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(5) BREBTEETS_L (FIRR B EE)

BROBICL A, A FLRAEDEICL 25, BB L) 2 ik, E6iiEEE EiF219
KEREDS(DZFNANF—REH>T0BIL2B%KLET. TTHS, WOHESHEATEENS
EF, BICE-TRAZEABPELYSBILE2BRBLTBLTLEI L,

DEMRERIBO TV IEBHOEFLOFERE LTI, BREBONR-X4 YL, ERERN
EHORBTIESALYBRYTT. LHFHIMEL I LORTTY, ZORADBILE, =
IHB—FORA v FTT., BRESOTEMSH: L ZFICREEHCTE2DOBRTEDLLESTHTY,
DEERBOBRE, B LS bBRERRITITCBIANDEHICLZ VDT,

BERHICIE, #BEFEOTVSRIE,

QFORICTHAZEDBEIBELERDT, 2TERHSIELEL, HEDFRHELHBRTEL
70% () OATHFLI. ¥/, ZOILICHLT TADRIAZTOABTREZVIZTYE, LH
CHEBICkE->7h, TBRLRRV, L OREELH»T, JdsEs, Lt8hils,

@2 2D EEFRFCRASIELEL. DEDVDEDRHTWL,

@CEHIHBT S, HHEPFRHEZLTVT, EHZBRUBORHICEIEZL LITER, TE7E
BB, bIPLEERS I, EVICLIETRHRIATOLGHARG I Tdkl, TEHRAD LV
EoE, EOLAMKBREEA) ) KV EZL B,

@ORBYILER, FERICLTHEZBIUS. BICkBHETT, Ao RBPES1RELY,
FRANCERIRBMEDRRL ENE T, ELHEZHLZKUTY 79 7 AL EOMHEHIMER
2p56TY. HTLGRILBRSH EEA,

ORE EEIEEHARD D, A (R, FH) 2HRATRICVLTY, FoLvI—%v b, ¥—
%4, BETORSE, Z=#H (%) 2L TwhoTiRE2ADI L@ ERA, ThoDl
EEENEATLRE Y, £, TCRBRTERVILDPEROER, RO LR EZHDPFT
BVEBELEZD, AL, T BHOLFELE2EERT S, BORMMEOLVARE, 2 LES
ZHOBLEVEUTT. BRTILHOFEESIFICTEL 5 VLOKRFELTHLTH & > H,
BLRbDET,

@COEMICOBEBIEOIEEEZIRY, R PLAELBEINE L, AR THT! EEX
AADBVET. BROTFHOLDICIIEREEL Y OBERESTTY, BTRBIATVLEEERCT
BEMBRTCHADEALTYT. BHIIARAMBE-BIITELDTT.

INSDRICERLT, ETAREALIERZLTLHEE, 5084 —-1—-E~FLTW3
DOTTHS, BA4LYDEIRBEEGEHTER DT TRITL T A&,
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Table5 ABRBFCERLTWRI—b

(7) ABRRRICHRBRIEL TIELWI & (GLEBKRE)

ARPIIEALNEN BHNICEEEZLZT (HBAIC2E, 1E 309595 40 3BE),
bLHRD, APVRIKBELTWRI LMY, £, dPLRLERARERATVLIES
2, EHREoTHRBBRLLBVLOEDS, &, TARIERZE>THRRELITBHETEDS,
HRELBOTIC, BEORICHYEICEEL LTATLRE Y, (BRAESARO»Z LIZR) ¥
AdS, B ZLBBICA NV ABBESRENS 25 TT, BHEEBTHUE THOMT oA
DBAIE, RBESTT.)

#8 (cExhiFOlER, BLUERER) 1848, CEETRALTLEEWY,

1) BREAETHEEZICE, BRDVLWENS, o WERBREL &5,
ZLTHERI, BHERLEDILIICREU b, BELTBOLTLFI L,

2) BiBETIRCEHBEEZELALISWH (W EHEEL £ 5.

Bz THRE T 2w ifTidhy, &, BRHIKA» > THADSLTHLZILL—D
BEHTTH, ZOEFBCENRTLEI L, BHOLELREMETLVEETHVTLE Y, BF
DRBOR[DEER, A MLVABHICAEY EA, ARFEW- DB I LB TLEZ Y,
ZH)THIEABEDORRMEICAD, Wworlkh LR, CBEHTEE Y. ABith, wokh ¥
ZOHRV (DHtEV) bOREBILEREALSIALTLEEY, Z2LTEDL ) LERNST
ELHHYEIELTLER Y,

77L, BEORBRIC W TIRBANELHEL TLEE Y,

3) REFOVAEEREL, BIirEQESCEHHKBLEL LS.

BEOHMDE  IIBENLBMOES LS EL £ T,

REF DY A v BOEFIBHAEN L&y, (1) 43 (B FH) OBBNEL S, av
Ea—9—DRTR—2, LTLEY), BEAVE LS, XEEZ2HRATOHICADIZ(C RS,
BEOZ EN—EI o ¥ 23 FREGEOET, Q) bbb faBELRAARLDIFR
RiZh 3, OOBRAITHOHEVIERATATT B, WPRAGKE R EDRDOEN, 3) F
PRICH L THEBICR D FRICEL 3, EEARLLUNSH R 3L FORERE (REES2
RET2RBEOERR), LvIHIFERTENET. 22T, (1) 40HZKE, ki,
ENC 50T 3 LREFBRICHT O, POBEFZTROALRLD» (SOBEZMS), £
BELTLEZ 0, 2) MoEHF 2B LS, —E, B2HhD2 (K28, EX2ALy T E¥
%, HZEU 2, Btk ) L IOBITLEI», EHERBUTH, FHIKL3ECREE-T
fE (%, FH) 275TE8HIAR, PHTFICRINLTY. THRZ.
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Table5 2J%
4) BOTARNYTERHDEL &I,

FPARY VLR, BHPLIOSUVEPTTOIRERELET. 74 FY Y S ORECIIE
BEWTOLRTHRBEBEBEL TLEVET., ZORJKDBEIADNKTE, LELEALI:
BBETVET, HEPERZRAT, BRIy FOLTHICR>THTY, UTOL 3 hEZIH
BHOFZBBE-TWADTE, RIESIChoTwERA, DLANRBETETERLTL
FuET, UTOZ LR3FEEZRE»EZFERICADET. UTo kS LB LEREK, BEr
PMELTBES5CLELEI.

