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ABSTRACT. Reduced functional capacity and post-exertional malaise
following physical activity are hallmark symptoms of Chronic Fatigue
Syndrome (CFS). That these symptoms are often delayed may explain
the equivocal results for clinical cardiopulmonary exercise testing with
CFS patients. The reproducibility of VO,max in healthy subjects is well
documented. This may not be the case with CFS due to delayed recovery
symptoms.

Purpose: To compare results from repeated exercise tests as indica-
tors of post-exertional malaise in CFS.

Methods: Peak oxygen consumption (VO, peak), percentage of pre-
dicted peak heart rate (HR%), and VO, at anaerobic threshold (AT),
were compared between six CFS patients and six control subjects for
two maximal exercise tests separated by 24 hours.

Results: Multivariate analysis showed no significant differences be-
tween control and CFS, respectively, for test 1: VO, peak (28.4 £7.2 ml/
kg/min; 26.2 £4.9 ml/kg/min), AT (17.5 £4.8 ml/kg/min; 15.0 £4.9 ml/
kg/min) or HR% (87.0 £ 25.4%; 94.8 * 8.8%). However, for test 2 the
CFS patients achieved significantly lower values for both VO,peak
(28.9 £ 8.0 ml/kg/min; 20.5 + 1.8 ml/kg/min, p=0.031) and AT (18.0 £
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5.2 ml/kg/min; 11.0 & 3.4 ml/kg/min, p = 0.021). HR% was not signifi-
cantly different (97.6 £27.2%; 87.8 £9.3%, p =0.07). A follow-up clas-
sification analysis differentiated between CFS patients and controls with
an overall accuracy of 92%.

Conclusion: In the absence of a second exercise test, the lack of any
significant differences for the first test would appear to suggest no func-
tional impairment in CFS patients. However, the results from the second
test indicate the presence of a CFS related post-exertional malaise. It
might be concluded then that a single exercise test is insufficient to dem-
onstrate functional impairment in CFS patients. A second test may be
necessary to document the atypical recovery response and protracted
malaise unique to CFS. doi:10.1300/J092v14n02_07 [Article copies available
for a fee from The Haworth Document Delivery Service: 1-800-HAWORTH.
E-mail address: <docdelivery@haworthpress.com> Website: <http://www.
HaworthPress.com> © 2007 by The Haworth Press. All rights reserved. |

KEYWORDS. Serial exercise testing, functional impairment, differen-
tial diagnosis

INTRODUCTION

Chronic Fatigue Syndrome (CFS) is a complex illness characterized
by pervasive fatigue, sleep disturbance, neurocognitive problems, joint
and muscle pain and numerous other symptoms. One of the most com-
mon and recognizable aspects of CFS is often termed “post-exertional
malaise,” a worsening of symptoms after physical exertion and pro-
longed recovery time. Indeed, the cyclical pattern of CFS symptoms
may follow from alterations in physical activity with “worse” days fol-
lowing excessive physical activity and “better” days following rest. In-
dividual differences in activity levels and their effect on symptoms may
contribute to heterogeneity of patient samples and subsequent variabil-
ity in clincial findings.

There is a growing body of evidence to support an association be-
tween low exercise performance and intracellular immune deregulation
in CFS (1,2). Intense training is known to result in temporary im-
munosuppression and repeated bouts of heavy exercise can lead to the
chronic diminution of immune function implicated in overtraining syn-
drome among athletes (3). CFS and overtraining syndrome share many
similarities although, in CFS, the symptom complex can be precipitated
by single instances of relatively low-level physical activity. However,
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by limiting physical activity and conserving energy CFS patients are
often able to effectively control their illness and mitigate symptom
expression (4).

There have been a number of CFS studies in which cardiopulmonary
exercise testing has been used both to document functional impairment
and examine potential abnormalities in physiological function. Results
from these studies have been equivocal. Some researchers report that
the aerobic capacity of CFS patients is within the normal range (5)
whereas others find a reduced aerobic capacity compared to healthy
subjects (6). These differences may reflect CFS population differences
with respect to illness severity. It is also possible that some CFS patients
rest in anticipation of a scheduled exercise test, which may explain their
normal performance in certain studies.

The purpose of this study was to explore the use of repeated exercise
tests to control for individual differences in preparation for exercise
testing and the cyclical nature of CFS symptoms. It was hypothesized
that exacerbation of symptoms would follow the first test and be re-
flected in physiological responses to the second test. The reproduc-
ibility of both metabolic measurements and work intensity is well
documented for both normal and pathological populations (7). Indeed, a
major consideration for test-retest reliability in cardiac patients is that of
practice effects where patients may actually improve performance over
a series of tests (8).

