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Background: The recent novel coronavirus disease 2019 (COVID-19) pandemic has led to unprecedented changes in behavior. We 
evaluated the current status of precautionary behavior and physical activity in chronic kidney disease (CKD) patients during the 
COVID-19 pandemic. 
Methods: A population of CKD patients (n = 306) registered in the Study on Kidney Disease and Environmental Chemicals (SKETCH, 
Clinical Trial No. NCT04679168) cohort recruited from June 2020 to October 2020 was included in the study. We conducted a ques-
tionnaire survey related to risk perception of COVID-19, precautionary behavior, and physical activity. 
Results: There were 187 patients (61.1%) with estimated glomerular filtration rate of <45 mL/min/1.73 m2. This population showed 
a higher degree of risk perception for COVID-19 than the general population. Age was the most significant determinant of risk percep-
tion among CKD patients. During the pandemic, social distancing and hygiene-related behavior were significantly increased (p < 
0.001). The frequency of exercise was decreased only in those who took regular exercise, without diabetes, or with a lower Charlson 
comorbidity index (CCI) (p < 0.001), with no change among the other groups. Socioeconomic status and comorbidities significantly af-
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Introduction 

The severe acute respiratory syndrome coronavirus 2 or 

coronavirus disease 2019 (COVID-19) pandemic has caused 

unprecedented threats to public health, disproportionally 

against the old and those with underlying health conditions. 

As the incidence rate of COVID-19 has increased exponen-

tially, social distancing and the use of personal protective 

equipment (PPE) have been recommended and often en-

forced worldwide. Social distancing measures range from 

strict nationwide lockdown and/or curfew to more volun-

tary-based recommendations. In countries such as South 

Korea, varying stages of social (or physical) distancing mea-

sures were implemented depending on the extent of the viral 

spread in combination with rapid screening and efficient 

contact tracing without imposing draconian ‘stay-at-home’ 

restrictions [1–3]. Regardless of the extent of legal enforce-

ment, the common factors in social distancing include avoid-

ance of contact with other people, hygienic behavior, and the 

use of PPE. 

Chronic kidney disease (CKD) is a common health prob-

lem worldwide, with a global prevalence reaching 29.3% 

in 2017 [4]. CKD is not only recognized as a risk factor for 

infectious diseases but may also aggravate their prognosis 

[5–7]. Indeed, CKD patients exhibit a significantly higher 

fatality rate following COVID-19 infection than the general 

population [8]. It is necessary to protect CKD patients from 

potential COVID-19 infection. Hence, health practitioners 

and clinicians need to understand the current status of 

compliance with precautionary recommendations among 

CKD patients, and the factors that influence their precau-

tionary behaviors. 

While active social distancing measures have contribut-

ed to a decrease in new cases by reducing the likelihood 

of transmitting COVID-19, these measures may lead to 

undesirable consequences, including physical inactivity. 

fected behavioral characteristics regardless of the category. Education and income were significantly associated with precautionary 
behaviors such as staying at home and hand sanitizer use. Patients with higher CCI status significantly increased frequency of exer-
cise (adjusted odds ratio, 2.10; 95% confidence interval, 1.01–4.38). 
Conclusion: CKD patients showed higher risk perception with active precautionary behavioral changes than the general population. 
Healthcare providers should be aware of the characteristics to comprise precautionary behavior without reducing physical activity. 

Keywords: Chronic kidney disease, COVID-19, Exercise, Health behavior

Recent initial reports indicate that the stay-at-home orders 

in several countries caused significant decreases in physi-

cal activity not only among general or healthy populations 

but also among patients who require routine physical ex-

ercise [9,10]. Physical inactivity is responsible for approxi-

mately 3.2 million deaths per year [11]. Moreover, for CKD 

patients, a lack of physical activity has often been linked 

to adverse prognoses [12–14]. For this reason, we evaluate 

the impact of behavioral change on the physical activity of 

CKD patients. 

This study was conducted to determine the current status 

of precautionary behaviors against the COVID-19 pandem-

ic among CKD patients along with their physical activity 

during the first months of the pandemic. The observations 

made in this study can help to develop the most appropri-

ate clinical recommendations in this vulnerable population 

to prevent COVID-19 infection and to promote healthy 

behavior that will improve the maintenance of underlying 

disease. 

Methods 

Study populations 

This study was conducted with a cohort of CKD patients. 

