¥ RixmEn R R R E W E

iEX - BEXEREAZY 7 - EEERAD
EFEICKDMIZIE Y AT LD

ER29FE 1615 - HEMABREE

FEMRE BE &
T 30%E3A






5 B EIRBT 22

.1l|m|

RREEMNE

5 - EEREARASY v 7 - BEREEEOEEIZLD

M. X AT LD

TR 20 R LS - SIEFEEEE

EEMEE BF 3
Yk 30 4 3 A






H K

I. iHEIZ RS
G4 - PR R 2 7 R OIS £ BN AR AT AOMFE 1
HORREE MR 22 Bhf e o & —
IR AT 4 DAY F—F &~ RV AL Ml BRTHIE TN

I. 53 HEAFRERE
IHASEZ 351 B A + I | BT 2 S e &
BRI A SRR A BB S HIRIEAE 7 o — b o 9
WK R AR A R TR A
UAPNE N S i SR ES

[ A BRE DOIBHE L BT O WCBIT AT e 17
IR AN TR PEEOREHEEART  ERERE ARHIRER
— AR A SO T sy R KA

TBIR & BEATE OSSR D PEEIRERT OMRE L &) oo 33
FOX TR RZER RS 2% B HETR

[HEE LI DTS | HIBICET D THE - v 39
BN FERREREERD R R DUE T

B R B SOPE AR v & — D B 2 BHRIETE - v v oo A7
FORURFERFRHB AR 20k sk



B3 - PERRMER X v 7« EFRIEB OB X DML SAR S AT L DOF%E
165 & b 97 DML SR 2 KBS W 5 72O OEH) - FIKIEE 71 77 AOF%

BATEtR AR RS RIS Ve T —a R HdR WA EA

¥ - FERRMEAR S v 7« RIS OB X DN KT AT A DBA%
%Efjﬁ}g{%ﬂyﬁj\*ﬁ .................................................... 55
FOR R B e 22 HEfdEgR o 7 —
AR A T A IV ) P —F &~v T A Ml FoTHESdR M

TR & IS ATE OISR IS I8 1T % R HRHE R DB E
- WMBEREE GO T IR - EXRE & OBEEDO T E A - e 59
NERAER PR Hdk Bl

. FEREDOFIFICETEZ—E i, o









57 SEPIR ERIR W e S 2E B Al Bh &
TERK 29 A EERRFERF SR R
¥ - EERER S v 7 - BRBEOEEIC X DMWNES AT ADOBSE
WFFEAERE R O RFEFH R 22 il ERE o 7 —
EEEHERA T 4 ANV P —F &R VAL NlE FHTEdR

MREE: KEZEITRT 5 W S~ ORI, VEE THEGICR T 2 15% L EEATEO
WINLSAEDTDDITA T4 ) ORRUE, MEV D2 D0, FHELHTIFLL L
DD (GHEEL 50 ARG D) H/IMEE~OMSLRIIRBR ST Ch 5, FELD
PRI, TEE DT Ak TE D & O i E LORE L S AOHIEE E e IR O [
AHEGBELOOITO 2L THDHN, ML W HOBEENRE L TWRVIRRETIEZ
WHEE LV, H/NEEASOWN SR DO & BHIIZ, REEIZLLTO 2 0% 7 75—~
(2B L CFgE A& S L 7=,

QY= V=0T 4 7 ZMNK LT BRIFEFIEIC L D st/ EEOR N8
TEB MR R DR

S e E O THRIR & b9 O 4B~ = 2 7V | S AHFFEE ORE LS AT

FICRHIFZEHE CIERR L7z THINLSCBSEE T A KT A 2|, s FEE OmEEs MER L 72
[ 3 DI IR AR IR 2 2 & 3 AUl A5 v O =25 D BFAMHERE O B R 22 ) 55 D BEAF DR
Wy - A R UM RS B B BIE NGRERIE (P NRBRE M) OFEEE 2 6 &2,
BB OHF MG & A2 2 /MRS NT T RIBE A et L. STl 3 5 BRI 4
TERR LT=,

P aR— b & LT, EERERA B X —, FUIMEEEERRELEOROTH
2 HOR P L, EEMEFRRMR S (THSGE) . i LG k@ESFomIob & 11
H XY 5,000 #i2hifm L, 1,026 t & 0 EIE LG, frA5e T Lz 576 #HiCBW\ T,
MABBZA LD 40%THY . TOWNK 7THOSHETRERRL T\, 2EERK
LTz 576 #ETlE THNLSARICOWTOILBICHTE, BRENPEA TS| [FEHHHE
RCEDROND D) G DENLSIRICEMER B 5 | 70 EOREEFFO Z LB H 2T
ol
OWEOMLXEa—T 4 R —F — LWL XERER., HHEEErR e LI-ENR
WL DBEMB/ R Z v 7 DXBEETNVROMER :

BHMEEA X~ 7 OZRET VORI L TIE, 74— D AT NV—T A L F Ea—
B ZE L7, SRS OEEEZA VX Ea—T =T, NADOWNKEBICHED ST
INMEZER A SRR L - BB RPN SR o — T o k— & — - BRI E A
W%ﬁ&t Filehifi, 3 LRBEDONTINLY - FEERER G SR X — TR 2 %15
FHL Lz, ZORSE. 1G9, B, ER S W o TmF A S T DBV K DR RN
BOENRL, HKTHAN (BE - EEBYA RERETAR) ICLo THRLLTWE
M OFREIGIT O e EORBRNE 2 bivlz,




<WHgEsrHAE >
WER 3t R S I SR Al P S S/ ME 2B 1o RS
RS T35 R PE SR R PR JE AT /e AR 1 IRED

FORTRRZ/#dE TR
FNFEERER G SR v & —/FTR /MUET
FORRF R Ge/ B2 mffEk
BIPE R AR R % BT LA
FORRZPEZ MR/ FrEnedde Mgcs

[EPSEONETE- o (I

A. WFEEH

[ENES AAFFSEE v — DOHERHT T, AERIK 100
TNBHTZ 72BN A L2 S v, &0 3 FID ks
RTH D, Drm it > AMEEC K 5 EHEE
o5& P, @< LtEosn L L AREE O
IS, NAREITEE. FICEROES %
BRI LB AT A N— B H T2+ 5 2
EMHAEND,

KA IT 2 WL AR~ OBHIL, EF [H
ELT BT IR & WEAETE DML IR D20
DA RTA | OARLUKE, GEVO>OH D,
VR 28 REERICIE. T R e TTE
WL DML~ =27 v (B, WEEf Y
N BERISEE) ) R, A RO HE O
HHERTFZEEET THISZSCEEE T A R T 4 > (B
Aoy BEDRIR. BERGSE) | ZAERL TR0 ., EXEMR
A5 T PFRFET D REES~OWL SR,
HEICBWC, AMEENDFER, A, Hko~
A VNV ARARV N

LU0 s FEGHTIFILL EEZ LD D (97
BYFEL 50 ARG D) H/NMEZE~OMNLSHRITR
BIFH B Ch 5, FHEGOBRBIL, & 2 87
ARk CE D K D et LoE LY . N A O

EEDRMOBAELERLOOITHI 2L ThH
D05, WINLSCHE & D BEEARE L TR VIRTER
TIFERBEEL Y,

AW TIZ, FIMEEEA~T T T2 WSS O K
ZHEIZ, UFO320Y 75 —~E2%E LT,

OY—vxN~—FT 4 VT MK LIZEREN
Mt FIEIC L D3/ O S X B FEE
FEEROER (H29~30 £EEE)

OBBOBMMYXE—T 4 X —F —LWMXE
RER. tFEEE2HRE LIZERFERICL 5%
EMR/ R 2 v 7 OXEET VROER (H29~30
FE)

@MW SLARIR ORI FE R & h/hEED T2 D O
B EMEETS O R~ = =2 7 VD% (H31
) |

AAEFEITODICET L. 3 FEiHE CHFEZ T
ZDO

E BN, BAEE DT AT O EIEL TS
& WS O BELEIE Ch D720, BRI
& LT, Z< OBIFOIGH &L BIE TR, &)y
BEO~NNATHE— gL TZET VA
WV IR D EENE S TRV IER)/ACT (27E
HL., TOmMNZEa 7Y OR% (29~30
ERE) &, BEET A TOER - Bt ~==o7
NOREEIT O (BLEE),

R BIFEARERE Th DI L TR O
(IR TOFHEMIICSE L, 58T A > - Figt

T 21T > TN D,



B. BFEHIE
QY= ¥ NAN~—FTT 4 v T EMK L IZREH
MEFIEIC X B % /MR O S X B IS B R
FEIER D IERL

10 - BER - IRZEICRE T 22 R 2B ET 2
WZHle, A K74 THRY BT o s 85
BORY; CRUE T~ & L, 7B L e
D NEFE LT OWSL 3R~ =27 V],
F OREILA AT & SRR JEBE CIERE L7z TSz
KEHIET A BT A 2] IZTRAHEATHDH, S
AT 53 A O 3 R 1 AR 3 D T R A il B S &
AUIRR 2R DN R 5 O FEAMFE A OO B B 2E & AR Rk
L 2&E 700 57— ZIE LT EiE 2 Fro,
ABFFETIE, bk L7ZBEAF OB - IR ZER O
PR 1 Rk NI (FR N A ET)
OFHMEE 2 b &2, FRBOFME (B
FooEpE A BoOFE Bl BiE) bR xH
IMEFET AT T R RABAE At L. ST AR
T HEMEAER LT,

TERL U 7o & 2E 2 0 I PEE R & SR & v
Ho— —RRMEE NGB TSRS RERERR
PRt T, B LaEAT— 2 -
HoWHhob & 11 XY 5,000 tHiZEAm L, [\
I« fifAT 24T > T,

OBBORMYIEA—T 4 X —F —LWAAUXE
RER, #HFEE2HRE LIIERMRICL 5%
HPR/ R 2 v 7 OXEET VROIERK

[ef 4] 10 44 DR FERRRTB 34, |
IMEFEFRET 1 4 57 SERE MSW (ISL 324k = — T
A X —F =), HK -+ UEBOT/PT, NS, PEfrt

Z—prk (ERH))

(] SR E R 1 Rk =

(&) 74— B AT N—T A FE a—

[FiEAE] 2mE oI H14 . OTI4 I T -A
VA a—ZFE (1~1. 5H¢RE])

[(AFRAFRTFRE S ] FRNZLLF 254

. MFEFEEENLDA vE—Y

2. BZMEOT 0T ¢ —VEINE - LFH

3. AUEEa—HA K - Wl SAR I AT

(ff i ~ DO ELRE)

ORFER P EBRFITC O FEETFZ 11729146
¥ FEHERER Y v 7 - ERERE OB LD,
A RE OIRIE L BT O WL RV AT L OB
) L LUTEREST, FREZERL TN D, K
WFFERREIE, BREDSE, Fri2 TAZXdRETD
R RAFFEIC B 2 MRSt BL O BAKF
DN TE D T A BIBUE 2 857 L TIT 9

ONzExG L T D EFRZEICE T 5 fmERfeEHC
HoSXx HREKRFETA 7V A = AR b
RIC TP L 2T TV D,

C. WFFERER
QY —v ¥ NV~—FrT 4 v T ZMKELIZBRER
Wit FIEIC X B a3 0 S X B TE B AT
FEEROIER

11 A X v 5,000 #Li2fid AR L. 1,026 £ X 0 A& %



e, FRMTSSE T LT2 576 tHicB W T SATRE
A LIZDIF40%TH YD, £DOHNK 7THIOZHT
EEER L Tz, SEERL TV /e 576 T
T SZSARIZ OV T O BICHE., BHEPEALT
W5 IMEERHHETE2RBANRD D] TG
SESCHRICE R D D | 72 EDORHE A RO T LA
LTI o T,

#H ENHATRELGSE
BR (n=576)gu/
2%

HEFOHAM

p=0.001
MRS

[n=331)

htAAE B &L
(n=229)

0% 20% 40% 60% 80% 100%
Hi1~g9h Hio~19h M20~49A Es50~99 ) HiooA LiLE

AEXROLVTHAICEHE. BR
p=0.02
LBy
(n=69) WL
HLWE
£ A #Bkn=151)

0% 205 A0% 60% B0% 10:0%

BB XIERICER
AMELEY p=0.02
(n=67) m L
£ B mLLAE
[m=15%)

0% 205 405 603 B0% 100%

#RMSEBTESEDO
p=0.04
sl &Y (n=69)
miEL
mLWLAVE
£ A #EE (n=159)

0% 20% 40% 60% 0% 100%

FaE. LR ABGEOER
p=0.03
LBy
(=68}
gL
ZRAMNE (n=150}
IJI* 2(;% 40% 60% BO% 1(;1‘36

OBBOMLXET—T 4 X—F —LWALXE
RER, I THE2HRE LIZHBMREICL 5%
HMR/ R 2 v 7 OXEET VROER

XFERZ LA L CENEGEAAASR, BET L
OAERR, 73¥EE LT 7T 3V 2 Ek LTz,
SHTORER, 72O BT Y, 220% 7T HT 3,
220D FEET A T LDVERK S LT,

7B, BHCRLIT ORIUTIE LT, BNABKE
‘e [T, WIHNEHR) , Fiiv - 1BFE - 1A
T IO, EBEZ25] , WRNTFMHEL THIE -
IREEET S T ERE O H 2 | O3 OORHEA
AEhi, MEE LT, silichlz>T, UTD
5ODME R S 47z,

FT. WA OBERE - <BTEOREA (Wsz



AR VAT LD SN THRN >
<MEOMEHEN (FSZ3HE) AT LHEREL T
AY/3AS=

< [HEQEEH — M DR 2 >

TH. EEB 2% OB <MEOBENEE
DARE>,

<MEOMERE v ¥ —DOBRER A >,

<@ N THEREZ R MO TARTE] & LT
>\

ML k% D A % )12 < MEQ R 723288 0
LE>HRRWHENT,

D. BE

2018 L D2 HE B 2 IS 8 AT & A
HOWNL A B L. BATER L AHEFEOMNL & B
WM CRMI T 5 LRtk s e, 2o X DR E
HMIENRY . NEFERIC 5T 2 2 AR
b, Elo, REEATZR EDOFEEFNAL » 71T K
DTTREN=—AND D, BN IAEZHEET S
\Z & T2 o TR/ B 35 0 pE 36 =& A B) ik oD
£ 97 IRAERMEEI A bR & L CRIUE D —
DL LTERLND, FEY TORMEANERT
DX, ETOMORETH D, RERE~DOIHER
TR 72 SEBR 1A S RIS T & 2 Al
BH5,

TR & BE9T ONL SR IT, R & TG 4y
Wrah TIThin Ty, DKL IZBWT o7
KGN 72 SN TWRWZ ERB Iz, £z,
ZIIZ L - T, FEROICESE ByE) AFMHE
SED T2 OIE A IE L e i i e & 72 ViR
oD ENRENT, T, BURTIE. A
FIRR BT v 2 —CER B v Z —7p & R L
WG OEA &7 XEEEBFEEIZILTWVD
HOD, WTNHFICHEREL TR 5T, LTI
Ko TINTHEENRTETH -0, HDWIEFF
FELTWEE LTHIRELDH D Z ENRRB I
oo SHIT, BAEIMREREZIT T, TR

