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Patients Receiving Hemodialysis and EPO:
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® Background: Individuals with end-stage renal disease on hemodialysis therapy have reduced aerobic exercise
capacity and reduced muscle strength. Methods: This was a single-blind, randomized, placebo-controlled trial of an
exercise intervention in hemodialysis patients administered erythropoietin. The intervention consisted of progres-
sive resisted isotonic quadriceps and hamstrings exercise and training on a cycle ergometer three times weekly for
12 weeks. Individuals in the control group underwent a nonprogressive program of range-of-motion exercises. Both
groups were observed for an additional 5 months without intervention. OQutcomes were assessed without knowl-
edge of treatment assignment at baseline, 12 weeks, and 5 months. A healthy age- and sex-matched sample
provided comparative data. Results: Our sample was relatively high functioning, with a mean score on the Physical
Function subscale of the Short Form 36 (SF-36) of 76 of 100. At 12 weeks, there were large and statistically
significant differences in favor of the experimental group on the submaximal exercise test (14 W; 95% confidence
interval, 2 to 26) and muscle strength (45 Ib; 95% confidence interval, 9 to 81), but not in the 6-minute walk,
symptoms questionnaire, or SF-36. Differences between the intervention and control groups at 12 weeks were not
evident on retesting 5 months after the end of the intervention. Compared with the healthy sample, patients were
significantly lower functioning on the submaximal exercise test, muscle strength, and 6-minute walk test at
baseline. Conclusion: In this high-functioning sample, the exercise program improved physical impairment
measures, but had no effect on symptoms or health-related quality of life. The impact on patients with a greater

degree of physical dysfunction needs to be rigorously studied. Am J Kidney Dis 40:1219-1229.
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VERALL QUALITY of life in patients

with end-stage renal disease (ESRD) is
low, and impairments in areas related to physical
functioning are particularly prominent."> Apart
from effects on quality of life, poor physical
performance, assessed by the Physical Compo-
nent Scale (PCS) of the Medical Outcomes Sur-
vey Short Form 36 (SF-36), has been shown be a
powerful predictor of outcomes: patients with
PCS scores below the median were twice as
likely to die and 1.5 times more likely to be
hospitalized as patients with PCS scores at or
above the median in a prospective study of 1,000
hemodialysis patients.?

In keeping with low self-reported physical
functioning, the aerobic exercise capacity of
people treated with maintenance hemodialysis
therapy is approximately half the expected value
for sedentary healthy individuals.* Cardiac dis-
ease, alterations in muscle function, metabolic
abnormalities, and anemia have been implicated.
Cardiac problems include diminished left ventric-
ular functional reserve® and increased arrhyth-
mias.® Muscle abnormalities include low activity
of enzymes, loss of capillaries, fiber atrophy, loss
of contractile proteins, and electromyographic

denervation.”® Anemia in hemodialysis patients
responds to erythropoietin therapy, and concomi-
tant increases in exercise capacity have been
documented. Maximal oxygen uptake (V0, max)
increased by almost 50% above baseline in some
studies (reviewed by Levin®). However, Robert-
son et al'® found that although mean Vo, max
increased by 17%, none of the 19 patients treated
attained the expected value for sedentary healthy
individuals. Furthermore, Painter et al'! found
that normalization of hemoglobin level com-
bined with aerobic exercise training does not
normalize VO, max, suggesting that limitations
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beyond those of anemia and deconditioning are
present in hemodialysis patients.