The Study on Kidney Disease and Environmental Chem-

icals (SKETCH, Clinical Trial No. NCT04679168) aims to 

investigate the behavioral characteristics, chemical expo-

sure, and clinical outcomes of CKD patients during and 

after the COVID-19 pandemic. We defined CKD as (1) 

estimated glomerular filtration rate (eGFR) of ≥15 and <60 

mL/min/1.73 m2 or (2) eGFR of ≥60 mL/min/1.73 m2 and 

urine protein to creatinine ratio of >0.3 g/g. A total of 308 

participants were recruited from five university hospitals 

located in Seoul, Ilsan, and Daegu, Korea between June 

and October 2020 (Supplementary Fig. 1, available online). 
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Exclusion criteria included those who were followed up 

less than 3 months or with a recent history of acute kidney 

injury, progressive malignancy, cerebral infarction, cere-

bral hemorrhage, myocardial infarction, under hemodialy-

sis, or immunosuppressant use. 

The study protocol and consent to participate were ap-

proved by the Institutional Review Board in participating 

hospitals (Supplementary data 1, available online). The 

study was conducted in accordance with the principles of 

the Declaration of Helsinki. 

Questionnaire and clinical data 

A questionnaire survey was conducted by trained survey-

ors for participating patients on their visit to the hospital. 

The questionnaire included questions related to 1) risk 

perception of COVID-19, 2) hygienic behavior, 3) social dis-

tancing, and 4) physical activity during the past year (before 

the pandemic) and the 1 month before the hospital visit 

(during the pandemic). Detailed information of the survey 

was described in Supplementary data 2 (available online). 

Perceived risk of COVID-19 infection was determined by a 

5-point scale from ‘never’ (1) to ‘extremely high’ (5); items, 

marked 4 or 5 were grouped as high-risk perception or ‘high 

perceived risk.’ For evaluating the risk perception among the 

general population of Korea, the relevant data (i.e., the pos-

sibility of personal COVID-19 infection) was gleaned from 

Hankook Research (https:// hrcopinion.co.kr/covid-19, ac-

cessed December 18, 2020) which collected data from 1,000 

subjects through biweekly survey events. The statistics for 

the incidence of COVID-19 infection were obtained from 

the Korean Statistical Information Service (https://kosis.kr/

covid/covid_index.do, accessed December 13, 2020). 

Demographic data, anthropometric data, and clinical lab-

oratory data related to CKD were obtained when the subject 

visited the hospital (Supplementary data 3, available on-

line). Data on underlying comorbidities were collected via 

electronic medical records using prescription records and 

diagnostic codes according to the International Classifica-

tion of Diseases 10th Revision (ICD-10). 

Statistical analysis 

The chi-square tests and Fisher exact tests for categori-

cal variables were conducted to compare demographic 

and clinical parameters by CKD status. In addition, the 

Mann-Whitney U test and the Student t test were performed 

for continuous variables. Categorical variables were ex-

pressed as numerical with proportions (%), and continuous 

variables were expressed as mean ± standard deviation 

when distributed normally (as median with interquartile 

range otherwise). 

To compare behaviors before and during the COVID-19 

pandemic, the Wilcoxon signed-rank test was used. Logistic 

regression analysis was conducted to identify the relative 

factors related to risk recognition or behavior changes. 

Sensitivity analysis was conducted with age adjustment 

because the odds ratio (OR) of high-degree perception was 

greater than scale ‘3’ in the groups aged ≥60 years. First, we 

assessed the associations between possible demographic 

factors and risk recognition following stratification by age 

group (<60 years, ≥60 years). Second, the age group (1, <50 

years; 2, 50–59 years; 3, 60–69 years; and 4: ≥70 years) was 

additionally adjusted as a covariate in logistic regression 

models. The p values of <0.05 were defined as significant 

when they were set to two-sided. Statistical analyses were 

performed using IBM SPSS version 23.0 (IBM Corp., Ar-

monk, NY, USA) and SAS version 9.4 (SAS Institute, Cary, 

NC, USA). Spearman correlation was visualized by using 

the package corrplot (R 3.5.3; R Foundation for Statistical 

Computing, Vienna, Austria).  

