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Aims: To examine perceived infection risk of COVID-19 and the health and related behavior

changes among people with diabetes, compared with people without diabetes, and to

examine factors associated with self-reported health during the national quarantine period

in China.

Methods: The 2020 China COVID-19 Survey is an anonymous 74-item survey administered

via social media across China. A national sample of 10,545 adults in all 31 provinces in

mainland China provided data on sociodemographic characteristics, awareness, attitudes

towards COVID-19, lifestyle factors, and health outcomes during the quarantine. Regres-

sion models tested associations among study variables adjusting for covariates.

Results: Among the 9,016 total participants (42.6% men and 57.4% women), 585 reported

having diagnosed diabetes and 8,431 had no diabetes. Participants with diabetes perceived

themselves to be at higher risk and were more worried about being infected with COVID-19

when compared to non-diabetic individuals (p < 0.001). During the COVID-19 pandemic,

participants with diabetes were more likely to experience food and drug shortages and

to increase their physical activity, compared to their counterparts. Among diabetic respon-

dents, a high proportion of current smokers (74.1%) and drinkers (68.5%) reported increased
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amounts of smoking and drinking. People with diabetes were 11% less likely to report excel-

lent or very good health. Having 150 min/week physical activity was positively associated

with excellent or very good health (prevalence ratio, PR = 1.14, 95%CI 1.11–1.16).

Conclusions: A high proportion of people with diabetes perceived risk of COVID-19 infection

and increased their smoking and drinking during the pandemic.
� 2020 Elsevier B.V. All rights reserved.
1. Introduction

Since the outbreak of the novel coronavirus disease (COVID-

19) was first reported in Wuhan City in China in December

2019 [1], it has quickly become a global pandemic. A novel

betacoronavirus, known as the severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2), was identified as the

pathogen for COVID-19 [2]. China implemented a lockdown

of Wuhan in late January 2020 to contain the spread of

COVID-19. On March 11, 2020, the World Health Organization

(WHO) declared COVID-19, which triggered severe pneumo-

nia and acute, even lethal, lung failure, a pandemic [3].

COVID-19 infection is a double challenge for people with dia-

betes. It was reported that among COVID-19 patients admit-

ted to hospitals, diabetes was the second most prevalent

comorbidity (with a rate of approximately 10–20%) [4–6]. A

growing body of clinical and population studies shows that

patients with diabetes, when contracting SARS-CoV-2, are

more likely to develop severe symptoms and complications

[7,8], and they have much higher admission rates in inten-

sive care units. The risk of dying from COVID-19 was up to

50% higher for those with diabetes, particularly among

elderly type 2 diabetes cases [9] than for people without dia-

betes [10,11].

In addition to the direct vulnerability to the worst out-

comes of COVID-19, people with diabetes can be affected by

limited access to healthcare due to massive population lock-

downs. Consequently, their health condition would become

worse. Second, the prolonged period of quarantine and social

distancing, although effective to contain the spread of the

virus, is likely to have undesirable effects on the lifestyle

behaviors and health and well-being of chronic disease

patients, including those with diabetes. Third, during pan-

demics such as COVID-19, vulnerable populations, including

women, the elderly, and those with chronic diseases, become

more vulnerable due to their impaired ability to access and

understand health information and make sound, informed

decisions.

China has the largest number of diabetes patients in the

world, and the number has been continually rising due to

the improvement of living standards and increase of obesity.

China has an estimated 116 million adults living with dia-

betes (10.9% total diabetes and 35.7% prediabetes) [12–14].

So far, it is unknown how Chinese diabetes patients perceived

COVID-19 related risks and how they modified their health-

related behaviors accordingly during the pandemic.

The objectives of this time-sensitive study are: (1) to exam-

ine perceived risk of COVID-19 and levels of worry among

people with diabetes, and compare with the perceptions of
those without diabetes; (2) to examine the health-related

experiences and behaviors of people with diabetes when

compared with those without diabetes, and (3) to examine

factors associated with self-reported health status during

the COVID-19 quarantine period in China.

2. Methods and materials

2.1. Study design and participants

The China COVID-19 Survey is a cross-sectional anonymous

survey that was administered via WeChat, China’s leading

social network. Almost every Chinese adult uses WeChat

daily, and many children use it as well. We selected this

platform not only because the nation was under quarantine

and we could only reach respondents online, but also

because WeChat is China’s leading social network with more

than one billion users, and most Chinese adults use WeChat

daily. Based on national usage statistics in 2020, the

WeChat’s penetration rate in China is 78% among 16–64-

year-olds [15]. Survey data collection was administered

between April 25 and early May 11, 2020. We used both

snowball and convenience sampling approaches to recruit a

diverse sample in China.

