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Aims: The purpose of this study was to examine whether pandemic exposure impacted unmet social and
diabetes needs, self-care behaviors, and diabetes outcomes in a sample with diabetes and poor glycemic
control.

Methods: This was a cross-sectional analysis of participants with diabetes and poor glycemic control in an
ongoing trial (n = 353). We compared the prevalence of unmet needs, self-care behaviors, and diabetes
outcomes in successive cohorts of enrollees surveyed pre-pandemic (prior to March 11, 2020, n = 182),
in the early stages of the pandemic (May-September, 2020, n = 75), and later (September 2020-January
2021, n = 96) stratified by income and gender. Adjusted multivariable regression models were used to
examine trends.

Keywords:
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Diabetes
Self-management Results: More participants with low income reported food insecurity (70% vs. 83%, p < 0.05) and needs
Outcomes related to access to blood glucose supplies (19% vs. 67%, p < 0.05) during the pandemic compared to

pre-pandemic levels. In adjusted models among people with low incomes, the odds of housing inse-
curity increased among participants during the early pandemic months compared with participants
pre-pandemic (OR 20.2 [95% CI 2.8-145.2], p < 0.01). Alc levels were better among participants later
in the pandemic than those pre-pandemic (3 = —1.1 [95% CI —1.8 to —0.4], p < 0.01), but systolic blood
pressure control was substantially worse (3 = 11.5 [95% Cl 4.2-18.8, p < 0.001).

Conclusion: Adults with low-incomes and diabetes were most impacted by the pandemic. Alc may not
fully capture challenges that people with diabetes are facing to manage their condition; systolic blood
pressures may have worsened and problems with self-care may forebode longer-term challenges in

diabetes control.
© 2021 Primary Care Diabetes Europe. Published by Elsevier Ltd. All rights reserved.

1. Introduction cially important to protect the health of vulnerable populations

such as those with diabetes, who are at increased risk of severe

The COVID-19 pandemic in the US has led to drastic measures
to protect population health. These measures have been espe-
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complications from COVID-19 infection. However, these unprece-
dented measures have had variable socioeconomic impacts. Early
in the pandemic, the number of uninsured adults increased 39%
more than the highest level previously recorded [1]. Four out of
10 low-income Americans were struggling to afford enough food
for their households [2]. Nearly every state has had significant
increases in unemployment [3]. Concerns about the ability to pay
rent or mortgage reached unprecedented levels [4]. Measures to
protect population health have also shown adverse impacts on
health behaviors, including global changes in lifestyle behaviors

1751-9918/© 2021 Primary Care Diabetes Europe. Published by Elsevier Ltd. All rights reserved.
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that reduced physical activity at all intensity levels, increased sit-
ting time and unhealthy food consumption during social distancing
due to COVID-19 [5], In the US, significant increases in alcohol con-
sumption and weight gain were reported [6].

Unmet social risk factors like lack of access to health insur-
ance, food insecurity, and housing instability create barriers to
managing diabetes and are major drivers of poor glycemic con-
trol [7]. Prior to the pandemic, these risk factors drove much of
the inequities observed in diabetes morbidity and mortality across
sociodemographic groups in the US [7-9]. Unmet basic needs are
highly prevalent, even among patients who are insured, and are
associated with poor diabetes-related clinical outcomes [8,8,9].

Although data are scarce, the pandemic may have substantially
exacerbated barriers to diabetes control. One study in India found
that people with diabetes had significantly greater difficulty access-
ing medications during the pandemic, which along with job loss
was associated with worsening diabetes symptoms [10]. In South
Korea, Park et al. found elevated glycosylated hemoglobin (HbA1c)
levels during the pandemic compared to pre-pandemic levels [11].
In a region in Japan, no changes in HbA1c were observed compar-
ing cohorts of people with diabetes before and during the pandemic
[12]. The impact of the COVID-19 pandemic on social needs affect-
ing diabetes, diabetes self-care, and outcomes in the U.S. have yet
to be fully described.

