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Abstract

Background—Physical inactivity is a modifiable risk factor for cardiovascular disease.
However, the relationship between physical activity and risk of end-stage kidney disease (ESKD)
is not clear.

Methods—We analyzed data on a prospective cohort of 59,552 Chinese adults aged 45-74 years
enrolled in the Singapore Chinese Health Study. Information on physical activity was collected
with a structured questionnaire. Physically active individuals were defined as those who engaged
in any moderate activities for 2 hours or more per week, and any strenuous activities 30 minutes or
more per week. Incident ESKD was identified via record linkage with the Singapore Registry of
Birth and Death and Singapore Renal Registry. Cox proportional hazards regression method was
used for analysis for risk of incident ESKD alone or ESKD plus death associated with physical
activity. Multivariable models were used to account for the potential confounding effect of
sociodemographic, life style factors, and known co-morbidites on the physical activity-ESKD risk
association.

Results—During a median follow-up of 15.3 years, a total of 642 incident ESKD occurred, and
9808 study participants died. A 24% lower adjusted risk of ESKD [hazard ratio (HR): 0.76; 95%
confidence interval (Cl): 0.62-0.93] was associated with moderate or strenuous physical activities
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compared to no regular physical activity. This association appeared to be dose dependent with the
lowest risk for subjects at highest intensity of physical activity (p trend <0.003). Similar results
were observed for risk of ESKD plus death.

Conclusions—Higher levels of physical activity are associated with lower risk of ESKD. Our
findings highlight the role of physical activity for prevention of ESKD, which deserves further
evaluation in intervention trials.
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Introduction

Methods

End stage kidney disease (ESKD) is a rising public health threat globally, and is associated
with high morbidity and mortality, as well as significant social and economic
consequences.! The number of people requiring or nearing the need for expensive renal
replacement therapy is rapidly increasing in part due to the aging populations coupled with
prolonged exposure to risk factors for ESKD.2 Physical inactivity is recognized as one of the
leading risk factors for cardiovascular disease (CVD).3: 4 Whether the same association
exists with ESKD is not well established. Cross sectional studies indicate chronic kidney
disease (CKD) is associated with reduced physical activity and muscle wasting.> 6. 7.8, 9,10
Cohort studies also suggest that physical inactivity is associated with decline in glomerular
filtration rate.11: 12.13 Fyrthermore, physical inactivity is associated with greater mortality
among patients with CKD than those without CKD.14: 1516 However, there is dearth of
studies evaluating the predictive relationship between physical activity and the hard outcome
of ESKD. Moreover, it is not known whether this relationship, if present, is dose-dependent
in terms of intensity of physical activity.

A clear understanding of the association between physical activity and ESKD would be
important for developing clinical and public health guidelines for prevention for ESKD. In
this study, we analyzed data from the Singapore Chinese Health Study, a population based
cohort of 63,257 Chinese men and women, linked with the Singapore Renal Registry which
maintains a record of all patients nationwide with ESKD, treated with renal replacement
therapy or managed conservatively, with the following objectives: 1) To determine the
association between habitual physical activity with risk of ESKD; 2) and to assess whether
there is a dose-dependent relationship between intensity of physical activity and risk of
ESKD.

We hypothesized that higher levels of physical activity would be associated with a lower
risk of ESKD; and that this risk would be even lower at higher intensity physical activity.

Study population

The Singapore Chinese Health Study is a population-based prospective cohort established
between April 1993 and December 1998. The study recruited a total of 63,257 Chinese men
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(n=27,959) and women (n=35,298) aged 45-74 years, and residing in public housing estates,
where 86% of Singapore resided at that time. This represented a response rate of about 85%
of all eligible participants that we had contacted. The participants were men and women of
Chinese origin from one of the two major dialect groups, Hokkien or Cantonese, who
originated from Fujian and Guangdong, respectively, two contiguous provinces in southern
China. Written informed consent was obtained from all participants. Each subject was
interviewed in person by a trained interviewer using a structured questionnaire, which
focused on questions on lifestyle including current alcohol and tobacco use, diet, habitual
physical activity and medical history.1” The study was approved by the Institutional Review
Board at the National University of Singapore.