The 2020 China COVID-19 Survey questionnaire has 74

items and provides about 150 study variables. It covers 8 com-

prehensive topics: (1) Awareness, knowledge, attitudes, and

practices toward COVID-19, (2) personal experiences and

impacts of COVID-19, (3) attitude toward government

responses to COVID-19, (4) healthcare-seeking behaviors, (5)

demographics characteristics, (6) lifestyle behaviors, (7) psy-

chological well-being, and (8) health outcomes, including obe-

sity and other non-communicable diseases (NCDs) during the

COVID-19 pandemic. The Xi’an Jiaotong University Institu-

tional Review Board approved study procedures, and partici-

pants provided consent online. Data includes a national

sample of 10,545 adults aged>=18 years in 31 province-level

administrative units.

For the present study, the study sample included 9,016 par-

ticipants. Of the total, 8,432 have neither diabetes nor other

NCDs (hypertension, heart disease, stroke, cancer, asthma,

chronic lung disease, etc.) (n = 8,432; referred to as ‘‘people

without diabetes” hereafter) and 585 people have been diag-

nosed as having diabetes (n = 585; referred to as ‘‘people with

diabetes” hereafter). Those with other NCDs but not diabetes

were excluded in the analysis. We focused on the following

study variables: demographic characteristics, awareness and

attitudes toward COVID-19, lifestyle behaviors, sleep, and

quality of life.
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3. Measurements

3.1. Demographic variables

Data on demographic characteristics, including gender, edu-

cation, income, residence, and occupation were collected

and then included as covariates in analysis models. For this

study, we adapted the related questions used in the China

Chronic Disease and Risk Factor (CCDRF) Survey [16] devel-

oped by the China Center for Disease Control Chronic Disease

Control Center ().

3.2. Awareness and attitude toward COVID-19

Awareness and attitudes towards the COVID-19 were

assessed using items adapted from a recent COVID-19 aware-

ness, attitude, and action questionnaire [17]. Two questions

asked participants to rate the likelihood they perceived that

they or someone in the family might get infected with

COVID-19 and levels of worry about getting coronavirus: (1)

‘‘How worried are you about being infected with COVID-19?”

Responses include a 4-point scale: not worried at all, a little

worried, somewhat worried, and very worried; and (2) ‘‘How

likely do you think it is that you or someone in your family

may get infected with the coronavirus this year?” Responses

include a 4-point scale: very likely, somewhat likely, not that

likely, and not at all likely.

3.3. Health-related experiences and behavior changes
during COVID-19

We adopted the questionnaire developed by Conway and col-

leagues [18]. Two items, drug shortage and food shortage due

to COVID-19, were used to measure coronavirus experiences.

Measures of health-related behaviors, including changes in

lifestyle behaviors (diet, physical activity, and sleep), were

assessed using items from the Kadoorie Study of Chronic Dis-

ease in China (KSCDC) [19] and the CCDRF Survey [16]. These

surveys were validated in the Chinese population. Body mass

index (BMI) was calculated using self-reported weight and

height. We used BMI>=24 to define overweight/obese [20].

Physical activity during COVID-19 was measured with items

adapted from the International Physical Activity Question-

naire (IPAQ) [21]. We then calculated participants’ weekly

physical activity minutes and whether they meet the

150 min weekly physical activity recommendation. Partici-

pants’ self-rated health [22] was measured by the most com-

monly used item from Patient-Reported Outcomes

Measurement Information System (PROMIS) item with

responses from poor to excellent.

3.4. Diabetes status

To assess chronic disease status, participants completed

questions regarding the following questions: ‘‘Did they cur-

rently have a chronic disease? If so, they were to identify

specific diseases or health conditions.” Healthy individuals

who self-identified of having no existing chronic diseases

were defined as ‘‘healthy people without diabetes,” those
who self-identified as having diabetes was defined as ‘‘people

with diabetes.” Those with other chronic diseases but no dia-

betes was excluded in the analysis.