The purpose of this study was to examine whether pandemic
exposure was worsened unmet social and diabetes needs, self-
care behaviors, and diabetes outcomes among successive cohorts
of people with poor glycemic control recruited into an ongoing
trial before and during the COVID-19 pandemic. Because pandemic
impacts may affect people with diabetes differently depending on
their income and gender, we examined time trends taking into
account these important covariates. We hypothesized that people
would experience more challenges in diabetes-related care over
time, and that these trends would be more pronounced among
women and people with the lowest incomes.

2. Methods
2.1. Data sources

This study is a secondary data analysis of baseline assessments of
participants in arandomized controlled trial evaluating approaches
to addressing unmet social risk factors among people with dia-
betes [13]. All study procedures were approved by the University
of Michigan Institutional Review Board.

2.2. Study sample

Potential participants meeting the following criteria were iden-
tified via the University of Michigan’s Diabetes Research Registry
[14], and the health system'’s electronic health record: 1) 18-75
years of age, 2) diagnosis of type 1 or type 2 diabetes with pre-
scribed oral or injectable antihyperglycemic medication, 3) most
recent (within the past 6 months) recorded HbA1c level of >7.5%
for individuals <70 years and >8.0% for individuals between 70-75
years in age, 4) positive report of financial burden or cost-related
non-adherence using screening questions developed and validated
from prior work [15,16], and 5) access to a mobile phone. Exclusion
criteria included significant cognitive impairment or active partic-
ipation in another diabetes-related research study. We included
people with both type 1 and type 2 diabetes in the study since the
central questions were focused on social determinants and self-
care, which are relevant to all diabetes sub-types.

Eligible and interested patients were consented prior to their
baseline assessments. A total of 3282 potential participants were
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initially contacted, of which 624 were confirmed to be eligible. Of
those, 353 (63%) consented to participate, and provided completed
surveys at the time of this writing. The current study is based on 353
patients recruited between June 30, 2019 and January 31, 2021. For
the current analyses, individuals provided data for only one time
point.

2.3. Data collection and measures

In-person interviewer-assisted surveys were conducted by
trained staff prior to March 11, 2020, the same day the World
Health Organization (WHO) declared the COVID-19 pandemic.
Since then, surveys were administered over the telephone. Stan-
dard demographic characteristics and clinical data were collected
via self-report.

2.3.1. Unmet social and diabetes management needs and use of
resources

Unmet social needs were measured using items adapted from:
the Accountable Health Communities Health-Related Social Needs
Screening Tool, the Health Leads Social Needs Screening Toolkit, the
Kaiser Permanente Your Current Life Situation Questionnaire, and
the National Health Interview Survey [17-19]. Items assessed the
presence of everyday needs over the past 12 months such as food,
housing, energy/utilities, income, employment, help with medical
bills, and diabetes management needs (e.g. blood glucose sup-
plies, medications/insulin, healthy food and meals, physical activity
programs, and diabetes education and counseling). “Yesiesponses
indicated an expressed need for resources related to diabetes man-
agement or other social risks. We also asked participants if they
used any assistance program or low-cost resource that provided
support for the social risks and aspects of diabetes management
queried.

2.3.2. Self-care behaviors

Diabetes self-management was measured using the 10-item
Diabetes Self-care Activities Scale [20] assessing the frequency of
specific behaviors in the last 7 days (e.g., follow healthy diet, exer-
cise, blood glucose testing). Patients responded using a scale of 1-7
days, and mean scores are reported.

Cost-related non-adherence (CRN) for diabetes was measured
by asking participants if they engaged in any of the following behav-
iors during the last 12 months due to diabetes-related financial
burden: took less medications, skipped medication doses, delayed
or decided to not fill a prescription, and delayed or decided not to
see a healthcare provider (4-point Likert scale: never - often). These
behaviors were analyzed as dichotomous variables, with ‘never’
and ‘rarely’ indicating ‘no’ CRN, and ‘sometimes’ and ‘often’ indi-
cating ‘yes’ to CRN. The percentage of participants with a positive
response were reported for each of the six items. We also created a
summary variable indicating CRN reported for any of the six items
for regression models.

