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Abstract
Background The association between physical activity volume or intensity and mortality in general population with impaired 
renal function is unclear. We assessed these relationships among Japanese residents with impaired renal function.
Methods We analyzed 638 individuals with estimated creatinine clearance below 60 ml/min in the Jichi Medical School 
cohort study. Exposures included the daily amount of physical activity converted to the physical activity index (PAI) used 
in the Framingham study and the activity time for each intensity. Physical activity intensity was classified into sedentary 
and nonsedentary. Nonsedentary activity was further divided into light-intensity and moderate-to-vigorous physical activ-
ity (MVPA). The outcome was all-cause mortality. Quartiles of the exposures were created, and hazard ratios (HRs) were 
calculated using the Cox proportional hazards model.
Results The mean age of the subjects was 63.3 years, and 72.4% were female. In total, 172 deaths were registered during 
11,567 person-years. No significant association was found between PAI and mortality. A significant association was found 
between long sedentary time and increased mortality (p = 0.042). Regarding nonsedentary activity, the HRs [95% confidence 
intervals (CIs)] for Q2, Q3, and Q4 versus Q1 were 0.85 (0.55–1.31), 0.67 (0.41–1.08), and 0.90 (0.54–1.45), respectively. In 
the subdivided analysis for light-intensity activity, the HRs (95% CIs) of Q2, Q3, and Q4 versus Q1 were 0.53 (0.33–0.84), 
0.51 (0.34–0.82), and 0.57 (0.34–0.96), respectively. No significant association was found between MVPA and mortality.
Conclusions Nonsedentary activity, especially light-intensity activity, significantly reduced mortality among residents with 
impaired renal function.
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Introduction

The population with impaired renal function is increas-
ing worldwide, as the global prevalence of chronic kidney 
disease (CKD) is estimated to be 9.1% [1]. Sarcopenia and 
frailty are frequently associated with abnormal skeletal 
muscle metabolism, which is considered to be a factor that 
increases the risk of death [2, 3].

For people with impaired renal function who have such 
a high risk of death, knowledge regarding the amount and 
intensity of physical activity that would affect their prog-
nosis would be helpful, but few previous studies have 
addressed this question. Among previous studies focusing on 
the amount of physical activity, an analysis of 906 residents 
with estimated glomerular filtration rate (eGFR) < 60 ml/
min/1.73  m2 in the USA showed that the group that was 
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active during leisure time had a lower risk of death than 
the inactive group [4]. In another study of 46,375 residents 
with stage 1 or higher CKD in Taiwan, mortality decreased 
as the amount of leisure-time physical activity increased 
[5]. However, according to a survey of 811 residents with 
glomerular filtration rate (GFR) < 60 ml/min/1.73  m2 in the 
USA, there was no significant difference in mortality for 
different amounts of physical activity [6].

Fewer studies have focused on the intensity of physical 
activity. In one study in which the daily physical activity of 
383 residents with eGFR < 60 ml/min/1.73  m2 in the USA 
was measured by means of an accelerometer, estimation of 
the exponentiation of linear contrasts of the Cox regression 
coefficients showed that the risk of death was significantly 
reduced when 2 min/h of sedentary behavior was traded off 
for light-intensity activity. On the other hand, the trade-off 
of sedentary time to moderate-to-vigorous physical activity 
(MVPA) did not significantly reduce mortality. However, in 
the analysis of the relationship between activity duration for 
each intensity and mortality, adjustments were not made for 
cardiovascular risk factors such as body mass index (BMI) 
or blood pressure [7].

There is no consensus on the relationship between the 
amount of physical activity and mortality among people 
with impaired renal function. Furthermore, there is only one 
report investigating the relationship between the intensity of 
physical activity and mortality, and in that study, the analysis 
for the relationship between activity duration of each inten-
sity and mortality was not adjusted for confounders such as 
BMI, blood pressure, or time spent on physical activities of 
other intensities.

