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ABSTRACT

PrePrints

There is no agreement on the etiology of chronic fatigue syndrome (CFS), and the main theories (behavioural
and viral/immune) do not satisfactorily explain all findings. A growing body of evidence shows that CFS
appears to be a dysfunction of the stress system—and the hypothalamic–pituitary–adrenal (HPA) axis in
particular—as a result of chronic stress. CFS shares many similarities to occupational burnout, including
similar symptoms, physiological abnormalities and triggers. After a review of the available evidence, I
hypothesize that CFS is a state of persistent burnout that remains after the initial stressors have been
removed. This persistence may be due to a combination of a dysregulation of the HPA axis and behavioural
factors.

Existing theories
Chronic Fatigue Syndrome (CFS) is the internationally accepted term for long-term, disabling fatigue—along
with other symptoms such as musculoskeletal pain, sleep disturbances and impaired concentration—which
has no known medical cause.1
There is no generally accepted theory as to what causes CFS. The main theories about the etiology of CFS
are the psychiatric (cognitive behavioural) theory, and the viral theory. The cognitive behavioural theory
posits that CFS is caused by an initial trigger (such as a virus or stressor), but maintained by behavioural
factors such as exercise avoidance and abnormal illness beliefs.2 The viral theory posits that CFS is caused
either by a so-far-undetected virus, or that the immune system in patients is compromised and allows viruses
such as herpesvirus to persist.3
The problem with the cognitive behavioural theory is that it does not adequately explain all of the signs and
symptoms of CFS, such as the endocrine and immune irregularities, simply putting these down to mind-body
interactions without really trying to explain them. It also does not adequately explain findings about patients'
history, personality and pre-morbid lifestyle.4 A meta-analysis by Malouff et al. found that including
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cognitive elements in a treatment did not lead to a greater effect, and there appears to be no empirical basis
for including cognitive components in the treatment of CFS.5 Exercise avoidance or deconditioning do not
adequately explain findings such as abnormal performance in repeated cardiopulmonary exercise tests.6,7 A
review by Wiborg et al. found that the effectiveness of CBT was independent of any persistent change in
physical activity.8 Together these findings suggest that deconditioning, exercise avoidance and cognitive
behavioural factors do not satisfactorily explain the etiology of CFS. The cognitive behavioural theory
essentially explains CFS symptoms by saying “while your illness might have been triggered by a virus, it is
being perpetuated by your beliefs”, which does not really correspond with the experiences of the patients
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themselves. It is not surprising that there is such a vehement backlash against any psychological explanation
for the illness.9
The problem with the viral theory is that no single virus has been found in all CFS patients. While high titers
of HHV6, EBV and other virus antibodies are commonly found in patients, this is also sometimes found in
healthy patients and simply reflects prior infection. Furthermore, some research shows no immune
dysfunction in patients at all.10 It is possible that there is some as-yet-undiscovered virus hiding out in the
bodies of CFS patients, but such a theory is not credible until evidence is produced.

Hypothalamic–pituitary–adrenal axis
There are many different CFS symptoms, and no two patients have exactly the same set of symptoms.
However there are certain abnormalities that appear to be present in the majority of patients. One common
finding is a dysfunction in the hypothalamic–pituitary–adrenal (HPA) axis, including blunted HPA axis
responsiveness, mild hypocortisolism, and a lower than normal variation in the normal circadian pattern of
HPA axis activation.11 Given that the HPA axis is an important modulator of the immune system, this may
explain the immune abnormalities seen in CFS.12
Most CFS cases are triggered by either an infectious illness, a stressful life event, or a combination of the
two.13 Viral infections are physiologically stressful, and they activate the HPA axis in a similar way to
psychological stressors.14
A number of studies have shown that CFS patients tend to have a Th2-type immune response, and this has
been shown to be due to increased sensitivity to cortisol. Increased sensitivity to cortisol is typically a result
of long-term hypocortisolism, and is thought to be a compensatory mechanism.15
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CFS patients appear to have an “action-prone” (or hyperactive) personality,16 which then appears to result in
a “crash” of the stress system due to excessive chronic stress.17 The HPA axis dysfunction in CFS appears to
be due to enhanced HPA axis negative feedback, which may be mediated by mineralocorticoid and
glucocorticoid receptors in the brain.11 Similar enhanced negative feedback is also seen in post-traumatic
stresss disorder (PTSD), burnout, childhood sexual abuse, adolescents exposed to earthquake-trauma, and
chronic pelvic pain.18

Underactivation of the HPA axis
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While stress normally results in an increase in HPA axis activation, chronic long-term stress can
paradoxically lead to an underactivation of the HPA axis, hypocortisolism, and fatigue.19 This was first noted
by Hans Selye, who termed it general adaptation syndrome (GAS). The earliest research showed that chronic
stress was associated with a reduced daily output of cortisol. However this went against the prevailing dogma
that stress was associated with high cortisol output, so the results languished for 10–15 years. Subsequent
research has shown that chronic stress can result in both high and low cortisol depending on the nature of the
threat, the time since onset, and the person's response to the situation. Cortisol output tends to be elevated
initially, and then tends to reduce as time passes. Underactivation of the HPA axis is consistently seen in both
PTSD and CFS,19,11 as well as after cessation of chronic stress.20