2.3.3. Diabetes outcomes

HbA1c was measured with the DCA Vantage Analyzer for
interviews conducted in-person [21]. For patients surveyed via
telephone, HbA1c’s were collected by the Alc Now home test
kit [22]. Blood pressure was measured as systolic blood pres-
sure/diastolic blood pressure in millimeters of mercury (e.g.,
120/80 mmHg) with an automated blood pressure machine [23].
Diabetes distress was measured using the 2-item Diabetes Distress
Scale [24]. A mean score of the items was categorized (<3 = no
distress, 3 = moderate distress, and >3 high distress).
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2.4. Statistical analysis

Our primary analytic goal was to determine whether pan-
demic exposure was associated with unmet social and diabetes
needs, self-care behaviors, and diabetes outcomes, and how these
associations differed by income and gender. Descriptive statis-
tics, chi-square tests, and t-tests were used to describe difference
among three successive cohorts of study enrollees: pre-pandemic
(enrolled prior to March 11, 2020, n = 182), early pandemic
(enrolled May 1, 2020-September 30, 2020, n = 75), and later
pandemic (enrolled September 30, 2020-January 31, 2021, n =
96). Because unmet needs and resource acquisition may vary
according toincome, time trends were examined separately for par-
ticipants with self-reported annual incomes of (<$5000-$30,000
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(low); $30,001-%$60,000 (medium); >$60,001 (high)) and between
women and men.

Multivariable logistic and linear regression models were used
to examine the effect of time, income, and gender adjusting for
potential differences over time in years living with diabetes, age,
and marital status of enrollees across time. We tested models with
interaction terms for pandemic exposure x income and gender,
and included significant interactions in reported in final models.
Models predicting CRN, diabetes self-care behaviors, and diabetes
outcomes (Alc, systolic blood pressure, and diabetes distress)
were also adjusted for number of chronic conditions and num-
ber of unmet social needs. All analyses were completed using
R statistical package. P values <0.05 were considered signifi-
cant.

Table 1
Demographic characteristics of the sample (n = 353).
Total sample Pre-outbreak COVID-19 outbreak COVID-19 outbreak aP-value
N (%) N (%) May-September October-January
(n=353) (n=182) N (%) N (%)
(n=75) (n=96)
Age (mean(SD)) 53.2(13.2) 50.8 (14.2) 56.7 (11.0) 54.9(12.2) <0.01
Gender 0.21
Female 203 (58%) 101 (55%) 40 (53%) 62 (65%)
Male 148 (42%) 80 (44%) 35 (47%) 33 (34%)
Race 0.44
White 241 (68%) 128 (70%) 54 (72%) 59 (61%)
Black or African American 59 (17%) 30 (16%) 11 (15%) 18 (19%)
Asian 12 (3%) 6 (3%) 0(0%) 6 (6%)
Other 6(2%) 3(2%) 2(3%) 1(1%)
Multiple race 27 (8%) 12 (7%) 7 (9%) 8 (8%)
Hispanic ethnicity 0.58
Yes 17 (5%) 7 (4%) 4 (5%) 6 (6%)
No 332 (94%) 174 (96%) 69 (92%) 89 (93%)
Marital status 0.05
Yes 196 (56%) 90 (49%) 48 (64%) 58 (60%)
No 156 (44%) 92 (51%) 27 (36%) 37 (39%)
Income 0.64
Less than <$5000-$30,000 108 (31%) 57 (31%) 21 (28%) 30 (31%)
$30,001-$60,000 107 (30%) 51 (28%) 24 (32%) 32 (33%)
>$60,001 131 (37%) 72 (40%) 30 (40%) 29 (30%)
Education 0.07
Less than high school 5(1%) 2(1%) 0 (0%) 3(3%)
High school graduate or GED 43 (12%) 19 (10%) 5(7%) 19 (20%)
Some college 160 (45%) 84 (46%) 35 (47%) 41 (43%)
College degree 144 (41%) 77 (42%) 35 (47%) 32(33%)
Employment 0.04
Employed: full-time 112 (32%) 70 (38%) 16 (21%) 26 (27%)
Employed: part-time 24 (7%) 8 (4%) 8 (11%) 8 (8%)
Unemployed 12 (3%) 4(2%) 5(7%) 3(3%)
Not in work force 203 (58%) 100 (55%) 46 (61%) 57 (59%)
Has health Insurance (% yes) 0.04
Yes 344 (97%) 181 (99%) 72 (96%) 91 (95%)
No 8(2%) 1(1%) 3(4%) 4 (4%)
Health insurance type 0.10
None 8(2%) 1(1%) 3 (4%) 4 (4%)
Private 148 (42%) 83 (46%) 29 (39%) 36 (38%)
Medicare 25 (7%) 10 (5%) 5(7%) 10 (10%)
Medicaid 49 (14%) 29 (16%) 11 (15%) 9 (9%)
Medicare + medicaid supplemental 33 (9%) 13 (7%) 5(7%) 15 (16%)
Medicare + private supplemental 87 (25%) 45 (25%) 21 (28%) 21 (22%)
Military 0(0%) 0(0%) 0(0%) 0(0%)
Other 1(0%) 1(1%) 0(0%) 0(0%)
Years living with diabetes (mean(SD)) 18.3(11.2) 20.2(10.9) 15.7 (10.7) 13.3(10.7) <0.01
HbA1c % (mean (SD) 8.4(1.5) 8.7(1.5) 8.2(1.6) 8.1(1.4) 0.07
130.4 (19.1) 123.3(16.6) 137.7 (16.4) 138.0 (20.6) <0.01
Diastolic blood pressure (mean(SD)) 76.7 (12.7) 72.7 (11.5) 81.2(11.3) 80.8 (13.5) <0.01
Diabetes distress scale (DDS-2) 0.35
No distress 77 (22%) 36 (20%) 18 (24%) 23 (24%)
Moderate distress 45 (13%) 19 (10%) 13 (17%) 13 (14%)
High distress 229 (65%) 127 (70%) 43 (57%) 61%)