The aim of this study was to investigate the relationship 
between the amount or intensity of physical activity and 
the risk of death among Japanese local residents with renal 
dysfunction.

Materials and methods

Study population

This study is an observational study using data from the 
Jichi Medical School (JMS) Cohort Study. The JMS cohort 
study is a large-scale prospective cohort study conducted 
by Jichi Medical University targeting local residents in 12 
districts in the countryside of Japan to examine the relation-
ship between lifestyle and cardiovascular diseases. Details of 
the study have already been reported [8]. Briefly, blood tests 
and interview-type questionnaire surveys were conducted 
as the baseline survey between April 1992 and July 1995 
using the mass screening examinations conducted by each 
local government. As a follow-up, death was confirmed by 
records from death certificates. Follow-up was conducted 

until 2013, and approximately 99% of the participants could 
be followed up. Informed consent for the study was obtained 
in writing for all participants. This study was approved by 
the Institutional Review Board of Jichi Medical University 
(Epidemiology 06-11, 2006).

Participants

A flowchart of participants is shown in Fig. 1. In the JMS 
cohort study, 12,490 (4911 males and 7579 females) were 
eligible. Among them, the serum creatinine (sCr) levels 
of 5169 people (1870 males and 3299 females) from the 
three districts of Sakugi, Tako, and Yamato were measured 
by means of the Jaffe method. The estimated creatinine 
clearance (eCCr) was calculated from these data by means 
of the Cockcroft-Gault formula: eCCr (ml/min) = (140 
− age) × body weight/(72 × sCr), × 0.85 for female. In total, 
733 people (210 males and 523 females) had eCCr < 60.0 ml/
min and were included in this study. The exclusion criteria 
were a history of cerebral infarction, myocardial infarction, 
or malignant tumor; missing medical history; or an invalid 
item in the physical activity questionnaire (e.g., the total 
time to filling out the questionnaire was not 24 h). In total, 
95 people met the exclusion criteria, and 638 people (176 
males and 462 females) were analyzed.

Variables and data source

The exposure was the amount of total daily physical activity 
and the time spent performing the physical activity at each 
intensity, and the outcome was all deaths. Physical activ-
ity was investigated by means of the questionnaire of the 
Framingham Heart Study conducted in the USA [9]. The 
questionnaire-based investigation was performed during an 
in-person interview. This survey form refers to five levels 
of the physical activity intensity; namely, basal, sedentary, 
light, moderate, and vigorous, and participants were asked 
to state the number of hours spent on each activity intensity 
in a typical day. The total amount of physical activity is 
represented by the physical activity index (PAI), summing 
up hours weighted by the factor of each intensity, with the 
weighting factors as follows: basal, 1.0; sedentary, 1.1; light, 
1.5; moderate, 2.4; and vigorous, 5.0. The reliability and 
validity of the PAI have been verified in a previous study 
[10]. The intensity of physical activity was categorized as 
‘sedentary’ and ‘nonsedentary.’ ‘Sedentary’ refers to the 
time entered for sedentary in the questionnaire. ‘Nonsed-
entary’ refers to the times entered for light, moderate, and 
vigorous in the questionnaire, which are combined into one 
variable. ‘Nonsedentary’ was further subdivided into two 
intensities, namely ‘light’ and ‘moderate-to-vigorous.’
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Data used to confirm outcomes were collected from 
death certificates at the public health center with permis-
sion from the Ministry of Internal Affairs and Communi-
cations and the Ministry of Health, Labour and Welfare.