Before the introduction of erythropoietin, a
number of studies had examined the response to
training in this population (reviewed by Gold-
berg and Harter'?). Improvements of 10% to
40% in VO, max and 21% to 46% in physical
work capacity compared with controls were ob-
served.'? Currently, erythropoietin is widely used
in dialysis patients, and target hemoglobin levels
between 11 and 12 g/dL (110 to 120 g/L) are
recommended for patients with ESRD."* The
clinically relevant question is whether exercise
training offers additive benefit to erythropoietin-
treated dialysis patients. Previous controlled tri-
als of supervised exercise programs in the eryth-
ropoietin era have documented improvements in
exercise time,'* peak muscle strength,® Vo,
max,''*16 left ventricular systolic function,'*
and nerve conduction velocity®; normalization of
vagal activity®; reduced vulnerability to arrhyth-
mias®; decreased depression'®; and reduced fa-
tigue.!” Improved quality of life by the physical
functioning domains of the SF-36 was observed
in two studies by Painter et al'''® and Kouidi et
al'® using the Quality of Life Index. However,
Ridley and Hoey'” showed no differences in
Kidney Disease Questionnaire (KDQ) scores (al-
though other outcomes were affected positively
by this intervention in this study). In a nonran-
domized controlled trial of supervised exercise
that is remarkable for its size and the inclusion of
older and more frail patients, Painter et al'® also
documented statistically significant improve-
ments in gait speed, sit-to-stand-to-sit test, role
functioning, general health, and bodily pain. Non-
supervised coaching interventions have shown
inconsistent results.!%-2°

However, interpretation of the controlled stud-
ies described is limited by either a nonrandom-
ized design,'®'® failure to report whether out-
come ascertainment was blinded,®'%'® and
cointervention.'” None has included a placebo or
attention intervention. Only one study included
follow-up beyond the intervention period."

We report a randomized controlled trial of the
effect of combined aerobic exercise with progres-
sive strengthening exercises on work output in
erythropoietin-treated hemodialysis patients, us-
ing supervised low-intensity range-of-motion ex-
ercises as a placebo intervention. Outcomes were
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assessed by a research assistant masked to treat-
ment allocation, both at the end of the 12-week
intervention period and after an additional 5
months of follow-up.

METHODS

Participants

Participants were recruited from the Progressive Care
Hemodialysis Unit at St Joseph’s Hospital (a tertiary care
centre) and Bayshore Dialysis Centre (a community dialysis
centre) in Hamilton, Ontario, Canada. Patients who undergo
dialysis in these units are selected from the total population
of the St Joseph’s hemodialysis program on the basis of
medical stability. Substituted cellulose and polysulfone dia-
lyzers were used, with a target urea reduction ratio of 65% or
greater. Target hemoglobin level for each patient was deter-
mined by the nephrologist, usually between 10.5 and 12.5
g/dL (105 to 125 g/L); normalization of hemoglobin level
was not an aim.

Study inclusion criteria were on hemodialysis therapy for
longer than 3 months, administered erythropoietin for the
treatment of anemia, hemoglobin level greater than 9.0 g/dL
(90 g/L), able to maintain sitting and standing balance
without assistance, and ambulatory without assistance. Ex-
clusion criteria were ischemic heart disease, recent myocar-
dial infarction of less than 6 months, uncontrolled hyperten-
sion, pericardial or pleural friction rub, aortic stenosis,
active musculoskeletal lower-extremity problem, or history
of vertebral fracture caused by osteoporosis. Patients also
were excluded if they participated in team sports or formal
organized exercise programs.

A sample of healthy age- and sex-matched volunteers
without renal problems who met none of the exclusion
criteria described was drawn from hospital personnel to
determine comparative values for the submaximal exercise
test, muscle strength, and 6-minute walk test.

Design

Hemodialysis patients were randomly assigned (using
concealed assignments generated from a random numbers
table and randomizing in blocks of four) to receive an active
intervention or a control intervention for a period of 12
weeks and were assessed at the end of the 12-week period
and again after an additional 5 months, during which no
intervention was provided. The Research Ethics Board of St
Joseph’s Healthcare approved the protocol. All patients
provided informed consent.

Interventions

Participants underwent hemodialysis sitting in a reclining
chair. Participants randomized to the experimental group
received 20 minutes of aerobic training on a Monark Rehab
Trainer (Monark-CrescentAB, Varberg, Sweden) that was
positioned and stabilized in front of the participant while
sitting in the dialysis chair during hemodialysis. After a
2-minute warm up, resistance was adjusted so that individu-
als were working at a level of perceived exertion (Borg
scale)?! of “somewhat strong™ at approximately 50 rpm. The
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exercise was progressed by increasing resistance when the
rating fell below “somewhat strong.” For safety, heart rate
and blood pressure were monitored throughout the session.
Training was terminated if the patient exceeded 80% of their
maximum heart rate, if heart rate or blood pressure parame-
ters were exceeded (blood pressure > 200/110 or < 110/50
mm H), or the patient had chest pain, severe dyspnea,
wheezing, leg cramps, confusion, visual symptoms, pallor,
Or Cyanosis.

