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Abstract

Psychological Stress Contributes to the Development of Low-grade Fever
in Chronic Fatigue Syndrome Patients

Takakazu Oka*

* Department of Psychosomatic Medicine, Graduate School of Medical Sciences, Kyushu University
(Mailing Address : Takakazu Oka, 3-1-1 Maidashi, Higashi-ku, Fukuoka-shi, Fukuoka 812-8582, Japan)

Low-grade fever is a common symptom in patients with chronic fatigue syndrome (CFS). The mechanisms
responsible for its development are poorly understood. However, several phenomena suggest that psychological
stress contributes to the development and exacerbation of low-grade fever in some CFS patients. One phenomenon is
workday hyperthermia. Here some patients exhibit higher axillary temperatures on working days compared with
holidays. Another phenomenon is a robust stress-induced hyperthermic response. That is, some patients develop
extremely high core temperatures (e. g., up to 1.0°C increase within one hour) during psychological stress~associated
interview.

‘This article reviews how psychological stress affect the body temperature in CFS patients and describes the treat-
ment of CFS patients whose low~grade fever is associated with psychological stress.

Key words * stress, chronic fatigue syndrome, psychogenic fever, stress-induced hyperthermia, fever of unknown origin
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Influence of Psychological Stress on Chronic
Fatigue Syndrome

Takakazu Oka*
Department of Psychosomatic Medicine, Graduate School of Medical Sciences, Kyushu University,
Higashi-ku, Fukuoka, Japan

Abstract. This article reviews the influence of psychological stress on chronic fatigue syndrome (CES). Studies have demon-
strated that psychological stress is involved in the CFS onset, exacerbation, and/or relapse, while early life stress acts as a
risk factor toward the development of CES in later life. CFS patients may have disrupted stress systems, including HPA axis
hypofunction and ANS alterations characterized by sympathetic overactivity and low vagal tone. Individuals with CFS respond
to psychological stress differently from healthy subjects in that CFS patients show a blunted (or similar) activation of the HPA
axis and SNS and attenuation of proinflammatory cytokine induction, whereas psychological stress increases cytokine levels in
healthy subjects. It is not fully understood how such disrupted stress systems and differential stress responsiveness contribute
to the pathophysiology of CFS. Further studies are necessary to determine whether laboratory stress can fully replicate typical
daily stress and how stress responsiveness is related to psychological stress-induced exacerbation of CFS symptoms. This article
also reviews the role of psychological stress in low-grade fever in CFS and the role of adaptive or maladaptive coping in the

severity of CES symptoms.

Keywords: Chronic fatigue syndrome, psychological stress, stress-induced hyperthermia

INTRODUCTION

Chronic fatigue syndrome (CFS) is characterized by
persistent or relapsing debilitating fatigue for at least 6
months. The fatigue is accompanied by specific symp-
toms, such as impaired memory or concentration, sore
throat, tender cervical or axillary lymph nodes, muscle
pain, joint pain, headaches, unrefreshing sleep, post-
exertion malaise [1], and low-grade fever [2].

The pathophysiological mechanisms underlying
CFS are still poorly understood. However, recent stud-
ies suggest that psychological stress is associated with
the onset, exacerbation, or recurrence of CES and also
acts as a risk factor for developing CFS. Psychological
stress is mainly relayed from the brain to the body via
two major pathways, i.e., the hypothalamic-pituitary-
adrenal (HPA) axis with the resultant release of cortisol
and the sympathetic nervous system (SNS) with the

*Correspondence to: Dr. Takakazu Oka, Department of Psycho-
somatic Medicine, Graduate School of Medical Sciences, Kyushu
University, 3-1-1 Maidashi, Higashi-ku, Fukuoka 812-8582, Japan.
Tel.: +81 092 642 5317; Fax: +81 092 642 5336; E-mail:
oka-t@cephal. med.kyushu-u.ac.jp.

resultant release of catecholamines (noradrenaline and
adrenaline), with both pathways affecting the immune
system [3]. This article reviews the characteristics of
the stress systems of CFS patients and how psycho-
logical stress affects these systems. It also discusses
possible mechanisms by which psychological stress
influences CFS.

