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Aim: Many studies have demonstrated that physical inactivity and reduced renal function are associated
with an increased risk of all-cause mortality. However, most of this evidence is derived from non-Chinese
populations. This study aimed to investigate the association of physical activity (PA) with the risk of all-
cause mortality among Chinese adults with and without impaired kidney function. Materials & methods:
We conducted a prospective cohort study among a population in Jiangsu Province, China. Cox proportional
hazards regression models were used to explore the associations of estimated glomerular filtration rate
(eGFR) and PA with all-cause mortality, as well as to test for potential interactions between eGFR and PA.
Results: A total of 6266 participants with complete data were included in the analysis, with a median age
of 52 years and 44% being male. Of these participants, 1034 (16.5%) had an eGFR <60 ml/min/1.73 m2.
During a median follow-up 9.1 years (interquartile range [IQR]: 7.7–9.9), 196(3.1%) participants died.
Participants with eGFR <60 ml/min/1.73 m2 had a significantly higher risk of death (hazard ratio
[HR] = 1.93; 95% confidence interval [CI]: 1.39–2.68) compared with eGFR ≥60 ml/min/1.73 m2. A
significant interaction was observed between PA and eGFR in relation to all-cause mortality risk (p for
interaction = 0.004). Notably, participant with eGFR <60 ml/min/1.73 m2 and low PA had a highest
risk of all-cause mortality, compared with those with eGFR ≥60 ml/min/1.73 m2 and high PA (HR: 4.06;
95% CI: 2.34–7.03). Conclusion: PA, a key lifestyle factor, is a potentially modifiable risk factor for both
individuals with normal renal function and those with impaired kidney function. Consistent with existing
literature, participants with decreased renal function exhibited a significantly higher risk of all-cause
mortality. Notably, our analysis further revealed that the risk of all-cause mortality was the highest among
participants with impaired renal function and low PA.

Plain language summary: The relationship between physical activity & all-cause mortality risk in Chinese
adults with normal or impaired kidney function
What is this article about? This article focuses on exploring how physical activity (PA) affects the risk
of death from any cause in Chinese adults, including those with or without impaired kidney function.
Previous studies have shown that insufficient PA and having impaired kidney function can increase the
risk of all-cause mortality. However, most relevant studies were conducted in non-Chinese populations.
This study aims to fill this gap by investigating a Chinese adult cohort.
What were the results? The researchers conducted a long-term prospective cohort study with 6266 adults
from Jiangsu Province, China. The Cox proportional hazards regression models was used to analyze the
relationships between estimated glomerular filtration rate (eGFR) and PA with all-cause mortality, and
also tested whether eGFR and PA interact to affect mortality risk. The results showed that the median
age of the participants was 52 years, and 44% were male; 16.5% (1034 participants) had impaired kidney
function (eGFR <60 ml/min/1.73 m2). During a median follow-up of 9.1 years, 3.1% (196 participants)
died. Participants with impaired kidney function had a significantly higher risk of death (hazard ratio
[HR] = 1.93; 95% confidence interval [CI]: 1.39 to 2.68) compared with those with normal kidney function.
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There was a significant interaction between PA and eGFR (p for interaction = 0.004), and the highest risk
of all-cause mortality was found in participants with impaired kidney function and low PA (HR: 4.06; 95%
CI: 2.34–7.03) when compared with those with normal kidney function and high PA.
What do the results mean? The results mean that PA is an important lifestyle factor that can be adjusted,
and it is beneficial for both adults with or without impaired kidney function. Consistent with previous
studies, people with impaired kidney function have a higher risk of all-cause mortality. Importantly, this
study further found that the combination of impaired kidney function and low PA leads to the highest
risk of death in Chinese adults. This is important because it provides targeted evidence for Chinese adults,
especially those with impaired kidney function, to improve their health by increasing PA, which can help
reduce the risk of death.

First draft submitted: 25 December 2025; Accepted for publication: 14 May 2026; Published online:
16 June 2026
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Chronic kidney disease (CKD) is defined as an estimated glomerular filtration rate (eGFR) <60 ml/min/1.73 m2

and/or the presence of kidney damage markers (such as albuminuria) for at least 3 months [1]. CKD is recognized as
a major global public health challenge, and it increases the risk of all-cause mortality, cardiovascular disease (CVD),
and progression to kidney failure [2–4].

