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Abstract

Objective: This study examined the effects of exercise on
symptoms and activity in chronic fatigue syndrome (CFS).
Methods: Twenty CFS patients and 20 neighborhood controls
performed an incremental exercise test until exhaustion. Fatigue,
muscle pain, minutes spent resting, and the level of physical activity
were assessed with a self-observation list. Physical activity was
assessed with an actometer as well. Data were obtained 3 days before
the maximal exercise test (MET) up to 5 days thereafter. Results:
For CFS patients, daily observed fatigue was increased up to 2 days
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after the exercise test. For controls, self-observed fatigue returned
to baseline after 2 h. Both CFS patients and controls spent more
minutes resting on the day before and on the day after the MET. For
CFS patients, self-observed minutes resting increased on the day
of the exercise test. For neither group, a decrease of actometer
recorded or self-observed physical activity after exercise was found.
Conclusion: Fatigue in CFS patients increased after exercise, but the
level of actual physical activity remained unchanged.

© 2005 Elsevier Inc. All rights reserved.

Introduction

Chronic fatigue syndrome (CFS) is characterized by a
severe, disabling, and unexplained fatigue, lasting for at least
6 months. CFS patients often report that even minimal
exercise aggravates symptoms and leads to a decrease of
physical activity [1]. Nevertheless, in several studies,
gradually increasing activity programs have proven to be
important in the treatment of CFS [2-7]. Although CFS
patients seem to have the belief that activity is harmful, the
effect of exercise on symptoms and activity in CFS patients is
not known.
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Until now, only a few studies examined exacerbation of
symptoms and decrease of physical activity after exercise.
Most of these studies mainly concern physiological
responses to treadmill or cycle exercise tests in CFS. Two
uncontrolled studies, one measuring on the seventh day after
exercise [8] and one everyday up to 7 days [9], did not find
any adverse effects of exercise on symptoms and activity.
Conversely, two controlled studies did find an increase of
fatigue after exercise. One study measured after 24 h [10],
1 up to 4 days [11].

In the studies mentioned, assessment took place by just
asking for adverse after-effects following testing [8], by
questionnaires like the modified version of the Profile Of
Mood Scales (POMS; [9-11]), an activity restriction index
[9], a symptom log [9], and daily ratings of fatigue [11].
Only in one study was an accelerometer used to measure the
effect of exercise on physical activity. An unexplained
reduction in activity on the fifth day after the exercise test
was found for CFS but not for controls [12].
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It has been shown that self-report questionnaires on
physical activity do not correlate very well with acceler-
ometer readings [13]. Whereas questionnaires that require
simple ratings of actual activity were related to the
accelerometer, instruments that require general subjective
interpretations of activity were not. Furthermore, question-
naires like the POMS do not seem sensitive for day-to-day
changes in repeated measurements. Standardized self-
observation measures seem more appropriate to assess
fluctuations in fatigue [14,15].

The purpose of the current study was to investigate the
effect of a maximal exercise test (MET) on fatigue, muscle
pain, rest, and activity on the days surrounding the exercise
test. In a former study [16], the physiological aspects of a
MET in CFS compared with controls were described. No
significant differences in physical fitness between CFS
patients and their controls were found. In this same study,
self-observation measurements, as well as an accelerometer,
were used. These results are presented now. Symptoms and
activity were measured the hours before and after the test, as
well as the days before, of, and after the exercise test. CFS
patients were compared with neighborhood controls. It was
expected that after the MET for CFS patients, as well as for
controls fatigue, muscle pain and rest will be increased and
physical activity will be decreased as compared with
baseline. In this context, a significant difference in the
extent as well as in the duration of changes in symptoms and
activity between CFS and controls was anticipated. CFS
patients were expected to experience a more severe increase
of symptoms, of longer duration, and a more prevalent and
longer lasting decrease of activity.

Methods
Participants

Patients were recruited from a group of CFS patients
diagnosed at the General Internal Medicine outpatient clinic
of the University Medical Center Nijmegen, a national
referral expert center for CFS. The diagnosis CFS was made
after a thorough medical investigation. All patients fulfilled
the Fukuda criteria for CFS [17].

