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Abstract

Background Low physical activity (PA) increases the prevalence of chronic kidney disease (CKD). This study aimed to
investigate the effects of PA and sedentary time (ST) on the changes in renal function and the development of CKD in
the middle-aged Korean population.
Methods From the Korean Genome and Epidemiology Study Database, 7988 participants in their 40s and 60s were
identified and stratified by (1) PA: high-PA (>24 MET-h/day), moderate-PA (9–24 MET-h/day) and low-PA
(<9 MET-h/day); and (2) ST: high-ST (>6 h/day), moderate-ST (3–6 h/day) and low-ST (<3 h/day). Incident CKD
was defined as estimated glomerular filtration rate (eGFR) < 60 mL/min/1.73 m2 following the Chronic Kidney
Disease Epidemiology Collaboration equation.
Results The mean age of the participants was 52.0 years. The overall incidence of CKD was 16.8 per 1000
person-years over a median of 12 years. The lower the PA and the higher the ST, the lower the baseline eGFR. Relative
to the high-PA, the coefficients of the annual eGFR decline were �0.12 (95% confidence interval [CI]: �0.26 to 0.001,
P = 0.081) and �0.13 (95% CI: �0.27 to 0.01, P = 0.078) in the moderate- and low-PA groups, respectively. Similarly,
relative to the low-ST, the coefficients of annual eGFR decline were �0.07 (59% CI: �0.19 to 0.05, P = 0.236) and
�0.14 (95% CI: �0.28 to �0.01, P = 0.039) in the moderate- and high-ST groups, respectively. Incident CKD was
higher with lower PA (hazard ratio: high-PA 1.00, moderate-PA 1.13 [1.00, 1.28, P = 0.056] and low-PA 1.25 [1.11,
1.24, P < 0.001]) and higher ST (hazard ratio: low-ST 1.00, moderate-ST 1.04 [0.94, 1.16, P = 0.440] and high-ST
1.19 [1.05, 1.34, P = 0.007]). The high-PA reduced the risk for the CKD development irrespective of the amount of ST.
Conclusions Low-PA and high-ST are risk factors for the development of CKD in the middle-aged Korean population.
High-PA recovers high-ST, inducing a harmful effect on the occurrence of CKD.
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Introduction

The incidence of chronic kidney disease (CKD) is continuously
increasing, and the prevalence of CKD is reported to be ap-
proximately 13.4% globally.1 Not only in Western countries,

but the number of CKD patients is also rising in Asian CKD
countries, with a prevalence rate of 13.7% in South Korea,
12.9% in Japan and 10.8% in China.2 Old age, hypertension
and diabetes are well-known high-risk groups for CKD. Low
physical activity (PA) and high sedentary time (ST) are
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consistently identified as modifiable risk factors for the devel-
opment of CKD. However, the association between PA and
CKD has not been consistently reported due to differences
in participant characteristics and measurement of PA or ST.

The metabolic benefits of PA combine to reduce the risks
of cardiovascular diseases, such as stroke and coronary artery
disease. In contrast, lack of PA leads to obesity and metabolic
disorders, including diabetes and dyslipidaemia, which are
well-known causes of CKD. Low-PA was also found to be asso-
ciated with a higher occurrence of CKD.3–5 Epidemiologic
studies have shown that modern people spend more than
50% of their time on sedentary behaviours.6 ST is a critical
risk factor for diabetes and is associated with increased
cardiovascular and all-cause mortality.7 Greater sedentary
behaviour was significantly associated with reduced renal
function in a cross-sectional survey. However, it is not clear
whether higher PA attenuates the detrimental effect of
sedentary behaviour on renal function or vice versa. This
study aimed to clarify the extent to which PA and ST affect
kidney function and the occurrence of CKD in the
middle-aged Korean general population. We hypothesized
that augmented PA would protect against the harmful effects
of high-ST in CKD.