Results  

Study populations 

The mean age of the participating CKD patients (n = 306) 

was 61.0 ± 12.5 years, and 209 patients (68.3%) were male 

(Table 1). The mean serum creatinine and eGFR of the pa-

tients were 1.8 ± 0.7 mg/dL and 43.2 ± 20.7 mL/min/1.73 

m2, respectively. A total of 187 patients (61.1%) showed an 

eGFR less than 45 mL/min/1.73 m2 and were regarded as 

the advanced CKD group. Advanced CKD was found more 

frequently among older and female patients; these patients 

tended to show lower serum hemoglobin, platelet, serum 

albumin, bilirubin, and a higher proportion of overt pro-

teinuria (Table 1). 

The majority of patients had completed a high school ed-

ucation (35.9%) or higher (29.2%). A total of 137 participants 

(44.8%) were working either full or part-time. There were 56 
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(18.3%) and 85 participants (27.8%) with current smoking 

and alcohol consumption, respectively. Most participating 

CKD patients stated their health status as ‘not good’ (43.1%) 

or ‘bad’ (46.7%). 

Risk perception 

At the time of the survey during the global pandemic of 

COVID-19, in general, most participating patients (89%) 

perceived the risk of infection as ‘serious.’ More people 

considered the general risk of infection nationwide (i.e., 

‘nationwide in general’) as serious (76.1%) than the risk 

for their city of residence (55.4%) or the individual (45.6%) 

(Supplementary Fig. 2, available online). 

In CKD patients, risk perception for the city of residence 

or the individual was also significantly correlated with 

trends of COVID-19 case reporting (Supplementary Table 1, 

available online). Based on this result, we used the risk per-

ception variable as the risk on the individuals to evaluate 

the impact on behavior changes. The level of perceived risk 

in general populations appeared to be related to the trends 

in cases of COVID-19 infection (Fig. 1A). Most patients of 

the cohort were enrolled after the first peak of the pandem-

ic. Compared to the general population of Korea (n = 1,000), 

CKD patients showed much greater levels of the perceived 

risk from COVID-19 infection (Fig. 1B). 

Older patients with lower education and income were 

more likely to perceive a greater risk of infection. The stage 

of CKD, however, did not influence the risk perception 

(Table 2). When stratified by age group, the associations of 

education and income with risk perception disappeared 

(Supplementary Table 2, available online). 

Behavioral changes during the COVID-19 pandemic 

The frequencies of ‘public transport use’ and ‘public place 

visit’ were significantly decreased in all populations regard-

less of the frequency of such behaviors before the pandemic 

Table 1. Demographic and clinical characteristics of CKD patients in the SKETCH cohort
Variable Total population (n = 306) Early CKD (n = 119) Advanced CKD (n = 187) p-value

