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Effect of aerobic exercise and relaxation
training on fatigue and physical performance
of cancer patients after surgery.

A randomised controlled trial

Abstract Fatigue is a frequent prob-
lem after surgical treatment of solid
tumours. Aerobic exercise and psy-
chosocial interventions have been
shown to reduce the severity of this
symptom in cancer patients. There-
fore, we compared the effect of the
two therapies on fatigue in a ran-
domised controlled study. Seventy-
two patients who underwent surgery
for lung (n=27) or gastrointestinal
tumours (n=42) were assigned to an
aerobic exercise group (stationary
biking 30 min five times weekly) or
a progressive relaxation training
group (45 min three times per week).
Both interventions were carried out
for 3 weeks. At the beginning and the
end of the study, we evaluated phys-
ical, cognitive and emotional status
and somatic complaints with the Eu-
ropean Organization for Research
and Treatment of Cancer Quality

of Life Questionnaire Core Module
(EORTC-QLQ-30) questionnaire,
and maximal physical performance
with an ergometric stress test. Physi-

cal performance of the training group
improved significantly during the
programme (9.4+20 watts, p=0.01)
but remained unchanged in the re-
laxation group (1.5+14.8 watts,
p=0.37). Fatigue and global health
scores improved in both groups dur-
ing the intervention (fatigue: training
group 21%, relaxation group 19%;
global health of both groups 19%,

p for all <0.01); however, there was
no significant difference between
changes in the scores of both groups
(p=0.67). We conclude that a struc-
tured aerobic training programme
improves the physical performance of
patients recovering from surgery for
solid tumours. However, exercise is
not better than progressive relaxation
training for the treatment of fatigue in
this setting.
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Introduction

Many patients undergoing cancer treatment experience
a substantial loss of energy and a severe impairment of
physical performance. Furthermore, up to 30% of cancer
survivors report a reduced performance status even years
after treatment [20, 27]. This problem has been linked to
several factors including nutritional status, protein turn-
over, anaemia, sleep disturbances, increased production
of pro-inflammatory cytokines, psychosocial situation,

mood disorders and amount of physical activity [31].
However, the causes of fatigue in cancer patients are not
fully understood. This symptom is also a substantial
problem of patients undergoing surgery [5]. In this set-
ting, fatigue has been related to decreased muscle strength
and impaired cardiorespiratory function [6, 7]. In fact,
low physical performance has frequently been postulat-
ed to be a substantial contributor to cancer fatigue [30].
However, fatigue represents only one side of the impair-
ment of performance status experienced by cancer pa-
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tients. Cancer is usually accompanied by an “asthenic
syndrome” consisting of two components, one objective
(loss of physical performance) and one subjective (fa-
tigue). Indeed, patients who report “feeling tired” may
experience a spectrum of symptoms that includes dimin-
ished energy, hypersomnia, cognitive dysfunction (for-
getfulness, impaired short-term memory, reduced con-
centration), post-exertional malaise and reduced ability to
carry out activities involving physical effort [24]. Due to
the complexity of the cancer-related fatigue syndrome,
therapeutical programmes for the treatment of this symp-
tom have evaluated different approaches including exer-
cise, psychotherapy, progressive relaxation training and
cognitive behavioural therapy [24]. In most studies, en-
durance and resistance exercise programmes during and
after treatment have resulted in improvements of physical
performance, quality of life and mood [8—13]. Moreover,
a recent meta-analysis showed positive effects of pro-
gressive relaxation training on the emotional adjustment
and treatment-related symptoms in non-surgical cancer
patients [23]. These results suggest that different thera-
peutical approaches may have positive effects on cancer-
related fatigue. However, studies about the effects of
other treatments (i.e. individual and group psychotherapy)
have yielded contradictory results [2, 8, 18].

To our knowledge, the effectiveness of exercise and
psychosocial interventions for the treatment of this symp-
tom has yet not been compared. While an exercise pro-
gramme can improve functional status and therefore re-
duce fatigue, behavioural and psychological therapies,
which have no effect on physical performance, may ef-
fectively address the mental component of this symptom.
Based on these considerations, we compared the effect of
two interventions, aerobic exercise and progressive re-

laxation training, on the fatigue, quality of life and phys-
ical performance of cancer patients recovering from sur-
gical treatment of solid tumours.

