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Abstract
Background and objectives In the EXerCise Introduction to Enhance Performance in Dialysis (EXCITE) trial, a
simple, personalized 6-month walking exercise program at home during the day off of dialysis improved the
functional status and the risk for hospitalization in patients with kidney failure. In this post-trial observational
study, we tested whether the same intervention was associated with a lower long-term risk of death or
hospitalization (combined end point) during a follow-up extended up to 36 months.

Design, setting, participants, & measurements In total, 227 patients (exercise, n5104; control, n5123) completed
the 6-month trial and entered the post-trial observational study. Data were analyzed by unadjusted and adjusted
Cox regression analyses and Bayesian analysis.

Results In the long-term observation (up to 36 months), 134 events were recorded (eight deaths not preceded by
hospitalization and 126 hospitalizations, which were followed by death in 38 cases). The long-term risk for
hospitalization or death was 29% lower (hazard ratio, 0.71; 95% confidence interval, 0.50 to 1.00), and in an
analysis stratified by adherence to the walking exercise program during the 6-month trial, the subgroup with
high adherence (.60% of prescribed sessions) had a 45% lower risk as compared with the control group (hazard
ratio, 0.55; 95% confidence interval, 0.35 to 0.87). A Bayesian analysis showed that the posterior probability of a
hazard ratio of 0.71 (95% confidence interval, 0.50 to 1.00) for the risk of the composite outcome observed in the
post-trial observational study was 93% under the conservative prior and 97% under the optimistic prior.
Sensitivity analyses restricted to the risk of hospitalization only or censoring patients at the time of
transplantation fully confirmed these findings.

Conclusions A simple, personalized, home-based, low-intensity exercise program was associated with a lower
risk of hospitalization.

Clinical Trial registry name and registration number: EXerCise Introduction to Enhance Performance in Dialysis
(EXCITE), NCT01255969

CJASN 17: 1176–1182, 2022. doi: https://doi.org/10.2215/CJN.03160322

Introduction
Physical performance is notoriously compromised in
patients with kidney failure and patients maintained
on long-term dialysis (1–3), and decreased physical
activity has been implicated in the high risk of death
(4), hospitalization (5,6), and other adverse health
outcomes (7–10) in this population, including left ven-
tricular hypertrophy (11). Over the last two decades,
several clinical studies in patients with kidney failure
have been performed, and two meta-analyses docu-
mented the effectiveness of various exercise programs
for improving physical performance in these patients
(10,12). Furthermore, another meta-analysis showed
that aerobic exercise improves several hemodialysis-
related symptoms, including restless legs syndrome,
depression, muscle cramps, and fatigue (13). However,

until now, there was no evidence that these programs,
walking exercise in particular, may have a favorable
effect on major clinical outcomes and on the risk for
hospitalization. A trial that tested a 6-month interven-
tion on the basis of intradialysis cycling (14) showed
that this exercise may reduce health care costs during
the year following the trial.
In the EXerCise Introduction to Enhance Performance

in Dialysis (EXCITE) study (15), the largest randomized
clinical trial on physical exercise in this population (16),
we found that a 6-month simple, personalized, home-
based, low-intensity training program improves physical
performance in these patients. Furthermore, in a per-
protocol analysis, we found that the risk of hospitaliza-
tion, a secondary end point of the same trial, was 54%
lower in the exercise arm than in the control arm (15).
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Because the beneficial effects of physical exercise may
persist for several years after the reduction or the interrup-
tion of exercise (17), we hypothesized that the 6-month
training program applied in the EXCITE trial could pro-
duce benefits beyond 6 months, including a favorable trend
in the risk of hospitalization. In this post-trial study, we
therefore examined the long-term (36-month) effects of the
walking exercise program versus standard care on the risk
for hospitalization and death in patients who completed
the 6-month EXCITE trial.

Materials and Methods
The EXCITE trial was a multicenter, prospective, ran-

domized, parallel-group trial of a home-based exercise pro-
gram compared with a control arm in patients on dialysis
conducted between November 2009 and February 2011 at
13 nephrology units (six academic) in Italy. The detailed
design of the trial, the baseline characteristics, the inclusion
and the exclusion criteria, and the main results of EXCITE
were published in 2017 (15). Long-term hospitalization and
mortality were prespecified secondary outcome measures
of the EXCITE trial.