Either before or after the dialysis session, based on
convenience, participants performed strength training for
hamstrings and quadriceps muscle groups on a Response
Seated Leg Curl Thigh Extension pulley weight system
(Brookdale Medical Specialties, Woodbridge, ON, Canada).
The highest weight that could be lifted five times and no
more (five-repetition maximum [5-RM]) at baseline was
determined. Testing was performed at 5-RM rather than
1-RM to minimize undue stress on the cardiovascular sys-
tem, Week 1 started at 50% of the patient’s baseline 5-RM
for one set of 10 repetitions, and the number of sets (to a
maximum of three) and percentage of 5-RM (to a maximum
of 125%) were increased gradually during 12 weeks. Weights
were not increased until the patient could complete the
number of repetitions prescribed. Patients were withdrawn
from the intervention if adverse effects occurred (with the
exception of transient muscle soreness).

The control exercise protocol consisted of 30 minutes of
nonprogressive, nonresisted, low-intensity, range-of-motion
exercises of the lower extremities and free upper extremity,
performed sitting during hemodialysis.

Both study interventions were performed three times a
week for 12 weeks. Training was performed by kinesiolo-
gists. Trainers were instructed to ensure that both groups
received equal encouragement.

Data Collection

Age, sex, time since starting dialysis therapy, time since
starting erythropoietin therapy, comorbidity, and employ-
ment status were recorded at the start of the study. Each
patient’s participation in home exercise, hemoglobin level,
hematocrit, blood pressure, serum creatinine level, body
weight, and urea reduction ratio were noted at the beginning
and end of the study.

Outcomes

Qutcomes were assessed by a research assistant masked to
treatment allocation at three times: before starting the inter-
vention, after 12 weeks of intervention or control, and after
an additional 5 months. The research assistant never at-
tended the dialysis units when subjects might be training,
and subjects were instructed not to discuss their study
treatment with the research assistant.

The primary outcome was a submaximal exercise test,
usually performed on a dialysis day (but not while patients
were undergoing dialysis). For patient convenience and to
minimize loss to follow-up, patients were tested after dialy-
sis if they were scheduled for moming dialysis, before
dialysis if they were scheduled for afternoon dialysis, and
before dialysis if they were scheduled for evening dialysis.
The testers, who were blinded to patient group, set up the
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appointments. Patients were tested on the Monark Rehab
Trainer set up for leg cycle ergometry. Two minutes of
warm-up without resistance was followed by 3 minutes at 10
W, increasing every 3 minutes by 10 W until the patient’s
rating of perceived exertion on the Borg scale reached
“somewhat strong.” Blood pressure and heart rate were
monitored throughout the test. Criteria for stopping were the
same as those for intervention training. Maximum workload
and duration of testing were recorded. Test-retest reliability
was assessed in the first seven subjects on two occasions
within 1 week (by the same research assistant).

Muscle strength of the hamstrings and quadriceps was
assessed on the Response Seated Leg Curl Thigh Extension
system. The 5-RM was determined by starting at 25 1b (11.4
kg) and moving up or down as indicated, with 30 seconds of
rest between each trial. For analysis, 5-RM measures were
added together for right and left quadriceps and hamstrings.
Test-retest reliability was assessed in the healthy compara-
tive sample, with measurements performed by two physio-
therapists within | week.

Six-minute walk test. Patients were instructed to walk as
fast as possible in a corridor without compromising their
safety for 6 minutes, and the distance walked was measured.
The test was standardized to include no encouragement. This
test has been shown to be reliable,??* valid,?>% and
responsive?2627 in patients with cardiac failure 22232327 re-
spiratory disease,®® or intermittent claudication®® and has
been used in patients with chronic renal failure 28.2Y

We used the self-administered acute version of the SF-36.
This generic health-related quality-of-life instrument has
been documented to be reliable and valid in the general
population® and dialysis patients.!-?

