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Chronic kidney disease (CKD) disproportionately affects more than one third of the geriatric population, and is known to be 
associated with a decline in physical function. In the general population, reduction in physical activity level can have detrimental 
effects on quality of life and is known to be associated with an increased risk of all-cause mortality. Though widely studied in 
dialysis patients, relatively little is know about the associations between physical activity and poor outcomes in pre-dialysis 
patients with CKD.
We conducted a prospective cohort study including 592 patients with CKD stages G4-G5. Physical activity was assessed using the 
Physical Activity Scale for the Elderly (PASE) and scores were separated into tertiles: 0-40 (low physical activity), 41-90 (light 
physical activity), and more than 90 (moderate to high physical activity). We investigated the association between differing physical 
activity levels and the outcomes of death, progression to dialysis, and future falls.
When compared low physical activity, higher levels of physical activity were associated with a 44% reduction in all-cause mortality. 
We found no association between higher levels of physical activity and reduction in progression to dialysis, as well as reduction in 
future falls. 
Our study indicates the importance of physical activity assessments in CKD patients. Such clinical implementation will allow for 
patients to avoid poor outcomes associated with kidney failure. The longitudinal trajectory of physical activity and its association 
with progression to dialysis and future fall risk requires further studies.
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INTRODUCTION 
 Globally, chronic kidney disease (CKD) is one of the fastest growing chronic diseases1. 
CKD disproportionately affects the elderly (>65 years of age), with more than one third of the 
geriatric population having some degree of CKD2. As a result, the burden of CKD will further in-
crease as the geriatric population continues to grow3. In this population, CKD is known to be as-
sociated with adverse health outcomes, including significant loss of physical and cognitive func-
tion4.  
 

When compared to an age-matched population control, patients with CKD have lower 
levels of physical activity5. This sedentary lifestyle is known to worsen the severity of CKD, re-
sulting in increased risk of falls, decreased tolerance towards dialysis-related side effects, and 
decreased quality of life5-7. Studies have also indicated that low levels of physical activity can 
lead to a 1.5- to 2-fold increased risk in hospitalizations and mortality rates in the CKD popula-
tion8-12. 

 
For CKD patients, especially those undergoing dialysis, it has been found that light to 

moderate physical activity may confer some benefit in combating all-cause mortality13-15. How-
ever, studies have yet to determine whether or not physical activity in pre-dialysis CKD patients 
could aid in delaying the need for dialysis. It is important to address this question as the mortal-
ity rate among dialysis patients is very high, despite ongoing advancements in the field13.  

 
Falls are common amongst the elderly, with and without CKD, and have been known to 

cause serious injury or death16,17. Several studies have looked at the association between CKD 
and falls, indicating that these patients, specifically those on dialysis, have a greater chance of 
falling and developing fall-related complications than those without CKD18. Various factors have 
been looked at in order to determine why this relationship exists, including eGFR, ACR, and 
polypharmacy19,20. However, the association between physical activity in CKD patients and falls 
has yet to be looked at extensively, and thus could potentially provide a window of intervention 
used in reducing risk of falls. 

 
In order to determine the association of physical activity with poor health outcomes in a 

CKD population, we performed a longitudinal analysis on patients from the The Canadian Frailty 
Observation and Interventions Trial (CanFIT) study using the Physical Activity Scale for the El-
derly (PASE). We hypothesized that CKD patients with a marked decrease in self-reported 
physical activity levels would experience poorer health outcomes (risk of falls, progression to di-
alysis, and death) when compared to those with higher levels of physical activity. 
 
 
MATERIAL AND METHODS 
 
Design and Population 
 CanFIT is a multicenter prospective cohort study of frailty, physical function, and cogni-
tive ability in patients with advanced CKD. The study began enrolling participants in 2012 at four 
Canadian multidisciplinary renal health clinics, including Seven Oaks General Hospital, St. Boni-
face General Hospital, and the Health Sciences Centre in Winnipeg, MB as well as the Kidney 
Health Centre in Regina General Hospital in Regina, SK. The study was designed to collect 
data from 600 patients over 2 years with a baseline assessment followed by annual assess-
ments. The present discussion utilizes data collected from the baseline assessment of the first 
592 patients enrolled in the CanFIT study. Individuals included in the study are patients with 
CKD Stages G4-G5 attending one of the above renal health clinics. Exclusion criteria include 
inability to provide informed consent, inability to speak English, blindness, known dementia and 
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previous dialysis treatment. Ethics approval was obtained from the University of Manitoba 
Health Research Board as well as the St. Boniface General Hospital Research Review Commit-
tee and the Regina Qu’Appelle Health Region Research Ethics Board. Informed consent was 
obtained from each study participant. 
 