Age (yr) 61.0 ± 12.5 58.6 ± 13.2 62.6 ± 11.8 0.007

Male sex 209 (68.3) 93 (78.2) 116 (62.0) 0.003

Height (cm) 164.7 ± 9.2 166.8 ± 9.5 163.3 ± 8.7 0.001

Body weight (kg) 69.5 ± 13.1 72.1 ± 13.6 67.8 ± 12.6 0.005

Body mass index (kg/m2) 25.6 ± 4.2 25.9 ± 4.8 25.3 ± 3.7 0.22

SBP (mmHg) 128.1 ± 14.8 127.7 ± 13.9 128.4 ± 15.3 0.71

DBP (mmHg) 73.3 ± 12.2 75.5 ± 10.2 72.0 ± 13.2 0.008

Diabetes mellitus 166 (54.2) 57 (47.9) 109 (58.3) 0.08

WBC (×103/μL) 7.0 ± 1.9 6.8 ± 1.8 7.1 ± 2.0 0.16

Hemoglobin (g/dL) 12.6 ± 2.0 13.9 ± 1.6 11.8 ± 1.8 <0.001

Platelets (×103/μL) 223.0 ± 62.6 234.3 ± 58.4 215.9 ± 64.2 0.01

Glucose (mg/dL) 120.1 ± 44.0 118.4 ± 36.6 121.1 ± 48.2 0.58

Total cholesterol (mg/dL) 158.3 ± 53.7 159.4 ± 40.4 157.5 ± 60.9 0.77

Protein (g/dL) 7.0 ± 0.5 7.1 ± 0.6 6.9 ± 0.5 0.02

Albumin (g/dL) 4.3 ± 0.4 4.5 ± 0.4 4.3 ± 0.4 <0.001

Bilirubin (mg/dL) 0.5 ± 0.3 0.6 ± 0.3 0.5 ± 0.3 <0.001

Uric acid (mg/dL) 6.5 ± 1.8 6.3 ± 1.7 6.6 ± 1.8 0.20

BUN (mg/dL) 28.8 ± 12.8 20.1 ± 6.5 34.3 ± 12.7 <0.001

Creatinine (mg/dL) 1.8 ± 0.7 1.2 ± 0.3 2.2 ± 0.6 <0.001

GFR (CKD-EPI) (mL/min/1.73 m2) 43.2 ± 20.7 63.2 ± 18.4 30.4 ± 8.1 <0.001

uPCR (g/gCr) 0.9 ± 1.3 0.5 ± 0.8 1.1 ± 1.6 <0.001

Data are expressed as mean ± standard deviation or number (%).
SKETCH cohort, the Study on Kidney Disease and Environmental Chemicals (Clinical Trial No. NCT04679168).
BUN, blood urea nitrogen; CKD, chronic kidney disease; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration equation; DBP, diastolic blood pres-
sure; GFR, glomerular filtration rate; SBP, systolic blood pressure; uPCR, urine protein creatinine ratio; WBC, white blood cells.
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Figure 1. Distribution of enrolled participants and risk cognition according to the pandemic. (A) Number of participating chronic kid-
ney disease patients recruited in the Study on Kidney Disease and Environmental Chemicals (SKETCH, Clinical Trial No. NCT04679168) 
cohort in comparison with the daily number of confirmed cases of coronavirus disease 2019 (COVID-19) nationwide (left Y-axis and red 
line). The proportion of people who answered ‘serious’ or ‘very serious’ for the possibility of infection by COVID-19 in the general popula-
tions is shown by the blue dotted line (right Y-axis). (B) Comparison of risk perception between the general population of Korea (n = 1,000, 
left) and those who were participating in the SKETCH cohort (right) for given periods. Specific time periods were demonstrated under the 
graph, and “*” represented the period for chronic kidney disease (CKD) patients. Crimson red, gray, and blue colors indicate the propor-
tion of the population who answered ‘high’ (‘4’ or ‘5’), ‘moderate’ (‘3’), and ‘low’ (‘1’ or ‘2’) levels of risk perception, respectively.
*The statistics for the incidence of COVID-19 represented with a black line were obtained from the Korean Statistical Information 
Service. The risk perception for COVID-19 in the general population was obtained from Hankook Research (https://hrcopinion.co.kr/
covid-19, accessed December 18, 2020), which collected data from 1,000 subjects through biweekly survey events.

100

90

80

70

60

50

40

30

20

10

0

General populations (1 + 2)
General populations (3)
General populations (4 + 5)

CKD patients (1 + 2)
CKD patients (3)
CKD patients (5)

Jun 5–Aug 15 *Jun 1–Aug 3 Aug 15–Sep 14 Sep 25–Oct 19 Sep 15–Oct 16Aug 15–Sep 14

900

800

700

600

500

400

300

200

100

0

30

25

20

15

10

5

0

N
o.

 o
f C

O
VI

D
-1

9 
ca

se
s

R
isk cognition (%

, 4 + 5)

Jun 1 ~ Oct 16

No. of COVID-19 cases
Risk cognition (%, 4 + 5)
Enrolled period for CKD patients

Feb 4 Mar 25 May 14 Jul 3

Date

Aug 22 Oct 11 Nov 30

A

B

R
is

k 
pe

rc
ep

tio
n 

(%
) 

Kim, et al. Behavioral changes during COVID-19

223www.krcp-ksn.org



(Table 3). The frequency of ‘private vehicle use’ tended to 

increase among those who seldom used private transport 

before the pandemic, but among those who frequently used 

private vehicles, the frequency of use decreased (Supple-

mentary Fig. 3A, available online). 

During the pandemic, CKD patients showed significant 

increases in several hygiene-related behaviors. The fre-

quency of handwashing, showering, face mask use, and 

hand sanitizer use was significantly increased during the 

COVID-19 pandemic. In particular, there were no subjects 

who did not wear a face mask during the pandemic (p < 

0.001). In addition, the frequencies of laundry and house 

cleaning were significantly increased (p < 0.001) (Supple-

mentary Fig. 3B). 

