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Abstract
Background: Patients on maintenance hemodialysis (MHD) 
exhibit muscle wasting and impaired physical function 
which can be reversed with regular exercise, but accessibil-
ity to exercise programs for this unique population is lacking. 
We assessed the efficacy of a home-based exercise program 
on a broad range of indices of physical function, quality of 
life (QoL), and cognitive decline in patients with MHD. De-
sign and Methods: Twenty-eight MHD patients, mean age 
66 ± 7 years, were randomized to a 12-week home-based, 
case-managed aerobic and resistance exercise program or 
to usual care (13 exercise and 15 usual care). Comparisons 
were made for peak VO2, ventilatory inefficiency, 6-min walk 
test (6MWT), 1-min sit-to-stand (1STS), muscle strength, 
body composition, QoL, and cognitive measures. Results: 
Peak VO2 improved significantly in the exercise group (p = 
0.01 between groups); exercise time improved by 41 and 

36% at the ventilatory threshold and peak exercise, respec-
tively (p < 0.01 between groups), but there were no differ-
ences in ventilatory efficiency. Trends for improvements in 
6MWT and 1STS in the exercise group were observed, but no 
differences were observed in strength or body composition. 
Among measures of QoL, general health determined by the 
SF-36 improved in the exercise group, but there were no dif-
ferences between groups in cognitive function. Conclu-
sions: MHD patients improved exercise capacity and some 
indices of QoL following a 12-week home-based exercise 
program. Home-based exercise is feasible for patients un-
dergoing MHD and may help to obviate accessibility barriers 
to regular exercise. © 2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

In CKD, muscle mass and physical function decline as 
renal failure progresses [1–3]. These processes are accel-
erated in elderly dialysis patients since both the uremic 
environment and aging cause loss of muscle mass and 
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function that together predispose these individuals to 
frailty. This inevitably leads to an increase in fall-related 
injuries, a decrease in quality of life (QoL), and an in-
crease in morbidity and mortality [4, 5]. The mortality 
rate among CKD patients on maintenance hemodialysis 
(MHD) increases by 2-fold among those aged 66–74 and 
approximately 3-fold in those aged 75–79 versus those 
<65 years [6, 7]. Current recommendations to prevent 
and manage aging-related adverse events in MHD in-
clude adopting a regular exercise routine [8–10]. Several 
studies in patients with CKD have reported that both in-
tensive and moderate aerobic training improve cardio-
vascular performance [11, 12]. This is particularly impor-
tant in CKD, given their high prevalence of cardiovascu-
lar disease that accounts for nearly half their deaths [13]. 
In addition, regular aerobic exercise can increase muscle 
fiber size in patients with CKD to an extent that is similar 
to that in age-matched reference subjects [14–17].

Despite recommendations for exercise-based therapy 
in patients with CKD, implementation of exercise pro-
grams as a standard treatment modality is limited. There 
are numerous barriers to participation in physical activ-
ity for persons with CKD that inhibit the adoption of a 
consistent exercise routine [18, 19], particularly those 

with end-stage renal disease who are undergoing MHD. 
These include lack of insurance reimbursement, lack of 
transportation, lack of accessible or affordable fitness fa-
cilities, and lack of appropriate equipment and knowl-
edgeable staff. In addition, personal issues unique to 
MHD that hinder participation in physical activity in-
clude lack of knowledge regarding appropriate exercise, 
lack of awareness of its benefits, and lack of energy or 
motivation. A major gap exists between research findings 
on the benefits of exercise and the clinical implementa-
tion of rehabilitation as a treatment modality in MHD 
patients.

A need exists for low-cost exercise programs that are 
relatively easy to administer and adhere to and that will 
form part of routine end-stage renal disease care. Home 
programs provide one such option. With delivery of an 
exercise program that can be conducted at home on a per-
sonalized schedule, compliance to the program may be 
optimized [20, 21]. Among patients with cardiovascular 
disease, home programs have been demonstrated to be as 
efficacious as traditional center-based programs in terms 
of physical function as well as reductions in hospitaliza-
tions and morbidity and mortality [22]. Moreover, adher-
ence has been demonstrated to be similar, and costs are 

Fig. 1. Study recruitment flowchart.
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lower for such programs [22–24]. We undertook the cur-
rent randomized trial in order to assess the impact of a 
home-based exercise program on detailed health metrics 
including cardiopulmonary exercise test responses, pul-
monary function, psychosocial health, strength, balance, 
and anthropometric measures in elderly end-stage renal 
disease patients undergoing MHD.

