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Abstract
Background The anabolic response to progressive resistance
exercise training (PRET) in haemodialysis patients is unclear.
This pilot efficacy study aimed to determine whether highintensity intradialytic PRET could reverse atrophy and consequently improve strength and physical function in
haemodialysis patients. A second aim was to compare any
anabolic response to that of healthy participants completing
the same program.
Methods In a single blind controlled study, 23 haemodialysis
patients and 9 healthy individuals were randomly allocated to
PRET or an attention control (SHAM) group. PRET completed high-intensity exercise leg extensions using novel equipment. SHAM completed low-intensity lower body stretching
activities using ultra light resistance bands. Exercises were
completed thrice weekly for 12 weeks, during dialysis in the
haemodialysis patients. Outcomes included knee extensor
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muscle volume by magnetic resonance imaging, knee extensor strength by isometric dynamometer and lower body tests
of physical function. Data were analysed by a per protocol
method using between-group comparisons.
Results PRET elicited a statistically and clinically significant
anabolic response in haemodialysis patients (PRET—SHAM,
mean difference [95 % CI]: 193[63 to 324]cm3) that was very
similar to the response in healthy participants (PRET—
SHAM, 169[−41 to 379]cm3). PRET increased strength in
both haemodialysis patients and healthy participants. In contrast, PRET only enhanced lower body functional capacity in
the healthy participants.
Conclusions Intradialytic PRET elicited a normal anabolic
and strength response in haemodialysis patients. The lack of
a change in functional capacity was surprising and warrants
further investigation.
Keywords Weight lifting . Wasting syndrome . Chronic
kidney failure . Haemodialysis

1 Introduction
Muscle atrophy is frequently observed with haemodialysis
(HD) affecting 18–80 % of patients [1–5]. Muscle wasting
in this population is a noteworthy problem as it independently
predicts morbidity and mortality [6]. Strong positive correlations have been revealed between muscle quantity and
strength, oxygen extraction at the muscle and functional capacity in HD patients [2, 3, 7, 8], suggesting that muscle
wasting also reduces physical functioning. Thus, muscle
wasting indirectly affects quality of life (QoL).
Disuse remains a consistently cited mechanism of atrophy
[5] that is rarely addressed by standard routine care. Progressive resistance exercise training may be a safe, cost-effective,
anabolic intervention, having already been implemented in
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other catabolic diseases [9, 10]. However, despite positively
affecting anabolic markers such as mitochondrial biogenesis,
skeletal muscle mRNA, muscle IGF-1 protein and muscle
fibre cross-sectional area across all stages of chronic kidney
disease [11, 12] in HD patients, the efficacy of resistance
exercise on muscle quantity, as assessed using recommended
nutritional endpoints [13], remains uncertain. Previously, only
two intradialytic resistance exercise interventions have shown
beneficial effects on muscle atrophy [14, 15] whilst the majority of studies have failed to elicit an anabolic response in
this patient population [15–17].
The reason for this discouraging lack of an anabolic response
to resistance exercise in HD patients is unclear [5]. Unfortunately,
previous resistance exercise interventions have generally lacked
attributes (such as sufficient overload and progression) necessary
to elicit an anabolic effect [18, 19]. Thus, before resistance
exercise can be investigated further as an adjunctive therapy for
HD patients, a program meeting the guidelines deemed most
effective for anabolism must be implemented. Alternatively, HD
patients present with hypogonadism [20], insulin resistance [21]
and a perturbed insulin-like growth factor/growth hormone axis
[22], all of which are required to activate signalling pathways
responsible for protein synthesis. Thus, a comparison between
the anabolic response in HD patients and healthy controls would
also be beneficial.
Consequently, the aim of this study was to determine whether
a novel intradialytic progressive resistance exercise training technique, ensuring sufficient overload and progression for anabolism, could safely reverse atrophy and improve muscle strength
and physical function in HD patients. A secondary aim was to
compare any anabolic response to that of healthy participants
completing the same program. It was hypothesised that progressive resistance exercise training would significantly increase
muscle volume, strength and physical function in HD patients
as compared to an attention control group, and that this response
would be similar to that observed in healthy participants.