As a rule, screening questionnaires were sent to all
patients diagnosed with CFS at the outpatient clinic. For the
present study, only CFS patients with a Checklist Individual
Strength (CIS) fatigue severity score of 40 or more and a
total score of the Sickness Impact Profile (SIP)-8 of more
than 800 were included to guarantee severe fatigue and
disability ([18]; see instruments). With these operational
criteria, severe fatigue and impairment in CFS can be
distinguished from fatigue and impairment in other con-
ditions [18]. Finally, patients had to be able to recruit a
neighbor of the same gender and about the same age, as a
control. Twenty-six CFS patients, living in the surroundings
of our hospital, were asked to participate. Twenty of these

met our additional CIS and SIP-8 criteria and found a
neighborhood control. Prior to their commitment, all
participants were completely informed about the method
and procedure of the study. The physiological characteristics
of these participants have been described in detail else-
where [16].

Measures

Checklist Individual Strength

The subscale fatigue severity of the fatigue questionnaire
CIS [18] was used to assess overall fatigue. The subscale
fatigue consists of eight items asking for fatigue severity
during the last 2 weeks. Each item was scored on a seven-
point Likert scale, thus, the range is 8-56. Cronbach’s alpha
is .88. This subscale has proved its usefulness in several
studies and, for instance, distinguishes fatigue in CFS
patients from fatigue in patients with functional bowel
disorder and healthy controls [18].

Sickness Impact Profile

Functional impairment was assessed using the SIP
[19,20]. This questionnaire measures the influence of
complaints in different areas of daily functioning. The
following eight subscales were used: alertness behavior,
sleep, homemaking, leisure activities, work, mobility, social
interactions, and ambulation. The sum of the weights of
items of these subscales is referred to as the SIP-8. These
subscales of the SIP are often used in CFS and distinguish
functional impairment in CFS patients from patients with
several other physical complaints [18].

Maximal exercise test

A bicycle ergometertest with incremental load was used
as an exercise test [21]. The workload was increased every
minute in steps of 10% of estimated maximal workload to
complete all MET in approximately 10 min. Steps varied
from 10 to 30 W/min. Participants were verbally encouraged
to perform maximally until exhaustion. The time spent on
the bicycle ergometer was 8.0+2.3 min for CFS and
9.2+1.9 min for the controls. The percentage of the
predicted maximal workload reached, (value reached/pre-
dicted value)x 100, was 83% for controls and 70% for CFS.

Self-observation

A self-observation list was used to assess fatigue, muscle
pain, and activity from 3 days before up to 5 days after
the MET.

Daily assessment

Except for the day before, the day of, and the day after
the MET, self-observation scores were obtained at breakfast,
Iunch, dinner, and bed time, with 9 a.m., noon, and 6 and
10 p.m. as a directive, on a scale from 0 to 4. For daily
observed fatigue and daily observed muscle pain, 0 meant
no symptoms and 4 meant very severe symptoms. For daily
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observed activity, 0 meant not active at all and 4 was very
active. Scores were added up for each day and divided by
four, resulting in a score from 0 to 4 for daily observed
fatigue, daily observed muscle pain, and daily observed
activity. In addition, everyday, the time spent resting was
asked for. Daily observed rest was defined as the number of
minutes rest during a day. The scores for the daily data the
day before, the day of, and the day after the MET were
obtained as averages of the hourly scores. For daily
observed fatigue, muscle pain, and activity, only the data
obtained after performing the MET were used to compute
the mean of the day the MET was performed.

Hourly assessment

On the day before, the day after, and the day of the MET,
assessments of fatigue, muscle pain, and activity were made
every hour to obtain hourly scores on the same scale as used
in the daily assessment. On these 3 days, the time spent
resting was asked for every hour and recorded as the number
of minutes spent resting during the last hour.

Actometer

Physical activity was also assessed using the actometer,
an accelerometer worn around the ankle for 2 weeks. The
actometer consists of a piezoelectric sensor that is sensitive
in three directions. Accelerations of the sensor larger than a
predefined threshold are considered as activity and are
stored into an internal memory. Each second the micro-
controller reads and resets the counter of the actometer. The
integration counter is set at 5 min, providing every 5 min an
activity score that is stored into the internal memory of the
actometer. At the end of the registration period, data are fed
into an external computer. The actometer has been used in
several previous studies on CFS and is a good measure of
actual physical activity (see, for instance, Refs. [13,22]).

Daily assessment

Based on the mean of the recorded number of move-
ments every 5 min during a day, for each day, an average
daily actometer score was computed. As for the self-
observation data, on the day of the MET, only the data
obtained after the MET took place were used to compute the
mean of that day.

Hourly assessment

For the day before, the day of, and the day after the MET,
mean scores per hour were computed as the mean of the
recorded number of movements of every 5 min during the
past hour.