Regarding the frequency of exercise, i.e., physical activity 

over 30 minutes, no change was observed in general (n = 

306) and in those who exercised on an irregular basis (n = 

Table 2. Perceived risk of COVID-19 infection by demographic and 
socioeconomic characteristics, and CKD stage

Variable
Total (n = 306)

OR (95% CI) p-value

Age (yr) (Ref, <50)

 50s 1.49 (0.69–3.20) 0.31

 60s 3.26 (1.59–6.67) 0.001*

 ≥70 3.92 (1.89–8.15) <0.001*

Sex (Ref, male)

 Female 1.06 (0.65–1.72) 0.82

Educationa (Ref, ≤elementary school)

 Middle school 0.62 (0.29–1.35) 0.23

 High school 0.44 (0.23–0.85) 0.01*

 ≥College 0.32 (0.16–0.64) 0.001*

Incomea (Ref, <$1,000)

 1,000–2,000 1.21 (0.62–2.36) 0.58

 2,000–3,000 0.89 (0.42–1.87) 0.75

 3,000–5,000 0.44 (0.23–0.87) 0.02*

 ≥5,000 0.27 (0.13–0.55) <0.001*

CCI (Ref, <4)

 ≥4 1.66 (1.05–2.62) 0.03*

Diabetes 1.35 (0.86–2.12) 0.20

CKD stage (Ref, early CKD)

 Advanced CKD 1.46 (0.91–2.33) 0.11

CCI, Charlson comorbidity index; CI, confidence interval; Ref, reference; 
CKD, chronic kidney disease; COVID-19, coronavirus disease 2019; OR, 
odds ratio.
an = 305 (total) and n = 176 (≥60 years).
*p < 0.05.

128). Among those who exercised regularly (n = 178) or in 

gyms (n = 28), however, the frequency of exercise signifi-

cantly decreased.  

Factors associated with social distancing behaviors  

Several demographic and socioeconomic factors were as-

sociated with behaviors related to social distancing (Table 

4). Younger patients (<50 years old) showed less frequent 

public place visits and more exercise. Patients with higher 

income showed >1.5 ORs for less frequent public place 

visits and longer stays-at-home (Supplementary Table 3, 

available online). The positive associations of stay-at-home 

with sex and income became stronger after age adjustment 

(Table 4). 

Higher risk perception was significantly associated 

with decreased use of public transport (OR, 2.00; 95% CI, 

1.09–3.66), and the association remained significant after 

adjustment for age (adjusted OR, 1.91; 95% CI, 1.01–3.60) 

(Table 4). Among patients with diabetes, the negative 

association with the frequency of public place visits was 

attenuated by age adjustment (adjusted OR, 0.66; 95% CI, 

0.41–1.05). In addition, advanced CKD patients tended to 

stay-at-home for shorter times even after adjusting for age 

(adjusted OR, 0.54; 95% CI, 0.33–0.88) (Table 4). 

Factors associated with hygiene-related behaviors 

Behaviors related to personal hygiene were related to age, 

education, and CKD stage, even though clear linearities 

were often unseen (Supplementary Table 4, available on-

line). Hand sanitizer use was more frequent among people 

with higher education and higher income (Table 5). In 

addition, patients with higher income tended to perform 

laundry and house cleaning more frequently. The positive 

association between income and frequency of laundry re-

mained significant after age adjustment (Table 5). The fre-

quencies of handwashing and face mask use, however, were 

not influenced by any factors assessed in the present study. 

The level of risk perception was not related to hygiene-re-

lated behaviors. In addition, CCI status was not associated 

with hygienic behaviors except for hand sanitizer use (Ta-

ble 5). However, among patients with diabetes, the use of 

hand sanitizer was significantly decreased (OR, 0.47; 95% 

CI, 0.23–0.99), and the number of clothes used between 
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laundering was significantly increased (OR, 0.46; 95% CI, 

0.21–0.97) compared to non-diabetes patients even after 

adjustment for age (Table 5). Advanced CKD status showed 

a significant association only with the decreased frequency 

of showering (OR, 0.52; 95% CI, 0.29–0.93). 

Factors associated with physical activities 

In general, exercise behavior among CKD patients was not 

affected during the COVID-19 pandemic. Among those 

who had exercised regularly, the frequency of exercise was 

negatively associated with age (OR, 0.26; 95% CI, 0.09–

0.74). Among those who took regular exercise, education 

(OR, 5.47; 95% CI, 1.22–24.62) and income (OR, 6.59; 95% 

CI, 1.84–23.68) status were positively associated with exer-

cise (Supplementary Table 5, available online). The posi-

tive association of income remained significant even after 

adjustment for age in patients who took regular exercise 

(Table 6). 

