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Abstract

The aims of this pilot study were to compare aerobic capacity in non-fatigued and fatigued Hodgkin’s disease survivors (HDS)
and to assess the feasibility of an exercise-programme and its effects upon fatigue, physical functioning and aerobic capacity in
chronic fatigued HDS. 53 HDS (85%) of originally 62 survivors treated at the Trondheim University Hospital in the period
1987-1997 completed a questionnaire including the Fatigue Questionnaire (FQ). 18 subjects were identified with chronic fatigue. 15
non-fatigued HDS matched for gender and age were drawn as controls. Both groups were invited to medical examination and
exercise tests. All 15 fifteen non-fatigued HDS showed up to the medical examination. 12 of the 18 patients with chronic fatigue
completed the tests and nine agreed to enter a home-based exercise intervention. Outcome measures were aerobic capacity, fatigue
and physical functioning. No significant difference in aerobic capacity was found between the chronic fatigued HDS and the con-
trols. Fatigue, physical functioning and maximal aerobic capacity were significantly improved after the intervention. Aerobic exer-
cise had a positive effect upon chronic fatigue in HDS. However, the study is a pilot study and needs confirmation in a larger group

of subjects. The intervention was well accepted, and the majority of the patients adhered to the programme.

© 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The prevalence of chronic fatigue among Hodgkin’s
disease survivors (HDS) is 25-30% compared with 11%
in the general population [1]. Fatigue seems to be more
prevalent in HDS than in other cancer survivors [2].
Chronic fatigue in this particular group of cancer survi-
vors is relatively poorly understood, but an association
between fatigue and pulmonary dysfunction has
recently been demonstrated [3].

Fatigue is a normal and passing experience after phy-
sical and mental exertions, and contributes to regulate
the balance between rest and activity, resulting in
restoration when needed. For example, some days of
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rest are a normal and effective strategy in the restitution
after an acute infectious disease. Patients undergoing
treatment for cancer are often advised to limit their
activity and get enough rest. These strategies may be
effective in acute situations of fatigue. However, for
patients suffering from chronic fatigue, rest will result in
physical deconditioning and probably increased fatigue.
Most individuals with chronic disease or disability
become less physically active, and this may lead to a
cycle of deconditioning of multiple physiological sys-
tems [4]. Many chronic diseases such as cognitive heart
failure, multiple sclerosis, systemic lupus erythematosus
and patients with psychiatric disorders are accompanied
by fatigue [5-8]. Like in chronic pain, the experience of
fatigue in chronic disease may provoke psychological
and biological reactions that maintain or exacerbate
fatigue in a vicious circle. Furthermore, prolonged rest
or inactivity can lead to skeletal muscle atrophy and
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further reduction in exercise tolerance. Today, however,
there is increasing consensus among professionals that
persistent rest may worsen fatigue in sufferers of the
chronic fatigue syndrome (CFS) [9].

There is no consensus on how to prevent or alleviate
fatigue. In a randomised clinical trial (RCT), graded
aerobic exercise significantly improved fatigue, functional
capacity and fitness in CFS patients without psychiatric or
sleep disorders compared with flexibility exercises and
relaxation therapy [10].

Exercise is one of the few interventions suggested to
prevent or decrease fatigue among cancer patients, but
the research supporting this is limited [11-13]. Dimeo
and colleagues concluded that an aerobic exercise pro-
gramme improved maximal physical performance and
reduced fatigue in fatigued cancer patients. However,
these studies mainly included cancer patients during and
immediately after chemotherapy or radiotherapy [13,14].

To our knowledge, no published study has so far tes-
ted exercise capacity among chronic fatigued HDS or
the effects of physical exercise in chronic fatigued cancer
survivors. On this basis, the present quasi-experimental
pilot study was conducted to examine the level of aero-
bic capacity among chronic fatigued HDS compared
with HDS without chronic fatigue. Further aims were to
assess the effects of an aerobic training programme
upon fatigue, physical functioning and aerobic capacity
in chronic fatigued HDS and to evaluate the feasibility
of the programme as a preparative step for a larger
randomised study.