3.5. Statistical analyses

We first described the distribution of sample characteristics

including age, gender, education, income (low, medium, high

based on tertiles), residence (city, town, and rural), smoking

(non-smoker, current smoker, ex-smoker), and alcohol drink-

ing (non-drinker, current drinker, ex-drinker), body mass

index (BMI, based on reported weight and height), and weight

status (classified based on BMI>=24 for overweight and >=28

for obesity, which are the Chinese national BMI cut points),

and analysed these by the subjects’ diabetes status. Chi

square test was used to compare differences between groups

for categorical variables and ANOVA for continuous variables.

Second, we graphically presented the distributions of fre-

quency of physical activity, change in smoking and alcohol

drinking by perceived COVID-19 infection risk with bar charts.

Then we performed a multivariable Poisson regression with

robust variance to calculate prevalence ratio (PR) [23], to

assess the association between diabetes status and lifestyle

behaviour changes during COVID-19 pandemic with self-

reported health (excellent/very good vs. others), while con-

trolling for sociodemographic variables. It is usually prefer-

able to use PRs instead of odds ratios (ORs) in cross-

sectional studies when the prevalence of outcome measures

is above 10% [24].

All the analyses were performed using STATA 16.1 (Stata

Corporation, College Station, TX, USA). Statistical significance

was considered when p < 0.05 (two-sided).

4. Results

4.1. Sample demographic characteristics

The sample characteristics by diabetes status are summa-

rized in Table 1. A total of 9,016 participants (3,839 men and

5,177 women) were included in the present study, of which

585 (6.5%) reported having diabetes. Compared to participants

without diabetes, more participants with diabetes were men

(60.3%) and older. They were more likely to live in cities

(68.7%), had a lower level of education, a high level of income

(47.4%), and were overweight (23.8%) or obese (10%). Notably,

those with diabetes were more likely to be current smokers

(43.6% vs. 11.8%, p < 0.001) and current alcohol drinkers

(40.2% vs. 19.7%, p < 0.001), compared to those without

diabetes.

4.2. Perceived COVID-19 risk and worry, health-related
experiences, and lifestyle behavior changes during COVID-19
pandemic

Table 2 describes participants’ self-perceived COVID-19 risk

and worry, as well as their health-related experiences and

lifestyle changes during COVID-19 pandemic by diabetes sta-

tus. Participants with diabetes had a substantially increased

likelihood of perceiving themselves to be ‘‘very likely” of



Table 1 – Sample characteristics by diabetes status among participants of 2020 China COVID 19 online survey (N = 9,016).

Total (n = 9,016) n (%) No Diabetes (n = 8,431) n (%) Diabetes (n = 585) n (%) p-value

Sex <0.001
Men 3,839 (42.6) 3486(41.4) 353(60.3)
Women 5,177 (57.4) 4945(58.7) 232(39.7)

Age group (years) <0.001
18-29 4,407 (48.9) 4,119 (48.9) 288 (49.2)
30-39 3,011 (33.4) 2,844 (33.7) 167 (28.5)
40-49 1,082 (12.0) 1,016 (12.1) 66 (11.3)
50-59 437 (4.8) 388 (4.6) 49 (8.4)
60-80 79 (0.9) 64 (0.8) 15 (2.6)

Education <0.001
Elementary school and below 132 (1.5) 95 (1.1) 37 (6.3)
Junior high/high school diploma 3,204 (35.5) 2,924 (34.7) 280 (47.9)
Bachelor’s degree or above 5,680 (63.0) 5,412 (64.2) 268 (45.8)

Residence <0.001
City 5,550 (61.6) 5,148 (61.1) 402 (68.7)
Town 2,076 (23.0) 1,980 (23.5) 96 (16.4)
Rural 1,390 (15.4) 1,303 (15.5) 87 (14.9)

Income levels (tertile) <0.001
Low 3,081 (43.1) 2,920 (43.9) 161 (32.7)
Medium 1,846 (25.8) 1,748 (26.3) 98 (19.9)
High 2,222 (31.1) 1,989 (29.9) 233 (47.4)

Occupation <0.001
Student 1,876 (20.8) 1,766 (20.9) 110 (18.8)
Employed 5,997 (66.5) 5,630 (66.8) 367 (62.7)
Unemployed 930 (10.3) 854 (10.1) 76 (13.0)
Retired 213 (2.4) 181 (2.1) 32 (5.5)