Symptoms questionnaire. The Laupacis KDQ is a dis-
ease-specific quality-of-life instrument shown to be reliable,
valid, and responsive in ESRD.*! The fatigue and physical
symptoms dimensions of this instrument were responsive to
the change in quality of life associated with the introduction
of erythropoietin therapy.?® To minimize respondent burden,
we selected six questions from the KDQ that we believed
were most likely to be responsive to the intervention. We
added four questions using the same response options (Ap-
pendix).

Analysis Plan

The primary outcome was submaximal workload at 12
weeks. Secondary outcomes were workload at 5 months;
and for both the 12-week and 5-month periods, muscle
strength (assessed as the sum of the 5-RM for right and left
quadriceps and hamstrings), 6-minute walk distance, SF-36
scores, and disease-specific symptoms scores. All outcomes
were compared between groups (intervention versus con-
trol) by using analysis of covariance to adjust for baseline
values. Because each variable was tested twice (12 weeks
and 5 months), P of 0.025 or less is considered statistically
significant. Baseline study patients and the intervention
group at 12 weeks were compared with the healthy compara-
tive sample by means of t-tests, considered significant at P
of 0.05. Outcomes were assessed, when possible, in patients
who withdrew from the study (with the exception of patients
who underwent renal transplantation). Analysis was based
on the intention-to-treat principle.
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Sample Size

We estimated that a change of 10 W*? would represent a
clinically significant difference. For an expected SD of 6 W’
a two-tailed o of 0.05, and power of 0.90, 8 subjects per
group are required. Eleven patients per group would adjust
for an anticipated 25% dropout rate. To improve generaliz-
ability, we aimed to recruit 18 patients to each group (36
patients randomized to intervention or control and 18 healthy
comparative subjects).

RESULTS

For reliability of outcome measures, the intra-
class correlation coefficient for the submaximal
exercise test was 0.75 for watts with a standard
error of measurement of 5.3 W, Test-retest reli-
ability of the 5-RM strength determination was
assessed in the healthy comparative sample and
found to be highly reliable, with an intraclass

Dialysis Unit Capacities
St. Joseph's: 137
Bayshore: 16
Assessed for eligibility: 108
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correlation coefficient of 0.96 and standard error
of measurement of 26 Ib.

The flow of participants through each stage of
the study is shown in Fig 1. These numbers
represent follow-up for the primary outcome
measure. In some cases, participants who were
not able to undergo the submaximal exercise test
were able to complete the SF-36 and symptoms
questionnaire. Recruitment occurred from Febru-
ary 1997, and follow-up was finished January
1999. Demographic and clinical characteristics
of the experimental and control groups are listed
in Table 1. Individuals in the experimental group
had a greater incidence of arthritis than those in
the control group. Follow-up for the primary
outcome at 12 weeks was 76%, and at 5 months,
53%.

Consented and eligible n = 47

~ To be transplanted n= 1

Excluded n= 61
Not interested n = 25
Medical reasons n = 32
Moving away n = 3

Randomized n = 38

Not randomized n =9
Dropped out n = 4
New medical problems n = 2
Unable to test n = 1 (amputee)
Moved before testing n = 2

Experimental Group n = 20t

Control Group n= 18¢

v

v

*Followed-up at 12 weeks n= 15

Lost to follow-up n =5
Stopped dialysisn =1
Refused ergometer testn = 1
Medical reasons n =2
Unable to schedule n= 1

*Followed-up at 12 weeks n = 14
Lost to follow-up n= 4
Medical reasons n = 2
Unable to schedule n = 1
Withdrew n=1

Y

*Followed-up at 5 months n= 10
Lost to follow-up n= 10
Withdrew n= 1
Refused ergometer testn=5
Medical reasons n = 2
Stopped dialysis n = 1
Transplant n = 1

v

*Followed-up at 5 months n = 10
Lost to follow-upn=8
Refused ergometer testn = 1
Medical reasons n =3
Transplant n =2
Deceased n= 1
Withdrew n=1