Confounding factors are age, sex, area, BMI (< 18.5, 
18.5–25.0, ≥ 25.0), systolic blood pressure, total cho-
lesterol level, drinking, smoking (never smoker, current 
smoker, ex-smoker), diabetes treatment, hypertension 
treatment, educational history (≤ 15 years old, ≥ 16 years 
old), marital status, job categories (primary industry, other 
jobs, unemployed), history of angina, and history of other 
heart diseases. BMI were calculated as weight (kg)/height 
(cm)2. Body weight was measured while wearing clothes, 
and the weight was recorded minus 0.5 kg in summer and 
1.0 kg in other seasons. Body height was measured with 
the participant’s socks on. Total cholesterol levels were 
measured by enzymatic methods. Drinking status was 
categorized as current drinker or non-drinker. Smoking 
status was categorized as current smoker, ex-smoker, or 
never smoker. Patients with diabetes treatment and hyper-
tension treatment were divided according to whether they 
were treated at the time of the baseline survey. Based on 
the ages of the participants when they went go to school, 
we classified them as those with a final educational back-
ground of 15 years or younger and those with a final edu-
cational background of 16 years or older. Regarding job 
categories, agriculture, forestry, and fisheries were clas-
sified as the primary industry, other occupations as other 
jobs, and retired and unemployed (including full-time 
homemakers) as unemployed.

Statistical method

Quartiles [Q1 (low)–Q4 (high)] of PAI of the analysis sub-
jects were created. Using Q1 as a reference, HRs for the 
all-cause mortality of each quartile for PAI were calculated 
using the Cox proportional hazards model. Similarly, for 
sedentary duration and nonsedentary activity duration, 
quartiles were created for each, and HRs for the all-cause 
mortality of each quartile were calculated using the Cox pro-
portional hazards model. Furthermore, to analyze the effect 
of each activity intensity contained in nonsedentary activ-
ity individually, nonsedentary activity was subdivided into 
light-intensity activity and MVPA. Then, quartiles of light-
intensity activity duration and MVPA duration were created 
in the same manner, and all-cause mortality in each quartile 
was calculated using the Cox proportional hazards model.

Model 1 was crude. Model 2 adjusted for age, sex, area, 
drinking, smoking, job, marital status, and educational his-
tory. In model 3, potential intermediate factors such as BMI, 
systolic blood pressure, total cholesterol levels, diabetes 
treatment, hypertension treatment, and a history of other 
heart diseases were included in addition to the covariates 
in model 2. In the analysis of the physical activity dura-
tion of ‘light’ and ‘moderate-to-vigorous’ in models 2 and 
3, the other intensity durations for physical activity were 
adjusted in addition to the above covariates. For example, 
in the analysis of light-intensity activity duration, the mod-
erate-to-vigorous intensity activity duration was added to 
the covariates, and in the moderate-to-vigorous analysis, the 
light-intensity activity duration was added to the covariates. 

Fig. 1  Flowchart of participants
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Covariate data were missing for drinking (n = 5), smoking 
(n = 12), job (n = 4), marital status (n = 18), and educational 
history (n = 9). After participants with missing covariate 
data were excluded, 594 participants were included in the 
multivariable analysis. Missing data were removed and ana-
lyzed. The statistical significance level was set to 5%. All 
analyses were performed using IBM SPSS statistics 25.

Results

Descriptive data

The characteristics of the analysis subjects by quartiles of 
PAI are shown in Table 1. The mean age of the subjects 
was 63.3 years, and 72.4% were females. The mean systolic 

Table 1  Characteristics of participants

All participants Physical activity index

Q1 (< 29.2) Q2 (29.2–32.3) Q3 (32.3–36.3) Q4 (≥ 36.3)

Number 638 159 157 158 164
Age (years), mean ± SD 63.3  ± 4.7 62.8  ± 5.7 63.8  ± 4.3 63.9  ± 4.1 62.8  ± 4.6
Female, n (%) 462 (72.4) 126 (79.2) 116 (73.9) 120 (75.9) 100 (61.0)
Area, n (%)
 Sakugi 112 (17.6) 30 (18.9) 27 (17.2) 20 (12.7) 35 (21.3)
 Tako 360 (56.4) 41 (25.8) 96 (61.1) 116 (73.4) 107 (65.2)
 Yamato 166 (26.0) 88 (55.3) 34 (21.7) 22 (13.9) 22 (13.4)