Materials and Methods

Subjects
Details of the study design and measurements have been pub-

lished previously [25] (clinical trials #NCT01990495). In brief, 
men and women aged 55–80 years with impaired exercise capacity 
(peak VO2 10–20 mL/kg/min) undergoing MHD for at least 3 
months with an average Kt/V ≥ 1.2 were eligible for the study. Pa-
tients with temporary vascular access, uncontrolled diabetes mel-
litus, active autoimmune disease, malignancy, severe obesity (BMI 
> 35), alcoholism or other recreational drug use, unstable cardiac 
disease (abnormal exercise test, angina, uncontrolled arrhythmias, 
or myocardial infarction within 3 months), peripheral vascular 
disease (claudication with exercise), those who were currently ac-
tive (>2 h/week of moderate intensity exercise), and those who had 
received anabolic, catabolic, or cytotoxic medications in the past  
3 months were excluded from participation. Subjects were re-
cruited from the Veterans Affairs Palo Alto Healthcare System 
(VAPAHCS), Stanford University Medical Center, and local Satel-

lite Dialysis Inc. clinics within 30–40 miles of the VAPAHCS and 
through local nephrologists. The study was approved by the Stan-
ford University Panel on Human Subjects (protocol #27400), and 
all subjects gave written informed consent.

Recruitment and Enrollment
Figure 1 summarizes potential participants from recruitment 

to randomization. We approached 287 potential subjects; 228 
(80%) declined to participate. Sixty patients signed consent forms. 
Among the 60 who were interested in participating, 29 (48%) were 
excluded, mostly for medical instability. Of the remaining 31 sub-
jects, one died and one became ill for reasons unrelated to the 
study. We randomized the remaining 29 participants; there was 1 
dropout, and 28 participants were included in the current analysis 
(21 males and 7 females). Table 1 provides demographic and clin-
ical characteristics of the participants in each group. Thirteen sub-
jects were randomized to the exercise intervention group and 15 
to usual care; the mean age of the sample was 66.2 ± 7.0 years. Eth-
nicity of the sample was as follows: 9 Asian, 6 Hispanic, 6 Cauca-
sian, 4 Pacific Islander, and 3 African American. Seventy percent 
of participants had type II diabetes, and all subjects had a history 
of hypertension. There were no differences between groups at 
baseline in terms of age, demographics, or clinical history, but 
forced vital capacity was higher in the usual care group. The mean 
peak VO2 (14.8 ± 3.2 mL/kg/min) of the sample represented 55% 
of the age-predicted value [26].

Cardiopulmonary Exercise Testing
Standardized medical examinations were performed prior to 

testing, and medications were continued as prescribed. Symp-

Table 1. Baseline demographic and clinical characteristics of the participants

Total (n = 28) EX (n = 13) UC (n = 15) p value*

Demographics
Age, years 66.3±6.9 66.3±7.6 66.2±6.7 0.96
BMI, kg/m2 28.7±4.0 28.4±3.4 29.0±4.6 0.70
Male, n 21 13 15 0.27
Peak VO2, mL/kg/min 14.8±3.2 14.5±3.3 15.1±3.3 0.61
FVC, L 2.51±0.95 1.98±0.53 2.95±1.0 0.01
FEV1, L 1.64±0.71 1.44±0.59 1.91±0.78 0.22
Kt/V 2.04±0.37 2.01±0.43 2.07±0.34 0.69
BUN, mg/dL 69.4±16.6 68.7±18.5 70.1±15.4 0.83
Creatine, mg/dL 9.70±2.2 11.1±2.2 8.6±1.6 0.001

Clinical history, n [%]
Hypertension 28 [100] 13 [100] 15 [100] 1.0
Type II DM 19 [67.9] 9 [69] 10 [66.7] 0.55
CAD 10 [35.7] 5 [38.5] 5 [33.3] 0.78
Stroke 6 [21.4] 3 [23] 3 [20] 0.50
Liver disease 4 [14.3] 1 [7.7] 3 [20] 0.35
Cancer 4 [14.3] 1 [7.7] 3 [20] 0.75
Duration of MHD, years 4.14±3.9 4.25±3.9 4.05±3.9 0.89