2. Material and methods
2.1. Sampling

Fig. 1 shows the flowchart of the study and the
patient selection. The study included three phases; phase
1 is a survey; phase 2 is an exercise testing and medical
examination and phase 3 is an intervention study. 62
patients (aged 19-74 years) were treated for Hodgkin’s
disease at the University Hospital in Trondheim in the
period 1987-1997 and were alive without active disease in
1999. They were approached by mail, and 53 patients
completed the questionnaires after one written reminder
(85%). 18 of the 53 patients reported chronic fatigue
(34%) (phase I). These were invited to participate in med-
ical examinations and physical exercise testing. 15 of the
18 chronic fatigued patients gave their consent to partici-
pate at this stage. The reasons for not participating were
living too far away from the hospital (n =2) and unknown
reason (n=1). 12 of the 15 patients completed the physical
exercise testing and the medical examinations. One person
did not show up in spite of two reminders. Two subjects
underwent the medical examination, but were not able to
perform the physical exercise test because of a splint in
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Fig. 1. Flow chart of the survey and intervention patients.

the leg (n=1), and relapse of the malignant disease
(n=1) (phase II). After the medical examinations and
the exercise test the cohort was invited to participate in
an intervention consisting of aerobic exercise three times
a week for 20 weeks. 9 of the 12 patients (4 women and
5 men) gave written informed consent and entered the
intervention (phase III). Two men wanted to perform
individual exercise by themselves, but did not want to
attend the programme. One woman was too ill to take
part in the exercise programme.

From the 35 non-fatigued HDS who had completed the
questionnaire, 15 patients of same gender and age 42 years
were drawn as controls (see Fig. 1). After giving written
informed consent, the controls underwent exercise testing
and medical examinations identical to the chronic fatigued
survivors, but were not offered the training programme.

Patient characteristics in the non-fatigued and the
fatigued HDS are presented in Table 1. The distribution
of the demographic characteristics and time since treat-
ment was well balanced between the two groups.

2.2. Subjective health assessments

Fatigue was assessed by the Norwegian version of the
Fatigue Questionnaire (FQ) [15]. The FQ is a self-report
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Table 1
Samples characteristics

HDS with ~ HDS without P value

fatigue fatigue
N=12 N=15
Age (years)
Mean (S.D.) (range) 41 (11.3) 40 (11.0) NS
24-58 25-60
Gender (N (%))
Male 7 (58) 9 (60) NS
Female 5(42) 6 (40)
Educational level N (%)
<10 years 6 (50) 9 (60)
>11 years, university <4 years 3 (25) 2 (13) NS
University >4 years 3(25) 4(27)
Stage/substage N (%)
TA/TIA 9 (75) 10 (67)
IB/IIB 1(8) NS
IITA/IVA 3 (20)
I1IB/IVB 2 (17) 2 (13)
Primary treatment N (%)
Radiotherapy 5(42) 5(33)
Chemotherapy 4 (33) 3(20) NS
Radiotherapy + chemotherapy 3 (25) 7 (47)
Relapse 2 (17) 3 (20) NS
Smoker 5(42) 2 (13) NS
Work situation
Paid work/trader 9 13
Disabled/rehabilitation® 2 1 NS
House work 1.0 1
Marital status
Married/cohabitant 10 13
Single/widowed 2 2 NS
Time since treatment (months)
Mean (S.D.) 79 (35) 59 (32) NS

S.D., standard deviation; HDS, Hodgkin’s disease survivors; NS, non-
significant.
2 One person had a 50% disability pension and was also in paid work.

instrument for the assessment of fatigue including
symptoms experienced during the last month, compared
with how the subject felt when last feeling well. Addi-
tionally, two items ask about the duration and the
extent of fatigue. FQ measures physical fatigue (PF)
(seven items) and mental fatigue (MF) (four items). All
11 items are designated total fatigue (TF). Each item
has four response choices. Likert-scoring (0, 1, 2, 3) is
used for construction of PF, MF and TF. Higher scores
imply more fatigue. A dichotomised score (0, 0, 1, 1) is
used for the definition of chronic fatigue, which is
defined by sum of dichotomised scores >4 and duration
6 months or longer. The FQ has originally been vali-
dated in primary care and has shown good face and
discriminant validity. No specific validation study has
been performed in cancer patients. However, the FQ
has been used in studies among Hodgkins disease sur-
vivors and in patients with prostate cancer receiving
hormonal therapy [1,16]. The psychometric properties

demonstrated in these studies correspond with reports
from the validation study and from the studies in non-
cancer populations. The FQ was filled in before (phase 1)
and immediately after the intervention period (end of
phase 3) and was defined as the primary outcome of the
intervention.