Body mass index (kg/m2), n (%)
 < 18.5 89 (13.9) 22 (13.8) 23 (14.6) 23 (14.6) 21 (12.8)
 18.5–25.0 502 (78.7) 126 (79.2) 124 (79.0) 116 (73.4) 136 (82.9)
 ≥ 25.0 47 (7.4) 11 (6.9) 10 (6.4) 19 (12.0) 7 (4.3)

Systolic blood pressure (mmHg), mean ± SD 129.9  ± 19.2 127.2  ± 20.2 127.0  ± 17.7 131  ± 18.6 134.1  ± 19.5
Total cholesterol (mg/dl), mean ± SD 197.9  ± 34.6 205.6  ± 32.9 199.5  ± 35.8 193.4  ± 32.8 193.1  ± 35.7
Smoking, n (%)
 Current smoker 91 (14.5) 24 (15.1) 20 (12.7) 20 (12.7) 27 (16.5)
 Ex-smoker 72 (11.5) 9 (5.7) 19 (12.1) 15 (9.5) 29 (17.7)
 Never smoker 463 (74.0) 124 (78.0) 113 (72.0) 122 (77.2) 104 (63.4)

Drinking, n (%)
 Drinker 187 (29.5) 44 (27.7) 43 (27.4) 42 (26.6) 58 (35.4)
 Non-drinker 446 (70.5) 114 (71.7) 112 (71.3) 116 (73.4) 104 (63.4)

Diabetes treatment, n (%) 9 (1.4) 5 (3.1) 2 (1.3) 0 (0.0) 2 (1.2)
Hypertension treatment, n (%) 86 (13.5) 27 (17.0) 23 (14.5) 19 (12.0) 17 (10.4)
Job category, n (%)
 Primary industry 241 (38.0) 25 (15.7) 32 (20.4) 67 (42.4) 117 (71.3)
 Other jobs 124 (19.6) 45 (28.3) 28 (17.8) 21 (13.3) 30 (18.3)

Unemployed 269 (42.4) 87 (54.7) 96 (61.1) 69 (43.7) 17 (10.4)
Married, n (%) 574 (92.6) 139 (87.4) 143 (91.1) 143 (90.5) 149 (90.9)
Educational history ≥ 16 years, n (%) 284 (45.2) 60 (37.7) 71 (45.2) 70 (44.3) 83 (50.6)
Estimated creatinine clearance (ml/min), mean ± SD 52.5  ± 5.9 52.2  ± 6.1 52.6  ± 5.9 52.2  ± 5.5 53.1  ± 5.9
Estimated creatinine clearance category (ml/min), n (%)
 45–59 567 (88.9) 140 (88.1) 139 (88.5) 140 (88.6) 148 (90.2)
 30–44 70 (11.0) 19 (11.9) 18 (11.5) 18 (11.4) 15 (9.1)
 15–29 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.6)

Physical activity index, mean ± SD 33.2  ± 5.8 27.3  ± 1.2 30.6  ± 0.9 34.2  ± 1.2 40.5  ± 5.8
Physical activity duration by intensity (h/day), mean ± SD
 Sedentary 8.8  ± 1.8 9.2  ± 2.2 8.7  ± 1.7 8.9  ± 1.7 8.4  ± 1.5
 Nonsedentary 8.6  ± 3.7 4.1  ± 2.7 8.9  ± 2.6 10.0  ± 2.2 11.4  ± 1.9
 Light intensity 4.8  ± 3.5 3.8  ± 2.7 7.3  ± 3.7 5.0  ± 3.4 3.0  ± 2.6
 Moderate to vigorous 3.9  ± 3.5 0.2  ± 0.5 1.6  ± 1.4 5.0  ± 1.7 8.4  ± 1.8
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blood pressure was 129.9 mmHg, the mean total cholesterol 
level was 197.9 mg/dl, and 47 (7.4%) people had a BMI ≧ 
25.0. A total of 187 (29.3%) people had a drinking habit, 
and 91 (14.3%) had a smoking habit. Regarding occupation, 
the highest unemployed/homemaker constituted the largest 
category at 269 (42.2%) participants, followed by primary 
industry workers, comprising 241 (37.8%) participants.

