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INTRODUCTION

Globally, diabetes is a major challenge, and its prevalence is 
expected to increase from 537 million in 2021 to 783 million 
by 2045.1 Prolonged diabetes is accompanied by various com-
plications, including microvascular ones such as retinopathy, 
neuropathy, and nephropathy.2 Among these, diabetic ne-
phropathy is caused by glomerular vascular damage due to dia-
betes, which can damage the kidneys and lead to chronic kid-
ney disease (CKD).3 

A combination of both diabetes and hypertension, or each 
condition alone, is responsible for over 80% of end-stage renal 
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disease (ESRD) cases. Therefore, an annual assessment of the 
urinary albumin-to-creatinine ratio (ACR) and estimated glo-
merular filtration rate (eGFR) is recommended for individuals 
with type 1 diabetes who have a disease duration of 5 years or 
more, and for all individuals with type 2 diabetes, regardless of 
treatment status.4 The prevalence of renal disease is 42.3% in 
individuals with type 2 diabetes and 9.4% in those without dia-
betes. Individuals with CKD and diabetes have a 30-fold high-
er risk of all-cause mortality5 and a 10-fold higher risk of mor-
tality within 10 years compared to individuals without CKD 
and diabetes.6 Additionally, when individuals with CKD and 
diabetes progresses to end-stage renal failure, the medical cost 
per patient is approximately 49520 USD, resulting in significant 
healthcare expenses.7 As such, the prevention and manage-
ment of CKD in individuals with diabetes are crucial, not only 
at the individual level but also from a societal perspective. 

Two critical components of the WHO’s PA recommenda-
tions are as follows: 1) engaging in a minimum of 150 minutes 
per week of moderate-intensity physical activity (MPA) or 75 
minutes of vigorous-intensity physical activity (VPA); and 2) 
performing resistance exercise (RE) at least twice per week.8 
Lifestyle modifications, including PA, have been shown to 
prevent renal function deterioration,9 while MPA, VPA, and 
RE can help reduce vascular complications and mortality in 
individuals with diabetes.10,11 However, studies examining the 
association between domain-specific PA and health out-
comes have reported mixed results. While leisure physical ac-
tivity (LPA) is consistently associated with positive health out-
comes, the impact of work-related physical activity (WPA) on 
all-cause mortality, cardiopulmonary mortality, and cancer 
mortality remains inconsistent.12-14 This highlights the need 
for further investigation into the effects of domain-specific PA 
on health. 

Despite the well-established benefits of PA and RE,15 research 
on specific domains of PA, such as WPA, LPA, and transporta-
tion physical activity (TPA) in individuals with diabetes, is lim-
ited.16,17 Furthermore, no studies have explored the combined 
effects of PA and RE within these domains on the prevalence of 
CKD in this population.18,19 

Therefore, we aimed to examine the relationship between 
domain-specific PA and the prevalence of CKD, as well as to 
investigate the association between RE and CKD prevalence 
in individuals with diabetes. We hypothesized that: 1) LPA is 
more strongly associated with CKD prevalence compared to 
non-LPA, and 2) meeting the PA guidelines through LPA and 
engaging in RE at least 2 days per week are associated with a 
lower prevalence of CKD.

MATERIALS AND METHODS

Data collection 
The Korea National Health and Nutrition Examination Study 

(KNHANES) data were collected using self-reported question-
naires or interviews with research staff.20 Demographic, socio-
economic, and PA data were collected using self-reported ques-
tionnaires.20 Anthropometric measurements, including height, 
weight, and waist circumference, as well as cardiometabolic 
risk factors including blood pressure, lipids, fasting glucose 
(FG), and hemoglobin A1c (HbA1c), were measured. Blood 
pressure was measured three times after a 5-minute rest, and 
the average value of the second and third measurements was 
used. For blood tests, an Serum Separator Tube (8 mL) for 
chemistry analysis and an Ethylene Diamine Tetra Acetic Acid 
tube (2 mL) for hematology were collected after a minimum 
8-hour fast. For urine tests, 30 mL of the first morning urine 
was collected for analysis. A family history of diabetes was re-
corded, and participants were asked about their smoking sta-
tus (current, past, or never) and frequency of alcohol consump-
tion during the past year (less or more than once a month). 
Income was categorized into quartiles based on Korean cur-
rency: 1 million won or less, 100–200 million won, 200–300 mil-
lion won, and more than 300 million won. The highest academ-
ic degree attained (elementary school, middle school, high 
school, or college graduate or higher) was also surveyed. Infor-
mation on diabetes, hypertension, and cardiovascular diseases 
was collected using a computer-assisted personal interviewing 
method.

Study participants
We used a large representative dataset from the KNHANES, 
conducted between 2019 and 2021. The reason we used data 
from 2019–2021 is that datasets from other years do not in-
clude information on serum albumin. Of the 22559 participants 
included in the surveys, 2381 individuals with diabetes were 
included in the final analysis. We excluded participants who 
were younger than 18 years, had a fasting time of less than 7 hours 
(n=1721), were not diagnosed with diabetes (n=14271), had no 
data on the ACR (n=109), and had no information on PA 
(n=209). All participants provided informed consent, and the 
study was approved by the Research Ethics Review Committee 
of the Korea Disease Control and Prevention Agency (2018-01-
03-C-A, 2018-01-03-2C-A, 2018-01-03-5C-A). 

