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Figure 3 Change of stress-related urinary biomarkers by 12 weeks of yoga training. Box plot representing the stress-related urinary biomarkers
of the yoga-training group (n = 23) before (Pre) and after (Post) yoga training with reference control (Cont) and long-term yoga groups (Long). The
25th and 75th percentiles are represented by the lower and upper borders of the grey box. The dark line within the grey box represents the median.
The whisker error bars represent the 10th and 90th percentiles. (A) The urinary 8-Hydroxydeoxyguanosine (8-OHdG) concentration after 12-weeks of
yoga training showed a significant increase compared with that before starting yoga training. The urinary 8-OHdG concentration of the yoga-training
group before yoga training was significantly lower than that of the control group from our previous study. (B, €) No significant changes were observed

signed-rank test), ##P < 001 (Mann-Whitney U-test).

in the levels of urinary biopyrrin and cortisol after the 12 weeks of yoga training. Statistically significant differences are shown: *P < 0.05 (Wilcoxon

lower back pain improvement with yoga training [25,26].
However, low back pain is only one of the 12 somatization
score items on the SCL-90-R. A few studies have demon-
strated that mindfulness training improves somatization
symptoms [9,10]. Meditation is a major component of
mindfulness. However, the participants of our study prac-
ticed a combination of classical postures, breathing exer-
cises, and meditation. Therefore, our findings show that
this combination of yoga practices also has the potential to
improve somatization symptoms.

Yoga has been reported to be effective with respect
to negative psychological symptoms, such as anxiety
[3,27-29], anger/hostility [29], and depression [29-31].
Our previous study also suggested that long-term yoga
training can improve negative psychological symptoms
such as anxiety and anger [6]. Our current results using
the POMS and SCL-90-R questionnaires confirm these
previous findings that negative psychological symptoms,
such as anxiety, anger/hostility, depression, and confu-
sion, are improved by yoga.

As for the relation between mood and somatization,
previous study showed that only anxiety, not depression
nor anger, had a direct effect on the somatic symptoms
of anxiety disorder patients, whereas anxiety and depres-
sion, not anger, had a direct effect on the somatic symp-
toms of somatoform disorder patients [32]. However, in
healthy people there were no significant correlations be-
tween the changes in mood (tension-anxiety, depression,
anger-hostility, vigor, fatigue, and confusion in POMS)
and the changes in somatization. Our results suggested
that anxiety, depression, and anger are not intimately
linked to somatic symptoms in healthy people.

Contrary to our expectation, the level of urinary 8-
OHdG after 12 weeks of yoga training showed a significant
increase compared with that before starting yoga training.
In Figure 3A, the urinary 8-OHdG level of the participants
before starting yoga was significantly lower than that of the
control group from our previous study [6] (p<0.01;
Mann-Whitney U-test). Before being corrected based
on the urine creatinine concentration, the average
urinary 8-OHdG level of the participants before starting
yoga (7.0 ng/mL) was lower than the reference value for
women (10.3 ng/mL) described in the document for the
ELISA kit we used that appears on the manufacturing
company’s website (http://www jaica.com/guidance_8ohdg/
indexhtml) Japanese. It is unclear why the urinary
8-OHdG level before starting yoga was lower than that of
the control group. It is possible that the yoga-training
group had an atypical background in terms of their daily
activity. A previous study suggested that a heavy burden of
work in addition to daily domestic roles increases urinary
excretion levels of 8-OHdG [33]. We speculate that the
participants in the yoga-training group, in contrast with
the others, had sufficient time to attend and continue the
12 weeks of training sessions. Most of them may have been
working-women without daily domestic roles. Viewed in
this light, through the practice of yoga, their activity levels
may have increased and approached the activity levels of
the long-term yoga group. Further studies are needed to
elucidate the relationship between urinary 8-OHdG and
psychosomatic distress that include the activity level.

The analysis of urinary biopyrrin in our previous
cross-sectional study of yoga indicated no significant dif-
ferences in the level of urinary biopyrrin between the
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control and long-term yoga groups [6]. The current
results also showed no significant change in urinary
biopyrrin levels after 12 weeks of yoga training. This may
be because it is difficult for healthy people to reduce their
concentration of urinary biopyrrin by yoga training be-
cause their urinary excretion of biopyrrins is already
stable at a lower concentration. Our results suggest that
biopyrrin is suitable for studies of clinical populations,
but not suitable for studies of healthy people.