EX, exercise; UC, usual care; FVC, forced vital capacity; FEV1, forced expiratory volume, 1 s; DM, diabetes 
mellitus; CAD, coronary artery disease; MHD, maintenance hemodialysis; BUN, blood urea nitrogen. * p value 
between exercise and usual care groups.
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tom-limited exercise testing was performed using an individual-
ized ramp protocol. The protocol was individualized to fall with-
in the recommended 8- to 12-min range as previously described 
[27]. Most subjects performed exercise testing on a treadmill; a 
cycle ergometer was used for subjects who required additional 
stability. The same modality was used for pre- and posttesting for 
a given subject. In the absence of clinical indications for stopping, 
the tests were continued until volitional fatigue, and the Borg [28] 
6–20 perceived exertion scale was used to quantify effort. Exer-
cise capacity in metabolic equivalents (METs) was estimated 
from peak treadmill speed and grade [29]. Cardiopulmonary ex-
ercise testing (CPET) responses were obtained using a CosMed 
Quark CPET metabolic system (CosMed Inc., Rome, Italy). Min-
ute ventilation (VE), oxygen uptake (VO2), carbon dioxide pro-
duction (VCO2), and other cardiopulmonary exercise test vari-
ables were acquired breath by breath and reported in 10-s inter-
vals using rolling 30-s averages. The ventilatory threshold was 
determined by 2 blinded reviewers using standardized methods 
[30]. VE and VCO2 responses throughout exercise were used to 
calculate the VE/VCO2 slope via least squares linear regression  
(y = mx + b, m = slope) [31]. The oxygen uptake efficiency slope 
(OUES) was calculated using (VO2 [L/min] = m [log10VE] + b, 
where m = OUES). Percentage age-predicted peak VO2 was ex-
pressed using both the FRIEND [26] and Wasserman et al. [32] 
equations.

Because chronotropic incompetence has been associated with 
CKD [33], we also determined heart rate reserve (HRRes), defined 
as (peak heart rate − resting heart rate]; heart rate reserve as a per-
centage of peak (HRRes % peak) defined as (HRRes/peak heart  
rate × 100); and HRRes as a percentage of rest (HRRes % from rest) 
defined as (HRRes/resting heart rate × 100).

Body Composition
A whole-body dual X-ray absorptiometry scan was performed 

to assess total body lean mass and percent body fat. Either a CT or 
MRI was performed on the midthigh to determine thigh muscle 
mass and to calculate percentage of intramuscular fat.

Quality of Life
Participants completed a quality of life questionnaire (SF-36v2) 

[34] and kidney disease-specific quality of life survey (KDQOL) 
[35] to assess physical, psychological, and social areas of health. In 
addition, a battery of 5 cognitive tests was employed to assess cog-
nitive domains including visuospatial scanning, psychomotor 
speed, executive function, attention, verbal learning, memory, and 
verbal cognitive flexibility [36].

Other Functional Assessments
Strength was determined using leg extension 1 repetition max-

imum for lower body strength and chest press 1 repetition maxi-
mum for upper body strength. Maximal isometric strength was 
determined using a hand grip dynamometer. A 6-min walk test 
was performed in a corridor in accordance with the American 
Thoracic Society Guidelines [37]. A 1-min sit-to-stand (1STS) test 
was performed to measure balance and muscle power; this includ-
ed time to complete 5 repetitions and number of repetitions com-
pleted within 1 min [38]. Standard pulmonary function tests, in-
cluding forced vital capacity (FVC) and forced expiratory volume 
in 1 s (FEV1), were performed.

Exercise Intervention
Participants randomized to the exercise group underwent a 12-

week individualized home-based exercise program. Following 1–3 
hospital outpatient-based supervised sessions, the exercise pro-
grams were performed at home. Participants were given hand-held 
weights and Thera-bands in accordance with their capabilities and 
portable cycle ergometers for home use. Subjects were instructed to 
strictly adhere to their exercise prescriptions and encouraged to per-
form a combination of continuous aerobic activities and resistance 
exercise for a minimum of 45 min per day. Daily activity logs were 
used to record intensity and duration of activities along with steps 
and heart rate using a wearable device. Exercise intensity was tar-
geted to achieve 70–80% of HR reserve and 12–14 on the Borg [28] 
perceived exertion scale. Participants received a weekly follow-up 
phone call by a study coordinator to ensure stability and compliance 
and to modify the exercise prescription as appropriate. Subjects ran-
domized to the usual care group received standard clinical care.

