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ARTICLE INFO ABSTRACT

Keywords: Aims: To understand the associations between sociodemographic factors, self-rated health, and COVID-19-related
T2DM changes in physical activity and diet and the reported number of days per week participants engaged in physical

SARS-CoV-2 activity and consumed fruits and vegetables for people with type 2 diabetes mellitus (T2DM).

E]:l}:il;ilnacnmy Methods: Respondents from Arkansas primary care clinics completed a survey between October 2020 and
Pandemic January 2021. Multivariable regression determined associations between sociodemographic factors, self-rated

health, and COVID-19-related changes in physical activity and diet and the reported number of days per week
participants engaged in physical activity and consumed fruits and vegetables.

Results: Respondents exercised for at least 30 min on a mean of 2.09 days and consumed five or more fruit and
vegetable servings on a mean of 3.57 days. Males engaged in one additional day of physical activity compared to
women. Respondents with a college degree or higher ate 5 or more fruit and vegetable servings on fewer days per
week than those with a high school education or less.

Conclusions: Results reaffirm a need for diabetes education programs and health care providers to provide in-
formation on the importance of maintaining physical activity and a healthy diet as part of a self-care plan for

T2DM, especially during public health emergencies like the COVID-19 pandemic.

1. Introduction

Type 2 diabetes mellitus (T2DM) is a chronic condition requiring
maintenance of blood glucose levels. The age-adjusted prevalence of
adult Americans with diabetes mellitus is ~9 %, the majority of whom
have T2DM [1,2]. People diagnosed with T2DM are at greater risk of
complications from COVID-19 infection, including acute respiratory
distress syndrome (ARDS), septic shock, and multiple organ dysfunction
syndrome (MODS), and are at greater risk of death [3,4]. Elevated blood
glucose levels increases the risk of these complications [4].

The American Diabetes Association recommends adults with T2DM
engage in self-care behaviors to manage their T2DM and prevent com-
plications, including being physically active and eating a healthy diet
[5]. However, stay-at-home orders during the COVID-19 pandemic have
limited options to engage in physical activity and access to fresh,
nutrient dense foods (e.g., fresh fruits and vegetables), causing signifi-
cant disruptions to physical activity and diet patterns [6-9]. These dis-
ruptions may lead to increases in glucose levels, putting people with
T2DM at risk for both complications from T2DM and worse outcomes if
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they are infected with COVID-19 [10,11].

Studies prior to COVID-19 have shown optimal self-rated health, an
indicator of subjective physical health, is associated with physical ac-
tivity and the consumption of fruits and vegetables, with those reporting
better health also engaging in more physical activity and consuming
more servings of fruits and vegetables [12]. Age and gender have also
been shown to influence physical activity, with younger adults and men
engaging in more minutes of physical activity compared to older adults
and women [13].

Understanding the experiences of people with T2DM during the
COVID-19 pandemic is essential in creating educational materials and
resources to address the needs of the T2DM community during a public
health emergency. The aim of this study was to understand the experi-
ences of adults with T2DM during the COVID-19 pandemic. We aimed to
identify if demographic characteristics (age, sex, education, race, and
income), self-rated health, food insecurity, and changes in frequency of
engaging in physical activity and consuming fruits and vegetables were
associated with the number of days a week that adults with T2DM
engaged in 30 min of physical activity or consumed five servings or more

1751-9918/© 2022 Primary Care Diabetes Europe. Published by Elsevier Ltd. All rights reserved.
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of fruits and vegetables.
2. Methods

Respondents were recruited between October 30, 2020 and January
16, 2021 from six primary care clinic sites throughout the state of
Arkansas. Research Electronic Data Capture (REDCap) was used to
administer the consent and survey. Inclusion criteria for the survey
included being an adult (age >18) and living, working, and/or receiving
health care in the state of Arkansas during the study period. A $20 gift
card was provided after survey completion as compensation for re-
spondents’ time. The study was approved by the University of Arkansas
for Medical Sciences Institutional Review Board (IRB#261226).

