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The Effects of High-Load Strength Training With
Protein- or Nonprotein-Containing Nutritional
Supplementation in Patients Undergoing Dialysis
Stig Molsted, PhD,*† Adrian P. Harrison, PhD,* Inge Eidemak, MD, PhD,‡

and Jesper L. Andersen, PhD§

Objective: The aim of this study was to investigate the effects of high-load strength training and protein intake in patients undergoing

dialysis with a focus on muscle strength, physical performance, and muscle morphology.

Design: This was a randomized controlled study conducted in three dialysis centers.

Subjects: Subjects for the study included 29 patients undergoing dialysis.

Intervention: The participants went through a control period of 16 weeks before completing 16 weeks of strength training. Before the

training period, the participants were randomly assigned to receive a protein or a nonprotein drink after every training session.

MainOutcomeMeasure:Muscle strength and power were tested using the good strength equipment and the leg extensor power rig.

Physical performance and function were assessed using a chair stand test and the Short Form 36 questionnaire. Muscle fiber type size

and composition were analyzed in biopsies obtained from the m. vastus lateralis.

Results: All variables remained unchanged during the control period. After training, muscle strength and power, physical perfor-

mance, and physical function increased significantly. Muscle fiber composition was changed by a relative decrease in type 2x muscle

fiber number whereas muscle size at the fiber level was unchanged. There were no effects of combining the training with protein intake.

Conclusions: High-load strength training is associated with improvements in muscle strength and power, physical performance, and

quality of life. The effects were surprisingly not associated with muscle hypertrophy, and the results did not reveal any additional benefit

of combining the training with protein intake. The positive results in muscle strength and physical performance have clinically relevant

implications in the treatment of patients undergoing dialysis.

� 2013 by the National Kidney Foundation, Inc. All rights reserved.
Introduction

THERE IS A growing interest in the effects of strength
training on patients with chronic diseases, including

patients undergoing hemodialysis (HD) and peritoneal
dialysis (PD). In these patients muscle power and strength
is decreased, and physical performance and health-related
quality of life (HRQOL) are impaired.1,2 An important
*Department of Animal and Veterinary Basic Sciences, LIFE, Copenhagen

University, Copenhagen, Denmark.
†Department of Research, Hillerød University Hospital, Hillerød, Denmark.
‡Department of Nephrology P, Rigshospitalet, Copenhagen University Hospi-

tal, Copenhagen, Denmark.
§Institute of Sports Medicine Copenhagen, Bispebjerg University Hospital,

Copenhagen, Denmark.

The studywas registered onwww.controlled-trials.comno. ISRCTN72099857 .

Support: The study was supported by Nutricia, the Danish Kidney Associa-

tion, the Becket Fund, the Danish Society of Nephrology, Hillerød Hospital, the

Association of Danish Physiotherapists, the Lundbeck Fund, the Kaptajnløjtnant

Harald Jensens and Wife Fund, the Danish Medical Research Council, and the

Nordea Foundation (Healthy Aging Grant).

Address correspondence to Stig Molsted, PhD, Department of Research,

Hillerød Hospital, Dyrehavevej 29, 3400 Hillerød, Denmark. E-mail:
stimo@hih.regionh.dk

� 2013 by the National Kidney Foundation, Inc. All rights reserved.

1051-2276/$36.00

http://dx.doi.org/10.1053/j.jrn.2012.06.007

132
reason for the lack of strength is a loss of muscle mass due
to a disturbed balance between protein synthesis and
protein breakdown. A low level of physical activity,
acidosis, insulin resistance, dysfunction, low levels of
anabolic hormones, low-grade inflammation, and dialysis
treatment per se have been associated with decreased pro-
tein synthesis and/or increased protein breakdown. Like-
wise, muscle morphology is altered; a decrease in the size
of the individual muscle fibers is evident3,4 as well as an
increased relative percentage of type 2x fibers.4,5 A few
studies have investigated the effects of strength training
with high loads in patients undergoing HD.6-10 These
few studies are heterogeneous in terms of their intensities
of training and outcome, providing inconsistent results.
In healthy young and elderly men, it has been shown that

combining an oral protein intake with strength training fa-
cilitates muscle fiber hypertrophy.11,12 The intake of
protein should be timed immediately after exercise.12,13