(1) I CERTCER VI L, BROFERYE2, HORTEIRKT 3.

(2) A&, FE, BHosfHFbraEiT 3.,

(3) BORMED VAR, RELENZ2EDS, Lk,

5) PARY L TREICK DV R
MF—o bt LT3, MohvIKERTELLI LICH2 GEINT, EMENSE L7
4 Py vFe—FicgiInks,
1D 2 DE-—FIYHBITHEL ).
(2) Bl T2 2, FEitH3LIiL, BTOKKLBELES, BIHIBHRC, ER2rELE
L&,

6) ALLEET, ADOFHEEZ (BEII) RICET, MNEWIETHENS, (COFTEOFTLW
ARE) BHd, BATEHZ2EDHIBEESTEL £ 5.

BIREBRL TRV EWTRL, HE- v iy, Ll LTt wiihwniE
ZBADHIIE, ZHLBVERRESIY, BRI LE2EIATLEVZEIE-kD, BOHTHS
ZABODTHEVPLEEZ, (I2B{IEBTEBVAPVET, Z0LXILEIR, SETOR
BItHESKELFTD K" L2 EIA8500T, HYEE FCHERKL, kY “Sseilw”
KEZTREEL &,

7) BER#EE, 1) »56) ZABEFORTERELEL £ 5.
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Table 6 $2Z 3% ()

Dk S BRUBHE (BT, HETEY, BIETEITELR) T, ok EEYET,
(F: EDE)LEBHTHBL THDPEVERAD, BAZEE, b L BEFICES RETHE
L FHFRasEE e b, KGRI ETORHOBREZO0HHVTT.)

1) B<H%ZEBLET. 3 LBBRCFSFSTHIHNOFEVEETERICLET.

2) BTEMEZB(ITUET.

3) RALERER->TWE, H3E, A3BFRBICHhIBUERUXT.

4) FEEOEBLHEHPLET. UboESINTL 3EREKRDVET.

5) AECAOE*MEZT (BE2BE€E7).

6) BAXEBUET. (EokBHTHNE, KBICHTHENS, KBOEH,E)

7) BHEBCET. EBokBBThHNL, N, FHORA (MMEED, EXh»3EHE)

8) FRDEEZRELET.

9) FRERAET.
RRAECRBREHOITER A (B LLRE) E2HEERCHE2BALBRERET 280
(BLEWIVEDOHBLERUTT) Y TTAHATLZE, FE, MRLTWw3 bz, RECHE
R BTESTO) MEicih ¥, +oBREXBONETNE, EF0E2, 3, 4150EE
TE 7TEHE (HoBA»T—BRUBTWRER) ChRET, HFRE2LTATLERY, B%
%9 EEIZB»S, B EEREPSWL{ DHRTZARELSTORVTTY, ZNDEL VLA
X, O27—OHIHE, FREIRWTOohEEE T

10) DFEEBEERIBTOEMEROUET.

TR % Lo BRE2RIBICTERICF>TwoTF3w, P EBOTONE, EMRE L
FOTTHFEHNI DT, DBELENT, Wolt hWERBCEIRFBODET. 20K
HEOPAES, ZZREREZRoFEFPERERTET.

B9, 1)-10) OFETEHR 10 MBEEHFFLTIEE W
10) OBEFbH -5, 1)-9) 2EEFELTI) £HTHLNTY.

11) B4OEEYF, [IFEFEBEEB-ARBTENS LI XT3, BERBE DT 3.

10) DREBIZEZEIT T, HEEBEZEZHRTHOROILENTEET, JOFEFZELTHICD
JREEOmITA, EBEOMLER, B2 S5ETOHREDERTTR->TCELEFEOAITE &
BBHLLDELBEWET. 22C, IOBE2TLI > TE I EIIcEoZ L, T
&) ichkoCELIEREH, BRLT, HYORELFELAVELLS.
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AN LUAEREBICNT 2
DB EZ ERFEFORMG

fE ZH] (WMARATRESHEROSES #3509

[1] ARCAMERBIZSH T DT 0% 25
R OSSR AR v =23 AL . FAUTHHLT AT

WIZ, ERIEICIRE S BRIELAELD (1), BLAESTE
WER, B, (CBIROMREITEL, WL, ER,

AOBEEIRIHISIND, TORISEBENTHIREPOFEHE -
AR - RIEBIE R, O TE - TIHEAE - BIBEERTH
% ("), ZNGORE G ET L, BISTARE
RO THDM, AR RREN RN KA Rk
WTAELTD, bEbEERIMIERESENH LG A, MEAHRD
B &5, PlE, ZRWRE - RIS ROTTEX, M

 RIFEEREAEEINSE AT T, ~onT7y—U R0
BRI U CRIEVE S A N A DREA R LY, ~ A Ni%
FEPEEL., JOEMERE BA IR 5,
FE RO LSS FUEEREEL, S oRERER TS,
DEFERIAN AP KEBEETHHEEBICE. [OEE O

OIFRE) . AEEE (R sBEERE) . MRS CRIE
7RE) . WISEEERY OB, LEAE (MEPEEERE
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PR B E O F IR BB AN ADFEBE ST H0 T, TRV VEBE
T, AN ARG LURWIRRIZIZEAERNEE > TH RV,

