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Influence of Psychological Stress on Chronic
Fatigue Syndrome

Takakazu Oka*
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Abstract. This article reviews the influence of psychological stress on chronic fatigue syndrome (CFS). 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 CFS 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 CFS 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 CFS 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 CFES 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-oo (TNF-at) [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 CFS [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 CFS without trauma, had an
attenuated CAR compared to controls, early life trauma
may lead to dysregulated stress systems in CES [29].

Secondly, development of CFS 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 CFS (Fig. 1)
[33].

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

If psychological stress is related to CFS wvul-
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

:'Pre‘cipit‘ating ~fayctor

Early life trauma

Negative life events

Exacerbation, relapseand
perpetuating factors

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

Birth

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 CES 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 CES patients
when compared to healthy subjects, which may lead to
an exacerbation of CES 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 CES 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 E,, 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

‘ Light period [

“#Social defeat stress {n=6)

~O-Control (n=6)

Te {degC)

0:00 300 8:00 9:00 12:00 15:00 18:00 21:00
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=06) or control rats (o, n==6). Data represent
mean £ SEM. #*p <0.05 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 CFS
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 CES 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 TNFE-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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Stress interview
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Fig. 4. Effects of stress interview on core and peripheral temper-
atures in a 26-year-old CFS 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 03 033 028 037
IL-6(pg/ml) 29 31 18 19 36 33

TNF-a (pg/ml) 1.5 1.3 1.4 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-1(3: interleukin-18; 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 CFS 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-



306 T. Oka / Influence of Psychological Stress on Chronic Fatigue Syndrome

Table 3

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 CFS 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

16 min
Trier social stress test for ~ Adult CES pt. (mean age
14 min 36.0 y) vs. healthy subjects

Trier social stress test for ~ Adult CES pt. (mean age
14 min 36.0 y) vs. healthy subjects

Symptom-emotion
checklist

Performance, BP, HR,

HR, plasma ACTH and
cortisol, salivary free
cortisol

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

CFS pts had higher overall HR vs. (35)
controls. Increase in HR: n.d.
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.

(plasman ACTH and cortisol, Increase in the number of leukocytes: (36)
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

1L-6 and TNF-a LPS-induced IL-6 and TNF-c. In
contrast, stress decreased these
cytokines in CFS pts
Mental arithmetic stress Adolescent CFS pt. (12-18 y) BP, HR, acral skin blood flow Increase in SBP, DBP, and HR: n.d. [€X))
(=7) for around 80 sec vs. healthy subjects (ASBF) Decrease in ASBF: n.d.

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

BP, HR, plasma CA,
temperatures, serum II-1(3,
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-o were suppressed.

IL-1B 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 CFS
symptoms can be affected by how patients respond
to psychological stress or social factors as well. CFS
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 CFS
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 CES. CFS
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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 CFS. 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.

ACKNOWLEDGMENTS

This study was supported in part by Grants-in-Aid
for Scientific Research from the Japan Society for
the Promotion of Science (23390189) and a Health
and Labour Sciences Research Grant for integrative
medicine (H24-Iryo-Ippan-025).

REFERENCES

[1] Fukuda K, Straus SE, Hickie 1, Sharpe MC, Dobbins JG,
Komaroff A. The chronic fatigue syndrome: A comprehen-
sive approach to its definition and study. International Chronic
Fatigue Syndrome Study Group. Ann Intern Med. 1994;
121(12): 953-959.

[2] Holmes GP, Kaplan JE, Gantz NM, Komaroff AL, Schon-
berger LB, Straus SE, et al. Chronic fatigue syndrome: A
working case definition. Ann Intern Med. 1988; 108(3): 387-
389.

[3] Chrousos GP. Stress and disorders of the stress system. Nat
Rev Endocrinol. 2009; 5(7): 374-381.

[4] Demitrack MA, Dale JK, Straus SE, Laue L, Listwak SJ,
Kruesi MJ, et al. Evidence for impaired activation of the
hypothalamic-pituitary-adrenal axis in patients with chronic
fatigue syndrome. J Clin Endocrinol Metab. 1991; 73(6):
1224-1234.

[5] Cleare AJ, Blair D, Chambers S, Wessely S. Urinary free
cortisol in chronic fatigue syndrome. Am J Psychiatry. 2001;
158(4): 641-643.

[6] Nater UM, Youngblood LS, Jones JF, Unger ER, Miller AH,
Reeves WC, et al. Alterations in diurnal salivary cortisol
rhythm in a population-based sample of cases with chronic
fatigue syndrome. Psychosom Med. 2008; 70(3): 298-305.

