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Abstr act

This study examined the associations between diabetes and self-
reported/familial COVID-19 infection and investigated health-
related outcomes among those with diabetes during China’s 
nationwide quarantine. The 2020 China COVID-19 Survey was 
administered anonymously via social media (WeChat). It was 
completed by 10 545 adults in all of mainland China’s 31 provin-
ces. The survey consisted of 74 items covering sociodemogra-
phic characteristics, preventive measures for COVID-19, lifestyle 
behaviors, and health-related outcomes during the period of 
quarantine. Regression models examined associations among 
study variables. Diabetes was associated with a six-fold increased 
risk of reporting COVID-19 infection among respondents or their 
family members. Among people with diabetes, individuals who 
rarely wore masks had double the risk of suspected COVID-19 
infection compared with those who always wore masks, with an 
inverse J-shaped relationship between face mask wearing and 
suspected COVID-19 infection. People with diabetes tended to 
have both poor knowledge of COVID-19 and poor compliance 
with preventive measures, despite perceiving a high risk of per-
sonal infection (40.0 % among respondents reporting diabetes 
and 8.0 % without diabetes). Only 54–55 % of these respondents 
claimed to consistently practice preventive measures, including 

 * Equal contribution.
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Introduction
The COVID-19 pandemic has become a major concern worldwide. 
Most people with COVID-19 have comorbidities, the most preva-
lent of which are diabetes mellitus, cardiovascular disease, and hy-
pertension. A significant association with worse outcomes is seen 
in people with these comorbidities [1]. People with diabetes, espe-
cially type 2 diabetes (T2DM), when infected with SARS-CoV-2 are 
susceptible to worse clinical outcomes (higher hospitalization and 
mortality rates) [1, 2]. In addition to impaired immunity, increased 
coagulation, and chronic inflammation [3], several other factors 
have been identified that impact the severity of COVID-19 among 
people with diabetes – including poor glycemic control, the phar-
macodynamics of some medications commonly used in diabetes 
care, and limited access to medications [4].

The COVID-19 outbreak was first reported in China, followed by 
a nationwide lockdown. Several COVID-19 related prevention and 
control measures, including social distancing and quarantine practi-
ces can result in decreased physical activity, poor dietary diversity, 
and psychological distress, as well as delayed care-seeking related to 
fear of exposure to COVID-19 [5–8]. Given that China has the largest 
number of people with diabetes in the world (an estimated 116 mil-
lion adults) [9], it would be critical to understand how Chinese peo-
ple with diabetes mitigate the risk of COVID-19 and manage their 
diabetes.

To control the spread of the virus, studies have highlighted the 
importance of individual adherence to preventive measures, such 
as use of face masks, frequent handwashing, proper respiratory hy-
giene, and social distancing [10]. An online cross-sectional survey 
from China with 6910 subjects reported that most participants en-
gaged in appropriate preventive practices, especially wearing 
masks and avoiding crowded places. Furthermore, higher levels of 
knowledge of COVID-19 was associated with a greater likelihood 
of compliance with preventive measures [11]. However, this study 
had limited sample representativeness, with an over-representati-
on of women and well-educated people in only one province in 
China.

So far, little is known about the psychosocial and health-related 
consequences that the pandemic has had on adults with diabetes 
[12]. Considering the lack of nationally available data on public 
health measures and responses, the level of knowledge of COVID-
19 and adherence to preventive measures among the Chinese po-
pulation, especially those with diabetes, remain open questions.

Using nationwide survey data from China, this study investiga-
ted: 1) the association between diabetes and self-reported COVID-
19 infection in families; 2) knowledge of and practices of people 
towards mitigating and controlling the spread of COVID-19, and 3) 
the psychosocial and health-related impact of the COVID-19 pan-
demic on those with diabetes during the national quarantine. The 

findings may be useful in guiding prevention and control of COVID-
19 as well as the management of diabetes during the pandemic.

Materials and Methods

Study design and participants
The 2020 China COVID-19 Survey is a cross-sectional, anonymous 
online survey that was administered via WeChat between April 25 
and May 11, 2020. 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 the majority of Chinese adults 
use WeChat daily. Based on national usage statistics, WeChat’s pe-
netration rate is 78 % in China among 16–64-year-old in 2020 [13]. 
To recruit a diverse sample of respondents, we started with conve-
nience sampling and followed by a snowball sampling approach as 
an active means of recruitment (i.e., respondents themselves could 
recruit more respondents such as their friends, family, co-workers, 
or acquaintances).