R XA ML I N TWD Z ERRENT
25, THINERE ) TEZ S 2 5 RN 373
TSI L T sd, D% TERZ O H ~ |
DEM R IEE TITE RO TN RWBLR N &
D EDIRIBE T,

E. #&im

W SCRIE, B (BRO5E) BNEREL— o
T/ ORNDLZENTEDLAY OEHT
52 b, EbIT, R RDT-DITIE, bk
REMENORLBERLA I T TIXEPZIT 5
D & 7EEENLETH D,

F. REFEERIEHR
BALAP

G. RFFEHEK

L FER
1. Matsudaira K, Oka H, Kikuchi N, Haga Y,

Sawada T, Tanaka S. The Japanese version of the
STarT Back Tool predicts 6-month clinical
outcomes of low back pain. J Orthop Sci 22:
224-229, 2017

2.  Isomura T, Sumitani M, Matsudaira K,
Kawaguchi M, Inoue R, Hozumi J, Tanaka T,
Oshima H, Mori K, Taketomi S, Inui H, Tahara K,
Yamagami R, Hayakawa K. Development of the
Japanese Version of the Leeds Assessment of the
Neuropathic Symptoms and Signs Pain Scale
(LANSS-J): Diagnostic Utility in a Clinical
Setting. Pain Pract 17 :800-807, 2017

3.  Coggon D, Ntani G, Walker-Bone K, Palmer KT,
Felli VE, Harari R, Barrero LH, Felknor SA,
Gimeno D, Cattrell A, Vargas-Prada S, Bonzini
M, Solidaki E, Merisalu E, Habib RR, Sadeghian
F, Kadir MM, Warnakulasuriya SS, Matsudaira K,
Nyantumbu B, Sim MR, Harcombe H, Cox K,
Sarquis LM, Marziale MH, Harari F, Freire R,
Harari N, Monroy MV, Quintana LA, Rojas M,



Harris EC, Serra C, Martinez JM, Delclos G,
Benavides FG, Carugno M, Ferrario MM,
Pesatori AC, Chatzi L, Bitsios P, Kogevinas M,
Oha K, Freimann T, Sadeghian A, Peiris-John RJ,
Sathiakumar N, Wickremasinghe AR, Yoshimura

N, Kelsall HL, Hoe VC, Urquhart DM, Derrett S, 10.

McBride D, Herbison P, Gray A, Salazar Vega
EJ.: Epidemiological differences between
localised and non-localised low back pain.Spine

42 :740-747,2017

Tonosu J, Oka H, Matsudaira K, Higashikawa A, 11.

Okazaki H, Tanaka S. The relationship between
the findings on magnetic resonance imaging and
previous history of low back pain. J Pain Res 10:
47-52,2017

Matsudaira K, Oka H, Kawaguchi M, Murakami

M, Fukudo S, Hashizume M, Lowe, B. 12.

Development of a Japanese Version of the
Somatic Symptom Scale-8: Psychometric
Validity and Internal Consistency. Gen Hosp
Psychiatry 45: 7-11, 2017

Wakaizumi K, Yamada K, Oka H, Kosugi S,

Morisaki H, Shibata M, Matsudaira K. 13.

Fear-avoidance beliefs are independently
associated with the prevalence of chronic pain in
Japanese workers. J Anesth 31:255-262, 2017
Yamada K, Matsuadira K, Tanaka E, Oka H,
Katsuhira J, Iso H. Sex-specific impact of

early-life adversity on chronic pain: A large

population-based study in Japan. J Pain Res 10: 14.

427-433,2017
Fukushima M, Oka H, Hara N,Oshima Y,
Chikuda H, Tanaka S, Takeshita K , Matsudaira

K. Prognostic factors associated with the surgical 15.

indication for lumbar spinal stenosis patients less
responsive to conservative treatments. J Orthop
Sci 22:411-414, 2017

Oka H, Matsudaira K, Fujii T, Kikuchi N, Haga Y,

Sawada T, Katsuhira J, Yoshimoto T, Kawamata
K, Tonosu J, Sumitani M, Kasahara S, Tanaka S.
Estimated risk for chronic pain determined using
the generic STarT Back 5-item screening tool. J
Pain Res 10: 461-467, 2017

Yoshimoto T, Oka H, Katsuhira J, Fujii T,
Masuda K, Tanaka S, Matsudaira K. Prognostic
Psychosocial Factors for Disabling Low Back
Pain in Japanese Hospital Workers. PLoS One
12: 0178694, 2017

Asai Y, Tsutsui S, Oka H, Yoshimura N,
Hashizume H, Yamada H, Akune T, Muraki S,
Matsudaira K, Kawaguchi H, Nakamura K,
Tanaka S, Yoshida M. Sagittal spino-pelvic
alignment in adults: The Wakayama Spine Study.
PLoS One 12: €0178697, 2017

Hashimoto Y, Matsudaira K, Sawada S, Gondo Y,
Kawakami R, Kinugawa C, Okamoto T,
Tsukamoto K, Miyachi M, Naito H, Brair SN.
Obesity and Low back pain: A retrospective
cohort study of Japanese males. J Phys Ther Sci
29: 978-983, 2017

Tanaka Y, Oka H, Nakayama S, Ueno T,
Matsudaira K, Miura T, Tanaka K, Tanaka S.
Improvement of walking ability during
postoperative rehabilitation with the hybrid
assistive limb after total knee arthroplasty: A
randomized controlled study. SAGE Open Med
5:1-6,2017

Izawa S, Matsudaira K, Miki K, Arisaka M,
Tsuchiya M. Psychosocial correlates of cortisol
levels in fingernails among middle-aged workers.
Stress 20:386-389, 2017

Oka H, Kadono Y, Ohashi S, Yasui T, Ono K,
Matsudaira K, Nishino J, Tanaka S. Assessing
joint destruction in the knees of patients with
rheumatoid arthritis by using a semi-automated

software for magnetic resonance imaging:



16.

17.

18.

19.

20.

21.

therapeutic effect of methotrexate plus etanercept
compared with methotrexate monotherapy. Mod
Rheumatol. 2017 Aug 2:1-7 [Epub ahead of
print]

Kawaguchi M, Matsudaira K, Sawada T, Koga T,
Ishizuka A, Isomura T, Coggon D. Assessment of
potential risk factors for new onset disabling low
back pain in Japanese workers: findings from the
CUPID (cultural and psychosocial influences on
disability) study. BMC Musculoskelet Disord
18:334, 2017

Kasahara S, Okamura Y, Matsudaira K, Oka H,
Suzuki Y, Murakami Y, Tazawa T, Shimazaki H,
Niwa S, Yamada Y. Diagnosis and Treatment of
Attention-Deficit Hyperactivity Disorder in
Patients with Chronic Pain. Open Journal of
Psychiatry 7: 261-275, 2017

Oka H, Matsudaira K, Fujii T, Okazaki H,
Kitagawa T. Epidemiology and psychological
factors of whiplash associated disorders in
Japanese population. J Phys Ther Sci 29:
1510-1513,2017

Tonosu J, Oka H, Higashikawa A, Okazaki H,
Tanaka S, Matsudaira K. The associations
between magnetic resonance imaging findings
and low back pain: A 10-year longitudinal
analysis. PLoS One 12(11):¢0188057, 2017
Sasaki T, Yoshimura N, Hashizume H, Yamada H,
Oka H, Matsudaira K, Iwahashi H, Shinto K,
Ishimoto Y, Nagata K, Teraguchi M, Kagotani R,
Muraki S, Akune T, Tanaka S, Kawaguchi H,
Nakamura K, Minamide A, Nakagawa Y, Yoshida
M. MRI-defined paraspinal muscle morphology
in Japanese population: The Wakayama Spine
Study. PLoS One 12(11):¢0187765, 2017
Ishikura H, Ogihara S, Oka H, Maruyama T,
Inanami H, Miyoshi K, Matsudaira K, Chikuda H,

Azuma S, Kawamura N, Yamakawa K, Hara N,

Oshima Y, Morii J, Saita K, Tanaka S, Yamazaki
T. Risk factors for incidental durotomy during
posterior open spine surgery for degenerative
diseases in adults: A multicenter observational

study. PLoS One 12(11): e0188038, 2017

FRRER

A

. FNEORF EEHE O HIRE - BFR DL (P E L& Te)

BTG

7L

BT RBR
7L

Z DAt






1T .45 FH A

o






97 BRI AR I 2 SR F A B 42
AR 294 BE A3 fRATF T A
MHZEHIC 1T DRk - SERHIEEIC B9 5 R &
EFHI N A FERBLERRERANEEY +—< v b
WHIEs A JmE DA R R ARET RS MR
e 0#H =3 R BERRPARE AL TR

WREE

B3 a it RIc, % - AFHEYFICEMELZRAME, A —/VETRINL, ¥
HAIL B PR R BB ISR ) B O 5208 & i A< R /B AL B O8I ORI, RS
K DHIE DB NI OWTOEREFRELIT o7, BB 100 AR O IT BN
1000 ALLEDORFEIZHRT, ERFIC 7 VY A 28EZ2FEAIE LTS EENEN- T2,
100 ARl OAEZEIZIT DEIKICEA T2 FHe &1L, 1000 AL EDOEZEIZHNTARAOER
FEMAL, DHEOFARCHEEEOBREZLEL L TWDREDCEIEN DRI oT, Fofk
P H AU, LA 2 D ITHEV . BRI B BN 2 T, (ISR IR L C
X, BUEEA STV D HIEE TR O IR B R 22 1) - 7 Ly 7 22 A Al
FETHY ., DRVOIIESEEHE, BRREOHERGE ChH-o7-, S%EANTE HAHE
PED & DI I T FLRFRENES HI L. B0 AR 23 22 < | TEEEHSHIEE . 1B
FHOBBEMRGIEZ IV R0 o0, WToORIE S, FFERGEICK L TE, BB XD, &
AENTWAHHIES, SBEAFREEOCH HHE L DN LRI, EfER & IFEH
FLEORNZ, M ARIZH T DRI O ELZRO Tz, KHEOHERND, FEEEDORES
SAETR ST BE N W RE 2R BRBT I O TR 1)) T EMRR CIEITHRER AR TDH 2 &,
E VDT 100 ARGEDOF/IMEZEPCIFIERAE~DIE L RFEIE L ENHEETHL LE
z b,

A. WHERR B. #f5ET5ik
R I 3 L BRI 5 H IR, 5
BT DI LIZX T, —HREAZI B A AT M FEE. A LSS0 F O R L. A — L]
ST B ORI, I DTSR - ) L
EHEWEDIC L, FMEOHIMSIELOR | e
S D SR 72 ST U T DR k20 4 4 H 12 F (B k)
RS EAML L B BABR e
LA HAE & A5 &S Lo 3 < Vi
0 OBy ERB LD, BIEAASREER o
BERAEAE +—~ o MRS 5 2L b e e B S I )

HAy & L7z SRS R ORI & DR 1 (T 0 T %
1ToTlze FD2, KIEEDEFN 100%12



—FH LARWERENRD NG, £, EE
BIZOWTIEFOHEB#HICEE R T LT,

C. D. WrEfER EEZ
(1) EZELELEORE (H—EZ)
MY U7z 44 tHo E2ZEMT, 20 b ONBIEIC
G (34.1%) ., EIFE¥ - /e (13.6 %), i
i - EAEE (9.1%) ., EHEEZE (6.8%) T, £
O OZERIZ[AIE LT BN 22.7% ThH -7 (1K
1), ZOMMOER T — 2, JREERLEDE
RN D BT,
E2ROFEEEIE, 3000 ALLEA 20.5% & #x
H% <, DT 50~99 A (15.9%). 300~499 A
& 500~999 AN 18.6% Th-o7- (K2), FHEAT
DOt EHIT 6 A~2344 A, FHEFTOEEHIT
4 A~3021 N EMED B -T2,

¥8(n=42)

ZE a2
RE%E
REBEIEE 6.8
Ej- HEE 0.1
EFsE, s
TRl F-FEE 2
TEEFE 23
HEX |23
Em g pms | | | |
=it 227
2o pms | | | |

0.0 5.0 10.0 150 200 250 30.0 350 400
%

136

(K1 [ LIS 2EFr O EROEIS)

&% (n=4a)

2049 6.8
50~~99
100~199 9.1
200~-299 9.1

15.9

AR

300~-499
500999
1000~-2999
3000~

13.6
I 13.6
11|.4

20.5
1

0.0 5.0 10.0 15.0 20.0 25.0

(X 2 @ [F1%% L2 EpT oL B RO EIS)

(2) REEEN., WENMLEITR > T-EEOIKIR -
IREERCE B RBICOW T OB EBAI & 8
B O EBHRBIZOWT (E—AE)
PEEEE N, FENLEIT /e > B ORI - IR
REBEIC oW T, BEBTHE L T\ D0
EIMITONT, 89% DEENHEL T\ D LA
L= (M3),

HR - FRPOEREZ COVTHERBITHRELT
L% Hv(n=44)

miREL TS

mAFHIIREL TLvaly
(B
Z Ot

(IX1'8 @ IR - IRIEIRE D BB RE Dk 3EHLAI)

TR DB TGREIC DWW TIZ 7 L Z A A T7K
THEWERZBEN39% TRHEL, DT
TNE A NSRRI & B R T ARFED 23%., FFIC
PR TR ERI IS DOEZED 34% Th -7
(X 4),

ERE QOB REIZOUT(n=44)

1ZH
B TROTLVEL

TN AALTELTHE L
07 2 L RA

(M 4 : BRI OB BIZREIZ SV TC)

(3) HokREAK

HoRERBIT, RBEVEET 3 7 Anb,
ROREWERT39 » A ThH o2, #EiftFRN R
K221 E, FRERBDPELS 8D Z LIRS
Mo, B R RN B o PRI R & 5 D & oy
b BB O 2R Le, O/, Bife 1

10



3 8.1 w AL Ehfe 10 425 17.6 » A
N 17.8 % A,

. Hhist 15 4
e 20 EN 181 » H Tho71-, F

7= SRR Y 13.83 » A TH o712 (K 5),

5 7 fRIE A % (n=32)

BHERE
Lk
i3
s

#is10E
#hiz15E
205

(X 5 - EhigeE oS nkERE (7))

(4) BEXOERBEOFHE EOMBAFMIC
DWT (BEIE%)
HARFED TEO FheE Lo (R
B A TT ) LWL A TEIREDOZE
1 (93.2%) . KADEREE

L(77.3%) . T2
ORI (65.9%) . [FEREOER] (59.1%)
L LT (3 6),

BB T REODARH (n=49)
FHEDEHE 932
FADERER 713
SHCHIT 65.9
EXECER 581
TOM | 45 | ‘ ‘ | ‘

0 10 20 30 40 50 60 70 8 9% 10

(X 6 : kTRt = EOVHESRMN)

11

(5) WERLLoTAADEBSEBIBEICEL
T, BEEALTWSHIE] & T4%E
AFIREZRBIEE] 130 92, (BEEHEEE)

BEBALTVHHIE (Et REIFERHR) (n=44)