[7] Wood B, Wessely S, Papadopoulos A, Poon L, Checkley S.
Salivary cortisol profiles in chronic fatigue syndrome. Neu-
ropsychobiology. 1998; 37(1): 1-4.

[8] Cleare AJ. The neuroendocrinology of chronic fatigue syn-
drome. Endocr Rev. 2003; 24(2): 236-252.

[9] Inder WI, Prickett TC, Mulder RT. Normal opioid tone
and hypothalamic-pituitary-adrenal axis function in chronic
fatigue syndrome despite marked functional impairment. Clin
Endocrinol (Oxf). 2005; 62(3): 343-348.

[10] Papadopoulos A, Ebrecht M, Roberts AD, Poon L, Rohleder
N, Cleare Al. Glucocorticoid receptor mediated negative
feedback in chronic fatigue syndrome using the low dose

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(0.5mg) dexamethasone suppression test. J Affect Disord.
2009; 112(1-3): 289-294.

Roberts AD, Wessely S, Chalder T, Papadopoulos A, Cleare
AJ. Salivary cortisol response to awakening in chronic fatigue
syndrome. Br J Psychiatry. 2004; 184: 136-141.

Nater UM, Maloney E, Boneva RS, Gurbaxani BM, Lin JM,
Jones JF, et al. Attenuated morning salivary cortisol concen-
trations in a population-based study of persons with chronic
fatigue syndrome and well controls. J Clin Endocrinol Metab.
2008; 93(3): 703-709.

Powell DJ, Liossi C, Moss-Morris R, Schlotz W. Unstim-
ulated cortisol secretory activity in everyday life and its
relationship with fatigue and chronic fatigue syndrome: A
systematic review and subset meta-analysis. Psychoneuroen-
docrinology. 2013; 38(11): 2405-2422.

LaManca JJ, Peckerman A, Walker J, Kesil W, Cook S, Taylor
A, etal. Cardiovascular response during head-up tilt in chronic
fatigue syndrome. Clin Physiol. 1999; 19(2): 111-120.
Peckerman A, LaManca JJ, Dahl KA, Chemitiganti R,
Qureishi B, Natelson BH. Abnormal impedance cardiogra-
phy predicts symptom severity in chronic fatigue syndrome.
Am J Med Sci. 2003; 326(2): 55-60.

Boneva RS, Decker MJ, Maloney EM, Lin JM, Jones JF, Hel-
gason HG, et al. Higher heart rate and reduced heart rate
variability persist during sleep in chronic fatigue syndrome:
A population-based study. Auton Neurosci. 2007; 137(1-2):
94-101.

Wyller VB, Saul JP, Walloe L, Thaulow E. Sympathetic car-
diovascular control during orthostatic stress and isometric
exercise in adolescent chronic fatigue syndrome. Eur J Appl
Physiol. 2008; 102(6): 623-632.

Sisto SA, Tapp W, Drastal S, Bergen M, DeMasi I, Cordero D,
et al. Vagal tone is reduced during paced breathing in patients
with the chronic fatigue syndrome. Clin Auton Res. 1995;
5(3): 139-143.

Freeman R, Komaroff AL. Does the chronic fatigue syndrome
involve the autonomic nervous system? Am J Med. 1997;
102(4): 357-364.

Klimas NG, Koneru AO. Chronic fatigue syndrome: Inflam-
mation, immune function, and neuroendocrine interactions.
Curr Rheumatol Rep. 2007; 9(6): 482-487.

Meeus M, Mistiaen W, Lambrecht L, Nijs J. Immunological
similarities between cancer and chronic fatigue syndrome:
The common link to fatigue? Anticancer Res. 2009; 29(11):
4717-4726.

Lorusso L, Mikhaylova SV, Capelli E, Ferrari D, Ngonga
GK, Ricevuti G. Immunological aspects of chronic fatigue
syndrome. Autoimmun Rev. 2009; 8(4): 287-291.

Bansal AS, Bradley AS, Bishop KN, Kiani-Alikhan S, Ford
B. Chronic fatigue syndrome: The immune system and viral
infection. Brain Behav Immun. 2012; 26(1): 24-31.

Borish L, Schmaling K, DiClementi JD, Streib J, Negri J,
Jones JE. Chronic fatigue syndrome: Identification of distinct
subgroups on the basis of allergy and psychologic variables.
J Allergy Clin Immunol. 1998; 102(2): 222-230.