The survey questionnaire contained 74 items, provides about 
150 study variables, and covered 8 topics, namely: 1) knowledge, 
attitudes, beliefs, and practices associated with COVID-19; 2) per-
sonal experiences and impacts of COVID-19; 3) attitude toward 
government responses to COVID-19; 4) healthcare-seeking beha-
viors; 5) demographic characteristics; 6) lifestyle behaviors; 7) psy-
chological well-being; and 8) health outcomes, including obesity 
and other chronic diseases during the nationwide quarantine (Sup-
plement questionnaire 1).

The study was approved by the Xian Jiaotong University’s Insti-
tutional Review Board, and participants provided consent. Data in-
cludes a nationwide (31 province-level administrative units) sam-
ple of 10 545 adults aged  ≥ 18 years.

Measures

Outcome measure: Self-reported COVID-19 infection 
and health-related outcomes
COVID-19 infection in the family
Participants were asked three yes/no questions: 1. “Do you think 
that you or someone in your family have been infected with COVID-
19?” We defined those who answered in the affirmative as having 
self-reported suspected COVID-19 infection. 2. “Have you visited 
the hospital due to suspected COVID-19 infection?” 3. Discrimina-
tory behavior related to COVID-19 was assessed through the ques-
tion, “Have you or anyone in your family experienced COVID-19-re-
lated bias or discrimination due to infection with COVID-19?” No-

wearing face masks. Almost 60 % of those with diabetes experi-
enced food or medication shortages during the quarantine pe-
riod, which was much higher than those without diabetes. Im-
portantly, respondents who experienced medication shortages 

reported a 63 % higher COVID-19 infection rate. Diabetes was 
associated with an increased risk of self-reported personal and 
family member COVID-19 infection, which is mitigated by con-
sistent use of face masks.
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tably, we defined “possible COVID-19 infection” only in those 
reporting a positive answer to all three questions above.

Self-reported health worsening
Participants were asked, “How has COVID-19 affected your health? 
1) Significantly worse; 2) Slightly worse; 3) Slightly better; 4) Sig-
nificantly better; or 5) No change.”

Weight change
Weight change during the nationwide lockdown was gauged by the 
question “How is your current weight compared to your weight be-
fore COVID-19? 1) Unchanged (increased or decreased by less than 
1 kg); 2) Increased by 1.0–2.5 kg; 3) Increased by 2.5 kg or more; 
4) Decreased by 1.0–2.5 kg; or 5) Decreased by 2.5 kg or more.”

Worry index
Participants were asked five questions about their “stressful expe-
riences” during the pandemic in the month prior to the survey:  
1) loss of interest in activities they liked in the past, 2) difficulty fal-
ling asleep, staying asleep, or waking up frequently or early, 3) ir-
ritability or anger, 4) difficulty concentrating, and 5) repeated dis-
turbing dreams associated with COVID-19. Response options for 
each question included a five-point Likert scale from “not at all” to 
“extremely.” These questions were adopted from diagnostic scree-
ning items of the widely used and validated PCL-C (civilian) scale 
[14], which asks about symptoms in relation to “stressful experi-
ences” and can be used in any population.

A worry index was constructed based on responses to the five 
questions. Each question had a score between 1–5 (not bothered 
to extremely bothered). We calculated the total score (range of 
5–25) and then converted it to a z-score.

Diabetes and other NCDs
To assess NCDs, participants were asked to respond to the following 
questions: “Do you currently have a chronic disease?” If so, they 
were asked to identify specific diseases or health conditions. In the 
analysis, we categorized participants as “Without diabetes, with 
diabetes, and with other NCDs (including hypertension, heart di-
sease, stroke, cancer, asthma, and chronic lung disease).”

Knowledge, attitudes, and practices towards COVID-19
These were assessed using items adapted from a recent COVID-19 
awareness, attitude, and action questionnaire [15]. Two of the 
questions asked participants to rate their perceived likelihood that 
they, or a family member, would become infected with COVID-19, 
and levels of worry – both on a four-point scale, from 1 “not at all 
likely/not at all worried” to 4 “very likely/very worried.” Participants 
were also asked how they complied with the four main preventive 
measures (wearing a face mask, frequent hand washing, avoiding 
going out, and avoiding social gatherings) on a five-point Likert 
scale (all the time, sometimes, occasionally, rarely, and never).