BHFIE : &5, AR AIZI o TERZT . HUITE RT3,
B &I EEEZITAELHV A0, e T 41X, MAEHE

BHDHEUIZUIZRARD 2Ry, MENZA_IHELTHT <RI
DS XN BAS, ZORE, FeREE L CaLELIEms -

WheZ ., BEROIIIE(LEEIMEREDIE T, BEICL-TiE
BRBERE L, B b B R L, [FRHZAETT
Wh, FIHOREE NSRBI A (O00) L& R B4
BEPET AAT VT BIRE) DNoLGE. —HORKREMY
DOPHFSE (comorbidity) EFFES (F1 : BIEEHIS SR HFEL

TUD), BHFEEESVIMLEN TEDI LT, HEMRE R B e
OB EAERICBETAIE N 2lc AT, FlE, REER A

FIZBIT DI DL =y VEEOPHFRIL. 500D 15-20%,

Ry I BEED 32-50% LRAESNLTWD, FLCHBROEE

BRI DRRIEDYAT R L2 WK DIROIFELIH 7270
FEER M BLOVAYBER 702, SHITIDD, RREESIHE
THREOTIERIL, O RFREE RO RIS
ek, BTN E . REDMBILTNA, BUN/ZT T

Fed BERRE. MEmMEORE. BESeMEN LR
1ESL D RERIZIBNT, HHET DR B
B RRBOIAE, BHREE, THRICEEFKITTZ
EMRBILENI o TUNA,

WY D RFOARN ADEAL: et #iB, 71V e T,
FHOEFO =2 — A% HK LR Lo TE,
PUPEEDO AR AL, FOEFET TR, BABOD
ANCAR A 5. % AR AVERE BIEFED
B FiFAET, MBI AR AL/ 2 Y
AR (3R1), BIZIEE A RN BB =T
T AFT sy MR AN o TH, 2 hr— Ty Mo
T R SRR O SR R B LT 0
BEZME T 5, FEARN ALK U CHE TS - T
R - BIE SCE RANERNC SIS L. R0
WHERTRS, FHEFEIIMETFL, =& /) — Uit
BEED Y, BT E DRI AR AT T
<. FrAERRYORYSE, RAEMHERBORBLND
BARB AN A TH RIBEOB SN ELD, Hilc, B
D, I<EF STy MIARN AR BT

Wy, 5T, BRI L THLEFNR{TEE
RIS B 2,

DEE B DOANCARS « AR AE, AR L
VN BE OIS T AR RIS THHDO T, &
MIHHEME, AEXTHVBRIAN RREEIZHD,
FRTEARE, AR EST, BED AT H
KFEORBITRY, B OB TR L RDORE
AINe BERRIE OREGIZ BTN T 5,

35 RO A SAE, X ABRICARVEIRRB I T L1z
Fpotn, IO R CREEER ST NI bR




2% (DERM) RFLRIZEBDERRES

= 1

VN ZOEDLRNBERASNEZ L, A &A1 X—
SEEITHEIS LIz, X—2FJVROEZOIIIEEET
7o THEIBOFFNZEIR, FaEFHITERY, F{E
WE WIS 5708 ATATTHIENEA TN, B
WIRERDONTZND T, RIETHIENE D o7, X—14F,
ROBENOMPY, EFHERHL, TNETEHD QS
‘;l:%;/h\lﬁ& X AEIZ/RY . LA WSRREIZ B L E b,

CHS@M“&E? Zhpole s, FOBIZ_EFHBY,
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Y ARV h&% THERETH DA H & 235 ID1C
RS EICH IBUO DO BN TV 0T, FOENBEE
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T2e ASAFATATTHEERIB R TRTINIEIZR SN
TWe, LinL, 2HREDLDNBATATOREIZEMRD
DT, ATATTHDILILI2NEDD>TNTEH, EHLT
LVl FIEN TV,
AZpAT, DEIIGAR A ATFREREL T, 10 40,
M EER (854 R NBERIZRE > THHIMER) &

FlpoThHBH &, MAPDEAXIAGIT AN AEFTRT 2.3
nmol/L HE T 20 A% 121% 10.0nmol /L W BEEE (2 # ML |
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NIEFETHEANZZ 21370, BRREN TEHIELA
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/WDM-J?FTF\O')T}Z[XI T PSEitE Sl O AN /N A D gAY Nt
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(2),

A SADIBZABARNANL, &ﬁ‘blmﬂ/ H\&M::?oﬁ\n/h
R ThB LI nEE L LD T D,
Lk ARy — it —-07 ﬂTfL< La Wiz o Tk %
LA TETIND, ZOLIZRIRBENEI & T, AR
Wt U GRS A R FHIS CEH A o788 2 6D,

AR Lo TASEAME DS RSN D E | 2ZRAPPRAIE R

#=1
HFERBOBEFSBENFSUMNIRIZETEE

FERBICBESHEZH=FSYMIR AR TE,
avkA—ILSYMMIERT,
1) BEOREEEL
2) BEETS RO E
3 BEEBEAE,
4) 2EFTOCRH, HEK T - T 2&-2IE £ E R(HPAS)

O ERELRAN R T BHPASB R RS,
5) FRRIGOEHE, FoAR=7 {H152)
6) FEBEE. RABEDET
7 BAROFEFILOYVIRATS—HEEEOET,
8) TR/ —)LLUIFH
9) EATBIDET (4 R)
H#%2-148 OfFidstress hyporesponsive period (SHRP), DEYARL AT
T ARBREABOER, FS5vOSHRPOMRIZIZBOERNEE,
CORBOEST T EBGTIIFEHL . HPABOREICE K SGBEIR
EEEECD, Barreau F et al, Pediatr Res 62,240-245,2007,
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b RSR R
MEFEBETHE
E 3530