It was widely recognized that regular physical activity (PA) is essential for maintaining optimal human health.
A study demonstrated that, regardless of renal function level, all recommended health-related lifestyle behaviors,
including regular PA, were significantly associated with a reduced risk of mortality [5,6]. Furthermore, higher levels
of PA were found to be linked to a decreased risk of premature mortality in the general population [7,8].

However, evidence exploring the relationship between PA and eGFR with all-cause mortality remains limited,
particularly in the Chinese population, only individual studies have examined the separate relationships of PA or
eGFR with mortality risk in Chinese population among older adults [9–11]. Results from a Canadian cohort study
indicated that higher levels of PA were associated with a reduced risk of all-cause mortality among individuals with
eGFR <30 ml/min/1.73 m2 [12]. In two separate multivariable Cox models, compared with the PA group, hazard
ratios (95% CI) of mortality for insufficiently active and active groups were 0.60 (0.45–0.81) and 0.59 (0.45–0.77)
in the non-CKD subpopulation and 0.58 (0.42–0.79) and 0.44 (0.33–0.58) in the CKD subpopulation [13,14].
The other study indicated that the active PA group also showed lower all-cause (HR: 0.76; 95% CI: 0.70–0.82)
and protection against ≥50% eGFR decline (HR: 0.81; 95% CI: 0.68–0.97) compared with the inactive group in
the fully adjusted Cox proportional hazards regression model [15].

To enrich the racial/ethnic diversity of study populations in this field and enhance the generalizability of research
findings, we conducted the present study to investigate the association between PA and all-cause mortality risk
among Chinese adults with or without impaired kidney function based on a 10-year cohort study.

Materials & methods
Study design & participants
The community-household-individual multistage sample method was used to select participants representative of
the general population in Jiangsu Province. In the first stage, nine counties or districts were selected according to
the geographic regions (Northern, Central and Southern Jiangsu Province). In the second stage, four townships
were randomly selected from each county or district using random number tables. In the third stage, 50 households
were randomly selected from each of the four residential communities or administrative villages, with sampling
probabilities proportional to community size. Finally, one eligible individual (exclusion criteria for study participants
at baseline, in accordance with the survey design protocol, were as the following: acute phase of myocardial infarction
or stroke within 3 months; severe cognitive, hearing or physical impairment resulting in poor cooperation; presence
of severe comorbidities with a life expectancy of less than 1 year; voluntary refusal to participate in the study)
aged 35–70 years from each household was recruited for the study according to the Kish selection table. Finally, a
total of 7200 participants were enrolled at baseline. Socio-demographic characteristics, medication history, medical
history, lifestyle behaviors and baseline laboratory data were collected between January 2008 and December 2008.
The participants were followed up annually from January 2009 to December 2019. A total of 268 participants
were excluded due to missing outcome events or follow-up time; 253 were excluded for incomplete laboratory data;
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Figure 1. Flow chart of this study.

and 413 were excluded due to missing data on PA, age, education level, smoking status, alcohol consumption,
height, weight, history of disease and blood pressure. Eventually, a total of 6266 participants were included
in the final analysis. Participants were classified into six groups based on renal function (eGFR ≥60 or eGFR
<60 ml/min/1.73 m2) and PA levels (low/moderate/high) [6,16]. The study flow chart is presented in Figure 1.
Death cases were verified through the death surveillance system of the Chinese Center for Disease Control and
Prevention.

Informed consent
All participants provided written informed consent prior to enrollment. The study protocol was approved by the
Ethics Review Committee of Jiangsu Provincial Center for Disease Control and Prevention (approval number:
SL2015-B004-01). No individual-level identifiable data, including personal details, images or videos, are presented
in this manuscript.

Baseline variables
Baseline information was collected via standardized questionnaires, including sociodemographic characteristics,
lifestyle factors, medical history, and family history. Physical examination measurements comprised height, weight
and blood pressure, while serum biochemical parameters were obtained through laboratory testing.