Health-related experiences and behavior changes during 
COVID-19
We adopted a questionnaire developed by Conway and colleagues 
(2020) to measure the impact and personal experiences related to 
COVID-19 [16]. Two items – medication shortage and food shorta-

ge due to COVID-19 – were used to measure coronavirus-related ex-
periences. Body mass index (BMI) was calculated using self-reported 
weight and height. We used BMI  ≥ 24 kg/m2 to define overweight/
obese based on the cut-off recommended by the Obesity Working 
Group in China [17]. Physical activity during COVID-19 was measu-
red with items adapted from the International Physical Activity Ques-
tionnaire (IPAQ) [18]. We then calculated participants’ weekly phy-
sical activity minutes and whether they met the 150 minute weekly 
physical activity recommendation. Participants’ self-rated health 
[19] was measured by the most commonly used item from the Pati-
ent-Reported Outcomes Measurement Information System (PRO-
MIS), with responses ranging from “poor” to “excellent.”

Demographic variables
Demographic characteristics include gender, education, income (re-
coded as tertiles based on self-reported income), and residence (city, 
town, or rural) and were included as covariates in analysis models.

Statistical analysis
The sample characteristics were presented as means (SD) or pro-
portions. To compare differences between groups, we used a Chi-
squared test for categorical variables, and ANOVA for continuous 
variables.

We used bar charts to graphically present the distributions of 
practicing preventive measures for COVID-19. Multivariable Pois-
son regression with robust variance was used to calculate preva-
lence ratios (PR), and assess the association between diabetes and 
significant health worsening during the pandemic while control-
ling for sociodemographic variables. It is usually preferable to use 
PRs instead of odds ratios (ORs) in cross-sectional studies when the 
prevalence of outcome measures is above 10 % [20].

To examine the association between diabetes status and worry 
index, we employed multivariable linear regression. Multivariable 
logistic regression was used to assess the association between di-
abetes and self-reported COVID-19 infection. We conducted and 
visually presented our subgroup analyses of the association bet-
ween diabetes and self-reported COVID-19 infection. Among those 
reporting diabetes, the association between sociodemographic 
factors and facemask wearing with self-reported COVID-19 infec-
tion was examined using Poisson regression with robust variance, 
as the prevalence of self-reported COVID-19 was above 10 %.

All analyses were performed using Stata 16.1 (College Station, 
TX, USA). Statistical significance was considered when p  < 0.05 
(two-sided).

Results

Sample characteristics
▶Table 1 shows the sample characteristics by diabetes status. 
Among the 10 545 participants (4605 men and 5940 women) 585 
(6.5 %) reported having diabetes and 1529 (14.5 %) had other NCDs. 
Compared to participants without diabetes or with other NCDs, 
more participants with diabetes were men (60.3 %) and were older. 
They were more likely to live in cities (68.7 %), had a lower level of 
education, a higher level of income (47.4 %), and were more likely 
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▶Table 1	 Sample characteristics among participants attending “The 2020 China COVID 19 Survey”, by diabetic and non-communicable chronic 
disease (NCD) status (n = 10 545).

Total Without diabetes With diabetes With other NCD p-Value

n = 10 545 n = 8431 n = 585 n = 1529

Age group (years)  < 0.001

  18–29 4989 (47.3 %) 4119 (48.9 %) 288 (49.2 %) 582 (38.1 %)

  30–39 3493 (33.1 %) 2844 (33.7 %) 167 (28.5 %) 482 (31.5 %)

  40–49 1352 (12.8 %) 1016 (12.1 %) 66 (11.3 %) 270 (17.7 %)

  50–59 592 (5.6 %) 388 (4.6 %) 49 (8.4 %) 155 (10.1 %)

  60–80 119 (1.1 %) 64 (0.8 %) 15 (2.6 %) 40 (2.6 %)

Sex  < 0.001

  Men 4605 (43.7 %) 3486 (41.3 %) 353 (60.3 %) 766 (50.1 %)

  Women 5940 (56.3 %) 4945 (58.7 %) 232 (39.7 %) 763 (49.9 %)

Education  < 0.001

  Low (primary school or lower) 191 (1.8 %) 95 (1.1 %) 37 (6.3 %) 59 (3.9 %)

  Medium (junior high/high school) 3985 (37.8 %) 2924 (34.7 %) 280 (47.9 %) 781 (51.1 %)

  High (university or above) 6369 (60.4 %) 5412 (64.2 %) 268 (45.8 %) 689 (45.1 %)

Residence  < 0.001

  City 6493 (61.6 %) 5148 (61.1 %) 402 (68.7 %) 943 (61.7 %)

  Town 2470 (23.4 %) 1980 (23.5 %) 96 (16.4 %) 394 (25.8 %)

  Rural 1582 (15.0 %) 1303 (15.5 %) 87 (14.9 %) 192 (12.6 %)

Income levels (tertiles)  < 0.001

  Low 3592 (42.5 %) 2920 (43.9 %) 161 (32.7 %) 511 (39.3 %)