- -
AEH AERHE QN5

SRR
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&Y CRH &N, CRH iX~ANMME D CRH-1 % &
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T— 2SS, IE RO T A R SRR L
Do TDO—ITT, APVARE ToO<AMNEE, ~ AN
fao> CRH ZHEDIAEIMEED, A SAE, FEYIELA
R GRSV, AN CRH S &K D
BopssmLIzi=0 . DEES AR S Mol bEDRAZI
FR RSB NSRRI CA I -7 R REME DS
ZBND, ASAKE, BEMFREICINA, LERERE, ik
T5 B AEEANHE OB Lo TR LR, BRI
AP APEEAZ LT BRI L . BRI A UKL
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DN AR A S A RIESG I « < AN H 1z
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AAVBIH L, BT %)mfvit::~§ét-@o L7278 TAZR
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wHEE2 X L AMRRICHT 20FERERFEFZORE

ETLRIERIES RS, ZOINTOEAIN RIZLD
PREAEE R (RIEMERR) SRR, HEIE A,
WEIZABMT2 D oH S5,

[2] HeBEMEE (RE@GERE

DIFEZED LT, AL AN AN G &4 >Tn
DEBETH, AMEEERIIERENBEOFICDE RS
. DFENRESEETAZLINTEAL R, DA
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BB ZAT 2o TH IR E N RWEE 22O BREE O B R
REBTHD, flf, Bapietog iERE, e
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DFEFEREEL T, FEOTEZTUIEIMEVIIREIRE
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TCREE DR A, TR CTEDMMEE DRI LT
KREVEEIRME S OFEGERE Y 2H5 L. BB BE T
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a2 e L R EN DD (H3),
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PRI 979 BRI AR OMRMER R AR Tl BRI
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IRIZEDT ar 7 4am JREEIL - ik Rl —
EHPMETURE T REE R <Y, e s+ E4
R Z D, EWVDIEERDNF R I, BIEEY,
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HAEL COBRHEIZ R TR N BB TIR R A
HY, DHRLE, ToarTavasr S EECERY B
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b BDTETUAOHAREEL THEES L TS,
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SR R
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Dt LIFHEEE. ERUSERE
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 bEitam
AR HE
(B BE EE
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(3] LB ES, HEEZLREER

ZDEDT, AN ACHGTES AHSRENE B (BRI 56 L
T, TERDIETIZT TIEAR+ 0T, FimRBB0RE
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RIRIZS Db A ERIIOE EEPHEE S I EVEE
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[4] DB FRBERE R —{51
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; CGEAGE) R L R R R GO
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THELHDHEVEI b RERER THS), WL LFHE
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CASE REPORT

Psychological stress contributed to the
development of low-grade fever in a patient with
chronic fatigue syndrome: a case report

Takakazu Oka"", Yoshio Kanemitsu'# Nobuyuki Sudo', Haruo Hayashi® and Kae Oka*

Abstract

Background: Low-grade fever is a common symptom in patients with chronic fatigue syndrome (CFS), but the
mechanisms responsible for its development are poorly understood. We submit this case report that suggests that
psychological stress contributes to low-grade fever in CFS,

Case presentation: A 26-year-old female nurse with CFS was admitted to our hospital. She had been recording her
axillary temperature regularly and found that it was especially high when she felt stress at work. To assess how
psychological stress affects temperature and to investigate the possible mechanisms for this hyperthermia, we
conducted a 60-minute stress interview and observed the changes in the following parameters: axillary
temperature, fingertip temperature, systolic blocd pressure, diastolic blood pressure, heart rate, plasma
catecholamine levels, and serum levels of interleukin (IL)-18 and IL-6 (pyretic cytokines), tumor necrosis factor-a and
IL-10 (antipyretic cytokines). The stress interview consisted of recalling and talking about stressful events. Her axillary
temperature at baseline was 37.2°C, increasing to 38.2°C by the end of the interview. In contrast, her fingertip
temperature decreased during the interview. Her heart rate, systolic and diastolic blood pressures, and plasma levels
of noradrenaline and adrenaline increased during the interview; there were no significant changes in either pyretic

or antipyretic cytokines during or after the interview.

Conclusions: A stress interview induced a 1.0°C increase in axillary temperature in a CFS patient. Negative
emotion-associated sympathetic activation, rather than pyretic cytokine production, contributed to the increase in
temperature induced by the stress interview. This suggests that psychological stress may contribute to the
development or the exacerbation of low-grade fever in some CFS patients.

L Keywords: Chronic fatigue syndrome, Stress-induced hyperthermia, Psychogenic fever, Stress interview, Cytokine

Background

Patients with chronic fatigue syndrome (CFS) frequently
exhibit low-grade fevers [1], but the mechanisms respon-
sible for this phenomenon are poorly understood. We
hypothesize that psychological stress contributes to the de-
velopment or the exacerbation of low-grade fever in these
patients. Some CFS patients experience workday hyper-
thermia even at sedentary jobs, exhibiting higher axillary
temperatures on working days compared with holidays [2].
Many studies have demonstrated that psychological stress
affects core body temperature in laboratory animals, with

* Correspondence: oka-t@cephal.medkyushu-uacjp

'Department of Psychosomatic Medicine, Graduate School of Medical
Sciences, Kyushu University, Fukuoka 812-8582, Japan

Full list of author information is available at the end of the article

g) oMed Central

acute stress inducing transient hyperthermia [3,4] and re-
peated, chronic stress inducing persistent low-grade hyper-
thermia [5,6] and facilitating a hyperthermic response to a
novel stressor [7]. For a review of this topic, please see Oka
et al. (2001), as well as Oka and Oka (2012) [8,9].

So far, however, there have been no reports demonstrat-
ing that psychological stress can directly affect the body
temperature of CFS patients. We present a patient with
CFS in whom a stress interview increased axillary tem-
perature by up to 1.0°C. To our knowledge, this is the first
case report demonstrating that a stress interview actually
increased body temperature in a CES patient. Further-
more, this is also the first report to document changes in
pyretic and antipyretic cytokines during a stress interview
in a CFS patient.