Assessment of Physical Activity  
 Self-reported physical activity is assessed at each study visit using the PASE. The PASE 
was designed to measure physical activity levels in the elderly (>65 years old) and includes 
questions about occupational, household, and leisure activities performed during the last 7 
days21,22. Leisure activities such as, walking outside the home, light, moderate, and strenuous 
sport and recreation and muscle strengthening were recorded as never, seldom (1-2 
days/week), sometimes (3-4 days/week), and often (5-7 days/week) performed. The duration for 
each activity per day was coded as i) Less than 1 hour, ii) Between 1 and 2 hours, iii) 2 to 4 
hours or iv) More than 4 hours. Household activities were recorded as yes = 1 and no = 0. Oc-
cupational activities that was paid or voluntary was recorded in the total hours per week, unless 
this activity involved only sitting. The total score is then calculated by multiplying the total time 
spent per week or participation (yes/no) by the weighted score assigned to each activity and 
summed across all activity items21. Based on previous literature we stratified PASE scores into 
tertiles: 0-40 (low physical activity), 41-90 (light physical activity), and more than 90 (moderate 
to high physical activity)23. Chart reviews were conducted to confirm and identify further comor-
bidities and record laboratory data. 
 
Statistical Analysis 
 Descriptive statistics were stratified by their PASE score using the T-test and Mann-
Whitney U test when appropriate for continuous variables and the Chi-squared test for categori-
cal variables. )The association between each PASE tertile and outcomes of death, dialysis, and 
falls were evaluated with Cox proportional hazards models. Each PASE tertile was evaluated 
separately as a predictor of the study outcomes in three models. The first is an unadjusted 
model, the second adjusted for age and sex, and the third adjusted for age, sex and various 
comorbidities/lab values obtained at baseline assessment. All analyses were done using SAS 
9.3. 
 
 
RESULTS 
 
Study Population 
 In the CanFIT study, 592 participants completed baseline self-reported PASE assess-
ments included in the study. Chart reviews were conducted to collect clinical characteristics and 
comorbidities at baseline. Median age was higher in the low physical activity group (77.12 years 
compared to 73.99 and 65.54 in the light and moderate to high physical activity groups) (Table 
1). The moderate to high physical activity group had a lower prevalence of almost all comorbidi-
ties when compared to those with low and light physical activity, with the exception of type I dia-
betes and neurological disease. The moderate to high physical activity group also reported less 
falls (Table 1). Hypertension was prevalent at a high rate despite differing levels of physical ac-
tivity. Weight, height, blood pressure, and the various lab values were similar across all levels of 
physical activity.  
 
Association of Physical Activity Level with Death  
 The association between physical activity level and death is presented in Table 2. In 
both unadjusted and adjusted for age and sex models, higher levels of physical activity were as-
sociated with a decrease in mortality. The unadjusted moderate to high physical activity group 
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was found to have the greatest effect in combating mortality, with patients in this group being 
69% less likely to die than patients in the low physical activity group (HR 0.31 [95% CI: 0.19-
0.50]). The unadjusted light physical activity group also had a reduced risk of mortality, with pa-
tients in this group being 44% less likely to die than patients in the low physical activity group 
(HR 0.56 [95% CI: 0.37-0.85]). Our model adjusted for age, sex, CHF, CVD, diabetes, arthritis, 
eGFR, hemoglobin and serum albumin, the moderate to high physical activity group had a sig-
nificant association with reduced mortality (HR 0.56 [95% CI: 0.33-0.94]), while the light physical 
activity group did not remain statistically significant (HR 0.77 [95% CI: 0.50-1.20]). 
 