  Medium 2152 (25.5 %) 1748 (26.3 %) 98 (19.9 %) 306 (23.6 %)

  High 2704 (32.0 %) 1989 (29.9 %) 233 (47.4 %) 482 (37.1 %)

Occupation  < 0.001

  Student 2075 (19.7 %) 1766 (20.9 %) 110 (18.8 %) 199 (13.0 %)

  Employed 7015 (66.5 %) 5630 (66.8 %) 367 (62.7 %) 1018 (66.6 %)

  Unemployed 1135 (10.8 %) 854 (10.1 %) 76 (13.0 %) 205 (13.4 %)

  Retired 320 (3.0 %) 181 (2.1 %) 32 (5.5 %) 107 (7.0 %)

Smoking  < 0.001

  Current smoker 1633 (15.5 %) 993 (11.8 %) 255 (43.6 %) 385 (25.2 %)

  No smoker 8148 (77.3 %) 6879 (81.6 %) 271 (46.3 %) 998 (65.3 %)

  Ex-smoker 764 (7.2 %) 559 (6.6 %) 59 (10.1 %) 146 (9.5 %)

Alcohol drinking  < 0.001

  Current drinker 2354 (22.3 %) 1664 (19.7 %) 235 (40.2 %) 455 (29.8 %)

  No drinker 7190 (68.2 %) 6,028 (71.5 %) 266 (45.5 %) 896 (58.6 %)

  Ex-drinker 1001 (9.5 %) 739 (8.8 %) 84 (14.4 %) 178 (11.6 %)

Hours spent on exercise per day, mean (SD) 1.2 (1.5) 1.1 (1.4) 2.0 (2.0) 1.4 (1.8)  < 0.001

Physical activity  ≥  150 minutes/week 6232 (59.1 %) 4901 (58.1 %) 432 (73.8 %) 899 (58.8 %)  < 0.001

Self-reported overall health  < 0.001

  Excellent 4211 (39.9 %) 3388 (40.2 %) 305 (52.1 %) 518 (33.9 %)

  Very good 4235 (40.2 %) 3533 (41.9 %) 146 (25.0 %) 556 (36.4 %)

  Good 1790 (17.0 %) 1326 (15.7 %) 116 (19.8 %) 348 (22.8 %)

  Fair 284 (2.7 %) 172 (2.0 %) 15 (2.6 %) 97 (6.3 %)

  Poor 25 (0.2 %) 12 (0.1 %) 3 (0.5 %) 10 (0.7 %)

Weight status  < 0.001

  Underweight (BMI  < 18.5) 1093 (10.5 %) 878 (10.5 %) 77 (14.0 %) 138 (9.3 %)

  Normal (18.5  < BMI  < 24) 6429 (61.8 %) 5357 (64.0 %) 287 (52.2 %) 785 (53.0 %)
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to be overweight (23.8 %) or obese (10 %). Compared to those wi-
thout diabetes, those with diabetes were more likely to be current 
smokers (43.6 vs. 11.8 %, p  < 0.001) and drink alcohol (40.2 vs. 
19.7 %, p  < 0.001). About 60 % of those with diabetes reported ex-
periencing food (59.8 %) or medication (59.7 %) shortage, which 
was much higher than those without diabetes (22.7 and 25.8 %).

Diabetes and self-reported COVID-19 infection in the 
family
Diabetes was associated with an increased risk of self-reported 
COVID-19 in the family. The prevalence of self-reported COVID-19 
infection in the family were 5.2, 37.9, and 18.6 % among those wi-
thout diabetes, with diabetes and with other NCDs, respectively. In 
a multivariable model, compared with those without diabetes, peo-
ple with diabetes were 6.3 times (95 % CI 5.07–7.84) more likely to 
report COVID-19 infection. There was no significant gender diffe-
rences in the association between diabetes and self-reported 
COVID-19 infection (▶Fig. 1). However, the association between 
diabetes and COVID-19 infection was stronger in the city than in 
town and rural area (p-interaction 0.033). Among those perceiving 
themselves at high risk for COVD-19 infection, the association bet-
ween diabetes and self-reported COVID-19 infection was lower 
than those who did not perceive high risk of COVID-19 (p-interac-
tion  < 0.001). Among all the age groups, the association between 
diabetes and self-reported COVID-19 infection was the strongest 
in those aged 30–39 years.

Among those with diabetes, medication shortage (PR 1.63 95 %CI 
1.20–2.22) and food shortage (PR 1.94 95 % CI 1.33–2.84), and ra-
rely wearing face mask (PR 2.12 95 %CI 1.62–2.79) were positively 
associated with self-reported COVID-19 infection (▶Fig. 2).