Cortisol is an accepted, objective stress-related bio-
marker, because dysregulation of the level of cortisol is
related to pathologies associated with stress-related
symptoms, such as anxiety, depression, and negative
affect [34-36]. However, a previous cross-sectional study
of meditation and our previous cross-sectional study of
yoga demonstrated that the baseline cortisol level of
long-term practitioners was almost the same as that of a
control group [6,37]. Our present results also showed no
significant change in urinary cortisol level by 12 weeks
of yoga training. Although it has been reported that
chronic stress causes a high basal cortisol level, the basal
cortisol level of most healthy participants may be stable
at a lower concentration. Another possibility is that we
did not get the accurate peak cortisol level of all partici-
pants because we did not take into consideration differ-
ences in the participant’s sleep/wake schedules, although
urine was collected between 6:00 and 9:00 am. Circadian
rhythm should be tracked leading up to the urine collec-
tion to more accurately measure the cortisol level.

This study has some limitations. The first is the small
sample size. However, we were able to demonstrate sig-
nificant differences in somatization and psychological
scores because there were more participants than the
calculated sample size necessary to insure significance.
The second limitation is that there is a lack of a com-
parison group. By using the previous data as a reference,
we were able to show that the data of the yoga-training
group before yoga training were almost the same as the
data of the control group, except for the level of 8-OHdG.
Also, the data of the yoga-training group after yoga train-
ing were almost the same as the data in the long-term
yoga group. These data indicate that the changes of
somatization and psychological symptoms in the yoga-
training group compared with the “true” control group
would have remained significant if an RCT has been used.
Despite these limitations, the present findings suggest that
yoga training can reduce the somatization score and
scores related to mental health indicators, such as anxiety,
depression, anger, and fatigue. Yoga training may affect
both physical and mental well-being and be useful for pre-
venting somatization and mental disorders. Further stud-
ies that measure psychosomatic symptoms and stress-
related biomarkers of patients with somatization using
yoga intervention compared with controls without yoga
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intervention, taking into consideration differences in their
sleep/wake schedules using methods such as 24 hr urine
collection, and/or sleep/walke logs, are needed to verify the
effect of yoga.

Conclusions

Yoga training has the potential to reduce the somatization
score and scores related to mental health indicators, such
as anxiety, depression, anger, and fatigue. The present find-
ings suggest that yoga can improve somatization and men-
tal health status and has implications for the prevention of
psychosomatic symptoms in healthy women.
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ABSTRACT

Mechanisms of psychogenic fever

Takakazu Oka

Department of Psychosomatic Medicine, Graduate School of Medical Sciences, Kyushu University

Psychogenic fever is a psychosomatic disease especially seen in young adults. Patients with psychogenic fever
exhibit high body temperature above the normal range in psychologically stressful situations. Some patients develop
extremely high fever (up to 40°C) when they are exposed to emotional events, whereas others show persistent low-grade
fever (37°C-38°C) during situations of chronic stress. However, the mechanisms underlying how psychological stress
causes acute or persistent increases in core body temperature (Tc) in these patients are still poorly understood. Therefore,
this article reviews the current understanding of the mechanisms of stress-induced hyperthermia and the distinctive effects
of acute, repeated, or chronic stress on Tc in laboratory animals.Animal studies show that psychological stress increases
Tc via mechanisms distinct from infectious fever, which requires proinflammatory mediators such as interleukin-1
and prostaglandin E2, and that he sympathetic nervous system, particularly p3-adrenoceptor-mediated nonshivering
thermogenesis, plays an important role in the development of stress-induced hyperthermia. Acute exposure to anxiety-
provoking stress induces a transient, monophasic increase in Tc. In contrast, repeated stress induces anticipatory
hyperthermia, reduces diurnal changes in Tc, or slightly increases Tc throughout the day. Chronically stressed animals
also display an enhanced hyperthermic response to a novel stress. A fearful experience in the past induces conditioned
hyperthermia to the fear context. The high Tc that psychogenic fever patients develop may be a complex of these many

kinds of hyperthermic responses.

Key Words: psychogenic fever, stress-induced nyperthermia, fever of unknown origin

305



5§ ’U%ﬁmﬁﬁ

IAREIE, APV AIZL o THEUBR, fEE, R, NSRBI K LT
B 52 A

7 (E % 550 5. £0Rw, I APRMIHIRAD A b L A HLO— 5,
b LA OREEE LTHREIMETE 5. LhLANS, ZONRERENTSH S
72w, BUCESWESCHNT 2T B_ETHB. ¥, BN #0RI % HE

Bt HHERTOREEE & BRI 5 T EEETH B,

T

 BUsIC

SAREIE, MHEEADA P LATHY A Y ho—Fre LTHEY
THL, ODHERMHO LT DA ML APLEROBEREE LT, 5L
HWBIEWTE D, Galld, ZRE I 2 LR 2 T <
B AL B MV 2 L IL BN AR ER (RCT) S #02 TE T b,
3L NIRRT, RIS, F LTk LT oy
AT VB0, KIETIEI T PRS2,