The SF-36 was completed before (phase 1) and
immediately after the intervention period (end of phase
3) [17]. The sub-scale ‘physical functioning’ (10 items)
was used as a secondary outcome-measure in the inter-
vention. The responses were summed and transformed
to a 0—100 scale (0 =worst health state, 100 =best health
state) according to the SF-36 algorithm [18§].

2.3. Physiological assessments

The patients height, weight, resting heart rate, resting
blood pressure, maximal oxygen consumption
(VOrmax), total walking distance/time to exhaustion and
heart rate at sub-maximal and maximal speed were
measured immediately before and after the intervention
programme. The patients were instructed not to per-
form heavy exercise training nor to smoke or eat 2 h
before the test. Lung function was measured before the
clinical examination in both groups.

2.4. Physical exercise capacity

VOsmax Was measured by use of a cardiopulmonary
exercise testing instrument (Vmax29, Sensomedics,
Netherlands). The patients were walking and running on
a treadmill. The heart rate was measured continuously
during the test using a Polar Sport tester PE 3000.

For assessment of maximal physical performance the
Oslo protocol was used [19]. The test protocol (speed and
elevation increment) was carried out until exhaustion.

2.5. Lung function measurements

The lung function test included dynamic spirometry.
Spirometric variables were forced vital capacity (FVC),
forced expiratory volume in 1 s (FEV;) and FEV,
expressed as percent of FVC (FEV,%). The tests were
performed using Vmax29 testing instrument (Sensome-
dics, The Netherlands).

2.6. Intervention procedure

An exercise instructor visited the patients in their
local community at the start of the exercise period. The
patients were given instructions and advice in their
home-based exercise programme. The Polar Sport Tes-
ter recorded and stored the pulse rate every fifteenth
second during the exercise session. Follow-up phone
calls were done regularly to motivate, guide and reg-
ulate the intensity of the exercise programme.
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Table 2
Physiological comparisons of the fatigued and non-fatigued patients
HDS with chronic fatigue HDS without chronic fatigue P value
(n=12) (mean) (95% CI) (n=15) (mean) (95% CI)
Weight (kg) 78.2 (72.8-83.6) 74.7 (67.8-81.5) NS
Height (cm) 176 (170-182) 173.7 (170-177.5) NS
BMI (kg/m?) 25.2 (24.8-26.4) 24.7 (22.8-26.6) NS
VO, peak (ml kg~! min—") 32.7 (27.1-38.2) 34.0 (29.5-38.6) NS
Resting heart rate (beats/min) 81 (72-91) 79 (68-89) NS
Lung function variables®
FvC 104 (90-118) 94 (84-103) 0.04
FEV, 97 (85-110) 93 (83-104) NS
FEV,% 78 (76-81) 82 (78-87) NS
Maximal heart rate (beats/min) 184 (174-194) 185 (170-194) NS

BMI, Body Mass index; 95% CI, 95% Confidence Interval.

2 Lung function values are presented as percentage of predicted normal values.

2.7. Aerobic endurance exercise programme

The aerobic endurance exercise programme consisted
of 20 weeks with an exercise session of 40—60 min con-
tinuous work using large muscle groups at an intensity
of 65-80% of the subjects target heart rate (measured at
the first test) three times a week. An exercise diary filled
in by the patients contained information on the dura-
tion, type of activity as well as the patients’ experience
of the exercise session classified as ‘easy’, ‘somewhat
strenuous’ or ‘strenuous’. The activities could be chosen
and included brisk walking, jogging, bicycling, aerobics,
cross-country skiing or swimming. The attainment tar-
get for compliance was 75% of the aerobic exercise
programme. This is considered to be minimum atten-
dance accepted in other similar studies [20].

2.8. Data scores and statistical analysis

All statistical analysis was performed using the Sta-
tistical Package for the Social Services (SPSS) software
package (8.0 for Windows) with two tailed tests for
estimates of P values. The 0.05 criteria were used to define
statistically significant effects. The statistical analysis
included Chi-tests statistics (categorial variables) and Stu-
dent #-tests were used to assess pair-wise group differences.
Analysis was carried out on an intention-to-treat basis.

3. Results
3.1. Fatigued versus non-fatigued HDS

Results from physiological comparisons of the fati-
gued and the non-fatigued HDS are presented in

Table 2. No statistically significant differences were seen
between the two groups in physiological measures: body

mass index (BMI), VO, peak, resting heart rate, max-
imal heart rate or resting blood pressure. Spirometric
variables did not differ significantly between the two
groups, except for FVC (P=0.04). The FVC mean
value of the chronic fatigued HDS was 4% above the
mean normal value, while the controls’ mean value was
6% below the mean normal value. However, both
groups scored within the FVC normal range as recom-
mended by the European Respiratory Society [21].