Pre-outbreak = before March 11, 2020; COVID-19 outbreak May-September 2020; COVID-19 outbreak October 2020-January 2021.

2 Fisher’s exact test or one-way ANOVA.
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3. Results
3.1. Sample characteristics

A total of 353 participants were included in the analytic sample
(Table 1). On average, participants were 53 years of age (standard
deviation or SD = 13), 58% (n = 203) were female, 32% (n = 104)
reported non-white race, and 13% (n = 48) had at most a high
school education. Thirty-one percent of all participants (n = 108)
reported household incomes <$5000-$30,000 (low income), 30%
(n = 107) $30,001-$60,000 (medium income), and 37% (n = 131)
>$60,001 (high income). Fifty-eight percent (n = 203) reported not
being in the workforce, and 97% (n = 344) reported having health
insurance. Mean years living with diabetes was 18.32 (SD = 11.25),
mean HbA1c was 8.4 (SD = 1.5), and mean systolic blood pressure
was 130.4 (SD = 19.1). Seventy-eight percent (n = 267) reported
diabetes distress, with 65% (n = 229) reporting high distress.

Participants’ sociodemographic characteristics varied across
the three time-periods of enrollment, with the early and later-
pandemic period groups being older (p < 0.01), more likely to be
married (p < 0.05), more likely to be unemployed (p < 0.05), more
likely to not have health insurance (p < 0.05), and living with dia-
betes for fewer years (p < 0.01). Participants’ clinical characteristics
also varied across the time-periods of enrollment, with later pan-
demic groups reporting higher systolic blood pressure (p < 0.01).

3.2. Prevalence of expressed social and diabetes needs

Fig. 1 shows the prevalence of expressed social and diabetes
needs and use of assistance programs across the three time peri-
ods stratified by participant income. Among participants with low
incomes, the proportion with unmet social needs increased sub-
stantially over time. Fifty-one percent of participants enrolled
pre-pandemic expressed housing insecurity, compared to to 81%
of participants enrolled early in the pandemic (p < 0.05). Sev-
enty percent of participants enrolled pre-pandemic expressed food
insecurity, compared to 71% of participants enrolled early in the
pandemic, and 83% of participants enrolled during the later pan-
demic months (p < 0.05). Participants with low incomes and
enrolled during the early pandemic months were more likely
than similar patients enrolled pre-pandemic to express a need for
income support (62% vs. 58%) and general help with medical bills
(43% vs. 35%). Similar trends in housing insecurity, food insecurity,
income support and general help with medical bills were observed
for the middle-income group. The proportion of high-income par-
ticipants with unmet social needs was generally low and stayed
constant throughout the pandemic months.