Smoking <0.001
Current smoker 1,248 (13.8) 993 (11.8) 255 (43.6)
None smoker 7,150 (79.3) 6,879 (81.6) 271 (46.3)
Ex-smoker 618 (6.9) 559 (6.6) 59 (10.1)

Alcohol drinking <0.001
Current drinker 1,899 (21.1) 1,664 (19.7) 235 (40.2)
None drinker 6,294 (69.8) 6,028 (71.5) 266 (45.5)
Ex-drinker 823 (9.1) 739 (8.8) 84 (14.4)

Body Mass Index <0.001
Underweight 955 (10.7) 878 (10.5) 77 (14.0)
Normal 5,644 (63.3) 5,357 (64.0) 287 (52.2)
Overweight 1,705 (19.1) 1,574 (18.8) 131 (23.8)
Obese 614 (6.9) 559 (6.7) 55 (10.0)
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becoming infected (40% in participants with diabetes vs. 8% in

participants without diabetes, p < 0.001). Correspondingly,

they were very worried about being infected with COVID-19

(54.5% in participants with diabetes vs 36% in participants

without diabetes, p < 0.001). Slightly more than half (52.1%)

of the subjects with diabetes reported their general health

as ‘‘excellent,” while the prevalence was 41.0% among those

without diabetes. During the COVID-19 pandemic, partici-

pants with diabetes were more likely to: experience food

shortages (59.8%) and drug shortages (59.7%), increase in their

physical activity over what it was prior to the pandemic

(44.6%), have a higher proportion (73.8% vs. 58.1%, p < 0.001)

of meeting weekly 150 min physical activity recommenda-

tions, report that COVID-19 had a high impact on their diet

(43.1% vs. 10.7%, P < 0.001), and sleep<6 h per day (25.4% vs.

10.9%, p < 0.001), when compared to their counterparts.

Among smokers, a high proportion reported significantly

increased smoking during the pandemic (61.6% in partici-

pants with diabetes and 22.2% in participants without
diabetes). A similar pattern was observed in the increase of

alcohol drinking: 54% diabetic and 10.2% non-diabetic partic-

ipants reported significant increases in drinking. Overall,

77.1% of the participants with diabetes and 82.1% of the par-

ticipants without diabetes reported their health to be excel-

lent/very good.

The prevalence of daily exercise was 12.9% in partici-

pants with diabetes vs. 8.2% in participants without dia-

betes (Fig. 1). When asked about participating in certain

types of exercise, people with diabetes (when participated

in physical activity) were more likely to do Tai Chi and/or

Qigong than the others (38.8% vs 11.8%). Perceived high

COVID-19 infection risk was associated with increases in

smoking and drinking (Fig. 2). Among those who perceived

high infection risk, 63.7% of the smokers increased smoking

a lot and 54.8% drinkers increased drinking a lot. The corre-

sponding figures were only 19.3% and 8.2% among those

individuals that did not perceive themselves to be at a

higher risk of infection.



Table 2 – Self-perceived covid-19 risk andworry, health related experiences and lifestyle changes during COVID-19 pandemic, by
diabetes status (n = 9,016).

Total No diabetes Diabetes p-value

N = 9,016, n (%) N = 8,431, n (%) N = 585, n (%)
Self-perceived risk of infection and level of worry
How likely do you think it is that you or someone in your
family may get infected?

<0.001

Very likely 907 (10.1) 673 (8.0) 234 (40.0)
Somewhat likely 2,130 (23.6) 1,972 (23.4) 158 (27.0)
Not that likely 4,200 (46.6) 4,065 (48.2) 135 (23.1)
Not at all likely 1,779 (19.7) 1,721 (20.4) 58 (9.9)

How worried are you about being infected with COVID-19? <0.001
Very worried 3,352 (37.2) 3,033 (36.0) 319 (54.5)
Somewhat worried 3,157 (35.0) 3,021 (35.8) 136 (23.2)
A little worried 2,107 (23.4) 1,997 (23.7) 110 (18.8)
Not worried at all 400 (4.4) 380 (4.5) 20 (3.4)

Self-reported overall health
Excellent 3,693 (41.0) 3,388 (40.2) 305 (52.1)
Very good 3,679 (40.8) 3,533 (41.9) 146 (25.0)
Good 1,442 (16.0) 1,326 (15.7) 116 (19.8)
Fair 187 (2.1) 172 (2.0) 15 (2.6)
Poor 15 (0.2) 12 (0.1) 3 (0.5)

Food shortages <0.001
Yes 2,937 (26.9) 2,487 (25.0) 350 (59.8)
No 7,708 (73.1) 7,473 (75.0) 235 (40.2)

Drug shortages <0.001
Yes 3,173 (30.1) 2,824 (28.4) 349 (59.7)
No 7,372 (69.9) 7,136 (71.6) 236 (40.3)

Lifestyle behavior changes
During COVID-19 epidemic, did you usually have more or
less physical activity in a week than before?