Materials and methods

Study design and participants

This study utilized prospective community-based cohort data
from the Korean Genome and Epidemiology Study (KoGES).8

Participant enrollment procedures and characteristics of the
communities have been reported in detail elsewhere.8 Our
cohort consisted of 10 030 participants residing in Ansan
(urban area) and Ansung (rural area), South Korea. All

participants were aged between 40 and 69 years in 2001
and participated in bi-yearly physical assessments up to
2016. This study enrolled subjects between 2001 and 2002
and finished follow-ups between 2016 and 2018. The median
follow-up period is 12 years; however, some participants were
followed up for 14 or 16 years. We excluded participants with
estimated glomerular filtration rate (eGFR) < 60 mL/min/
1.73 m2 (n = 216), urinary protein ≥ 1+ on urinalysis
(n = 218), a history of kidney disease (n = 260), no follow-up
data for eGFR (n = 934), missing values at baseline in eGFR
(n = 2), urinary protein (n = 33), blood pressure (BP) (n = 8),
body mass index (BMI) (n = 3), C-reactive protein (n = 1), PA
(n = 347) and sedentary behaviour (n = 20). The remaining
7988 participants were included in the study cohort. Figure 1
shows the details of the inclusion and exclusion steps. This study
was approved by the Institutional Review Board of Kyung Hee
University Hospital at Gangdong (KHNMC 2020-01-019-002),
and de-identified data from the KoGES were obtained under a
data sharing agreement with the Division of Genetic Epidemiol-
ogy and Health Index.

Data collection and measurements

We extracted the participants’ baseline characteristics from
the KoGES registry. These include sociodemographic profile
(e.g., age and sex), lifestyle profile (e.g., alcohol consumption,
tobacco use profile, occupational groups, low/moderate/
vigorous levels of PA and sitting/stable behaviours), body
measurements (e.g., height, weight and BMI), nutrition ex-
amination survey (e.g., energy, sodium and potassium), vital
signs (e.g., systolic blood pressure [SBP] and diastolic blood
pressure [DBP]), chemistry panels (e.g., haemoglobin A1c,
fasting plasma glucose, high-density lipoprotein, total
cholesterol, triglycerides, creatinine, blood urea nitrogen
and C-reactive protein), urinalysis (e.g., urine protein),

Figure 1 Study design. eGFR, estimated glomerular filtration rate; KoGES, Korean Genome and Epidemiology Study
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disease history (e.g., diabetes, hypertension, dyslipidaemia
and kidney disease) and drug usage history (e.g., diabetes, hy-
pertension and dyslipidaemia). Data comprising sociodemo-
graphic and lifestyle profiles were collected using simple
questionnaires with dichotomous response options, ‘Yes’ or
‘No’. A diet assessment was administered using a
semi-quantitative food frequency questionnaire (FFQ).9 The
KoGES collected job information using the following catego-
ries: (1) housewife, (2) office job, (3) agriculture, (4) self-
employment, (5) sales, (6) factory workers, (7) specialized
job and (8) others. We divided the participants into four
groups according to the amount of occupational PA and char-
acteristics. Group 1 (G1) with high-PA includes (3) and (6).
Group 2 (G2) with low-PA includes (2), (4), (5) and (7). Group
3 (G3) consists of the housewives. Group 4 (G4) includes
other unclassified jobs. Blood and urine were collected in
the morning after 8-h fasting. We also extracted the partici-
pants’ follow-up observations, including creatinine levels
and kidney disease diagnosis.

Data preprocessing

First, the primary outcome of this study was the occurrence
of CKD. We defined CKD as the occurrence of
eGFR < 60 mL/min/1.73 m2 over a 12-year follow-up period
using the CKD Epidemiology Collaboration (CKD-EPI) equa-
tion. Next, we determined the amounts of PA and ST, respec-
tively. Participants answered the self-administered question-
naire (Supporting Information, Table S1), which enquired
about the time spent per day performing light (e.g., walking),
moderate (e.g., brisk walking) and vigorous (e.g., running) ac-
tivities at work and home. We calculated the amount of PA
based on metabolic hours per day (MET-h/day) using a
weighted sum of daily low/moderate/vigorous levels of PA
hours multiplied by 2, 4, and 8, respectively. Participants an-
swered the ST questionnaires, which asked about the time
spent sitting and lying down per day except sleeping (e.g.,
driving, sewing and watching television). ST was calculated
as the sum of daily sedentary behaviour hours. We catego-
rized the amount of PA and ST into three groups: high-PA
> 24 MET-h/day, moderate-PA 9–24 MET-h/day and low-
PA < 9 MET-h/day; and high-ST > 6 h/day, moderate-ST 3–
6 h/day and low-ST < 3 h/day, respectively. The response
options for the PA and ST questionnaires were categorized
into nine groups without an open-ended response. The upper
hour limit for both PA and ST data is 5 h (‘Over 5 hours’) in
the original questionnaire and thus extreme data cannot be
identified. In this study, the PA/ST time of the participants
who answered for more than 5 h was calculated as 6 h. We
segmented the participants into three groups (high/moder-
ate/low-PA/ST) according to equal frequency. Second, eGFR
was calculated using the CKD-EPI equation.10 Annual eGFR
decline was calculated as follows: [(eGFR at last follow-up