T g SR 54.5
YROHH MR —
ERERIRONIHE

341
R 7L o |— -

q = 5 | 91

BREDERAAE o

=P R -

EEDEHE [ ! 152
Eoft |94 |
00 100 200 30.0 40.0 500 60.0
%

WIEERHS W IERE

(X 7 : BAEEA LT 5 AR HIEE)
PSR B LTk, THAEE A LTSl
B (EHEEE) (K7 TRLZVOIXEMRE -
FIEHME L b MERemEgHE) (ErLE
54.5%., FEIEBIFEE : 20.5%) . DUV TIEALBIL [FE
27 Ly 7 22 A L) (EAE :36.4%) .
MERA FGRIROFESLEIE ) (34.1%) Th ol
FEERE BRI THERFEEIESHIEL ) [Tkt T TR
HRARIROFELHIE ) (15.9%) ., [HEEHE) - 7 L
v P ARA LHIE] (11.4%) THoTz, WTho

FIEEICR L C b IEEHABITEfBIC T E
BN LIRS, EEEEHIEN D 5%
IXIEAE . FEERAB L Ik b7V LR
iz,
SEBATRENHIHE (EHBEETRIE)
SRR
BE B SR R
ERRRABORLFIE
BEHE 7L 92 91 LEIE
ERENBRATE
ERLLSa (kiR (R sa
FEHREE
Z0f

w§Ig FERIELR wlS EiA

« HADFRENEN B D i )



BEITEA SN TRV, [A51%%E A DM
bHAHHIE] EEEE) 2oV TiE (K 8), Etk
B IEEHEER & bl VR g B HE) (EHE
50%. FEEBIAER : 25.7%) . [EhH5 A ECHIRH |

(IEtHE : 41.2%. FEIEHE : 20%) . (R
7Ly 22 A AH1E] (EAEE : 28.6%.,
EHE 17.9%) THhoto, IRWTEMET [4E
WA OFESLHIE ) (27.6%) . FEIEHEIX

MEEEBHIE] (9.6%) Tholo, 5H%EAN
REZRHIEEICRI L T, FEEBEBIXEMBICZ A
TABENFREZRHIE D22 LR S vz,

(6) B*E6EMZOVT (2010 4E 1 A~2015
£12 ) 12, MERTRELRoTHE
DHE & RER OEBRIUZSONT (BE—
[E]%)

B 6 4R (2010 4= 1 H~20154 12 A) 12,
2 TR & 7R o T AR E WA EIE 30% T
HoT=(K9) zZeH TR L7 BIC>W T,
80% DEE A [hkzE CHEFR%IZERE) (X 10)
L, 20955, 82%DtEN %I FFIkE
FIHNTND) 2 & (® 11), EIEEICHRRIR
L7cftBIT 4% Th o7 (K 11) Z & 3RSl

201051 A ~2015%12 § OB RiZE h TEBELL A B NS
TEDEE(n=44)

B CREL G BT
L LR S Ja Ay ead =V AU
Mt

B SL<ADEELY

LS|

(X 9 : 2010 4 1 H~2015 4E 1 H ORI hMzE
THRE LRSI BN WD BEDOEIE)

12

BiZE IR B L4 R OB (BI&) (n=35)

n—EGLEEE TRTLIE S
n—ELIEEE TEEATLI A
n—FLE T REERL- 1A
WA PTHFREER -8

(X1 10 : AT G U 724t B OB TeIR B

RZERICREL-HBOEREOKE (B&) (n=28)

N ERRICEFERLHE

wE RGN T A

nERECERIME LA

[ gﬁﬁfﬁ[:ﬁfﬁﬁbtltﬁ‘%&i
B

n ERHCERAETICE@TLS
#E

(B4 11 : 7RI L 7=t B O 1E Rk Ok

(7) MMEPOBREEEOHMIUNEBRTE D
B S< 0 ~0 0B (H—[E%)

M ZE AR & A ORI SLO MBS SN T, B
HZWEER TELLNEW D EXEPEZ KL T
WD D 64% & EE B, TLEMEE TR &R T
TW5] 1T 18%., [ FE D MEEMIFE L T
T 11% Th o7z (¥ 12), THEMHITEIET T
2V X 0% ThoT,

BiZ th O ARG EOFIORE O BHEE(n=44)

HEHEREL TS

= 525 PELDELERERBET
W3

BB FYLERDBLTLVEL

AEREFERUTLEN

L=

(X 12 : Mz O1REE AL O WMNL O FEH L E
PR TWAES)



(8) {FEDHIMIZ K BN
EEREOHBENHD 1 ~99 A (100 AAKIH) |
@100~299 A, @300 A~999 A, @1000 ALL
D4 DTG T EIT ST, 4 DORET XL DHEW
R L7, £ORE, 100 ARm 2 10 £,
100~299 A78 8 £, 300~999 A7% 12 #, 1000 A
PLER 144 TH -T2,

Q4 KRB DWFEDPHEITIR o T-BEDIRIR - PRk

RSB REZIC OV THERITHRE L TWE D,
(X 13)
PEEEN, FEPMEIZ R - BRI, R - K

TS EVB T REIC DWW C ORI COBLIEIL, 1
BR300 A~999 ADBEMNILT % kb S
<L OUNVT, 100 AR DMEZED 90.0% Th - 77,
(100 AAKiM5:n=10, 100~299 A:n=8, 300~999
An=12, 1000 ALL Fin=14 TH-7-)

HEMEICETIRELNHALROES

1000A L1 £ 857
3004999 A, 91.7
100 A.~-299 4, 87.5
WUARTE 90.0

820 840 86.0 88.0 90.0 920 940

=
=

(4 13 : {BEHIFE & BB REIC
13)

(BT D BER D D

Q6 ERkX. T A ABRFERITT D,
BETbAhrrobohEdd (X 14),
TNHEA LTS THIWEEZTZEE NS,
SOk, 1000 ALLEDORZEN 57.1%, DWT
300 A~999 ADAZEN 41.7% ThH > 7, — 7 T,
TIVE A NEENRERIOEET, 20 ONBIE
Az 100 AAKGmiAY 40.0%. 1000 ALL ED{EZEN
28.6% CTh o7z, fLEEMNLVEEIT EEIROBR
WZTNHA LTRSS TCIWEEZTZERNEL

HEFHE)

BIIT 7 V2 A A RAIOAEZEIE 100 ARG O
EDEIENFE -T2, (100 AR =10, 100~299
An=8, 300~999 A:n=12, 1000 ALl l:n=14 T
HoT)

T ERRLERME O E
woo it H [
s004~999  EEIINGEEEEE 50
wos~299 [EEHNIEEE 625
oo S

0.0 20.0 40.0 60.0 80.0 100.0 1200

[EEUESIT et

(14 14 : 3R & AR O EhE5 T RE)

BLAALEEE w2 LTRCTEL

Q7 EWMOFHE LOMBESRBIMTTH, 12
2N T (X 15~X 18)

FHERHE THRE SN TV D ERO T Lo
FS1E. 1000 ALLEE 100~299 AD{E3E
D 100%708 [FIREOZKE] 24HEE L TW
e, TEREOZWE] 13X+ BRI D
53 MERMHICET TV B RENRSE -T2,
RN OERE ) 1T 100~299 A28 87.5% & &
<, I&ttofFm) & TFEEE ] OF R %2 LHESE
e LTV D e3EE 1000 ALLEDOREOES
WEmoTe, L, TEEE] OF R WHESE
fEE LT 2T 100 AR OB T O 70
277,

(100 AAFi:n=10, 100~299 A:n=8, 300~999
An=12, 1000 ALA Fin=14 TH-o7)

THEQOBHE

1000 ALLE 100.0
300 A~~999 A 91.7
1004299 A 100.0
100 A K& 80.0
00 100 200 300 400 500 600 700 800 900 1000
%
(X 15 AeZEHi &AM Tt & Lo MZH S

[EIBEOZWE))



AADERER

1000ALLL 50
300 A~~999 4 625
100 A~-299 A

100 AR 70

(X 16 : /M &G THe S B o MZASM
IRANDERE L))

SO

1000 A 4 E 786

300 A~~999.h 583
100A~299 4 62.5
100 AKTE 60

0 10 20 30 40 50 60 70 80 90 100

%

(4 17 @ M & E T s B o MZHSM
[2AEDFFRT )

EXENER
1000 ALLE 85.7
300 A~~999 A, 50
100 A~299 0 50
100 AFE ]

0 10 20 30 40 50 60 70 80 90 100

%

(X 18 : /M & EI T & B o MZASM
PEREDER])

(9) WROBKELBELEFEOWMLIEICET
HEEDOER

- EETHE - ST BRI OV T O EE OB JE

FH OO FRARSE A R 5 . IR 72 R ISR I DWW T O

RERDT,

B HRICEENEZ > TV HEGET, 2
ERBOBLEEND, U TIIERITE LV LA
b,

¥ 2 M T, REOUBRED 7 A TR
L72EBI2 0 V) £, A ARSI IR T2k 2

14

BHRIZ72 0 E LT, SO ER 26 > TH
FEMHFEB O, 1B L7, RIS/ - THh BB
FCRIAEDOHIM D & > 72 HSFENTARI I EE 20
koG - BRSO L TR L,

®F 3 HHHED, 720 LIANCMzE I RRE L
723, A THEEF Ak L T\ D, RADFRIRICE
PHOBFE G MEETL X 92, EFEEE L OPr o A0
DFEGYEDOI Y FRE L Wb e D &,
¥4 HBICHRBENE , BHE CoM b
BN 72 5 720 T, st ik sk & L7za3,
S, BEBIENESTLE LG/ ED L H 72
SHSAHR D DNREE EE 25, R THHOHE
WD RAAZIN T2 T2 72 NGB, ED KD 7t isns
Hik 5 DR TT,

M®FES  BUE 1 ADMAEP TR TH 5, SER
[ ORI ASEE LN 7=, HEIR O 23 L &
I DbND,

¥ 6 : HEOMREZEC. mIFEEE MR
LTWnh e, EEENOIEMIIVE Lz, RER
RO R FEZ & HENRE L, TRUREMTTE L
BoThWET, ANEICEEZRL 2 KREITIT
SEIHITEANTHOTTA, THIFRLKR) A
STWAHENRZNON, 2 BN TNERA,
AANEBIZEIROTELHREZRFSTHLH X500,
HEMEZHMLTHLLEEY LESRVLOD
W FTCTd,

MET  LEOEBEEHENREESEENET, M
ke LTOT7T LTV DRENHRS N D & B
MEBWET,

MBS  HMLIANC /R D28, 08 BRI ¢ B
EFOT/N—MITHRIEL, FHEPENTZZ LD
HY . I L DIEBEREDIK T, 558
XEDORMEENFE > T LE-T, UAEY ZLT
WS DR OFHAFE L U CTEIR L2, U8
DIRONTIRIRICE -7, 1 4 LERERZR VDS,
HEOLGIIEBZITIE OB ST TR L

SaEhE,

WwWeE2 5,
9 D rEb bR, FLEOFKKEEZEGD,



PR & LTI M E 22 370 B WRTE T2,

B3 L LT, AORMBESCIRE RS &E N
VETY, B FSEE2HEET 57T, BLEDN
2k LW T,

W10 : AL H N~V ZADOSAEIR ORI
FolEOHEHAH D AL U TITRY AT
WeEZFET, MEET HFONANRIES X
NP TAZ U= HROENATNDTZH, £DF
B STEBIBITSETCHIT D R L W,
—ANH Y ET, BHEIEETIRAEZLEL TS
r—2AH %< B B o BIEH EECHIR A
7RV RE R EDES I B 7 & OB AN ML b B E
R

¥ 1 FLED, HEERTEDIRRRIET
0 TRABE S WS ZRA LT e D) (B)FRH
EHPEDERA N E) ICTEDHRY G0 E
EBEZDN, —AN—AND” Fr—RANA S —R7 TR
STLED ERETDICHRADRD LD, D
BREOA=a—ft (N2 —1k) RTELHDOTH
X, ST 2REME L THA A=Y RbE
FTnERNET,

®FE1 2 KR @ X 73 CX DR & fR i
ffi - PEEEZOBRME L FIREL GO TEEN R
AR TE L EVWETS,

w1 3 EHRAMBH AN ERMEAmE L
THRRPETHH LRBEL D, HOZED
VETHLEBZD,

BHET 4 W SHRIT L EARADTZDITIE SR
o THITTZWVHERD S LIVERAD, ZOMK
BoFAEOBEMOSIE L TEZETIHRT
EOME, WRICE VA D —ANREE S,
— O EEA TR LW ERZ N E RN ET,
131 5 : 440 Long term disability & % 1%
FALTHES LIICLTnD, 1 ADHEFENRELL,
W} L&D NTEA IRNRIR DT, WNLT D DIIKREZ
9T, METIEZ L OAREN L TWET,
M1 6 : [EREZWNIC X 2 B A, FIERITIR
ek, WP UG O B, k2 L ORLECPESE

15

e

k=]

E~OMHREARBEICE O IEELITI 2 LT TE
DR, BRIBIEFICL D E LS EBRITRAVPED
H8%E0E. BT 2EEN < M RICHER
R %, RIEICKDFETARER BRI A KT
A VLT,

2 17 BRBIEIZ K D0 DOEENE S 1256
2, CORRREBMHY L L TERL TE S Vit
BMO—2 LB 2 FT,

E. f&im

RMZEH PR U724 E D 80% BN ERk L. £ D9
HO 2% FHHIRETITEH N TND Z LAVREN
7o, FEE D 100 ARG OEFET, 1000 ALLED
AT, ERRICER L T V2 A DEB R
HICHHEIENENZ LR b, ERHE
R & U CRIRFF NS H B L, BIEEAL TWD
FIEICBNTH, SHBEANFTRRIEDO & HHIEICE
WCHEIGRE L, TEBEEHIECIREE O FE
MAHIEOEIG MR > 72, FEFR EFEHRLED
IC. ML SHRICEIT DHIE O EZRBD I,

G. WFgERE
1. FmsC¥EF+

LR EETELTND,
235

L FRBEEETELTND,

N
—\k p={

o

R4

AN
=

TR PEMED IR - BERIRIL (PEE & Te, )
Rriz7e L






57 SR BRIRI e S E A B &
TRk 29 A RE ST RMT SR &
(A BE DIRRR LB OS] (BT HFRE
WHge s ARE RS —BRMETE AR TR ES  PERRMEHEEAR  ERNE
R AP MRS TSRS =

ZE

L DA L7588 N 282 2 ENRIAT I, DSABSE OB L ity O %
X, EICRT AREEREE L TEST SN TS, AlEl, FUMBEDTEBEN, BAEZ R
S Th, RO L TUREEZZ T DO & WL TE DAL EET 2 2 L & EANICTAEZIT
STz, EHREIZB W TH/IMEEO I & 72 HEEER DO FHEL 100852 RIZT 7 — N O
B Z 1TV, s A £ TIL40th D RIZ 21572,