In patients undergoing HD, studies have shown increased
protein synthesis when amino acids were added orally or
parenterally after a single exercise session.14,15 A recent
study investigated the effect of combining strength
training with oral protein intake before and during HD.10

The study did not show any additional effect of strength
training. The reason for this is unknown, but it could be
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a result of an inadequate exercise intervention and lack of
sensitivity in the outcome measurements, as suggested by
the authors.
The aim of the present randomized study was to investi-

gate the effects of a high-load progressive strength training
program with a timed protein supplement or with a timed
isocaloric protein-free supplement on muscle power and
muscle strength, physical performance, HRQOL, and
muscle morphology in patients undergoing dialysis.
We hypothesized that strength training (1) combined

with a timed protein supplement increases hypertrophy at
the muscle fiber level and (2) increases muscle strength
and physical performance.

Methods
The participants were recruited to a control period of

16 weeks with no intervention followed by an intervention
period of 16 weeks with strength training; thus, the partici-
pants served as their own control group. After the baseline
test and before the training period, the participants were ran-
domized by a computer program (www.randomization.
com) into twogroups: strength trainingwith an intakeof pro-
tein (protein group) or strength training with an intake of an
isocaloric nonprotein product (nonprotein group). The de-
sign of the study is presented in Figure 1. The investigators
obtaining the muscle biopsies and performing the analyses
were blinded in terms of time of tests in the study and to
what group the patients were randomized. The patients
and the researchers were not blinded to the supplementation
assignment.

Participants
The patients were recruited from three Danish dialysis

centers (Rigshospitalet, FrederiksbergHospital, andHillerød
Hospital). To be included the participants had to be more
than 18 years of age, undergoing HD or PD for more than
3 months, and able to participate in the training program.
Exclusion criteria were severe diabetic retinopathy, amputa-
tion of a lower limb, severe peripheral polyneuropathy,
dementia, inability to speak Danish, and participation in
other conflicting trials.
Data for renal disease and morbidity were obtained from

case records. Degree of comorbidity was assessed by the
Index of Coexistent Disease.16 Standard blood parameters
were analyzed in the laboratories of the Capital Region.
Physical activity outside of training was assessed with ques-
tions from the Danish Health and Morbidity Survey 2005
Questionnaire.17 Food intake outside of the intervention
Figure 1. Study design and dropout.
energy supply was assessed with a modified 7-day version
of the Inter99 food frequency questionnaire,18 and energy
intake was determined by a trained dietitian using the
Master Diætist Data (Anova A/S, Holte, Denmark)
software.
Each individual was tested with the same relation to the

dialysis procedure at the three tests. Informed consent was
obtained from all patients. The study was conducted in
accordance with the Declaration of Helsinki, and the local
ethical committee approved the protocol (H-D-2008-124).

Residual Renal Function
In patientswith urine production of at least 500mL every

24 hours, creatinine clearance was calculated ([urine creati-
nine $ urine volume $ 24 hours21]/[plasma creatinine $ min $
24 hours21]) to determine if the glomerular filtration rate
was affected by the protein supply.

Intervention
The intervention consisted of progressive high-load

strength training 3 times a week for 16 weeks outside of di-
alysis supervised by physiotherapists and exercise instruc-
tors. The participants themselves chose the 3 weekly days
for exercise and were advised to spread out the sessions dur-
ing the week, but exercise on 2 consecutive days was also
allowed, if necessary, to comply with the patients’ dialysis
schedule.
The exercise began with 5 minutes of warm-up on a sta-

tionary ergometer followed by leg press, leg extension, and
leg curl as shown in Table 1. The rest period between each
set lasted for 60-90 seconds. During the training period the
progression was adjusted according to changes in 1 repeti-
tion maximum tested regularly 6 times during the training
period. In every set the patients completed as many repeti-
tions as possible by training to exhaustion. The relative load
was increased, and the patients performed 15 repetitions in
the sets in the beginning of the training programm and
6 repetitions in the sets in the end of the training period
because of the increased load.