METHODS

The study procedures followed guidelines for research with human
subjects and were approved by the institutional review board. Written
informed consent was obtained from the six female CFS patients and six
sedentary female controls who served as subjects.

CFS patients were referred for exercise testing following prescreen-
ing by their primary care physician. Only individuals with a confirmed
and rigorous diagnosis of CFS according to the criteria established by
Fukuda et al. (9) participated in the study. Individuals with concurrent
medical disorders, or who had been treated with drugs that modulate the
immune, cardiovascular, or respiratory systems within six weeks of
testing were excluded from the study. Additionally, the investigators
disqualified from the study patients with medical disorders that may
have interfered with their ability to perform the graded exercise test.
American College of Sports Medicine guidelines for contraindications
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were used for prescreening and selection of control subjects. Subjects
were instructed to avoid food, alcohol, and caffeine for at least three
hours prior to testing. They were also asked to avoid significant exertion
or exercise for 24 hours prior to testing.

The entire procedure for exercise testing was explained in detail to
each study participant. Subjects were fitted with ECG electrodes for
monitoring of heart rhythm and expired air was collected.

Procedure

The exercise tests comprised incremental protocols to maximal exer-
tion. The CFS patients performed a modified Bruce treadmill protocol
(n =2) or a 1I0W/min ramping protocol on a cycle ergometer (n = 4).
The control subjects performed a 20W/min ramping protocol (n = 6) so
that all of the CFS patients and controls reached maximal exertion be-
tween 9 and 13 minutes of exercise. Oxygen consumption was mea-
sured breath by breath and blood pressure was taken manually every
two minutes. To ensure safety during and after the exercise bout sub-
jects were closely monitored for adverse effects by measurement of
blood pressure, oxygen saturation, cardiac rhythm, and other indicators
of stress.

Statistical Analysis

Discriminant analysis was chosen to determine whether exercise per-
formance variables of peak oxygen consumption (VO, ,.,,), anaerobic
threshold (AT), percent of predicted heart rate (HR%) and exercise du-
ration (DUR) could reliably differentiate between CFS patients and sed-
entary controls for each of two exercise tests. Preliminary correlational
analyses revealed evidence of multicolinearity between the predictor
variables of VO, ., and AT, test | R =0.81, test 2 R = 0.88. To guard
against potential type I errors AT was omitted from all multivariate
analyses. Descriptive statistics for both tests are included in Table 1. All
Statistical analyses were performed using SPSS 13.0 software for Win-
dows operating systems.

RESULTS

During the first exercise test none of the variables qualified for
discriminant analysis suggesting parity in exercise performance be-
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TABLE 1. Means and standard deviations for exercise performance variables
by group and test.

Test 1 Test 2
CFS Controls CFS Controls
VO3 pear* 26.23(4.92) 28.43(7.27) 20.47(1.80) 28.90(8.06)
AT* 15.01(4.90) 17.55(4.85) 11.01(3.43) 18.00(5.25)
HER (%) 04.83(8.86) 87.0(25.44) 87.83(9.36) 97.67(7.20)
DUR (min)  9.3(2.44) 7.78(1.98) 8.35(2.51) 8.30(1.57)

* ml/kg/min

tween the CFS patients and the sedentary but otherwise healthy control
group. For the analysis of the second exercise test stepwise discriminant
analysis generated one significant function that differentiated between
CFS patients and controls, ¥2=0.32,%2 (3, N=12)=9.67,p=0.02. CFS
diagnosis was found to account for 67.9% of function variance. Stan-
dardized function coefficients and correlation coefficients showed
VO, s contributing most to the difference between groups (Table 2).
Further univariate analyses concurred with this interpretation. For pur-
poses of clarity AT was included in the univariate follow-up. The CFS
patients were significantly lower for VO, ... F(1,10) =6.25, p = 0.03,
and AT Fi (1,10) =7.47, p = 0.02. Group differences in HR% and dura-
tion did not reach significance in the univariate analyses (p>.05). Clas-
sification results revealed that all six CFS patients and five out of six
controls were correctly classified. Overall classification accuracy for
the sample was 91.7%.

DISCUSSION

The results of the first exercise test failed to differentiate between the
CFS patients and controls in this study while a second exercise test, per-



82 JOURNAL OF CHRONIC FATIGUE SYNDROME

TABLE 2. Correlation coefficients and standardized function coefficients.

Correlation Coefficients with Standardized Function
Discriminant Function Coefficients
VO3 peak 543 1.034
HER 443 996
DUR -.008 333

formed 24 hours later, produced significantly different outcomes. This
finding adds credence to the idea that a single test may be insufficient to
identify abnormalities in exercise performance among CFS patients.
That the CFS patients could not reproduce their performance on the first
test is indicative of the post-exertional malaise that may be unique to
this illness (10). The control group actually improved slightly from test
1 to test 2. It is particularly telling that even the one control subject
misclassified during the discriminant analysis showed improved perfor-
mance between tests.