Fig 1. Flow of partici-
pants through the study. Fol-
low-up numbers are given for
the primary outcome, peak
work on the submaximal ex-
ercise test. Follow-up for
questionnaires was more
complete. *We obtained fol-
low-up outcome measures
on as many randomly as-
signed patients as possible
in accordance with the inten-
tion-to-treat principle. 10Of
those randomly assigned to
the intervention, 17 patients
received the exercise inter-
vention and 3 patients did
not because of medical rea-
sons. 1Of those randomly
assigned to the control arm,
18 patients received the pla-
cebo intervention and 2 pa-
tients did not (1 patient for
medical reasons and 1 pa-
tient withdrew from the study
immediately after randomiza-
tion).
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Table 1. Demographic and Clinical Characteristics
of the Intervention and Control Groups at Baseline

Intervention Control
Group Group
Sample size 20 18
Age (y) 55 + 16 54 *+ 14
Sex (men/women) 10/10 13/4
Duration of hemodialysis (y) 42+48 4645
Duration of erythropoietin 2625 1916
therapy (y)
Comorbidity (%)
Arthritis 45 0
Diabetes 30 35
Cancer 5 0
Cardiovascular 20 35
Stroke 5 6
Employment (%)
Full-time 10 0
Part-time 5 0
Unemployed/retired/disabled 85 100
Home exercise (%) 50 76

NOTE. Values expressed as mean * SD, number, or
percent.

Results are shown in Table 2 and Fig 2. Table
3 lists change scores to contrast the groups on
how much they improved or deteriorated from
baseline to 12 weeks and baseline to 5 months.
Sample sizes and P for analysis of covariance
also are listed in Table 3. At 12 weeks, by
analysis of covariance, the primary outcome
(watts on the submaximal exercise test) showed
a statistically significant difference (P = 0.02).
The difference in change scores between the
experimental and control groups was 14 W (95%
confidence interval, 2 to 26). At 12 weeks, there
also was a significant difference in the combined
measure of hamstring and quadriceps muscle
strength (P = 0.02). The difference in change
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scores between the intervention and control
groups was 45 1b (95% confidence interval, 9 to
81). For quadriceps, participants improved from
21 to 39 Ib, and for hamstrings, from 20 and 37
Ib. The 6-minute walk and questionnaires did not
show statistically significant or clinically impor-
tant differences. Also, subscales of the SF-36
were not statistically significantly different. Al-
though at baseline, more participants in the con-
trol group performed a home exercise program,
at 12 weeks, 71% of the control group and 75%
of the experimental group performed home exer-
cise. At the 5-month follow-up, 41% of the
control group and 35% of the experimental group
reported doing home exercises.

At the 5-month follow-up evaluation, no sig-
nificant differences between experimental and
control groups were noted (Table 3; Fig 2).
Between 12 weeks and 5 months, strength and
work output declined in the experimental group.
Compared with baseline, strength was stable in
the experimental and control groups at 5 months,
with no statistically significant difference be-
tween groups (P = 0.18).

The imbalance between groups at baseline in
the number of individuals who reported having
arthritis was not reflected in baseline differences
on the submaximal exercise test or muscle
strength test. We explored whether individuals in
the intervention group differed in their results
based on whether they reported having arthritis.
There were no clinically important or statisti-
cally significant differences in their response to
the intervention.

Patients who did not complete the assessments
had worse physical functioning at baseline and
greater levels of comorbidity. In the experimen-

Table 2. Mean Qutcome Measures at Baseline and the End of the 12-Week Intervention and the 5-Month
Follow-Up Period

Intervention Group

Control Group

i | T2 T3 T T2 T3
(baseline) (12 wk) (5 mon) (baseline) (12 wk) (5 mon)
Ergometer test (W) 2116 44 + 19 39 =19 22*10 30+ 10 346
Strength (Ib) 166 + 94 228 + 129 182 £ 55 171 £ 50 173 + 46 157 £ 45
Six-minute walk (m) 460 = 136 464 * 94 476 * 95 426 = 131 430 = 8O 458 + 38
KDQ points 49 + 10 50 + 14 47 £ 9 527 557 47 + 9
SF-36 100 = 23 100 = 21 97T = 19 100 = 18 96 + 16 85 = 26