STRESS SYSTEMS OF CFS PATIENTS

Neuroendocrine systems such as the HPA axis and
the autonomic nervous system (ANS), particularly the
SNS, are key regulatory systems for organisms to cope
with stressors and to adapt to environmental changes.

In CFS patients, a dysfunction of the HPA axis is
hypothesized. Such dysfunction includes a reduced
24-hour urinary free cortisol, attenuated evening
plasma cortisol levels, reduced cortisol responses to
adrenocorticotropic hormone (ACTH) administration,
and/or blunted ACTH responses to oral corticotropin-
releasing hormone (CRH) in CFS patients versus
control subjects [4-6]. Although there are contradic-
tory reports [7-10], a recent meta-analysis revealed

ISSN 1878-948X/13/$27.50 © 2013 — IOS Press and the authors. All rights reserved
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that the cortisol awakening response (CAR), a surge of
cortisol levels upon awakening, is attenuated in CFS
patients compared to control subjects [11-13]. This
suggests that an attenuation of cortisol diurnal vari-
ability, not total cortisol output, is important in relation
to fatigue in CFS. In CFS patients, an autonomic dys-
function is also suggested. For example, CFS patients
have a higher heart rate (HR) and higher plasma levels
of adrenaline or noradrenaline versus healthy subjects
at rest and even during sleep [14—17], whereas cardiac
vagal tone is lower compared to healthy subjects [18,
19]. These findings suggest a sympathetic ANS pre-
dominance in CFS patients. Furthermore, at least some
CFS patients may have an immunologic dysfunction
[20-23], which includes a slight increase in proinflam-
matory cytokines such as interleukin-1 (IL-1), IL-6,
and tumor necrosis factor-o. (TNF-o) [24, 25] along
with other inflammatory parameters such as nuclear
factor-kB (NF-kB) [26] or C-reactive protein [27].
Thus, HPA axis hypofunction, ANS alterations charac-
terized by sympathetic overactivity and low vagal tone,
and immune abnormalities may play a role in CFS.

INFLUENCE OF PSYCHOLOGICAL
STRESS ON CFS

Several lines of evidence suggest that psychologi-
cal stress influences CFS. First, childhood trauma is

Psychological stress acts as..

demonstrated to be an important risk factor for CFS
[28]. Such trauma includes sexual, physical, and emo-
tional abuse as well as emotional and physical neglect.
Exposure to such trauma was associated with a 3 —
8-fold increased risk for CES [28, 29]. Furthermore,
experience of childhood trauma is associated with
greater CFS symptom severity in later life [28]. As
individuals with CFS who had experienced childhood
trauma, but not those with CES without trauma, had an
attenuated CAR compared to controls, early life trauma
may lead to dysregulated stress systems in CFS [29].

Secondly, development of CES is often predated
by stressful life events [30-32]. Several studies have
demonstrated that negative life events are related to
CFS onset [31, 32], exacerbation, and relapse [30],
whereas positive life events may contribute to the pro-
cess of recovery after the establishment of CES (Fig. 1)
[33].

EFFECTS OF LABORATORY
PSYCHOLOGICAL STRESS ON STRESS
AND IMMUNE SYSTEMS IN CFS PATIENTS

If psychological stress is related to CFS vul-
nerability, development, exacerbation and/or relapse,
psychological stress may lead to CFS symptoms via
affecting stress systems. So far, however, studies are
limited on how psychological stress in daily life affects

Risk factor Precipitating factor

Early life trauma| | Negative life events

Exacerbation, relapse and
perpetuating factors

Stressful events,
Emotional distress response,
Self-critical perfectionism, etc.

v A4

A\ 4

Buffering factors include...