We showed in a previous study that the cardiopulmonary responses
to a single bout of maximal exercise in CFS patients display wide vari-
ability, from significantly lower than expected to near normal responses
(11). The wide variability in maximal oxygen consumption among our
studies, and of others, lends support for the notion that variables such as
detraining or illness duration may confound meaningful interpretation
of the cardiopulmonary responses in CFS.

Deconditioning in CFS patients has been suggested to explain the rel-
atively low performance of CFS patients (12). The profound reduction
in physical activity that accompanies CFS symptoms certainly results in
deconditioning. In isolation, the similarity of results between patients
and controls for the first test in this study do not contradict a decon-
ditioning hypothesis for CFS performance. However, the fall in oxygen
consumption among the CFS patients on the second test appears to sug-
gest metabolic dysfunction rather than a sedentary lifestyle as the cause
of diminished exercise capacity in CFS.
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Low exercise performance among CFS patients is sometimes dis-
counted with allegations of poor effort or malingering on the test precip-
itated by an irrational fear of physical activity, or kinesiophobia (13,
10). However, all patients in the present study met criteria for maximal
effort on both exercise tests. Other research has also failed to find a rela-
tionship between kinesiophobia and exercise performance in CFS (14).
The criteria for maximal effort on a cardiopulmonary exercise test are
especially important for appropriate interpretation of the findings from
this test-retest design. ACSM provides absolute and relative indications
for stopping an exercise test as well as criteria defining maximal effort
(15). Accurate comparison between two exercise tests can be made only
where maximal effort is given on both tests. For instance if maximal ef-
fort is not reached on the second exercise test the difference between the
two tests may be due solely to the difference in effort rather than some
metabolic abnormality unmasked by the response to the first test.
Where maximal effort is given on both tests, a finding of reduced
oxygen consumption on the second test clearly illustrates oxidative and/
or metabolic dysfunction.

The mechanisms responsible for the differential responses observed
in this study are not known. However, a recent study exploring the rela-
tionship between exercise performance and immune dysfunction in
CFS identified a link between reduced oxygen uptake and certain im-
munological variables, specifically elastase and protein kinase R (PKR)
activity (14). In addition to providing an explanation for the abnormal
exercise performance of some CFS patients, these findings may also in-
form the anomalous test-retest results obtained from the present study.
While the present study did not collect any measures of immune func-
tion, the results are consistent with an immune dysregulation hypothe-
sis. The proposed role of elastase in limiting exercise performance
provides a plausible explanation for the differential results obtained for
CFS and controls on the second test only. There is a body of research
showing that exercise stress affects immune function and the greater the
stress the more significant the changes (16). It is very possible that the
first test induced greater stress in the CFS patients and therefore a more
extreme immune response. This may be compounded by the systemic
immune deregulation proposed as an explanation for CFS pathology
and the inherent low fitness levels associated with extreme sedentary
behavior. In addition to immunological problems, autonomic abnor-
malities, neuroendocrinological dysfunction and metabolic insufficien-
cies may contribute to the differences between the two exercise tests in
the CFS patients.
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The results from cardiopulmonary exercise test-retest are highly re-
producible in a number of pathologic conditions. In 114 paired tests in
42 patients with pulmonary hypertension, peak VO, and heart rate var-
ied by less than 7% (8). Patients with end-stage renal disease demon-
strated peak VO, variability of 4.7% (17). Variability of peak VO, and
anaerobic threshold in cardiac patients has also been shown to be less
than 7% (18,19). Similarly, cystic fibrosis patients (20). and patients
with obstructive pulmonary disease (21). reproduce exercise physio-
logic measures with very low variability. The control subjects in the
present study show variability of less than 3% for peak VO, and VO, at
anaerobic threshold. However, the reductions in these measures for the
CFS patients on the second test is 22% and 26%, respectively. We be-
lieve that this difference may be a distinctive feature of the syndrome
and allow differentiation between the fatigue produced by CFS and
fatigue associated with other illnesses.

CONCLUSIONS

Although the sample size was small and subjects comprised women
only, this study demonstrates the potential problems associated with us-
ing single test only paradigms to assess physiological functioning in
CFS. The etiology of CFS and coping strategies adopted by patients
may conspire to mask the symptoms of post-exertional malaise that de-
fine this illness. Care must be taken in extrapolating too much from the
exercise and immune function literature. However, the immune hypoth-
esis for CFS does provide an explanation for the results obtained in the
present study. It is further proposed that the test-retest paradigm em-
ployed here be considered as a standardized stressor for quantifying the
level of impairment experienced by a CFS patient in the post-exertional
state.
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