Diabetes
Diabetes was defined as meeting any of the following criteria: 
1) self-reported physician diagnosis of diabetes, 2) current 
treatment with oral hypoglycemic agents or insulin, or 3) fast-
ing blood glucose level ≥126 mg/dL or HbA1c ≥6.5%.21 Blood 
samples were collected after a minimum 8-hour fast at the 
mobile examination center and analyzed by expert nurses and 
clinical pathologists.20 HbA1c values were calculated using the 
IFCC-NGSP master equation, expressed as mmol/mol.22

Hypertension
Hypertension was identified based on 1) self-reported physi-
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cian diagnosis, or 2) systolic blood pressure ≥140 mm Hg or di-
astolic blood pressure ≥90 mm Hg.20 Blood pressure measure-
ments were taken by expert nurses and clinical pathologists 
after participants rested for 5 minutes in a seated position.

Chronic kidney disease
CKD was defined as meeting any of the following criteria: 1) self-
reported physician diagnosis, 2) ACR ≥30 mg/g, or 3) eGFR <60 
mL/min/1.73 m2.23 The eGFR was calculated using the re-ex-
pressed four-variable Modification of Diet in Renal Disease 
study equation for standardized serum creatinine (mg/dL): 
eGFR=142×min (standardized serum creatinine/K, 1)α×max 
(standardized serum creatinine/K, 1)-1.200×0.9938age×1012 [if 
female].24 In the context of females, α and K are substituted 
with -0.241 and 0.7, respectively, whereas for males, they are 
replaced with -0.302 and 0.9, where α and K are -0.241 and 0.7 
for females and -0.302 and 0.9 for males, respectively. Serum 
creatinine was measured from fasting blood samples, and uri-
nary creatinine and albumin levels were assessed from the 
first morning urine sample. Undiagnosed CKD was defined as 
the presence of ACR ≥30 mg/g or eGFR <60 mL/min/1.73 m2 in 
participants with diabetes who had not received a formal CKD 
diagnosis from a physician.

Physical activity
In the KNHANES, PA was measured using the Global Physical 
Activity Questionnaire (GPAQ),20,25 which was translated into 
Korean, and its validity and reliability were verified, the out-
comes of which were underscored by Spearman correlation 
coefficients of 0.61 (p<0.01) and 0.34 (p<0.01) for validity and 
reliability, respectively.26 The survey consisted of 16 questions, 
which collected information on PA participation in three dif-
ferent domains, as well as sedentary behavior. These domains 
were WPA, TPA, and LPA. 

The GPAQ classifies WPA and LPA into two categories: MPA 
and VPA. VPA was defined as activities that elicit significant 
breathlessness or a fast heartbeat for more than 10 minutes, 
whereas MPA was defined as activities that result in slight 
breathlessness or a fast heartbeat for more than 10 minutes.

Regarding the domains of PA, WPA was defined as the level 
of PA performed during work hours, encompassing both paid 
and unpaid work as well as household chores. LPA focused on 
sports, exercise, and other recreational activities. Finally, the 
TPA captured PA lasting 10 minutes or more during transpor-
tation between different locations (e.g., commuting to work, 
shopping, and attending religious services). The WPA and LPA 
consisted of 12 questions, with six questions for each domain. 
Three questions were on TPA and one question was on seden-
tary behavior. Total PA was calculated by summing all domain-
specific PA. In addition to the GPAQ, participation in RE, an as-
sessment of the number of days of participation in RE per 
week, was also surveyed. The frequency of RE per week means 
engaging in RE such as push-ups, sit-ups, using dumbbells or 

barbells, or utilizing a pull-up bar.

Statistical analysis
Descriptive analyses were used to present participant charac-
teristics, and independent t-tests and chi-squared tests were 
used to compare continuous and categorical variables, respec-
tively. Multivariate-adjusted logistic regression analysis was 
employed to estimate odds ratios (ORs) and corresponding 
95% confidence intervals (CIs) to investigate the relationship 
between domain-specific PA and CKD, as well as RE and CKD. 
The models were progressively adjusted for potential con-
founders: Model 1 was adjusted for age and sex; Model 2 in-
cluded additional adjustments for income, education, body 
mass index (BMI), and family history of diabetes mellitus; and 
Model 3 incorporated blood markers such as FG, HbA1c, tri-
glycerides (TG), and total cholesterol (TC).

For descriptive analysis, domain-specific PA was delineated 
in minutes per week. In the primary analysis, metabolic equiv-
alent of task (MET)-minutes/week were utilized after the allo-
cation of MET values (4 METs for MPA and 8 METs for VPA) to 
integrate the intensity of PA. To follow the current PA recom-
mendation guidelines, total and domain-specific PA, such as 
WPA, LPA, and TPA, were categorized into three groups (1–599 
METs-min/week, ≥600 METs-min/week, and 0 METs-min/
week). 