� eGFR at baseline)/eGFR at baseline]/follow-up period
(years). Finally, we identified the presence of comorbidities.
The presence of comorbidities was identified based on the
presence of clinical biomarkers, disease history or drug usage
history at baseline. Diabetes was defined as haemoglobin
A1c ≥ 6.5%, fasting plasma glucose ≥ 126 mg/dL, medical his-
tory of diabetes or medication usage. Hypertension was de-
fined as SBP ≥ 140 mmHg, DBP ≥ 90 mmHg, medical history
of hypertension or medication usage.11 Dyslipidaemia was
defined as high-density lipoprotein < 40 mg/dL, total
cholesterol ≥ 240 mg/dL, triglycerides ≥ 200 mg/dL, medical
history of dyslipidaemia or medication usage.12 Kidney dis-
ease was defined as eGFR < 60 mL/min/1.73 m2 or a medical
history of kidney disease. Previous histories of cerebrovascu-
lar diseases (cerebrovascular accident [CVA]) and myocardial
infarction (MI) were identified via a questionnaire.

Statistical analysis

Descriptive statistics were reported to present the baseline
characteristics of the participants. Continuous variables (i.e.,
age, vital signs and chemistry panels) were examined using
the means and standard deviations. Binary and categorical
variables (i.e., sex, ternary PA and ST, disease history and
drug usage history) were reported using absolute counts
and proportions. The differences across the ternary PA and
ST groups were examined using analysis of variance (ANOVA)
and chi-squared tests. Multiple linear regression tests were
used to measure the coefficient values of baseline eGFR
and annual decline of eGFR. Cox proportional hazards models
were constructed for multivariate analysis of factors
predicting the occurrence of CKD over the follow-up period,
controlling for demographics (e.g., age and sex), lifestyle
profiles (e.g., alcohol consumption and tobacco use), occupa-
tional groups, nutrition examination survey (e.g., energy,
sodium and potassium) and comorbidities (e.g., diabetes, hy-
pertension and dyslipidaemia). We also adjusted for the
models using ternary PA and ST. These two models estimated
the univariate and multivariate-adjusted hazard ratios (HRs)
and their 95% confidence intervals (CIs). All statistical
analyses were performed using R software Version 4.0.3
(R Foundation for Statistical Computing, Vienna, Austria).

Results

The higher physical activity and lower sedentary
time were associated with the lower baseline
estimated glomerular filtration rate

Table 1 shows the baseline clinical and biochemical charac-
teristics of the participants according to their PA and ST
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levels. The mean age of the participants was 51.99 ± 8.81.
Approximately 37.7% of them had hypertension, and 11.4%
were diagnosed with diabetes. The high-PA group was older,
was more hypertensive, had higher BP and included more
men compared with the low- and moderate-PA groups.
The low-ST group was older, was more hypertensive, had
higher BP and included lesser men than the moderate- and
high-ST groups. The KoGES counted the total PA hours,
including working hours. Therefore, we divided four
groups according to the amount of occupational PA and
characteristics (Table 2). The participants in G1 identified a
higher PA (37.19 MET-h/day) and lower ST (3.49 h/day)
amount, were more hypertensive (45.3%) and male
dominant (56.6%). Table 3 presents baseline eGFR across
the PA and ST groups. Baseline eGFR was higher as the
amount of PA increased, whereas it decreased as the
amount of ST increased.