TR B X ORI BRI B A RNO R IT 10 F2EY (25.6%) BdH LEIZ L, Fikie
EESIERIE 33 T (82.5%) . NFEHIEEMIL 20 Y (52.6%) . WL AE~OIRIT 29
HIEYL (76.3%)., FIRER L L oML 23 HEY (60.5%) R"dHDEHEL TV,
FHEDD AR L TR B X 2 BT CTEX LM MANDH D E ) LT 23 T
% (57.5%) RNdHHEMIELTEY, ftBOT A7 « U—27 « NT R L Tid—E DB
NhHDHEWNZ D,

T, EBRIIPAABORBOFERELAH L, 25 FHEY (64 1%) TREEH D LHEERH
D, ZDHH, DAMEDERRERD H 5 FHEFT 20 FHE (76.9%) Holz, EMTH -7
TRERDN & D & B A TN 3 HEY (10.3%) H Y. 2 AWML SRS D LB 2 R < &R T
TS 17T FFEY (42.5%), EH60E WD KT TS 18 FHEEY; (45%) & B{RD 87. 5% M
VBEMEZE T TV D EEIE LT,

IS A DSE AR A HEE T 2R 2D 5 ECTORE L LTIE, NSRS 26 HES (65%)
DRERELINOHNRY | fW\T, RERR EFEFNAY v 7128577 ORM, RNLE~D*E
i BRI SER 7R S B A T,

F/NEEDOHBON, BAZE-TH, 0L TRFEEZIT Doy L L TE A4
EHETDH0121F, £ OFELTRO LTV D ABRERZ & OERIT R 272560 TR
#WThb, UL, RERMEFETNAY v 7IZL 57 7 2THROMAIC L HiET S Z &
MTENE, BT T, BDABEDRLEASOTHER BRI 2 AR FIEORE R ET, 201
ORIE S FZHICHHE TE DA RERH 5,

AT NIET U 7oA i A B OB ERETH V| 50~299 ADFERITH/OLNTZH D
D, 50 AARTHAL D FIELT 20% & V7o ToT2, IR HEESORIT H oIl TE T
WD EIFF AR, SR IBITHERINET 22 EDREE LV,

YRK 29 FRERA T BE O IR T3 - EEMREER % v 7 - ERBEBI ST L D L3
T (BDABEOIRE LRI OMWNL) VAT AORFE) 7ayxs MIFEO—E LTE LT,
YRR 30 ARG 5| & g & /M A HLICTIEM R 2k L T TETH D,

B

S

17




A. HFEEER

A, HIY
BANEDTDO L I ITRIBEDOIHETIER L,
TRIREAERF L2 D BRARZELZ LD
TEHEMREICEL TS, Lo,
FERRTIXIBIR & BREEAETS O WRNLAS N & 7o
BN R < SN D FEHNT DT < R,
HNEZET— RIS ARETR, AR E A
REFIZHSRTZ L, BDABEOBRTX
TIZONWTHENDH D LEEZ HILD D,
IWETONRADIREE LS DML ARIZD
WTOBFETIL, WEOFEEFERSFEE
BDOWDLHEELERNRET DO, HRE
EEOEENENKEELFLETDLHHO
REMBN VDY ZDih, FUMEEIC
BT 20 B DL KRSV T OERE
L, HEERNAEZBRSTHELLT
1R & T D ok97 L WL T & DA%
LT D720, J7E DIERR~DRE &
S PSS AN e o T BROER Y $A A B
ToH7o—8 (LUK, Ty —) &
21T o7,

-—
—

B. HF3E 5%
A E AR A
ITHEICB W TH/ MO REIZHT- 5
MEBHOEELI00tE 2 HRITT v r—
N OB IIRAEE AT o T2, HEEDORES
BLOBENUIFE L & #EXEE2 A L,
WA £ TIZ40thDEIZE 25T,
T —MFITROEBY Th 5.
Ot 2EM CGefd - #HE % -
FEIERAE B R OB 0BIS - B O
Pyt - ESEEE o OVE 2R Tk O 1(T)
@&ttot BT 2B/ (6 )
@&t OfEFEE I+ 5 ER (6 1)

18

@OEtEOEES < v IEEI2ROE R (8[E)
O AR L IBRDOWSL AR D128 D
FIZHOWTOER (10R)

i B i~ O Bt

AT AR PR ELZ B S OKH &
BT o7z, BERHA LT N THEL4 T
FEha L, &2 S > THENFAREZS L
HIWT L7z,

C. THERER
A

T — MEAT 1 A OWPRERE L L
T, 40 FEG MO WS B (FILER
40%), T v — MERIEE 1ITRT,

FEHRL 50 AT - 8 FHES (20%) |
50~99 A : 9 FH¥EH (22.5%) . 100~299 A :
17 F3E5 (42.5%) | 300~999 A : 4 F¥L;
(10%) . 1000 ALL L : 2 F2H 5%) TH
oz, ¥ERE, RIE¥ 15 FEY (38.5%) .
HITE¥E - /o 6 B (16.4%) | HEERe
3HHEL (1.7%) . 2ot 7 F¥Y5 (17.5%)
ThoT,

PEEEDOB(EIZOWTIE BEL TV D (F
) N3FEFEYL (1.7%) . BEL WD (U8
7)) A 26 T (66.7%) . BHEL TR
W10 FELTH T,

O SHEEICET 2EM

FHEFOEM TR O E N0 [HE
¥ D15 FHEY (385%) THY., RNT
[EIFE3E - /eS8 6 FE (154%) .
MEEEREE ) 28 3 2y (7.7%) . L.

HEFT ORI OV T, HEEEEKN 150
N 23 8 F3ES (20%) . 150 A~99 A |
29 HEY (22.5%). 1100~299 A 72317
Y (42.5%) . 1300 ALLE] 2% 6 F2EY



(15%) THY ., 100~299 NDHEIEL I i
H 0o 2. IEEMABEIA X, 150% A |
2829 R (72.5%) . [50%LL k) 235 %
77 (12.5%) . T80% LA k128 6 FZEFT (15%)
Th o T2, WEEBOMERIEIL, [50% A5 )
25 31 HEEPFT (77.5%) . 150%LL 1) 7% 6 =
7T (15%) . T80%LL F) 23 2 T (5%) .
[100% 1 23 1 T 2.5%) THY ., 1€
B OVVHERIT T40 £ A 29 FH¥ERT
(744%) &b <, RNT 130 Ry 2
5 T (12.8%) . 150 X1 2% 4 FZEpr
(10.3%) DIATH 57, 74.4%DFEHEF T
PEEEZBELTEY, 225%DFEHEFT
PEEF T 2 T LTz,

@&ttt EUC BT 5 E M
FEEUCBE T 2 S BICB T 2 BEWRE
B (EHZESTE - 297 BNEDLFEE
FEFE TEbIc@z o & Hr &8 IZBEL
T 34 FEFT (86.8%) . [FBHWZHSE L T
W5 IZBIL T 30 T (78.9%) .
L) B LT 28 FEFT (73.7%) . BT
AWVOFFE B LT 28 AT (73.7%) |
TBHEWICIEME] 2B LT 23 FEAr
(60.5%) . IFW3d k) 12BIL T 33
HEFT (81.6%) THoT-,

@ SttoREFTERIZET 2B

FRE BRI, =8 ) OFEICEHLT
1319 FEFT (47.5%) . DEEHAIZR ETo
TS OED vy OFEEIZEI LTI 31
I (79.5%) AV LEE LT, TR
DIz 2R IR TOFEEFTI0%LLET
BV, ZLFE100%DOEEAEIEG D 30 F
i (75%) Z &7, [FREOZ2ENE]
OAEEIZE L TIE 37 T3 (92.5%), T
RIS L 2 B 2 OREREE~DR

19

Y| OFEE LT 21 FEFT (52.5%)
DFRERFEFVAY LEIE L, ZOFEOMRFEE
HEOFEH Y ZERMD 60%., PEEFERN
25%% 50T,
@OEFEDORERE-S < 0 IEB 2 DB
(DN A 7 > a v OFBEIZEL T 21
FER (525%) . TBRATEOHHEDOTY
I DB LT 11 F2EPT (27.5%) , [
O KA OFEEICEHL T 14 FEpT
(35%) . THSEE /@) DI Y fA] D
AR LT 21 3T (57.5%), A4
SV ADEY A OF IR LTI 29
FEA (725%) LHEES VIFEHIZE WD
T—FEWEIGZ HED-, £72. THEIROER
DR, TR O A, TJHZ D DH
DHLA ] OFEICEAL TR, 7 FER
(17.5%) .10 FZERT (25%) . 8 F27T (20%)
& TEEORY A X [RAESGEOR
VAAA) RAR, AETEEIBESCEO R %
HAL TWDHEERREIIEN o7,

@D AAGIR L IRIR DN AR D 723 O X 4%
FIZOWTOER

MR T8 & 7 ofa R EE D RN D X
1 34 FHEFT (85%) . THEBHE - %
X7 HFEIT (18%) . MHRETE 542457
% 37 FEFT (92.5%) . HHEEZEO] X 29
FEEFT (74.4%) . TR Z el 7273 b A
ik CE DB ZERAN) 13 10 FERT
(25.6%) b EFEE LT,

F I BRI 7RSI SRR & LT T3R8k
HFSEIH] ) 33 FEPT (82.5%) . T AZEHIEE
DZHR72ER ) 20 FEFT (52.6%) ., [z
SAE~OPE ) 29 FHEF (76.3%) . [FIE
E7p & L] 23 AT (60.5%) 1D D
ERZELTWND,



[FED DV TERBEICE KIS T D7) 12
BIL T 23 FH¥EPT (57.5%) b D L RI%
LTRBY, ftBOF7A4 7 - U—7
A LTI —EDEMENH D LWV z D,
Fro. FERRIC IRAHEORBROGE] %
< &, 25 F36l (64 - 1%) TREN®
LERIZENRHY, ZO5H, BDAFLEDE
TREEER D & D G 20 FEY (76.9%)
&OKJ@ﬁfﬁokﬁ%Jﬁ%ék:k
RIZHEFN 3 FHEY; (10.3%) HY |
AT SE S AR T mz%ﬁj%%<mbfw
O 17T FEY (42.5%), EbLnEn
I EEUTWD DT 18 FHY (45%) &4
RO 8T 5% WM EMEZ L T T D & EE L
77
N A DIMSL R AT DG4 tED 5 |k
TOREE L TE, RBEEOMEN 6
5%DHFEELNDHIT, HEVT, iz L
HENNAY v 72X D7 T REE~D
fhis. BARBY R KR TIE R EX B & H 6
77

8T

D. %

AFECH OB - T FEL T, EE(E
35 50 AAT O FELN 40 TGP 8 F¥
5 (20%) . 300 AR ONEEBIDEEY;
240 FELH 34 FELEZHEOTND
(85%), —J5. Rk 26 4 k& A
FHERAE ) o, 2E0REHEER
554 77 1,634 FEFTD H 6 HEEE 50 AR
i A D /NI EFT RN R EFTEO
96.7%. TEZEE 300 ARMHALDO VDD 2
HUNMEZEIT R FETED 99.4% % 5 T
Do APE TITRORMAERELEN D 0T
B, NFAREEATICE L Co— i L
WD DY, BEREHET O H/ M D T

20

BEERLTNWDHENZD,

RIS T 2 D3 ATEHR LT DML X
TEDOTDOIZ|RIZHONT, HEEHE - &
) 1F18% & FEi TE TV D EELITL L
WA, D LB TTELEERTF
¥5b 613% L hnicd, THBE#H
B o BRI ISR ER D LT & SRR
EE XD
— 05, TIEH el 7208 DAL 2 ik © &
2 ESEHAN ) ) 1% 25.6% & IR T & T
LHEEGN DI KEFEANE LN E
B2 DHFELR LSV, THEHE K5
FERG TR, AL PR L E
B aat Lo/ M2 NI R A A L
KT VR ERH O ERL 22 E 3B L B
Z %0

F7o. A LOGEY Tk, REEICE
J o< NABFE~OBREITRE LT, R
Kb D& LT, “WNICBIT HEMSHE
IR R0 DR ED A L H L~V A
OXIE”  “FEIRE L OERILE” WG
DER” 72 L2 HIF TV 5, BARBIZIE “H
WIZ3 T DEISRSIE” ofiiX, 2o
L TIR® D il (RIBHLE G99 F 24 4 70
L) OEFMEEME, oL - VeV

. TEE L OEBT e E DT D ORI - FERE
ﬁ@ SHIEE 72 o Tz, RIS
B2 NREERT 2R b F 2 cx

2 ik ZERL ) @E%%&ﬁjiﬁﬁkbf
[ SRR 7R BT HE R ) 33 ¥4 (82.5%) .
$ﬂ;wi%ﬁ@ﬁjm$%%(&ﬁ%%
(WIS S AR~ DB ) 29 FHELY (76.3%) .
[EVREe & L) 23 F¥S (60.5%)
MTTIZETLTNDZEELTHMRST
B0, H/MMEETH KBRS S8R
WRIHEE L >ob D Z LRI D, L



ML, ZOPTORERTHD [ NHHE
DFERER ] 1T~ XU =N RE¥EL
BT 5L LWBERRH L0, Zhnnd
DB EE R D, FHIRER L L o] |2
DWTIE, F/MEEICBWNTIEIREHELD
PE S IR S0 E ORI DN VR B 3 2 BHEE 3D 7
Wieh, EFRICEHTE TV A REITSE
TIEe W, FHEGITIBIT DIR & EAENE
DN FKIBEDT-ODHA RT7 40 (b E
1REE & O A [T 2D Sh
TWDM, A DMLY — LV OTE A7
B PERER ENFEEGITRI L, X%
MBIBEA L, ERERE L OFREH
EEBETDLZENDHEEEZD,

I BT, BAERE L -T2t B DilriRIZ
BLTELT DL, 2013 D0 AAKERE O
oAl CICB T 2 ERERE T T,

SN EBAE & 7o TN D 34% DMKIFERIE

RESITND LN BENH D, HRAOD
FIETlE, A v XL~V AR T ORI
DEIGIIBEREDN NS 72 B1E ED 7L
& KIET 52 & HEEL < 72 DIRILAHELR &
nb, KRETIE, BATEEL -4
BN DHEST 25 FEY (64.1%) &5
W, FDIL, HBOHNER LT L&
To DN 716.9%., EE L 720> 72 7.7%.
EHLH 0D 154% LW O FERTH -T2,
Z 9 LimWERRI, S s o
BT, FEHERME L~V —H e
HUNMERE LD SWATBRERE 2 b b,

015 FEDEBOIC L DB DX A I 7
AT S T o o (e S TN G S 13 =3
D 40.2% 75705 b DIEHRBRLAERTIZBEE L T
HEDWENDHDZ END L, BDABREIZ
BWTH AU Z AL ARRFFRREC, %
BB/ NS 72 D0F SIRIE A HE L < | BERR