Finally, we conducted a stratified analysis to explore whether 
the association between compliance with LPA recommenda-
tions and the prevalence of CKD differed based on sociodemo-
graphic and risk factors. All statistical analyses were performed 
using the IBM SPSS Statistics version 27.0 (IBM Corp., Armonk, 
NY, USA).

RESULTS

Baseline characteristics
Table 1 presents the characteristics of participants with and 
without CKD. Among 2381 participants diagnosed with dia-
betes, 647 had CKD while 1734 did not. Those with CKD had a 
higher prevalence of hypertension, lower income, and lower 
education level compared to those without CKD. Individuals 
with CKD also exhibited higher levels of FG, HbA1c, TC, TG, 
and lower high density lipoprotein concentrations. Total PA 
levels were lower in individuals with CKD. Regarding domain-
specific PA, significant differences were noted in moderate 
LPA and total PA, with the non-CKD group showing higher 
levels of LPA and TPA compared to the CKD group.

Association between domain-specific PA and  
prevalence of CKD in individuals with diabetes
In the multivariate-adjusted model (Model 3), we observed a 
significant inverse relationship between LPA and the preva-
lence of CKD in individuals with diabetes, with OR of 0.69 
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(95% CI 0.49–0.96) (Table 2). Furthermore, we found a signifi-
cant association between RE and CKD in individuals with dia-
betes, with OR of 0.68 (95% CI 0.53–0.88). However, there were 
no statistically significant associations between WPA and the 
prevalence of CKD, with OR of 1.46 (95% CI 0.87–2.47). TPA 
also showed a similar pattern, with OR of 0.83 (95% CI 0.66–
1.05) (Table 2). Furthermore, we observed similar results in the 
relationship between LPA and prevalence of undiagnosed 
CKD in individuals with diabetes (OR: 0.68, 95% CI 0.48–0.97). 
However, no significant association was found between WPA 
and undiagnosed CKD (OR: 1.33, 95% CI 0.77–2.30) (Supple-
mentary Table 1, only online).

In the additional analysis presented in Supplementary Ta-
bles 2-4 (only online), we confirmed independent relation-
ships between each domain-specific PA and CKD. For these 
analyses, WPA was adjusted for LPA and TPA, LPA was adjust-
ed for WPA and TPA, and TPA was adjusted for WPA and LPA. 
The results revealed that LPA had an independent inverse re-
lationship with CKD (OR: 0.70, 95% CI 0.50–0.99), whereas 
WPA (OR: 1.53, 95% CI 0.90–2.59) and TPA (OR: 0.85, 95% CI 
0.67–1.07) did not show significant independent associations.

Table 1. Characteristics of Participants

Total 
(n=2381)

Non-CKD 
(n=1734)

CKD
(n=647)

p

Age (yr) 63.5±12.0 62.4±11.9 66.5±11.8 0.001‡

BMI 0.705
<25 kg/m2 1111 (46.7) 805 (46.4) 306 (47.3)
≥25 kg/m2 1270 (53.3) 929 (53.6) 341 (52.7)

Sex 0.040*
Men 1243 (52.2) 887 (51.2) 356 (55.0)
Women 1138 (47.8) 847 (48.8) 291 (45.0)

Family history of DM 0.001‡

Yes 1292 (54.3) 941 (54.3) 351 (54.3)
No 958 (40.2) 717 (41.3) 241 (37.2)
Missing 131 (5.5) 76 (4.4) 55 (8.5)

Hypertension 0.001‡

Normal 921 (38.7) 745 (43.0) 176 (27.2)
Hypertension 1449 (60.9) 983 (56.7) 466 (72.0)
Missing 11 (0.5) 6 (0.3) 5 (0.8)

Smoking 0.422
Never 1240 (52.1) 909 (52.4) 331 (51.2)
Current 453 (19.0) 319 (18.4) 134 (20.7)
Past 684 (28.7) 504 (29.1) 180 (27.8)
Missing 4 (0.2) 2 (0.1) 2 (0.3)

Alcohol consumption 0.959
<Once/1 month 1335 (56.1) 971 (56.0) 364 (56.3)
≥Once/1 month 1043 (43.8) 761 (43.9) 282 (43.6)
Missing 3 (0.1) 2 (0.1) 1 (0.2)

Income 0.001‡

Quantile 1 722 (30.3) 461 (26.6) 261 (40.3)
Quantile 2 647 (27.2) 480 (27.7) 167 (25.8)
Quantile 3 526 (22.1) 406 (23.4) 120 (18.5)
Quantile 4 480 (20.2) 382 (22.0) 98 (15.1)
Missing 6 (0.3) 5 (0.3) 1 (0.2)