&

Positive life events
Social support
Optimism

Fig. 1. Possible influences of psychological stress on CFS.
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Table 1
Characteristics of neuroendocrine, autonomic, and immune systems
at rest and following experimental stress in CFS patients when com-
pared with healthy subjects

(a) Basal (b) Response to acute
psychological stress
HPA axis: HPA axis:

Hypofunction Weaker ACTH increase.
Similar cortisol increase vs.
healthy subjects

ANS: ANS:

‘Weaker or similar HR increase.
Similar BP increase vs. healthy
subjects

Immune:
Suppression of cytokine
production (cf. in healthy
subjects, increase in cytokine
production)

Sympathetic overactivity.
Low vagal tone

Immune:
Pro-inflammatory.
Increase in proinflammatory
cytokines and inflammatory
parameters

CFS patients. Therefore, for a greater understanding of
this interaction, I summarized the effects of laboratory
psychological stress on neuroendocrine, autonomic,
and immune functions in CFS patients and healthy
subjects in Table 1. Considering the stress system char-
acteristics and enhanced inflammation in CFS patients,
it is possible to hypothesize that psychological stress
may induce insufficient HPA axis activation, greater
sympathetic nervous system responses, and more pro-
duction of proinflammatory cytokines in CFS patients
when compared to healthy subjects, which may lead to
an exacerbation of CFS symptoms.

Indeed, laboratory psychological stress increases
the number and severity of psychological as well as
physical symptoms in CFS patients [34], suggesting
that psychological stress exacerbates CFS features.
However, although stress-induced increases in plasma
ACTH in CFS patients were blunted compared to
control subjects, the increases in plasma cortisol and
salivary free cortisol in CFS patients were not dif-
ferent from healthy subjects [35, 36]. Stress-induced
cardiovascular changes in CFS patients were also not
different from healthy subjects [35, 37]. Rather, sev-
eral studies have demonstrated that stress-induced HR
responses in CFS patients were weaker versus healthy
subjects [38, 39]. One study suggests that patients
with the lowest cardiovascular reactivity to stress had
the highest rating of CFS symptom severity [39]. In
healthy subjects, psychological stress increased LPS-
induced IL-6 and TNF-a levels. However, in CFS
patients, psychological stress decreased levels of both
cytokines [36, 40].

These studies suggest that, in healthy subjects,
short-term (several min — 60 min) psychological stress

activates the HPA axis and the SNS and increases
proinflammatory cytokine production. In contrast, in
CFS patients, psychological stress induces similar or
blunted activation of the HPA axis and the SNS and
also suppresses proinflammatory cytokine production.

EFFECTS OF PSYCHOLOGICAL STRESS
ON BODY TEMPERATURE

Some, but not all [41-43], CFS patients exhibit a
low-grade fever or higher body temperature compared
to healthy subjects [40, 44—46]. However, the mecha-
nisms for why CFS patients display a low-grade fever
are not fully understood and little attention has been
paid to the role of psychological stress in the low-grade
fever of CFS patients.

Animal studies have demonstrated that many kinds
of psychological stress increase core body temperature
(Tc) [47, 48]. Acute exposure to anxiety-provoking
psychological stress induces a transient, monophasic
increase in Tc [49]. Acute stress-induced hyperther-
mia is, at least in part, regulated by SNS-mediated
non-shivering thermogenesis in brown adipose tissue
(BAT), not by prostaglandin Es, a principal fever medi-
ator, or proinflammatory cytokines [47, 50]. Repeated
application of psychological stressors slightly elevates
Tc (around 0.2-0.3°C) in both light and dark peri-
ods [51, 52]. Such slightly higher Tc can be observed
even several days after cessation of the final stress
exposure [52]. Figure 2 shows the diurnal Tc changes
in rats after exposure to repeated social defeat stress
(1 hour daily for 28 days) on a stress-free day eight
days after the final defeat. Repeatedly stressed animals