Protein and Nonprotein Supply
Isocaloric supplies were ingested immediately after each

exercise session. The protein group received a protein sup-
ply (Renilon 7.5, Nutricia) of 125 mL containing 9.4 g
protein (100% whey, 14.3% leucine), 25 g carbohydrate,
and 12.5 g lipid (1050 kJ); the nonprotein group received
an energy supply (Calogen, Nutricia) of 54.5 mL contain-
ing 2.4 g carbohydrate and 27.3 g lipid (1050 kJ). Both sup-
plies contained a low amount of potassium and phosphate as
recommended to patients undergoing dialysis. The partic-
ipants were instructed not to ingest meals at least 2 hours on
either side of the training sessions.

HRQOL
To investigate HRQOL, the Danish version of the Short

Form 36 questionnaire was used.19 The questionnaire
comprises eight dimensions covering physical, mental,

http://www.randomization.com
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Table 1. Protocol of 48 Exercise Sessions Covering the 16 Weeks of Training

Exercise Session 1-6 Session 7-12 Session 13-24 Session 25-36 Session 37-42 Session 43-48

Leg press (sets � reps) 4 � 15 5 � 15 5 � 12 5 � 8-10 5 � 6-8 4 � 6-8

Knee extension (sets � reps) 3 � 15 3 � 15 4 � 12 5 � 8-10 5 � 8 4 � 8
Knee flexion (sets � reps) 3 � 15 3 � 15 4 � 12 4 � 10 4 � 8 4 � 8

reps, repetitions. Every set was performed to exhaustion and the load increased thereby because of the decreased number of repetitions in the

sets during the training program.
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and social aspects of health. For each dimension a score
from 0 to 100 was calculated according to standard proce-
dures. Scores were also transformed into a physical compo-
nent scale and a mental component scale. Higher scores
indicate better health. Participants’ data were compared
with data from an age- and gender-matched general popu-
lation sample.19

Physical Performance
Physical performance was measured with the chair stand

test from the Senior Fitness Test.20 The test required the pa-
tient to rise to a full standing position and return to a seated
position as frequently as possible within a 30-second time
frame while maintaining their arms folded across the chest.
The time used for the first five rises was also registered.

Muscle Power and Strength Measurements
Leg extensor power was measured using theNottingham

Leg Extensor Power Rig in an upright sitting position with
arms folded across the chest and the active leg toward the
push-pedal while the free leg rested on the floor. The
push-pedal was located in front of the seat, which makes
the direction of movement almost horizontal. First, the
leg on the dominant-hand side was measured, followed
by the leg on the nondominant-hand side. The patient
was instructed to push the pedal as hard and as fast as possi-
ble. The measurement was repeated at least 5 times and un-
til no further improvement occurred twice. The intertrial
rest period was 30 seconds. The data were recorded, com-
puted, and expressed in watts using the Leg Rig software
package (PC214E; University of Nottingham, Medical
FacultyWorkshops,Queen’sMedical Centre, Nottingham,
UK). For each patient, the highest value obtained was used
in the analyses.

Maximal voluntary knee extension was tested in an ad-
justable dynamometer chair (Good Strength, Metitur
Ltd., Jyv€askyl€a, Finland). The measurement was done at
a knee angle of 60� from full extension with arms folded
across the chest. First, the leg on the dominant-hand side
was measured, followed by the leg on the nondominant-
hand side. The patients were instructed to rapidly produce
as much force as possible and hold it for 5 seconds. A min-
imum of three tests separated by 60-second rest periods was
conducted. For each patient the best performance with the
highest value followed by a lower value was accepted as the
result. The maximal contractions were converted into
Newtons. All data were recorded and stored on a computer
using the Good Strength software package (version 3.11.
Metitur Ltd., Jyv€askyl€a, Finland).

Muscle Fiber Analyses
Muscle biopsies were obtained from themiddle region of

m. vastus lateralis on a non-HD day. Anticoagulations were
suspended 3 days before the biopsy, and the international
normalized ratiowas tested before the biopsy was obtained.
Local anesthesia of the skin, subcutis, and fasciawas induced
by 1% lidocain. Muscle biopsy tissue was obtained through
a 5-mm incision with the aid of a Bergstr€om biopsy needle.
Muscle biopsies were mounted with Tissue-Tek (Sakura
Finetek, Zoeterwoude, The Netherlands) and immediately
frozen in isopentane cooled in liquid nitrogen before stor-
age at 280�C until analysis.