Exposure assessment

All individuals were interviewed in-person using a structured questionnaire with information
on physical activity. This questionnaire was modeled after the European Prospective
Investigation in Cancer (EPIC) study physical activity questionnaire. The latter has been
shown to be valid and repeatable.1” Subjects were asked “on average, during the last year
how many hours in a week did you spend in the following activities?”” The moderate
activities included brisk walking, bowling, bicycling on level ground, Tai Chi (Chinese
martial arts) or Qi Gong (traditional Chinese repeated coordinated movements involving
strengthening and stretching exercise). Strenuous aerobic activities included jogging,
bicycling on hills, tennis, squash, swimming laps or aerobics.

The time spent in moderate activities was recorded into pre-specified intervals of never, 30
minutes to <2 hours, 2 to <4 hours, 4 to <7 hours, 7 to <10 hours, 10 to <20 hours, 20 to <30
hours and 30 hours and above per week. The time spent in strenuous activities was recorded
as never, 30 to <90 minutes, 90 to <150 minutes, 150 minutes or more minutes/week of
sternuous activity/week. For the purpose of analysis, and consistent with previous report on
association of physical activity with CVD in this dataset, the active group was defined as
individuals who engaged in any moderate activity for 2 hours or more per week, or any
strenuous activity on a weekly basis for at least 30 minutes.

Outcome ascertainment

The cohort database was linked with the population-based Singapore Renal Registry and the
Singapore Registry of Births and Deaths for identification of incident ESKD and deaths,
respectively. In Singapore, each citizen or permanent resident is assigned a unique number
(the National Identification Card Number or IC Number) and this number is used for all
medical records. Linkage is done by perfect matching of the NRIC, and verified by name.
The Singapore Renal Registry has been shown to be comprehensive in its recording of
ESKD cases since 1999.18 The registry defines ESKD that met at least one of the following
criteria: 1) serum creatinine level of more than or equal to 500 umol/I (5.7 mg/dl), 2)
estimated glomerular filtration rate (GFR) of less than 15 ml/min/1.73 m2 (based on either
the Modification of Diet in Renal Disease (MDRD) Study equation, Cockcroft Gault
equation, or 24 hour creatinine clearance), 3) undergoing hemodialysis or peritoneal
dialysis, and 4) had undergone kidney transplant. Criteria 1 to 3 had to be persistent for
more than 3 months for qualifying as ESKD. As of 31 Dec 2010, 47 subjects from this
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cohort were known to be lost to follow-up due to migration out of Singapore or for other
reasons. We identified 110 patients with ESKD whose initial diagnosis was made prior to
the enrollment, thus those patients were excluded from the present analysis. In addition, we
excluded 3595 participants who died within the first 5 years post enrollment to minimize the
potential bias toward inactivity due to existing advanced chronic kidney disease. A total of
642 incident ESKD cases were identified from the remaining 59,552 participants included in
the final analyses.

Statistical analysis

The primary outcome was incident ESKD. The secondary outcome was a composite of
ESKD or death. We examined baseline characteristics of the entire cohort by habitual
physical activity status. For each study subject, person-years were counted from the first
date of fifth year post baseline interview to the date of ESKD diagnosis, the date of death,
date of last contact (for the few subjects who migrated out of Singapore) or December 31,
2010, whichever occurred first. The incidence rates of ESKD and their 95% confidence
intervals (CIs) by any physical activity, and with the intensity of physical activity (moderate
and strenuous as ordinal variables) were generated using Poisson distribution. Survival
analysis was performed to generate the Kaplan-Meier curves for primary and secondary
outcomes, and log-rank test was used to compare the curves of those physically active
versus not physical active.

Univariable and multivariable regression models were constructed and Cox proportional
hazards regression analysis was performed to examine the associations between physical
activity and the primary outcome of incident ESKD. The comparator group consisted of
individuals who were not physically active (less than 2 hours moderate and less than 30
minutes strenuous aerobic activity per week). Deaths from competing causes (i.e. non ESKD
deaths) were censored in the main analysis. We first examined the association of any
physical activity with ESKD. For all analyses the reference group was physically inactive
individuals. Next, we analyzed the association of different intensities of physical activity
categorized as moderate activities, or strenuous aerobic activities with ESKD. The
associations were measured by hazard ratios (HRs) and their corresponding 95% confidence
intervals (Cls) and p values (two-sided).