All the 9 patients who attended the intervention
completed the pre- and posttests. There were no statis-
tically significant differences between patients who
completed the intervention programme (2=9) and the
non-respondents/non-attenders (n=9) by gender, age,
relapse, primary treatment, marital status, work situa-
tion, time since treatment, fatigue scores, physical func-
tion or work situation. However, the education level
among the two groups indicated a borderline significant
difference in favour of a higher proportion of university
education in the intervention group (P =0.06). Time
since antitumour therapy and inclusion in the study was
82 months standard deviation (S.D.) 41.6) in the inter-
vention group.

6 of the 9 patients adhered to the prescribed pro-
gramme according to the results from the Polar Sport
tester, the written exercise diary, regularity and com-
pliance of 75% of the instructed exercise hours. The 3
others exercised more sporadically.

3.2. Effects of intervention upon subjective outcomes

After the training period, the TF score was reduced
by 43.7% in the intervention group (n=9) from 21.5
before the intervention to 12.1 after the intervention
(P=0.001). PF was reduced by 43.6% from 14.0 to 7.9
(P<0.001). MF was reduced by 44.0% from 7.5 to 4.2
(P=0.01). (Table 3). 7 of the 9 patients scored below the
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Table 3
Subjective health effects of the intervention
Before exercise After exercise P value
(N=9) (95% CI) (N=9) (95% CI)
Total fatigue (mean) 21.5(18.7-24.4) 12.1 (9.6-14.6) P=0.001
Mental fatigue (mean) 7.5(5.7-9.4) 4.2 (3.3-5.1) P=0.01
Physical fatigue (mean)  14.0 (12.4-15.6) 7.9 (5.6-10.1) P <0.001
Physical function (mean) 82.2 (72.6-91.8)  89.4 (80.7-98.1) P=0.04

95% CI, 95% Confidence Interval.

threshold (dichotomised score>4) for chronic fatigue
after completing the intervention. All 6 patients who
adhered to the exercise program were among these. The
score on the physical functioning scale was improved
from 82.2 before start of the exercise period to 89.4
postintervention (P =0.04).

3.3. Physiological effects of the intervention

VOsmax increased from 33.9 ml kg=! min~! (pre) to
36.0 ml kg~! min~! (post) (P=0.04) (Table 4). Time to
exhaustion on the treadmill increased from 11 min and
30 s to 13 min and 20 s (P=0.04). The sub-maximal
heart rate in all sub-maximal speeds and inclinations
were reduced from before to after the exercise period at
20 weeks. Body mass index, resting heart rate, target
heart rate under exercise testing did not show any sig-
nificant differences from pre- to post-test.

4. Discussion

Exercise capacity (VOsnax) did not differ between the
chronic fatigued HDS and HDS without chronic fati-
gue. Therefore, aerobic exercise capacity does not seem
to play an important role in the pathophysiology of
chronic fatigue in HDS. The reduction of fatigue after
20 weeks of aerobic exercise indicate that home-based
physical exercise may be an alternative treatment for
chronic fatigued HDS. Furthermore, the feasibility and
adherence rate compare with well to similar exercise
intervention studies [22]. VO,nax Wwas significantly
improved after the intervention.

Interpreting the clinical significance of differences is of
greater relevance than the statistical significance level per
se. According to Osoba’s division of difference in health
related quality of life scores (HRQOL scores) on a 0-100
scale, scores between 5 and 9 are little differences 10-20
moderate and >20 large differences. Improvement in
previous studies of 10-15% was considered clinically
significant [23]. The improvement in physical function-
ing from 82.2 to 89.4 is statistically significant at the
0.05 level in our study. However, according to Osoba
the clinical significance is low. Nevertheless, the reduc-
tion in all three fatigue scores (FT, PF and MF) of
approximately 44% should be considered clinically sig-
nificant. Similar numerical reductions in fatigue in ran-
domised trials among sufferers of the CFS have been
found after cognitive behaviour therapy and graded
physical exercise [10,24]. The level of fatigue after the
intervention in the present study is at the same level as
in the general Norwegian population [1].