385

1 Light period |

“BSocial defeat stress (n=6)

“O~Control (n=6)

Tc (degC)

Time of day (hour}

Fig. 2. Effects of repeated psychosocial stress on Tc in rats. Diurnal
Tc changes in rats eight days after exposure to repeated (28) social
defeat sessions (M, n=6) or control rats (o, n=6). Data represent
mean % SEM. *p < (.05 compared with control. (Adopted from (52)
with permission).
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Fig. 3. Changes in axillary temperature and fatigue in a 24-year-old CFS patient. The temperature and severity of fatigue, as assessed by
numerical rating scale with the severest fatigue as 10 and no fatigue as 0, was recorded at 8 a.m., 12 a.m., 4 p.m., and 8.p.m. (Adopted from [40]

with permission).

also display an enhanced hyperthermic response to a
novel stress [53, 54] via enhanced sympathetic nerve-
mediated thermogenic actions [55, 56] and also exhibit
depressive-like behavior [52].

Stress-induced hyperthermia is observed in human
subjects as well. However, in healthy subjects, this phe-
nomenon is less remarkable than that observed in small
animals [57, 58]. In contrast, there are CFS patients
who clearly show a higher Tc during stressful peri-
ods versus non-stressful ones. For example, some CES
patients show “workday hyperthermia”, i.e., higher
axillary temperatures on working days compared with
holidays [46]. Figure 3 shows the record of axillary
temperature and severity of fatigue of a 24-year-old
woman with CFS. It demonstrates that her axillary tem-
perature and fatigue scores were higher during working
days compared to days off. The higher temperature
may not be due to increased activity during the work-
ing day, but due to psychological strain since, as she
was a telephone operator, she remained sitting almost
all day but kept concentrating on numerous phone con-
versations.

Another example is the remarkable emotional stress-
induced hyperthermic response in CFS patients. A
26-year-old female nurse with CFS noticed that she had

an especially high axillary temperature (up to 38.5°C)
when she felt stress at work. Therefore, to assess how
psychological stress affects body temperature and to
investigate the possible mechanisms for this hyperther-
mia, we conducted a 60-minute stress interview. In the
interview, we asked her to recall and talk about her
difficult life. Her axillary temperature at baseline was
37.2°C, and increased to 38.2°C (a 1.0°C increase) by
the end of the interview. In contrast, her fingertip tem-
perature decreased during the interview, indicating an
inhibition of heat dissipation (Fig. 4) [40]. During the
stress interview, her HR, systolic blood pressure (SBP),
diastolic blood pressure (DBP), and plasma levels of
noradrenaline and adrenaline increased. There were no
significant changes in pyretic cytokines such as IL-
1B and IL-6, or antipyretic cytokines such as TNF-a
and IL-10. Rather serum levels of IL-6 and TNF-a
slightly decreased during and after the stress inter-
view (Table 2). Therefore, stress interview-induced
remarkable hyperthermia may be mediated by nega-
tive emotion-associated SNS activation, not by pyretic
cytokine production. Considering the findings on the
effects of chronic stress on acute stress-induced hyper-
thermia in animals, it is possible that the CFS patient’s
difficult life acts as a chronic stressor, leading the
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Fig. 4. Effects of stress interview on core and peripheral temper-
atures in a 26-year-old CES patient. Changes in axillary (armpit)
and tympanic membrane (tym.) temperatures (a) and fingertip tem-
perature (b) during and after a 60-minute stress interview. Stress
interview was conducted between 0 min and 60 min. (Adopted from
(40) with permission).

patient to exhibit robust increases in Tc when she is
exposed to emotional events.

DISCUSSION

This article demonstrated that psychological factors
are involved in the onset, exacerbation, and/or relapse
of CFS, and that early life stress acts as a risk factor to
develop CFS in later life (Fig. 1).