EELLTOIAH

GADHEMTHL [aH - A—=+F) 12kak, arys ool
D TH B, FIUEARkR, BB BT A7 gL OTH D
A% BRI Sk e LT 8 DOBBEASHAN T g, ZopT, I

p e LTI oM, 2SN ThD o0, BT —HF (R,

TS —v R, WAGEO 3D, L LIz ns AdlAa D

=Pl
I SR N OV/LE RN
[EErEEE R

DEE

AU



HIE& o TEL 2 DENBENEL

BERERADBA P VA7V RIEKRICEPRZE X, BLLEAMVA
MLEEBEETIE, AL, W55, %k CoRMRE, EFEMHE
L, BER - REEREESELA. F7:, Ehe o EERICH LT,
WRHREEELTEI1005. E512, BT - BIEHESRL &
UHIRTE - THEA-RIEEE (HPA) ZRoOFHH L, HEME
WA S b, DAZEE (HRV) HET$5. I o0 -
Py Zeqbid, FHMICIEZA P L AT 2 IERIETH - Th,
ROIMIIZCRIEHESY 287 (CRP) A »#—1uq * -6 (inter-
leukin-6 : IL-6) Z E& S, BEAMEL v ORIESTHEE, #
BT AFRERD. TURY T4 v 78R (X ML A7 VRIERE
WG 720D ANF -0l OkELL), sTSEHF
FEEAEST 2. JEC, WADHEET A L, FhICLAREERE, &
WEELMEE 2L (M), aFE@8ETsE, INHOELITH
LT ZRERE LS. ST LI TRNTOMEHRES—HTHD
TR, IAEBBGR, A, #1190, BHKE, EHEE
WA &R, AT AWRIEE PR E 28T 5. B
HEE R, WEREHR T LY -V ER T X, HRV NS ¥ 5.
M CRP % IL-6 R EDREY—H —OEIET, LA ML
ZHEZHE U2 AR S h 50, HBMRomak, FUILDRE
fiE - A {EEEEATE S LS.

VAR, FHT =W E 1EMITS LN Ty-T7 3/ FEE (GABA)
DT B 2 LW S AT ENY, GABA E§, HuEE, HIAE
TR 2 FOIHIMEAEEM B T H 5. P GABA ROTIZMA,
A ML APECHEY B, HRV DR E 2 5, 7 & o3 & FoR
BUZ, TADA, KI20, LHEIMERA L L ARE (PTSD). #
PG L2 5. IHHDA P L AR, HIZTAMA, PR
LR o, BTN LTI R s s E0 122 LT
HRV LA GABA ORINATRIE ST 57,



IHOR L AMEBICH T EDEE

A X BLXIREE/ X FLAMERESR B IHICL-TEL BT
R, 521 A, {52!
BEMEREAS 1 { NV Bt |
FHE 1 /\ . EBH
R - N e EEIRE
BRNEE1 WRAERE

T EAPRRIET 1 TRAEED |
PRFEMERIET) | WENEED 1

HRV | HRV 1

HPA 8 (QULF—IL) 1 HPA 8 (QLFJ—JL) |

BEFADZ FLZAREE, HLRA ML AMERBETRONZRE (A) WL T, 34 3HEM0IC
HERTIEFA»B (B).

TOXET 1y 7ARF1 B TOXET ¢ & |
B L AUV RE 1 ; ' MR L AULRIE |
i, T hisd B , BB Thics s
HERE - EIERE 1 i N ; HEE - e |

SIS, HPA D HURTH - TaE-BITEE (R, GABA 1y-T7 /it

SHOBEFRIRICHETITEF YR
FAIMTS RCT, YATIT4 92 La—, 2574173 %
LA TE. IHIEL) DN, PTSD, TA»A, sadedn,
MG - ZEVERE 2 EORAER, BABH, S5, S
e 7 & O SRR BEF OFRA B9 ”’f&’?*n?‘fn YRR, % S
CHMEig, VT, PE~EEOBIGRE) oMMrono o LT
WTHHETD RCT Db, %u,@%tﬂt ERE e e
FEEE L e L TR 2 M T E 72 L T 250 27




H2 3xsr—

YFEMRERS L, MPIREEZET S €5 GO L hFIHWE)

A
p<0.05
(mm!dl)

T
asec 7sec Bsec i \
) \/Jk/———\[
\/JW .
th 10+
2
Bk
& |
# 10590
C 5l

B AP ST YT
VR , ,
e WMNWWWWN o 7 %

BWEHBOK—X (A) £F7E S &, HREARCEL, £ BROERLL (B) BAFR 1Y),
Fe X THHEEE LVRENBETS (C) 2erar3". AEXRBBEYIHT Y7 %
1EERIEE T 5 & b RLEMERET LA (D).