ATPase Histochemistry
Serial sections (10 mm) of the muscle biopsy samples

were cut using a cryostat maintained at220�C. Myofibril-
lar ATPase histochemistry was performed at pH 9.40 after
preincubation at pH 4.37, 4.60, and 10.30.21 Computer
image analysis was performed using an image analysis sys-
tem (TEMA, Scan Beam ApS, Hadsund, Denmark). Fibers
were subsequently classified as type 1, type 1/2a, type 2a,
type 2ax, and type 2x.22 The number of fibers of the minor
fiber types (1/2a and 2ax) were so few in some biopsies that
a statistically reliable determination of their size was impos-
sible. Therefore, calculations of fiber type size were only
performed on the three major fiber types (1, 2a, and
2x).22 Furthermore, only truly horizontally cut fibers
were analyzed. The day after the biopsy, HDwas performed
with heparin levels according to postoperation.

Statistical Analyses
Statistical analyses were performed using PASW� Statis-

tics 18. The distribution of the data was tested using Q-Q
plots. Because these results showed the data not to be nor-
mally distributed, all subsequent statistical analyses were
performed using nonparametric tests. TheMann–Whitney
test (exact significance) was used to compare the protein
and the nonprotein groups; if their results in the outcome
measurements did not differ, then they were analyzed as
one group. The Wilcoxon signed ranks test was used to
test for differences between pretest and baseline and be-
tween baseline and retest as well as to compare the differ-
ences during the control period with any difference
during the training period. Data are presented as the
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mean 6 standard deviation (SD), as the mean 6 standard
error of the mean (SEM), or as counts and percentages.
All tests were two-tailed, and significance was taken to be
at the level of P # .05.
Results
Participants
Twenty-nine participants completed the study, as shown

in Figure 1. Dropout during the control period was due to
a lack of time (n5 1), medical complications not related to
the intervention (n 5 5), discomfort related to the muscle
biopsy collection (n 5 1), and moving to another dialysis
center (n 5 1). Dropout during the training period was
due to medical complications not related to the training
(n 5 3) and death not related to the training (n 5 1).
The participants’ characteristics are presented in Table 2.

There were no differences between the protein and non-
protein groups.
The patients participated in 42.5 6 0.8 exercise sessions

during 16.26 0.1 weeks, 2.636 0.04 exercise sessions per
week, which corresponds to 88 6 1% of the exercise ses-
sions, with no difference between groups.Muscle pain dur-
ing training was reported by four patients. The pain lasted
1-2 weeks and did not affect the training protocol.
Residual renal function was determined by analyzing

creatinine clearance in nine patients (protein n 5 4 and
nonprotein n 5 5). In all patients there was no significant
change in the creatinine clearance (from 3.4 6 0.7 to
3.86 0.9mL/min). Therewas no difference in changes be-
tween the protein and nonprotein groups: 0.46 1.0 versus
0.4 6 0.2 mL/min, respectively.
During the control period body weight remained

unchanged from 75.86 3.7 to 75.56 3.6 kg and increased
Table 2. Characteristics of the Participants

Characteristic All Participants (n 5 29)

Gender (F/M) 13/16

Age (y) 55 6 14

Dialysis modality (HD/PD) 24/5

Duration of renal disease (y) 7.9 6 6.8
Duration of chronic dialysis (y) 5.0 6 5.7

Comorbidities (score 0-3) 2.3 6 0.8

Body mass index (kg/m2) 24.6 6 5.1
Hemoglobin (mmol/L) 7.5 6 1.0

Albumin (g/L) 41.2 6 3.2

C-reactive protein (mg/L) 6.6 6 6.6

Primary disease
Type 1 diabetes 2

Type 2 diabetes 1

Hypertension 1

Polycystic 7
Glomerulonephritis 10

Nephrosclerosis 2

Other/unknown 5

F, female; M, male. Data are presented as mean 6 SD or count.
during the training period to 76.66 3.7 kg, P,.05, with
no difference between groups.
The corresponding body mass index increased from