Chronic kidney disease occurred more in the low-
physical activity group than in moderate-to-high-
physical activity groups

Overall, the mean annual eGFR was reduced by 2.03 mL/
min/1.73 m2/year. It was higher as the PA amount de-
creased, whereas it decreased as ST decreased. Compared
with the high-PA group, eGFR tended to decrease gradually
in the moderate- and low-PA groups by 0.12 (�0.26, 0.01,
P = 0.081) and 0.13 (�0.27, 0.01, P = 0.078) per year, re-
spectively (Table 4). Relative to the low-ST group, eGFR re-
duced in the moderate- and high-ST groups further by 0.07
(�0.19, 0.05, P = 0.236) and 0.14 (�0.28, �0.01,
P = 0.039) per year, respectively. Overall, the incidence of
CKD was 23.6% in the study population. The HR was signifi-
cantly increased in the low- (1.13: 1.00–1.28, P = 0.056) and
moderate-PA groups (1.25: 1.11–1.42, P < 0.001) than in
the high-PA group (1.00) (Table 5). Similarly, the HR for
CKD incidence increased in the high-ST group (1.19: 1.05–
1.34, P = 0.007) and slightly increased in the moderate-ST
group (1.04: 0.94–1.16, P = 0.440) than in the low-ST group
(1.00).

High physical activity attenuates the adverse effect
of higher sedentary time-associated chronic kidney
disease occurrence

We wondered if augmented PA could recover the detrimen-
tal effect of longer ST on renal function and CKD incidence.
The number of participants was as follows: high-PA and
low-ST, n = 1564; high-PA and moderate-ST, n = 915; high-PA
and high-ST, n = 328; moderate-PA and low-ST, n = 802;
moderate-PA and moderate-ST, n = 1060; moderate-PA and
high-ST, n = 716; low-PA and low-ST, n = 615; low-PA andTa
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moderate-ST, n = 1016; and low-PA and high-ST, n = 972.
Relative to the reference group (high-PA and low-ST), CKD oc-
currence significantly increased in the low-PA group (HR:
low-ST 1.28 [1.06–1.55, P = 0.009], moderate-ST 1.14 [0.96–
1.36, P = 0.138] and high-ST 1.47 [1.22–1.76, P < 0.001])
(Figure 2).

Discussion

In this study, higher PA and lower ST were linked to a reduced
risk of renal function deterioration. In a cross-sectional study,
low-PA or high-ST was associated with CKD and low
eGFR.4,13,14 However, longitudinal studies have reported

Table 2 Baseline characteristics according to occupational physical activity group

G1 (n = 2646) G2 (n = 1970) G3 (n = 2229) G4 (n = 1143) Total (n = 7988) P-value

PA (MET-h/day) 37.192 ± 20.051 13.206 ± 13.095 15.496 ± 14.992 14.596 ± 14.672 21.989 ± 19.598 <0.001
ST (h/day) 3.489 ± 2.391 5.481 ± 2.361 4.611 ± 2.538 5.180 ± 2.728 4.53 ± 2.603 <0.001
PA group <0.001
High (≥24) 1866 (70.5%) 298 (15.1%) 415 (18.6%) 228 (19.9%) 2807 (35.1%)
Moderate (9–24) 464 (17.5%) 768 (39.0%) 924 (41.5%) 422 (36.9%) 2578 (32.3%)
Low (<9) 316 (11.9%) 904 (45.9%) 890 (39.9%) 493 (43.1%) 2603 (32.6%)

ST group <0.001
Low (<3) 1474 (55.7%) 410 (20.8%) 771 (34.6%) 326 (28.5%) 2981 (37.3%)
Moderate (3–6) 840 (31.7%) 839 (42.6%) 881 (39.5%) 431 (37.7%) 2991 (37.4%)
High (≥6) 332 (12.5%) 721 (36.6%) 577 (25.9%) 386 (33.8%) 2016 (25.2%)