For the lowest income group, financial needs (income sup-
port, employment assistance, general help with medical bills) were
higher during the pandemic compared to pre-pandemic levels. In
the later months of the pandemic, needs around income support
were as high as 80% in the low-income group. For the high-income
group, needs around employment assistance were different by 5-
fold between pre-outbreak and the first part of pandemic (p < 0.05).

Participants with low income and enrolled during the early
months of the pandemic in contrast to participants with similar
incomes recruited pre-pandemic were more likely to express needs
related to diabetes management for blood glucose supplies (67% vs.
19%, p < 0.05), medications and insulin (62% vs. 39%), and healthy
food and meals (76% vs. 67%). Similar trends were observed for the
middle-income group. For the higher income group, prevalence of
needs around physical activity programs was significantly differ-
ent across the pre-outbreak and pandemic periods (p < 0.05), with
needs 10-20% higher compared to the pre-outbreak period.
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3.3. Use of assistance programs

Across income groups, the general pattern was that use of assis-
tance programs was high during the pre-pandemic period and
remained high during the pandemic (Fig. 1). Among the lowest
income group, need for help with accessing healthy food was
higher than reported use of assistance. In general, higher income
participants were more likely to report use of assistance across dia-
betes and social needs domains than participants with the lowest
incomes. For example, during the later pandemic months, 93% of
participants with high-income accessed housing and utilities assis-
tance compared to only 70% of participants with low incomes,
despite those with low-income expressing greater need (70% vs.
24%).

3.4. Association between pandemic exposure and unmet social
and diabetes needs

In adjusted models, low income participants had a substan-
tially greater odds of housing insecurity during the early pandemic
months (May-Sept) compared to pre-pandemic levels (OR 20.2
[95% CI 2.8-145.2], p < 0.01) (Table 2). No other associations
between pandemic exposure and unmet social and diabetes needs
were not statistically significant.

3.5. Association between pandemic exposure and diabetes
self-care behaviors

Across income groups, medication management was relatively
high across time cohorts compared to engagement in diet and phys-
ical activity regimens (Fig. 1).

Trends in cost-related non-adherence behaviors for those with
low incomes showed that problems due to cost doubled in fre-
quency between pre-pandemic and early pandemic periods: delay
filling prescriptions (47% vs. 21%), deciding not to fill a prescription
(30% vs. 12%), delaying seeing a provider (40% vs. 21%), and not see-
ing a provider (23% vs. 12%). The opposite was observed for those
with middle income, with behaviors decreasing in frequency by
half: skipping doses (24% vs. 12%), deciding not to fill a prescription
(24% vs. 12%), and delaying filling a prescription (39% vs. 21%).

In models adjusted for age, number of chronic conditions, mar-
ital status, years living with diabetes, and number of unmet social
needs, we examined the association between pandemic exposure
and frequency of diabetes self-care behaviors, and how these asso-
ciations differed by income and gender. The COVID-19 pandemic
was associated with more days engaging in exercise compared to
pre-pandemic levels (3 estimate (1.2 [95% CI 0.7-1.8], p < 0.01)
(Table 3). No other associations between pandemic exposure and
diabetes self-care behaviors were significant.

3.6. Association between pandemic exposure and
diabetes-related outcomes

Pandemic exposure during the later COVID-19 pandemic
months was associated with a decrease in Alc compared to pre-
pandemiclevels (3 =-1.1[95% CI —1.8 to —0.4], p<0.01). Pandemic
exposure was associated with an increase in systolic blood pressure
compared to pre-pandemic levels for both early pandemic (3 =13.3
[95% C1 8.4-18.2, p < 0.001) and latter pandemic months (3 = 15.1
[95% C1 10.3-19.7, p < 0.001) (Table 3).