24.66 0.9 to 25.06 1.0 kg/m2, P,.05. The energy intake
at pretest did not change during the study, and there were
no differences between groups (9418 6 453 kJ$day21,
130 kJ$day21$ kg21; 1.3 6 0.1 g protein$day21$kg21).
Hemoglobin, albumin, and C-reactive protein remained
unchanged during the study in all patients as well as in the
two patient groups (data not shown). Physical activity was
stable during the control period (data not shown).
In the protein group six patients underwent HD after the

training sessions and in the nonprotein group seven patients
underwent HD after the training sessions during the train-
ing period. The results were not associated with HD
timing.
HRQOL, Physical Performance, and Muscle
Power and Strength Measurements
HRQOL is presented in Table 3. Physical Function and

other variables increased with training only, with no differ-
ence between groups (data not shown). At baseline Physical
Function,General Health,Vitality, and Physical Component Scale
were impaired compared with the age- and gender-matched
general population. After the training the participants’ Phys-
ical Function andVitality scoreswere not statistically significant
different from scores for the general population.
Physical performance, muscle power, and muscle strength

parameters were increased after training in all patients with
statistically significant differences between periods, as shown
in Table 4, and no difference between the protein and non-
protein groups. The increase of muscle power and strength
were not associated with baseline energy intake (data not
shown).
Protein Group (n 5 16) Nonprotein Group (n 5 13)

7/9 6/7

54 6 15 56 6 14

13/3 11/2

6.5 6 5.0 9.4 6 8.3
5.1 6 4.5 4.9 6 7.2

2.5 6 0.7 2.1 6 0.8

23.0 6 4.7 26.3 6 5.1
7.4 6 1.1 7.5 6 0.8

41.9 6 3.8 40.4 6 2.3

6.9 6 6.6 5.7 6 6.8

1 1

1 0

1 0

2 5
6 4

2 1

3 2



Table 3. Patients’ HRQOL Scores During the Study and Scores From an Age- and Gender-Matched General Population

Scale Pretest Baseline Retest P Control P Training P Periods General Population

Physical Function 68 6 3 66 6 4 74 6 4 .684 ,.05 .200 84 6 1

Role Limitation—Physical 46 6 6 60 6 8 59 6 8 .151 .416 .930 77 6 2
Bodily Pain 75 6 5 71 6 4 77 6 4 .204 ,.05 ,.01 79 6 1

General Health 50 6 4 49 6 4 54 6 4 .939 .126 .543 72 6 1†

Vitality 53 6 5 56 6 3 61 6 4 .268 .083 .663 70 6 1

Social Function 82 6 4 82 6 3 85 6 3 .768 .209 .751 91 6 0
Role Limitation—Emotional 76 6 4 70 6 7 75 6 8 .606 ,.05 .052 84 6 1*

Mental Health 79 6 3 79 6 3 83 6 3 .384 ,.05 .672 83 6 0

Physical Component Scale 40 6 2 40 6 2 43 6 2 .977 ,.01 .053 49 6 1*
Mental Component Scale 53 6 2 53 6 2 54 6 2 .648 .218 .520 55 6 0

Data are presented asmean6 SEM. P is given for the control period, the training period, and the difference between the control period and the

training period and finally between retest and the general population. Higher score indicates better health.

*P , .05.
†P , .005.
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Muscle Fiber Analyses
Muscle fiber size analyses were based 22 patients because

only horizontally cut fibers were analyzed as mentioned in
theMethods.Muscle fiber compositionwas not changed dur-
ing the control period (Table 5).After training, the numberof
type 2x fibers was reduced (Table 5).When the composition
of fiber typeswas analyzed as five types (1, 1/2a, 2a, 2a/x, and
2x), the number of type 2a fibers increased during the train-
ing period from 30 6 2 to 35 6 2%, P , .05, and type
2s decreased from 166 2 to 86 2%, P, .005.

When fiber size was determined in the two major types
(1 and 2) there were no changes during the study (Table 5).
Within subtypes 2a and 2x, there was an increase in the
cross-sectional area in 2x fibers.

Therewere no differences in changes ofmuscle fiber com-
position or size between the protein and nonprotein groups
(Table 6). At pretest, in 19 of 22 (86%) patients, the fiber
size of type 1 fibers exceeded that of type 2 fibers. The fiber
size ratio (type 1[mm2]/type 2[mm2]) was 1.56 0.1.