Procedure

Daily procedure

All patients and controls were given the self-observation
list and the actometer to keep for 3 days before up to 5 days
after the MET. Daily scores of the 3 days before the MET

were used to compute a baseline score. Daily scores
obtained at the day of the MET and at the 5 days after the
MET were compared with that of the baseline to detect the
impact of the MET on symptoms and activity on a daily
level (see statistical analyses).

Hourly procedure

Within each couple, a CFS patient and the control
performed the MET at the same day of the week, and within
all but three of the couples, the MET was also performed at
the same time of the day, with a time difference of less than
1 h. Within three couples, the time difference of performing
the MET was, respectively 1, 2, and 3 h. Because between
couples, the time the MET was performed ranged from
9 am. to 4 p.m., complete hourly data are only available
from 1 h before up to 6 h after the MET. Hourly data were
collected the day of, the day before, and the day after the
MET. To detect the impact of the MET on self-observed and
actometer scores at an hourly level, hourly data obtained at
the day of the MET were compared with the hourly data for
the same relative time points on the day before and the day
after the MET (see statistical analyses).

Statistical analyses
Data analyses were performed using SPSS (Version 8.0).

Analyses of baseline data

To control for day-to-day fluctuations, baseline scores
were computed as the average score of the 3 days before the
MET. To test whether these baseline scores were stable, they
were analyzed by 2 (Group)x3 (Day) general linear model
repeated-measures analyses of variance (GLM RMANOVA).

Analyses of daily data

To analyze the impact of the MET on self-observed and
actometer scores over days, a 2 (Group)x7 (Day) GLM
RMANOVA was used, in which the day of and the days after
the MET were compared with baseline. Simple contrasts
with baseline data were tested for each group separately.

Analyses of hourly data

As within-day fluctuations in self-observed and actom-
eter scores were to be expected [23,24], diurnal patterns of
the day before, the day of, and the day after the MET were

Table 1
Characteristics of CFS patients and controls (% or mean (SD); median (25th
and 75th percentile) for SIP-8)

Control
CFS (n=20) (n=20)
(%) female 60 60
Age (years) 34.1 (8.3) 32.8(7.2)
Fatigue (CIS; range 8—56) 51.7 (5.1) 13.4 (5.1)
Functional impairment (SIP-8) 1743 (1249-2058) 0 (0-0)
Duration of complaints (yrs) 3.2 (2.5) -
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compared using 2 (Group)x3 (Day)x7 (Hour) GLM
RMANOVA. Additionally, as a secondary analysis, a
2 (Group)x3 (Day) GLM RMANOVA was performed for
each hour separately. Within-groups simple contrasts of
1 day before the MET compared with, respectively, the day
of the MET and 1 day after the MET were tested for each
hour separately.

Because we were interested in whether changes in self-
observed and actometer scores after exercise would differ
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effects with group are reported. For the same reason, simple
contrasts with baseline data were tested for each group
separately. For exploratory reasons, the statistically signifi-
cant results of these tests of contrasts are shown whether a
statistically significant interaction effect could be obtained.

For all analyses, the significance level was set at .05.
Effect sizes (%) are shown. Due to failing actometers,
sample sizes concerning actometer data are 16 for CFS and
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Fig. 1. Mean daily self-observed and actometer scores from 3 days before (—3) up to 5 days after (5) the MET for CFS (—; @) and controls (- - -; O); baseline
is represented as a horizontal line (average of the 3 days before the MET; for daily observed rest, the average of the third and second days before the MET;

CFS, —; controls, - - -).
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Fig. 2. Mean hourly self-observed and actometer scores for CFS (—; closed symbols) and controls (- - -; open symbols) 1 h before (—1) up to 6 h after (6) the
MET, the day of the MET (@, O), compared with the hourly data of the related points of time of the day before (W, O) and the day after (A, A) the MET.

17 for controls. For all other variables, there are 20 partic-
ipants in each group.
Results

Patient and control characteristics

Demographic data, CIS-fatigue, and SIP scores are
shown in Table 1. Differences in CIS-fatigue, SIP-8, and
duration of complaints were as expected.

Impact of the MET on fatigue, muscle pain, rest, and activity
Fig. 1 shows the means of all daily observed variables

and the actometer from 3 days before up to 5 days after the
MET for CFS and controls.