The mean eCCr value was 52.5 ml/min. The distribu-
tion of eCCr was as follows: The number of participants 
with eCCr 45–59  ml/min was 567 (88.9%); that with 
eCCr 30–44 ml/min was 70 (11.0%); and that with eCCr 
15–29 ml/min was 1 person (0.2%). No one had an eCCr of 
less than 15 ml/min.

The mean PAI was 33.2. The mean times of physical 
activity at each intensity were as follows: sedentary, 8.8 h/
day; nonsedentary, 8.6 h/day; light, 4.8 h/day; and moderate-
to-vigorous, 3.9 h/day.

HRs on physical activity volume and intensity 
for mortality

Of the 11,567 person-years, 172 deaths were registered, 
including 57 cardiovascular (CVD) deaths, 43 cancer deaths, 
and 72 other-cause deaths. First, regarding the quartile of 
physical activity volume expressed by PAI, no significant 
association was found between PAI and all-cause mortality. 
Specifically, HRs [95% confidence intervals (CIs)] for all-
cause mortality based on Q1 (PAI < 29.2) of Q2 (29.2–32.3), 
Q3 (32.3–36.3), and Q4 (≥ 36.3) were 0.94 (0.58–1.51), 0.76 
(0.46–1.24), and 1.01 (0.62–1.66) in model 2, respectively.

Next, regarding the association between sedentary dura-
tion and mortality, compared with that of Q1 (< 7.5 h/day), 
the HRs (95% CIs) of Q3 (8.0–9.5 h/day) and Q4 (≥ 9.5 h/
day) were significantly higher, at 1.61 (1.01–2.56) and 1.95 
(1.23–2.97), respectively, in model 1. In addition, the trend 
tests that treated the data of each participant as a continu-
ous variable showed significance at p < 0.001. In model 2, 
adjusted for confounding factors, no significant association 
was found between any quartile and mortality, but the trend 
test showed significance at p = 0.042. In model 3 with car-
diovascular risk factors, none of the quartiles were signifi-
cantly associated with mortality.

Regarding the association between nonsedentary duration 
and mortality, the longer the activity time was, the lower the 
mortality would be (p for trend = 0.032). However, when 
adjustments were made for confounding factors in model 
2, compared with that of Q1 (< 6.5 h/day), the HRs (95% 
CIs) of Q2 (6.5–9.0 h/day), Q3 (9.0–11.0 h/day), and Q4 
(≥ 11.0 h/day) for all-cause mortality were not significant, 
but that of Q3 was the lowest (HR 0.67, 95% CI 0.41–1.08). 
Adjusting for cardiovascular risk factors in model 3 resulted 
in a significantly lower mortality for Q3 (HR 0.58, 95% CI 
0.35–0.97).

In the subdivided analysis of nonsedentary activity, 
compared with that of Q1 (< 2.0 h/day) for light-intensity 
activity duration, the HRs (95% CIs) of Q2 (2.0–4.0 h/day), 
Q3 (4.0–7.0 h/day), and Q4 (≥ 7.0 h/day) for all-cause mor-
tality were 0.53 (0.33–0.84), 0.53 (0.34–0.82), and 0.57 
(0.34–0.96), respectively. The trend tests were also sig-
nificant at p = 0.018. Similar results were obtained when 
adjustments were made for cardiovascular risk factors in 
model 3. MVPA duration also tended to reduce mortality as 
follows: Compared with that of Q1 (0.0 h/day), HRs (95% 
CIs) of Q2 (0.0–3.0 h/day), Q3 (3.0–7.0 h/day), and Q4 
(≥ 7.0 h/day) were 1.02 (0.61–1.70), 0.66 (0.40–1.11), and 
0.80 (0.45–1.43), respectively, which were not significant 
(Table 2).