The Exercise Intervention
The intervention in the EXCITE trial consisted of a walking

exercise home program supervised by a central rehabilitation
team. This intervention, reported in detail in ref. 15, is briefly
described in Supplemental Material and Supplemental Table
1. Adherence to the physical exercise program was prespeci-
fied as adherence to .60% of exercise sessions (high adher-
ence) during the first 6 months of the trial (11).

Post-Trial Observation
After the end of the 6-month trial, patients randomized to

the active arm of EXCITE were advised to perform just one
walking session of 10 minutes at self-selected speed without
using the metronome three times per week during the dialysis
interval up to the 18th month (unstructured part of the exer-
cise program). Thereafter, up to 36 months, they were given
just generic advice to maintain an active lifestyle, like the
patients in the control group. A training diary was provided
to each patient to register their walking sessions up to the 18th
month. Total walked sessions were collected for the active
group from baseline to the 18th month but not thereafter.

Outcome Measures
After the end of the trial, we continued to systematically

collect follow-up information on mortality and hospitaliza-
tion in all patients who completed the EXCITE trial. Death
was ascertained by death certificates and by direct informa-
tion obtained from the families of deceased patients who
were systematically contacted (no missing contact). Causes
of hospitalization were established on the basis of hospital
codes that were transformed into the corresponding diag-
noses reported in Table 1.
The secondary analysis applied in the 6-month trial (15)

focused solely on the risk of hospitalization because patients
who entered the per-protocol analysis had to have com-
pleted the 6-month training program (i.e., had to survive
the first 6 months). In this observational post-trial analysis

in patients who completed the 6-month training program,
46 deaths occurred, 38 after the first hospitalization. In order
to prevent the competing risk of death for hospitalization in
this extension of the initial per-protocol analysis, we there-
fore adopted a composite end point combining these two
outcomes.

Statistical Analyses
Data are expressed as mean and SD (normally distributed

data), median and interquartile range (non-normally distrib-
uted data), or percentage frequency (binary data), and com-
parisons between groups were performed by t test (normally
distributed data), Mann–Whitney U test (non-normally dis-
tributed data), or chi-squared test (binary data), as appropri-
ate. We calculated Kaplan–Meier product limit estimates and
compared death and hospitalization-free survival curves
using the log-rank test. We calculated relative hazards
according to adherence and 95% confidence intervals (95%
CIs) using proportional hazards (Cox) regression. Analyses
were also adjusted for risk factors that differed among the
study arms with a P value 50.20 (Table 2). Missing values
were ,5% for all variables, except for serum cholesterol
(17%). Missing values were replaced with the correspond-
ing mean value. In survival analyses, the proportionality
assumption of the effect of the allocation arm as well as of
the degree of adherence to physical exercise was tested by
the analysis of Schoenfeld residuals, and no violation was
found. All biologically plausible effect modifications and
interactions were tested, and no significant effects were
found.

Bayesian Analyses
Because of random error, results reaching statistical sig-

nificance in relatively small trials tend to inflate the true

Table 1. Causes of hospitalization in patients who completed
the 6-month trial (104 in the exercise arm and 123 in the con-
trol arm) and participated in this post-trial study extending the
observation up to 36 months

Hospitalizations Exercise
Group

Control
Group

Infection
Gastrointestinal 5 10
Bronchopulmonary 1 3
Systemic sepsis 1 2
Other 2 3

Cardiovascular
Coronary heart disease (angina and/or

myocardial infarction)
6 6

Heart failure 5 6
Atrial fibrillation and other severe

forms of arrythmia
4 6

Peripheral vascular disease 1 4
Cerebrovascular events 1 3
Vascular access–related complications 9 11
Unexplained syncope 0 1