Age (years) 55.515 ± 8.780 47.003 ± 6.013 51.960 ± 8.796 52.473 ± 8.860 51.989 ± 8.805 <0.001
Male (n, %) 1498 (56.6%) 1492 (75.7%) 5 (0.2%) 832 (72.8%) 3827 (47.9%) <0.001
Hypertension (n, %) 1198 (45.3%) 619 (31.4%) 763 (34.2%) 431 (37.7%) 3011 (37.7%) <0.001
SBP 128.130 ± 18.248 120.391 ± 16.727 122.818 ± 19.411 123.724 ± 18.219 124.109 ± 18.468 <0.001
DBP 83.457 ± 11.121 81.185 ± 11.650 79.624 ± 11.891 81.738 ± 11.680 81.581 ± 11.646 <0.001

Note: G1 (Group 1) with high-PA includes agriculture and factory workers. G2 (Group 2) with low-PA includes office jobs, self-employ-
ment, sales and specialized job. G3 (Group 3) is composed of housewives. G4 (Group 4) includes other unclassified job. Abbreviations:
DBP, diastolic blood pressure; PA, physical activity; SBP, systolic blood pressure; ST, sedentary time.

Table 3 Baseline estimated glomerular filtration rate according to physical activity and sedentary time

Model 1 P-value Model 2 P-value Model 3 P-value

PA
High 0.00 0.00 0.00
Moderate �2.37 (�2.96, �1.77) <0.001 �1.36 (�2.01, �0.71) <0.001 �1.34 (�1.99, �0.96) <0.001
Low �2.83 (�3.43, �2.24) <0.001 �1.65 (�2.31, �0.98) <0.001 �1.63 (�2.29, �0.96) <0.001

ST
Low 0.00 0.00 0.00
Moderate �1.51 (�2.07, �0.95) <0.001 �0.93 (�1.50, �0.37) 0.001 �0.88 (�1.44, �0.32) <0.001
High �2.58 (�3.22, �1.95) <0.001 �1.72 (�2.37, �1.07) <0.001 �1.65 (�2.30, �1.00) <0.001

Note: Model 1 was adjusted for age and sex; Model 2 was adjusted for Model 1 + smoking, alcohol, nutrition (sodium, potassium and
calories), body mass index and occupational groups; Model 3 was adjusted for Model 2 + hypertension, dyslipidaemia, diabetes,
C-reactive protein, myocardial infarction and cerebrovascular accident. Abbreviations: PA, physical activity; ST, sedentary time.

Table 4 Annual estimated glomerular filtration rate decline according to physical activity and sedentary time

Model 1 P-value Model 2 P-value Model 3 P-value

PA
High 0.00 0.00 0.00
Moderate �0.18 (�0.31, �0.06) 0.004 �0.12 (�0.26, �0.01) 0.075 �0.12 (�0.26, �0.01) 0.081
Low �0.22 (�0.34, �0.09) <0.001 �0.14 (�0.28, �0.00) 0.046 �0.13 (�0.27, �0.01) 0.078

ST
Low 0.00 0.00 0.00
Moderate �0.10 (�0.22, 0.01) 0.081 �0.07 (�0.19, 0.05) 0.235 �0.07 (�0.19, 0.05) 0.236
High �0.22 (�0.35, �0.09) 0.001 �0.16 (�0.29, �0.02) 0.026 �0.14 (�0.28, �0.01) 0.039

Note: Model 1 was adjusted for age and sex; Model 2 was adjusted for Model 1 + smoking, alcohol, nutrition (sodium, potassium and
calories), body mass index and occupational groups; Model 3 was adjusted for Model 2 + hypertension, dyslipidaemia, diabetes,
C-reactive protein, myocardial infarction and cerebrovascular accident. Abbreviations: PA, physical activity; ST, sedentary time.
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inconsistent results. PA contributed to mitigating eGFR
decline and prevented CKD occurrence in various groups of
participants.3,15–17 Longer duration of sedentary behaviour
was associated with lower eGFR and higher incidence of de-
veloping CKD in the Japanese population.15 In addition,
spending a longer time watching television was related to a
higher CKD occurrence in the UK population.18 On the other
hand, several studies have shown no significant association
between high-PA or low-ST, and renal outcomes.19–21 The in-
consistent conclusions from previous studies might be in part
due to the different methods used to measure PA or ST.
Almost all of the previous studies collected information from
self-reported questionnaires, except for two studies that
quantified the amount of PA using an accelerometer.14,18