All multivariable models included age at recruitment (years), year of recruitment
(1993-1995, 1996-1998), gender, dialect (Hokkien or Cantonese), self-reported history of
physician-diagnosed hypertension, diabetes, coronary heart disease or stroke as dichotomous
variables, education (no formal education, primary school, secondary school or higher),
body mass index (BMI; <20.0, 20.0-23.9, 24.0-27.9, >28.0 kg/m?2), alcohol drinking (none/
monthly, weekly, daily), smoking status (never, ever), intake of ginseng (never, 1-3 times/
month, 1-3 times/week, 4 or more times/week), and dietary protein intake (quartiles, % kcal/
day) as categorical variables. These factors are known to be associated with ESKD in other
studies and our previous report.1? For the analysis of intensity of physical activity with
ESKD, we performed tests for trend by entering ordinal categorical variable of physical
activity as continuous variables in the Cox regression models, and assessing p trend linear
and quadratic. We also tested for interaction between baseline covariates and any physical
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activity to determine whether the relationship of physical activity with ESKD varies
according to baseline characteristics including age, sex, obesity, hypertension, or diabetes
status. The association between regular physical activity and the composite outcome of
ESKD or death was evaluated in the dataset without censoring deaths. Time to (first) event
analysis was performed.

The proportional hazards assumption in all Cox models was assessed by fitting log
covariates in the multivariable model and checking graphically by plotting the Schoenfeld
residuals, but no variables (except history of diabetes) violated the proportionality
assumption.

Sensitivity analysis was performed using cut-off of 90 minutes for strenuous activity, and
among subjects without history of diabetes.

All regression analyses were conducted using SAS statistical software version 9.2 (SAS
institute, Cary, NC). Two-sided Ps < 0.05 were considered statistically significant.

A total of 63,257 (approximately 85% of eligible subjects) who were invited to enrol in the
Singapore Chinese Health Study responded positively. Figure 1 shows the flow chart of
59,552 subjects included in the final analysis. Of these, 44.1% were men. Table 1 shows
baseline characteristics of the participants by intensity of physical activity. A total of 13,200
(22%) individuals engaged in habitual physical activity: 8,947 (15%) in moderate activity
only and 4,254 (7%) in strenuous aerobic activity, regardless their status for moderate
activity. Individuals who were physically active were more likely to be educated, consumed
less alcohol, were more likely to be non-smokers, less likely to have hypertension, or heart
disease.

During a median follow-up of 15.3 years, 642 (1%) individuals developed incident ESKD,
and 9808 (16.4%) individuals died after excluding 25 incident ESKD and 3571 deaths which
occurred within 5 years post enrollment. The overall crude incidence rate of ESKD was 74
(68-80) per 100,000 person years, and was significantly lower among individuals who were
physically active compared to inactive individuals (60 versus 80 per 100,000). Compared to
physically inactive individual, individuals engaging in any physical activity had significantly
lower risk of ESKD after adjustment for multiple potential confounders [hazard ratio (HR),
0.76; 95% confidence interval (Cl): 0.62-0.93] There was a statistically significant inverse
relationship between the intensity of physical activity and risk ESKD (p for trend =0.003).
(Table 3). Figure 2, panel A illustrates ESKD-free survival. Although event rate was low,
ESKD-free survival was longer among those engaged in physical activity versus no physical
activity (log-rank p=0.011).

The hazard rates (95% CI) of ESKD or death by physical activity status are shown in Tables
4. Compared to physically inactive individual, those who engaged in any physical activity
had significantly lower adjusted risk of ESKD or death [hazard ratio (HR), 0.85; 95%
confidence interval (CI): 0.81-0.90] in the multivariate analysis. Figure 2, panel B illustrates
the cumulative risk for both ESKD incidence and death from any cause combined was lower
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among those who engaged in regular physical exercise relative to those who were physically
less active (log-rank p=0.0001).

No interactions between physical activity and baseline covariates were significant indicating
the relationship between physical activity and ESKD does not vary by age, sex, obesity,
hypertension or diabetes status. Sensitivity analysis using cut-off of 90 minutes for strenuous
activity, and among subjects without history of diabetes yielded consistent results.