& #®

ABUABERE, DHECHTBHEFER

ez hF T, LHEOMESTARELWET, MAERE, ¥
B, BUESEGRAR IS LTI T REL. s
EEKLTWA, AEFEWERETE, H1KHoay (T-%F, 7
S+ —7) &, NG IE S 0 EEF AN ARIEEEL S

AL, MREME R L. S o, o v
TINWHETH 72, aHT7T—HFI2L-T, ﬁf“fx%&uf)‘ﬂi“{*v
TR AVREEZ HNE, EEAGEETE, PREMOWS <
D LI E & H ﬁL}#@o()ﬂl9’pwﬁﬁﬁﬁi?‘M
SHFLLEM O RTNEM ML T L, SIS Lo, R O5m®
WHEERE T, M2 IRLAGAETIILET, MHTY Iy
AL FO0E 2 D TE, WEOBH TPV 2IZER L TWod,



V5o s A5 EBRVBETAZIERE, SRMOEFHETIRMEL
o 72D AHBOREAME S, B HIREE L 7.

L7255 T, BORBHAE Sy — o, MR 55 DRI RIS
BE LT3 BEEe, RIEMEARROBRGOHEREICHLT, IF
IERICHA B MER D 5.

TIHEHAT DEOERS

AHT—HF (FFOR—-X) TIZ, HEOFETRERHEHH R
WP %l o 22 TE R ATV, BRIORE GK— Zos5eile) ©— ek,
BEFTH. Z0OLD, T—=FFEAILyF, T4 VA MY v 7L
DEFZRER, F—AREHREEDLDI0E, bLEREOTMMEEH
NHERDSND, LizdioT, HEHIEBERED 7 HIT BE,
WERA DLy F, WELTROBIEET &, s EhEs
BB, FEW, ABUIIH L THATHL LT RCT BT, 3
HEL o TP o TRAPELIER, aFeEAR, FRYTTY
b LI E D EORE TIAET 5. G BE 253 7 2 1T ) B8,
VESEE (S S IR L BRI L ), e e MBS RV,
A= AW, TRINETHL. TLELMAMH, ZAATHIES
MHEL TR BETE, 7T—HF2EMHIC, SefiaB)T2d
T, PRoOTHRRELMESSIN 62052, 0k REHOD
i, BEDPR-AE-TI v rAaTEL L2, ek
BULEND L. EOCEIE, BIRELOmGBEZIZB LTI, T
LR GIBO MM, RS BEIERET 2135 2t AR
BHEOPT, BEIMERBEDS S 200, BB UL THE—A%
179 2B B LAY, K=XFES720i0 3 FFEH
FOW BRI 5 720 BN 2 &, S AR A BLRERS B B
Hd D, ESEHITIHIEUEITH LT, H5h L) he e MR T
RAEDWLTBE, COL) BRI EFRLBLVEIERET NETH 5.

 EROTTOIAOMERY

AL o THELBHM - BERNZEIE, 8, A L AR
OFWi, s LT E LW Thsb., LiLiads, JoE{bh
HERDEE L AL TITTHRLONE VI HIZonTIELT L LY




SEMPTEARL, I FEMICE 2EED, BRESHEHERLVER
TWEPEIPERFLAREZIROSA TV S

L7zH - THEBEATIE, IH2A M AWHEER, FHREROHR
HELTHVWD L EILE, BIREFNEEOT FF 25— L LT,
HAESICESCERIHIMRAZ2ETHV2DOHBE W, EEZLHN
%.

1. HROMESR

INFTOWETHLN TS IFTORER, FLTHHEZLO
TR, BINERZEBY, 7—HF 755 v —<F i
O 75 A OFMEEBE L% was, v/ R—-A32hTh
BAsTWwsh, TABEATIE, I VPERYELBITL-DI00E
HAREE, o), BRMICEROD B2 EL DIz a %
1 BT, i, B ET ) BERH L0, WL TIEE
W, &g, fsmoTarsarHve, —B BoBuEEIE
HThab.

2. EEE-IAREEEE

Bife, FAENCIRIARIEET S ANTR IS E o aa L, BRO
% ¢ S, AEFEHAED 720IZ I H WML T g, BRI Ao b 72
255, FIHESICEMNTES> TULEE S D7n v, L. %

Lzﬂm&@m$&LQMﬂﬁme%t3ﬁWfM9@%UV

fede 7 -

w.Vf%taﬁ%%% PEHIEHT D L F |,

S XIS R, REEORESNMEE, RFixa s
tktféﬁﬁ A, O, FH /Y, K%L, RS
2 HWFEH B

Ak
‘s.’\‘

Th#E: (meditative movement therapy) &L T%

VG,
AR 1L 24 AE B AEST MR mse e i 4 (ji__,j&{%wf}j\ﬁif 4
SEHEMETFe i) (H-24- BRI -—H-025) il & 22 1F T e dLie.

B = i