Patients and methods

A consecutive series of 72 patients undergoing surgery for a solid
tumour (lung, n=27, stomach, n=13; colon, n=16; sigmoid, n=13;
and rectum, n=3) participated in the study (see Table 1). Inclusion
criteria were age between 30 and 75 years, Eastern Cooperative
Oncology Group (ECOG) score 0-2, surgical intervention for a
histologically confirmed lung or gastrointestinal tumour and an
understanding of written German. Exclusion criteria were bone
metastasis, diabetes mellitus, impaired left ventricular function,
coronary heart disease, liver or kidney dysfunction, psychiatric or
rheumatic disease, haemoglobin concentration <10 g/dl, and on-
going chemo-, radio- or immune therapy. The study was approved
by the institutional ethics committee, and all patients provided in-
formed consent. Eighteen patients had received adjuvant chemo-
therapy, and 11 had undergone post-operative radiation. All pa-
tients had concluded therapy before recruitment into the study.

Patients were included in the study a mean of 120 days after
surgery (Table 1). On the first day, maximal physical performance
was assessed with a stress test on an ergometer with continuous
ECG monitoring. The test was started with 25 watts and increased
by 25 watts every 3 minutes until exhaustion. Quality of life was
assessed using the European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire Core Module
(EORTC QLQ-C30 version 2). This instrument consists of 30
questions and allows an evaluation of emotional, cognitive, phys-
ical and social functioning (function scales) and of the severity of
fatigue, nausea/vomiting, pain, dyspnea, insomnia, appetite loss and
constipation/diarrhoea (symptom scales). While higher scores in the
function scales show a better functional status, higher scores in the
symptom scales indicate more severe complaints.

Patients were stratified according to the tumour localisation
(lung or gastrointestinal cancer) and randomly assigned to an aer-
obic exercise or relaxation training group. Randomisation was
carried out using a computer-generated random number list. The

Table 1 Baseline data of patients in the study (mean + standard deviation with ranges in brackets)

Aerobic exercise

Relaxation training

Number 34
Age

Gender 26 male, 9 female
Body mass index 25.3+5.3
Diagnosis
Lung cancer 15
Gastric cancer: 8
Colon and sigmoid cancer 11
Rectum cancer 1
Days between diagnosis 211+245
and recruitment
Days between operation 126+153
and recruitment
Tumour stage
10

1I 13

1 8

v 3
Treatment

Chemotherapy 8

Radiotherapy 4

55.1+10 (32-74)

35

60+9.5 (36-78)
25 male, 10 female
23.9+4.2

18
174+156
134+151
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randomisation sequence was concealed until assignment of inter-
ventions.

Aerobic exercise training: The exercise programme consisted of
biking on a stationary bike for 30 min daily 5 days per week fol-
lowing an interval-training pattern. During the first week, exercise
duration was 5x3 min per day. Exercise duration was increased to
4x5 min per day in the second week and to 3x8 min in the third
week. Patients were instructed to keep a pedalling frequency of
about 50 cycles per min. Training intensity corresponded to a heart
rate of about 80% of the maximal heart rate in the stress test. Heart
rate during training was continuously assessed with a heart-rate
monitor. The subjective intensity of effort was evaluated with the
Borg Rate of Perceived Exertion scale, a visual analogue scale
ranging from 6,”the effort is very light”, to 20 “the effort is very,
very hard” [3]. Intensity effort during training corresponded to 13—
14 (“somewhat hard”). As exercise heart rate decreased due to
training adaptation, workload was increased to maintain training
intensity. During workouts, patients were continuously supervised
by a physician.

Relaxation training: The progressive muscle relaxation tech-
nique (Jacobson method) consists of a systematic programme of
contraction and relaxation of muscle groups (face, neck, shoulders,
arms, forearms, hands, back, abdomen, buttocks, thighs, legs and
feet [19]. During training, participants tightened each muscle group
progressively; after reaching a maximal contraction, tension was
held for about 5 s; then, participants relaxed for 30 s while fo-
cussing on breathing. This procedure was repeated for each muscle
group. Sessions lasted approximately 45 min and were repeated on
Mondays, Thursdays and Fridays for 3 weeks.