Education 0.001‡

Elementary school 822 (34.5) 548 (31.6) 274 (42.3)
Middle school 372 (15.6) 269 (15.5) 103 (15.9)
High school 674 (28.3) 514 (29.6) 160 (24.7)
Complemented 
  university

507 (21.3) 400 (23.1) 107 (16.5)

Missing 6 (0.3) 3 (0.2) 3 (0.5)
Blood markers

Glucose, mg/dL 135.18±37.52 132.52±33.91 142.29±45.07 0.001‡

HbA1c,  
  mmol/mol (%)

54.71±13.67
(7.2±1.3)

53.36±12.33
(7.0±1.1)

58.33±16.21
(7.5±1.5)

0.001‡

<6.5 596 (25.0) 443 (25.5) 153 (23.6)
≥6.5 1785 (75.0) 1291 (74.5) 494 (76.4)

Insulin, uIU/mL 11.6±10.7 11.6±10.5 11.4±11.3 0.721
TC, mg/dL 173.3±43.7 174.6±42.7 169.8±45.9 0.017
HDL, mg/dL 47.0±11.4 47.5±11.1 45.7±11.8 0.001‡

TG, mg/dL 155.7±123.8 149.9±105.8 171.5±161.6 0.002
GOT, IU/L 28.3±16.8 28.0±15.1 29.3±20.7 0.150
GPT, IU/L 29.1±26.2 29.4±23.6 28.6±32.2 0.513

Table 1. Characteristics of Participants (continued)

Total 
(n=2381)

Non-CKD 
(n=1734)

CKD 
(n=647)

p

Blood pressure, mm Hg
SBP 126.5±15.9 124.7±15.0 131.0±17.4 0.001‡

DBP 75.0±10.0 75.2±9.5 74.6±11.3 0.221
Total PA <0.001‡

0 METs-min/week 1020 (42.8) 703 (40.5) 317 (49.0)
1–599 METs-min/week 501 (21.0) 376 (21.7) 125 (19.3)
≥600 METs-min/week 860 (36.1) 655 (37.8) 205 (31.7)

At work 0.294
0 METs-min/week 2257 (94.8) 1641 (94.6) 616 (95.2)
1–599 METs-min/week 46 (1.9) 38 (2.2) 8 (1.2)
≥600 METs-min/week 78 (3.3) 55 (3.2) 23 (3.6)

Leisure-time <0.001‡

0 METs-min/week 1912 (80.3) 1354 (78.1) 558 (86.2)
1–599 METs-min/week 192 (8.1) 155 (8.9) 37 (5.7)
≥600 METs-min/week 277 (11.6) 225 (13.0) 52 (8.0)

Transport 0.084
0 METs-min/week 1274 (53.5) 904 (52.1) 370 (57.2)
1–599 METs-min/week 505 (21.2) 376 (21.7) 129 (19.9)
≥600 METs-min/week 602 (25.3) 454 (26.2) 148 (22.9)

Sedentary time (min/day) 528.3±227.7 522.5±226.2 543.9±230.9 0.044*
CKD, chronic kidney disease; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; PA, physical activity; MET, metabolic equivalent of task;  
BMI, body mass index; DM, diabetes mellitus; HbA1c, hemoglobin A1c; TC, 
total cholesterol; HDL, high density lipoprotein; TG, triglycerides; GOT, glu-
tamic oxaloacetic transaminase; GPT, glutamic pyruvic transaminase.
Data are presented as mean±standard deviation or n (%).
*p<0.05; ‡p<0.001.
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Table 2. Association between Total PA, RE, Domain-Specific PA, and Prevalence of CKD

Total Model 1
OR (95% CI)

Model 2
OR (95% CI)

Model 3
OR (95% CI)n CKD

WPA
0 METs-min/week 2257 616 Reference
1–599 METs-min/week     46     8 0.65 (0.30–1.42)   0.64 (0.29–1.41)   0.54 (0.24–1.20)
≥600 METs-min/week     78   23 1.35 (0.81–2.25)   1.36 (0.83–2.26)   1.46 (0.87–2.47)

LPA
0 METs-min/week 1912 558 Reference
1–599 METs-min/week   192   37   0.63 (0.43–0.92)*   0.64 (0.44–0.93)*     0.60 (0.41–0.89)*
≥600 METs-min/week   277   52   0.61 (0.44–0.84)*   0.61 (0.44–0.84)*     0.69 (0.49–0.96)*

TPA
0 METs-min/week 1274 370 Reference   
1–599 METs-min/week   505 129 0.87 (0.69–1.11)   0.87 (0.68–1.10)   0.87 (0.68–1.11)
≥600 METs-min/week   602 148 0.84 (0.67–1.05)   0.85 (0.68–1.06)   0.83 (0.66–1.05)

Total PA
0 METs-min/week 1020 317 Reference
1–599 METs-min/week   501 125 0.78 (0.61–1.00)   0.79 (0.61–1.01)   0.78 (0.61–1.01)
≥600 METs-min/week   860 205   0.76 (0.62–0.94)*     0.77 (0.63–0.95)*     0.79 (0.64–0.99)*