Our study calculated the amount of PA by summing not only
leisure PA but also occupational PA. Therefore, the values of
MET-hours per day in this study are definitely higher than
those in other studies that included either leisure or habitual
PA only.3,16 The average amount of PA in our study is similar

to one report using the same method as ours.22 PA guidelines
recommend the regular exercise of 8.3 MET-h/week. This PA
criterion is significantly lower than the PA categories used in
this study. The discrepancy might be due to additional hours
counted from occupational PA to the PA amount in this study.
Caution is needed to interpret our data. Occupational PA was
considered not to have beneficial effects on cardiovascular
diseases and mortality, rather suggesting a reduction in life
expectancies.23,24 Excessive PA due to severe labour can be
harmful to keeping healthy. In addition, some physically ac-
tive tasks increase the mortality rate due to accidents during
work time. However, several studies in a meta-analysis dem-
onstrated that occupational PA had no or less association
with mortality.25 Behavioural and socioeconomic factors
should be considered in order to reach a clear conclusion. A
recent study showed that occupational PA contributed to in-
creased longevity in men after adjusting for behavioural and
socioeconomic confounding factors.26 In addition, the total
amount of PA, regardless of occupational status, was

Table 5 Incident chronic kidney disease occurrence according to physical activity and sedentary time

Model 1 P-value Model 2 P-value Model 3 P-value

PA
High 1.00 1.00 1.00
Moderate 1.21 (1.08, 1.35) <0.001 1.12 (0.99, 1.27) 0.076 1.13 (1.00, 1.28) 0.056
Low 1.40 (1.26, 1.55) <0.001 1.28 (1.13, 1.45) <0.001 1.25 (1.11, 1.42) <0.001

ST
Low 1.00 1.00 1.00
Moderate 1.10 (1.00, 1.22) 0.051 1.04 (0.94, 1.16) 0.441 1.04 (0.94, 1.16) 0.440
High 1.31 (1.17, 1.46) <0.001 1.21 (1.07, 1.37) 0.002 1.19 (1.05, 1.34) 0.007

Note: Model 1 was adjusted for age and sex; Model 2 was adjusted for Model 1 + smoking, alcohol, nutrition (sodium, potassium and
calories), body mass index and occupational groups; Model 3 was adjusted for Model 2 + hypertension, dyslipidaemia, diabetes,
C-reactive protein, myocardial infarction and cerebrovascular accident. Abbreviations: PA, physical activity; ST, sedentary time.

Figure 2 The hazard ratio (HR) of incident chronic kidney disease (CKD) in the sedentary time (ST) groups stratified by physical activity (PA) ternary.
The reference category was the group with high-PA (>24 MET-h/day) in combination with low-ST (<3 h/day). CI, confidence interval
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associated with reduced mortality in middle-aged and older
participants.27 The total PA amount, including occupational
PA, and low-ST were related to a reduced risk of end-stage re-
nal disease in CKD patients.22

In our study, three groups of PA/ST demonstrated different
characteristics in the sociodemographic and clinical features.
When we classified our participants by the occupational PA
amount, G1 showed a higher PA amount (37.19 MET-h/day)
than others (G2: 13.21, G3: 15.50, G4: 14.60 MET-h/day,
P < 0.001), was older (55.51) than others (G2: 47.00, G3:
51.96, G4: 52.47, P < 0.001) and tended to be more hyper-
tensive (45.3%) than others (G2: 31.4%, G3: 34.2%, G4:
37.7%, P < 0.001) (Table 2). G1 also revealed a lower ST
amount (3.49 h/day) than others (G2: 5.48, G3: 4.61, G4:
5.18 h/day, P < 0.001) and sexual unbalance (male %: G1:
56.6, G2: 75.7, G3: 0.2, G4: 72.8, P < 0.001). The PA amount
was highest in G1, followed by G3, G4 and G2. The partici-
pants included in the high-PA group are thought to reflect
G1 characteristics (more men, higher BP and older), whereas
those in the low-ST group are likely composed of the mixed
populations of G1 and G3 (Table 1). G3 participants are
mostly women (99.8%), and thus, the low-ST group may have
more women.