A second assessment of maximal physical performance with an
ergometric test and of quality of life with the EORTC questionnaire
was carried out at the end of the programme. All tests were carried
out between 9:00 a.m. and 12:00 noon. Three patients in the aerobic
exercise group were admitted to hospital for the treatment of a
concurrent disease (thrombosis, infection) and dropped out of the
programme. Therefore, no assessment of physical performance or

quality of life could be obtained at the end of the study. The data of
these patients were evaluated using the “worst rank assumption”
[21].

Statistical analysis: A preliminary sub-analysis of both strata
was carried out. It included data at baseline and changes in physical
performance, global quality of life scores and severity of dyspnea,
pain and fatigue. This analysis showed no difference between pa-
tients with gastrointestinal tumours and with lung cancer regarding
baseline scores and changes after the intervention. Therefore, data
of both strata (gastrointestinal tumours and lung cancer) were
considered together in order to increase the power of the statistical
analysis.

Maximal physical performance of all patients was compared
with tables of normal values for aerobic power tests for healthy
adults [1]. According to these tables, patients were assigned to one
of six functional categories (very poor, poor, fair, good, excellent
and superior). These categories correspond approximately to a
functional capacity lower than 50%, 50-54%, 55-65%, 66—70%,
71-75% and higher than 76% of the maximal values recorded in
healthy persons of corresponding age and gender.

Primary endpoint of the study was the reduction in fatigue
scores during the intervention. A difference of 30% or more be-
tween the two groups was considered to be clinically relevant. To
detect this difference with a probability of an a- and a B-error of
5% and 10%, at least 30 patients were required in each group.
Statistical analyses were carried out with the Wilcoxon, Mann-
Whitney U, and Fisher tests. To evaluate the association between
physical performance and fatigue, we compared changes in both
parameters during the interventions with the Spearman test. A value
of p<0,05 was considered to be statistically significant, and a value
of 7>0.30 to show a relevant association. Values are expressed as
mean + standard deviation. Expected maximal heart rate was cal-
culated using the formula 220 minus age (in years). Maximal
physical performance in METs (metabolical equivalents) was cal-
culated according to the guidelines of the American College of
Sports Medicine [1].
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Results

Haemoglobin concentration: There were no differences in
the haemoglobin concentrations of the two groups at re-
cruitment or at the end of the study (relaxation training
group pre: 13.0+1.4; post 13.2+1.3; exercise training: pre
13.4+1.4; post 13.6+1.3, p for all not significant).
Quality of life and symptom scores: Assessment of
cognitive, physical, role, social and emotional function-
ing, global health, severity of dyspnea, fatigue, pain and
sleep disorders showed no difference in the scores of the
two groups at recruitment (p for all not significant, see
Table 1). At the end of the study, both groups showed
significant improvement in the sub-scales fatigue (6+33%
versus 9+25%), emotional functioning (8+34% versus
11+30%) and global health (20+36 versus 17+51%, p for
all differences before-after <0.05). However, the reduc-
tion of these scores did not differ significantly between
groups (p for the difference of scores between groups not

Table 2 European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire Core Module (EORTC-QLQ
30) scores

Before After p value

Cognitive functioning

Relaxation training group 76+28 80+23 0.19

Aerobic exercise group 74+23 78+25 0.21
Physical functioning

Relaxation training group 72+16 75+16 0.19

Aerobic exercise group 76x16 76x16 0.88
Role functioning

Relaxation training group 56+34 61+£36 0.69

Aerobic exercise group 61+31 62+32 0.68
Social functioning

Relaxation training group 63+32 7724 0.005

Aerobic exercise group 61+32 68+28 0.11
Emotional functioning

Relaxation training group 60+28 72426 0.03

Aerobic exercise group 60+26 69+27 0.03
Nausea

Relaxation training group 18+23 12+25 0.13

Aerobic exercise group 4x11 9+20 0.27
Dyspnea

Relaxation training group 26+33 32432 0.54

Aerobic exercise group 32+33 30+33 0.67
Fatigue

Relaxation training group 48+25 39+26 0.02

Aerobic exercise group 43426 34+21 0.009
Pain

Relaxation training group 4129 29+30 0.002

Aerobic exercise group 29+28 30£27 0.82
Insomnia

Relaxation training group 43+38 34+35 0.04

Aerobic exercise group 39+37 31+31 0.18
Global health status

Relaxation training group 52+20 62+19 0.004

Aerobic exercise group 52+20 62+20 0.001
Maximal physical performance (in watts)