Discussion
This controlled study of high-load strength training in

patients undergoing dialysis showed several positive effects,
Table 4.Muscle Power, Muscle Strength, and Physical Performanc
All Patients

Parameter Pretest Base

Muscle power
Leg extension, right (W) 145 6 12 142 6

Leg extension, left (W) 141 6 12 138 6

Leg extension/body weight, right (W/kg) 1.95 6 0.14 1.91 6

Leg extension/body weight, left (W/kg) 1.88 6 0.14 1.84 6

Muscle strength

Knee extension, right (N) 338 6 19 343 6

Knee extension, left (N) 324 6 22 318 6

Physical performance
Chair stand test, 30 s (no.) 14 6 1 14 6

Chair stand test, 5 reps (s) 10.4 6 0.6 10.7 6

Data are presented asmean6 SEM. P is given for the control period, the

training period.
and the training program was well tolerated by the patients.
Muscle power, muscle strength, physical performance, and
self-rated physical function were all improved. The exercise
did not induce muscle hypertrophy measured at the fiber
level, but a downregulation in the relative percentage of
type 2x fibers was seen. There were no additional effects
of giving a timed protein intake versus an isocaloric non-
protein intake in relation to the exercise.
In the study presented here there was a high compliance

and the dropout rate was acceptable compared with previ-
ous studies.23 The clinical relevance of the positive effects
from training on muscle power and muscle strength are ob-
vious because objectively tested physical performance and
self-rated physical function from the HRQOL was im-
proved. The patients’ mean score in the Short Form 36
scale Physical Function was elevated from being significantly
reduced to having no statistically significant difference
when compared with scores from the general population.
Physical performance in patients undergoing dialysis has
been reported as being impaired in several studies, and it
is a treatment target to avoid or delay the need for personal
assistance and to increase one’s abilities by remaining phys-
ically active. Improvements in physical performance and
eMeasurements During the Control and Training Periods in

line Retest P Control P Training P Periods

13 183 6 16 .793 ,.001 ,.01

12 172 6 16 .991 ,.001 ,.01

0.16 2.38 6 0.18 .636 ,.001 ,.01

0.17 2.28 6 0.18 .977 ,.001 ,.01

20 413 6 25 .946 ,.001 ,.01

20 376 6 22 .838 ,.001 ,.01

1 17 6 1 .198 ,.001 ,.001

0.8 8.6 6 0.6 .111 ,.001 ,.01

training period, and the difference between the control period and the



Table 5.Muscle Fiber Size andMuscle Fiber Type Composition During the Control and Training Period in All PatientsWith Data
From the Three Tests

Parameter Pretest Baseline Retest P Control P Training P Periods

Fiber type, n 5 25
Fiber (n) 173 6 12 173 6 11 173 6 13

Type 1 (%) 46 6 3 44 6 3 48 6 3 .706 .840 .798

Type 2a (%) 38 6 3 36 6 3 40 6 2 .600 .201 .139

Type 2x (%) 17 6 3 19 6 3 12 6 3 .307 .001 ,.01
Fiber size, n 5 22

Fiber (n) 170 6 14 168 6 14 163 6 15

Type 1 (mm2) 4605 6 303 4440 6 290 4478 6 370 .355 .910 .884
Type 2 (mm2) 3281 6 242 3190 6 219 3575 6 274 .846 .140 .236

Type 2a (mm2) 3682 6 296 3510 6 246 3773 6 296 .783 .277 .355

Type 2x (mm2) 2607 6 216 2552 6 182 2950 6 258 .987 ,.05 .263

Data are presented asmean6 SEM. P is given for the control period, the training period, and the difference between the control period and the
training period.
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HRQOL may be important parameters for the patients to
stay motivated toward physical exercise. Physical activity
has implications for the patients’ physical performance
and HRQOL, and physical activity is associated with
decreased mortality risk24 as for the general population.
In contrast to the study presented here, in the studies

from Cheema and colleagues7 and Johansen and col-
leagues,6 objectively tested physical performance was not
improved and muscle strength was only partly improved
by strength training in patients undergoing HD. One could
speculate that this was a result of the training programs
adopted by the studies. Exercise during HD may limit
not only the choice of exercise modality but also the inten-
sity of it. In respect to this, exercise during HD has been
shown to have other positive effects and it is time-saving
for the patients, making it attractive.
To our knowledge this is the first study of high-load

strength training on muscle morphology using muscle
biopsies in patients undergoing dialysis. At pretest, the ratio
between type 1 and 2 fiber sizes showed unusual values. In
healthy subjects type 2 fiber size will exceed or at least be
equal to the type 1 fiber size. In most patients in the study
presented here the opposite was observed—an observation
that have been reported in a previous study.3