NOTE. Values expressed as mean * SD.
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Table 3. Change Scores and Statistical Significance by Analysis of Covariance Adjusting for Baseline Measure,
End of the Intervention, and After an Additional 5-Month Follow-Up Period

12 Weeks 5 Months
Intervention Control Intervention Control
(T2-T1) (T2-T1) P (T3-T1) (T3-T1) !
Ergometer test (W) 20 = 18 6*13 0.02 13+ 18 129 0.59
No. of subjects 15 14 10 10
Strength (Ib) 46.7 = 49.3 1.4 = 447 0.02 8.5+399 —14.4 = 317 0.18
No. of subjects 15 14 10 9
Six-minute walk (m) 3.3 £ 457 3.4 *86.7 0.52 6.2 = 47.8 —26.5 + 43.8 0.10
No. of subjects 15 14 12 9
KDQ points 16 + 9.1 36 *+63 0.39 —-4.3 * 10.0 -2.08 = 9.6 0.58
No. of subjects 17 16 13 12
SF-36 points —-1.0 £ 169 -1.8 £ 141 0.55 -84 * 18.2 —4.3+123 0.59
No. of subjects 17 15 14 12

NOTE. Data shown as mean = SD. Intention-to-treat sample sizes are given for the analysis of covariance.
Abbreviations: T1, baseline; T2, 12 weeks; T3 additional 5-month follow-up.

tal group, subjects for whom 12-week measure-
ments were not available (dropouts) had been
treated with dialysis therapy for a shorter period
and had a greater incidence of diabetes and lower
functioning on baseline outcome measures than
those for whom follow-up measures were taken.
Those with missing data in the control group
were older, had been treated with dialysis therapy
for a shorter period, and had a markedly lower
6-minute walk. Similar findings occurred when
comparing characteristics of participants with
missing data at 5 months with those in whom
follow up was achieved. Results of a per-
protocol analysis including only patients who
completed 75% of training sessions were not
different from results of the intention-to-treat
analysis.

There were no statistically significant differ-
ences between groups in hemoglobin levels,
erythropoietin doses, blood pressures, creatinine
levels, body weights, or urea reduction ratios
throughout the trial period (Table 4). There also
were no clinically important differences between
groups. Hemoglobin values were in the range
expected based on unit policies: patients were
treated adequately to receive expected quality-of-
life benefits from erythropoietin, but did not have
normalization of hemoglobin levels. Adverse re-
actions were more common in the experimental
group. One participant stopped the exercise be-
cause she found the exercise to be fatiguing; one
participant, because of sore legs; one participant,
because of hypotension; one participant, because
of developing an open area on the dorsum of his

Table 4. Laboratory Values Before and After the 12-Week Intervention

Intervention Intervention Control Control
Baseline 12 Weeks Baseline 12 Weeks

Hemoglobin

g/l 116.5 = 12.2 112.9 = 20.2 111.1 £ 13.9 1122 £ 135

g/dL 116+12 11320 11114 11.2*+14
Hematocrit 0.35 = 0.04 .034 = 0.06 0.33 £ 0.04 0.34 = 0.04
Mean systolic blood pressure

(mm Hg) 143.6 = 15.9 146.0 = 19.0 1520 =213 163.1 £ 20.2
Mean diastolic blood pressure

(mm Hg) 789 + 11.9 81.7 +86 814 =146 85.2 + 11.7
Creatinine (umol/L) 814.9 = 176.5 871.9 = 141.8 813.4 = 200.6 799.0 £ 221.7
Mean body weight (kg) 747 £ 23.2 704 = 21.4 722 +121 726 + 126
Urea reduction ratio (%) 69.8 + 6.0 722+58 70.0%8.7 7283 T2