Discussion

Light-intensity physical activity significantly reduced all-
cause mortality among local residents with renal dysfunc-
tion, while there was no significant association between the 
amount of physical activity and mortality in this study.

High total physical activity volume tended to decrease 
mortality, but there was no significant association in this 
study. Wen et al. reported a significant association between 
physical activity volume and mortality risk among 46,375 
local residents with CKD stage 1 to 5, while Chen et al. 
reported no significant association among 811 local resi-
dents with GFR < 60 ml/min/1.73  m2 [5, 6]. The number of 
subjects in our study was 638, which was on the same scale 
as that reported by Chen et al., and the fact that no signifi-
cant association was found may be due to insufficient power. 
Among other previous studies, Beddhu et al. investigated the 
relationship between physical activity and mortality among 
906 subjects with eGFR < 60 ml/min/1.73  m2, a sample size 
that was almost the same as that in this study, and found a 
significant relationship. However, it is possible that their 
analysis was likely to reveal a difference because the refer-
ence was ‘no activity’ [4].

Regarding the impact of sedentary duration on mortality, 
the trend tests were significant in the adjusted model. This 
was a similar result to that previous study [7]. However, no 
significant association was found between any quartile and 
mortality. The reason why no significant association was 
found with any quartile may be that the power was insuf-
ficient and that the sedentary duration of this cohort was 
shorter than that of the previous study. For example, the 
mean sedentary duration of the cohort investigated by Bed-
dhu et al. was 9.5 h/day because the mean wearing time of 
the accelerometer was reported to be 14.0 h/day and the 
mean sedentary duration was 40.8 min/h [7]. In our cohort, 
only 179 subjects (28.1%) had a sedentary duration of 9.5 h/
day or more. Therefore, it may have been difficult to find an 
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association with mortality because few participants had long 
sedentary durations.

Our results showed that a large amount of light-intensity 
physical activity reduced the risk of death. Similar results 
have been confirmed in previous studies. Beddhu et al. inves-
tigated the effect of each physical activity intensity on the 
risk of death for their analysis of total daily physical activity 

among participants with eGFR < 60 ml/min/1.73  m2. They 
reported that a 2-min/h trade-off of sedentary duration for 
light-intensity activity reduced the HR for all-cause mortal-
ity. However, replacing sedentary duration with MVPA did 
not significantly reduce mortality [7]. Our results were simi-
lar, showing no significant association between MVPA dura-
tion and mortality. This might be due to insufficient power. 

Table 2  HRs on physical activity volume and intensity for all-cause mortality

Model 1 Crude
Model 2 was adjusted for age, sex, area, smoke, drink, job, marriage, and education
Model 3 was adjusted for age, sex, area, smoke, drink, job, marriage, education, BMI, systolic blood pressure, total cholesterol, diabetes treat-
ment, hypertension treatment, and history of other cardiac disease
HR hazard ratio, PAI physical activity index, BMI body mass index, MVPA moderate-to-vigorous physical activity
*p < 0.05
a Additionally adjusted for moderate-to-vigorous activity duration in model 2 and 3
b Additionally adjusted for light-intensity activity duration in model 2 and 3

Model 1 Model 2 Model 3

n HR (95% CI) p n HR (95% CI) p HR (95% CI) p

Volume
 PAI
 < 29.2 159 1 142 1 1
 29.2–32.3 157 0.99 (0.65–1.52) 0.963 144 0.94 (0.58–1.51) 0.789 0.95 (0.57–1.56) 0.825
 32.3–36.3 158 0.80 (0.52–1.25) 0.330 153 0.76 (0.46–1.24) 0.268 0.66 (0.39–1.11) 0.119
 ≥ 36.3 164 1.07 (0.71–1.61) 0.764 155 1.01 (0.62–1.66) 0.959 0.99 (0.59–1.66) 0.970