2 Methods
2.1 Study design
In this two-centre, single blind, pre-test post-test, controlled
trial (clinicaltrials.gov: NCT01007838), participants were randomly allocated to receive progressive resistance exercise
training (PRET) or a sham exercise attention control intervention (SHAM) using opaque envelopes in a 1:1 manner, stratified by disease, gender and centre (by DK).

Participants provided written informed consent. Haemodialysis
patients were recruited from two renal units in North Wales, UK.
Inclusion criteria required patients to be diagnosed with stage 5
chronic kidney disease receiving HD three times per week.
Patients were excluded if they were below 18 years of age, had
received HD <3 months, required support for ambulation of
>50 m, presented with haemoglobin levels <11 g dL−1, presented
with neuromuscular or catabolic conditions, received any anabolic treatment in the preceding 3 months, had any uncontrolled
medical condition, presented with contraindications to take part
in exercise or were unable to provide consent.
Sedentary healthy participants were recruited from the
North Wales community using posters placed in community
centres. Participants were excluded if their general practitioner
deemed the participant to have a contraindication to exercise,
had suffered from a catabolic condition or received an anabolic or exercise intervention in the preceding 3 months.
2.3 Intervention
PRET groups completed a 12-week resistance training program three times per week, during routine HD sessions for the
patients and during university visits for the healthy participants. Each session involved a leg press exercise using equipment (Fitness Systems, Bolton, UK) designed to fit to the end
of a dialysis chair (Stephen H Anatomical New, Gardhen
Bilance, Italy). As obtaining large training loads using traditional plate loading machines was unsafe and impractical in
the renal unit, leg press equipment was designed to utilise a
series of resistance bands providing a maximum resistance
equivalent to 200 kg. During training, participants completed
three sets of eight to ten repetitions at 80 % of their predicted
1RM (determined from an assessment of their 5RM [23] to
reduce the risk of injury associated with 1RM testing in this
population [24]) with 2-min rest period between sets. Based
on resistance exercise biology, this protocol is recommended
for muscle hypertrophy [18, 19]. When 10–12 repetitions
could be completed at a rating of perceived exertion below
15 (hard), 1RM was re-determined and the training load
increased accordingly. Weekly training volume was calculated
as kg per lift × lifts per session × sessions per week. The
SHAM group carried out a series of unprogressive stretches
using an ultra-light Thera-Band (Hygenic Corporation, Akron, Ohio).
2.4 Outcomes
Outcome measures were assessed pre and post the 12 week
intervention by assessors blinded to group allocation.

2.2 Participants
Ethical approval was provided by Betsi Cadwaladr University
Health Board Ethics Committee and Bangor University.

Thigh muscle volume The primary outcome measure was
thigh muscle volume determined by magnetic resonance imaging. T1 and T2 images were obtained in the axial plane from
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the femoral tibial joint line to the top of the femoral head (3T
Philips Achieva; Philips Healthcare, Best, The Netherlands).
The image parameters were as follows: T1 acquisition matrix
of 236×236, FOV 475×475×198, voxel size 2×2 mm2, TE
2.3 ms, TR 4 ms, slice thickness 5 mm, acquisition time 3 min.
The muscle cross-sectional area of 12 evenly spaced axial
slices [25] was determined using image processing software
(version 4.x, Osirix, Pixmeo, Geneva). The truncated cone
formula was applied to calculate muscle volume. The test retest reliability of this protocol expressed as a coefficient of
variation (CV) was 1.5 % with an interclass correlation
(ICC3,k) of 0.997.
Muscle strength Isometric bilateral knee extensor strength
was measured using an isometric chair (Bodycare Products,
Southam, UK) equipped with a load cell (615S, Tedea
Huntleigh, Vishay, Basingstoke, UK), resolved and converted
to force in Newtons by a data acquisition and analysis system
(PowerLab 16SP; AD Instruments PTY, Colorado Springs,
CO). Three maximal voluntary contractions were performed
with a minute rest between each. The highest value was used
for analysis. The ICC3,k of this was reported as 0.960 (26).
Physical function Physical function tests included the 30-s sit
to stand test, a measure of lower body strength (ICC3,k =0.89);
the 8-ft get up and go test, a measure of speed and agility
(ICC3,k =0.95) and the 6-min walk test, a measure of aerobic
capacity (ICC3,k =0.94) [27].
Harms Information on harms was collected at the beginning
and end of each session via interview and, in HD patients, by
checking dialysis treatment records. Specifically, information
on musculoskeletal injuries, cardiovascular events, acute hypotension and hypertension and access complications were
recorded.
Unexpected and serious harms were collected as they occurred, during the trial period only. Decisions about whether
events were attributable to the intervention were made by unblinded clinicians.
Quality of life Preliminary data on self-reported quality of life
(QoL) were obtained using the Short Form-36 version 2 (SF36v2) questionnaire [28].
2.5 Statistical analysis
Data were analysed using the Statistical Package for the Social
Sciences (version 18; IBM, New York, USA) with statistical
significance set at p≤0.05. Weekly training volumes in the
PRET groups were compared using a repeated measures
analysis of variance. For the primary outcome of muscle
volume, a minimum important clinical change over 12 weeks
was set as 75 cm3, which over a year would equate to a change