Statistics
Variables are presented as mean ± SD. Demographic and clinical 

variables at baseline between groups were compared using unpaired 
t tests for continuous variables and χ2 tests for categorical variables. 
Differences between groups before and after 12 weeks were com-
pared using multivariate ANOVA, with group and test as factors. 
Post hoc tests were performed using the Bonferroni method.

Results

All 28 participants completed the baseline and 12-
week procedures. There were no adverse events in either 
group related to testing or training. During CPET, both 
groups achieved maximal exercise perceived exertion val-
ues ≈19 and respiratory exchange ratios ≥1.0, suggesting 
maximal efforts were generally achieved.

Functional Tests, Body Composition, and Health 
Status
Table 2 shows comparisons between groups for func-

tional tests, strength, pulmonary function, and body 
composition. While the exercise group generally im-
proved their performance on functional and strength 
evaluations and the usual care group was generally un-
changed, the differences between groups were not signif-
icant. Body composition indices were not different be-
tween groups. Both FEV1 and FVC tended to improve in 
the exercise group after the training period (by 20 and 
28%; p = 0.53 and 0.07 between groups, respectively).

Cardiopulmonary Exercise Testing
CPET results at the ventilatory threshold and peak ex-

ercise are presented in Tables 3 and 4, respectively. At the 
ventilatory threshold, VO2 increased slightly in the exer-
cise group and was reduced among usual care subjects, 
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but the interaction between groups was not significant  
(p = 0.12). Exercise time, minute ventilation, VCO2, and 
estimated METs were significantly higher in the exercise 
group versus usual care subjects at the ventilatory thresh-
old. At peak exercise, VO2 improved in the exercise group 

(p = 0.01 between groups), and similar improvements 
were observed for estimated METs, exercise time, ventila-
tion, and peak METs expressed as an age-predicted value. 
No differences between groups were observed for chang-
es in ventilatory inefficiency (VE/VCO2 slope and OUES).

Table 2. Functional, strength, pulmonary function, and body composition measures at baseline and 12 weeks

Usual care (n = 15) Exercise (n = 13) p valueⱡ

baseline 12 weeks baseline 12 weeks

Functional tests
1STS (repetition, n) 17.8±8.1 18.2±7.5 19.0±8.7 23.8±6.8 0.30
% predicted value, 1STS 55.5±18.2 53.2±22.4 54.6±25.6 68.9±23.7 0.18
STS duration 5 repetitions, s 15.4±5.4 16.9±10.1 14.2±3.9 12.4±4.4 0.37
6MWT, m 313.2±64.8 322.9±51.6 333.2±79.6 355.8±73.0 0.72
% predicted value, 6MWT 65.8±13.3 67.3±11.4 71.8±15.6 76.7±13.7 0.63

Strength
Hand grip 53.1±16.4 48.0±17.7 54.2±15.4 54.2±14.3 0.54
% predicted value, hand grip 68.3±15.6 61.4±17.6 68.0±18.3 68.8±19.4 0.42
Upper body strength, lbs 59.3±30.8 59.3±30.6 69.3±27.6 74.4±29.5 0.75
Lower body strength, lbs 70.0±25.8 71.1±26.1 71.4±22.5 82.7±27.4 0.46

Pulmonary function
FVC 2.96±1.0 2.60±0.83 1.98±0.53 2.54±0.74 0.07
FEV1 1.82±0.78 1.87±0.71 1.44±0.59 1.73±0.46 0.53

Body composition
Total leg mass, kg 24.3±4.4 24.0±4.5 22.6±3.8 22.3±4.1 0.98
Total body mass, kg 80.6±14.0 79.5±14.4 79.2±14.6 77.3±16.2 0.92
Total body fat, % 37.0±6.6 37.7±6.7 35.0±7.1 34.1±8.4 0.67
% predicted value, body fat 133.1±18.3 135.0±17.3 133.3±24.9 130.2±29.0 0.69

6MWT, 6-min walk test; 1STS, 1-min sit-to-stand test; FVC, forced vital capacity; FEV1, forced expiratory 
volume, 1 s. ⱡ p value for interaction between groups.