© 2013 Oka et al, licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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Case presentation
Patient: A 26-year-old woman.

Chief complaints: Low-grade fever, general fatigue, ar-
thralgias, myalgias, photophobia, and difficulty concen-
trating.

Family history: No family history of CES or depressive
disorders. (

Past medical history: Necrotizing lymphadenitis at the
age of 20 years. Endometriosis diagnosed at the age of
20 years, with oral contraceptive use since that time.

History of present illness

The patient visited an outside hospital at the age of 20 -
years, when she was a nursing student, with the complaint
of fever, around 38°C, and general fatigue. She was diag-
nosed with necrotizing lymphadenitis and treated accord-
ingly. Although her physician considered her disease
cured, her low-grade fever and fatigue persisted and strong
malaise, particularly post-exertional, caused her to aban-
don her studies. At the age of 22, she was hospitalized in
our department and diagnosed with CFS after a thorough
medical examination. Active psychiatric and medical dis-
eases were excluded and she fulfilled both the 1988 work-
ing definition of CFS given by the Centers for Disease
Control and Prevention (CDC) [10] and the CDC’s 1994
Fukuda definition of CFS [11]. Her condition gradually
improved with antidepressant therapy. As her fatigue im-
proved to 1-2 on a numerical rating scale (NRS), with 10
representing the worst fatigue in her experience and
0 representing no fatigue, she began another nursing pro-
gram. She graduated at the age of 26 and began work as a
nurse in an intensive care unit, but 4 months later she
stopped work due to exacerbation of her fatigue and low-
grade fevers. Her symptoms persisted despite 2 months of
rest, and she was referred again to our department where
she was hospitalized. On admission, she complained of
persistent fatigue and fevers. She scored the severity of her
fatigue as 6-8 and demonstrated an injected pharynx; ten-
derness was present in her right cervical lymph nodes.
Again, she satisfied both CDC definitions of CES.

She had been checking her own temperature and noted
that, before hospitalization, her axillary temperature was
37.5-38.0°C in the afternoon; antipyretic medications such
as acetaminophen failed to reduce this low-grade fever. She
noticed that her axillary temperature reached 38.5°C at
work, especially when she was in a situation of psychological
stress such as a meeting with her head nurse. After
hospitalization, her axillary temperature decreased to 37.0—
37.5°C in the afternoon. On the 8th day of hospi-talization,
we conducted a 1-hour stress interview to assess how psy-
chological stress affected her body temperature, and the
possible mechanisms for this effect. We investigated the in-
volvement of sympathetic activation and of the pyretic
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cytokines interleukin (IL)-1f and IL-6 and the antipyretic
cytokines I1.-10 and tumor necrosis factor (TNF)-a [12].

Stress interview

At 9:00 AM on the day of the interview, a soft cannula for
blood collection was inserted in a vein in the patient’s right
forearm. The 1-hour stress interview began at 2:00 PM;
this time was chosen for the interview because her axillary
temperature had shown little change between 2:00 PM
and 5:00 PM since admission. At 1:30 PM, she entered an
interview room which was maintained at 23°C. This room
was familiar to her because she had already visited it sev-
eral times for psychotherapy. An electronic manometer
cuff was placed around her left upper arm and thermal
probes were placed in her left ear and on her left index
fingertip. Her axillary body temperature, systolic blood
pressure (SBP), diastolic blood pressure (DBP), and heart
rate (HR) were measured at fixed time intervals. During
the interview, we asked her to tell us about difficulties in
her life. She was also informed that we would stop the
interview at any point, if she so desired.

After the interview was completed, she was asked to stay in
the room for a further 30 minutes, for a total of 90 min from
the start of the interview. She then returned to her own
room. Tympanic membrane and fingertip temperatures were
monitored once every minute during her stay in the interview
room. Her axillary temperature, SBP, DBP, and HR were mea-
sured every 15 minutes, from 0 min to 60 min after the start
of the interview and again at 90 min, 120 min, and 180 min
after starting the interview. Blood samples were collected at
baseline (~15 min) and at 30 min, 60 min, 120 min, and 180 -
minutes. Blood samples were stored at —80°C until the cat-
echolamine and cytokine measurements were performed.

The following is a transcription of the stress interview
questions and answers.

Doctor (Dr): Could you tell me how you felt when you
had to leave the first nursing school? (0-15 min)

Patient (Pt): My friends graduated from school and be-
came nurses but I couldn’t (starts to sob). I envied my
friends. And I felt sorry for my parents.

Dr: Could you tell me more detail about how you felt
for your parents? (16—30 min).

Pt: My mother came to the hospital to see me every other
day but I didn’t tell her anything about how I felt. When I
had to be absent from school for hospitalization, I told my
teacher about my diagnosis. She said ironically, “chronic fa-
tigue? It’s a good name. I always feel fatigue but I have to
work.” She was a nurse, of course. I couldn’t believe she
would say that. At that time, I thought nobody could under-
stand me, including my mother. So I didn't tell her anything.

Dr: You didn’t give up your dream to be a nurse and
went to another school, right? How was your second
school life and the hospital where you worked? (31-45 min)
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Pt: I thought I couldn’t fail this time. So I studied fever-
ishly but I forgot many things the next day. I had to set
my goals very low.

Dr: What was the hardest time in your life? Could you
tell me how you thought about this disease? (46—60 min)

Pt: When [ left the first school, because I had enough
credits to graduate. I don’t think this disease is curable.

During the interview, the patient talked with tears in her
eyes about how hard her situation had been. She reported
gradually feeling hot as the interview proceeded, but never
felt cold.