Height (without shoes) was measured to the nearest 0.1 cm using a stadiometer. Body weight was measured to
the nearest 0.1 kg using an electronic scale with participants in light clothing and barefoot. BMI was calculated
as weight in kilograms divided by height in meters squared. Participants were stratified into four groups based
on Chinese national obesity guidelines [17]: underweight (BMI <18.5 kg/m2), normal weight (18.50 ≤ BMI
<24.00 kg/m2), overweight (24.00 ≤ BMI <28.00 kg/m2) and obesity (BMI ≥28.00 kg/m2).

Blood pressure (mmHg) was measured in the left upper arm using an automated sphygmomanometer (Omron
HEM-757; Omron, Kyoto, Japan). Each participant’s blood pressure was measured three-times at a 1 min interval,
with the midpoint of the appropriate cuff at the same level as the heart. The final blood pressure was determined
by averaging the three measurements. Hypertension was defined as a prior diagnosis of hypertension, current use of
antihypertensive treatment, or an average measured systolic blood pressure of ≥140 mmHg and/or diastolic blood
pressure of ≥90 mmHg.
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Individuals were divided into three smoking groups: never smokers, former smokers (defined as those who had
ceased smoking for more than 1 year), and current smokers (those who smoked tobacco products at any time in the
past year, including those who had quit within the previous year) [18]. Regarding alcohol consumption, participants
were considered drinkers if they had a history of drinking and consumed alcohol at least once a month in the past
year [19].

At the baseline investigation, a 12 h fasting venous blood sample was obtained to measure creatinine, low density
lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), total cholesterol (TC), triglyceride
(TG) and fasting blood glucose (FBG). The blood samples were centrifuged, aliquoted, and stored in a -80◦C
freezer or -180◦C liquid nitrogen for subsequent testing within 1 month.

A certified laboratory used glucose oxidase or hexokinase methods to measure FBG within 12 h after sample
collection. Diabetes was defined as a self-reported diagnosis diabetes, current use of hypoglycemic drugs, or
FBG ≥7.0 mmol/l [20].

Creatinine, TG, TC, HDL-C and LDL-C were measured using an autoanalyzer (Abbott Laboratories, USA)
in Jiangsu Province Center for Disease Control and Prevention, which is certificated by The China National
Laboratory Accreditation (CNLA). Dyslipidemia was defined as current use of antidyslipidemia treatment, or TC
≥6.22 mmol/l, and/or TG ≥2.26 mmol/l and/or LDL-C ≥4.14 mmol/l and/or HDL-C ≤ 1.04 mmol/l [21].

Renal function assessment
The body surface area (BSA) effect was not considered while calculating the creatinine clearance rate (CrCl) using
the Cockcroft-Gault (CG) equation [22]. A modified CG equation was used to estimate eGFR in this study [23]. Thus,
the eGFR was calculated as follows: eGFR = (1.73/BSA) × [(140 age) × weight(kg)]/(72 × creatinine(mg/dl)
× 0.85(for female). BSA was calculated using the formula: BSA = 0.007184 × weight0.425 × height0.725 [24].
Reduced renal function (abnormal renal function) or CKD was defined as eGFR <60 ml/min/1.73 m2 [25].
Accordingly, participants were divided into two groups based on eGFR levels: eGFR ≥60 ml/min/1.73 m2 and
eGFR <60 ml/min/1.73 m2 [25].

PA assessment
The International PA Questionnaire (IPAQ) was used to assess PA [26]. This scale covers four domains: household,
transportation, recreational and occupational activity. Participants recalled all activities performed over the past
week, including the number of active days, daily duration and activity intensity. Total PA, expressed as metabolic
equivalent (MET)-min/week, was summed across the four domains. Weekly PA energy expenditure was calculated
as: MET value of each activity × weekly frequency (d/w) × daily duration (min/d) [26]. Participants were further
categorized into three PA level based on total MET-min/week: low (≤600 MET-min/week), moderate (600–3000
MET-min/week) and high (≥3000 MET-min/week) [6].

Follow-up & outcome events
Trained professional interviewer collected annual follow-up data on all-cause mortality for each participant via
telephone or face-to-face interviews. Information regarding deaths was ascertained through household inquiry,
medical records and official death certificates.