Moss RB, Mercandetti A, Vojdani A. TNF-alpha and chronic
fatigue syndrome. J Clin Immunol. 1999; 19(5): 314-
316.

Maes M, Mihaylova I, Bosmans E. Not in the mind of neuras-
thenic lazybones but in the cell nucleus: Patients with chronic
fatigue syndrome have increased production of nuclear fac-
tor kappa beta. Neuro Endocrinol Lett. 2007; 28(4): 456-
462.

Buchwald D, Wener MH, Pearlman T, Kith P. Markers of
inflammation and immune activation in chronic fatigue and



308

[28]

[29]

[30]

B31]

[32]

[33]

[34]

[35]

(36]

[37]

[38]

(39]

(401

[41]

142

[43]

T. Oka/ Influence of Psychological Stress on Chronic Fatigue Syndrome

chronic fatigue syndrome. J Rheumatol. 1997; 24(2): 372-
376.

Heim C, Wagner D, Maloney E, Papanicolaou DA, Solomon
L, Jones JF, et al. Early adverse experience and risk for chronic
fatigue syndrome: Results from a population-based study.
Arch Gen Psychiatry. 2006; 63(11): 1258-1266.

Heim C, Nater UM, Maloney E, Boneva R, Jones JF, Reeves
WC. Childhood trauma and risk for chronic fatigue syndrome:
Association with neuroendocrine dysfunction. Arch Gen Psy-
chiatry. 2009; 66(1): 72-80.

Lutgendorf SK, Antoni MH, Ironson G, Fletcher MA, Penedo
F, Baum A, et al. Physical symptoms of chronic fatigue syn-
drome are exacerbated by the stress of Hurricane Andrew.
Psychosom Med. 1995; 57(4): 310-323.

Salit IE. Precipitating factors for the chronic fatigue syn-
drome. J Psychiatr Res. 1997; 31(1): 59-65.

Theorell T, Blomkvist V, Lindh G, Evengard B. Critical life
events, infections, and symptoms during the year preceding
chronic fatigue syndrome (CFS): An examination of CFS
patients and subjects with a nonspecific life crisis. Psychosom
Med. 1999; 61(3): 304-310.

Ray C, Jefferies S, Weir WR. Life-events and the course of
chronic fatigue syndrome. Br J Med Psychol. 1995; 68(Pt 4):
323-331.

Wood GC, Bentall RP, Gopfert M, Dewey ME, Edwards RH.
The differential response of chronic fatigue: Neurotic and
muscular dystrophy patients to experimental psychological
stress. Psychol Med. 1994; 24(2): 357-364.

Gaab J, Huster D, Peisen R, Engert V, Heitz V, Schad T, et
al. Hypothalamic-pituitary-adrenal axis reactivity in chronic
fatigue syndrome and health under psychological: Physiologi-
cal, and pharmacological stimulation. Psychosom Med. 2002;
64(6): 951-962.

Gaab J, Rohleder N, Heitz V, Engert V, Schad T,
Schurmeyer TH, et al. Stress-induced changes in LPS-induced
pro-inflammatory cytokine production in chronic fatigue
syndrome. Psychoneuroendocrinology. 2005; 30(2): 188-
198.

Egge C, Wyller VB. No differences in cardiovascular auto-
nomic responses to mental stress in chronic fatigue syndrome
adolescents as compared to healthy controls. Biopsychosoc.
2010; 4(1): 22.

Soetekouw PM, Lenders JW, Bleijenberg G, Thien T, van der
Meer JW. Autonomic function in patients with chronic fatigue
syndrome. Clin Auton Res. 1999; 9(6): 334-340.

LaManca JJ, Peckerman A, Sisto SA, DeLuca J, Cook
S, Natelson BH. Cardiovascular responses of women with
chronic fatigue syndrome to stressful cognitive testing before
and after strenuous exercise. Psychosom Med. 2001; 63(5):
756-764.

Oka T, Kanemitsu Y, Sudo N, Hayashi H, Oka K. Psycholog-
ical stress contributed to the development of low-grade fever
in a patient with chronic fatigue syndrome: A case report.
Biopsychosoc Med. 2013; 7(1): 7.

Williams G, Pirmohamed J, Minors D, Waterhouse J,
Buchan I, Arendt ], et al. Dissociation of body-temperature
and melatonin secretion circadian rhythms in patients with
chronic fatigue syndrome. Clin Physiol. 1996; 16(4): 327-
337.

