude
the presence of residual confounding from the observed
estimates.

Future Directions

Additional research is needed to determine if the asso-
ciation between food insecurity and HbATc differs by race
and likewise for the association between change in food
insecurity and change in HbAlc. This is critical for effi-
cient resource distribution that maximizes health impacts.
Incorporating a qualitative component to the effect modi-
fication analysis would facilitate understanding of how the
experience of food insecurity may differ by race and sup-
port the discussion of quantitative results. Lastly, studying
a longitudinal cohort that more closely represents the tar-
get population will help minimize selection and recall bias,
determine the Fl severity level that begins to impair glycemic
control, and identify other indicators relevant to Fl, race, and
the short- and long-term management of diabetes.

Conclusion

Screening and targeted resource allocation to groups at
risk for Fl and suboptimal glycemic management should be
considered early during public health emergencies to pre-
vent increases in HbAlc and diabetes complications, which
have long-term implications on quality of life and health care
costs at the individual and societal level. Given that under-
represented groups and low-income populations are already
more vulnerable to FI and suboptimal glycemic manage-
ment, ongoing surveillance of social, economic, and health
indicators among these populations may be a fundamental
step for rapid mobilization of resources during periods of
economic instability and to prevent widening health dispari-
ties. It is critical that health care professionals who encoun-
ter T2D patients be cognizant of increased Fl risks and be
equipped to screen and connect patients with community
resources to help prevent additional obstacles to glycemic

management. NCV
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