Measures

SBP, DBP, and HR were recorded by an electronic
sphygmomanometer (Nico PS501, Parama-Tech Co. Ltd,
Fukuoka, Japan). The tympanic membrane temperature
was monitored with a DBLT-1/WL thermal probe (Ymatic
Ltd., Tokyo, Japan), the fingertip temperature was moni-
tored using a ProComp Infiniti probe (Thought Techno-
logy, Ltd., Montreal, Canada), and the axillary temperature
was measured with a MC-440 probe (Terumo Medical
Corporation, Tokyo, Japan). Plasma catecholamine levels
were measured by high-performance liquid chromato-
graphy. Serum cytokine levels were measured by a quanti-
tative sandwich enzyme immunoassay technique using
Quantikine HS immunoassay kits (R&D Systems, Inc.,
Minneapolis, MN, USA) for IL-1f IL-6, and TNF-a. IL-10
was assayed using a human IL-10 Enzyme Amplified Sensi-
tivity Immunoassay kit (Bioscience Europe S.A., Brussels,
Belgium). The minimum detectable concentrations of IL-
1B, IL-6, TNF-;, and IL-10 were 0.125 pg/mlL, 0.156 pg/mL,
0.5 pg/mL, and 2 pg/ml, respectively. Subjective severity
of fatigue was scored on a NRS, with 10 representing the
worst fatigue possible and 0 representing no fatigue.

Changes in body temperature and fatigue levels

The patient’s axillary temperature was 37.1°C at 9 AM,
and 37.2°C when she entered the interview room at
1:30 PM. It gradually increased, reaching a maximum of
38.2°C at the end of the 60-min interview, then decreased
to the pre-interview level of 37.1°C, 30 min after comple-
tion of the interview (90 min from the interview’s start).
The tympanic membrane temperature also increased, but
the magnitude of this increase was less than that of the ax-
illary temperature. Her tympanic membrane temperature
was 37.1°C when she entered the interview room, reached
a maximum of 37.9°C, 30 min after starting the interview,
and gradually decreased to 37.4°C, 30 min after the end of
the interview (90 min from the interview’s start). Her
fingertip temperature was 31.3°C before the interview,
28.7°C~29.2°C during the interview, and 31.5°C at the end
of the interview (Figure 1). The severity of her fatigue on
the NRS was 7 at 9 AM and 6 at 1:30 PM. It had increased
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to a level of 9 by the end of the interview and decreased to
6 at 5 PM (180 min from the interview’s start).

In comparison, the patient’s axillary temperature at noon,
2 PM, and 4 PM were 37.4°C, 36.8C, and 37.3C, respec-
tively, two days after the stress interview when she didn’t
feel any stress. The patient remained seated during the
interview. The observed increase in axillary and tympanic
membrane temperatures during the interview were there-
fore not due to diurnal body temperature changes or
changes in activity.

Changes in cardiovascular parameters, peripheral
cytokines, and catecholamine levels

Plasma levels of noradrenaline and adrenaline increased
during the stress interview at 30 min and 60 min, and
returned to their pre-interview values 1 hour after the
interview (120 min). The patient’s SBP, DBP, and HR were
also higher during the interview than at 9 AM, than du-
ring the pre-interview period (~15 min), and than 2 hours
after the interview (180 min). In contrast, neither pyretic
nor antipyretic cytokines showed significant changes dur-
ing the interview. Rather, IL-6 and TNF-a were slightly
suppressed during the interview and 1 hour afterwards
(IL-6 suppressed at 30 min and 60 min; TNF-a suppressed
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Figure 1 Temperature changes with stress interview. Changes in
axillary (armpit) and tympanic membrane (tym.) temperatures (A)
and fingertip temperature (B) during and after a 60-minute
stress interview.
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Table 1 Changes in cardiovascular parameters, cytokines,
and catecholamines during and after a 60-min stress
interview

9am pre 30min 60min 120 min 180 min

IL-18 (pg/ml) 039 029 03 033 028 037
IL-6 (pg/ml) 29 31 18 19 36 33
TNF-a (pg/ml) 15 13 14 1.1 1 15
IL-10 (pg/ml) <2 <2 <2 <2 <2 <2
A (pg/ml) 36 65 59 36

NA (pg/mi) 208 409 431 285

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 R 103 102 83 86

at 60 min and 120 min), and returned to pre-interview
levels 2 hours after the interview (180 min). IL-10
remained under the minimum detectable level throughout
the observation period (Table 1).

Clinical course

During her hospitalization, the patient was treated with
combination biomedical and psychosocial therapy. She
was housed in a calm inpatient setting, amenable to self-
reflection. After a period of bedrest, she was asked to take
the time to be mindful, fully tasting her food and taking
relaxed walks, hearing the birds, watching the trees and
flowers, and feeling the wind. The aim was to facilitate
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the restoration of interoceptive awareness, previously
suppressed by her extreme exertions to overcome fatigue.
We also wanted to replace her coping mechanisms, which
led to exacerbation of her fatigue. Her treatment also
involved (1) pharmacotherapy including hochuekkito
(a Japanese herbal medicine), mirtazapine, and meco-
balamin; (2) cognitive and behavioral intervention focus-
ing on noticing thresholds that worsen her fatigue and
changing work habits and cognition patterns when tired;
(3) relaxation training, including group sessions on auto-
genic training, followed by self-practice; (4) emotional dis-
closure during supportive psychotherapy; (5) graded
exercise therapy; (6) reconstructing her relationship with
her mother; and (7) making environmental arrangements
at her workplace. Her low-grade fever and fatigue gra-
dually improved and she returned to work (Figure 2).

Conclusions

This study demonstrates that a stress interview may in-
crease the axillary and tympanic membrane temperatures
of a patient with CFS. Both temperatures began to in-
crease 30 min before starting the interview; this may have
been caused by anticipatory stress, as has been shown in
animal models [13]. This study also demonstrates that the
pyretic and antipyretic cytokines are not involved in stress
interview-induced hyperthermia.