RE
<2 days/week 1921 547 Reference
≥2 days/week   460 100   0.66 (0.52–0.85)†   0.65 (0.50–0.83)†      0.68 (0.53–0.88)*

PA, physical activity; RE, resistance exercise; CKD, chronic kidney disease; OR, odds ratio; CI, confidence interval; WPA, work-related physical activity; MET, met-
abolic equivalent of task; LPA, leisure physical activity; TPA, transportation physical activity; BMI, body mass index; DM, diabetes mellitus; FG, fasting glucose; 
HbA1c, hemoglobin A1c; TG, triglycerides; TC, total cholesterol. 
OR (95% CI) of CKD according to domain-specific PA. Model 1: adjusted for age and sex, Model 2: adjusted for Model 1+ BMI, DM family history, income, educa-
tion, hypertension, Model 3: adjusted for Model 2+FG, HbA1c, TG, and TC.
*p<0.05; †p<0.01.

Relationship between meeting the WHO’s PA  
recommendations, including RE, and the prevalence 
of CKD by domain-specific PA 
We conducted further analyses to investigate the association 
between domain-specific PA and RE with the prevalence of 
CKD in individuals with diabetes. Table 3 presents the results 
of a multiple regression analysis that examines how the preva-
lence of CKD varies based on compliance with recommenda-
tions for RE and PA. In Model 3, when analyzed by domain, 
the OR for CKD in individuals with diabetes who fulfill the cri-
teria for both LPA and RE was OR of 0.55 (95% CI 0.34–0.89). 
Furthermore, in the case of TPA, there was also a significant 
inverse relationship between the prevalence of CKD and meet-
ing the recommended amount of PA as TPA, along with meet-
ing the requirements for RE, with OR of 0.61 (95% CI 0.39–
0.95). In the case of WPA, a non-statistically significant 
relationship was observed, with OR of 1.46 (95% CI 0.44–4.82) 
(Table 3).

We analyzed the relationship between undiagnosed CKD 
and domain-specific PA, including RE. A significant associa-
tion was found between undiagnosed CKD and LPA, including 
RE, with OR of 0.51 (95% CI 0.32–0.82), while WPA including 
RE showed no significance, with OR of 1.29 (95% CI 0.40–4.17). 
The association between LPA, including RE, and undiagnosed 

CKD remained significant after adjusting for various covariates 
but attenuated upon further adjustment for metabolic factors, 
with OR of 0.66 (95% CI 0.40–1.07) (Supplementary Table 5, 
only online).

The analysis of the independent relationship between CKD 
and adherence to the WHO’s PA guidelines across different 
domains revealed that WPA (OR: 1.76, 95% CI 0.53–5.89) 
(Supplementary Table 6, only online) and TPA (OR: 0.65, 95% 
CI 0.41–1.02) were not significantly associated independently 
(Supplementary Table 7, only online), whereas LPA showed 
an independent inverse relationship with CKD (OR: 0.56, 95% 
CI: 0.35–0.91) (Supplementary Table 8, only online).

Table 4 presents potential effect modifiers that impact the 
association between different levels of PA compliance (only RE, 
only PA, or both) and the prevalence of CKD. The association 
between LPA and CKD prevalence was more evident among 
participants with low BMI (<25 kg/m2) and normal Hb1Ac 
(<6.5%). In the group with low BMI and in those with normal 
HbA1c levels, an inverse association was observed between LPA 
and RE, with OR of 0.31 (95% CI 0.15–0.65) and OR of 0.32 (95% 
CI 0.11–0.94), respectively (both p<0.001, p=0.026). No interac-
tions were found with other factors (Table 4).
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DISCUSSION

Our findings demonstrated that meeting the WHO’s PA rec-
ommendations, including RE, was associated with lower prev-
alence of CKD in individuals with diabetes, particularly in in-
dividuals with low BMI and normal HbA1c level. In addition, 
our study demonstrated that not all PA had equal association 
with CKD. We found that WPA was not associated with preva-
lence of CKD, whereas LPA was inversely associated with the 
prevalence of CKD in individuals with diabetes. 

Previous research has demonstrated the benefits of the 
WHO’s PA recommendations for risk of CKD in individuals 
with diabetes.27 Meeting the recommendation to engage in at 
least 600 METs-min/week of total PA was associated with a 
29% reduction in CKD risk among individuals with diabetes.27 
A study investigating the relationship of weekly PA to the risk 
of CKD, ESRD, and adverse kidney-related outcomes such as 
eGFR revealed that sedentary individuals with diabetes were 
more likely to develop ESRD, exhibit a lower eGFR, and have 
higher serum creatinine levels compared to physically active 
individuals with diabetes.28 These findings are consistent with 
our results on the association between total PA and the preva-
lence of CKD. On the other hand, studies that have examined 
the relationship between domain-specific PA and CKD have 

reported different results compared to our study. A study con-
ducted on adults in the United States found that different types 
of PA, including work, leisure, and transportation, are linked to 
a lower risk of CKD. People who engaged in at least 300 METs-
min of WPA or LPA per week had a lower CKD prevalence 
compared to those who did not (OR of 0.88, 95% CI 0.80–0.97 
and OR of 0.68, 95% CI 0.60–0.76, respectively).18 Another 
study reported that working while standing is more beneficial 
for CKD prevention than sitting is (OR of 0.88, 95% CI 0.86–
0.96), whereas leisure and transportation PAs were not associ-
ated with CKD (OR of 1.07, 95% CI 0.96–1.20 and OR of 1.08 
95% CI 0.97–1.21, respectively).19 