Baseline of the daily scores

For daily observed fatigue, daily observed muscle pain,
daily observed activity, and the actometer, the baseline
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scores of the 3 days before the MET did not reveal any
systematic interaction or within-subjects differences. For
these variables, the means of these 3 days were used as a
baseline. Analyses of the daily observed rest scores of the
3 days before the MET did show a significant within-
subjects difference [F(2,37)=1.31, 5°=.38, P=.000]. No
statistically significant group-by-day interaction effect was
found. For daily observed rest, scores of 1 day before the
MET seemed to deviate from the scores at the other two
time points in both groups. No average differences were
found between the means of daily observed rest 3 and
2 days before the MET. Therefore, for both groups, the
mean of these days were used as a baseline for daily
observed rest.

Table 2

The daily scores of the days after the MET compared with
baseline

For daily observed fatigue, a statistically significant day-
by-group effect was found [ F(6,33)=3.74, n°=.38, P=.011].
The contrast procedure revealed that, for CFS, the day of,
1 day after, and 2 days after the MET, daily observed fatigue
was significantly increased compared with baseline
[F(1,38)=27.99, n*=.42, P=.000; F(1,38)=10.98, n°=.22,
P=.002; and F(1,38)=6.88, 1> =.15, P=.012, respectively].
For controls, none of the simple contrasts with baseline were
statistically significant. A significant time-by-group effect
was also found for daily observed rest [F(6,33)=2.66,
n*=.33, P=.033]. For CFS, the contrast procedure showed a

Simple contrasts of hourly self observed and actometer scores comparing the day of and the day after the MET with the day before (the hours are relative to the

time of the day the MET was taken), separately for CFS and controls

Contrast between the day of and the day before the MET?

Contrast between the day after and the day before the MET*

CFS Controls CFS Controls
F 0 P F " P F 0 P F 0 P

Self observed fatigue

Hour -1 NS NS 6.23 .14 .017 NS
1 5.48 13 .025 4.53 11 .040 8.56 18 .006 NS
2 13.17 26 .001 4.92 11 .033 11.72 24 .001 NS
3 14.34 27 .001 NS 11.11 23 .002 NS
4 11.68 24 .002 NS NS NS
5 18.61 33 .000 NS NS NS
6 8.66 .19 .006 NS NS NS

Self observed muscle pain

Hour -1 NS NS NS NS
1 NS NS NS NS
2 NS NS NS NS
3 NS NS NS NS
4 6.13 .14 .018 NS NS NS
5 6.16 .14 .018 NS NS NS
6 8.84 .19 .005 NS NS NS

Self observed rest

Hour -1 4.51 11 .040 NS NS NS
1 6.04 .14 .019 NS NS NS
2 NS NS NS NS
3 NS NS NS NS
4 NS NS NS NS
5 NS NS NS NS
6 NS NS NS NS

Self observed activity

Hour -1 5.78 13 021 NS 4.66 11 .037 NS
1 8.33 18 .006 9.11 .19 .005 NS NS
2 NS NS NS NS
3 NS NS NS NS
4 NS NS NS NS
5 NS NS 4.97 12 .032 NS
6 NS NS NS NS

Actometer

Hour -1 NS NS NS NS
1 NS NS NS NS
2 NS NS NS NS
3 NS NS NS NS
4 NS NS NS 4.19 12 .049
5 NS NS NS NS
6 NS NS 6.75 18 .014 NS

& df [1,38]; for actometer df [1,31].
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significant increase for daily observed rest between baseline
and the day of the MET [F(1,38)=39.65, °=.51, P=.000],
as well as between baseline and 1 day after the MET
[F(1,38)=22.62, n°=40, P=.000]. In the control group,
daily observed rest differed only significantly between 1 day
after the MET and baseline [ F(1,38)=5.68, n°=.13, P=.022].
On daily observed muscle pain, daily observed activity,
and the actometer, the average profiles of scores after
the MET appeared not significantly different for the
two groups.

Differences in hourly fatigue, muscle pain, rest, and activity
scores the day before, the day of, and the day after the MET

The mean hourly self-observed scores of fatigue, muscle
pain, rest, and activity, the day before, the day of, and the
day after the MET are illustrated in Fig. 2. No statistically
significant group-by-day-by-hour effects were found, nei-
ther for any of the hourly self-observed nor for the hourly
actometer scores. Group-by-day GLM RMANOVAs on the
hourly scores for each hour separately showed a day-
by-group interaction effect for fatigue on the hour before
[F(2,37)=4.80, n* =21, P=014] and 1 [F(2,37)=4.39,
n*=.19, P=.020], 2 [F(2,37)=4.54, n*=.20, P=.017],
3 [F(2,37)=5.74, n*=.24, P=.007], and 5 h after the MET
[F(2,37)=5.74, n*=.22, P=.010]. Besides, a day-by-group
interaction effect was found for self-observed activity 3 h
after the MET [ F(2,37)=3.14, n*=.16, P=.044].