Statistical analysis
For categorical variables, baseline characteristics of participants were presented as percentages and frequencies. The
Chi-square test was used to compare differences between groups. Renal function and all-cause mortality risk were
analyzed using the Cox proportional hazard model. The proportional hazards assumption for the Cox regression
model was evaluated using Schoenfeld residual plots and global tests. The assumption was satisfied for all variables
included in the model (global test p > 0.05). Meanwhile, the multiplicative interaction between renal function and
PA were assessed in the Cox model to investigate whether PA levels modify the associations between renal function
and all-cause mortality. When examining the association of the combination of PA level and renal function with
all-cause mortality, the group with high PA and eGFR ≥60 ml/min/1.73 m2 was used as the reference. Hazard
ratio (HRs) and 95% CIs were reported. For all analyses, two nested models were constructed. Model 1 was adjusted
for age, sex, region; Model 2 was further adjusted for BMI, alcohol consumption, smoking status, educational level,
hypertension, dyslipidemia, diabetes, chronic respiratory disease, CVD, cancer and other covariates, while retaining
adjustment for age, sex and region. The proportional hazards assumption was tested and satisfied for all variables in
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Table 1. Participants’ baseline characteristics by physical activity and renal function.
Characteristics eGFR ≥60 ml/min/1.73 m2 eGFR <60 ml/min/1.73 m2 p-value

Low PA
(n = 1009)

Moderate PA
(n = 2349)

High PA
(n = 1874)

Low PA
(n = 219)

Moderate PA
(n = 499)

High PA
(n = 316)

Age (years) �0.001

35–44 388 (38.5) 718 (30.6) 666 (35.5) 1 (0.5) 7 (1.4) 12 (3.8)

45–54 319 (31.6) 858 (36.5) 688 (36.7) 29 (13.2) 75 (15.0) 52 (16.5)

55–70 302 (29.9) 773 (32.9) 520 (27.7) 189 (86.3) 417 (83.6) 252 (79.7)

Male 545 (54.0) 903 (38.4) 877 (46.8) 98 (44.7) 188 (37.7) 145 (45.9) �0.001

Urban 510 (50.5) 1272 (54.2) 928 (49.5) 81 (37.0) 193 (38.7) 111 (35.1) �0.001

Smoking status �0.001

Former 37 (3.7) 73 (3.1) 57 (3.0) 9 (4.1) 22 (4.4) 14 (4.4)

Current 362 (35.9) 542 (23.1) 530 (28.3) 59 (26.9) 113 (22.6) 84 (26.6)

Never 610 (60.5) 1734 (73.8) 1287 (68.7) 151 (68.9) 364 (72.9) 218 (69.0)

Education level �0.001

None, primary or unknown 255 (25.3) 760 (32.4) 588 (31.4) 126 (57.5) 276 (55.3) 182 (57.6)

Secondary/High/Higher secondary 728 (72.2) 1513 (64.4) 1218 (65.0) 80 (36.5) 209 (41.9) 122 (38.6)

Trade or College/University 26 (2.6) 76 (3.2) 68 (3.6) 13 (5.9) 14 (2.8) 12 (3.8)

Alcohol consumption 315 (31.2) 460 (19.6) 476 (25.4) 42 (19.2) 96 (19.2) 72 (22.8) �0.001

Hypertension 395 (39.1) 884 (37.6) 670 (35.8) 127 (58.0) 253 (50.7) 155 (49.1) �0.001

BMI �0.001

Underweight, �18.5 kg/m2 23 (2.3) 34 (1.4) 44 (2.3) 16 (7.3) 38 (7.6) 23 (7.3)

Normal, 18.5–23.9 kg/m2 403 (39.9) 1021 (43.5) 880 (47.9) 122 (55.7) 308 (61.7) 190 (60.1)

Overweight, 24–27.9 kg/m2 396 (39.2) 899 (38.3) 688 (36.7) 63 (28.8) 135 (27.1) 91 (28.8)

Obesity, ≥28 kg/m2 187 (18.5) 395 (16.8) 262 (14.0) 18 (8.2) 18 (3.6) 12 (3.8)

Chronic respiratory disease 15 (1.5) 40 (1.7) 44 (2.3) 3 (1.4) 9 (1.8) 14 (4.4) 0.018