Association of Physical Activity Level with Progression to Dialysis 
 The association between physical activity level and progression to dialysis is presented 
in Table 3. Although not significant, age, sex, CHF, CVD, diabetes, arthritis, eGFR, hemoglobin 
and serum albumin, the moderate to high physical activity group was associated with an in-
crease in progression to dialysis when compared to the low physical activity group (HR 1.40 
[95% CI: 0.93-2.12]). This relationship was also seen when comparing the light physical activity 
group to the low physical activity group, but to a lesser degree (HR 1.29 [95% CI: 0.86-1.92]). 
However, the moderate to high physical activity group, when adjusted for age and sex only, di-
verged from this trend and was statistically significant (HR 0.61 [95% CI: 0.42-0.88]). 
 
Association of Physical Activity Level with Falls 
 The association between physical activity level and falls as an outcome is presented in 
Table 4. Before and after adjusting for age, sex, and comorbidities/lab values, as well as previ-
ous falls, there was no association between physical activity levels and falls. Previous falls in 
the last 12 months was found to be independently associated with future falls.  
 
 
DISCUSSION 
 When compared to an age-matched control group, patients with CKD have lower overall 
levels of physical activity5. In this prospective cohort study of 592 individuals with advanced 
CKD, we found an association between moderate to high physical activity levels and reduction 
in all-cause mortality. This finding alone supports the need for maintained or increased physical 
activity in patients at any stage of CKD. This study also determined that physical activity levels 
measured at baseline were not associated with progression to dialysis and future risk of falls. 

 

 To our knowledge, this is the first study to look at the use of self-reported physical activ-
ity in predicting poor outcomes for CKD patients. The PASE was used for measuring physical 
activity in our study and has been studied for its use as a prognostic factor in natural aging and 
mortality of the elderly23,24. In one prospective cohort study using 500 elderly (>=85 years old) 
patients, it was found that PASE was a predictor of mortality and functional status. The study 
also noted the significance of PASE, as it was the only modifiable predictor of survival, where a 
10-point increase in PASE score corresponds to a 10% reduction in 7-year mortality24. In an-
other study, it was found that older adults who scored lower on PASE were more likely to de-
velop sarcopenia as they aged23. This is relevant to our study population, as sarcopenia is a 
major consequence of CKD and often results in a further reduction in physical activity25. 

 

 As mentioned above, this study concluded that moderate to high physical activity levels 
were independently associated with reduction in all-cause mortality in CKD patients. Previous 
studies have found an association between low physical activity levels and an increase all-
cause mortality, for both CKD and non-CKD patients alike26. However, this appears to be a 
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much larger issue for those with CKD than those without the disease. In one study, a multivari-
ate logistic regression model was used to compare physical activity levels in non-CKD individu-
als to those with CKD. They discovered that there was a higher prevalence of physical inactivity 
(OR, 1.30 [95% CI: 1.03-1.64]) in the CKD population, concluding that the likelihood of all-cause 
mortality was much higher in the CKD population8. For the purposes of our study, cause of 
death was not assessed when a patient had achieved mortality as the outcome. 

 

 We found that higher baseline physical activity was not associated with a decrease in 
progression to dialysis when compared to those with low physical activity. While the negative 
affect of dialysis on physical activity levels has been looked at extensively, to our knowledge the 
opposite has not been studied12. One possible reason for this lack of association found in our 
study is that the patients included in the study had already reached advanced stages of CKD 
(G4-G5). Since the degree of CKD in these patients has already progressed a substantial 
amount, the need for dialysis is likely inevitable and thus, the role physical activity was inconse-
quential in changing their outcome. Another possible reason for the lack of an association may 
be that patients with moderate to high levels of physical activity end up receiving dialysis be-
cause they are younger and live longer. As discussed before, physical activity is known to have 
a reduction in mortality in both CKD and non-CKD patients26. The patients who fall into this cate-
gory of high physical activity were much younger on average than those who had low levels of 
physical activity (Table 1). This likely means they will have much more time to progress towards 
the advanced stages of CKD than those who are older when they were first assessed at base-
line. The association between longevity and dialysis need has already been seen on a global 
scale, as the incidence of kidney failure in the geriatric population (75 years and older) has in-
creased at a rate of 37% since 200027.  
 