Discussion 

Among the participating patients with CKD, the COVID-19 

pandemic significantly altered behavioral characteristics 

related to social distancing, hygiene, and physical activity. 

Since the outbreak of the COVID-19 pandemic, several ob-

servations on behavioral changes among chronic disease 

patients have been reported [15,16]; however, no reports 

have been made on CKD patients. Because such behavioral 

changes may influence the progress or prognosis of under-

lying diseases, including CKD and also COVID-19 infection, 

characterizing behavioral changes in patients has important 

clinical implications [5,6,8]. 

The participating patients with CKD showed a greater 

level of risk perception toward COVID-19 infection, i.e., >2 

times greater proportion of the SKETCH cohort answered 

‘serious’ or ‘very serious’ for the possibility of COVID-19 

infection risk, compared to the general population of Ko-

rea. Several hygienic behaviors were also more frequently 

Table 3. Behavioral changes related to social distancing, hygiene, and exercise during COVID-19 pandemic compared with before the 
pandemic
Factor Category No Before After % increase % decrease

Social distancing Public places (time/wk) 306 2.3 ± 2.7 1.1 ± 2.2*** 1.6 42.8

Public transport (time/wk) 306 1.9 ± 3.2 1.4 ± 3.1*** 2.6 17.0

Personal transport (time/wk) 304 1.1 ± 2.0 1.1 ± 2.0 6.9 5.3

Stay-at-home (hr/day) 306 12.0 ± 5.7 13.5 ± 5.7*** 34.0 1.6

Hygiene Mask (time/wk) 306 1.0 ± 2.2 6.2 ± 1.7*** 85.0 0.3

Hand sanitizer (time/wk) 306 1.4 ± 4.9 8.4 ± 9.4*** 87.3 0.3

Clothes (time before laundry) 306 1.9 ± 1.1 2.0 ± 1.4 15.0 11.1

Laundry (time/wk) 306 3.3 ± 2.1 3.7 ± 2.1*** 23.5 0.7

Cleaning the house (time/wk) 306 4.6 ± 2.5 5.0 ± 2.6*** 22.5 1.3

Soap (time/day) 306 3.3 ± 3.6 6.1 ± 5.0*** 80.4 1.3

Shower (time/day) 306 1.1 ± 0.7 1.3 ± 0.8*** 19.9 0.3

Exercise Total exercise (time/wk) 306 2.7 ± 2.8 2.5 ± 2.7 12.4 14.7

Irregular exercise (time/wk) 128 0.7 ± 1.3 0.9 ± 1.5 15.6 7.0

Regular exercise (time/wk) 178 4.1 ± 2.7 3.7 ± 2.8** 10.1 20.2

Exercise at gym (time/wk) 28 3.6 ± 1.9 2.5 ± 2.1* 14.3 42.9

Without diabetes (time/wk) 140 2.4 ± 2.4 2.1 ± 2.3* 9.3 17.1

With diabetes (time/wk) 166 2.9 ± 3.1 2.9 ± 3.0 15.1 12.7

CCI < 4 (time/wk) 142 2.4 ± 2.4 2.0 ± 2.2* 9.2 19.0

CCI ≥ 4 (time/wk) 164 3.0 ± 3.1 3.0 ± 3.0 14.0 9.8

Early CKD (time/wk) 116 2.6 ± 2.6 2.4 ± 2.4 13.8 18.1

Advanced CKD (time/wk) 190 2.7 ± 2.9 2.6 ± 2.9 11.6 12.6

Data are expressed as number only, mean ± standard deviation, or percentage only.
CCI, Charlson comorbidity index; CKD, chronic kidney disease; COVID-19, coronavirus disease 2019.
Wilcoxon signed-rank test was conducted; *p < 0.05, **p < 0.01, ***p < 0.001.
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Table 4. Behavioral changes related to social distancing by demographic and socioeconomic characteristics and comorbidities after 
age adjustment

Variable

Frequency

Using public transport 
(decreased)

Using private vehicle 
(increased)

Visiting public place 
(decreased)

Hour of stay-at-home 
(increased)

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Sexa (Ref, male)

 Female 1.68 (0.90–3.14) 0.12 1.01 (0.39–2.60) 0.99 1.39 (0.85–2.28) 0.19 1.68 (1.01–2.78) 0.046*

Educationb (Ref, ≤ele-
mentary school)