Previous studies suggest that CFS patients exhibit
HPA axis hypofunction, ANS dysfunction charac-
terized by sympathetic overactivity and low vagal
tone, and enhanced inflammation. Glucocorticoids
inhibit the production and release of proinflamma-
tory cytokines. SNS activation can be both pro- and
anti-inflammatory depending on the type of adrener-
gic receptors activated [59]. Stimulation of the vagus
nerve exerts anti-inflammatory actions by inhibit-
ing proinflammatory cytokine release [60, 61]. Thus,

Table 2
Effects of stress interview on cardiovascular parameters, cytokines,
and catecholamines. Stress interview was conducted between 0 min
and 60 min. (Adopted from [40] with permission)

9am Pre 30min 60 min 120 min 180 min

IL-1B (pg/ml) 039 029 03 0.33 0.28 0.37
IL-6 (pg/ml) 29 31 1.8 1.9 3.6 33

TNF-a (pg/ml) 1.5 1.3 14 1.1 1 1.5
IL-10 (pg/ml) <2 <2 <2 <2 <2 <2
A (pg/ml) 36 65 59 36

NA (pg/ml) 298 409 431 285

DA (pg/ml) 9 10 14 <5

SBP (mmHg) 100 116 126 121 122 106
DBP (mmHg) 66 79 97 93 77 75

HR (mmHg) 72 92 103 102 83 86

A: adrenaline; DA: dopamine; DBP: diastolic blood pressure;
HR: heart rate; IL-1pB: interleukin-1B; IL-6: interleukin-6; IL-10:
interleukin-10; min: minutes; NA: noradrenaline; SBP: systolic
blood pressure; TNF-a.: tumor necrosis factor-a.

stress systems of CES patients are prone to facili-
tate increased proinflammatory cytokine production.
As proinflammatory cytokines induce sickness behav-
ior such as fatigue and pain [62], which is comparable
to CFS symptoms, and psychological stress increases
these cytokines [63, 64], itis reasonable to hypothesize
that psychological stress may precipitate, perpetu-
ate, or exacerbate CFS symptoms by proinflammatory
cytokine production.

However, results from previous studies that investi-
gated the effects of laboratory stress do not necessarily
support this hypothesis because several contrasting
findings were obtained, i.e., impaired sympathetic
activation and decreased cytokine production in CFS
patients (Table 3). It could be criticized that the dura-
tion of laboratory stress is too short or too weak to
replicate the effect of life event stress or daily life
stress to which CFS patients are exposed. However,
considering that higher ratings of CFS symptom sever-
ity were associated with weaker SBP reactivity to
psychological stress [39], sympathetic activation and
proinflammatory cytokine production may not be the
only explanation for the exacerbating effect of psycho-
logical stress on CFS. Further studies are necessary to
address the biological mechanisms of how psycholog-
ical stress exacerbates CFS.

This article demonstrated that psychological stress
also contributes to low-grade fever in CFS patients.
Although a subset of CFS patients exhibit low-grade
fever, the role of psychological stress in this phe-
nomenon has not been investigated. Animal studies
have demonstrated that chronic stress induces hyper-
plasia of BAT, a heat-generating tissue [55], and
increases uncoupling protein 1 (a heat-generating pro-
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Effects of laboratory psychological stress on neuroendocrine, autonomic, and immune functions in CFS patients and control subjects

Laboratory stress Subjects Parameters Stress response vs. healthy subjects  Reference
Anagram task stress for Adult CFS pt. (mean age, Physical and psychoilogical ~ Increase in physical and (34)
20 min 37 y) vs. musclar dystrophy ~ symptom scores by psychological symptom scores in

(MD) pt. and psychiatric pt.
(P, anxiety and depressive
disorders)

Adult CES pt. (mean age
33.6 y) vs. healthy subjects

Mental arithmetic stress
(—17) from four-digit
number down to zero

Cognitive stress including Female CFS pt. (mean age, BP,HR

stroop color/word
interference test,
symbol digit modalities
test, trail making test,
and mental arithmetic
test (—13 from 100) for