Table 3. Cardiopulmonary exercise test responses at the ventilatory threshold

Usual care Exercise p valueⱡ

baseline 12 weeks baseline 12 weeks

VO2, mL/Kg/min 10.8±2.9 10.5±2.5 10.7±3.0 11.8±2.8 0.12
VO2, mL/min 875.5±296.7 849.9±250.3 817.8±181.7 920.4±262.4 0.09
VCO2, mL/min 730.8±268.8 656.7±157.1 676.8±205.6 779.2±274.1 <0.05
HR, beats/min 77.7±12.5 80.7±13.2 92.0±12.4 87.1±13.2 0.07
HR, % predicted 50.3±8.4 52.4±9.3 59.9±8.7 56.9±9.3 0.07
VE, L/min 24.3±8.7 22.5±6.2 23.0±7.6 27.0±10.6 0.02
RER 0.84±0.09 0.79±0.07 0.82±0.07 0.84±0.09 0.01
Time to VT, s 200.9±109.1 179.1±68.5* 238.0±107.0 334.7±112.2* <0.01
Measured METs 3.1±0.8 3.0±0.7 3.0±0.9 3.3±0.8 0.20
Estimated METs 3.0±0.8 2.9±0.7 3.1±0.9 3.6±1.1* 0.04
RPE 12.4±3.5 10.9±2.5 11.5±3.0 11.3±2.5 0.32

HR, heart rate; VCO2, carbon dioxide production; VE, minute ventilation; VT, ventilatory threshold; RER, 
respiratory exchange ratio; METs, metabolic equivalents; RPE, rating of perceived exertion. ⱡ p value for interac-
tion between groups. * p < 0.05 within group.
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Chronotropic Responses to Exercise
Heart rate parameters during exercise and recovery 

are shown in Table 5. Both groups had chronotropic in-
competence, achieving between 60 and 70% of their age-
predicted maximal heart rates. The chronotropic re-

sponse improved in the exercise group; heart rate reserve 
was greater expressed as either HRRes (% peak) or HRRes 
(% from rest) (p < 0.05 between groups). Heart rate recov-
ery at 5 min was higher in the exercise group after the 
training period (p < 0.001 within group).

Table 4. Cardiopulmonary exercise test responses at peak exercise

Usual care Exercise p valueⱡ

baseline 12 weeks baseline 12 weeks

VO2, mL/Kg/min 15.1±3.3 14.8±3.8 14.5±3.3 16.2±3.6** 0.01
VO2, mL/min 1,224.1±338.2 1,197.5±352.4 1,134.8±228.6 1,270.7±287.1** 0.02
VO2% Wasserman 65.3±17.8 62.7±16.2 55.6±16.5 61.3±14.9 0.10
VO2% FRIEND 59.6±15.2 57.9±14.3 51.2±12.5 56.6±13.8 0.35
VCO2 peak, mL/min 1,273.5±396.2 1,195.4±374.1 1,185.1±340.8 1,348.0±316.1** <0.01
METs 4.3±0.9 4.2±1.1 4.1±0.9 4.6±1.0** 0.02
% age pred METs 60.0±22.8 54.8±23.5 59.8±28.5 68.5±21.8 0.02
VE, L/min 44.4±13.4 41.1±12.7 42.3±14.7 49.7±14.8** <0.001
BF, breaths/min 29.7±7.7 28.9±7.2 35.9±6.7 36.5±5.8 0.31
O2 pulse 13.2±3.9 13.3±4.2 10.8±1.6 11.9±2.0 0.57
RER 1.04±0.09 1.00±0.08 1.03±0.13 1.06±0.11 0.07
Exercise time, s 466.1±165.4 443.7±162.7* 504.9±185.1 688.5±210.4** <0.001
Estimated METs 4.5±1.5 4.4±1.8 4.8±2.0 5.5±1.8** 0.02
RPE (Borg) 18.7±1.0 19.1±1.1 18.8±1.3 19.2±1.1 0.99
VE/VCO2 slope 33.7±7.7 33.4±6.5 35.3±7.5 36.3±7.1 0.51
OUES 1.52±0.50 1.50±0.46 1.39±26 1.48±0.46 0.63

VE, minute ventilation; RER, respiratory exchange ratio; RPE, rating of perceived exertion; METs, metabolic 
equivalents; % age pred METS, percentage age-predicted METs; VO2% Wasserman, percentage age-predicted 
peak VO2 achieved using the Wasserman equation; VO2% FRIEND, age-predicted peak VO2 achieved using the 
FRIEND equation; OUES, oxygen uptake efficiency slope. ⱡ p value for interaction between groups. * p < 0.05 
within group. ** p < 0.001 within group.