Relaxation training group 96+32 97+34 0.57

Aerobic exercise group 11635 125+39 0.01

significant). While pain scores of the relaxation training
group fell significantly during the study (p=0.02), pain
scores of the aerobic exercise training group remained
unchanged (see Table 1, Fig. 1).

Physical performance: The subjective effort in the tests
before and after the programme was comparable for both
groups (heart rate median Borg scale scores 17-18 for
both groups before and after the programme, meaning
“the effort was very hard”). After 3 weeks, the maximal
physical performance of the training group increased
significantly (before: 116+35 watts, after: 125+39 watts,
p<0.05); however, the maximal physical performance of
the relaxation group remained unchanged (before: 96+32
watts; after: 97+34 watts, p:0.56). At this point, maximal
physical performance of 68% of patients in the aerobic
exercise group and 75% of patients in the relaxation
training group was “very poor” or “poor” (see Table 2).

A correlation analysis with the Spearman test showed
no significant association between increase of maximal
physical performance and reduction of fatigue scores (r:
0.13, p: 0.27) or improvement of global health status
(r=0.07, p=0.56).

Discussion

Results of the present study show that a daily aerobic
training programme results in a substantial and clinically
relevant improvement of maximal physical performance
in cancer patients after surgery. However, the fatigue
reduction after an aerobic exercise training programme
was not greater than after progressive relaxation train-
ing. Furthermore, the reduction of fatigue scores was
not related to the change in maximal physical perfor-
mance.

Cancer-related fatigue is defined as an unusual and
persistent sense of tiredness that can occur during or after
treatment, may affect both physical and mental ability and
is not relieved by rest [4]. However, the perception of
“tiredness” is subjective and may therefore differ between
patients. In fact, while fatigue may be intuitively associ-
ated with physical exhaustion, the ICD-10 diagnostic
criteria of cancer-related fatigue include several symp-
toms that are most likely independent of performance
status (i.e. diminished concentration or attention and hy-
persomnia). This shows that the cancer-related fatigue
syndrome consists of several components and that dif-
ferent therapeutic approaches may thus be required for
treating this problem.

Recent studies have yielded a considerable amount of
information about the pathogenesis of reduced physical
performance in cancer patients [15, 22]. However, it has
been reported that the perception of fatigue in this setting
may change with time and may be independent of the
reduction of performance status [28]. Furthermore, we
have reported a lack of association between maximal
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physical performance and fatigue in cancer patients after
chemotherapy [12]. Moreover, previous studies about the
effect of an exercise programme in cancer patients have
sometimes shown a substantial improvement of physical
function but only a marginal reduction of fatigue scores
[26]. These results suggest that the two problems, tired-
ness and impairment of physical performance, are related
but not identical phenomena. Hence, the different aspects
of the cancer-related fatigue syndrome may require di-
verse therapeutic approaches.

Therapies for cancer-related fatigue may address an
identified cause (anaemia, hypothyroidism, depression) or
be symptom-directed. In this case, exercise, psychother-
apy and cognitive behaviour techniques have been shown
to reduce fatigue in cancer patients. However, these ther-
apies have a substantially different mechanism of action.
Impaired physical performance is a main cause of fatigue
in cancer patients [15]. This limitation can result in in-
creased dependence, reduced self-esteem, limitations in
social activities and in family life and in a pessimistic
mood. Furthermore, low physical performance can be
interpreted by the patient as a sign of poor health and thus
increase his or her psychological distress. Hence, improv-
ing performance status with an exercise programme may
increase quality of life and reduced fatigue and psycho-
logical stress. In fact, we have reported a substantial im-
provement of physical performance and emotional sta-
bility in cancer patients participating in an aerobic train-
ing programme [10, 13, 14]. Psychotherapy and relaxation
techniques, on the other hand, may help reduce stress,
anxiety and depression. These problems are strongly as-
sociated with fatigue [12]. Thus, therapies that reduce
global stress and anxiety and improve mood may decrease
fatigue.