The two previous studies that have examined the relation-
ship between domain-specific PA and CKD have shown con-
flicting results compared to ours. However, our observation of 
Korean adults with diabetes, using a large population-based 
dataset, adds novel information to the sparse literature by dem-
onstrating 1) a significant relationship between the prevalence 
of CKD and LPA combined with RE and 2) no meaningful rela-
tionship between the prevalence of CKD and PAs related to 
work or transportation.

Our study provides new insights by disaggregating PA at 
work, whereas previous studies have only differentiated be-
tween standing and sedentary work in the workplace. In our 

Table 3. Relationship between Meeting the WHO’s PA Recommendations, Including RE, and the Prevalence of CKD by Domain-Specific PA
Total Model 1

OR (95% CI)
Model 2

OR (95% CI)
Model 3

OR (95% CI)n CKD
WPA+RE

Not meet 1858 528 Reference Reference Reference
Meets only RE recommendations   445 96 0.64 (0.50–0.83)† 0.63 (0.49–0.83)† 0.67 (0.52–0.88)†

Meets only PA recommendations  63 19 1.27 (0.73–2.24) 1.27 (0.73–2.23) 1.35 (0.76–2.42)
Meets both recommendations 15 4 1.13 (0.35–3.65) 1.17 (0.36–3.79) 1.46 (0.44–4.82)

LPA+RE
Not meet 1786 518 Reference Reference Reference
Meets only RE recommendations 318 77 0.71 (0.54–0.95)* 0.71 (0.54–0.95)* 0.73 (0.54–0.97)*
Meets only PA recommendations 135 29 0.76 (0.50–1.18) 0.77 (0.50–1.19) 0.84 (0.54–1.30)
Meets both recommendations 142 23 0.47 (0.29–0.74)† 0.46 (0.29–0.74)† 0.55 (0.34–0.89)*

TPA+RE
Not meet 1469 428 Reference Reference Reference
Meets only RE recommendations 310 71 0.66 (0.50–0.89)† 0.66 (0.49–0.88)† 0.69 (0.51–0.93)†

Meets only PA recommendations 452 119 0.90 (0.71–1.15) 0.91 (0.72–1.16) 0.89 (0.69–1.14)
Meets both recommendations 150 29   0.57 (0.37–0.87)† 0.58 (0.37–0.89)* 0.61 (0.39–0.95)*

Total PA+RE
Not meet 1316 390 Reference Reference Reference
Meets only RE recommendations 205 52 0.72 (0.51–1.02) 0.71 (0.51–1.01) 0.72 (0.50–1.02)
Meets only PA recommendations 605 157 0.90 (0.72–1.13) 0.91 (0.73–1.14) 0.91 (0.73–1.15)
Meets both recommendations 255 48   0.55 (0.39–0.78)† 0.55 (0.39–0.78)† 0.62 (0.43–0.88)†

PA, physical activity; RE: resistance exercise; CKD, chronic kidney disease; OR, odds ratio; CI, confidence interval; WPA, work-related physical activity; LPA, lei-
sure physical activity; TPA, transportation physical activity; BMI, body mass index; DM, diabetes mellitus; HbA1c, hemoglobin A1c; FG, fasting glucose; TG, tri-
glycerides; TC, total cholesterol.  
OR (95% CI) of CKD according to domain-specific PA and RE. Model 1: adjusted for age and sex, Model 2: adjusted for Model 1+BMI, DM family history, income, 
education, hypertension, Model 3: adjusted for Model 2+FG, HbA1c, TG, and TC, WHO’s PA guideline is defined as 150 minutes per week of moderate PA or 75 
minutes per week of vigorous PA and at least 2 days per week of RE.
*p<0.05; †p<0.01.
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study, we defined WPA as encompassing a wide range of tasks 
that individuals perform for their livelihood, including both 
paid and unpaid labor, domestic work, food and crop harvest-
ing, fishing or hunting for subsistence, and job-seeking activi-
ties.20 Consequently, we found that the differences in the rela-
tionship between WPA and LPA with the prevalence of CKD 
may also be attributed to psychological factors. While the un-
derlying physiological mechanisms of PA may be similar across 
different domains, the psychological impact of LPA should be 
considered,29 as most LPAs include sports and recreational ac-
tivities with stress-relieving components.20 In conclusion, it 

can be inferred that the greater effectiveness of LPA over WPA 
may be due to the potential psychological effects associated 
with LPA. 