NOTE. Values expressed as mean * SD.
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Table 5. Outcome Measures for the Healthy Comparative Sample, Total Study Sample at Baseline, and
Intervention Sample at 12 Weeks

Baseline Intervention Intervention

Comparative Baseline Study Percent of Group at Percent of

Sample Sample Comparative 12 Weeks Comparative
Ergometer test (W) 58 = 18 22 13 37 44 + 19* 76
Strength (Ib) 249 + 127 166 + 75* 67 228 + 129 92
Six-minute walk test (m) 508 + 59 417 = 130" 82 464 + 94 91

NOTE. Values expressed as mean = SD or percent.
*P<0.05.

foot caused by abrasion from the ergometer; and
one participant, because of problems with muscle
pain and foot pain caused by the strengthening
exercises. In the control group, one participant
dropped out because of hypotension during the
control exercises.

Table 5 compares the healthy sample with the
total study sample at baseline and the interven-
tion sample at 12 weeks. At baseline for all
measures, the study sample was lower function-
ing and statistically significantly different from
the comparative sample. At 12 weeks, for strength
and the 6-minute walk test, the experimental
group approached normal, and differences were
no longer statistically significant.

DISCUSSION

We have documented improvements in work
output and strength resulting from a 12-week
exercise program in erythropoietin-treated hemo-
dialysis patients. In contrast to previous studies
of similar interventions in dialysis patients, we
used an appropriate placebo in the control group.
We also report extended follow-up of partici-
pants and show that improvements made during
the training period were not sustained 5 months
after the end of the intervention.

The clinical significance of these improve-
ments in strength and work output might be
questioned because we did not observe concomi-
tant changes in quality of life or symptoms. It is
possible that these measures were not suffi-
ciently sensitive to the intervention to show
differences. It is also arguable that our high-
functioning population was sufficiently above
their threshold for functional disability that in-
creases in strength did not greatly affect quality
of life or symptoms. In lower functioning pa-
tients, improvements in exercise capacity and

strength might prevent individuals from dipping
below their threshold for clinical disability.

Quality-of-life findings have not been consis-
tently observed in studies of exercise in hemodi-
alysis patients, even in studies in which benefit
was observed in objective measures. Kouidi et
al,’® Tawney et al,>° and Painter et al'® reported
parallel improvements in quality-of-life mea-
sures, whereas Ridley et al'” and Fitts et al'® did
not. It is possible that baseline differences in
disability account for these differences, with im-
provements in aerobic capacity and strength in
those who are most disabled having the greatest
impact on quality of life. Mean Physical Func-
tion scale score of the SF-36 for our sample was
76, whereas Painter et al'® and Tawney et al*
studied patients with mean Physical Function
scale scores of approximately 49 and 54, respec-
tively. Painter et al** reported a subgroup analy-
sis showing that benefit was greatest in low-
functioning patients. In our study, a subgroup
analysis of participants with baseline SF-36
Physical Function scale scores below the 75th
percentile for the sample found no clinically
important or statistically significant differences
between groups (data not shown), but given our
small sample size, this negative finding may be
caused by lack of power. However, a positive
impact on quality of life for patients with higher
baseline function has been reported in one study
of a 5-month intervention.'!

It is not surprising that a difference between
groups was not found for the 6-minute walk test
because as a whole, subjects at baseline were
performing at 82% compared with the healthy
sample. Although muscle strength of the quadri-
ceps has been found to be related linearly to
walking speed in older adults,*® this younger
group of individuals already may have exceeded
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the muscle strength threshold to make a differ-
ence in walking speed. A stair-stepping test may
have been more challenging and sensitive to the
change in muscle strength in the intervention
group.

Although Ridley et al'? found a significant
improvement in some domains related to fatigue,
the two measures we used did not identify a
difference. They used a 42-item scale, whereas
we used only one subscale on the SF-36 and one
KDQ item, which may have been less responsive
to change. At all three measurement points, mean
response in our sample was a feeling of low
energy “some of the time.” Detailed measure-
ment of fatigue is warranted in future studies.