<0.001

Increased a lot 1,608 (17.8) 1,347 (16.0) 261 (44.6)
Increased a little 2,257 (25.0) 2,122 (25.2) 135 (23.1)
No change 2,220 (24.6) 2,106 (25.0) 114 (19.5)
Decreased a little 1,559 (17.3) 1,511 (17.9) 48 (8.2)
Decreased a lot 1,372 (15.2) 1,345 (16.0) 27 (4.6)

During COVID-19 epidemic, about how many hours on
average per day did you do physical activity? , (in hours)

1.2 (1.5) 1.1 (1.4) 2.0 (2.0) <0.001

PA 150 min/week 5,333 (59.2) 4,901 (58.1) 432 (73.8) <0.001
How has your diet been impacted during COVID-19
epidemic?

<0.001

High impact 1,154 (12.8) 902 (10.7) 252 (43.1)
Some impact 2,967 (32.9) 2,808 (33.3) 159 (27.2)
Average impact 2,041 (22.6) 1,936 (23.0) 105 (17.9)
Minimal impact 2,044 (22.7) 1,990 (23.6) 54 (9.2)
No impact at all 810 (9.0) 795 (9.4) 15 (2.6)

During COVID-19, how many hours of sleep did you get
each day on average?

7.8 (1.2) 7.9 (1.2) 7.6 (1.6) <0.001

Sleep duration <0.001
<=6 h 1,026 (11.7) 897 (10.9) 129 (25.4)
6 – 8 h 5,787 (66.1) 5,523 (66.9) 264 (52.1)
>8 h 1,944 (22.2) 1,830 (22.2) 114 (22.5)

During COVID-19, did your smoke more or less than
before?

<0.001

Increase a lot 377 (30.2) 220 (22.2) 157 (61.6)
Increase some 237 (19.0) 205 (20.6) 32 (12.5)
No change 356 (28.5) 306 (30.8) 50 (19.6)
Decrease some 185 (14.8) 177 (17.8) 8 (3.1)
Decrease a lot 93 (7.5) 85 (8.6) 8 (3.1)

How do you compare your alcohol consumptions during
COVID-19 compared to your ty

<0.001

Increase a lot 296 (15.6) 169 (10.2) 127 (54.0)
Increase some 289 (15.2) 255 (15.3) 34 (14.5)
No change 632 (33.3) 586 (35.2) 46 (19.6)
Decrease some 326 (17.2) 315 (18.9) 11 (4.7)
Decrease a lot 356 (18.7) 339 (20.4) 17 (7.2)
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4.3. Multivariate analyses of associations between
diabetes and lifestyle behavior changes during COVID-19
pandemic with self-reported health

Findings (Table 3) from the multivariable Poisson regression

model showed associations between diabetes and lifestyle

behavior changes during COVID-19 pandemic with self-

reported health, controlling for demographic characteristic.

The model showed that those with diabetes were 11% less

likely to report having excellent/very good health. Obtaining

150 min/week physical activity was positively associated with

excellent/very good health (PR 1.14, 95%CI 1.11–1.16). Com-

pared with those who reported no change of PA, those indi-

viduals who increased PA levels were more likely to report

excellent/very good health. Compared with those who

obtained 6–8 h of sleep per day, participants who got less than

6 h of sleep were 12% less likely to report excellent/very good

health. Changes in drinking were not associated with self-

reported health outcomes. Surprisingly, those who reported
increases in smoking were more likely to have excellent/good

health.

5. Discussion

Risk factor assessments based on pandemic data from multi-

ple countries, although still notably limited [7–11,25], indicate

that those at higher risk for severe illness from COVID-19

include older males, and people with obesity and related

comorbidities such type 2 diabetes. As China has the highest

number of obese and diabetic patients worldwide (about 46%

of adults are obese or overweight) [26,27], and 116 million

adults living with diabetes (10.9% total diabetes and 35.7%

prediabetes [12]), it is critical to understand how COVID-19

impacts Chinese adults, especially those with chronic condi-

tions like diabetes and overweight/obesity, which likely coex-

ist. To our knowledge, this study is the first sizeable

nationwide survey to examine Chinese diabetics and healthy

non-diabetic residents’ attitudes towards COVID-19 risks and

the impact of COVID-19 on health-related behavior changes,

and self-related health during the home quarantine period

in China. The survey respondentswere from all the provinces,

municipal cities, and special administrative regions of China.