Although body weight increased in the study presented
here, hypertrophy at the fiber level was very modest because
hypertrophywas onlyobserved in the type 2x fiber pool. The
increase in muscle power and strength may therefore be car-
ried as a result of improved neuromuscular activity and better
synchronization of the activated motor units during maxi-
mum contractions. It could also be suggested that any
expected hypertrophy may have been suppressed by the dis-
turbance experienced by the patients in termsof their protein
balance. The net protein balance based on the achieved post-
exercise protein synthesis and protein breakdown may be
diminished by protein breakdown caused by uremia,25 dial-
ysis treatment,26 acidosis,27 low-grade inflammation,28 insu-
lin resistance,29-31 and low levels of anabolic hormones.32,33
Even when the protein supply and its possible subsequent
protein synthesis were added to the strength training, no
hypertrophy was noticed. The protein synthesis induced by
the training may also be affected by HD timing, which in
some patients was scheduled after the training, but there
was no association between hypertrophy and HD timing.
Although speculative, the training period may not have
been long enough to induce hypertrophy in these chronic
diseased patients. The result is partly supported by other
studies. Two previous studies have investigated the effect of
strength training on muscle size in patients undergoing
HD. Johansen and colleagues6 found amoderate hypertrophy
of 2.5% in quadriceps muscle cross-sectional area measured
by magnetic resonance imaging compared with a 6.8% atro-
phy in the control group, whereas Cheema and colleagues7

found no significant hypertrophy when using computed to-
mography scanning. More surprisingly, in a noncontrolled
study by Kouidi and colleagues,34 muscle fiber hypertrophy
was noticed in seven patients undergoing HD after a training
program encompassing low-load strength training. When
the changes during the control period and the trainingperiod
in the study presented here were combined, the type 2 fiber
cross-sectional area increased by 14.9%, but this was not
significant.
The study presented here did not include a control

group receiving high-load strength training without timed
energy supply. Therefore, it is unknown if the energy
supply per se had any additional effect on the outcomes.
Patients undergoing dialysis often suffer from undernutri-
tion, and the basal daily energy intake mean value in the
included patients was relatively low. It cannot be excluded
that even a nonprotein supply on training days could have
had a minor effect on the outcomes. On the other hand,
there was no association between baseline energy intake
and effects on muscle fiber cross-sectional area or muscle
strength. Furthermore, a study on healthy subjects showed
that protein homeostasis remained unchanged after a post-
exercise intake of nonprotein energy,35 and there are no



Table 6. Change of HRQOL, Muscle Power, Muscle
Strength, Physical Performance, Muscle Fiber
Composition, and Size in the Protein Group and the
Nonprotein Group During the Training Period

Variable

Protein

Group

Nonprotein

Group

DHRQOL (n 5 16) (n 5 13)

Physical Function 4.4 6 7.8 14.9 6 4.9
Role Limitation—Physical 5.8 6 8.6 4.5 6 10.6

Bodily Pain 12.0 6 5.4 5.3 6 3.6

General Health 3.7 6 4.3 6.2 6 4.3
Vitality 3.5 6 4.6 8.8 6 3.7

Social Function 4.5 6 5.0 4.5 6 5.9

Role Limitation—Emotional 5.1 6 7.4 25.9 6 10.8

Mental Health 6.1 6 2.5 3.5 6 3.2
Physical Component Scale 2.9 6 3.0 4.1 6 1.5

Mental Component Scale 1.7 6 1.9 3.1 6 2.3

DMuscle power (n 5 16) (n 5 13)