p for trend 0.606 p for trend 0.812 p for trend 0.925
Intensity
 Sedentary, h/day
 < 7.5 163 1 151 1 1
 7.5–8.0 161 1.15 (0.72–1.84) 0.564 144 1.12 (0.68–1.83) 0.660 1.21 (0.73–2.00) 0.461
 8.0–9.5 135 1.61 (1.01–2.56) 0.043* 125 1.24 (0.76–2.02) 0.385 1.41 (0.86–2.30) 0.178
 ≥ 9.5 179 1.95 (1.23–2.97) 0.002* 174 1.42 (0.91–2.23) 0.127 1.36 (0.86–2.16) 0.189

p for trend  < 0.001* p for trend 0.042* p for trend 0.123
Nonsedentary, h/day
 < 6.5 167 1 149 1 1
 6.5–9.0 168 1.04 (0.70–1.54) 0.841 157 0.85 (0.55–1.31) 0.461 0.82 (0.52–1.28) 0.370
 9.0–11.0 166 0.69 (0.45–1.06) 0.086 159 0.67 (0.41–1.08) 0.101 0.58 (0.35–0.97) 0.037*
 ≥ 11.0 137 0.76 (0.49–1.19) 0.229 129 0.90 (0.54–1.45) 0.668 0.88 (0.52–1.49) 0.639

p for trend 0.032* p for trend 0.062 p for trend 0.054
Light, h/day a

 < 2.0 174 1 161 1 1
 2.0–4.0 146 0.43 (0.28–0.66)  < 0.001* 140 0.53 (0.33–0.84) 0.007* 0.53 (0.33–0.84) 0.008*
 4.0–7.0 187 0.47 (0.32–0.69)  < 0.001* 171 0.53 (0.34–0.82) 0.004* 0.51 (0.32–0.80) 0.004*
 ≥ 7.0 131 0.51 (0.33–0.78) 0.002* 122 0.57 (0.34–0.96) 0.035* 0.55 (0.32–0.95) 0.031*

p for trend  < 0.001* p for trend 0.018* p for trend 0.018*
MVPA, h/day b

 0.0 188 1 169 1 1
 0.0–3.0 137 0.95 (0.61–1.48) 0.813 129 0.88 (0.54–1.44) 0.616 1.02 (0.61–1.70) 0.940
 3.0–7.0 177 0.90 (0.59–1.35) 0.596 170 0.71 (0.44–1.16) 0.170 0.66 (0.40–1.11) 0.119
 ≥ 7.0 136 1.31 (0.88–1.97) 0.187 126 0.81 (0.47–1.40) 0.460 0.80 (0.45–1.43) 0.453

p for trend 0.171 p for trend 0.465 p for trend 0.393
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From these results, it is considered that even light physical 
activity has a positive effect on reducing mortality among 
people with impaired renal function. In addition, Beddhu 
et al. analyzed the relationship between the duration of each 
physical activity intensity and mortality, but the analysis 
did not adjust for cardiovascular risk factors such as BMI 
or cholesterol level or the durations of activities with other 
intensities. It seems novel that we have shown the effect of 
the physical activity duration for each intensity on mortality 
adjusted for cardiovascular risk factors, socioeconomic fac-
tors, and duration of activities of other intensities.