of 10 % of thigh muscle volume in healthy individuals. For
muscle volume, knee extensor strength, physical function and
QoL data, comparisons of the response between groups were
of primary interest to this efficacy study. Therefore, independent t tests on change scores were used, analysing data on a
per protocol basis. Effect sizes (d) were also calculated for
these comparisons using Cohen’s method, and can be
interpreted as small (0.3), medium (0.5) or large (0.8) [29].
Differences in the change scores between groups, along with
the 95 % confidence intervals for these differences were also
calculated. This three-step approach ensured that the response
could be compared (i) between PRET and SHAM within the
HD patients, (ii) between PRET and SHAM within the healthy
participants and (iii) between HD patients and healthy participants within the PRET group. Data on harms and compliance
were presented descriptively.

3 Results
3.1 Participants, compliance and training volume
Participant flow through the study is presented in Fig. 1.
Participant characteristics are presented in Table 1. There were
no statistical differences between HD patients and healthy
controls for age and body mass index. All HD patient baseline
haematology, biochemistry and dialysis data were within renal
association recommended ranges (Table 1).
In the PRET groups, training volumes significantly increased
to a similar extent in HD and healthy participants, as evidenced
by a significant main effect of time (p=0.03, Fig. 2), a nonsignificant group × time interaction (p=0.3) and a non-significant
main effect of group (p=0.2). Compliance to PRET was similar
in both HD patients and healthy participants with 94±3 and 93±
3 % of training sessions completed, respectively. Reasons for
missing any of the 324 offered exercise sessions in the HD PRET
group were illness (14 sessions), scheduling issues (2 sessions)
and dialysis equipment problems (2 sessions). Reasons for missing any of the 180 offered exercise sessions in the healthy PRET
group were holidays (8 sessions) and unexplained nonattendance
(4 sessions).
3.2 Thigh muscle volume
PRET elicited an anabolic response in both HD and healthy
participants, as evidenced by a clinically and significantly
greater change in HD PRET compared to HD SHAM (mean
difference [95 % CI]: 193[63 to 324]cm3; p=0.007; d=0.4), a
trend and strong effect size for a greater change in healthy
PRET compared to healthy SHAM (mean difference [95 %
CI]: 169[−41 to 379]cm3, p=0.1; d=0.2) and no difference in
response to PRET between HD patients and healthy participants (p=0.5; d=0.1) (Table 2 and Fig. 3).
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Fig. 1 Trial profile: PRET
progressive resistance exercise
training, SHAM attention control.
* completed additional exercise

Hemodialysis patients
158 assessed for eligibility

Healthy participants
60 assessed for eligibility

135 excluded

51 excluded

(did not meet
exclusion criteria
or refused consent)

(did not meet
exclusion criteria
or refused consent)

23 randomized

9 randomized

12 received
PRET
intervention

11 received
SHAM
intervention

5 received
PRET
intervention

4 received
SHAM
intervention

3 discontinued
intervention:

0 discontinued
intervention.

1 discontinued
intervention:

0 discontinued
intervention.

1 changed to
home dialysis
therapy

1 excluded from
analysis (did not
comply with
specified
intervention*)

1 lost interest

1 medical reason
1 lost interest

9 analysed

3.3 Knee extensor strength
PRET elicited a strength response in both HD and
healthy participants, as evidenced by a significantly
greater change in HD PRET compared to HD SHAM
(mean difference [95 % CI]: 56[15 to 98]N; p=0.01;
d = 0.6), a trend and strong effect size for a greater
change in healthy PRET compared to healthy SHAM
(mean difference [95 % CI]: 118[−9 to 245]N; p=0.06;
d=1.0) and no difference in response to PRET between
HD patients and healthy participants (p = 0.6; d = 0.2)
(Table 2).