Neurologic
Seizures 0 3
Severe vertigo 0 1

Surgical interventions (various causes) 4 7
Hemorrhage 3 0
Bone fracture 2 3
Other 6 7
Total 50 76
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effect of a certain treatment (18); we performed a Bayesian
analysis to better assess the uncertainty of the results of
this secondary analysis under two prior distributions, in
which a specific hazard ratio (HR) is given as unlikely or
highly likely to occur. The HR that we used to generate the
two prior distributions was the HR registered in the pri-
mary analysis of the EXCITE trial (HR [active versus con-
trol] 5 0.46) (15). The posterior distributions of the HR
were simulated by Monte Carlo Markov chains to describe
the implications of the trial result under each prior assump-
tion. We considered a conservative prior to represent a
perspective that assumes a 54% hazard rate reduction of
hospitalization/death in the active versus the control arm
(i.e., a HR of 0.46) and attributes a relatively small probabil-
ity (5%) to occur to such an effect. We also considered an
enthusiastic prior by attributing a relatively high probabil-
ity (80%) to the same effect.
Data analysis was performed by using a standard statisti-

cal package (SPSS for Windows, version 22; IBM SPSS,

Chicago, IL) as well as with R 3.0.1 and the STATA statisti-
cal package (version 13).

Results
Between November 2009 and February 2011 among 714

patients, 296 in nine centers (60% of the eligible patients, 41%
of the total population) were randomized to walking exercise
(n5151) or usual care and normal physical activity (n5145).
The original trial population and the reasons for nonpartici-
pation and exit from the trial are detailed in the main paper
reporting the main results of the EXCITE trial (15), and the
CONSORT diagram of the trial is presented in Supplemental
Figure 1. As described in Supplemental Figure 1, 104 patients
in the active arm (hemodialysis, n590; continuous ambula-
tory peritoneal dialysis [CAPD], n514) and 123 patients in
the control arm (hemodialysis, n5102; CAPD, n521) com-
pleted the 6-month trial. The 47 patients in the exercise arm
who dropped out during the 6-month trial did not differ
from the 104 patients in the same group who completed the
trial (Supplemental Table 2). Similarly, the 104 patients of the
active arm did not differ from the 123 patients of the control
group who were included in this long-term study (Table 2).

Complete information on survival and hospitalization
was obtained in all patients who participated in this long-
term, 36-month extended follow-up, including hospitaliza-
tions during the first 6 months.

Adherence to the Exercise Program
In total, 227 patients completed the 6-month trial: 104 in the

exercise arm and 123 in the control arm. The average number
of training sessions performed by patients in the exercise arm
was 1196103 (range, 7–336), corresponding to 83% of the 144
prescribed sessions. Forty-six patients exceeded the number
of prescribed sessions because they also did extra sessions on
the dialysis days, whereas 29 performed just the minimal
amount (,10%) of the prescribed sessions. The level of adher-
ence to the exercise program was high (60% of prescribed ses-
sions) for 55 patients and low (,60%) for 49 of them.

During the post-trial observation from 6 to 18 months, 31
patients (30% of those in the exercise arm) performed
9.665.2 sessions per month over the same period, whereas
the remaining patients of the same arm did not perform
any exercise. The 55 patients who were highly adherent
during the 6-month trial performed more training sessions
from the sixth to the 18th month post-trial (median, 184 ses-
sions; interquartile range, 0–418) as compared with the 49
patients with low adherence, among whom only two
patients performed a limited number of training sessions
(26 and 44, respectively). A breakdown of high- and low-
adherence patients is presented in Supplemental Table 3.
As described in Materials and Methods, no specific recom-
mendation for exercise was given beyond the 18th month
in either group, and both patients originally allocated into
the active arm and those in the control arm were given just
generic advice to maintain an active lifestyle.

Observational Analysis Extended to 36 Months in Patients
Who Completed the 6-Month Trial

Cumulative Incidence of the Combined End Point. As
previously reported (15), among patients who completed

Table 2. Demographic, clinical, and biochemical data of
patients who completed the 6-month trial and participated in
the observational study extended up to 36 months