Knowledge, attitudes, and practices towards 
COVID-19
Overall, people with diabetes were more likely to worry about being 
infected with COVID-19 than others, reporting themselves or fa-
mily members as very likely to become infected (40.0 % of respon-

dents with diabetes vs. 8.0 % without) (▶Table 2). However, peo-
ple with diabetes were less likely to correctly identify three symp-
toms of COVID-19 (59.3 % among respondents with diabetes, 
84.0 % without diabetes and 69.9 % with other NCDs).

People with diabetes were also less likely to consistently practi-
ce COVID-19-preventive measures (Supplement Fig. 1). Fewer 
than 60 % of them consistently practiced the four cardinal preven-
tive measures (wearing face masks, frequent hand washing, avoi-
ding unnecessary outdoor activity, and avoiding social gatherings). 
In contrast, more than 70 % of those without diabetes reported 
practicing these four preventive measures “all the time.”

Management of diabetes and other NCDs during 
COVID-19 pandemic
Half of those with diabetes reported current blood glucose levels 
to be above the normal range (Supplement Table 1), 31.6 % had 
their last glucose test more than 6 months ago (▶Table 3). A total 
of 28.2 % of those with diabetes reported daily measurement of 
blood pressure, but 71.3 % of them reported that their routine me-
dical consultation was affected due to COVID-19, and 21.5 % were 
tested for blood lipids one year ago.

COVID-19 related health outcomes
People with diabetes were more likely to report their health was sig-
nificantly worse (33.7 vs. 7.2 %) and have a high worry index because 
of the pandemic than those without diabetes (Supplement Table 1). 
In a multivariable model, the PR for significant health worsening du-
ring the pandemic was 2.69 (95 % CI 2.31–3.14) for those with diabe-
tes compared with those without diabetes (Supplement Table 2).

Discussion
This paper is the first from examining the association between di-
abetes and COVID-19 and how the risk of infection can be mitiga-
ted by preventive measures such as face mask wearing. The findings 
highlight important lessons for dealing with future pandemics of 

▶Table 1	 Continued.

  Overweight (24  <   = BMI  < 28) 2108 (20.3 %) 1574 (18.8 %) 131 (23.8 %) 403 (27.2 %)

  Obese (BMI  >   = 28) 768 (7.4 %) 559 (6.7 %) 55 (10.0 %) 154 (10.4 %)

Number of chronic conditions  < 0.001

  0 8431 (80.0 %) 8431 (100.0 %) 0 (0.0 %) 0 (0.0 %)

  1 1024 (9.7 %) 0 (0.0 %) 119 (20.3 %) 905 (59.2 %)

  2 591 (5.6 %) 0 (0.0 %) 203 (34.7 %) 388 (25.4 %)

  3 307 (2.9 %) 0 (0.0 %) 142 (24.3 %) 165 (10.8 %)

   ≥ 4 192 (1.8 %) 0 (0.0 %) 121 (20.7 %) 71 (4.6 %)

Hypertension 732 (6.9 %) 0 (0.0 %) 146 (25.0 %) 586 (38.3 %)  < 0.001

Heart problem 437 (4.1 %) 0 (0.0 %) 134 (22.9 %) 303 (19.8 %)  < 0.001

Depression 270 (2.6 %) 0 (0.0 %) 29 (5.0 %) 241 (15.8 %)  < 0.001

Food shortage 2837 (26.9 %) 1914 (22.7 %) 350 (59.8 %) 573 (37.5 %)  < 0.001

Medication shortage 3173 (30.1 %) 2173 (25.8 %) 349 (59.7 %) 651 (42.6 %)  < 0.001

Note: Proportions may not add to 100 % due to rounding.
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this magnitude. Here, diabetes was associated with a six-fold incre-
ased risk of reported COVID-19 infection for respondents or their 
family members. Given the highly infectious nature of the virus and 
its well-documented high community transmission rate, this was 
an expected outcome of a family cluster [21]. Compared to those 
who always wore a face mask in public settings, people with diabe-
tes who opted to rarely wear a face mask had a two-fold increased 
risk of suspected COVID-19 infection.

The benefit of wearing a face mask in the community to reduce 
the risk of transmission of COVID-19 has yet to be established, with 
conflicting evidence and views [22, 23]. To date, the efficacy of 
community-wide masking during the COVID-19 pandemic has not 
been clearly investigated. Studies found that up to 80 % of people 
with COVID-19 were mild or asymptomatic [24]. Thus, subclinical 
or asymptomatic SARS-CoV-2 patients may play an important role 

in the perpetuation of the pandemic. To reduce the presence of 
viral particles in droplets and aerosol generated by symptomatic 
or asymptomatic SARS-CoV-2–infected individuals, Leung et al. 
suggested the need for universal use of cloth face covering or sur-
gical masks when available [25].