The association between RE and CKD in this study can be 
understood through the mechanisms involved in glucose uti-
lization within the cells during RE. The combination of RE and 
aerobic exercise (AE) is excellent in reducing the duration of 
hyperglycemia, which is a risk factor for CKD.30,31 Understand-
ing these mechanisms can elucidate the detailed implications 
of our results. According to a previous study, HbA1c levels in 
individuals with diabetes were evaluated after a 6-month ex-

Table 4. Stratified Analyses on the Association between LPA with RE and Prevalence of CKD by Potential Effect Modifiers

CKD n (%)
Not meet

Reference

Meets only RE  
recommendations

OR (95% CI)

Meets only PA  
recommendations

OR (95% CI)

Meets both 
recommendation

OR (95% CI)

p for 
interaction

Age 0.354
<65 years 1162/240 (20.6) 1 0.69 (0.42–1.14) 0.87 (0.48–1.61) 0.78 (0.41–1.49)
≥65 years 1219/407 (33.3) 1 0.75 (0.52–1.08) 0.94 (0.49–1.84)   0.43 (0.20–0.88)*

BMI   0.001†

<25 kg/m2 1111/306 (27.5) 1   0.58 (0.38–0.89)* 0.50 (0.25–1.03)  0.31 (0.15–0.65)†

≥25 kg/m2 1270/341 (26.8) 1 0.90 (0.60–1.35) 1.33 (0.75–2.36) 1.11 (0.58–2.13)
Sex 0.664

Men 1243/356 (28.6) 1 0.77 (0.54–1.10) 0.89 (0.50–1.58)   0.55 (0.32–0.94)*
Women 1138/291 (25.5) 1 0.70 (0.42–1.17) 0.86 (0.42–1.75) 0.83 (0.27–2.53)

Hypertension 0.626
Normal   921/176 (19.1) 1 0.88 (0.52–1.47) 0.81 (0.38–1.74) 0.87 (0.42–1.81)
Hypertension 1449/466 (32.1) 1 0.71 (0.49–1.03) 1.00 (0.56–1.78)   0.45 (0.23–0.87)*

Smoking 0.599
Never 1240/331 (26.6) 1 0.84 (0.53–1.32) 1.03 (0.55–1.93) 0.90 (0.38–2.14)
Current   453/134 (29.5) 1 0.72 (0.34–1.51) 1.14 (0.46–2.81) 0.92 (0.36–2.36)
Past   684/180 (26.3) 1 0.72 (0.45–1.14) 0.61 (0.24–1.53)   0.38 (0.18–0.82)*

Alcohol consumption 0.8300
<Once /1 month 1335/364 (27.2) 1 0.66 (0.44–1.01) 0.87 (0.45–1.68) 0.98 (0.50–1.92)
≥Once/1 month 1043/282 (27.0) 1 0.80 (0.53–1.20) 0.87 (0.49–1.59)  0.37 (0.18–0.75)†

Income 0.107
Quantile 1   722/261 (36.1) 1 0.77 (0.46–1.29) 0.80 (0.29–2.21) 0.51 (0.19–1.42)
Quantile 2   647/167 (25.8) 1 0.70 (0.39–1.25) 1.50 (0.90–3.21) 0.66 (0.26–1.68)
Quantile 3   526/120 (22.8) 1 0.96 (0.53–1.74) 0.56 (0.18–1.70) 0.80 (0.30–2.11)
Quantile 4     480/98 (20.4) 1 0.67 (0.30–1.46) 0.82 (0.34–2.01) 0.47 (0.17–1.27)

Education 0.627
Elementary school   822/274 (33.3) 1 0.61 (0.36–1.04) 0.72 (0.28–1.87) 0.46 (0.13–1.67)
Middle school   372/103 (27.6) 1 0.99 (0.49–1.99) 1.24 (0.38–3.99) 0.35 (0.07–1.72)
High school   674/160 (23.7) 1 0.75 (0.43–1.33) 1.08 (0.49–2.39) 0.77 (0.35–1.69)
Over school   507/107 (21.1) 1 0.72 (0.38–1.36) 0.66 (0.29–1.53) 0.56 (0.24–1.30)

HbA1c 0.026*
<6.5%   596/153 (25.6) 1 0.67 (0.38–1.18)   0.19 (0.04–0.83)*   0.32 (0.11–0.94)*
≥6.5% 1785/494 (27.6) 1 0.74 (0.53–1.05) 1.19 (0.73–1.92) 0.69 (0.40–1.19)

LPA, leisure physical activity; RE, resistance exercise; CKD, chronic kidney disease; OR, odds ratio; CI, confidence interval; BMI, body mass index; HbA1c, hemo-
globin A1c; DM, diabetes mellitus; FG, fasting glucose; TG, triglycerides; TC, total cholesterol.
ORs (95% CI) of CKD based on domain-specific PA and RE, categorized by potential modifiers of CKD. Adjusted for age and sex, BMI, DM family history, income, edu-
cation, hypertension, FG, HbA1c, TG, and TC.  WHO’s PA guideline is defined as 150 minutes per week of moderate PA or 75 minutes per week of vigorous PA and at 
least 2 days per week of RE. 
*p<0.05; †p<0.01.
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ercise intervention, including RE, AE, and a combination of 
both. The combination exercise group showed the greatest 
decrease in HbA1c.30 A meta-analysis provided evidence that 
combining AE with RE can improve blood glucose control, as 
measured by HbA1c, in individuals with diabetes, compared 
to the effects of AE alone.31 In this study, engaging in RE twice 
a week and achieving an LPA of over 600 METs/week were sig-
nificantly associated with a lower prevalence of CKD. These 
findings provide evidence supporting the ideal form of PA for 
preventing CKD in individuals with diabetes. 