In total, 876 responses were collected. Of those, 809 met the inclu-
sion criteria, and 754 were determined to be non-duplicates who
answered questions past the eligibility screeners. The final analytic
sample consisted of 101 respondents who reported a diagnosis of T2DM.
The percentage of respondents in the data diagnosed with T2DM was
13.4 %, which is higher than the proportion diagnosed with diabetes in
the United States (US) population (~9 %) but comparable to the pro-
portion of Arkansans with diabetes in 2018 (~12 %) [1,2].

The physical activity and diet variables were measured as a count of
the number of days over the past week the respondent engaged in at least
30 min of additional physical activity and the number of days over the
past week the respondent reported eating five or more servings of fruits
and vegetables. Sociodemographic factors included were age, sex, edu-
cation, race/ethnicity, income, and food insecurity (see Table 1). Self-
rated health was measured with the question, “Would you say that in
general your health is...?” and included response options of excellent,
good, fair, and poor; however, no respondents chose the excellent
response option [14,15]. Change in exercise and fruit and vegetable
consumption during the pandemic were coded dichotomously as less
than before (=0) and about the same/more than before (=1).

We report descriptive statistics, including means and standard de-
viations for continuous variables, and the frequency and percentages for
categorical variables. Our analysis includes multivariable regression,
using full information maximum likelihood estimation to account for
missing data, to determine the associations between the sociodemo-
graphic factors, self-rated health, and COVID-19-related change in be-
haviors and physical activity and fruit and vegetable consumption.
Analysis was completed using STATA 17 [16], and a p-value of.05 or less
was considered statistically significant.

3. Results

In Table 1 we present the characteristics of the respondents. The
mean age of the participants was 56.1 years ( £+ 13.8; range=26.1-88.0).
The majority of the respondents were female (66.3 %) and White (75.0
%). Almost half of the respondents (42.4 %) had at least some college
education or a technical/vocational degree; 45.7 % reported making less
than $25,000 per year. Forty-three percent of the respondents reported
being food insecure. The majority of respondents reported being in good
(40.6 %) or fair (38.6 %) health. A third of respondents (31.3 %) re-
ported less physical activity since the beginning of the COVID-19
pandemic (March 2020), and 20.8 % reported consuming less fruits
and vegetable since the beginning of the pandemic. The mean number of
days per week respondents reported engaging in at least 30 min of
physical activity was 2.09 ( & 2.55), and the mean number of days per
week respondents consumed five or more servings of fruits and vege-
tables was 3.57 ( £+ 2.49).

In Table 2 we report the associations between the sociodemographic
factors, self-rated health, and changes in physical activity frequency and
the number of days respondents engaged in 30 min of physical activity.
Compared to females, males reported engaging in one additional day of
physical activity (p = 1.05, p = .040). Self-rated health was positively
associated with days of physical activity, with respondents who rated
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Table 1
Demographics (n = 101).
Mean (STD)orn  Range
(%)
Age (in years) 56.1(13.8) 26.1 —
88.0
Sex
Female 67(66.3)
Male 34(33.7)
Education
High school or less 20(20.2)
Some college or tech school 42(42.4)
College degree or more 37(37.4)
Race/Ethnicity
Black 18(18.0)
White 75(75.0)
Other 7(7.0)
Income
Under $25,000 43(45.7)
$25,000 to under $50,000 21(22.3)
$50,000 or more 30(31.9)
Self-Rated Health
Good 41(40.6)
Fair 39(38.6)
Poor 21(20.8)
Food Insecurity
Food secure 53(57.0)
Food insecure 40(43.0)
Change in Physical Activity Frequency since
March 2020
Less 30(31.3)
About the same/more 66(68.8)
Change in Fruit and Vegetable Consumption
since March 2020
Less 20(20.8)
About the same/more 76(79.2)
Number of Days with 30 min of Physical 2.09(2.55) 0-7
Activity
Number of Days with Five Servings of Fruits 3.57(2.49) 0-7
And Vegetables

Note: M=Mean, SD=Standard Deviation.

Table 2

Relationship between Sociodemographic Factors, Self-Rated Health, and
COVID-19-Related Changes in Diet and Number of Days with 30 Min of Physical
Activity (n = 101).