4. Discussion

In this sample of adults with poorly controlled diabetes, already
high rates of social risk factors for poor diabetes management
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Less than $5,000 to $30,000 (n=108) $30,001 - $60,000 (n=107) >$60,001 (n=131)
social and di needs Pre-Outbreak  Covid-19 Outbreak  Covid-19 Outbreak Pre-Outbreak Covid-19 Outbreak  Covid-19 Outbreak Pre-Outbreak  Covid-19 Outbreak ~ Covid-19 Outbreak
May-Sept Oct-Jan May-Sept Oct-Jan May-Sept Oct-Jan

49 46 34

Food insecurity’

housing insecurity 38 *

energy/utility insecurity 35 38 37

Diabetes management

&

Blood Glucose Supplies’
Medications/Insulin
Healthy Food and Meals

Physical Activity Programs:

Diabetes education/counseling 44 48
Financial
Income Support: 58
Employment Assistance *
General Help With Medical Bills 35 43 47 3
Use of Progl to Address
Needs

Diabetes management

Blood Glucose Supplies:
Medications/Insulin

Healthy Food and Meals
Physical Activity Programs
Diabetes education/counseling

Income Support!

Financial

Employment Assistance
General Help With Medical Bills

Other Social Needs

Government Assistance Programs

Housing and Utilities Assistance

Cost-related N

Taken Smaller Doses of Diabetes Pills/Insulin to Make Last
Longer

Skipped Doses of Diabetes Pills/Insulin to Make Last Longer|

Delayed Getting Prescriptions Filled Because Diabetes
Pills/Insulin Cost Too Much

Decided Not to Fill Prescription for Diabetes Pills/Insulin
Because Cost Too Much

Delayed Seeing Healthcare Provider for Diabetes Due to Cost

Did Not See Healthcare Provider for Diabetes Due to Cost;

Diabetes Outcomes

Diabetes Distress 32 38 34

HbA1c (mean)

Systolic blood pressure (mean) 135.3

Values are percent unless stated as mean

Low High
Diabetes Self-Care Activities (number of days over
past week)

Days Per Week Followed Eating Plan On Average:

Participated in At Least 30 Minutes of Physical Activity

Tested Blood Sugar

Tested Blood Sugar the Number of Times Recommended by
Health Care Provider

Took Recommended Insulin Injections

Took Number of Diabetes Pills!

Values are mean

*p< 05 Low High
Pre-outbreak = before March 11, 2020

Covid-19 Outbreak May -September 2020

Covid-19 Outbreak October 2020 -January 31, 2021

Fig. 1. Heat map of prevalence of expressed social and diabetes needs, use of assistance, self-care behaviors, and diabetes outcomes.

and outcomes were exacerbated during the pandemic, particu- the most adverse impacts on social risk factors, particularly food
larly for patients with the lowest incomes. Although we observed and housing insecurity. Lastly, we observed high rates of assistance
no indication that Alc levels were systematically poorer as the programs use both before and during the pandemic, however rates
pandemic progressed, blood pressure control deteriorated sub- of service use were higher for people with higher income vs. peo-
stantially. The pandemic impacted diabetes patients’ health and ple with low income. Our study is among the few to document
self-care differently depending on their incomes. Consistent with the impact of the COVID-19 pandemic on social needs affecting
our hypothesis, people with low and middle-incomes experienced diabetes, diabetes self-care, and outcomes in the U.S.
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Table 2
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Association between pandemic exposure and unmet social and diabetes needs and how these associations differed by income and gender.

Diabetes-related resources

Financial assistance Housing insecurity Food insecurity

OR [95% CI]

Time

Pre-pandemic REFERENCE

COVID-19 (May-Sept) 1.4[0.7-2.8]

COVID-19 (Oct-Jan) 1.0 [0.5-2.0]
Gender

Male REFERENCE

Female 1.4[0.8-2.4]
Income

Low 7.0 [3.2-15.0]*"

Middle 24[1.3-43]"

High REFERENCE

COVID-19 (May-Sept) x low income
COVID-19 (May-Sept) x medium income
COVID-19 (Oct-Jan) x low income
COVID-19 (Oct-Jan) x medium income

1.2[0.7-2.3] 0.2[0.1-1.1] 1.0[0.5-1.9]
13[0.7-24] 0.8[0.2-2.3] 1.1]0.6-2.2]

1.7 [1.1-2.8]" 1.7[1.0-2.9] 1.3[0.8-2.2]
42[23-7.6]" 24[1.1-53]" 15.1[7.5-30.0]*
2.8[1.6-4.8]" 5.5[2.4-12.5]* 4.1[22-7.71"

20.2 [2.8-145.2]"
4.0[0.6-26.4]
3.0[0.7-12.4]
0.3[0.1-1.5]

Models adjusted for age, marital status, and years living with diabetes.
" P<0.05.
" P<0.01.