 We also found that there was no association between higher baseline physical activity 
and reduction in future fall risk. As was the case for progression to dialysis, to our knowledge, 
the ability to predict future fall risk in patients with CKD from a baseline physical activity assess-
ment has not been studied. While this study found no association between higher levels of 
physical activity and reduction in falls, it was found that previous falls prior to baseline have an 
independent association with future falls. This finding has been supported by another study, 
which found that the majority (57%) of dialysis patients who had a previous fall had a subse-
quent fall within the following 12 months17. While there is a lack of studies looking at the associ-
ation between falls and physical activity in the CKD population, there have been various studies 
that have looked at the association in the geriatric population. One prospective cohort study of 
1,011 participants, ages 75 and older, investigated whether physical activity was associated 
with the risk of falls. Using PASE to assess physical activity, they found that patients who 
scored in the high physical activity range (PASE score >79.9) had the highest risk of falls28. 
While it is important, as we have shown, for CKD patients to maintain moderate to high levels of 
physical activity, it is also important to consider the risk of falls when doing physical activity29. 
This may require that the method of physical activity be modified to one that is less dependent 
on the individual moving around or one requiring supervision, thereby decreasing the risk of 
falls. 
 
 One of the primary strengths of this study is that it is a large and unique cohort. As we 
have mentioned, studies looking at the association between physical activity and poor outcomes 
for patients with CKD are lacking and is an area that requires further investigation. A second 
strength of this study is the use of PASE, which is a validated and non-invasive tool for as-
sessing physical activity21,22. However, the nature of this tool is that it is based on self-reporting 
for measuring physical activity. Since it is not an objective measurement and requires patients 
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to recall a weeks’ worth of physical activity, it may result in over- or under-reporting of true phys-
ical activity. In order to get a more objective measurement of physical activity, the use of accel-
erometers may be advantageous and could allow for stronger associations to be found. 
 
 This study has multiple clinical implications that could be helpful in preventing the previ-
ously mentioned poor outcomes in CKD patients. The first is the early intervention of moderate 
to high physical activity in these patients; physical activity should be promoted to these patients. 
Exercise training has already been shown to not only improve physical activity levels in CKD pa-
tients, but also has been shown to improve patient frailty, which is another issue in the CKD 
population30. Another implication is that current physical activity levels of patients need to be as-
sessed by their physicians. This knowledge will allow for an understanding of which course of 
treatment is best suited for individual patients, as well as helping set goals for the patient in 
terms of their physical activity levels. The questioning of the history of falls is also important as 
this will help tailor what types of physical activities the patient is capable of without having the 
risk of falling. The use of occupational therapy and gait speed analysis could also prove vital in 
decision making about the patients physical activity capacity31. 
 
 
CONCLUSION  
 Higher levels of physical activity are found to have an association with reduction in all-
cause mortality in the CKD population. While this was the only outcome significantly associated 
with higher physical activity in this study, further research is still needed to investigate the asso-
ciation with progression to dialysis need and future fall risk. The use of PASE in assessing phys-
ical activity levels is a practical and validated tool, and should be used to assess patient’s physi-
cal activity when beginning treatment for CKD.   
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Table 1: Baseline characteristics of the study cohort  

Characteristics  PASE Score P-value 

Low 
0-40 (n=140.4) 

Light 
41-90 (n=204) 

Moderate-High 
>90 (n=247.6) 

Anthropometric Data  

Age (years) 77.12 (69.23-

85.10) 

73.99 (66.58-82.75) 65.54 (55.71-75.75) <.0001 

Weight (kg) 86.80 (72.40-

105.00) 

80.60 (69.90-96.60) 85.00 (72.70-97.70) <.0001 

Height (cm) 168.91 (162.56-

175.26) 

167.00 (159.20-

175.26) 

170.18 (162.56-

177.80) 

<.0001 

Systolic Blood Pres-

sure (mmHg) 

138.00 (124.00-

151.00) 

138.00 (124.00-

150.00) 

134.00 (122.00-

150.00) 

0.0126 

Diastolic Blood Pres-

sure (mmHg) 

69.00 (64.00-

78.00) 

73.00 (64.00-82.00) 77.00 (68.00-85.00) <.0001 

Hemoglobin (g/L) 111.00 (100.00-

124.00) 

114.00 (105.00-

126.00) 