Our study shows that Chinese adults with diabetes were

more likely to perceive a high risk of COVID-19 infection



Table 3 – Factors associated with self-reported excellent/
very good health among adults during COVID-19 pandemic.

PR 95%CI

Having diabetes 0.89 0.84–0.93
Age groups

18-29 1.00
30-39 0.99 0.97–1.01
40-49 0.96 0.93–1.00
50-59 0.95 0.90–1.00
60-80 0.86 0.73–1.00

Gender
Men 1.00
Women 0.97 0.95–1.00

Residence
City 1.00
Town 1.03 1.00–1.05
Rural 0.97 0.95–1.00

Education
Elementary school and below 1.00
Junior high/high school diploma 1.02 0.93–1.12
Bachelor’s degree or above 0.98 0.89–1.08

Change of smoking behavior
No change (smokers) 1.00
Increased a lot 1.08 1.00–1.16
Increased a little 0.97 0.89–1.05
Decreased a little 1.00 0.92–1.08
Decreased a lot 1.07 0.97–1.18
None smoker 1.03 0.97–1.08

Change in drinking behavior
No change (smokers) 1.00
Increased a lot 0.97 0.90–1.04
Increased a little 0.97 0.91–1.03
Decreased a little 1.03 0.97–1.09
Decreased a lot 0.97 0.91–1.04
None drinkers 0.99 0.95–1.03

PA 150 min/week 1.14 1.11–1.16
Change in PA

No change 1.00
Increased a lot 1.11 1.08–1.14
Increased a little 1.07 1.04–1.10
Decreased a little 0.99 0.95–1.02
Decreased a lot 0.87 0.83–0.90

Sleep duration
6-8 h 1.00
<6 h 0.88 0.84–0.91
>8 h 1.00 0.98–1.02

BMI categories
Normal 1.00
Underweight 0.96 0.93–0.99
Overweight 1.01 0.98–1.03
Obese 0.94 0.90–0.98

Note: PA = physical activity; all the variables in the table were

mutually adjusted for in models.
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and high level of worry than those without diabetes. Litera-

ture has shown that food insecurity is an important risk fac-

tor for type 2 diabetes.[28] People with diabetes are more

dependent on the regularity of food and medicine and there-

fore this may have caused the perceived risk of food and drug

shortage. Concurrently, a higher proportion of individuals

with diabetes reported an increase in smoking and drinking

than those without diabetes in our sample. We attempted to

investigate the association between self-reported health and
the alcohol drinking and smoking. We found that those who

increased smoking were more likely to have excellent/good

health. Although this cross-section data does not allow us

to draw a causal conclusion, we propose two explanations

for future studies to validate. First, increased alcohol con-

sumption and smoking may be related to elevated anxiety

and stress due to prolonged isolation and uncertainly during

the COVID-19 pandemic. When people’s lives are stressful,

alcohol consumption and tobacco smoking may become a

coping approach for their stress. Second, the controversial,

unproven but popular social media claims that [29] tobacco

or nicotine could reduce the risks of COVID-19 may play a role

in shaping at-risk individuals’ behaviors. With around 314

million adult smokers, and accounts for nearly one-third

(30%) of smokers worldwide in China [30], the use of tobacco

products is of particular concern during the COVID-19 pan-

demic. We advocate for more research to examine the role

of smoking in the contraction, transmission, and mortality

rate of COVID-19.

Previous research suggest that alcohol consumption is a

potential risk factor for type 2 diabetes [31,32]. Regardless of

the amount of alcohol a person consumes, alcohol consump-

tion can weaken the immune systems [33]. People with prob-

lematic drinking behaviors can be among the most vulnerable

populations for COVID-19 infection [34]. Given the high rates

of smoking and drinking among those with diabetes, coun-

tries should allocate resources to health stimulus packages,

scientific research, and health promotion campaigns to fur-

ther reduce alcohol drinking and smoking rates.