Our adjusted models did not show associations between
pandemic exposure and food insecurity, perhaps because food
insecurity was already very high. However, we found that peo-
ple enrolled during the pandemic experienced high rates of food
insecurity, housing insecurity, and needs for income support and
general help with medical bills compared to pre-pandemic levels,
especially for low-income groups. Our findings are consistent with
recent national data demonstrating that tens of millions of peo-
ple are out of work and struggling to afford adequate food and pay
for rent or other housing expenses [25]. The number of people in
the U.S. struggling to put food on the table has tripled since pre-
pandemic levels [25]. Over 1 in 7 renters is behind on rent during
the pandemic, and an estimated 9.5 million adults are in house-
holds with difficulty making mortgage payments [25]. The majority
of jobs lost during the pandemic have been in industries that pay
low average wages, with the lowest-paying sectors accounting for
30% of all jobs but 56% of the jobs lost from February 2020 to March
2021 [25]. The CARES Act was a major economic relief initiative
passed and implemented during the earlier part of the pandemic
[26]. However, the CARES Act led to long delays, confusion, and frus-
tration for households trying to access their benefits. For example,
households with low incomes and minimal savings would expe-
rience a delay in receiving their Economic Impact Payment much
differently than higher-income, wealthier households in terms of
benefiting from these supports and withstanding the economic
shocks of the pandemic [26].

These analyses also showed varying trends in unmet social
needs within and across income groups. For example, needs related
to housing insecurity and income support for those with middle
income were higher early in the pandemic compared to pre-
pandemic levels, but lower during the latter part of the pandemic.
Variation in unmet social needs may be due to differences in
job losses across the months of the pandemic and the degree to
which businesses were operating, and fluctuations in administra-
tive capacity for government assistance such as unemployment and
SNAP in assisting individuals and families in need of services [26].

Use of assistance programs was high in this sample before the
pandemic, and remained high through the course of the pandemic.
This may have buffered some level of economic shocks from the
pandemic with people already using assistance. However, we found
that the higher income group was more likely to access these pro-
grams than medium and lower income groups. For example, for the
lowest income group, need across time for healthy food and meals
was higher than reported use of assistance. As previously men-
tioned, this may have been due to confusion, delays and challenges
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in connecting to and accessing needed resources. Alternatively, for
some individuals and families, compounding hardship may be mak-
ing a bad situation worse, thus depleting bandwidth to seek out
assistance.

We found that pandemic exposure was associated with more
days engaging in physical activity. Increases in physical activity
may be due to a heightened awareness of risk of COVID-19 com-
plications among people with diabetes, therefore greater efforts to
take care of one’s health. From the behavioral science literature, the
Health Belief model supports that the expectation that increased
perception of susceptibility and severity of disease can increase
participation in healthy behaviors [27]. For some participants in
this study, increased focus on physical activity may reflect a greater
availability of time for exercise due to greater availability of time
to engage in physical activity due to social distancing and stay-at-
home orders. These factors may also explain our findings related
to greater observed adherence to healthy eating among those with
high income in the pandemic cohorts compared to pre-pandemic.

CRN behaviors for those with low incomes doubled in frequency
between pre-pandemic and early pandemic cohorts, particularly
with respect to delaying filling prescriptions, deciding not to fill a
prescription, delaying seeing a provider, and not seeing a provider
due to cost. The opposite was observed for those with mid-
dle income, with behaviors decreasing in frequency by half. For
the low-income group, these trends may be explained by paral-
lel trends of unmet needs doubling between pre-pandemic and
early pandemic cohorts, particularly around blood glucose supplies,
medications and insulin, and employment assistance. The oppo-
site trend that we observed with the middle-income group may
be one of managing to make diabetes self-care work within their
means. However, there was an observed trend in increased diabetes
distress across pandemic points, with distress doubling in preva-
lence from pre-pandemic to early pandemic for the middle-income
group.