21

IZEER D 0T VIR RE S D,

IS AR YT OWNL RN FEBTE 5
WS < v ofEE LT, REMR LD L
LT, REZEEDANB O (65%) ., Prid
filiZg EHEEFRNAZ v 7128577 (35%) .,
REIE~DKINE (33%) . EARN) 70 348 F 1%
(33%) BRENRBHN-> TS, REEED
NB ORERITH/ MW TIER ICEE L
WIRETITH 525, AR ORERIZHIT T,
TR OB EWNEEND, 2018 FEEDZ
PN S E 2 S S AR IR AL O N &
g L. DA & AR O WAL 2 22 i
TRHlid 5 LRt Sz, 10 2o k) 2R
DAHBDRZ Y . NEMRICHLHFET 52
ERMIRE S NS, F, RS ORE
FINAS o X BT T REN=—ANH
Do MNLIHRAHEET DITH 72> T
P2 OPEEEBTIIR O L 5 7, (R4
PRI bR & L GRIRBED —2 & L
THEZ2LID, FEL TORMRRTE
WL, TOMORETH D, NEHE~DXE
S S0 BRI 72 3B 7 VR b RIS )R T &
D AlRENENR B D,
ARAAEOBRFULEN D 40% L (BlAm
%1 » A% ThHY, MEICHINE Rp¥E
o T-mEEN b T s,  FIN LT
WEN BB OBIFR KD FE
HEOBILFBE DO 50 MR D HE
LT 20% EDIRNT LD NI
BOWRBUL IR TETWD ElTn g
RN, o, EIEDORD o T RS DI
EEIED & - ToF3EY; L0 bk LV ATRENE
MEZHLND, ZORIIASHROBRGEEET
Bb,



E. BfFe3%
1. BmCHFERL
2. FEREFIRL

F. JOROBIEEMED HIRE - BEIRTL (FEZE
5))

1 ReafliGa L

2. EMFHRBELL

3. ZFofhiia L

G. &R

5| F STk

1. B < BNARBE & FIRIC AT 7o afhrsk
SRV AT LOWFICET AR
AL 23 AR FREE - S EBFIT R
WRAREE & w0

2. HREREATHEEORKERTTO
WS &9 5720 D FIEE & F3EY (P
R2) O ITIEICBIT 2%t — (Wi
KRV AT I XA DOFFE—FRK 28
3 H RS- RS E R
REE H RE#

3. B BABE L RIBIZ IS - iRk
¥RV AT LOMFUCET DR

#* ERRETHA O R

TRk 24 AR eES - Sy HRATIEERGE
WEfEE wiE  #

o4l R Y R A

K 26 4 REFPERE

. B BABEA~DOBESERICET 55

KA R EEEAS X a2 —42E L
T
2012 4 @R A 35 BR

. HERGICRT DR L R AR O

XBEOTODHA RTA
R 28 42 H JRA A

2013 FED N ARBRE DA E
(ZB9 % SRR A

(23 A DT I 258 7 v —7
INRREER RS IR T D A U Z s
JLADBURIER & A H L~V A SR
DK - TS E DRSS
VR 25 MR pESERE FRBLUY TR
R AFRAREE KA RER

BERE D & A 2 v 7 S kA

2015 4% AR TG BT E G BE

10, ARR 30 47 FE 2Rt o 2% H

JEA T

EEHE n (%)
FEa¥ERE (BH—EE) @0=39) 39 (100)
e 3 (7.7
fliEE 15 (38.5)
A A - B - KB 1 (2.6)
LEESEEES 1 (2.6)
e - TREE 2 (5.1
e NN < 6 (15.4)
BRIE, PRERE 2 5.1

22



NENEE S 0 (0.0)
RRZE 0 (0.0)
BE. FEIBEE 0 (0.0)
Ry -tk 0 (0.0
Z Dt 9 (23.1)
Z DM @=9)DFERH Y (n=T7) 7 (100)
P— R 2 (si28.6)
ENA T R 1 (14.3)
A 1 (14.3)
PEFENLEEHE 1 (14.3)
FRIE SRR 1 (14.3)
GRS 1 (14.3)
kot BE B—EE) (%—b, BEE, IRELESET) 0=40) | 40 (100)
1~9 A 0 (0.0)
10~19 A 1 (2.5)
20~49 A\ 7 (17.5)
50~99 A 9 (22.5)
100~199 A 12 (30.0)
200~299 A 5 (12.5)
300~499 A 3 (7.5)
500~999 A 1 (2.5)
1000 A~2999 A 1 (2.5)
3000 ALL 1 1 2.5)
FEEHABEIE (n=40) 40 (100)
{7 PR QAYAA 0 (0.0
50 % AT 29 (72.5)
50%LA I 5 (12.5)
80%L | 6 (15.0)
AL BENE (n=40) 40 (100)
R L T 0 (0.0
50 % A< 31 (77.5)
50%LA E 6 (15.0)
80%LL E 2 (5.0)
100% 1 (2.5)
fLB DR EER BE—EE) ©=39) 39 (100)
10 1% 0 (0.0)
20 1Y 0 (0.0)
30 f& 5 (12.8)
40 X 29 (74.4)

23




50 fX 4 (10.3)
60 1t 1 (2.6)
70 X 0 (0.0)
EEE (H—EZ) @0=39) 39 (100)
BLL TS (D) 3 (7.7)
BEL TS GEREIE IR 26 (66.7)
BALL TV 10 (25.6)
PEEEER (H—EZ) (0=40) 40 (100)
BEL WD () 5 (12.5)
BELTWD GEFEIE IR 4 (10.0)
AL LTV 31 (77.5)
gz
A bOWHTIE, LHIBZ 5 LWVHIEERHD 0=38) 38 (100)
it %9) 2 (5.3)
RRE D 3 (7.9)
EbHEHTE 26 (68.4)
572 7 (18.4)
7= HOBERE TIZ, BEVICEMR LFDE > TS (n=38) 38 (100)
) 2 (5.3)
RRE D 6 (15.8)
EFhHEHT2 26 (68.4)
57 4 (10.5)
Rz L ORRE TiX, AEICEEE L2 BHROEF R TE TV D 0=38) 38 (100)
) 1 (2.6)
R D 9 (23.7)
EHEHT2 22 (57.9)
972 6 (15.8)
FLI2LOWSE TIX, BT8R LWVWOFEREH D (n=38) 38 (100)
9 0 (0.0)
RORE D 10 (26.3)
EbHEHTE 22 (57.9)
57 6 (15.8)
L7 H O T, BEVWEBELAE> TS (0=38) 38 (100)
) 1 (2.6)
RRE D 14 (36.8)
EFhHEHE 20 (52.6)
57 3 (7.9)
FNCEEN B AT (n=38) 38 (100)

24




) 0 (0.0)
R D 7 (18.4)
EXoEabl 25 (65.8)
972 6 (15.8)
B
HRREERIC, B0 MEfR) X [EE] PEERTVETD (n=40) 40 (100)
EUR 19 (47.5)
INAY-4 21 (52.5)
NN 2| SBAEZIIHETDHZ LIITEE IR 20 (100)
YL IR 9 (45.0)
D720 B39 8 (40.0)
HRE 5 & 720 3 (15.0)
BEESRIF IV TR A DREBRIF#R OB % E OIEMH (n=39) 39 (100)
[ELA 31 (79.5)
L 8 (20.5)
NANZ | SBAELRBET D LIXTEETM? 8 (100)
YL IR 5 (62.5)
ARAIE Tl W AN 2 (25.0)
HRE 5 B 720 1 (12.5)
R ZRIIM% TTH 2 GEERLRITE A E]A) (n=40) 40 (100)
R LTy 0 (0.0)
60% A3 0 (0.0
60%LA |- 0 (0.0)
80%LA I 1 (2.5)
90%L) L 9 (22.5)
100% 30 (75.0)
(100%KFEDHEE) BAELIIKETHZ LIXTEETN? 7 (100)
YL 4 (57.1)
ARAIE Tl W AN 2 (28.6)
HRE 5 B 720 1 (14.3)
FRESNETH HIRIC. WBE~DZBE2EID TVETH(n=40) 40 (100)
(ELA 37 (92.5)
N 3 (7.5)
N2 | STEAERHETLZLIXTEETN? 4 (100)
YL 2 (50.0)
AR VRN I VBN 2 (50.0)
HiokZ 9 b 7220 0 (0.0
PEEECRERDS, B & OREFEEEIZHD 02 TWOE T 73n=40) 40 (100)

25




(B 21 (52.5)
AT 19 (47.5)
NN Z ] DBAEZEEET DI LITTEETR? 19 (100)
Y LB UL 4 (21.1)
ARAIE =Tl W AU 9 (47.4)
Hokz 9 b 7220 6 (31.6)
FE 1712 NI OBFE, BEREEOTHEY (0=20) 20 (100)
[ERifi 12 (60.0)
EEfil - ORbdRn - FRERD 1 (5.0)
PR 4 (20.0)
F i 1 (5.0)
Z DA 2 (10.0)
Z D, 2 (100)
Bl PRAERT & 42N ) 1 (50.0)
PESEIE 1 (50.0)
EFES< DIES)
B TR ORE~DOIR Y MAHR L LTHARZ A 7S a vl 95 40 (100)
(B CABPEBEDOR ARDZZ2EAAHEIIIRLS)  (0=40)
(ELA 21 (52.5)
AY-4 19 (47.5)
NNz ] STAERIIHET D LITTEETNM? 16 (100)
YL 4 (22.2)
RAIE TN W AN 8 (44.4)
Hokz 9 b 7220 6 (33.3)
BT TRAROSE] (BT MAEIT o TVETH (n=40) 40 (100)
(B 11 (27.5)
AAY-4 29 (72.5)
NN 2] STEAEITEETLZ LITTEE TN 27 (100)
D LB UL 11 (40.7)
ARAIE-Z Tl W g U 12 (44.4)
HIRZE 9 B 720 4 (14.8)
BT LES) IR MEAEITo TWET D (n=40) 40 (100)
(B 14 (35.0)
AT 26 (65.0)
NNz SBAFEIIHETHZ LIXTEETN? 24 (100)
Y LB UL 9 (37.5)
D720 B39 10 41.7)
HRZ 9 B 720 5 (20.8)

26




B CIT (RS B (2R8I A EIT o TOET A (0=40) 40 (100)
(EUR 23 (57.5)
AAY- 17 (42.5)
NNz ] STAERIIHET D LITTEETNM? 16 (100)
YL 7 (43.8)
AR TR I NN 5 (31.3)
HRE 5 B 720 4 (25.0)

BT [ XN~V R ) ICET DIV B EIT> TOETD (0=40) 40 (100)
(EUR 29 (72.5)
ANAY-4 11 (27.5)
NN 2] STEAEITEETLZ LITTEE TN 10 (100)
YL 2 (20.0)
23720 BT 5 (50.0)
HkE 5 B 720 3 (30.0)

Bk TR ([CBIT 2BV MAEIT> TOETH (n=40) 40 (100)
[ELA 7 (17.5)
INAY-4 33 (82.5)
NNz ] STEAEITEETLZ LITTEE TN 31 (100)
AV YA I g U 12 (38.7)
AR TR I NN 12 (38.7)
HRE 9 B 720 7 (22.6)

EHCIX TR (BT 2B MAEITo TOETH (n=40) 40 (100)
(EUR 10 (25.0)
NAY-4 30 (75.0)
NN Z ] DBAEZEEET S LITTEETR? 28 (100)
DL 12 (42.9)
ARSI TR I NN 9 (32.1)
HRZ 9 B 720 7 (25.0)

BHTIX THZ Y BT 20 A EIT > TOETDH (n=40) 40 (100)
(EUR 8 (20.0)
INAY-4 32 (80.0)
NN R SBAEZIHETDHZ LIITEE IR 30 (100)
YL IR 12 (40.0)
AR TR I NN 11 (36.7)
HRE 5 B 720 7 (23.3)

S AABIR & BEF DRNL KB DT DITEH

FEDIRTUTHK L T & HROBNHIBEDRNEZ T 572 EOXE (n=40) 40 (100)

(EUR 34 (85.0)

27




VT 6 (15.0)
BAFIRETDH LITTEET TN 6 (100)
Y LB IR 3 (50.0)
ARAIE- Tl g U 2 (33.3)
Hiokz 9 b 7220 1 (16.7)
BB E KT 720 DA 2 XBEOFEIL OV THBICEF O 39 (100)
REIT> TOETD (0=39)
(EA 7 (18.0)
A4 32 (82.1)
BAFIIHET D LITTEEIN? 31 (100)
DU T UL 19 (61.3)
ARAIE =Tl W AU 11 (35.5)
HiskZ 5 b 7220 1 (3.2)
JRRETHICHRIRRORES & DI, HEMERTE DZHEYLENNETD | 40 (100)
(n=40)
(ELA 37 (92.5)
T 3 (7.5)
BAFIISETDZ LITTEETN? 3 (100)
Y LB R 0 (0.0
ARAIE- Tl g U 2 (66.7)
HiokZ 9 b 7220 1 (33.3)
RIS THERR@ITH LD, HEBHRTELBOBHVET | 39 (100)
2> (n=39)
(A 29 (74.4)
A4 10 (25.6)
BAFFIWETDIZ LI TEETN? 10 (100)
LB TR 4 (40.0)
AR Tl W AN 3 (30.0)
HikZ 5 b 7220 3 (30.0)
1B EET 2 DA 2B 22 T AN A%, B3HRAI | 39 (100)
LCTEDTOETH 0=39)
(B 10 (25.6)
AT 29 (74.4)
BAFIISHETD LITTEETN? 29 (100)
DU IR 9 (31.0)
ARl W g U 17 (58.6)
HRZ 9 B0 3 (10.3)
WSLRDRE, BRI 5 aR RIS AS ATRE T 40 (100)

(T Ly 7 REA DRORZEHE), ERHETRE)  (n=40)

28




[ELA 33 (82.5)
A4S 7 (17.5)
BAFIIHET D LITTEETN? 7 (100)
DL 0 (0.0)
ARSI TR I NN 1 (14.3)
HRZE 9 B0 6 (85.7)
SR OBIC, ANEHEZFRICER L TWVETH (0=38) 38 (100)
EUR 20 (52.6)
INAY-4 18 (47.4)
BAFLIWETDIZ LI TEETN? 18 (100)
YL IR 9 (50.0)
ARSI TR I NN 4 (22.2)
HRZ 9 B 720 5 (27.8)
MBS R ICEAED BV F 970> (n=38) 38 (100)
[ELR 29 (76.3)
L 9 (23.7)
BAFIRETDH LITTEE TN 9 (100)
YL IR 2 (22.2)
AR TR I NN 3 (33.3)
HRE 5 B 720 4 (44.4)
HEERL EFE, ANER EOEEMTONTVETH (n=38) 38 (100)
(EUA 23 (60.5)
AAY-4 15 (39.5)
BAFIRETDH LITTEE TN 15 (100)
YL 5 (33.3)
AR VRN I NN 8 (53.3)
HkE 5 B 720 2 (13.3)
HEOFIER, BArBoT5E. BMICEICHE FE2EETHE | 40 (100)
D AFERERCE SRR B ET)Z SN TVWET D (n=40)
(ELA 23 (57.5)
Ay 17 (42.5)
BAFFIWETDIZ LI TEETN? 17 (100)
YL IR 7 (41.2)
ARSI TR I NN 7 (41.2)
HRE 5 & 720 3 (17.7)
BADT-DITRE L 2o TAEB R WVE T (n=39) 39 (100)
[ELR 25 (64.1)
T 14 (35.9)