Diabetes 97 (9.6) 207 (8.8) 155 (8.2) 19 (8.7) 45 (9.0) 25 (7.9) 0.874

Cancer 15 (1.5) 14 (0.6) 22 (1.2) 5 (2.3) 2 (0.4) 4 (1.3) 0.027

CVD 59 (5.8) 84 (3.6) 54 (2.9) 24 (11.0) 35 (7.0) 17 (5.4) �0.001

Dyslipidemia 327 (32.4) 738 (31.4) 521 (22.2) 67 (30.6) 130 (26.1) 73 (23.1) 0.001

Data are n (%); some values shown in the table may not add up to 100% owing to rounding; chronic respiratory disease: self-reported chronic obstructive
pulmonary disease, tuberculosis and asthma; CVD: self-reported stroke, heart failure, coronary heart disease and any other heart disease; cancer: self-reported
cancer, including all cancer types except for nonmelanoma skin cancers.
eGFR: Estimated glomerular filtration rate; PA: Physical activity.

the Cox models. All statistical analyses were performed using SPSS 25.0. A 2-sided p-value < 0.05 was considered
statistically significant.

Results
Baseline characteristics of the population based on renal function & PA level
Of the 7200 participants recruited from Jiangsu Province, 6266 eligible participants were included in our analysis,
of whom 1034(16.5%) had an eGFR <60 ml/min/1.73 m2. A total of 2756 (44.0%) participants were male, and
3095 (49.4%) participants were from urban areas. Over a median follow-up of 9.1 years (IQR: 7.7–9.9), 196 (3.1%)
deaths occurred. Table 1 presents the baseline characteristics of participants across groups. Age, sex, region, alcohol
consumption, smoking status, education level, hypertension, cancer, chronic respiratory diseases, dyslipidemia,
CVDs and BMI were all significantly different across the groups. Regardless of renal function level, the low PA
group had the highest proportion of obese participants, whereas the high PA group had the lowest proportion
of individuals with diabetes. In both the eGFR <60 ml/min/1.73 m2 and the eGFR ≥60 ml/min/1.73 m2

subgroups, the prevalence of dyslipidemia, hypertension and CVD was lowest in high PA group, followed by the
moderate and low PA groups.

Association of renal function or PA with all-cause mortality
Table 2 shows that the HR for all-cause mortality (HR: 1.97; 95% CI: 1.44–2.70) was substantially higher in
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Table 2. Association between physical activity or renal function and all-cause mortality.
Variable Renal function (ml/min/1.73 m2) PA

eGFR ≥60 eGFR <60 High Low Moderate

Model 1 1.00 1.97 (1.44, 2.70) 1.00 1.28 (0.85, 1.92) 1.43 (1.03, 1.99)

Model 2 1.00 1.93 (1.39, 2.68) 1.00 1.34 (0.89, 2.02) 1.50 (1.07, 2.10)

Model 1 was adjusted for age, sex, location; Model 2 was adjusted for BMI, alcohol use, tobacco use, education, hypertension, dyslipidemia, diabetes,
chronic respiratory disease, CVD, cancer, while adjusted age, sex and location.
eGFR: Estimated glomerular filtration rate; PA: Physical activity.

Table 3. Cox proportional hazards models for all-cause mortality in participants with decreased renal
function by physical activity level.

Total/deaths High Low Moderate Pinteraction

Model 1

eGFR ≥60 ml/min/1.73 m2 5232/116 1.00 0.83 (0.45, 1.53) 1.76 (1.16, 2.68) 0.003

eGFR �60 ml/min/1.73 m2 1034/80 1.00 1.89 (1.06, 3.35) 1.02 (0.59, 1.76)

Model 2

eGFR ≥60 ml/min/1.73 m2 5232/116 1.00 0.87 (0.47, 1.61) 1.84 (1.20, 2.81) 0.004

eGFR �60 ml/min/1.73 m2 1034/80 1.00 1.88 (1.03, 3.44) 1.10 (0.63, 1.93)

Model 1 was adjusted for age, sex, location; Model 2 was adjusted for model 1 plus BMI, alcohol use, tobacco use, education, hypertension, dyslipidemia,
diabetes, chronic respiratory disease, CVD, cancer.
EGFR: Estimated glomerular filtration rate.

participants with eGFR <60 ml/min/1.73 m2 than in those with eGFR ≥ 60 ml/min/1.73 m2 in the models
adjusted for age, sex and region. This association remained significant even after further adjustment for additional
confounding variables. Individuals with moderate PA levels had a significantly higher risk of all-cause death (HR:
1.50; 95% CI: 1.07–2.10) compared with those with high PA levels.