Discussion

Our in-depth analysis on data on 59,552 subjects followed over a median of 15.3 years with
642 incident ESKD cases in the Singapore Chinese Health Study is the first to show that
habitual physical activity is associated with lower risk of ESKD requiring dialysis or
transplantation. A 24% lower adjusted risk of ESKD was associated with any physical
activity [hazard ratio (HR): 0.76; 95% confidence interval (CI): 0.62-0.93] compared to no
physical activity. This association with lower risk of ESKD appeared to be dose dependent
with higher intensity of physical activity (p trend <0.003). Strenuous activities were
independently associated with lower risk of ESKD by 42% (HR: 0.58; 95% ClI: 0.37-0.90).

The association of physical activity with the outcome of ESKD or death demonstrated
consistent results HR: 0.85; 95% CI: 0.81-0.90 including a clear independent association of
moderate activity with the composite outcome, as well as dose-related additional lowering of
risk with strenuous activity. Our findings have substantial implications for public health and
clinical practice recommendations for prevention of ESKD.

Previous studies demonstrating the association of physical activity and CKD have mainly
been cross-sectional, raising the concerns regarding reverse causality.’: 8- 9 10 While
physical activity has been associated with reduced risk of decline in glomerular filtration
rate (GFR) in the Cardiovascular Health Study, and few other longitudinal studies, these
studies have primarily relied on the outcome of change in GFR. Our study is novel in
establishing the predictive relationship of higher physical activity with lower risk of hard
outcome of ESKD.1 12 This association was independent of socio-demographic and clinical
characteristics including education status, dietary protein intake tobacco use, BMI,
hypertension, diabetes, and presence of CVD. The precise mechanism responsible for the
independent relationship between physical activity and ESKD is not entirely clear. Physical
activity is known to reduce blood pressure and improve glycemic control.20 Moreover,
physical activity has been shown to be effective in improving cardiovascular health via
enhancing endothelial function directly through response to insulin, angiogenesis and
vascular regeneration by the up-regulation of endothelial nitric oxide production and other
antioxidant enzymes.21: 22

It is entirely conceivable that the same would extend to the kidney vasculature leading to
protection against glomerular filtration barrier defects, albuminuria, and declining kidney
function.

Our findings have tremendous implications for public health policy globally, especially with
number of people with and at risk of ESKD, such as those with diabetes and hypertension, in
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increasing rapidly. The American College of Sports Medicine currently recommends 150
min of moderate activity (30 min, 5 days/week) or 60 min of strenuous physical activity (20
min on 3 days) for all adults.23 Not with standing the need for an intervention trial, our
results support these recommendations and underscore the potential role of strenuous
activities in prevention of ESKD.

The major strength of this study is the large sample size of a population-based cohort with
near-complete follow-up, and with valid and comprehensive outcome of ESKD identified
via linkage with a robust national renal registry. In a sensitivity analysis, all results
regarding key relationships with physical activity (overall and with regard to dose-response
with intensity) were consistent in direction in the full dataset after including first 5 years of
follow-up. Our analysis has some limitations. First, physical activity was self-reported and
did not include an objective assessment. However, the questionnaire used was a modified
version of validated EPIC physical activity questionnaire, and self-reported physical
inactivity based on the same has also been shown to be independently predictive of
cardiovascular disease in the Singapore Chinese Health Study24 Moreover, the robust
association with secondary composite outcome of ESKD or death in our study, where the
vast majority of endpoints are from deaths, lend further support to our main results.
Therefore, we believe our findings of association of physical activity with ESKD are also
valid. Second, information on baseline kidney function including serum creatinine or
albuminuria was not available. This raises concern whether the observed association was
mainly because individuals with pre-existing CKD had already reduced their physical
activity level at baseline. However, individuals with advanced CKD and those who
progressed fast to ESKD are likely to be excluded with first five years of follow-up not
included in the analysis. Nevertheless, individuals with less advanced and slowly
progressing CKD would potentially still be included our cohort. The benefit of physical
activity has been demonstrated in individuals with documented CKD.13 Third, data on
antihypertensive medications including blockers of renin-angiotensin, and reduction in
blood pressure or albuminuria during follow-up were not available.2> We were therefore not
able to determine any potential interaction between these factors with physical activity on
ESKD. However, hypertension and diabetes at baseline, both leading causes of ESKD, as
well as predictors of progression were accounted for in our multivariable models, albeit as
self-reported co-morbidities. Finally, the outcome of ESKD was determined solely on the
basis of data linkage. Linkage is done by perfect matching of the NRIC, and verified by
name. However, this was not asked at the follow-up interview. Thus, we are unable to
determine if any individuals were unmatched. However, there is robust implementation of
mandatory registration of vital statistics and ESKD in Singapore. Thus, the information on
ESKD and death is virtually complete, and the findings of the present study were valid and
generalizable.