Patients tolerated the resistance training as-
pect of the program well. Based on prescribing
progressive resistance from their 5-RM perfor-
mance, they nearly doubled the amount of weight
they were pressing by the end of the 12-week
intervention. Our findings on improved muscle
strength are consistent with those of Kouidi et
al,'s who observed increased quadriceps strength
despite using only low-weight resistance exer-
cises. No studies of isolated muscle strength
training in this population have been reported;
whether the strength training, aerobic training, or
combination causes the observed increase in
strength is not known. The resistance component
of our exercise program strengthened only ham-
strings and quadriceps. Studying a more exten-
sive program of muscle strength training rigor-
ously in hemodialysis patients would be of
interest, but poses practical problems. It would
be difficult to devise a progressive resisted pro-
gram that could be performed while the patient is
undergoing dialysis. Such a program could be
completed outside dialysis time, but patients
who were sufficiently motivated to participate
would likely be fitter and higher functioning,
limiting their potential improvement in quality of
life from any such intervention.

The duration of our program (12 weeks) may
have limited the effects we were able to show.
Other studies'®?° of 6 months’ duration have
shown improvements in quality of life and activi-
ties of daily living. However, in these studies,
lack of an attention or placebo intervention in the
control groups and positive effects of social
interaction in intervention groups may have exag-
gerated the difference between groups. In our
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sample, percentage of normal work output was
found to be lower (37%) than in other studies.*
This may be caused by our use of a submaximal
exercise test, which enabled lower functioning
individuals to participate who might have been
excluded from other studies that required perfor-
mance on a maximal exercise test.

We achieved only 76% follow-up at 12 weeks,
similar to other studies. Dropouts were older,
more disabled, and less than 4 years since start-
ing dialysis therapy. It is possible that those more
severely affected may not tolerate this kind of
program. This emphasizes the importance of
structuring individual patient exercise prescrip-
tions according to baseline level of functioning.

The intervention studied, although effective,
was resource intensive: a trained kinesiologist
directly supervised each exercise session. Exer-
cise coaching and rehabilitation counseling with-
out supervision have not been shown to be effec-
tive in this population,'® but patient-specific
goal-oriented exercise programs with direct su-
pervision have not been studied and warrant
further research. In light of our finding that
fitness and strength gains were not maintained
after the end of the program, methods of enhanc-
ing participation in and long-term compliance
with exercise programs also deserves formal
study.

In conclusion, in a relatively high-functioning
group of hemodialysis patients, aerobic and
strength training resulted in large changes in
exercise capacity and muscle strength. Improve-
ment in quality of life was not evident. Five
months after cessation of the program, gains in
the intervention group had been lost. Further
randomized controlled studies with adequate pla-
cebo intervention and blinded outcome evalua-
tion are needed to define optimal exercise
regimens that are feasible for long-term imple-
mentation in different subpopulations of hemodi-
alysis patients.

APPENDIX: SYMPTOMS QUESTIONNAIRE

During the past 2 weeks, how often have you
felt weak?

How often during the past 2 weeks have you
felt low in energy?

How often in the past 2 weeks have you felt
down in the dumps?

Response options: All of the time, Most of the
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time, A good bit of the time, Some of the time, A
little of the time, Hardly any of the time, None of
the time.

During the past 2 weeks, how much trouble or
difficulty have you had because of very little
strength?

During the past 2 weeks, how much trouble or
difficulty have you had running up and down two
flights of stairs?

During the past 2 weeks, how much trouble or
difficulty have you had with your health?

During the last 2 weeks, how much trouble or
distress have you had with restless legs?

During the last 2 weeks, how much trouble or
distress have you had with muscle cramps?

During the last 2 weeks, how much trouble or
distress have you had with feelings of anxiety?

Response options: A very great deal of trouble
or distress/difficulty, A great deal of trouble or
distress/difficulty, A good deal of trouble or dis-
tress/difficulty, A moderate amount of trouble or
distress/difficulty, Some trouble or distress/
difficulty, Very little trouble or distress/difficulty,
No trouble or distress.

Please indicate how you feel about your over-
all health.

Response options: Excellent, Very good, Good,
Medium, Fair, Poor, Very poor.
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