Cox proportional hazards regression analysis of PA level & all-cause mortality across renal function
strata
Significant association was observed between renal function and PA in relation to all-cause mortality (p = 0.004)
(Table 3). In the fully adjusted model, among participants with eGFR ≥60 ml/min/1.73 m2, individuals with
moderate PA presented a higher hazard of all-cause mortality (HR: 1.84; 95% CI: 1.20–2.81) compared with those
in the high PA group. For participants with reduced renal function (eGFR <60 ml/min/1.73 m2), low PA was
independently associated with an increased risk of all-cause mortality (HR: 1.88; 95% CI: 1.03–3.44), relative to
the high PA reference group.

HRs of all-cause mortality based on renal function & PA
Figure 2 illustrated the all-cause mortality risks according to the combined categories of PA and renal func-
tion. In model 2, compared with participants with eGFR ≥60 ml/min/1.73 m2 and high PA, those with
eGFR <60 ml/min/1.73 m2 and low PA exhibited the highest risk of all-cause mortality (HR: 4.06; 95%
CI: 2.34–7.03). This was followed by individuals with eGFR <60 ml/min/1.73 m2 and moderate PA (HR: 2.29;
95% CI: 1.36–3.86) and those with eGFR <60 ml/min/1.73 m2 and high PA (HR: 2.06; 95% CI: 1.18–3.62).
Conversely, among participants with eGFR ≥60 ml/min/1.73 m2, low PA was not associated with a statistically
significant all-cause mortality risk relative to high PA (HR: 0.86, 95% CI: 0.47–1.59).

Discussion
This study demonstrated that reduced renal function is associated with an increased risk of all-cause mortality in
the Jiangsu Province population. These findings are consistent with those of previous studies, which have identified
an eGFR <60 ml/min/1.73 m2 as an independent risk factor for all-cause mortality [4]. Several studies have
indicated that a decline in eGFR can accelerate the progression of hypertension, anemia, myocardial dystrophy,
proteinuria [27,28], thereby, increasing the risk of mortality in the elderly population. Compared with the general
population, patients with CKD tend to be more physically inactive and exhibit lower levels of PA [29]. This
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association is multifactorial and may be attributed to a combination of malnutrition, anemia, vascular dysfunction,
sarcopenia and neuropathy [30–32].

In order to explore how PA levels influence the risk of all-cause mortality among individuals with reduced renal
function, we adopted the Cox proportional hazards models to analyze the association of PA and eGFR with all-cause
mortality. Our results of this study showed that lower PA significantly increased the risk of all-cause mortality in
participants with impaired renal function. The finding is consistent with previous studies, which have demonstrated
that physical inactivity is associated with increased mortality in both CKD and non-CKD populations [29]. Multiple
potential mechanisms may explain why low level of PA increases the risk of mortality in patients with renal diseases.
First, CVD is the leading cause of mortality among CKD patients [33]. PA confers multiple health benefits, including
a reduced risk of CVD by lowering blood pressure, cholesterol, systemic inflammation, blood glucose and oxidative
stress [34–37]. Second, regular exercise can not only slow the progression of CKD to end-stage renal disease, but
also improve the quality of life and long-term survival of end-stage renal disease patients [38]. Furthermore, PA is
especially meaningful for individuals with kidney disease. It reduces C-reactive protein levels in a dose-response
pattern [39], and may alleviate frailty by improving cardiovascular fitness and muscle strength [40].