We saw observed decreases in Alc levels. In comparing pre-
pandemic and pandemic cohorts, we observed increases in physical
activity, as well as high levels of adherence to medication man-
agement for diabetes. We also observed increases in systolic
blood pressure during the pandemic, and increases between pre-
pandemic and pandemic cohorts, especially for low- and middle-
income respondents. About two-thirds of adults with diabetes have
blood pressure greater than 130/80 mm Hg or use prescription
medications for hypertension [28]. High blood pressure for people
with diabetes can lead to greater diabetes complications and car-
diovascular events. Observed changes may be due to potentially
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Table 3

Association between pandemic exposure and diabetes self-care and outcomes and how these associations differed by income and gender.

Diabetes
distress

Medication Cost-related HbA1c Systolic blood
pressure

Medication

Blood glucose
monitoring

Exercise

Specific
diet

adherence to non-adherence

adherence to
insulin

diabetes pills

OR [95% CI]

3 estimate [95% CI]

OR [95% Cl]

{3 estimate [95% CI]

Time

REFERENCE

0.2

Pre-pandemic

[0.4-1.7]

0.8
0.81

[8.4-18.2]"

13.3

[-1.0t00.2]

-04

0.6
[0.3-1.2]

[~0.4 to 0.4]

0.01

[~0.4 to 0.4]

0.00

[-0.3 to 1.5]

0.6
0.4

[0.7-1.8]*

1.2
0

[-0.2t00.7]

0.3

COVID-19 (May-Sept)

[0.4-1.6]

15[10.3-19.7]**

[-1.8 to —0.4]"*

[0.4-1.5]

[-0.4t0 0.3]

[-0.5 to 1.4] [~0.2 to 0.5]

4
[~0.1 to 1.0]

[~0.1 to 0.8]

COVID-19 (Oct-Jan)

REFERENCE
0.6

Gender
Male

1.9

-8.0

-0.3

0.9

-0.2

0.12

0.4

-0.5

Female

[1.1-34]

[-0.2to 1.1] [-0.2 to 0.4] [-0.5t00.1] [0.5-1.6] [-0.8t00.1] [-12.0to —4.1]**

[~0.9 to —0.04]*

[0.2-1.0]**

Income

0.47

2.7

0.4

1.2

-0.13

0.02

0.1

0.01

0.1

Low

[0.2-1.0]
0.7

[-2.3t07.9]

-0.2

[~0.03 to 0.8]

0.15

[0.6-2.3]
1.7

[-0.6 t0 0.3]

0.06

[-0.4 to 0.4]
~0.15

[-0.5t0 0.7]

-0.07

[-0.5 to 0.5]

-0.1

[-0.3 t0 0.6]

0.2

Middle

[-4.9 to 4.3] [03-1.4]

[-0.5 to 0.2] [~0.3 to 0.4] [0.9-3.2] [-0.2 to 0.5]

[-0.7 to 0.5]

[~0.6 to 0.4]

[-0.2 to 0.7]
REFERENCE

High

Models adjusted for age, number of chronic conditions, number of unmet social needs, marital status, and years living with diabetes.

" P<0.05.
“ P<0.01.
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cutting back on hypertension medicines, stress from economic
shocks of the pandemic, or general pandemic stress.

There are limitations to these data that should be noted. These
datarepresent successive, cross-sectional cohorts and do not reflect
individual respondents’ trajectories over time. Data were self-
report and may reflect social desirability bias. Therefore, unmet
social needs and use of assistance programs may be underestimated
among some study participants, but nonetheless provide indica-
tors of where unmet needs may be elevated in this population. This
study is based on surveys of patients with diabetes originally identi-
fied from a health system in one state (Michigan), therefore findings
may not generalize to other states that have had different experi-
ences with COVID-19 policies and overall economic impacts of the
pandemic.

5. Conclusion

Adults with low-income and diabetes were most impacted
by the pandemic in terms of unmet social and diabetes needs,
especially food and housing insecurity, and challenges with blood
glucose supplies. Alc levels were lower during the pandemic but
systolic blood pressures were substantially higher. The economic
impacts of the pandemic will be felt long after the threat of severe
illness from COVID-19 decreases due to availability of vaccines.
Controlled disease based on Alc may not fully capture the chal-
lenges that people with diabetes may be facing to manage their
condition and may in fact make their health worse over time if
whole person care is not addressed. Addressing social determinants
that impact diabetes management will have to be part of standard
diabetes care if we want to improve diabetes outcomes across the
population.
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