An aerobic exercise programme can break the circle
of inactivity, impaired performance and increased fatig-
ability [11]. However, the specific mechanisms for the
effects are still not fully understood. One could spec-
ulate whether subjects without chronic fatigue already
use physical exercise as a means to reduce fatigue.
Dimeo and colleagues observed an improvement in
maximal physical performance and a clear reduction in
fatigue after daily walking on a treadmill in five cancer
survivors [25]. However, the cohort was heterogeneous
with regard to cancer diagnoses and the patients were
studied relatively close to termination of cancer-specific
treatment (8 weeks—9 months). The improvement may
therefore reflect the natural course of fatigue after ter-
mination of cancer treatment.

No study has to our knowledge investigated differ-
ences in physical exercise capacity among HDS with
and without chronic fatigue. Studies on exercise capa-
city and related cardiopulmonary variables in CFS
patients have produced contradictory results [26]. How-
ever, CFS-patients show significantly lower exercise
capacity than healthy subjects [27,28]. The present
results did not confirm such a pattern in HDS.

All 15 patients among non-fatigued HDS attended the
tests. A possible reason for the 100% attendance rate in

Table 4
Physical effects of the intervention
Before exercise (N=9) After exercise (N=9) P value
(mean) (95% CI) (mean) (95% CI)
VOspear (ml kg=™! min~") 33.9 (29.9—37.9) 36.0 (31.041.1) P=0.04
Maximal walking time (min.s) 11.30 (9.30-12.40) 13.20 (11.10-15.40) P=0.04
Weight (kg) 77.3 (70.0-84.7) 77.0 (69.0-85.0) NS
Resting heart rate (beats/min) 80 (72-89) 76 (69-83) NS
Maximal heart rate (beats/min) 192 (180-198) 189 (181-197) NS

CI, 95% Confidence Interval; NS, non significant.
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the control group is less additional medical problems,
which is supported by the observation/fact that the
fatigued patients gave various medical reasons for not
attending the study.

Completion of training depends on factors such as
motivation, education, knowledge of, and belief in the
beneficial effects of physical activity on health, weight
and mental health [29]. Our finding towards a higher
educational level in the intervention group supports
this. This raises the important question of whether
exercise intervention/rehabilitation is for a selected
group. Other interventions may be more suitable for
other patients. Unfortunately, we do not have any
information about earlier exercise habits in the subject
group. The drop-out rate in the intervention group is
quite similar to other exercise studies [30]. Studies on
healthy populations have consistently shown that 50%
of individuals who begin a structured exercise pro-
gramme will drop out within the first 6 months [22]. 6 of
the 9 patients who entered the intervention adhered to
the prescribed programme. Thus the total drop-out rate
was 33%. The three drop-outs completed the objective
and subjective pre- and posttests, but were more spora-
dic exercisers according to the exercise diaries and
stored pulse rate results.

The absence of a control group limits the possibility
of drawing firm conclusions on the effects of aerobic
exercise. The effects could be a Hawthorne-effect (non-
specific placebo effect). However, previous reports have
shown that aerobic exercise significantly improves physical
performance, reduces levels of fatigue and increases
quality of life in both CFS patients and patients in early
rehabilitation after cancer treatment [10,14,31]. Further-
more, the documented adherence to the programme and
the improved physical capacity also weaken the prob-
ability for a Hawthorne effect explaining our findings.

Instructed home exercise was chosen before group
exercise because most of the patients lived too far away
from the hospital. In addition, we wanted to simulate
real life conditions in order to assess the feasibility of
the intervention.

Rehabilitation programmes of cured cancer patients
has been proposed to be a standard offer. However,
extensive research may be needed. In studies evaluating
such programmes, costs should be taken into con-
siderations along with primary outcome of the effect of
the intervention. The physical exercise programme in
the present intervention is cheap and easy to carry out
for selected and motivated patients. In addition to the
favourable health effects, the home-based programme
demonstrated feasibility comparable to more extensive
and expensive programmes [32,33].

The generalisability of the findings is limited for sev-
eral reasons. Firstly, this is a small pilot study. The
number of patients was low (n=09), and the strength of
the statistical analysis is therefore limited. Although the

effect size is great and must be considered as clinically
significant, studies with a comparable and randomised
design are necessary in order to confirm these findings.
Future studies are also needed to assess the feasibility of
such an intervention and attempts should be made to
simulate real life conditions.

Furthermore, this selected group should be followed
over time to observe any possible long-term effects.
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