116.00 (107.00-

126.00) 

<.0001 

Creatinine (mol/L) 280.00 (207.00-

354.00) 

237.00 (191.00-

348.00) 

281.00 (209.00-

345.00) 

<.0001 

Estimated Glomerular 

Filtration Rate 

(mL/min/1.73m2) 

18.00 (13.00-

24.00) 

20.00 (14.00-26.00) 19.00 (14.00-25.00) 0.0024 

PASE 25.00 (2.20-30.61) 61.97 (52.20-76.16) 141.71 (111.80-

187.00) 

<.0001 

Comorbidities (%) 

Arthritis 45.73 47.55 33.60 <.0001 

Depression 20.09 18.14 14.05 0.0013 

Malignancy 22.22 20.10 18.34 0.1163 

Myocardial Infarction 27.78 17.65 18.17 <.0001 

Angioplasty 7.12 6.86 6.06 0.6018 

Cardiac 19.94 9.80 9.29 <.0001 

Diabetes II 70.09 60.29 46.04 <.0001 

Diabetes I 1.71 4.12 6.70 <.0001 
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Characteristics  PASE Score P-value 

Low 
0-40 (n=140.4) 

Light 
41-90 (n=204) 

Moderate-High 
>90 (n=247.6) 

Hypertension 90.74 88.73 82.47 <.0001 

Peripheral Vascular 

Disease 

14.96 14.71 9.29 <.0001 

Stroke 9.26 7.84 6.95 0.1889 

Cardiovascular Disease 11.40 8.33 4.44 <.0001 

Neurological 0.71 1.96 1.29 0.0872 

Congestive Heart 

Failure 

22.79 8.82 5.65 <.0001 

Falls in last 12 months  31.47 30.65 20.10 0.74 

 
 
 
Table 2: Association between physical activity level and mortality  

 
Hazard Ratio 

Confidence In-

tervals 
P-Value 

Physical Activity Level     

Low  Ref Ref Ref 

Light    

Model 1a 0.56 0.37-0.85 0.007 

Model 2b 0.64 0.42-0.98 0.04 

Model 3c 0.77 0.50-1.20 0.25 

Moderate-High 
   

Model 1a 0.31 0.19-0.50 <.0001 
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Model 2b 0.42 0.26-0.69 0.0005 

Model 3c 0.56 0.33-0.94 0.03 

 
aUnadjusted Cox Model  

bAdjusted Cox Model for Age & Sex 

cAdjusted Cox Model for Age, Sex, CHF, CVD, Diabetes, Arthritis, eGFR, Hemoglobin, Serum Albumin 

Table 3: Association between physical activity level and dialysis 

 
Hazard Ratio 

Confidence In-

tervals 
P-Value 

Physical Activity Level     

Low  Ref Ref Ref 

Light    

Model 1a 0.88 0.61-1.28 0.50 

Model 2b 0.78 0.53-1.13 0.19 

Model 3c 1.29 0.86-1.92 0.21 

Moderate-High 
   

Model 1a 0.93 0.66-1.32 0.70 

Model 2b 0.61 0.42-0.88 0.009 

Model 3c 1.40 0.93-2.12 0.11 

 
aUnadjusted Cox Model 

bAdjusted Cox Model for Age & Sex 

cAdjusted Cox Model for Age, Sex, CHF, CVD, Diabetes, Arthritis, eGFR, Hemoglobin, Serum Albumin  
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Table 4: Association between physical activity level and falls 

 
Hazard Ratio 

Confidence In-

tervals 
P-Value 

Physical Activity Level     

Low  Ref Ref Ref 

Light    

Model 1a 0.94 0.60-1.47 0.22 

Model 2b 0.96 0.61-1.50 0.84 

Model 3c 1.07 0.67-1.72 0.77 

Moderate-High 
   

Model 1a 0.75 0.47-1.18 0.79 

Model 2b 0.80 0.49-1.29 0.35 
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Model 3c 0.84 0.51-1.41 0.51 

 
aUnadjusted Cox Model 

bAdjusted Cox Model for Age & Sex 

cAdjusted Cox Model for Age, Sex, CHF, CVD, Diabetes, Arthritis, eGFR, Hemoglobin, Serum Albumin, 

Previous Falls 
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