10 analysed

4 analysed

4 analysed

PRET was greater in the healthy participants than in the HD
patients (p=0.004; d=0.8) (Table 2).
Similarly, for 6-min walk distance, a significantly
greater change in healthy PRET compared to healthy
SHAM (mean difference [95 % CI]: 31[36 to 188]yd;
p=0.01; d=3.03) was observed. In contrast, in the HD
patients, the response to PRET was not different to
SHAM (mean difference [95 % CI]: 15[−25 to 54]yd;
p=0.4; d=−0.17). Combined with the finding that the
response to PRET was similar in the healthy participants
and the HD patients (p=0.7, d=0.32), the data reveal
that PRET enhances 6-min walk distance, but in HD
patients, this enhancement was no greater than SHAM
exercise (Table 2).

3.4 Physical function
3.5 Harms
PRET only elicited an improvement in physical functioning in
healthy participants. For sit to stand scores, a significantly
greater change in healthy PRET compared to healthy SHAM
was observed (mean difference [95 % CI]: 5 [3–8] units; p=
0.005; d=0.2). In contrast, in the HD patients, the response to
PRET was not different to SHAM (mean difference [95 % CI]:
1 [−1 to 4] units; p=0.3; d=0.3). Furthermore, the response to

In HD patients, expected harms reported in the PRET
and SHAM groups, respectively, were musculoskeletal
(cramp, 5 vs. 5; delayed onset of muscle soreness, 1 vs.
0; joint pains, 0 vs. 5) and hypotension (5 vs. 0). An
unexpected reported harm was laceration of wounds on
the back (PRET 1; SHAM 0). In the healthy
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Table 1 Baseline characteristics of all groups
Characteristic

Haemodialysis patients

Healthy participants

p

PRET

PRET

HD PRET versus
healthy PRET

SHAM

SHAM

HD SHAM versus
healthy SHAM

Age (years)

48±18

58±15

50±15

40±17

0.8

0.06

Body mass index (kg m2-1)§
Gender (Male/Female)
Comorbid conditions
Hypertension
Diabetes
Myocardial infarction

25±3
7/2

26±5
6/4

30±7
2/2

25±5
0/4

0.08

0.5

5
0
0

4
2
3

1
0
1

1
0
0

5
3
0
2
1
0
6

2
4
0
5
2
4
7

1
0
0
0
0
0
0

0
0
0
0
0
1
0

4
1
1
3
46±54
1.34±0.13
11.7±1.8
41±3
22.4±3.2
4.8±1.0

5
1
0
4
66±47
1.50±0.24
12.1±2.1
42±3
22.5±2.7
5.0±0.6

Number on medications
Beta blockers
Ace inhibitors
Angiotensin receptor blockers
Calcium channel blockers
Alpha blockers
Benzodiazepines
Erythropoiesis stimulating agents

Aetiology of HD
Glomerulonephritis
Infective/obstructive
Hereditary
Uncertain
Dialysis vintage (months)
Kt/Vurea
Haemoglobin (g dL−1)
Albumin
Serum bicarbonate (mmol L−1)
Serum potassium (mmol L−1)

HD haemodialysis, PRET progressive resistance exercise training, SHAM attention control

participants, only one musculoskeletal harm was reported (delayed onset of muscle soreness) in the PRET
group (Fig. 4).

function (p=0.1), role limitation due to physical problems (p=
0.5), general health (p=0.3), vitality (p=0.44) and role limitation due to emotional problems (p=0.4) in either the healthy
participants or HD patients.