The prospective evaluation of fatigue, the presence of
a control group, the randomised design and the simulta-
neous evaluation of mental status and physical perfor-
mance are strengths of our study. However, there are also
some methodological limitations. Fatigue is a multi-di-
mensional problem that may affect physical, cognitive
and affective areas. The severity of this symptom may be
assessed by several questionnaires. However, these tools
evaluate different aspects of the fatigue syndrome. While
the EORTC QLQ-30 is an established and reliable tool,
its fatigue sub-scale primarily assesses physical impair-
ments and yields no information about cognitive or mo-
tivational deficits. Therefore, we cannot draw any con-
clusions about the effects of the endurance and relaxation
training programmes on these areas. A critical point of
the present study is the sample size. The significance of
differences in pre and post QLQ-C30 scores can be in-
terpreted in terms of small, moderate or large changes in
quality of life, where on a 100-point scale, mean changes
of 5-10 points express small, 10-20 moderate and more
than 20 very large differences [25]. However, these fig-
ures represent absolute differences within a group. For

the calculation of sample size, we considered a difference
of 30% or more between groups to show a clinically
relevant difference in quality of life scores. Hence, re-
sults were independent from effect size (i.e. 30% is the
same from 6 to 8, an absolute difference of 3 points, as
for 51-68, an absolute difference of 17 points). There-
fore, our study was able to detect differences as small as
2 points between groups.

While most patients feel fatigued after surgery, the
severity of this symptom usually decreases in the fol-
lowing weeks. Since our study did not include a control
group without therapy for fatigue, it is difficult to separate
the effects of exercise and relaxation training from the
spontaneous improvement of this symptom. On the other
hand, physical performance of patients in the relaxation
training group remained unchanged during the 3-week
intervention. Since impaired physical performance is a
cardinal problem of cancer patients, our results under-
score the need for appropriated rehabilitation strategies
for oncological patients undergoing surgery. Several
months after operation, the performance status of 68% of
patients in the aerobic exercise group and 75% of patients
in the relaxation training group was still “poor” or “very
poor” according to reference values for age and gender
[1]. This loss of physical performance has been shown to
correlate with impaired mood and increased morbidity
[12]. Furthermore, severely reduced physical ability
usually causes long-lasting self-perpetuating fatigue [13,
30].

We have previously reported that physical activity
may reduce pain in cancer patients during high-dose
chemotherapy with autologous stem cell rescue [11].
However, in the present study, pain scores of patients in
the exercise group did not change during the intervention.
Since operations had been carried out several weeks
before the study, the findings suggest that physical ac-
tivity may have different effects on acute and chronic
pain. On the other hand, pain scores of patients in the
progressive relaxation training group were significantly
lower at the end of the study, indicating that progressive
relaxation training may be superior for the treatment of
pain in this setting.

A further critical issue in our study was the method
used to assess maximal physical performance. The most
accurate indicator of physical fitness is maximal oxygen
uptake (VO2max). This method is the gold standard when
different stress test protocols or different exercise types
are compared. However, this index depends on the max-
imal workload and hence has a high correlation with the
maximal effort in watts during a stress test [1]. The as-
sessment of maximal workload in watts is one of the usual
methods for determining maximal physical performance
and has high reliability and validity when used to com-
pare two populations or to evaluate changes in physical
performance with time [16].
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We conclude that aerobic exercise and progressive
relaxation techniques are effective therapies for the
treatment of fatigue in cancer patients after surgical in-
terventions. However, only endurance training improves
the performance status of patients in this setting. Fur-

thermore, progressive relaxation training may result in a
better pain control. Thus, multi-modal approaches in-
cluding several therapies are required to address the dif-
ferent problems of cancer patients after surgery.
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