Hamilos DL, Nutter D, Gershtenson J, Redmond DP,
Clementi JD, Schmaling KB, et al. Core body temperature
is normal in chronic fatigue syndrome. Biol Psychiatry. 1998;
43(4): 293-302.

Hamilos DL, Nutter D, Gershtenson J, Ikle D, Hamilos SS,
Redmond DP, et al. Circadian rhythm of core body tempera-

[44]

[43]

[46]

[47]

[48]

[49]

{501

[51]

[52]

{531

[54]

[55]

[56]

[57]

(58]

[59]

[60]

fe1]

[62]

ture in subjects with chronic fatigue syndrome. Clin Physiol.
2001; 21(2): 184-195.

Komaroff AL, Fagioli LR, Geiger AM, Doolittle TH, Lee J,
Kornish R, et al. An examination of the working case defini-
tion of chronic fatigue syndrome. Am J Med. 1996; 100(1):
56-64.

Wyller VB, Godang K, Morkrid L, Saul JP, Thaulow E, Wal-
loe L. Abnormal thermoregulatory responses in adolescents
with chronic fatigue syndrome: Relation to clinical symptoms.
Pediatrics. 2007; 120(1): e129-e137.

Oka T. Psychological stress contributes to the development of
low-grade fever in chronic fatigue syndrome patients. Jpn J
Psychosom Med. 2013; 53: 993-1000.

Oka T, Oka K, Hori T. Mechanisms and mediators of psycho-
logical stress-induced rise in core temperature. Psychosom
Med. 2001; 63(3): 476-486.

Oka T, Oka K. Mechanisms of psychogenic fever. Adv Neu-
roimmune Biol. 2012; 3: 3-17.

Oka T, Oka K, Kobayashi T, Sugimoto Y, Ichikawa A,
Ushikubi F, et al. Characteristics of thermoregulatory and
febrile responses in mice deficient in prostaglandin EP1 and
EP3 receptors. J Physiol. 2003; 551(Pt 3): 945-954.
Lkhagvasuren B, Nakamura Y, Oka T, Sudo N, Nakamura
K. Social defeat stress induces hyperthermia through activa-
tion of thermoregulatory sympathetic premotor neurons in
the medullary raphe region. Eur J Neurosci. 2011; 34(9):
1442-1452.

Endo Y, Shiraki K. Behavior and body temperature in rats fol-
lowing chronic foot shock or psychological stress exposure.
Physiol Behav. 2000; 71(3-4): 263-268.

Hayashida S, Oka T, Mera T, Tsuji S. Repeated social defeat
stress induces chronic hyperthermia in rats. Physiol Behav.
2010; 101(1): 124-131.

Bhatnagar S, Vining C, Iyer V, Kinni V. Changes in
hypothalamic-pituitary-adrenal function: Body temperature,
body weight and food intake with repeated social stress expo-
sure in rats. J Neuroendocrinol. 2006; 18(1): 13-24.

Nozu T, Okano S, Kikuchi K, Yahata T, Kuroshima A. Effect
of immobilization stress on in vitro and in vivo thermogene-
sis of brown adipose tissue. Jpn J Physiol. 1992; 42(2): 299-
308.

Kuroshima A, Habara Y, Uehara A, Murazumi K, Yahata
T, Ohno T. Cross adaption between stress and cold in rats.
Pflugers Arch. 1984; 402(4): 402-408.

Gao B, Kikuchi-Utsumi K, Ohinata H, Hashimoto M,
Kuroshima A. Repeated immobilization stress increases
uncoupling protein 1 expression and activity in Wistar rats.
Jpn J Physiol. 2003; 53(3): 205-213.

Marazziti D, Di Muro A, Castrogiovanni P. Psychological
stress and body temperature changes in humans. Physiol
Behav. 1992; 52(2): 393-395.

Briese E. Emotional hyperthermia and performance in
humans. Physiol Behav. 1995; 58(3): 615-618.

Nance DM, Sanders VM. Autonomic innervation and regula-
tion of the immune system (1987-2007). Brain Behav Immun.
2007; 21(6): 736-745.

Tracey KJ. Physiology and immunology of the cholinergic
antiinflammatory pathway. J Clin Invest. 2007; 117(2): 289-
296.

Rosas-Ballina M, Tracey KI. The neurology of the immune
system: Neural reflexes regulate immunity. Neuron. 2009;
64(1): 28-32.

Dantzer R. Cytokine-induced sickness behavior: Mechanisms
and implications. Ann N Y Acad Sci. 2001; 933: 222-
234.