Characteristics Active Arm,
n5104

Control Arm,
n5123

Age, yr 63613 64614
Men, N (%) 67 (64) 84 (68)
Hemodialysis/

CAPD, n
90/14 102/21

BMI, kg/m2 2664 2766
Smoking, N 18 (18) 22 (19)
Diabetes, N 19 (18) 21 (18)
BP systolic/diastolic,

mm Hg
132618/72610 127618/71612

Total cholesterol,
mg/dl

164639 166639

Hemoglobin, g/dl 1161 1162
Albumin, g/dl 3.960.4 3.860.5
Phosphate, mg/dl 4.961.5 4.861.4
Kt/V HD 1.4260.25 1.4360.30
Kt/V CAPD 1.9660.29 1.8060.60
Myocardial

infarction, N (%)
16 (15) 21 (17)

Stroke/transient
ischemic attack, %

8 (8) 17 (14)

Anginal episodes, % 12 (11) 16 (13)
Arrhythmia, % 13 (12) 9 (7)
Heart failure, % 18 (17) 29 (24)
Peripheral vascular

disease, %
7 (7) 15 (12)

History of neoplasia, % 22 (22) 22 (18)
Antihypertensive

therapy, %
76 (77) 82 (70)

NYHA class, %
1 37 (37) 40 (33)
2 16 (16) 19 (16)
3–4 5 (5) 12 (10)

Ambulation
Assisted 4 (4) 3 (2)
Independent 100 (96) 118 (98)

CAPD, continuous ambulatory peritoneal dialysis; BMI, body
mass index; HD, hemodialysis; NYHA, New York Heart
Association class.
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the 6-month trial, ten patients in the active arm and 18 in
the control arm were hospitalized. In this post-trial analysis
extended up to the 36th month (i.e., 30 months after the
end of the trial), 50 patients in the active arm and 76
patients in the control arm were hospitalized, whereas 46
patients died, 38 of whom died after the first hospitaliza-
tion. Ten patients in the active arm and 14 in the control
arm underwent kidney transplantation. The cumulative
incidence of the combined end point (i.e., hospitalization
and death) of the extended (from the study start to the 36th
month) per-protocol analysis was 29% lower (HR, 0.71;
95% CI, 0.50 to 1.00; P50.06) in the active arm than in the
control arm (Figure 1), and data adjustment for baseline
variables that differed among the two study arms with a
P value of 0.20, namely systolic BP, past cerebrovascular
events, peripheral vascular disease, and arrhythmia (Table 2),
did not modify the HR (adjusted HR, 0.69; 95% CI, 0.48 to
0.98; P50.04).
Mortality, Analyses Restricted to Hospitalization, and

Causes of Hospitalization. There was no difference in
mortality among the two study arms (exercise arm: five
deaths; control arm: three deaths; P50.34), and an analysis
restricted to hospitalization (Supplemental Table 4) con-
firmed a significant reduction in the risk for this event. The
causes of hospitalization in the two groups are reported in
Table 1. Hospitalizations due to infections (exercise group,
n59; control group, n518) and cardiovascular diseases
(exercise group, n526; control group, n537) were the main
causes driving the difference among the two arms. An
analysis focusing on the relationship between the adher-
ence to the prescribed physical exercise during the 6-month
trial and the long-term (up to the 36th month) risk for the
combined outcome (Figure 1) showed that patients with
high adherence (.60% of training sessions) had a 45%
lower risk as compared with patients in the control arm
(HR, 0.55; 95% CI, 0.35 to 0.87; P50.01), whereas no differ-
ence was observed between patients with low adherence

and those in the control group (HR, 0.91; 95% CI, 0.60 to
1.38; P50.67). The risk reduction in the high-adherence arm
versus the control arm was confirmed in an adjusted analy-
sis (HR, 0.51; 95% CI, 0.31 to 0.82; P50.005), and this was
also true in an analysis restricted to the risk of hospitaliza-
tion (Supplemental Table 4). Finally, an analysis censoring
patients at the time of transplantation fully confirmed these
relationships both in the unadjusted analysis (Figure 2) and
in the adjusted analysis (exercise arm versus control arm;
HR, 0.64; 95% CI, 0.44 to 0.92; P50.02; high adherence ver-
sus control; HR, 0.48; 95% CI, 0.29 to 0.77; P50.003).

Bayesian Analyses
The posterior probability of a HR of 0.71 for the risk of

the composite outcome observed in the post-trial observa-
tional study was 93% under the conservative prior and
97% under the optimistic prior.