Table 5. Heart rate parameters during exercise and recovery

Parameter Usual care Exercise p valueⱡ

baseline 12 weeks baseline 12 weeks

Resting HR 65.0±8.8 69.3±10.0 73.3±7.1 69.4±7.9 0.08
Peak HR 93.6±13.2 96.9±14.6 107.2±18.9 108.2±19.4 0.58
Peak HR, % predicted 61.0±9.0 63.4±10.4 70.0±13.4 70.8±13.5 0.58
HRRes, beats 28.6±11.7 27.6±12.4 33.9±17.2 38.8±18.5 0.11
HRRes, % peak 29.8±9.7 27.8±10.0 30.1±11.1 34.1±12.6 <0.05
HRRes, % from rest 45.1±20.2 41.1±20.3 46.6±23.8 56.6±28.8 0.02
HR 5 min 69.9±8.1 74.2±10.4 84.1±9.6 80.0±10.4 0.11
HR recovery 1 min 7.1±10.9 10.0±10.1 10.5±8.7 12.3±7.1 0.83
HR recovery 2 min 15.3±11.2 17.7±11.1 14.9±9.1 20.1±9.8 0.62
HR recovery 5 min 23.7±11.2 22.7±9.3 23.1±11.8 34.3±20.7** 0.10

HR, heart rate; HRRes, heart rate reserve; HRRes (% peak), heart rate reserve as a percentage of peak; HRRes 
(% from rest), heart rate reserve as a percentage of rest; HR 5 min, heart rate at a matched 5-min work rate.  
ⱡ p value reflects main effect between groups. ** p < 0.001 within group (LSD).
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QoL and Cognition
Trends for improvements in each of the KDQOL 

scores in the exercise group were observed, and exercise 
participants demonstrated within-group differences for 
symptoms and effects, but there were no between-group 
differences. The exercise group tended to improve each 
of the domains of the SF-36 (in the order of 20–30%), but 
only general health improved significantly in the exercise 
group relative to usual care (p = 0.02). No differences 
were observed in measures of cognition between groups.

Discussion

In recent decades, the health benefits of regular physi-
cal activity have been extended beyond treatment of car-
diovascular disease to include a broad spectrum of chron-
ic conditions, including those related to pulmonary dis-
ease, diabetes, neurologic conditions, cognitive decline, 
arthritis, osteoporosis, musculoskeletal disorders, and 
kidney disease [39–42]. In fact, the recently published US 
Health and Human Services (HHS) Guideline Advisory 
Committee Report on Physical Activity [42] outlines >20 
chronic conditions for which regular physical activity is 
known to have beneficial effects. However, beyond the 
confines of a clinical research trial, patients with CKD 
rarely receive the benefits of regular exercise, particularly 
those on MHD [19, 43]. This is due to the combination of 
a lack of appreciation for the benefits of exercise by the 
medical community, lack of insurance reimbursement, 
and lack of accessibility to fitness facilities due in part to 
reduced mobility and difficulties with transportation. 
While intradialytic exercise has been proposed as one so-
lution [44], its application has been limited because it re-
quires additional effort from clinical staff and is not reim-
bursable. Thus, despite its potential benefits, systematic 
integration of physical activity into routine clinical prac-
tice among patients with CKD is lacking.

The home-based, case-managed approach employed 
in the current study was designed to overcome some of 
these barriers. We observed significant improvements in 
peak VO2, exercise time, and other markers of the train-
ing response including a delay in the ventilatory thresh-
old. While these changes were relatively modest, they are 
typical of other studies in CKD [45] and have a poten-
tially important impact on health outcomes. A growing 
number of studies have reported that, much like conven-
tional cardiac rehabilitation programs, exercise programs 
in patients with CKD are associated with better long-term 
outcomes, including morbidity and mortality [46, 47]. 