To reveal what types of deaths were associated with 
light-intensity physical activity, we performed sensitivity 
analysis for each cause of death. HRs for CVD mortality 
and cancer mortality were calculated in the same way as all-
cause mortality. Regarding CVD mortality, light-intensity 
activity duration tended to be lower HRs as follows: com-
pared with that of Q1 (< 2.0 h/day), the HRs (95% CIs) of 
Q2 (2.0–4.0 h/day), Q3 (4.0–7.0 h/day), and Q4 (≥ 7.0 h/
day) were 0.42 (0.19–0.94), 0.41 (0.18–0.91), and 0.56 
(0.22–1.41) in model 2, respectively (Online Resource 
1). Similarly for cancer mortality, compared with that of 
Q1 (< 2.0 h/day) for light-intensity activity, the HRs (95% 
CIs) of Q2 (2.0–4.0 h/day), Q3 (4.0–7.0 h/day), and Q4 
(≥ 7.0 h/day) were 0.26 (0.07–0.92), 0.55 (0.23–1.33), and 
0.71 (0.26–1.93) in model 2, respectively (Online Resource 
2). These results suggest that light-intensity activity also 
decrease CVD mortality and cancer mortality in general 
population with mild to moderate renal impairment.

Additionally, to examine differences in effects of light-
intensity activity duration for all-cause mortality by sub-
group of age at baseline, the HRs on high light-intensity 
activity level (Q2–Q4: ≥ 2.0 h/day) compared to that of 
low light-intensity activity level (Q1: < 2.0 h/day) for all-
cause mortality were calculated separately for non-elderly 
participants (age < 65 years at baseline) and elderly par-
ticipants (age ≥ 65 years at baseline) using the Cox pro-
portional hazards model. Furthermore, the interaction 
between age at baseline and light-intensity activity dura-
tion for all-cause mortality was analyzed by adding the 
interaction term of ‘age (< 65 years or ≥ 65 years) × light-
intensity activity duration (< 2.0 h/day or ≥ 2.0 h/day)’ in 
model. The results showed that, compared with that of Q1 
(< 2.0 h/day), the HRs (95% CIs) of Q2–Q4 (≥ 2.0 h/day) 
were 0.39 (0.118–0.84) in non-elderly participants and 0.54 
(0.34–0.86) in elderly participants, respectively. The interac-
tion between age at baseline (< 65 years or ≥ 65 years) and 
light-intensity activity duration (< 2.0 h/day or ≥ 2.0 h/day) 
for all-cause mortality was not significant (Online Resource 
3). These results showed that light-intensity activity reduces 
all-cause mortality regardless of age at baseline.

One of the strengths of this study is its investigation of 
the impacts of both the volume and intensity of physical 

activity on mortality, with adjustments for cardiovascular 
and socioeconomic factors in the general population with 
renal dysfunction. In addition, our results can be applied to 
more people because data on participants with renal dys-
function were extracted from a medical examination study 
targeting the entire community rather than from a group of 
recruited CKD patients who had already been treated at the 
hospital. Moreover, the JMS cohort study had a very high 
follow-up rate of 99%, and losses to follow-up were slight. 
The long follow-up period and the high validity of the out-
come due to confirmation of the death certificate are also 
considered to be the advantages of this study.

This study has some limitations. The first is that 
the index of renal function was eCCr calculated by the 
Cockcroft–Gault formula (C–G formula) based on the 
serum creatinine level. eCCr is known to overestimate 
the glomerular filtration rate (GFR) and may miss peo-
ple with mild renal impairment [11]. The standard eGFR 
formula for Japanese individuals (eGFR (ml/min/1.73 
 m2) = 194 ×  sCr−1.094 ×  age−0.287, × 0.739 for female) as a 
renal function index assumes that the enzyme method Cr 
value is used; therefore, it was not used in this study. Second, 
participants had relatively mild renal dysfunction, mostly 
eCCr 30–59 ml/min. The percentage of Japanese subjects 
who had a medical examination and an eGFR less than 
30 ml/min/1.73  m2 was 0.2–1.0% [11, 12]. The proportion 
of people with eCCr less than 30 ml/min in our cohort was 
small compared to that in previous studies, which may be 
because eCCr overestimated GFR.

The recommended amount of physical activity suggested 
to people with renal dysfunction is currently left to the dis-
cretion of each physician due to a lack of sufficient evidence. 
The results of this study show that light-intensity activity 
reduces the risk of death, and these findings may be helpful 
when giving advice to patients with renal dysfunction.
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