▶Fig. 2	 Factors associated with self-reported COVID-19 infection 
of participants or their family members among those with diabetes. 
All variables in the figure were mutually adjusted for in models. 
Multivariable Poisson regression with robust variance was used as the 
prevalence of COVID-19 infection was above 10 %.

▶Fig. 1	 Associations between diabetes (as exposure variable) and 
self-reported COVID-19 infection (as outcome) by sociodemographic 
and lifestyle factors in The 2020 China COVID-19 Survey (n  = 10 
545). The models adjusted for age, gender, residence, education, 
smoking, alcohol drinking, and physical activity (hours/day). Stratifi-
cation variables were not adjusted in the corresponding models.

306

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Shi Z et al. COVID-19, Diabetes, and Outcomes in China.  Horm Metab Res 2021; 53: 301–310 | © 2021. Thieme. All rights reserved.

Our findings of a two-fold increase in risk of COVID-19 infection 
for those not using face masks in public support their use. This is es-
pecially important if social distancing is not possible or is difficult to 
achieve. Donning masks is recommended by the WHO, the US Cen-
ters for Disease Control and Prevention [26], and Chu and colleagues’ 
recent review [27] wherein they reported that face masks reduced 
COVID-19 infection risk in healthcare settings. Increasingly, public 
health messaging maintains that masks should be worn universally 
in public settings, such as large crowds, indoor settings (grocery 
stores or supermarkets), and while using public transportation.

Another important finding of our study was that people with di-
abetes had limited knowledge about preventive measures for 
COVID-19, even though they perceived they were at a higher risk 
of infection. Up to 55 % of people with diabetes always practiced 
preventive measures, including wearing face masks. A growing 
body of clinical and population studies shows that people with di-
abetes are more likely to develop severe symptoms and complica-
tions of COVID-19 infection [28, 29], and they have much higher 
admission rates in intensive care units. As more countries recogni-
ze the serious health outcomes of COVID-19 infection, including 
increased risk of death in people with diabetes and other non-com-

municable diseases, these individuals should clearly be listed as at 
a higher risk in national media and other public health messages.

Despite the widely-held view that the Chinese central and local 
governments made efforts to meet citizens’ daily living needs du-
ring the national lockdown, we found that nearly 60 % of adults with 
diabetes reported experiencing food or medication shortages du-
ring the pandemic. This was much higher than those without dia-
betes (22.7 and 25.8 %, respectively). The social, economic, and 
political implications are concerning. A Danish study [12] conduc-
ted during the pandemic also reported that about 25 % of people 
with diabetes feared medical supply shortages and 10 % reported 
food shortage. This was in a country with universal health coverage 
and a highly reputable social welfare system in place. Our surveyed 
population with diabetes had higher income but poorer levels of 
educational attainment compared to those without diabetes. Thus, 
income was likely not the barrier to securing food and medicine. 
Some plausible explanations are that a) people with diabetes re-
mained at home (for fear of being infected and a lack of knowledge 
about protective measures) and therefore could not easily access 
or procure medicine and food; and b) since people with diabetes 
depend more on specific food items and medication to control their 

▶Table 2	 Perception and reaction to (i.e., behaviors and practice) the Covid19 pandemic among participants attending “The 2020 China COVID-19 
Survey”, by their diabetic and non-communicable chronic disease (NCD) status (n = 10 545).

Total Without diabetes With diabetes With other NCD p-Value

n = 10 545 n = 8431 n = 585 n = 1529

 1. How serious of a public health threat do you think 
COVID-19 is or might become?

 < 0.001

  No threat at all 686 (6.5 %) 402 (4.8 %) 111 (19.0 %) 173 (11.3 %)

  A little threat 1152 (10.9 %) 902 (10.7 %) 65 (11.1 %) 185 (12.1 %)

  Somewhat of a threat 2156 (20.4 %) 1690 (20.0 %) 145 (24.8 %) 321 (21.0 %)

  A serious threat 2168 (20.6 %) 1824 (21.6 %) 78 (13.3 %) 266 (17.4 %)

  A very serious threat 4383 (41.6 %) 3613 (42.9 %) 186 (31.8 %) 584 (38.2 %)

2. How worried are you about being infected with COVID-19?  < 0.001

  Very worried 4078 (38.7 %) 3033 (36.0 %) 319 (54.5 %) 726 (47.5 %)