In summary, our large cohort is novel in demonstrating a predictive relationship between
higher physical activity and lower risk of ESKD. Our results indicate that this association is
dose dependent with even greater lowering of risk at higher intensity of physical activity.
Our findings highlight the role of moderate and especially strenuous physical activity in
clinical and public health guidelines for prevention of ESKD, which deserves further
evaluation in intervention trials.
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Total numberof subjectsin SCHS
(N=63257)

After exclusion of prevalent cases

(N=63147)

After exclusion of 25 ESKD and 3571 deathsthat
occurred within first five years of follow-up post
enrolment(N=59552)

Figure 1.
Flow chart of number of subjects included in the analysis
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Figure 2.

Panel A: Kaplan-Meier Survival Curve for Physical Activity vs No Physical Activity for
ESKD

Panel B: Kaplan-Meier Survival Curve for Physical Activity vs No Physical Activity for
composite of ESKD or Death

P value for difference in survival curve for the outcome of ESKD was 0.011, and for the
composite outcome of ESKD or death was 0.0001.
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Baseline characteristics of Study Participants by Physical Activity, The Singapore

Chinese Health Study

Table 1

Page 12

Age at recruitment (mean, SD)
Education (n, %)

No formal education

Primary

Secondary & above
Dialect (n, %)

Cantonese

Hokkein
History of hypertension (n, %)
History of diabetes (n, %)
History of heart disease (n, %)
History of stroke (n, %)
Smoking history (n, %)

Never smoker

Ever smoker
Alcohol (n, %)

Never

Weekly
Daily
BMI (mean, SD)
Ginseng (n, %)

Never

1-3/month

1-3/week

4-6/week and more

Protein intake (gm/Kcal/day) mean (SD)

Total (N=59552)

56.1 (7.9)

15987 (26.9)
26344 (44.2)
17221 (28.9)

31818 (53.4)

27734 (46.6)

13654 (22.9)
4789 (8.0)
2165 (3.6)
742 (1.3)

42093 (70.7)
17459 (29.3)

52625 (88.4)
4888 (8.2)
2039 (3.4)
231(3.3)

49477 (83.1)
2744 (4.6)
5744 (9.7)
1587 (2.6)
15.2 (2.5)

No physical activity
(n=46352)

56.1 (7.8)

13661 (29.5)
21145 (45.6)
11546 (24.9)

25181 (54.3)

21174 (45.7)

10501 (22.7)
3737 (8.1)
1620 (3.5)
584 (1.3)

32672 (70.5)
13680 (29.5)

41163 (88.8)
3566 (7.7)
1623 (3.5)
23.1(3.3)

38812 (83.7)
2041 (4.4)
4315 (9.3)
1184 (2.6)
15.2 (2.5)

Any physical activity
(n=13200)

56.1 (8.0)

2326 (17.6)
5199 (39.4)
5675 (43.0)

6637 (50.3)
6563 (49.7)
3153 (23.9)
1052 (8.0)
545 (4.1)
158 (1.2)

9421 (71.4)
3779 (28.6)

11462 (86.8)
1322 (10.0)
416 (3.2)
231(3.2)

10665 (80.8)
703 (5.3)
1429 (10.8)
403 (3.1)
15.3 (2.4)

P value

0.467

<0.0001

<0.0001

0.003

0.730

0.0006

0.565

0.049

<0.0001

0.680

<0.0001

<0.0001

Any physically active group was defined as individuals who engaged in any moderate activity for 2 hours or more per week, or any strenuous
activity on a weekly basis for at least 30 minutes.
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Table 2
Incidence of End Stage Kidney Disease among the study participants According to
Physical Activity, The Singapore Chinese Health Study
All No Any physical activity
Persons 59552 46352 13200
Per son-years 864995 672080 192915
Median of follow-up 15.3 153 15.4
ESKD (N) 642 525 117
Incidence rate per 100,000py 95%C| ~ 74.22 (68.6-80.2) 78.12 (71.6-85.1)  60.65 (50.2-72.7)
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