People spend more than half of their awake time in
sedentary activities in modern society.6 Sedentary behaviours
were independently associated with reduced eGFR, and this
association was magnified in individuals with advanced age,
cardiovascular disease and diabetes.14 Longer ST is linked to
obesity, and the accumulated adipose tissue induces oxida-
tive stress and inflammation; in contrast, PA contributes to
mitigating them.28 Prolonged ST decreases vascular dilata-
tional function, which is improved by walking exercise.29 Spe-
cific STs, such as television-viewing ST, have a stronger asso-
ciation with CKD occurrence or mortality.18,30 People usually
watch television in the evening, which prolongs postprandial
ST and has detrimental effects on lipid and glucose metabo-
lism. Unfortunately, this cohort did not collect detailed infor-
mation on sedentary behaviour. For better clarification, ST for
driving or working and ST for watching television should be
analysed differently.

We found that CKD risk was not increased in the high-PA
group (>24 MET-h/day) irrespective of the amount of ST,
whereas those spending ST > 3 h/day in the moderate-PA
group (9–24 MET-h/day) and all in the low-PA group
(<9 MET-h/day) had a significantly higher incidence of CKD
occurrence. In contrast, reduced ST was not effective in
preventing CKD incidence (data not shown). The World
Health Organization recommends at least 150 min of
moderate-intensity exercise or 75 min of vigorous-intensity
exercise a week to stay healthy.31 Exercise interventions have
the benefit of increasing eGFR and decreasing BP in obese
non-renal participants or non-dialysis CKD patients.32,33

Behaviour intervention to decrease ST and increase exercise
duration was feasible to reduce body fat mass and BMI over

a short period in CKD patients.34 An experimental study sug-
gested that PA stimulated muscle secretome and produced
myokines, such as myostatin, insulin-like growth factor-1,
tumour necrosis factor and interferon-6, which are involved
in the regeneration of the damaged kidney.35 However, it is
difficult for the participants to sustain their corrected behav-
iours. One study showed that approximately 60–75 min of
moderate-intensity activity per day was eliminated to
increase mortality due to high sitting time.30 It is not clear
how much PA can help slow down renal deterioration and
attenuate CKD development. In this study, PA over 24 MET-
h/day was associated with a decrease in CKD occurrence. In
line with this, one study demonstrated that replacing 1 h of
ST with 1 h of PA reduced the odds ratio for CKD occurrence
by 3–4% in the Japanese population.36

This study has several limitations related to the use of the
self-developed questionnaires for the PA measure. First, dur-
ing 1999–2000, when the KoGES was being developed, there
were no validated questionnaires related to PA, such as
International Physical Activity Questionnaire. Therefore, the
researchers who participated in the cohort development
created questionnaires based on previous studies. During
the similar time, several studies collected survey data about
PA by using self-developed questionnaires.3,37 Although the
self-developed questionnaires have not been adequately
assessed for validity and reliability in other studies, our study
showed an inversely proportional correlation between PA
and ST, and also a clear relationship between the amount
of PA/ST and renal outcomes. Second, the PA and ST on
weekdays and weekends might vary widely across individuals
depending on their age and lifestyle. Unfortunately, our
questionnaires do not measure PA/ST on weekdays and
weekends separately. The PA/ST questionnaires measure
only aggregate data of hour per day. This measure is at risk
for recall bias, leading to less accurate data. However, a
study found that the self-reported ST was similar on week-
days and weekends in a sample of office-based workers.38

In addition, the previous studies found that the difference
between weekdays and weekends in accelerometer-
measured ST and self-reported PA appears to be insignificant
among older adults.39 Prior research collectively suggests
that the PA/ST amount on weekends shows the similar pat-
terns of those on weekdays in the adult population. Third,
we may underestimate the total ST time for those who spent
their time for ST over 5 h as we counted their ST as 6 h.
Despite these limitations, this study has notable strengths
to clarify how PA and ST affect renal outcomes in
middle-aged Korean subjects using a large-scaled population
for an extended duration.

In summary, low-PA and high-ST were observed to be
associated with a higher eGFR decline and incident CKD in a
Korean middle-aged population without renal diseases. More
than 24 MET-h/day of PA affects the mitigation of high-ST-as-
sociated CKD occurrence. Maintaining the proper amount of
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PA per day is suggested to be a critical modifiable factor in
maintaining kidney health.
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