  Somewhat worried 3608 (34.2 %) 3021 (35.8 %) 136 (23.2 %) 451 (29.5 %)

  A little worried 2375 (22.5 %) 1997 (23.7 %) 110 (18.8 %) 268 (17.5 %)

  Not worried at all 484 (4.6 %) 380 (4.5 %) 20 (3.4 %) 84 (5.5 %)

3. How likely do you think it is that you or someone in your 
family may get infected?

 < 0.001

  Very likely 1237 (11.7 %) 673 (8.0 %) 234 (40.0 %) 330 (21.6 %)

  Somewhat likely 2573 (24.4 %) 1972 (23.4 %) 158 (27.0 %) 443 (29.0 %)

  Not that likely 4711 (44.7 %) 4065 (48.2 %) 135 (23.1 %) 511 (33.4 %)

  Not at all likely 2024 (19.2 %) 1721 (20.4 %) 58 (9.9 %) 245 (16.0 %)

4. Correctly identified 3 symptoms of the coronavirus 8501 (80.6 %) 7085 (84.0 %) 347 (59.3 %) 1069 (69.9 %)  < 0.001

5. Correctly identified 3 prevention methods of the coronavirus 9219 (87.4 %) 7675 (91.0 %) 375 (64.1 %) 1169 (76.5 %)  < 0.001

5. Always practiced four prevention measures of the 
coronavirus

6507 (61.7 %) 5496 (65.2 %) 261 (44.6 %) 750 (49.1 %)  < 0.001

6. Strongly agreed with 5 community prevention methods of 
the coronavirus

6445 (61.1 %) 5441 (64.5 %) 245 (41.9 %) 759 (49.6 %)  < 0.001
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diabetes, they are more concerned about these areas. Given the 
self-reported nature of the data, it is also possible that in some 
cases there was more of a perceived shortage of food and medica-
tion than an actual shortage.

Among people with diabetes, those who reported experiencing 
medication shortages had a 63 % higher rate of self-reported 
COVID-19 infection. It is now well-established that poor metabolic 
control places people with diabetes at the highest risk for COVID-
19 infection [1, 2] along with its associated devastating morbidity 
and mortality [28, 29]. Almost half of survey respondents with di-
abetes had not monitored their blood glucose levels for over six 
months. This links directly with the previous statement about op-
timal metabolic control of diabetes being protective against seri-
ous consequences of COVID-19 infection [2]. Certainly, the pande-
mic has caused a disruption of the regular medical care and con-
tact normally received by many people with diabetes, not to 
mention the regular monitoring of their glucose control. This poor 
compliance may be partly stress-induced, though it is just as likely 

due to the inability to access care during the pandemic. Neverthel-
ess, as we know that poor metabolic control heightens the risk and 
severity of a COVID-19 infection, this is a matter of public health 
concern that needs to be acted on now and considered in future 
pandemics.

Finally, half of the respondents with diabetes visited the hospi-
tal for testing due to suspected COVID-19 infection. Presumably, 
these people were aware of the dangers that COVID-19 posed to 
their health. Further, this may reflect COVID-19-related anxiety in 
people with diabetes, since their prevalence of COVID-19 in China 
ranged from 4–22 % [30].

This study has several key strengths. First, we collected compre-
hensive data related to COVID-19 and NCDs including diabetes. 
This allowed examination of the interesting and complex relation-
ships among them. Second, to our knowledge, no other studies 
have reported findings on the associations between diabetes and 
COVID-19 on a large sample in China, where COVID-19 was first re-
ported, and government-imposed measures were introduced to 

▶Table 3	 Management of diabetes and other and non-communicable chronic disease (NCD) status among participants attending “The 2020 China 
COVID–19 Survey” by diabetic and non-communicable chronic disease (NCD) status (n  = 10 545).

Total Without diabetes With diabetes With other NCD p-value

n = 10 545 n = 8431 n = 585 n = 1529

1. Has your routine medical care or medical consultation 
been affected due to COVID?

 < 0.001

  Yes 4911 (46.6 %) 3624 (43.0 %) 417 (71.3 %) 870 (56.9 %)

  No 5634 (53.4 %) 4807 (57.0 %) 168 (28.7 %) 659 (43.1 %)

2. Have you visited the hospital due to suspected 
COVID-19 infection?

 < 0.001

  Yes 1742 (16.5 %) 992 (11.8 %) 304 (52.0 %) 446 (29.2 %)

  No 8803 (83.5 %) 7439 (88.2 %) 281 (48.0 %) 1083 (70.8 %)