Cortisol awakening response
The cortisol awakening response (CAR) is a measure of cortisol in the 30–60 minutes after waking, and is
believed to be a reliable indicator of HPA axis responsiveness. Normally cortisol rises just after waking—
similar to a mild stressor—in anticipation of events during the day. During periods of stress, the CAR is
elevated, whereas in CFS, chronic pain disorders, functional gastrointestinal disorders and PTSD, it tends to
be blunted.21 Two studies have shown that the hypocortisolism in CFS is normalised after treatment, and that
response to treatment is associated with normalization of cortisol in patients.22,23
Hall et al. found that perceived stress management skills are related to greater CAR response in CFS patients,
and a greater CAR results in reduced post-exertional malaise (PEM). The authors hypothesize that higher
cortisol may protect against CFS symptoms such as PEM due to its effects on energy metabolism.
Alternatively, the hypocortisolism in CFS—and resulting changes in inflammatory cytokines—may result in
increased inflammation after exertion.24
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Burnout
Burnout is a state of exhaustion due to excessive demands of a job (e.g. workload or time pressure), and
insufficient resources (e.g. being in control, or having a variety of tasks). It has been shown that job demands
correlate with feelings of exhaustion in burned out workers.25
Research has shown that patients suffering from fatigue, burnout or exhaustion tend to have a reduced CAR
compared to controls, whereas job stress and general life stress is associated with an increased CAR.26 When
comparing the CAR response of burned-out teachers, Pruessner et al. found that both stress and burnout had
independent effects on cortisol secretion (positive for stress and negative for burnout), and they suggest that
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the HPA axis might be independently affected by stress and burnout.27
Fries et al. hypothesize that the hypocortisolism seen in stress-related disorders is a protective mechanism
which has evolved to conserve energy during threats that are beyond the organism's ability to cope.12

Persistent burnout theory of chronic fatigue syndrome
Burnout and CFS share similar symptoms, as well as both being triggered by stress.28 The main difference
between burnout and CFS appears to be illness attribution: psychological for burnout, and physical for
CFS.28,29 Both CFS and burnout show a hypofunction of the HPA axis, which appears to resolve in burnout
after taking time off work, but persists in CFS.
The persistent burnout theory of CFS proposes that CFS is a state of persistent burnout, which remains after
the initial stressors have been removed. The burnout is caused either by cessation of chronic stress, or begins
during the period of stress. Persistence is maintained either via changes in the HPA axis resulting in a
dysregulation in the stress system,17 or due to cognitive behavioural factors, 2 or a combination of both.
Burnout and HPA axis hypoactivation may be a protective mechanism that has evolved to protect the
organism from the effects of chronic stress, and CFS may be a maladaptive burnout state that does not
resolve after cessation of the stressor.
Further research is needed to elucidate the brain structures responsible for burnout and CFS, but the
prefrontal cortex (PFC) may be involved. The PFC is thought to be important in achieving long-term goals,30
and is an important part of the negative feedback regulation of the HPA axis.31 A number of studies have
shown that CFS patients have reduced grey matter volume in the lateral PFC, and one study has shown that
this reduction is reversed after treatment with CBT.32 It may be that in CFS the PFC gets stuck in a negative
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feedback loop due to perceived lack of goals and negative outlook, which is reinforced by the resulting
symptoms of HPA axis hypoactivation.
Recovery from CFS is difficult, and current treatments such as cognitive behavioural therapy (CBT) and
graded exercise therapy (GET) are only moderately effective for treating CFS. The fact that cognitive
elements do not appear to make a therapy more effective, and that recovery is not associated with an increase
in activity, calls into question the theories behind these treatments. The moderate effectiveness of these (and
other) treatments may simply be due to the fact that they give the HPA axis a benign “kick”, reversing the
state of persistent hypoactivation. Or perhaps they are simply a placebo that gives the patient self-efficacy
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and a positive goal to work towards. Simply reducing stress and pacing activities does not generally result in
recovery from CFS.33
Anecdotally, patients seem to use a variety of unproven treatments that sometimes lead to recovery. The only
common factors among all these treatments seem to be self-efficacy and the achievement of positive goals.
Low self-efficacy has been shown to be a risk factor for both burnout and CFS,34,35 and a lack of positive
goals has been shown to be a factor in both persistent pain and workplace burnout. Increasing self-efficacy
has been shown to reduce fatigue, pain and depression.36
Burnout and CFS appear to be the result of long-term stress combined with a negative perception of the
stress. With CFS, the illness itself may lead to continued stress and negative outlook, due to negative
feedback, even in the absence of ongoing stressors. Increasing positive goals and self-efficacy is thus a
plausible treatment approach.

Future directions
There are still a lot of unknowns about the etiology of CFS. There is some disagreement about the nature of
the HPA axis dysfunction between studies. Future measurement of HPA axis and autonomic nervous system
parameters in the days before and after exercise challenges may help to elucidate the nature of the HPA axis
and autonomic dysfunction in patients, as well as shedding light on the nature of the post-exertional malaise
seen in CFS. More effective treatments are desperately needed, and a better understanding of the etiology of
the illness will likely lead to this happening.
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