Peak VO2 powerfully predicts survival in CKD [48], and 
a 1-MET increase in exercise capacity, similar to that ob-
served in the current study, has been associated with 10–
25% reductions in mortality broadly across clinical popu-
lations [40, 41]. Greenwood et al. [46] recently reported 
that among 757 CKD patients who responded favorably 
to an exercise program (defined as a >50-m improvement 
in a shuttle walk test), there was a 40% lower risk of com-
posite adverse events over 3 years. Torino et al. [49] ob-
served that an increase in 6MWT performance of just 20 
m (similar to the current study) was associated with a 6% 
reduction in risk for the composite endpoint of cardio-
vascular events, hospitalizations, and death in MHD pa-
tients. Among >900 patients with CKD followed for a 
mean of 7 years in the National Health and Nutrition Ex-
amination Survey, inactive subjects had a 56% higher in-
cidence of mortality compared to subjects who met the 
minimal HHS guidelines for physical activity [50]. We 
recently reported that veterans with comparatively low 
cardiorespiratory fitness (<5 METs) had a markedly 
higher risk of developing CKD over 11 years [51]. Col-
lectively, these studies underscore the importance of in-
corporating physical activity into the routine manage-
ment of patients with CKD.

We did not observe differences in strength or body 
composition (Table 2). Previous trials that have focused 
on supervised resistance training in patients with CKD 
have generally reported improvements in strength, al-
though some studies have reported no change [52, 53]. 
Hiraki et al. [21] reported modest improvements in hand 
grip and knee extension strength in predialysis CKD sub-
jects after 1 year of home-based training. Conversely, Bae 
et al. [54] reported no differences after 12 weeks of super-
vised training in muscle mass, body fat mass, fat percent-
age, BMI, and knee extension peak torque and flexion in 
a group of MHD patients, findings consistent with ours. 
In a recent meta-analysis on home-based exercise in the 
elderly by Thiebaud et al. [55], studies with greater super-
vision had more significant gains in strength when com-
pared to unsupervised subjects, but these gains were gen-
erally small. In a meta-analysis that included 445 subjects 
with CKD, Pei et al. [56] reported that the 1STS score (a 
surrogate for lower body strength) was not altered by aer-
obic training, exercise intensity or length of the interven-
tion. These studies and the current results suggest that the 
type of exercise therapy that would result in gains in 
strength or muscle mass may require greater supervision 
than is generally possible from home-based exercise.

MHD patients have impaired pulmonary function that 
contributes to functional limitations and mortality [57–
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59]. We recently observed that FEV1 was closely associ-
ated with indices of physical function in patients on MHD, 
and in a multivariate model, FEV1 was one of the 3 sig-
nificant predictors of peak VO2 [57]. Potential mecha-
nisms that may explain impaired respiratory function in 
patients undergoing MHD include not only reduced re-
spiratory muscle strength but also volume overload caus-
ing lung congestion and chronic inflammation underly-
ing telomere shortening, which has been shown to lead to 
senescence of lung alveolar and endothelial cells [60, 61]. 
Regular exercise has been shown to reduce the decline in 
pulmonary function in CKD [21, 59]; in particular, studies 
designed specifically to strengthen the respiratory muscles 
have reported improved respiratory muscle strength and 
pulmonary function [59, 62–64]. Pomidori et al. [65] re-
ported improvements in respiratory muscle strength after 
a 6-month home walking program in MHD subjects, but 
no changes in FVC or FEV1. We observed a 28% improve-
ment in FVC in the exercise group, a change with border-
line significance (p = 0.07 between groups), and a change 
in FEV1 (20%) that was larger than several previous stud-
ies with larger numbers in which these differences were 
significant [59, 63]. These mixed findings suggest the need 
for additional controlled trials to clarify the impact and 
type of training on pulmonary performance in CKD.

Patients with CKD are known to have chronotropic 
incompetence [66], and uremia appears to contribute to 
autonomic dysfunction [66, 67]. We therefore explored 
the impact of exercise training on heart rate behavior dur-
ing exercise and recovery (Table 5). Notably, all subjects 
in the current study exhibited chronotropic incompe-
tence, even when defined considering the presence of beta 
blockade [68] (75% of our subjects were on β-blockers). 
Heart rate reserve, a reflection of chronotropic incompe-
tence, significantly improved after training when ex-
pressed both as a percentage of peak and a percentage 
change from rest. It is also notable that nearly all of our 
subjects had impaired heart rate recovery, defined by ei-
ther the commonly used threshold of <12 beats at 1-min 
postexercise [68] or 22 beats at 2-min postexercise that we 
have previously reported to be an optimal threshold for 
all-cause mortality in veteran subjects [69]. The modest 
improvements in both the chronotropic response to ex-
ercise and recovery from exercise suggest the potential for 
exercise training to improve autonomic function reflect-
ed by baroreflex insensitivity, reduced parasympathetic 
drive, or both. These factors are strongly associated with 
mortality in a broad spectrum of chronic disease popula-
tions [69] and suggest additional support for exercise 
therapy in CKD.