B SE p 95 % CI
Lower  Upper

Age (in years) -0.01 .02 .608 -0.05 .03

Male 1.05 .51 .040 .05 2.04

Education”

Some college or tech school .57 .65 .382 -0.70 1.83

College degree or more .18 .78 815 -1.34 1.70

Race/Ethnicity”

Black 1.30 .67 .052 -0.01 2.60

Other race/ethnicity .80 97 408 -1.10 2.71

Income®

Under $25,000 .65 .65 .320 -0.63 1.93

$50,000 or more -0.25 .73 734 -1.67 1.18

Self-Rated Health’

Good 1.64 .57 .004 .51 2.76

Poor 026 .66 .699 -1.56 1.05

About the Same or More Physical 1.37 .52 .008 .35 2.38

Activity since March 2020

Note: f=Regression Coefficients, SE=Standard Error, CI=Confidence Interval. A
p value of .05 or less is considered statistically significant.

@ ref=High school or less

b ref=White

¢ ref=$25,000 to under $50,000

4 ref—Fair
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their health as good engaging in more days of physical activity (p = 1.64,
p = .004) compared to those respondents who rated their health as fair.
Respondents who reported maintaining or increasing their level of
physical activity since March 2020 also reported more days of engaging
in 30 min of physical activity (B = 1.37, p = .008). None of the other
sociodemographic factors were associated with the number of days the
respondents engaged in 30 min of physical activity.

In Table 3 we present the associations between the sociodemo-
graphic factors, self-rated health, and changes in fruit and vegetable
consumption and the number of days per week respondents reported
eating 5 or more servings of fruits and vegetables. Respondents with a
college degree or more reported eating 5 or more servings of fruits and
vegetables on fewer days than those with a high school or less education
(B = —1.51, p = .049). Respondents who reported maintaining or
increasing fruit and vegetable consumption since March 2020 also re-
ported more days of consuming 5 or more servings of fruits and vege-
tables per week (B = 1.53, p = .021). Self-rated health and other
sociodemographic factors were not associated with the number of days
the respondents consumed five servings or more of fruits and vegetables.

4. Discussion

Mitigation measures put into place due to the COVID-19 pandemic,
including stay-at-home orders, have limited options to engage in phys-
ical activity and access to fresh, nutrient dense foods (e.g., fresh fruits
and vegetables), causing significant disruptions to physical activity and
diet patterns [6-9]. Our results indicate individuals with T2DM living in
Arkansas during the COVID-19 pandemic have experienced changes in
physical activity levels and diet. Reduction in physical activity was re-
ported by 31.3 % of respondents, and 20.8 % of the respondents reported
eating less fruits and vegetables during the COVID-19 pandemic. Re-
spondents who reported engaging in physical activity or consuming
fruits and vegetables the same amount or more often than prior to the
pandemic reported engaging in these behaviors more than a full day
more often than those who reported engaging in these behaviors less
often. The disruptions reported by these individuals put them at risk of

Table 3

Relationship between Sociodemographic Factors, Self-Rated Health, and
COVID-19-Related Changes in Diet and Number of Days Consumed 5 + Servings
of Fruits and Vegetables (n = 101).

B SE P 95 % CI
Lower Upper

Age (in years) .03 .02 0.088 -0.01 0.07
Male -0.70 .49 0.154 -1.65 0.26
Education”
Some college or tech school .89 .65 0.175 -0.39 2.16
College degree or more -1.51 .77 0.049 -3.01 -0.01
Race/Ethnicity”
Black .79 .66 0227 -0.50 2.08
Other race/ethnicity -0.21 .93 0.819 -2.03 1.60
Income®
Under $25,000 -0.26 .64 0.683 -1.53 1.00
$50,000 or more 74 .70 0.293  -0.64 2.12
Food Insecure’ -0.03 .60 0.966 -1.19 1.14
Self-Rated Health®
Good .08 .57 0.890 -1.04 1.20
Poor -0.63 .64 0.329 -1.88 0.63
About the Same or More Fruit and 1.53 .67  0.021 .23 2.84

Vegetable Consumption since
March 2020

Note: p=Regression Coefficients, SE=Standard Error, CI=Confidence Interval. A
p value of .05 or less is considered statistically significant.