 Middle school 0.76 (0.28–2.09) 0.60 2.55 (0.44–14.94) 0.30 0.56 (0.24–1.28) 0.17 0.80 (0.35–1.84) 0.61

 High school 0.94 (0.39–2.26) 0.88 3.13 (0.61–16.01) 0.17 0.98 (0.48–1.99) 0.95 1.01 (0.49–2.11) 0.98

 ≥College 0.94 (0.36–2.47) 0.90 0.80 (0.11–5.57) 0.82 1.67 (0.78–3.59) 0.19 1.17 (0.53–2.57) 0.70

Incomec (Ref, <$1,000)

 1,000–2,000 1.40 (0.61–3.20) 0.43 0.45 (0.09–2.33) 0.34 1.47 (0.73–2.94) 0.28 3.04 (1.46–6.35) 0.003*

 2,000–3,000 0.96 (0.33–2.82) 0.95 1.02 (0.22–4.76) 0.98 1.69 (0.75–3.79) 0.21 2.56 (1.08–6.08) 0.03*

 3,000–5,000 1.02 (0.37–2.82) 0.98 1.74 (0.45–6.65) 0.42 1.60 (0.74–3.47) 0.23 2.30 (1.00–5.33) 0.05

 ≥5,000 0.68 (0.22–2.13) 0.51 0.16 (0.02–1.60) 0.12 2.04 (0.92–4.50) 0.08 3.10 (1.32–7.25) 0.009*

Risk perception (Ref, <3)

 ≥4 1.91 (1.01–3.60) 0.046* 0.96 (0.38–2.42) 0.92 1.40 (0.87–2.26) 0.17 1.39 (0.85–2.29) 0.19

CCI (Ref, <4)

 ≥4 0.96 (0.52–1.79) 0.90 1.28 (0.51–3.21) 0.60 0.82 (0.52–1.32) 0.42 0.68 (0.42–1.10) 0.12

Diabetes 0.64 (0.35–1.19) 0.16 1.49 (0.59–3.78) 0.40 0.66 (0.41–1.05) 0.08 0.70 (0.43–1.13) 0.15

CKD staged (Ref, early CKD)

 Advanced CKD 1.62 (0.83–3.15) 0.16 1.56 (0.58–4.19) 0.38 0.80 (0.50–1.28) 0.35 0.54 (0.33–0.88) 0.01*

CCI, Charlson comorbidity index; CI, confidence interval; CKD, chronic kidney disease; OR, odds ratio; Ref, reference.
a,dn = 304 (personal transport). b,cn = 303 (personal transport). 
*p < 0.05.

adopted among CKD patients than the general Korean pop-

ulation, for example, the use of face masks (100% vs. 63.2% 

in the general population) and hand hygiene (93.7% vs. 

67.8% in the general population) during the first wave of the 

pandemic (February 2020) [17]. Risk perception is generally 

considered to be related to culture, worldview, experience, 

and prosocial values and is often amplified through friends 

and family [18]. The higher perceived risk of infection 

among the participating CKD patients may be partly due 

to the underlying disease; comorbidities were suggested as 

one key indicator that could increase the perception of risk 

[19]. 

Socioeconomic status including education, income 

(higher), and sex (female) are negatively correlated with 

unhealthy behaviors [20,21]. In addition, the severity of co-

morbidities is closely related to the tendency toward healthy 

behavior. Patients with more comorbidities tend to engage 

in more conservative behaviors for the sake of their health 

[22]. In United States adults (n = 6,463) from March to April 

2020, hygiene-related behaviors such as handwashing and 

surface disinfection were more common among females 

and those older patients with higher income, higher edu-

cation, and self-rated good health [21]. Except for self-rated 

health status, these findings are generally comparable to 

the observations made for the present CKD patients. Lon-

ger stay-at-home behavior among CKD patients may reflect 

higher levels of risk perception among these patients in 

comparison to the general population of Korea (Fig. 1B). 

Although the stage of CKD was inversely associated with in-

creased stay-at-home time, it might be related to a discrep-

ancy between risk perception and behavior change due to 

the worse socioeconomic and education status in advanced 

CKD patients. 

The lack of significant changes in the frequencies of 

handwashing and face mask use by key socioeconomic fac-

tors such as education and income warrant further discus-

sion because these factors have been recognized as drivers 

of healthy or conservative behaviors. Null associations with 
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handwashing and face mask use remained the same regard-

less of age adjustment (Table 5). These observations can 

be explained by the almost unanimous use of face masks 

(100%) and much greater frequency of handwashing (86.3% 

vs. 67.8% among the general population [17]) in the present 

CKD patients regardless of socioeconomic status or sex. 