29




NIV DA, MAROFIIEBRINE L ? 26 (100)

R L= 20 (76.9)
EHLHHND 4 (15.4)

I L 72 o 7 2 (7.7)
BRI N THREDRNH TH - 72BBRITH D T35 (n=29) 29 (100)
B 3 (10.3)
AAY-4 26 (89.7)

TN ERBEZDHITE LI ARVEH T, TORERK - ZER

TIRE L O« RADSOMFRNDIa - PWrEORHZHN SRR MR

FEET A N AS TWDENERTIRIT D L. T4 2 2 & AFEF I 23T TR 78 EXeHi
T&E7pWe ZANRKHST-,

W & DT o A e bR EAHR LB B A6 22 HHiiAs 9 £ < TE TRV IBRICHS
TEIAHEHRL A ERTE

S0 AN, HEASOERENE D Tz LNz,

ARNFERA LT 205, HYE SELFEBNR, EIZ AT 2V, SHENZITA
HLRDEZEZDANBND,

DA DIEER LB OB EB T E DBk 3< W ~DULEHIZONT | 40 (100)
(HE—EZ) (n=40)
WEMEA RS R TN D 17 (42.5)
EHHEND LLEMETE L TG 18 (45.0)
2R R L9 AV AN 5 (12.5)
VBT R T Tk 0 (0.0)

SETICEERTTHALBZ IS LBBRND, b LIL 4%
AEEDFREE, FTRENIFREREL ). B LT DML E
BRTEXBES5< V xiEd 5 ETOREL Bbihd b0 (EEEIE )

FEERBAINTIR o TREZ, EZITHR LD Xdmdbian 5 12.5
IR 22 B O REREI O FEFAEIKRE N 11 27.5
FEREND, BIRELxNRICBET 2 fFH3E i 9 225
EEESEND, ARRISRICET 2FHR3E L2 2 5
REERD, B DaIa=r—varBzln 3 75
B DRERRSR & 1T 9 (BRSBTS M 720 14 35
REEB DORERPREE, EBOHE~DELE 26 65
SHREE (ORI - NIRRIEE, BE3ERTRISE) & OARES 9 225
JA Y DB OB 7 17.5
BRI R EDOFER L b 13 325
RRE DS DIBRDONENR L 3D B2 12 30
BADRZREANDRIER E % E D LIz b Kb b 220 13 32.5
TRRAEE DT O DEER 2R — N EAT 2 RS2 5 12.5
ZDfth 0 0

30




SETIC, HBABACARSTEREBIELOHIE, ELXLARVE
BT, ZDORERY - HERZHX CTHETET L REH VBN TT (B
SEERE9)

1 2 LRI S Y EEADR, RNOBEREENOEIEIZT VN T U ASRHY b
DB D HRR L Ao e, WREIRTTIC ST S0, R L,

61 FAA  KMEABE, FtR, TEEYER L2, RN Rl CREN HIZ
Y FIOZEbHY | AN GIBREEZ R LT,

B & & BITEE TN ZARIIFTEE L TEXTWAD, (DA ITFEEE4 7 —HEh T
THREER () IR L TREEWEBRNRONE HICE S, 2T AAE T A 13555
RHLEDODE T/ TNBHEDOTIE? MRS Z2tHOFIZIIAJHIML TW=7E & 720,

TRIRZ BB SEIC U CTEE AR L TN A ) FENTE ARE THHF L AN B
AL LT TIET % & 5 EEIi bRz LTh b - TET,

DL OB 2 L, AAOBERTHFLHIT TN E LIEAEREEL T2
DEL,

HELWERRRZFF B A DO TR 20, RV A WA (60 FARTEON) 72EBAD
HETRFNOD, ERTE RN — AN ) (B#?) ETIROFHE 2175 2
ENFELWEIEZ T Tid e, U, ELNWE WS EREFBIZR 50T, HE D BkbW
7o, IV END BERTEDLZENEE LWNE- D,

ANFHEE L L TINETIZ 4 BIEED RS TWEEB ORI E L TEE LI, &
BTz RICEEEN D Z &< —EDREMHODOLIRGERSN TS 2 413
BELILRICHT SNTWET, £O5 L BHIEAOFMACHEREE, TIRE LY Y
52 & THRAIA L—RITIER, sy 3ARD T LD ITR CE T, PFERRER Y v 7

CEERN & PEEIE) (ST SITHRTE 2 L WO RHIH Y | DsRW T,

EALBIIEEDODN 2 EL 2D b DONR% L, BEFEETEFE N < o TRFIFRFIT KR
BETLIz, izhbrsdbobB FHAL, FEiUGET20IZE848L/3— o FiHiEe
AMEBR SN TLENET,

FHIOHEB ARSI | GIRFHO%, Bh~ER L. SEotxUT@NTns (110
FERITF)

AR U TR IHNCEEFLZ LT D00 E 9 i3 bhmnb 7l

ANE D AREE L BRI DR IS Lo WS F N R R 3t LTH &) LT
DYy PYINYAAN

31







55 SIRIR AR A FE S 2 e i )
oK 29 AR RS RAFEAS
1B & B AETE OISR T 381 T 2 PESEIRAEERT DR RE & &
WHERE TR TN B TR RO 2%

HREE

SRR 28 4F- 2 HITIEAETHBE 7> & TR I1T D IRIR L EAEIE O SR D T D HA KT A ]
WAFSNTZZ & &2, 1B L AETE OISR I T 5 PEETF L C b 5 PE LR O 5 E %
Wit Uiz, PESEORERTIC & 21608 & ks DN 3R Tt [0 A23< 0 ] [k AEHIE]
~OBENT B, EFRIBGOEAE LR S [BEomA2E5] &, EEAH
F10uE < I AR S, BB HEE XD [NBE~OFENZE] 282 k-T0H Lk
WG EIeoTe, Fio, MBREEED, HNOK X 7eilE, ML Laens, [F—aTRHX
3] ZLt0a—F 4 x—F—{EIE R L0, BELY . f@EEE SEOFRIC T TR
R0 TODEERIRMEATIC & > C, WNSBIIRERT & LTONMALE L TRY, 4%, LV
BWIN RO T-DIZ, ROBNHEFENIRENWENZ D,

I. HFRBLUHEW FENCR LHIFF S QN D, PEEFERRIC
YRk 28 4R 2 A IZIEAT @A THEF  ITOREAT & FERMA VD25, F AR5
BT DM EMEATEOWNZEDOZD  ORFEXETH D OISK U, EREER X E A
DA RTA ] DAKINT, EFEORK CEMOXEEB ) Fi#EHRTHL L
DEOIFETTRKIE, DA L DIETERENK No, EBHEBEEZELRNL, T T 5%
RELTEWRIICH D, Fio, AETH @EFICH LT, B TIThh TV b EER
TR T 2 HARNIZ. RMAROEETH OB A & ZDEEZ HE 5T L,
6 F, ZMETITN 6 F& W FFHT—& 7 L VBRI R PEEFHEBDOH Y T it L
HbH, L, IBFEEINoESRE I, B T,
A DR %2 T 72 S LY § 5 S5 3
MLUTWARBREHY, ZOHA KT 0. G
DAKINTZERmEBRoTNSD, ZL T, MR ENZNETE I > TV
MATET TR, EROES T2 205 ZEARIINA 18 & k5 TG O 3 S
DIEFIEN L IND L D27 oT-, 20 ICBET 230 O, PEELRERT DM EE & %
IZED, ABIBIIBAREDENEREZ HlllonwThitzk I ol
D, BEEZ TN 0, By 555 WFZEHARIE 2017 4 6 H ~2017 4E 12 H T
WEINT 25 Z LN TFHREND, b,

A EE L L TSP T, 20k KGR LR DMANRFELNRE ST
T 2 XA DMEND Y, PEESHTH AR EZT RV mMEAELE & B 2R
CEEMOEENIETETRENWEERX D, o, £, FEHOGITITBWTL, FH
Rk 30 N DI, REOEERMERGS BB LTRIRW, T2 &R
Ero IR S CTEA T & DNTH, B THRITEICEIEL T 5
WIRE D | FHELGNNEZBDT. REERT D Lt

33




< HFEDOER>
WSS - TR LRSS OIS A SRS 5 2
s
PEFELRIERT - PEFEDIY
By H W57 DR

TRWTHES - %
#5102 (RpeEhfi

m. #HR

B S CL ﬁiﬁﬁé BV TIREERTFH
FERIZER T 2 WFERR ST & A B0y,
A, £+ﬁ6(mw)i PE ZELRAERT
ZXRE LTDBEINIEIZ BV T, PEZEIRE
footgRelE [tk A< ] [#
FLWAFGIE] BGomz255] [
RE~DOEHENSHE] [F—LTHA D] D
5 2°o0A7 Y —ZHH L Tz,
) [&#2E0H#HB3 Y]
ZOHTIAV=E 2 00T HT I —
MO SILTRY | EREREMIT <

DYATLEADOOEDE LU THERES> L TEBY.,

Flo. <SHBEOEHIS Y >IZFEE L

TWie,

2) [EE LW ASHIE]
ZOHTIV—E 3 0OHT I =D

MR ST Y | PEECRAEAT X <mk7 BRI
o TexbiE > 2 &BHIC, £0O L THEZ
HELTWL<ANFEOMNEH/L>Z &%
ToTHEY., S OIZHEERATIIRIET
ERWIGEIE, <R NFEHE A~ &
MW >E2B 70> TV,
3) (BHEOWHSI%E5]
ZDOHTIAV—L5ODHT IV —rb
MR SN TR Y | PEERMEANIT<sh¥ Lo
Bl A HUNISI B2 5> 2 La BTk
S>TEY, <BHOBEMEIEST > LT
B b o TWe, 0%, <Hml2ut
E(LOREAFEHBLTHDH I > L 2B

34

WL, <G OXtsafER> L TWe, £
LT, <BHRLEERDOTDDTA 7T
>SEBIo TV,

4) [MBE~DFEHENZE]

ZOATIAV =X 4 OO0V T T I —
DO SALTIRY | AT R
D<EFRRWDOT BARA Y M >EFHIZEBZ
o TR, <AKANDORFLIZFVIRS >
L BLBT RS IEAETE~O R LB
o Tz, F7z, FERAICIZ<AAD
HYZXZ25>Z &2/, <IRRDZE
{BIZIS U ZERP RN > 2B 2> T
Wiz,

5) [F—aTX2 3]

IOAT AV —F, <F—LTHREE
FAZTW>D—o2DY T HT I Y =7 b
MR SV T WD 03, EEECRBEATIL, 1AK%
ﬂMLTm<ﬁ%% kL. FIRESESE
. BHEEEZ T TR, BHo AN~
A%%%% FR7x ERET 2 N b %
WMBEHEEXZDF—LELTEDLZ, 0D
a—F 4 F—TarDELRSTN,

V. B&

TREEEm DI A, EERRICIZ IR Y # R
A —IETNLTHLDINTEY, EHA -
R - A - MR 2 RICKRELS 5D
AEENRTHWD (K1),

O —_A T A A, Bk Ok
Grkid) | bERE2 I
OZZEEL 7 A n—T v F—A~
RV AL K ST
OWHEHE., hortV s, ariir

T—ar
DLk - RS & Ol Hilg—>< v |
FRER A5 < D



®F RRB > — tBW~—rT 4 7,
FERE T $+ O B%E & i
ZOXINRHEEEX DL L. ARIELN
T2 W N AR 31T B PE AT O RE & 1%
X, Bl TIED EEZD,
RN OE LN (SR EOHHAS
<O] [ZFELWAFEHE] [0 W%
152 [RMGgE~OFHEN ] [F—L4T
X2 %D) OEERMERIOBERED 5 >D AT
Y — Z AR O A E BE ST RN 5 |
WRBHZEET D (H2),

1. [&2EotHmsas3K 1]

PESERMBERT I, M. KBORENEIRT
B0 ZZICHEEREMS T 5 Z & T
KRN IEERERT 2N TED
EEZTWD, EFERMEERIL, BRO®D
“REFE TR OB & FHET LD AT A
LD LD, EFTIESHMAOSGEE LT

SNEBEAED TV ZE AT B L,

@OZAREROHEAAAS < VITIY e 2
EERBLTWEERNHDEER D,
JEAETHENVE DD AR SN RO T
A RTA D TH, FEH (SthER
TEELFRIEEEDXD) ZEFBELLTH
NERERIZOWTIHRRHENTWD, FEiRkE 7
L2 A~DT KRB o —iii]-3< 0 %
DD Z LM, FEEREROKE L LTH
FTonhsd Bz 5,

fE (2016) 1% [23ABRECFIE O
O HER] O T, “BE L HEFLED
g - RN NLE LRk TRY | EE
TREEAT N < 24D 2T LDV EHDE LT
BERET D> L WO RER DO b FEEIRBEAT
XX OREERIRIL & 7 B BT B B 5
iR L7295 2 T, SthoftilAaoh Ttz

35

DI« R, Frbba—F  F—4
—OEE AR STND L ER D,

2. [EE LW AFHE]

FEE L L CHRICHTE L TWAHERY |
Z DM OB BRNE 5 LB D D, Wi
SEXARITIBWN T, KRE DR AT 7208
DEET T ISR, k& 2R IR BB A3 4 2
Lo TL %, 2, 2T D200
RFRSO. AARHI 28 OB 00 BRSO 72 H ) e
EL R FEIETOA v B =LA EE R0
D OIFIREFG72 £ FEERAEA X BT DRt
FRAZ S LR b b, dRE Z
&0 kAt B2 s RD TV D EEZ
Do [H (2017) 1%, [ORRER B S0 Ehs hil E
ZALAB DR B IS LTV 5 A3,
*EE ORI ZE £ 2 F TRUE T 5 2R
BRHD] L TWB, KoT, FEER
BRATIE, ANFERIZ WAL SR IS DV T O FER
L, XRE~OWNLRDHIEICHET
Lo TR NFERE~DEE~LEZ
ENEEND, @O “MRAEHIS DT R
“LIAE - ZHIE & OB OB
Y45 B 25,

3. (BB ow1%255]
ZOHTIV=E 5 OO T HT I —
MO EN TS Z Enb b, Mg
IZBW T, PEECREEANIE (B35 D W ) 215
2] TENETHHERZILLEEZZTND
ZEDb0Dd,
DTN SR % 6D T < RO
FmERRNESTHTH, B0 4e
Bl 4 1 O BB E O GEHE 2 L
F <G DN x OBFFERLH NI AR AR TH
Do Ko T, FEEMREEANL, FHEND,



BRSO O N & & o BT 72 BfR M
DD, WNEEEZEDDIZHT-0 . BRI
xf L CEIRERHE,ED D O EORLE
B RLd TEICHGITEZ T
HNDHDHZ EWRBE I NI, R &t
FRMERDL LADERN L, 5t Lol
8% &0 BRMIR L, BSG O BRR 2172 L |
LR L2 D, MEHEORERBIOX
BTZOWTOHMBERT ZENEETH D
EEZ TN,