Activation of the sympathetic nervous system is known
to increase core body temperature by increasing thermo-
genesis, including non-shivering thermogenesis in brown
adipose tissue, and by decreasing heat loss with peripheral
vasoconstriction [8,9]. Considering that the increase in
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Figure 2 Clinical course. Axillary temperature was measured 4 times daily: at 8:00AM; 12:00PM; 4:00PM; and 8PM. Fatigue was scored by using a
numerical rating scale with 10 representing maximum fatigue and 0 representing no fatigue.
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axillary and tympanic membrane temperatures and the de-
crease in finger temperature were associated with an increase
in blood catecholamine levels, sympathetic activation could
play an important role in these temperature changes.

This study showed that a 1-hour stress interview was able
to induce a robust increase in axillary temperature of up to
1.0°C (to 38.2°C). The psychological stress-induced hyper-
thermic response exists not only in this patient but also in
healthy human subjects. However, the available studies sug-
gest that the magnitude of the response in our patient is
much larger than that typically seen [14,15]. For example,
the mean axillary temperature of psychiatry residents be-
tween 26 and 33 years of age, taken 10 to 15 minutes be-
fore an examination (37.0°C), is 0.6°C higher than the
axillary temperature taken 2 to 3 weeks later in the same
room (36.4°C), when the subjects are in a calm situation
[14]. Another study showed that the oral temperature mea-
sured in students between 18 and 27 years of age immedi-
ately before an examination (37.4°C) is 0.18°C higher than
the oral temperature taken 3 days after the examination
(37.22°C), at the same hour of the day [15]. Animal studies
have demonstrated that sympathetic thermogenic action is
enhanced in a repeated/chronic stress situation compared
with a non-stressful situation [16]. It is possible that our
patient’s difficult life situation acted as a chronic stressor,
leading her to exhibit a robust increase in axillary
temperature as an acute stress exposure.

In this patient, we found that the magnitude of the
stress-induced axillary-temperature increase was larger
than the tympanic-membrane temperature increase. Ani-
mal studies have demonstrated that non-shivering thermo-
genesis, taking place in brown adipose tissue, plays a
crucial role in the development of stress-induced hyper-
thermia [4]. In human adults, brown adipose tissue is
densely distributed in the paracervical and supraclavicular
regions [17,18]. If a stress interview activates brown adi-
pose thermogenesis, resulting in hyperthermia, it is rea-
sonable to presume that the increase in temperature will
be more evident in the axilla, which is at closer proximity
to brown adipose tissue than the tympanic membrane.
This study suggests that the axillary temperature may be a
better index for assessing the effect of stress on the body
temperature of CFS patients.

The results described in this case report suggest that
psychological stress contributes to the development or ex-
acerbation of low-grade fever in some CFS patients, pos-
sibly via sympathetic activation. Peripheral cytokines may
not be involved in this process.

Consent

Written informed consent was obtained from the patient
for publication of this case report and any accompanying
images. A copy of the written consent is available for re-
view by the Editor-in-Chief of this journal.
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Purpose: Although the content of thoughts has received a considerable amount of attention in pain
research, the importance of thought processes (metacognitions) has received less attention. Method: One
hundred twenty-nine individuals with muscular dystrophy and chronic pain completed measures assess-
ing metacognitions and frequency of both catastrophizing and pain control beliefs. Results: Greater use
of reappraisal and distraction metacognitions were associated with more perceived control over pain,
whereas greater use of worry and punishment metacognitions were associated with more catastrophizing.
Conclusions/Implications: The current findings indicate that metacognitions are associated with both
pain control beliefs and catastrophizing and therefore may play an important role in the development or
maintenance of pain-related cognitive content thought to influence patient functioning. Research is
needed to determine whether treatments that encourage changes in both metacognitions and cognitive
content are more effective than treatments that focus on cognitive content alone.

Keywords: thought control, chronic pain, attributions, catastrophizing, cognitions

Impact and Implications

o Although the extant literature has focused on the content of thoughts
that may influence pain and adjustment to pain, research on how pain-
related cognitions are regulated has been neglected. This is the first study
that sheds light on the potential importance of metacognitions as predictors
of the frequency of two key pain-related cognitions (catastrophizing and
control beliefs) in a sample of patients with chronic pain.
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» The findings confirm that metacognitions are distinct from cognitive
content and are associated with the reported frequency of two key pain-
related cognitions thought to influence adjustment to chronic pain.

< Consistent with the practices advocated by contemporary “third wave”
therapeutic approaches, clinicians should consider metacognitions as po-
tential therapeutic targets. Future research should examine the extent to
which changes in cognitive content versus metacognitions make indepen-
dent contributions to positive outcomes in pain treatment.

Introduction

The thoughts and beliefs associated with chronic pain have
received considerable attention in chronic pain research. For ex-
ample, the frequency of catastrophizing cognitions (i.e., thoughts
reflecting an exaggerated threat from or negative consequences of
pain) has been shown to be associated with higher levels of pain
intensity and dysfunction in numerous pain populations (Osborne,
Jensen, Ehde, Hanley, & Kraft, 2007; Raichle, Hanley, Jensen, &
Cardenas, 2007; Turner, Jensen, & Romano, 2000; Turner, Jensen,
Warms, & Cardenas, 2002). Similarly, the endorsement of
thoughts reflecting a belief that one has control over pain has been
shown to predict higher levels of psychological and physical
functioning in individuals with chronic pain (Jensen, Turner, Ro-
mano, & Lawler, 1994). These studies emphasize the importance
of the content of one’s thoughts (e.g., whether they are catastrophic
or reassuring) and are consistent with the theories underlying
cognitive therapy hypothesizing thoughts as having a causal im-
pact on feelings and behavior (Beck, 1993). Therapies based on
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these models aim to change thought content by teaching patients to
monitor and evaluate their thoughts and then revise any maladap-
tive thoughts into adaptive ones.