The accompanying contrast procedures are shown in
Table 2.

Discussion

In CFS, fatigue after exercise increased more and was of
longer duration as compared with healthy controls. Whereas
for controls, fatigue returned to baseline after 2 h, for CFS, a
significant increase of daily observed fatigue was found up
to 2 days after the exercise test. Muscle pain was increased
only in CFS and only on the day of the exercise test,
specifically 4 to 6 h after the MET. This increase in CFS,
however, is not significantly different from the increase of
muscle pain in controls.

A striking result is that, for CFS as well as for controls,
minutes spent resting increased the day before the exercise
test. Both groups seem to anticipate the exercise test.
Although both groups also reported more time spent
resting the day after the MET, the reported minutes rest
on the day of the exercise test increased more for CFS than
for controls. For both groups, the daily observed minutes
spent resting returned to normal not earlier than on the
second day after the exercise test. Due to an increase of
daily observed rest on the day before, the day of, and
the day after the MET for both groups, diurnal patterns
did not show many differences. CFS patients only seemed
to spend fewer minutes resting during the hour before

as well as the hour after the MET, compared with the
related hourly scores of the day before. Probably, this is
a consequence of traveling to the hospital for the exer-
cise test.

Contrary to what was expected, the actometer did not
reveal a decrease of physical activity after the exercise test.
The self-observed daily level of activity increased in CFS
the day of the MET, when compared with baseline.
Furthermore, both CFS patients and controls considered
themselves to have been more active during the hour after
the exercise test, whereas CFS patients also showed a
somewhat increased daily observed level of activity the hour
before the exercise. Probably, again, these reported increases
of activity surrounding the exercise test are a consequence
of the participant’s travel to the hospital. The few other
statistically significant findings concerning activity are hard
to explain. Whereas these late effects were not hypothesized
and are not congruent, they probably have to be considered
random fluctuations. Thus, although there are some findings
that activity increases after exercise, no decrease of activity
after exercise was found.

One might argue that the MET was not strenuous enough
to find an effect on activity. This is, however, unlikely. Data
concerning physiological aspects of the MET showed that
both CFS patients and controls reached a highly increased
level of perceived exertion at maximal workload [16]. As
we have shown now, CFS patients were even more fatigued
several days thereafter, while their level of physical activity
remains unchanged.

Confidence intervals for the actometer were broad for
both groups (data not shown). Therefore, changes are not
easily significant, and interpreting the actometer scores is
difficult. Possibly, the heterogeneity of the CFS group might
hide effects for subgroups of patients. It has been found that,
based on their level of physical activity as assessed with the
actometer, different groups of CFS patients can be
distinguished [22]. Some CFS patients appeared to be really
inactive, called passive CFS patients, whereas others are still
rather active, called pervasively active CFS patients. In
between, most CFS patients have a fluctuating activity
pattern, called moderately active. One might hypothesize
that the impact on symptoms and activity of an exercise test
might be more present in passive CFS patients. In the
present study, sample sizes are too small to test this
hypothesis. Only three CFS patients in our study were
passive patients. This percentage of passive CFS patients in
our sample is congruent with the number of passive CFS
patients in other samples [22].

Although actometer results seem rather congruent with
daily observed activity scores, there is a striking discrepancy
between the actometer results and self-observed minutes
spent resting. Post hoc analyses do not show any significant
correlations between the actometer and daily observed rest
or daily observed activity. This agrees with findings of
Vercoulen et al. [13], who found that daily observed activity
is a subjective rating of activity, whereas the actometer is a
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behavioral measure. The same might account for daily
observed rest. It might be that CFS patients, as well as
controls, perceive themselves to rest more, but actually do
not. An alternative explanation is that participants do not so
much diminish physical activities but withdraw from other,
e.g., mental and social activities.

Hence, the perception of CFS patients that they remain
more fatigued for days after strenuous exercise is in
accordance with the findings in this study. However, their
level of physical activity does not change. Still, both CFS
patients and controls report more minutes spent resting the
day before, the day of, and the day after exercise.
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