O, TS ABERLHIBE DT 2D <%
BER] opc, B ~EHEERE LTH
DORERPHDHELTEY, 1 2HIT “Bk
BCONADIE LWHGEOWE K % Ll
TV, 72, FR6 (2016) 1%, [BAE
MB< 2 & 1] o T, “TRER ORI
BLZHA L LT, ZEE2ITH LT
72 % 99 KB O okt i I B 2 T H 23
Fro%< 2 ED TN LT3,
IO ENBL, M IRICE W THEA O
BAZRO FIEICIIEEN ML ETH D Z & & Hi
TRIZ, WG OPIR BT DO KT E
BT, ZNEFEERMERAHE S TS,
@D “WEEHE” “arPrT—a”
BRENZ TR S T 5,

4. [NBE~DEHENZE]
PEFEORARAT LM S ST TR L, Ol
G~OBE T E L TN DD, ol
HLEDIEFONITHEL T DT, X5
EA~NDIETH D, DO, BT
L LT, REHEDORIRIEHEIRIL, T Bk
MR BB, RO R ESESE R
PRZELL, JMEHEEIXZTWD, HtE
(2017) 1%, “PEZELREERNLT BT OR b H
7R EE R CH D Z &b, EF

36

Bz B £ 2 72 LT, R L Bt S FRFn
BRDHZENTED” LR TWD, BA
BT, PTEORLELT, XEDH
EHAA E K-> TL b, TORIITIE L,
— A= ANDEBIETIR N2 D, DT E
RN IEEL TN ZENEEND,
PEREMRMERNIL, RERHE DIFRD T mMED
N b SJFEEIAT < £ TTIHARWVD,
RERARHZENT RN E N2 Z LT
TEIZKHELTED, [HEIBEZXTHITD
ZERRBBEITIL T T D D07 ()MiR
FLBRSTHLIWVWATENT, 72 L0LS
No5EI A TTIE, HGEEDORFFH A H
L, WOIMI>BBNKEUITHDLEL B X
TW=,

R ik TR e ML Z &) o,
“DABEOBRIT BIZB W TR b EHE L
ROHDIFIARANDODERTHD” LIk XTW5,
BT HT Y —T<ARKADOKFHIZTH VI
ISIAKRNDANEXZD>EVoTY T
AT IV =NELNZZENDL, XNRE
IZ& o TEFE LVEH & B9 DML T8 &
N5, FEORATEHENTDHZ LT
HETH D, MH (2017) 1TERESREE
T NIVT T N—T DRI E bR L TE
D, MBRFOENLEND Z LT T 545
BROBELBZ > T2, HREHY
ASOLE T ~OREFE BT, EEE R
T 2 PRAERTCFFE RN D B b BEFIRY 7o bR
ThorEbWnx Lo,

PRAERT O N A TIE@ITH YT 5,

5. [F—aTXx2 3]

PEZEDRMERN I, XI5 & FIRkE - EEE -
EHEEE - NFH - WG o Nx - FEE
DF—LTHZDHEVWHIERBTED, 0D



F— L5 LIHETL2EZEN S D LB 2
TuWz,

AT IR NSRRI 72 D Z &7
LN Enh, FATHEBRREZB
D7 E L TCIEMA A L, SoskIcik 3% m
EEHSE TN Z ik, BYTS
PEZEPRIERTI DL, £ DD TF— LHND
AUN=PEFIZRSTZBRICH, AL—X
ICXHETE D LD RV A EITS T &0
LFELNWEEZD,

TRAEATI OBERE DO OIS L, PEZELRAERT
TR EFIZTEARA S LB, F—
DAL= EIFRILA L, ARE LR T
BHEMEZ O EDIZ LT HEERRD 5
b,

LRSI DR GE & 72 o 7o PESE LR RERT 1 X
WTILH BRI & D < BE LTV D REELR
A ChH o7 Z e D, TR TOREERE
BIAMENTZT T < REAERICH X 2T
TWLDONIRMTH D, 5%, PFEXFRE
kT & D IRMERT - BB O N B A 5] &
E,BIRoTWMERHDH LEEZ D,

V. it
PESEDRAERN T & 2109 & k57 o i 3z S 4%
VAN

[t 2EOtRZAS < 0 ] [FeikZe NFHl
] ~o@E i d 2470, BRSO
fgZfe L2 o [GomhxE2] 2 &
T, KGO I 2 xRE OJE BB R
TWLS Z & &ED, EFE L H b ) R0
#e BN EREL, dRFEAIEILZD
[HRE~DOFHEHE] 2L T2
ThHHZENHLNE T2, FT2, W5
Faah, Stk NE, B, PE¥ERE,
FIREFEOMEE L I L2236, [F—24

37

TXZ25] ZEHEETHDLZ EARPH LD
L7,

IS OFERE L AENX, PREERT O —%E e
SIANE—EL TR, WNLSRITIHVTRE
EF T d D PEEREMITR b £ DRI
WLTWDHEWNWZD,

<HIH - 2B 3CHk>

- JEAR T 5 18 5L Y SRy e A AR O
ARRPEFEIRE SRS TR BT IR
BRI DWSNLSARED T2 DA KT A
Y~ EORE E A D T 2 OTER
& MRZEAENVE DN & R T AR MIT T
, 2016

s AT - F— AT L B PE R A E)
PEEE LMD AL v 7 L O, PEXEM
fil 21, JUSTATBUE N 57 8 G FR 2 o hns, 56
89 -, 10-11, 2017

- FARPESE ; AR DIEH ELFEOM
SEXRA~BURN D LA TS 2 & Ziun
OO KA« PEFECRGEAT DL 0 6 ~,
FEREBH%E, 22 (1), 34—39, 2017
CHEOHT  DARESRIEO® T A2 <
HECR, fREEORZ, 58(1), 4—10, 2016
RS, @R AL Tk —
PRI B & kG O 2B OISy
XEEEZ H—, REOFF, 58(1), 11
—16, 2016

- RAARBIING, HARTR; B¥ICBITD
1B & k2 D SE SR I8 1T 2 PE AR AEAT
DEE & 5% OME, HUL TR R P ERR
R PR R R TSR, 488—495, 2016

~



FEERT—
BT T4

RS ORBERTE
-
Iistth e
MY ff?"“ ;
- HH 5 f N b |
7 X . e \‘
! z ~, \
Casa
G i W
i 1 | 7
v . Ipdiv o .
T T INK S
w Community e
REEE P .
R >
LA LTF-Sau e
Bporingy )
L SRVAETLIZHB16 ) Comemisy ot Sonseea Puble Hoan
Mursing Section

SHABOEFRE
(ZBEH)

{ [F-LTER3)

38



57 SEPIP i R ST 2 B A B 4
R 29 AR Sy A IR R
MEE L IBE OS] XBICET A
WFIE I /U F T IR R R

HREE

BEAVWCERICLYRFT LORBEEZLELETHFHBHBEMNBEMLTEY, BEXMICEFHBHEOLEL
EXAIOEFEREL, SENEEEZRET-RTI5EHATEBEIATUKLENHS. S, g4
REBLUVENNVEZETAREEORFTIERROBELIBENEOEREEHLNITEIIL, &
BMEEICET I EREREEHONICTIILEEMICRAEET > BIIRADOREEL 50 A
LI EDBERT 1200 #tERMRIAER HIKEEZITLY, 688 HLVEEER. iz, FHAEICEAE
MEont- 8 BEMEMRIC, XIEQOMLHEA, ERMAXIENS, TOMNREFICOVTHEETE
ERICKBAEETof. AETOREEFIATELHIEL 454 FEFT(66.7%)1HHLEZEL, TD
NE (TG R 8175 (60.6%) , BEfE AL D FHGHIE (43.6%), BMEARIRFIE (48.0%) A ELE(FON
f-. BEHE, EEHHETDEH o EEERILTZL TLL TS IAY 459 FZRAT(67.2%) T, 18
BEHRGIEDHDHECATI, EEEMNBEHLLIEEAMIL 166 BT (30.1%) THof-. MELDERE
[CELCES-CETRMDE X B LDRABINHLL DN TZRHE<(53.0%), RWTIWVDETERET
NIEEEVDOIHOASEELN](41.6%) THo . HERELTHEBLABEDOBILIIFEAHEMIZDONT
[FTEBLELNZE I EDEEMNEHITL(44.9%) Ho1-. BE 3 ERITRR[ELEETOMIHN R
272V REE L =3t B NN EFR (T 243(35.6%) ThoTz. MEEYRENHER-BERTIEIRFT X
BICETEEHLRRBN AN, MHIEICRDFIEIOVTIE, BHEEREEHOTVSEE
D EBHoT-. EREICIITEBEORBECEHEFIR, MERMENTS), BEELRR), ERED
EBRETORDBINEEINA T . MFXBETELANF -V ELDERNE Mo F
fz, KADSDFERIREL KU THY, KRAVNRFTERZRL, BRELGBIEICDOVNTHLESILED
WHEMHICONWTHELNT-. EBLABOMIZIFCIEFEREAMBERICEIEOZDOERN
BEELEZONT:. GIEEICOVTIE, BEOHIEDMA TERLEES AN TELLMEAETEZITL
KHEDRHD. Tz, TEITDAERANED ABBRIIEZETHLIENRINT:.

AR E R HZERTREIND., —J, EESCEZD
OREITEREmIESE 2D, S%IEFAD HEHAIZL Y, DAL TDOIHIITRIED
BWOPRAENTWD, BUESEFREMNZ W TIERL, BREMERr LR b B AR
EED 2013 ENLHITENTZZ LICLD kDT EDOHRDIEBMERBIZEML TS
BV, wFEERTEBE IS BRENT S TWo. L, FEBRIZITHEREBEEARE
LEZDND. UIRINTHEE EORHIC X DOWNZNKEE & 72 0 B2 RiER< S
O —REIIRIRE S 2 2B WHEGIRE 2 FHIFD R nE I TnDd. BADgER

39




FRARIZOWTIE, FEH, BE. EER
FHEOENENERNRICI LT, BEIHOTD
DHA RTAy, ~==2T VREEEINT
XTUW5. 2016 4F 2 AICITEAETBAE D,
FHATER 7 5 2 B & 3 2 7 B 3 i U 7
BB AT 5 2 L1 k- Tk &k
ECE D01, [FEITITBIT DERE &Ik
REFOWNIBEDTZ DDA RT A ]
BERFLIZ. ZOHA RTA4 IXHEECRE

POORIHIMOIERHTELLDOTH .

2T, AWFETIE, MSLSRICET 55
FKEFTORG, Rk, REEWAGMNCL, PE
KRfEOHFEMZE L L THFEESYFEH I
5 AR OREFTIANT T AR B & 375 Z
xR AMICHEZIT- T2

B. HF5E 5k
FHAT 1 E R A
HINBERNOREEE 50 ANLLEOFEFT X
0 BALEAEA R L7z 1200 tha kgl L
7o, A XEMEHEZ G L, A
HEORER L OET & HICEEEE HW
7. HENFIIKROEBY THDH. OEE
TREEA 2 > 7 OFERDL, QMR ER X
ORI N2 A3 D03 B DA & e A TS
ZWNLT 5 5 2 CTHIHI ATRE 72 i B o> A HE &
ZTONE, OfFfaKRE &5 2 & DOFERED
A, OfFELIRREOMN AR T 51
WMONFIRPL, Ok EOREIZET 51t
WAERE, SN & o, @b L ORLE D
VLR G EE O B L3, @SR o
AR,
A 2 B XY A

£ NPEZER R & S v &2 — 3 FE i
HHHERZIZSIMD & - = FHETITKR LT
A HEa—EZKE L. ZO/RKR, 8

40

FEFLLRIEN SO, PFRENEE
FrasifiL, FREEmBIEIC L 2MELTT
Sl AV H B a—DORREIL, O,
QPEERMEA 2 > 7 ORI, Q@WK
TICBET 21, @FEOKRH (NE, ¥
& TRA), ©@7+r—7 v 7O,
®OWIB, L o, O5%LEE b
oz E, @Iy 3dRIcB N TREIRZ &,
LTz, —FETRHTD 30 450006 40 55
JEA R a— " ToT.

A 1 ITEAMER 2TV, R T LA
NEIE T D HIG 2 Lz, JiA 213,
FHEFICRB T D XEOMTHARL KT 2N X
INZHOWNWTE DT
i B~ D P fE

AL EER AR A MEEAELZES
DR EFTT-> 7. ERIGRE LT
WA TEMmL, FEE S > THAEFR
AR T U7z, BIEEY REIC OV T
%, WEENB X OEAMEOHERIZONT
REETHZEZFHAL, AEOHLN-EF
EFNCEmL, EDITh->TUE, FE
FITAMRFE S L7 K D ICBLRE L 7=,

C. FFFuAREFR

A 1

688 TN O W AT B (BIGE
573%). MIEFORBMEZ TAFHY3E ] B
367 N (54.1%) L bo L B <, RWT [
AEEE) AN 184 N (273%) Thoik.
oML, ZER, THE, &L 0o
o EEIHERIC B 2 E B Ch o7, F
SEFTOMERKIZ OV, EEBHD 150 A
A ) 23 39 FHEFT (5.8%), 150 A~99 A
23 300 HEFT (44.6%), 1100~299 A 23
255 HEFT (37.9%), 1300 ALLE) 23 78



FHEFT (11.5%) THY, 50~99 ADFE
Fiii b 2otz REEROB L, 15
PERZ N 3 355 FHHEFT (51.6%), [Zk
MU I8 277 FHEFT (403%) THY,
WEEEB OHERNL T40 £ 28 415 FEPT
(62.0%) LbZ<, RWT 130 ) 7
178 HEFT (26.6%), 50 X 7% 65 FEfT
(9.7%) DIETH ~7-. FHETOERM Tk
B oD n THEES] © 206 FHFT
(29.9%) THY, WWT [HIFEE - /h5E
%) 08 83 HEPT (12.1%), &bk A% 70
FHEFT (10.2%), [EFE 2 53 FHFT (7.7%)
I ARy -

= LB O W SL AR ITB T 5 B OfE
a1 ITRT. 88.5%DHEF CrEXEME
AL 7RRESNTED, 98.7% D%
EFTCHEEELZREL TV, BRTORt
EBPFIHTE 2HERD D EEZ DX
66.7% DFEEFTTHY, TDHH 6 HlDH
EFTCHERMEB A, 5 B SEERTE
FRNR I EE & 8o\ F 7=, W R BAT O AT /A 1
1% 43.6% DFEFTTHRETH - 7=, #PEiR
PED T DI IRIRZ BT 25 2 L1220
T, 628%DHEEFNTIIEAL L TR
TWEHKTH D EEIE L0, EEOR
FEIRIREAS 2RI 6 BIOHZEFT T 59.8% A
ThHot-.