Stringent social distancing or self-isolation may produce 

side effects such as physical inactivity, which may lead to 

other health issues [23]. In the United Kingdom, the preva-

lence of physical activity was found to be substantially lower 

in general among adults than before the pandemic, and this 

change was attributed to the requirement for self-isolation 

and stay-at-home orders [24]. Moreover, patients with co-

morbidities tended to be less physically active during the 

pandemic than the matching healthy population [25,26]. 

Unlike previous studies that reported notable decreases 

in physical activity, our findings showed that the physical 

activity of CKD patients in Korea was generally unaffected 

during the COVID-19 pandemic (Supplementary Fig. 3C). 

These observations indicate the target population to whom 

clinical recommendations for exercise should be delivered. 

Physical activity is an important component in the man-

agement of kidney disease; it helps to reduce inflammation, 

improve glomerular filtration rate, and reduce albuminuria 

[12–14] and is often related to the quality of life in CKD 

patients [27]. Guidelines for adequate levels of exercise are 

therefore warranted for CKD patients, especially during the 

pandemic, which has led to reduced physical activities. One 

survey of patients with kidney transplantation in Germany 

showed that a telemedicine-based aftercare program could 

efficiently increase overall activity during the COVID-19 

pandemic, although sports activities decreased [28]. This 

interesting observation may be attributable not only to an 

effective follow-up care program but also to the less strict 

social distancing policy of Germany that allowed outdoor 

physical activity [28]. Follow-up and intervention programs 

designed specifically for CKD patients to maintain or en-

hance physical activity are recommended for this vulnera-

ble population during the pandemic when self-isolation is 

involved. 

This study is the first report of the behavioral characteris-

tics and changes among CKD patients during the COVID-19 

pandemic in Korea. As a cross-sectional study of a group 

of CKD patients recruited via convenience sampling, the 

observations of this study may not be generalizable. In ad-

dition, there are limitations for exact comparison to general 

populations because of the restriction on the population 

with CKD. Finally, because of the structural limitations for 

Table 6. Behavioral changes related to exercise by demographic and socioeconomic characteristics and comorbidities after age 
adjustment

Variable

Increased frequency

Overall Irregular exercise (n = 128) Regular exercise (n = 178)

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Sex (Ref, male)

 Female 0.63 (0.29–1.40) 0.26 0.65 (0.22–1.93) 0.44 0.66 (0.20–2.16) 0.496

Education (Ref, ≤middle school)

 ≥High school 1.51 (0.62–3.66) 0.37 0.88 (0.29–2.67) 0.82 3.41 (0.66–17.73) 0.15

Income (Ref, <$2,000)

 ≥$2,000 1.72 (0.77–3.85) 0.19 0.78 (0.27–2.28) 0.65 4.76 (1.18–19.21) 0.03*

Risk perception (Ref, <3)

 ≥4 0.58 (0.27–1.21) 0.15 1.01 (0.37–2.75) 0.99 0.32 (0.10–1.05) 0.06

CCI (Ref, <4)

 ≥4 2.10 (1.01–4.38) 0.048* 3.31 (1.09–10.00) 0.03* 1.35 (0.49–3.75) 0.56

Diabetes 1.96 (0.95–4.06) 0.07 2.61 (0.92–7.38) 0.07 1.51 (0.54–4.25) 0.43

CKD stage

 Advanced CKD 0.87 (0.43–1.74) 0.69 1.30 (0.47–3.57) 0.61 0.53 (0.19–1.43) 0.21

Due to no observations for explanatory variable (frequency of exercise) in some age, education, household income groups, the groups were redefined.
CCI, Charlson comorbidity index; CI, confidence interval; CKD, chronic kidney disease; OR, odds ratio; Ref, reference.
*p < 0.05.
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reflecting the different baseline characteristics between 

the subgroups in the logistic regression analysis, ordinary 

concepts were not applicable in some of the results. Despite 

presenting only a snapshot observation on CKD patients 

during this global pandemic, the results of this study can 

help health practitioners design relevant recommenda-

tions for CKD patients not only to reduce the likelihood of 

COVID-19 infection but also to maintain health-related be-

haviors. 
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