Discussion
The lower risk for hospitalization from a walking exer-

cise program registered in the per-protocol analysis of the
6-month EXCITE trial was maintained up to 36 months
(i.e., 30 months after the end of the same trial). Such a long-
term risk reduction occurred notwithstanding that only a
minority (30%) of patients in the active arm of the trial fol-
lowed our recommendation to maintain just a 10-minute
walking session at self-selected speed during the day off
dialysis up to the 18th month and that beyond this month
and up to the 36th month, no exercise intervention was
applied.
The 6-month EXCITE trial tested the effect of two

10-minute sessions of walking at intensity tailored to the
individual baseline performance (15); 104 of 151 patients
(69%) in the active arm of the trial completed the training
program and could be retested at 6 months, which is a sig-
nificant proportion of the population randomized to the

Hazard ratio: 0.71 (95% CI: 0.50–1.003), P=0.05
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Figure 1. | (Left panel) Cumulative incidence of hospitalization in the exercise and control arms during the EXerCise Introduction to
Enhance Performance in Dialysis (EXCITE) trial (months 1–6) and the long-term post-trial observation extended up to 36 months. (Right
panel) Cumulative incidence of hospitalization in the high- and low-exercise arms and in the control arms during the EXCITE trial (months
1–6) and the long-term post-trial observation (months 7–36). The graphs were derived by the reverse Kaplan–Meier option in SPSS.
95% CI, 95% confidence interval; HR, hazard ratio.
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same arm. As previously alluded to, in a secondary per-
protocol analysis, the exercise intervention significantly
prolonged the hospitalization-free survival in patients in
the active arm. Intention-to-treat analyses are fundamental
for deriving solid recommendations for the application in
clinical practice of treatments tested in randomized clinical
trials. However, per-protocol analyses are needed for
understanding the efficacy of treatments (19).
In this long-term post-trial observational analysis, the

risk reduction of the combined end point (death or hospi-
talization) in patients randomized to the active arm and fol-
lowed up to the 36th month was of clinical relevance
(229%). Furthermore, an analysis in the relationship to
adherence to the exercise program during the 6-month trial
showed that the risk reduction confined to patients who
performed .60% of prescribed exercise sessions—a pre-
established parameter of adherence to the study protocol—
was substantial (245%), whereas no benefit was registered
in those who performed ,60% of prescribed training
sessions. Sensitivity analyses restricted to the risk of hospi-
talization only or censoring patients at the time of trans-
plantation fully confirmed these findings.
The persistence of a beneficial effect of physical exercise

beyond the actual intervention period may last several
years. In the Studies Targeting Risk Reduction Interven-
tions through Defined Exercise in middle-aged sedentary
overweight or obese participants, 10 years after an 8-month
exercise training intervention, cardiorespiratory fitness and
metabolic parameters were better preserved in highly
trained persons than in those who maintained a moderate
exercise intensity or did not exercise (control) (17). In
patients with cystic fibrosis, a home-based partially super-
vised physical conditioning program improved physical fit-
ness, lung function, and perceived health up to 18 months
after the intervention was ended (20). The long-term
benefits of physical exercise programs may extend to
hospitalization. Indeed, a simple inpatient intervention

consisting of walking and rising from a chair, an interven-
tion similar to that tested in the EXCITE trial, considerably
decreased the risk of hospitalization-associated disability
in acutely hospitalized older patients (21). A recent guide-
line by the UK Kidney Research Consortium suggests spe-
cific exercise targets for patients on hemodialysis (22).

In this long-term study, exercise had a beneficial effect
on the risk of hospitalization for various causes, including
infectious complications and cardiovascular problems.
However, the number of observations in the analysis strati-
fied by the cause of hospitalization was too small to allow
for solid conclusions. Physical exercise has a favorable
effect on the functioning of the immune system (23).
A dose-response relationship was observed between physi-
cal exercise performed before infection and a reduction in
the incidence, duration, or severity of self-reported and lab-
oratory- or hospital-adjudicated acute upper respiratory
tract infections and mortality during the 2009 influenza
pandemic (24). On the other hand, a beneficial effect of
physical exercise on the risk for hospitalization for cardio-
vascular diseases, including peripheral vascular disease
(25) and heart failure, coronary heart disease (26), atrial
fibrillation (27), and cerebrovascular disease (28) is well
established. Larger studies are needed to confirm whether
these benefits registered in the general population specifi-
cally apply to patients with kidney failure.