3. When was the last time you got blood pressure 
measured?

 < 0.001

  Daily measurement 1245 (11.8 %) 789 (9.4 %) 165 (28.2 %) 291 (19.0 %)

  Within 7 days 1596 (15.1 %) 1167 (13.8 %) 96 (16.4 %) 333 (21.8 %)

  Within 1 month 2016 (19.1 %) 1487 (17.6 %) 188 (32.1 %) 341 (22.3 %)

  Within 3 months 1424 (13.5 %) 1135 (13.5 %) 74 (12.6 %) 215 (14.1 %)

  3 months ago 2413 (22.9 %) 2167 (25.7 %) 40 (6.8 %) 206 (13.5 %)

  Never 1851 (17.6 %) 1686 (20.0 %) 22 (3.8 %) 143 (9.4 %)

4. When was the last time you got blood sugar measured?  < 0.001

  Within 6 months 3678 (34.9 %) 2720 (32.3 %) 358 (61.2 %) 600 (39.2 %)

  Within 1 year 2656 (25.2 %) 2154 (25.5 %) 97 (16.6 %) 405 (26.5 %)

  1 year ago 1509 (14.3 %) 1176 (13.9 %) 88 (15.0 %) 245 (16.0 %)

  Never 2702 (25.6 %) 2381 (28.2 %) 42 (7.2 %) 279 (18.2 %)

5. When was the last time you got blood lipids measured?  < 0.001

  Within 6 months 3017 (28.6 %) 2203 (26.1 %) 314 (53.7 %) 500 (32.7 %)

  Within 1 year 2999 (28.4 %) 2392 (28.4 %) 126 (21.5 %) 481 (31.5 %)

  1 year ago 1398 (13.3 %) 1037 (12.3 %) 92 (15.7 %) 269 (17.6 %)

  Never measured blood lipids 3131 (29.7 %) 2799 (33.2 %) 53 (9.1 %) 279 (18.2 %)
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control its spread. Our findings can shed light on other populations 
at heightened risk of COVID-19 infection in an environment rife 
with exposure to risk. In addition, given the survey’s anonymous 
design, such an approach can collect people's honest views and 
sensitive information. It is also a more feasible data collection me-
thod in special situations like COVID-19, where face-to-face inter-
views are difficult and risky.

However, the study also has limitations. First, the potential for 
self-selection bias is recognized in such surveys. However, it is so-
mewhat reassuring that the prevalence of self-reported diabetes 
and other NCDs in our data is similar to other population surveys 
in China [31, 32]. Second, the sample was relatively younger than 
the national average. Therefore, findings may not be generalizable 
to the entire population. Third, the survey questionnaire did not 
ask participants to identify the specific type of diabetes that they 
had been diagnosed, though it is well documented that the vast 
majority of diabetes cases in China are T2DM [33]. Finally, we only 
have information on medication shortage in general.

In conclusion, people with diabetes and their family members 
were found to have an increased risk of COVID-19 infection, and 
were more likely  to report shortages of food and medications du-
ring the national COVID-19 lockdown in China. Those with diabe-
tes exhibited a variety of characteristics and behaviors which would 
be expected to increase both the risk of COVID-19 infection and 
poorer outcomes once infected. Our findings suggest that promo-
ting public health education, better monitoring of health parame-
ters, and stricter adherence to recommended preventive measu-
res are particularly important among adults with diabetes. With 
the expanding COVID-19 pandemic, there is also an urgent need 
to implement measures to address anxiety management and pro-
vide practical guidance and emotional support to those at greater 
risk, in particular people with diabetes and possibly other NCDs.
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Research in Context

Evidence before this study
During the COVID-19 pandemic, it has become increasingly clear 
that the risk factors for initial infection and subsequent poor health 

outcomes include, but are not limited to, social vulnerability, eco-
nomic status, older age, and obesity. While community-wide mas-
king has been recommended by the World Health Organization to 
control COVID-19, its overall effectiveness has not been clearly eva-
luated.

Added value of this study
Through an anonymous survey disseminated and promoted 
through WeChat, the largest social media platform in China, we 
sought to understand the impact of COVID-19 on the health, well-
being, and health-related behaviors of adults in China. Specifically, 
this study examined how individuals with chronic diseases mana-
ged the threat, including their COVID-19 related knowledge, atti-
tudes, and adherence to preventive measures such as wearing face 
masks, and their disease-related self-care.

Implications of the available evidence
This study demonstrates that diabetes mellitus is associated with 
an increased risk of COVID-19 infection, which is mitigated by con-
sistent use of face masks.
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