We found that the relationship between meeting PA guide-
lines and the prevalence of CKD differs by BMI. In the low-
BMI group, LPA and RE were associated with lower prevalence 
of CKD, which could be inferred from the significant impact of 
obesity on CKD.32 In fact, in context of studies that contradict 
our findings, it was observed that the ACR and eGFR did not 
improve in individuals with type 2 diabetes after exercise in-
tervention. A study on individuals with diabetic obesity and 
CKD implemented a regimen of aerobic and strength training 
three times per week for 12 weeks, followed by a home-based 
exercise program for 42 weeks. The study found no significant 
differences in eGFR or ACR compared to those in the control 
group.33 Another study examining a 24-week lifestyle interven-
tion that incorporated AE and RE in individuals with CKD did 
not demonstrate any significant variations in eGFR or urine 
Albumin-Creatinine Ratio.34 However, the participants in that 
study were obese, and their BMI remained high (> 25 kg/m2) 
even after the intervention.

We also discovered that LPA and RE were significantly linked 
to a lower prevalence of CKD in the normal HbA1c group. In-
creased blood sugar levels result in the generation of reactive 
oxygen species, thereby inducing heightened oxidative stress35 
and contributing to diminished renal function.36 Taken togeth-
er, our data suggest that it is important for improvements to ex-
tend beyond merely engaging in PA and include substantial 
changes such as actual weight loss and decreased HbA1c. 

The strengths of this study are as follows: 1) it demonstrated 
variations in the prevalence of CKD and its associations across 
different domains of PA, observing differences in the prevalence 
of CKD within each domain; 2) beyond just examining domain-
specific PA, it also analyzed the relationship between prevalence 
of CKD and RE when combined with LPA, providing evidence 
that the combination of RE and LPA is most effective in prevent-
ing CKD in individuals with diabetes; and 3) this study fo-
cused on Asians, particularly at a heightened risk of kidney dis-
ease due to diabetes37 and analyzed a large-scale sample from 
South Korea. 

Our study had certain limitations that should be considered 
during interpretation of the results. First, the KNHANES did 
not differentiate between type 1 and type 2 diabetes. However, 
the prevalence of type 1 diabetes in Korea is very low (approx-
imately 0.02%),38 making it unlikely that our findings were sig-
nificantly influenced by type 1 diabetes. Second, PA was as-

sessed using self-reported questionnaires rather than objective 
measures, such as accelerometers. As with all self-reported 
measures, measurement errors in our PA questionnaire, par-
ticularly for non-LPAs, such as work and transport, may have 
introduced bias towards the null. Nevertheless, our question-
naire (GPAQ) has been previously validated and offers the ad-
vantage of assessing domain-specific PA, which was the prima-
ry focus of our study. Moreover, the questionnaire has been 
widely employed in more than 50 countries to assess domain-
specific PAs, enabling the comparison of PA trends across na-
tions. A study was conducted to assess the reliability of the Ko-
rean-translated GPAQ. The results showed high reliability for 
LPA (κ=0.60–0.67) and moderate reliability for WPA (κ=0.30–
0.38).26 Third, since RE can be included in the assessment of 
LPA, it is possible that LPA may have been overestimated. How-
ever, in the KNHANES, these two items were assessed separate-
ly as distinct questions.20,26 This separate assessment ensures 
that the LPA is evaluated independently without the risk of 
overestimation due to the inclusion of RE. Finally, our study 
used a cross-sectional design, making it difficult to establish a 
causal relationship between domain-specific PA and preva-
lence of CKD in individuals with diabetes. This is because PA 
may be limited due to CKD. However, we conducted the same 
analysis targeting undiagnosed CKD patients who were un-
aware of their diagnosis, and the results were similar.

In conclusion, meeting the WHO-recommended PA levels 
through LPA and engaging in RE at least twice a week were sig-
nificantly associated with a lower prevalence of CKD in individ-
uals with diabetes. These findings suggest that various types of 
PA may impact CKD development differently in individuals with 
diabetes, emphasizing the importance of incorporating RE. 
However, caution is warranted when generalizing these findings 
to all individuals with diabetes, as this study focused specifically 
on Korean patients. Additionally, longitudinal cohort studies are 
needed to further investigate racial disparities and differences 
based on obesity status in individuals with diabetes. 
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