In the last two decades there has been an emergence of a number
of cognitive—behavioral therapies that place less of an emphasis on
thought content, and a greater emphasis on the patient’s relationship
to his or her thoughts (Hayes, 2004). These so-called “third wave”
therapies (Hayes, 2004), including Dialectical Behavior Therapy
(Linehan, 1993), Acceptance and Commitment Therapy (ACT)
(Hayes, Strosahl & Wilson, 1999), and Mindfulness-Based Cognitive
Therapy (MBCT) (Segal, Williams & Teasdale, 2002), teach skills
and use exercises that encourage patients to relate differently to their
thoughts in ways that will help patients achieve their goals. One of
these therapeutic approaches, ACT, has been developed specifically
for chronic pain treatment as Contextual Cognitive-Behavioral Ther-
apy (CCBT) for chronic pain (McCracken, 2005).

Although these “third wave” treatments focus on the importance of,
and target for treatment, metacognitions over cognitive content, some
have argued that traditional CBT, by identifying and challenging
irrational thoughts (Hofman & Asmundson, 2008), also influences
metacognitions. Thus, “third wave” treatments and traditional CBT
may be more similar than has been argued (Herbert & Forman, in
press). However, regardless of whether a focus on metacognitions is
“new wave” or “old hat” (Hofman & Asmundson, 2008), the fact
remains that cognitive content (what people think) is distinct from
cognitive coping or cognitive processes (how people think, or how
people manage and relate to cognitive content) (Jensen, 2011). Mak-
ing the distinction between these two cognitive domains—and mea-
suring them both in future research-—may facilitate a better under-
standing of the relative role that each plays in the experience of pain
and the impact that pain has on patients’ lives.

McCracken has noted that some metacognitions or thought
content control strategies that may appear to be useful on the
surface may, in fact, be counterproductive (McCracken, 2005). For
example, attempts to directly control (usually, to suppress) mal-
adaptive thoughts such as catastrophizing cognitions can fail,
because such attempts can paradoxically increase focus on these
negative thoughts (Wegner, Schneider, Carter, & White, 1987).
Support for this view, and for the potential negative impact of
thought suppression on pain, comes from research demonstrating
that efforts to suppress unwanted thoughts are associated with
heightened pain experience in response to induced (cold pressor)
pain (Gilliam et al., 2010; Sullivan, Rouse, Bishop, & Johnston,
1997). Along this line of reasoning, it is possible that efforts to
directly increase adaptive cognitions could potentially be helpful,
given that such efforts may increase an individual’s focus on
adaptive thoughts, and therefore increase the saliency and fre-
quency of these cognitions. In both cases, however, the hypothe-
sized change agent is not the content of the thoughts themselves
but how the patient relates to the thoughts in question.

How one relates to one’s thought and thought processes (i.e.,
thinking about thinking) is generally referred to as “metacogni-
tions” (Wells, 2001). Consistent with treatment models that em-
phasize thought process over thought content, research shows that
the beneficial effects of MBCT after depression treatment are
mediated by its effects on metacognitions (Teasdale et al., 2002).
However, the role that metacognitions play in the frequency,
saliency, and impact of cognitions on patient functioning in pa-
tients with chronic pain has not yet been studied, and no study to

our knowledge has examined the associations between metacog-
nitions and cognitive content thought to be positive or adaptive.

The purpose of this study was to perform an initial evaluation of
the potential importance of metacognitions as predictors of the
frequency of two key pain-related cognitions (catastrophizing and
control beliefs) in a sample of patients with chronic pain. The
patients studied were individuals with one of two forms of mus-
cular dystrophy — Facioscapulohumeral Muscular Dystrophy or
Myotonic Muscular Dystrophy. Both conditions are genetic disor-
ders that lead to progressive weakness and dystrophic changes in
muscle. Evidence indicates that chronic pain is a common problem
in individuals with muscular dystrophy (Engel, Kartin, Carter,
Jensen, & Jaffe, 2009; Jensen et al., 2008). Although not yet
extensively studied, research also suggests that many of the psy-
chosocial factors that have been shown to play a role in the
experience and effects of pain in individuals with pain as a primary
presenting problem also play a role in the pain problems of
individuals with physical disabilities (Jensen, Moore, Bockow,
Ehde & Engel, 2011), including individuals with muscular dystro-
phy (Hosoi et al., 2010). Based the hypothesis that focusing on
thoughts increases their frequency, we hypothesized that metacog-
nitions that target the management of negative cognitions (e.g.,
catastrophizing) would be associated positively with higher re-
ported rates of negative cognitions, and that metacognitions that
target the management of adaptive cognitions would be associated
positively with the reported frequency of adaptive thoughts (e.g.,
pain control cognitions).

Method

Participants

The participants in this study came from a sample pool of 270
individuals with muscular dystrophy and chronic pain who had
responded to a previous survey on the nature and scope of pain in
persons with neuromuscular disease and who had agreed to par-
ticipate in additional studies (Jensen et al., 2008). Surveys were
mailed to the address of record for each of these individuals.
Thirty-two of these were returned because of incorrect addresses,
three individuals were deceased, and one individual declined to
participate. Three of the returned surveys were excluded because
of participant ineligibility (unable to verify physician diagnosis),
yielding 190 completed and viable surveys (response rate: 70% of
the original pool of 270 individuals). Of these, 144 individuals
(54% of the original pool) reported experiencing pain in the past
three months and were included in the current study.

The majority of the 144 participants with pain had a diagnosis of
Facioscapulohumeral Muscular Dystrophy (FSHD; 54.1%) or
Myotonic Muscular Dystrophy (MMD; 36.1%). For the current
analyses to be consistent with ongoing work in our group we
limited the analyses for this study to those participants with these
two diagnoses, leaving a final sample size was 129 persons with
FSHD or MMD and chronic pain (48% of the original pool).
Nearly all respondents’ diagnoses were made by a neurologist
(92%) and were confirmed with DNA (59%), Muscle biopsy
(50%), and/or EMG (76%). A paper examining the associations
between alexithymia, pain, and functioning in this sample has been
published previously (Hosoi et al., 2010).