It is important emphasizing that our post-trial protocol
contemplated the simple recommendation to maintain just
one 10-minute walking session during the day off of dialy-
sis at self-selected speed up to the 18th month and that no
specific recommendation to continue physical exercise was
given beyond the 18th month. This recommendation was
followed by only a minority of patients (30%), whereas the
majority of patients in the same arm did not perform any
exercise. Beyond the 18 months, patients in the active
group received just a generic recommendation to maintain
an active lifestyle, which was the recommendation also

HR: 0.67 (95% CI: 0.47–0.95), P=0.03
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123 98 68 56 44 38
104 91 76 64 51 46

Control group

Low adherence

123 98 68 56 44 38

49 39 35 29 20 17
High adherence 55 52 41 35 31 29

Figure 2. | Analyses with censoring at the time of kidney transplantation. The graphs were derived by the reverse Kaplan–Meier option
in SPSS.
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given to patients in the control group. Thus, the long-term
beneficial effect of the 6-month walking exercise program on
the risk for hospitalization during a long-term observation
extended up to 36 months is a legacy effect (i.e., a benefit that
persists well beyond the temporal limit of the intervention).
A legacy effect was also registered in other trials in patients
on dialysis like the Frequent Hemodialysis trial, where the
HR for frequent versus conventional hemodialysis 2.6 years
after the end of the intervention period was 0.54 (29).
In our study, the Bayesian analyses, which considered

plausible prior probabilities, helps to quantify the interpre-
tation of the study results in the context of limited power.
These analyses suggest that, although the actual long-term
(36-month) benefit of the walking exercise program on the
risk of hospitalization (HR, 0.71) was smaller than that
registered during the 6-month trial (HR, 0.46), a clinically
significant long-term benefit on the risk for hospitalization is
reasonably likely. Indeed, the posterior probability of a HR
of 0.71 (95% CI, 0.50 to 1.00) for the risk of the composite
outcome (i.e., the HR observed in the post-trial observational
study) was 93% under the conservative prior. It has to be
noted that the low adherence to post-trial recommendations
in the majority of patients indicates that dedicated resour-
ces are needed to maintain physical exercise programs in
patients on dialysis. A study by March et al. (14) showed
that a 6-month program of intradialysis cycling on health
care costs during the year post-trial was cost effective.
The study has limitations. The first limitation is related

to the fact that hospitalization was a secondary end point
of EXCITE. This trial is the largest testing of a walking exer-
cise program in patients with kidney failure performed so
far (16). However, the power of EXCITE was calculated on
the basis of the expected improvement in walking perfor-
mance rather than on the risk for hospitalization. Even
though the Bayesian analysis suggests that a benefit from
walking exercise on the risk for hospitalization registered
in the long-term analysis is very likely, observations in
larger trials are needed. The dropout rate during the
6-month trial was higher in the active arm of the trial than
in the control arm (47 versus 21 patients). This issue is com-
mon to most trials that test physical exercise programs
(30–32). In our trial, the 47 patients who dropped out dur-
ing the 6-month trial had similar demographic and clinical
characteristics as compared with those who completed the
6-month trial (Supplemental Table 2), but bias or residual
confounding in the benefit observed in the active group
cannot be excluded. Furthermore, clinical events in this
observational study were registered on the basis of hospital
discharge diagnosis rather than being formally adjudicated
by an external committee. The second limitation depends
on the observational nature of our post-trial findings. Even
though patients in the two study arms who completed the
6-month EXCITE trial were very similar in demographic
and clinical characteristics, differences in unmeasured risk
factors cannot be excluded. The third limitation depends
on the fact that hospitalization is a surrogate end point
depending on the organization of the background health
system and available health resources. Therefore, findings
in this post-trial long-term study in Italy should be con-
firmed in other countries and in other health contexts.
Overall, this study suggests that the walking exercise

training applied in the EXCITE trial may reduce the

long-term risk for hospitalization, particularly so in patients
who had high adherence to the walking exercise program.
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