The COVID-19 pandemic casts new light on some old prob-

lems: medication access, drug shortages, and food shortages.

Our findings showed that diabetic patients were at higher risk

for drug and food shortages. Although some global supply dis-

ruptions and shortages cannot be predicted or prevented,

government agencies and healthcare providers can provide

telemedicine, mail order pharmacy, home delivery, and

drive-thru or curbside pick-up of groceries or medications in

order to mitigate the shortages while enhancing social

distancing.

While China is slowly beginning to reopen since lifting the

lockdown in mid-May, it is of interest to understand how peo-

ple coped with stress during the time of social distancing and

home quarantine in China. Our findings indicate that having

an adequate amount of physical activity (i.e., engaging in

weekly physical activity for 150 min or more) and increasing

physical activity during pandemic were positively associated

with self-reported excellent/very good health. Insufficient

sleep was more common in people with diabetes than people

without diabetes and was related to poor health. These find-

ings further highlight the importance of the promotion of

health and wellness during COVID-19.

This study has some strengths and limitations. To our

knowledge, no studies to date have reported findings related

to perceived infection risks and the impacts of COVID-19 on

a large sample of people with diabetes on health-related out-

comes and lifestyle behavior changes in China, where COVID-

19 was first reported, and many vigorous nationwide mea-

sures were taken to control its spread. Our findings may shed

light on how to target or manage risk factors (i.e., drinking

and smoking) for the diabetic population during the pan-
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demic. Given the anonymous design of the online survey,

such an approach can work better to collect people’s honest

answers, especially about sensitive information; and it is

more feasible in special situations like COVID-19, where

face-to-face interviews are difficult.

This study has some limitations. First, potential self-

selection bias is common in survey data, including ours due

to the use of convenience and snowball sampling method.

Our sample may also have bias related to age or education

since 45.8% of diabetic adults have a bachelor’s degree in com-

parison to 64% of non-diabetic adults. However, some health

indicator rates from our data, such as rates of overweight/obe-

sity and diabetes, were consistent with those from other

national survey data [27,35]. Second, the samplewas relatively

young (48.9% of participants were 18–29 years old and 17.7%

40 years old and above). Therefore, the observations are lim-

ited and cannot be extrapolated to older individualswho likely

have different perceptions of the COVID-19 pandemic. Third,

the survey questionnaire did not ask participants to identify

the specific type of diabetes that they had been diagnosed.

Although we did not attempt to distinguish type 1 diabetes

from type 2 by self-report, the vast majority of diabetes cases

in China are currently type 2 [13]. Fourth, the self-reporting

scale used for changes in smoking and drinking was crude

and subjective (changed a lot, change a little, et al). We did

not collect the baseline data for tobacco or alcohol consump-

tions prior to COVID-19 and cannot really quantify the

changes. In addition to collecting data on the self-reported

changes in smoking and alcohol consumption for the current

diabetic smokers or drinkers during COVID-19 as this study

did, it is also important to know the prevalence of initiation

of smoking/drinking during the COVID-19 pandemic. Fifth,

the number and/or types ofmedications taken aswell as dura-

tion of diabetes were not collected in the survey. This was

because stratified analysis by number of medications taken

by participants would require a much larger sample size. This

was beyond the scope of the current investigation. Lastly, a

review by Dryhurst and colleagues [36] pointed out that many

rapid-response studies almost exclusively rely on single-item

measures of risk perception, selectively tapping into either

cognitive or emotional dimensions. This study’s two-item

measures of risk perception share the above-mentioned limi-

tation. Risk perception is a subjective psychological construct

that is influenced by cognitive, emotional, social, cultural, and

individual variation both between individuals and between

different countries [36]. We encourage future studies to

include theory-basedmeasures of risk perception that involve

multidimension determinants of risk perception.

In conclusion, our results showed that Chinese adults with

diabetes perceived themselves at high risk for COVID-19

infection and were more worried about being infected when

compared to individuals without diabetes. They reported

experiences with shortages of food and medication and

exhibited adverse lifestyle behaviors and declined health.

Even though we cannot identify precisely what caused the

fear, it may be hypothesized that imprecise information and

instructions of being at higher risk for COVID-19 and death

in people with diabetes by media and government, without

necessary follow-up and support structures in place, created

the anxiety. This is indeed a wake-up call, a tocsin, to the
world on the importance of primary prevention and providing

good support to chronic disease patients, including those

with diabetes.
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