Renal function and PA were only measured at baseline in this study, while all-cause deaths occurred during
follow-up period, which ensures a reasonable temporal sequence of association. The present results indicated that
participants with both reduced eGFR (eGFR <60 ml/min/1.73 m2) and low PA had a 4.06-fold higher risk of
all-cause mortality compared with the reference group (high PA and eGFR ≥60 ml/min/1.73 m2). Compared with
the reference group, individuals with reduced eGFR (eGFR <60 ml/min/1.73 m2) but high PA still presented an
elevated mortality risk, with an HR of 2.06. These findings highlight that targeted interventions for individuals
with low PA levels may yield greater benefits in populations with impaired renal function, which provides important
implications for public health strategies. Our results are consistent with those of a multicenter prospective cohort
studies, which demonstrated that higher PA was associated with an approximately 50% reduction in all-cause
mortality among patients with advanced CKD [7]. Furthermore, we were extend the findings of Artero et al. to
individuals with preserved renal function. These findings have critical implications for secondary prevention in
patients with impaired renal function, especially those with insufficient PA, who may derive the greatest survival
benefits from PA promotion interventions. This study further confirms that low is PA a major independent
modifiable risk factor for adverse health outcome. Routine screening and targeted lifestyle intervention should be
recommended for all adults, regardless of renal function status.

Our findings should be interpreted in the context of several limitations. First, PA is prone to measurement bias,
given the inherent limitations and discrepancies of self-reported activity data. Second, eGFR and key variables
(including BMI, blood pressure, blood lipids) may fluctuate during the 10-year follow-up period. Single baseline
eGFR, PA, blood lipid, BMI, and other factors, such as exposure misclassification, residual confounding, reverse
causality, differences between occupational versus leisure PA, or other sources of bias may therefore weaken the
predictive performance for long-term clinical outcome. Third, In Cox regression analysis we adjusted for BMI,
hypertension, diabetes, dyslipidemia, CVD, cancer and other covariates. Several of these variables may lie on the
causal pathway linking PA to mortality. Over-adjustment for such intermediate factors may attenuate the total effect
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of PA and bias the interpretation of interaction analyses. In addition, given that commonly used eGFR equations
incorporate weight (and BSA is derived from weight and height), additional adjustment for BMI may introduce
collinearity and collider bias, thereby complicating the interpretation of eGFR-related associations. Fourth, as an
observational prospective cohort study, our analysis cannot establish a definitive causal relationship between PA
in all-cause mortality. In addition, only serum creatinine data were available in our study, and information on
proteinuria was lacking. Despite these limitations, our study possesses notable strengths, including a relatively
large sample size and a 10-year prospective follow-up from Jiangsu Province. Furthermore, all data were collected
through systematic and standardized procedures with high quality. A wide range of potential confounding factors
were adequately adjusted for, enabling a robust assessment of the independent associations between renal function,
PA and all-cause mortality.

Conclusion
In summary, participants with decreased renal function present a higher risk of all-cause mortality. Lower PA is
independently associated with an elevated mortality risk, regardless of renal function status. Notably, the highest
all-cause mortality risk was observed in patients with impaired renal function and low PA. Our findings highlight
that PA is a critical modifiable lifestyle factor for both individuals with and without kidney disease.

Summary points

• Previous studies have linked physical activity (PA) and reduced renal function to increased all-cause mortality, but
most evidence comes from non-Chinese populations.

• This study aimed to explore the association between PA and all-cause mortality risk in Chinese adults with normal
or impaired kidney function.

• A prospective cohort study was conducted among a population in Jiangsu Province, China, using Cox
proportional hazards regression models for analysis.

• A total of 6266 participants with complete data were included, with a median age of 52 years and 44% being
male.

• Among the participants, 1034 (16.5%) had impaired kidney function (eGFR <60 ml/min/1.73 m2).
• The median follow-up period was 9.1 years, during which 196 (3.1%) participants died.
• Participants with impaired kidney function had a significantly higher all-cause mortality risk (HR: 1.93; 95% CI:

1.39–2.68) than those with normal kidney function.
• There was a significant interaction between PA and eGFR in relation to all-cause mortality risk (p for interaction =

0.004).
• Participants with impaired kidney function and low PA had the highest all-cause mortality risk (HR: 4.06; 95% CI:

2.34–7.03) compared with those with normal kidney function and high PA.
• PA is a modifiable lifestyle factor for Chinese adults regardless of renal status, and PA level interacts with kidney

function to influence all-cause mortality risk.
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