3.6 Quality of life
PRET had positive efficacy in the healthy participants on
bodily pain and social functioning domains, but this was not
the case in the HD patients (% change scores below; absolute
data not shown). Specifically, PRET elicited a large and significant improvement in bodily pain in healthy participants
(PRET, +34±5 %; SHAM, −3±16 %; p=0.005; d=2.4) but
not in HD patients (PRET, 0±15 %; SHAM, +2±15 %; p=
0.1; d=0.1). PRET also elicited a large significant improvement in social functioning in the healthy participants (PRET, +
23±20 %; SHAM, −9±19 %; p=0.05; d=1.4) but not in HD
patients (PRET, p=+7±18 %; SHAM, −1.5±8 %; p=0.2; d=
0.3). PRET had no efficacy on change scores for physical

4 Discussion
The aim of this randomised controlled pilot efficacy study was
to implement an intradialytic exercise program that met required resistance exercise training principles to reverse muscle
atrophy in HD patients. A secondary aim was to compare the
anabolic response in HD patients to healthy controls. Using
novel equipment allowing adequate overload and progression,
12 weeks of high-intensity PRET elicited a clinically important and statistically significant anabolic response and strength
increase in HD patients that was similar to that observed in
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Fig. 2 Training volume in progressive resistance exercise training groups
over the 12-week intervention period. Training volume increased from
week 1 to 12 similarly in both haemodialysis patients and healthy controls, as evidenced by a significant main effect of time by analysis of
variance (p=0.03), a non-significant group × time interaction (p=0.3) and
a non-significant main effect of group (p=0.2)

Fig. 3 Changes in absolute thigh muscle volume by magnetic resonance
imaging over the 12-week intervention period. HD haemodialysis patients, PRET progressive resistance training, SHAM attention control.
PRET elicited a similar anabolic response in haemodialysis patients and
healthy participants, as evidenced by significant independent t tests
between PRET and SHAM groups and moderate to large effect sizes

healthy participants. However, unexpectedly, in HD patients,
PRET was not efficacious at improving functional capacity.
When the temporal nature of muscle wasting is considered,
the anabolic response to PRET in HD patients seems remarkably normal. In the present study, there was an approximately
7 % difference in muscle volume change between PRET and
SHAM interventions, in both the HD patients and the healthy
participants. These data are in contrast to the majority of
previous studies [11, 16, 17, 30] and a recent meta-analysis
[31] that have failed to show a significant hypertrophic response to exercise in HD populations. An explanation is that

previous studies have not provided significant overload and
progression; hypertrophic adaptation will only occur if a
greater force is continually exerted to meet higher physiological demands [19]. It is questionable that this principle has
been adhered to in previous studies that have prescribed
intradialytic exercise utilising weights that can only provide
a maximum lifted weight of 15 kg (compared to the 200 kg
permissible with the current equipment). Note that the difference in response between studies is not due to the fact that our
patients were healthier than those previously investigated:
physical function was substantially decreased in the patients

Table 2 Muscle volume, strength and physical functioning absolute data before and after the 12 week intervention period
Outcome measure

Haemodialysis patients

Healthy participants

HD PRET versus
healthy PRET

HD PRET
versus HD SHAM

Healthy PRET
versus healthy SHAM

PRET

SHAM

PRET

SHAM

2,490±601
2,380±643

2,877±710
3,013±863

2,183±527
2,151±527

0.5

0.007

0.09

151±79
201±77

382±103
471±191

239±80
210±31

0.6

0.012

0.06

11±2
13±3

10±4
11±5

21±6
28±8

23±6
25±7

0.004

0.2

0.005

5.8±1.2
5.0±0.8

6.7±1.8
6.2±1.8

4.4±0.2
3.8±0.4

4.3±0.7
4.5±0.2

0.5

0.5

0.09

532±95
571±101

460±162
520±160

536±47
600±54

559±26
511±38

0.7

0.4

0.01

Muscle volume (cm3)
Pre
2,822±438
Post
2,906±489
Knee extensor strength (N)
Pre
179±109
Post
287±86
Sit to stand (reps)
Pre
Post
8-ft get up and go (s)
Pre
Post
6-min walk distance (m)
Pre
Post

PRET progressive resistance exercise training, SHAM attention control
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p = 0.01