Leg extension, right (W) 35 6 5 40 6 12
Leg extension, left (W) 25 6 6 47 6 14

DMuscle strength (n 5 16) (n 5 13)

Knee extension, right (N) 66 6 9 66 6 18
Knee extension, left (N) 58 6 15 57 6 14

DPhysical performance (n 5 16) (n 5 13)

Chair stand test, 30 s (no.) 2.8 6 0.5 3.4 6 0.9

Chair stand test, 5 reps (sec) 21.5 6 0.3 22.3 6 0.6
DFiber type (n 5 16) (n 5 9)

Type 1 (%) 5 6 4 2 6 6

Type 2a (%)* 1 6 3 7 6 4

Type 2x (%) 26 6 3 211 6 6
DFiber size (n 5 15) (n 5 7)

Type 1 (mm2) 62 6 223 214 6 639

Type 2 (mm2) 267 6 343 638 6 310
Type 2a (mm2) 170 6 328 464 6 247

Type 2x (mm2) 437 6 252 314 6 372

*Statistically significant difference between groups at baseline. No

difference between relative or numeric changes.
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data to support reasons for a difference in patients undergo-
ing dialysis.

The protein source was based on leucine from whey,
which has been recommended as a protein supply in re-
lation to strength training,36 but the quantity of protein
supply might not have been enough to achieve additional
effects in these patients. Although a study in healthy older
persons showed effects of giving 10 g protein after every
strength training session,12 this might not be enough in
patients with more catabolic factors. Moreover, although
studies propose positive effects of protein intake in rela-
tion to strength training, the evidence of effects in the
elderly is still debated.37 Further studies of these interven-
tions in patients with chronic diseases are needed to draw
stronger conclusions about such a relation and any poten-
tial benefits.

The strength training generated a decrease in the relative
amount of type 2x fibers. This was expected because it has
been shown to be a robust response of strength training in
healthy subjects.22,38 A more pronounced transmission
from 2x to 2a fibers might have been expected. The
reason for the modest transformation may be difficulties
of recruiting some of the largest type 2x fiber motor units
in voluntary contractions, a scenario that could exist
especially in disused muscle. Furthermore, the result may
be influenced by the heterogeneous sample of patients
with a wide range of comorbidities and ages.39

The suppression in type 2x fibers may be beneficial in re-
lation to health. Type 2x fibers have the lowest glucose up-
take capacity,40 and higher numbers of type 2x fibers have
been associated with an elevated risk of insulin resistance,41

which is a common morbidity in patients undergoing dial-
ysis. The effect of strength training on insulin resistance in
patients undergoing dialysis is unknown, but it has been
shown to be beneficial on insulin sensitivity in patients
with type 2 diabetes not undergoing dialysis.42,43

The strength training program in this study has impor-
tant clinical implications. It was safe and can be conducted
within a 30-minute time frame. Although high loads are
needed to achieve the effects presented in the study pre-
sented here, the exercises are simple and participants do
not need special skills to perform them. Not all patients un-
dergoing dialysis are represented by the present relatively
well-nourished sample, but there should be no reason
why most dialysis center populations should not be able
to participate in such a training program.
This study was limited by lack of a control group con-

duction training without a nutrition supplement. Further-
more, because of the relatively low number of participants,
the type 1 and type 2 error risk may not be ignored and the
present effects should be tested in future studies.
In conclusion, high-load strength training outside of di-

alysis was well tolerated and associated with clinically rele-
vant improvements in muscle power and strength, physical
performance, and HRQOL. The increase in muscle
strength was not related to muscle hypertrophy and may
be more likely related to neuromuscular changes. The
exercise-induced decrease in type 2x fibers may be associ-
ated with metabolic improvements. The data from the
study presented here did not reveal any indication of addi-
tional benefit of combining the training program with
timed protein intake, which may be due to insufficient pro-
tein synthesis compared with the increased protein break-
down in these patients and/or an inadequate amount of
ingested protein. Whereas high-load strength training
should be recommended to patients undergoing dialysis,
the combination of strength training with a timed protein
intake of 10 g cannot be recommended based on the cur-
rent evidence.
Practical Application
The high-load training was well tolerated by the patients

and it has important clinical implications in terms of phys-
ical performance, something that is negatively affected in
patients undergoing dialysis.
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