@ ref=High school or less

b ref=White

¢ ref=$25,000 to under $50,000

4 ref=Food secure

¢ ref=Fair
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increases in glucose levels, leading to an increase in the risk of compli-
cations from COVID-19 if they were to be infected [10,11]. This is
especially important to keep in mind given the mean age of the sample
(56.1 + 13.8 years) which indicates this population is already at risk of
severe infection and death from COVID-19 [17].

Men reported engaging in at least 30 min of physical activity more
often than women. Research has shown women have taken on more of
the burden resulting from mitigation efforts by reducing paid work
hours and assuming more of the childcare and housework re-
sponsibilities, which has previously been shown to have an effect on
physical activity levels [18-21]. Future research should seek to under-
stand how gender roles affect the level of physical activity for people
with T2DM during the COVID-19 pandemic. Additionally, future work
should investigate the potential for long-term negative health outcomes
for women with T2DM because of potential gender differences in re-
sponsibilities and expectations during the pandemic.

Studies conducted prior to COVID-19 have shown self-rated health,
an indicator of subjective physical health, is associated with physical
activity and the consumption of fruits and vegetables, with those
reporting better health also engaging in more physical activity and
consuming more servings of fruits and vegetables [12]. Although none
of the respondents self-reported being in excellent health, our results do
indicate that individuals with T2DM who self-report good health engage
in 30 min of physical activity more often than those who report being in
fair health. These findings suggest there is a need to understand how
people appraise their health and a need to address the importance of
physical activity in managing T2DM and preventing complications with
those who rate their health as fair or poor.

Previous research has shown college educated individuals tend to eat
five or more servings of fruits and vegetables on more days than those
with lower educational attainment [22,23]. Our results are counter to
previous findings, with college-educated respondents in our sample
reporting fewer days of adequate fruit and vegetable consumption
compared to those with a high school or less education. Prior research in
Europe has shown a decrease in the frequency of food shopping and
fresh food consumption during the COVID-19 pandemic [24]. Our
findings may be evidence of a similar phenomenon in the US. Reductions
in the frequency of in-person food shopping may be disproportionately
found among college-educated populations who have been more likely
to work remotely [25] and have been more likely to avoid unnecessary
trips outside the home, limiting access to fresh fruits and vegetables
[26]. Given the increase in online food shopping and restaurant delivery
during the pandemic, one potential option for addressing the lower fruit
and vegetable consumption is to encourage online vendors to make fresh
produce available for purchase and to promote these options to patrons
while shopping.

4.1. Limitations

The study is not without limitations, and the results should be
interpreted with these limitations in mind. Our sample was limited to
people with T2DM who were current or past patients and had been seen
at one of six clinic sites throughout Arkansas; therefore, the results may
not be generalizable to the general Arkansas or US populations with
T2DM. Additionally, Arkansans have low levels of physical activity and
fruit and vegetable consumption compared to residents of other US
states [27,28], which limits generalizability. Second, all of the measures
used in this study were self-reported and are reliant on respondent
recollections, which may result in respondent bias. Third, the data is
cross-sectional; therefore, no causal or temporal claims should be made
regarding the findings. Finally, the survey did not include information
on negative health behaviors (e.g., sedentary time, consumption of un-
healthy foods) which may have potentially added to these findings.

Despite the limitations, our study makes a significant contribution to
the literature. The results lead to a better understanding of the experi-
ences of adults with T2DM during the COVID-19 pandemic. The findings
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provide a basis for additional research, as well as interventions, to
address T2DM health outcomes during and after the COVID-19
pandemic and future public health emergencies. The results reaffirm a
need for diabetes education programs and health care providers to
provide information on the importance of maintaining both physical
activity and a healthy diet as part of a treatment plan for T2DM, even
during a public health emergency such as the COVID-19 pandemic. The
results also show the need for health care providers to communicate
with patients about their self-appraisal of their health status, to ensure
they are addressing the need to maintain healthy levels of physical ac-
tivity among people with T2DM who report lower levels of self-rated
health. Finally, the results indicate that there is a need for additional
support for women with T2DM to maintain healthy levels of physical
activity, including providing opportunities to engage in physical activity
for women who may take on a larger portion of the home and family
responsibilities during a public health emergency.
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