34 y) vs. healthy subjects

Symptom-emotion
checklist

Performance, BP, HR,

CFS and P groups but not in MS
group

Same performance with less mistakes (38)
in CFS pts compared with controls.
Increase in SBP, DBP, HR in both
groups. Delta HR: lower in CFS
pts vs. controls. Delta SBP and
DBP: n.d.
Increase in SBP, DBP, and HR in 39)
both groups. Delta SBP, DBP, and
HR: lower in CFS pts vs. controls.
Pts with the lowest cardiovascular
reactivity had the highest rating of
CFS symptom severity

16 min
Trier social stress test for ~ Adult CFS pt. (mean age HR, plasma ACTH and CFS pts had higher overall HR vs. (35)
14 min 36.0 y) vs. healthy subjects cortisol, salivary free controls. Increase in HR: n.d.
cortisol Increase in plasma ACTH and
plasma and salivary cortisol in both
groups. ACTH response: weaker in
CFS pts vs. controls. Plasma and
salivary cortisol responses: n.d.
Trier social stress test for ~ Adult CFS pt. (mean age (plasman ACTH and cortisol, Increase in the number of leukocytes: (36)

14 min 36.0 y) vs. healthy subjects

salivary free cortisol)
Number of leukocytes and
monocytes. LPS-induced

n.d. The number of monocytes
didn’t change in both groups. In
control, stress increased

IL-6 and TNF-a LPS-induced IL-6 and TNF-a. In
contrast, stress decreased these
cytokines in CFS pts
Mental arithmetic stress ~ Adolescent CES pt. (12-18 y) BP, HR, acral skin blood flow Increase in SBP, DBP, and HR: n.d. 37
(=7) for around 80 sec vs. healthy subjects (ASBF) Decrease in ASBF: n.d.

(12-18y)
Stess interview for 60 min 26 year old female CFS pt.

BP, HR, plasma CA,
temperatures, serum II-13,
IL-6, TNF-a, IL-10

Increase in SBP, DBP, and HR. 40)
Increase in axillary and tympanic
membrane temperature. Serum
IL-6 and TNF-a were suppressed.

IL-1P and IL-10 did not change

n.d., not significantly different between CFS patients and control subjects.

tein) expression and its function [56] in BAT. This
is one reason why exposure to a novel stressor may
induce remarkable hyperthermic responses in chroni-
cally stressed rats. Therefore, one possible explanation
for psychological stress-induced exacerbation of
low-grade fever in CFS patients is that chronic stress
produces a vulnerability to hyperthermia when patients
are exposed to acute emotional stress.

There is no doubt that psychological stressors influ-
ence CFS, and especially the severity of CFS. On the
other hand, studies also suggest that the severity of CES
symptoms can be affected by how patients respond
to psychological stress or social factors as well. CES
patients respond to and cope with psychological stress

in either an adaptive or maladaptive way. It is sug-
gested that emotional distress responses to stressors
are a predictor of the likelihood and severity of CES
relapse and functional impairment [30]. Self-critical
perfectionism is associated with the generation of daily
hassles [65]. In contrast, optimism and social support
buffer the illness burden [30].

CONCLUSIONS

Psychological factors are involved in CFS onset,
exacerbation, and/or relapse, while early life stress
acts as a risk factor for the development of CFES. CES
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patients respond to laboratory stress in a different way
than healthy subjects, i.e., when compared with healthy
subjects, CFS patients show a similar or blunted acti-
vation of the HPA axis and SNS and suppression
of proinflammatory cytokines, whereas psychological
stress increases these cytokines in healthy subjects.
So far, it is not known how such differences con-
tribute to the pathophysiology of CES. Further studies
are necessary to determine whether laboratory stress
fully replicates typical daily stress and how these stress
responses are related to psychological stress-induced
exacerbation of CFS symptoms.
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