Knee extensor strength absolute change (N)
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Fig. 4 Isometric knee extensor strength absolute change over the 12week intervention period. HD haemodialysis patients, PRET progressive
resistance training. PRET elicited a similar strength response in
haemodialysis patients and healthy participants, as evidenced by a significant independent t tests between PRET and SHAM groups and moderate
to large effect sizes

as compared to the healthy controls studied herein. Furthermore, despite similar muscle volumes at baseline, the HD
SHAM patients lost clinically significant amounts of muscle
volume over the 12-week period, signifying that these patients
were in a catabolic state.
The anabolic response observed herein is supported by two
previous studies [14, 15]. In fact, in those studies, the anabolic
response was slightly larger (8–10 %) than observed herein,
perhaps because the present study utilised only one exercise,
whereas previous studies have utilised multiple lower and
whole body exercises that might be expected to induce a larger
systemic hypertrophic response [32].
Encouragingly, these findings suggest that if anabolic
resistance is present in HD patients [5], it can be
overcome by providing resistance exercise of sufficient
volume. Despite perturbed sex hormone, insulin and
insulin-like growth factor/growth hormone pathways [5,
20], an anabolic response to PRET is possible in HD
patients. This finding is consistent with studies that
have administered sex hormones [15, 26] and insulinlike growth factor/growth hormone [33], successfully
increasing muscle volume.
Interestingly, the response of functional capacity to PRET
differed between HD and healthy participants. Although
strength increases in the HD patients following PRET appeared promising, they did not translate into improved functional capacity. This lack of an effect cannot be due to poor
compliance: compliance was similarly excellent between the
populations. Nor can it be due to selection bias of relatively
healthy patients: the healthy controls responded to PRET
despite having an even higher baseline functional capacity.
Neither can it be due to insufficient intervention duration: the

healthy participants herein responded to PRET within the 12week intervention. Such a lack of effect is consistently reported in studies investigating intradialytic resistance training in
HD patients [14–17]. This lack of efficacy is particularly
surprising, considering that similar interventions carried out
in other catabolic conditions have shown significant increases
in similar measures of functional capacity [10]. It is noteworthy that for the 6-min walk test, both PRET and SHAM
exercise similarly increased functional capacity; it is possible
that despite familiarisation with outcome measures, patients
could have been too cautious in the baseline tests, resulting in
a learning effect in both groups at post-test. Variability in this
learning effect may have masked potential interactions [34].
However, it is also interesting that intradialytic aerobic exercise has generally proven successful at enhancing the same
functional measures in HD patients [35, 36]. Future research
in this area could provide an interesting insight into the mechanisms behind enhanced functional capacity in this
population.
PRET also had no effect on QoL in HD patients. Assuming
this was not due to being underpowered to detect changes in
QoL, a possible explanation could be that patients who volunteer to take part in exercise trials are generally healthier
patients with a better QoL. In fact, the patients who took part
in this study presented with QoL scores similar to agematched Welsh normative values of healthy individuals [37].
In addition, exclusion criteria meant that patients with uncontrolled medical complications, and therefore an expected
poorer QoL, were excluded from this study. It is possible that
had these patients been included, they may have experienced
greater QoL changes following an exercise intervention. Alternatively, the lack of change in physical function may have
simply blunted any changes to quality of life.
A limitation to this study was the absence of whole body
protein synthesis and diet measurements to indicate whether
nutritional intake confounded body composition responses.
Previous literature has shown increases in body fat percentage
following PRET [15], perhaps due to an increased appetite
following exercise [38]. Additionally, protein intake may
moderate anabolism in response to muscle contraction [39].
Future studies should include such dietary measures and also a
detailed assessment of energy balance. A further limitation
lies in the small size of this pilot study, and particularly of the
conveniently sampled healthy control group. Specifically, despite randomisation, the age and body composition were not
exactly the same between the groups at baseline. We addressed this issue statistically by using and presenting an
analysis of change scores. An alternative analysis using the
baseline data as a covariate confirmed our interpretation (data
not shown). Nevertheless, comparison of response between
diseased and non-diseased participants should be interpreted
cautiously, and results may only be generalizable to populations similar to that studied herein. However, the strength of
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including this comparison group is that for the first time, it
allows such comparisons to be made.
In conclusion, using novel intradialytic equipment to allow
adequate overload, PRET was safe and increased muscle
volume and strength in HD patients. A similar anabolic response to PRET was observed in HD patients and healthy
participants, precluding assumptions of anabolic resistance to
exercise in this patient population. While reversing muscle
wasting is theoretically beneficial for reducing morbidity and
mortality, the lack of efficacy on functional capacity was
surprising and warrants further investigation.
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