Reduced physical function in CKD is associated with 
poor health-related quality of life (HRQL), and strategies 
to improve HRQL were recently identified as important 
research priorities for patients with CKD and their care-
givers [70, 71]. While there is evidence that exercise pro-
grams improve HRQL in CKD, this has not been a con-
sistent finding [72]. We employed the widely used SF-36 
[34] and kidney disease-specific KDQOL [35] to assess 
physical and psychosocial areas of health. We observed 
general trends for improvement among exercise partici-
pants in the various domains of the SF-36, particularly 
physical functioning, role physical and role emotional, 
and a significant change in general health (p = 0.02), along 
with several within-group differences after exercise train-
ing. Similarly, each of the 5 domains of the KDQOL tend-
ed to improve following the exercise intervention al-
though there were no significant interactions between 
groups. This is consistent with results from the recently 
completed Exercise Introduction to Enhance Perfor-
mance in Dialysis (EXITE) trial [73], a large, randomized, 
multicenter trial to test whether a simple, personalized 
6-month home-walking program improved functional 
status among MHD patients. Only 2 items on the KDQOL-
SF, cognitive function and quality of social interaction, 
showed a statistically significant improvement in the ex-
ercise group relative to usual care, while the other 17 com-
ponents of QoL did not differ. In a meta-analysis of 21 
studies by Barcellos et al. [8], only 5 of 21 studies showed 
an improvement in the physical component score of the 
SF-36 following exercise training with a mean change of 
≈10%. While we did not find a significant change in the 
physical component score of the SF-36 in the current 
study, it is notable that it improved by 43% in the exercise 
group.

Finally, we did not observe a significant effect of train-
ing on cognitive function. A growing number of studies 
have demonstrated that patients with CKD commonly 
have some degree of cognitive impairment and that kid-
ney dysfunction is associated with a more rapid decline in 
mental function than that in age-matched peers [74–76]. 
Previous studies have also demonstrated that regular ex-
ercise generally has a favorable impact on cognitive func-
tion in patients with CKD [77]. Mechanisms suggested 
for these favorable effects of exercise on cognition include 
improved cerebral blood flow, increased brain volume in 
the prefrontal cortex and hippocampus, higher brain-de-
rived neurotrophic factor, increases in angiogenesis, neu-
rogenesis, and synaptogenesis, and reductions in inflam-
matory markers resulting in improved brain plasticity 
and executive function [76, 77]. Many of these programs 
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involved longer interventions than the 3 months in the 
current study and some, particularly those among MHD 
subjects, involved a combination of cognitive training 
and exercise.

Limitations
Our study lacked sufficient numbers to detect signifi-

cant differences in many of the functional and QoL indi-
ces assessed. Nevertheless, the analysis was comprehen-
sive; in addition to exercise capacity, we assessed a broad 
spectrum of physical function indices including strength, 
body composition, HRQL, and cognition. The exercise 
intervention was relatively short in duration, and a longer 
intervention may be required to elicit more complete 
changes in physical, psychosocial, or cognitive function. 
The home-based approach may have elicited too moder-
ate an exercise stimulus, although other studies have ob-
served adaptations that were similar to the current study 
using home-based or supervised programs, at least in 
terms of fitness [78]. Finally, there were a relatively small 
number of subjects enrolled relative to the number 
screened (Fig. 1); thus, the sample may not be representa-
tive of the larger hemodialysis population. The most 
common reason for declining to participate was lack of 
motivation to commit to the study.

Conclusions

A 12-week home-based exercise program resulted in 
modest improvements in physical function, exercise ca-
pacity, chronotropic responses to exercise, pulmonary 
function, and HRQL. A higher intensity of exercise, lon-
ger duration, or larger sample size may be required to 

more definitively demonstrate the benefits of home-
based exercise in MHD. Nevertheless, these findings sup-
port the concept that home-based programs that include 
case management offer an alternative for the large pro-
portion of MHD patients who are unable to participate in 
traditional supervised programs or do not have access to 
exercise facilities.
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