WEEBOBEBERIL, 67.2%DFHEHN
[7TenTnLTWng ) & X, 781%DF
EFTCIE BRSNS LTV, 65.3% D
EFTC, WBEETVRN O HEET DR
Bolwlo, ¥ LoRELZVNEL LR
BRosd 0, ZOEEBILD O, 9 DL
DLOWRR, MERiE, BEHEYE, HNAKRET
Holz. fLHELIBBROM ORI DONT
1%, 29%DFFEFNTIE [HFE Vot

41

EDTMMBN ] EEX T, 449%DF
TR TEBLBLELFRIR) EEEL
o, EBLEORBICEL TR &L
Tho b bEoT-Dix, MhoitEa LD
THEENEE L, TWOETRIE LTIV o
PONBRW] Thole., i - BEDOR
ENWCHZVEELZALE LT, LAk
HZ£< (824%), RN (74.6%), NFHY
# (58.4%), PEZEE (584%) M Te.
¥ EOTHE - BEONEIT MEFEONR
ZWOT), TREs], EFEoONEDOE
Wy, TEREMEE) REnELhotc. 9 F
IV ZERT Tl ERE ORI M L,
XEORBE LEZB I /> TEBY, TOMKR
Flx bw (77.6%), ANFHEHE (55.5%)
NEMoT=. 35.6%DF¥EFTlE, B 3
FITHRR EALFOM NN L2 & 2 FH
IR L7 EEENB Y, BRICE 728
BHE LTI, MEHEE Lan DRk
52 ENRREEC o7, TRRDBER VA
H o) REThoTo. IHREMAFD
WNAZ T2 DI B 72 Z & & LTIE, 6 FILL
oD, FEE T O, KA
R 2R L RIE L.

A 2
SFRFFEFTONEEBLIIZ, 100 A5 299
AD 2 FHEFT, 300 A0 D 499 A 2 HE
Ar, 500 AL EDS 4 HEFCTh -T2, ¥
TRGESE, EVNGE, SR - fEak, EER - A2
W, = Bif -2 EEThoT
BT DR E LT, [543~
T A ORBEICL Y, SR AMER
EHEHE L TS, [EAMESRRO I >
vav), DRREEICL DRl 2 & CFF
O HIDDITEMITE > THEAFILE), 18



LT WE D ICEET 5 ER%ET o
7.
LEFEEHARICOWTIE, et
ZESDHREL TR, FEFNTHRT
TN &R E A LB IR FH D
VT, ARRE, LoD S O A B O E
ik & O HMIA OBEZ R > T .
TRTOFREFNPEZEE & JEMRK ZH
TR, EEFHERICONVTIE, 3 DOH
¥ CHEEITHEFEE L TREINT
Wz,

b9 IR ITAR D HIEEIC O W T, GEBE AR
DT DA KR 1 1 REFHEAL THUS
TEDHE¥ED, 2 KHBEM TG TE5F
¥(bdboTeh, Z<IXFERBRMORIE L
7o T\, BAIFEX A 3BT 1 ARE) &
BET D72 E BRI LTV D E
¥rbboTo. IRERHIEIL 14 6 » %D
HIRRAT & CIGTE D FHEFNITL AL T
otz FEL EOREE OTE 2 NFE
FIBICERE L TWOHER L b o7, K
FEPRHGAICIREEEREZRE L, H
RPITKHE LTV DL, WD A
WZHNRN—=LEZD LD R AFREE LT
WHEETLH T2 KT O E IO
T, EMIREZOSA, T8k
WD U TR S I, SCRai b Be 2 3
Fibd-o7-.

BRI T Ly 7 A H A AHIIEE S
ZIBAL TWRWEERDRKETH L0,
Ty AEA Ll BAL TV D REERT
ZBWTYH, a7 X4 AR EEEHELEED
HaWow, BEERRIZITA R TIER W &
DZEThoT-.

k9 AR DORERIZHOWT, TN LT
WEEBIZOWTIE, >R EDA L Z v

42

NIVARHB L L, ENLDSNTIEN A, B
W, BAR, MEehThol., By EED
FEETIE, ERENRDEL, EIRED
W EIIRWRN OARANDOE M A EH LT
KFRIBDTVWHHEEFRNIZTLEALETHS
7. BB T, FEEEIC K DER
T % 0D FEH % (N {8 DV 7 A SRR % 1
FTLTWDED, £ TRVNEENTONT
X, FIREOZKELARAANOBEREZMHERL
729 2T, B0 NG Tk 217V E K
IZORIT TV DLFEETLH o7, FE
RRCIX, [EBEOFHEEOEBHIBR, [k
M%), [ROEHAHR), [ O EBET
OWER ) ZFh L TWDEEFMTEAL
Tholz. TORE, EIREICEEFRBIERK

LT o 2lrdE (IBE1THIRO fELHAIC
DONT) ICEEH L TH DY, ZRICESX
ARNDOREINEMR LN DT> Tz, —
FHCEMIZL > TUEARADRBRIZEDET
HEFEOFENEE Lo 727201, IBRE S
DRI THBERBR LT FENL H
STz,

L7 SR ORISR & R O FEFTIZ BV T,
EFL Vo FH L H D0, RISHIWNIC
HEL TV HEAILRER I TV, Fin
AHNEHETHSREBE L TV A EE B ML E
et H BT, AAaIRIRHIE 72 & o FE L
DMLEEEETWDOLHEETNHT-. £,
HEHEEIBROESLO DI KYIRZ L85
rmilo b A, WGORERORERIMEDNH
T o, Z20RDIZH, KRANLOER
LR REITHY, AADNERFRTHZ
L DOVFMEIZ DN TIRR BTz,

D. %
KB S1D B - 1= FEFT OHALIT 50



A D 300 ARTEA D 8 FHA2 LdTE
O, ARSI A) RO/ NME3E o JhE
ERLTWHEEZEZD. MIEDH-T-%<
DFFEF TITIERCED W EFFORAND
B LR ®IE, &R AR WAL T
D X OBERSHREEAT H B EF > T
L2 Emgmole. ZATANFHYE, k

HRMb o THESCEIBONE ZRE L,

TAua—1H LTWER, @KL TH EL
WO TWND EEFEWHNEEFENRHDLZ &
fAlbiiz.

AN BB D 72 O I HH 2 IRF ) 2 B9~ 5 55 {8
HERFIHTEDHIEE LTELLTNZD
X, RTINS TR, A ARIRIR, FREIRIR
BERNHIT LR, LL, kbEWES
Tho-ERFHEBHI TH->TH, 6 FI
LEFoTWE., BHRIRIRIZOWT G,
BeDBEEIC K-> TIE AR T D A]
ZOR, K4 BOFEFTHRAINA TV
R AL O A RS IRIREI EE IS E & B2 b
7. FTRRMET DR Z I ITDZ LDk
% REZE HENHIEE 2DV T 2 Bl TN
LEFEoTWE. flERB-THHRLEL
’?3‘?"1/‘53 KNEIMTEERERTHD

, AR OWT 6 BlOFEFN
@ﬁb%?wﬁ KThHsHERZEL TV
HOD, [EIEFIEROEEDOAHBIGRIT
50% A58 6 B TH - 7.

@%ﬁ X 7 BlOFEHEF TIThiv Tz,

HREMMT L0 EEN 8 L T, E
%Ei3%&§f&ok.ﬁii%_%L
f@@%&bf@ bHE], NFHEEED
T oo, EIRE, PEEMBEE Vo
%%@%@%W%@%ﬁi&ﬁ#ot.i
E-BEONKLE LT, MEFEOREZRES
T, UEFENEOLERT ), THEORE] 7

1H

REMEDN D 5.

43

E, BIGOEEIZPIERLNHFERE LT
HONED o TN, HERFHEE, EmEEofk
&,Q%/E®ME(&%%%T@&)%

FFonle, RESIEELBIR>TND
%, 9 BINZ0HO ERANFHYSEFIC
L5670 =7 v 7 bIiTo T, KR L
L GBI 2 o 7= o] & R0 L 7= 2T
5 HRRESH Y, ToHEIE HHKCES
WEL 7p oz, TSR e~ 72, T
FIZHIETE R el ETH T,
B R DA RDIFIK 72 D D>, 53k 57 N RE
72 RPLE TSI DAL L7 D 222D T
IXXRBITE R,

X HD A CIIREEE 2 RUICT 546
HEHEDBR—RZH > T ZElx DEIFIZ
BOETEENREIND & DR &
MEE DI, HEELREE 2 HEME T 2 R
DR TE T BARBIC CHRICEA D D BRI,
ko m Ex2 BiEd 2 & 2 RHEICE <
VEND D EEZEZ LN, F12, ARIFE
T L » THEB LD D bIEFEZkET 5
ECHERRHEEZL>TVDEZAEH -
To. FHINRFEA L TOLMmENT 20 TIER
<, ATH 2R WIED Bl E 2% L T < 2
ERRUITHD EEBEZ BT,

AR OFHEORFIL, BULERNK 5 FIT
ol THDH. BIEDEN - T-F¥EPT
DEBIZEEDH > -FHEHFID HEE LW
"REMER D D, FTo, AlNFEE LTREE
B 50 NULEZERIG L LioZ &b, /B
M FEFTOEE AL N TIERY. 4
BORFTEETH 5.

E. #5im
g E YRR O N ARSI, HE & A
HIBMRICAR AT D OO EENEETH 5



EEZ . HIEmEIZOWTE, @E O
il EELZ N 2 C Fiik 708 & 5 53 T & DAL A
EEZ TV MERDS. £z, XETH
MEARANED NHBEMRITHERETHD Z LR
REHTz. PEFERER Z v T TR 2
L REN b o T, AR A R T REI

F. WFREREK
1. EwSCFERRL
2. FRERRL

G. FRIBEEMED I - B&ERIL (FEZE
)

bHbHEBEZ LN, 1. FFFEUS7Z2 L
2. FERFEHEL
3. ZFOfhia L

I LSRN RS
HWHEAE n (%)
PERRER Z v 7 2B (n=688) 606 (88.5)
BEISNTWAEERERZ v 7 (n=605 EHEE)

PEFE 598 (98.7)

DA fm 58 (9.6)

A 51 (8.4)

BT — 38 (6.3)

Z DOAth 21 (3.9)
BEPOREENFIFATEIHENDHD (n=688) 454 (66.7)
HIEDOHNE (n=454 BEEE)

JE R #h 5 275 (60.6)

IR AT EL OO A fahl B 198 (43.6)

FEAR R Il 218 (48.0)

IRf 7 HH B il BT 90 (19.8)

U e i 74 (16.3)

TEEE 15 (3.3)
EBRIEHRE D 1= DA FRIREIEZ DV T (n=681)

BERE LTI LTWEEKA TH D 428 (62.8)

B> TR S 183 (26.9)

PO IZ<WEHKTH D 28 4.1

PHEbLEBERARL 42 (6.2)
FHEOFARKRBIEE (n=676)

70% LA I 98 (14.5)

50~70% 146 (21.6)

50% Al 404 (59.8)

FeYINCTANA 28 4.1
BN XBICET AHERITBMLEADR VD 226 (33.0)
MM XBIZETAHINN 7Ly DR —LR—TUREEFREZ LN 290 (42.2)
b

44



REDBT T DT DICEINARA T REEE PSR ICER T I, 8
BE#E L TWB5n

ZNTWVL TS 459 (67.2)
iz LT D 112 (16.4)
LT 93 (13.6)
ERERERE 0=552 BEEE)
o] 431 (78.1)
N2 267 (48.4)
R E 68 (12.3)
Orfdhn - FER 39 (7.1)
PEYEE 166 (30.1)
Z DAth, 23 (4.2)
WEIEITFEIDBR MW LN 5AFEE2 T HREBOTZDIC, 448 (65.3)
ERBRIE, (FEERNBRRLEEZETTHIREDEEZ LToRRD Y
BE OB S LIEREBR (n=445 BEEEIE)
9 DI 288 (64.3)
R, BIEE 119 (26.6)
2 DLL DL DIFR 114 (25.4)
iy 114 (25.4)
I & IR O W R
IFEL VDT EDFNE N 190 (42.9)
IEL DRI T ZDFHFNE N 26 (5.9)
EHhb bz 199 (44.9)
eV 28 (6.3)
BHELFOBERICEL TH I & (n=438 EEEIE)
JHRDNERED W OFEEE 72 & DIFIRA & 129 (29.5)
VLR E AN DD B 720 71 (16.2)
WO FETHEETIUZ L VDb G 720 182 (41.6)
TG od T, GRE AT HHHL DL 0 115 (26.3)
OHEEE & OFEEDEHE LW 232 (53.0)
B T2 EANI O BILRAE & OFEE D L 29 (6.6)
iz 82 (18.7)
Z DAth, 10 (2.2)
BUE, 1B L EBEOBMN O DICKECREEZITo TV ARERDN | 279 (62.3)
AV
HEDD OB UHTEREEZIT> 720> (=279 EHEIE)
ZUN 238 (85.3)
F Ik 19 (6.8)
=] 81 (29.0)
N 44 (15.8)
PEFE 48 (17.2)
BELEOZE - BBOWREICHT- Y #EE L A& =279 FEEBIZE)
AN 208 (74.6)
=] 230 (82.4)
NS 163 (58.4)
PEXE 163 (58.4)
BELFOXE - BEONE =278 EEEIZ)
HEONEZRF ST 142 (51.1)
IR 132 (47.5)
HEREONEDER 126 (45.3)
o I P ) 5 108 (38.8)

45




L ELUEHMETLEBERNZER LT, XEEZRELTWS 246 (88.2)
BEEOXE - BEOHERE (=245 EHEIZ)
k] 190 (77.6)
N Y 3 136 (55.5)
PEFE 54 (22.0)
WEIFIHIEAFOMILBE LW & 2B E IR L 72 A8 243 (35.6)
Wiz
BIRICE - 72 BHEORR (0=239 HEEIE)
9 DI 136 (56.9)
2 DL DL DIR 58 (24.3)
iy 35 (14.6)
HELTRR i < BE T 47 (19.7)
BERIC W e o 7o B H (n=235 BEEIZ)
HHFEE2 LR OREL MG 5 2 ERNREIC o7 106 (43.6)
RRCRENVREL 7ol 98 (40.3)
PRI KT 5 AR 72 (29.6)
B EAEEOMN DO DITHERZ L (n=684 BEEIEIE)
[AEE0HE T O BRfR 427 (62.4)
AN OALFN % 5 K5 415 (60.7)
=] oo B g 364 (35.2)
FEFT N v T ORR 184 (26.9)

46




55 SR B IR A ST S S Ee Al B 4

R 294F BE Sy A ST S
ERMSEACER Y v ¥ — OEEICE T 5 BRI
WFoE T ERERE R K REREE PR #i%

FSEELE  ARAFZEIX, BE (B9 BER RGO TG DX
Ba, LA AI 7T, KOAHRWETE D 2O ERE
BEXREOH D FITHONT, kxRS OBBREICL D I N—TT %
—HAAL B 2=l Lo THLNIT A LD TH D,

A. WFFEERY

MR DOEINLTH Y . DARBED
SNIZ— NIt Th s, LorL, BAZ
Wik, 16HEIA £ TICHBRE OB EERE L <
WD EWIBRN D D, BUFFEEIZ XD =
HER SRS EREBE CORARE R &, kK
2 IRERNFT T2 TN D 08, TR E I D%
72 KRR LB TH Y | TR OBME THE
RXEO R D20, BEOEMENEDH
AIVTT, EOXH A BALUX LV A
RN TE LN HOWVWTIE o lEt &
LT,

Z T, ARBFRIIN A DIEE & 5L Ol
XBEDT-DICHRIEEET VARG 272
DI, BUROMERZHALNZT L2 L%
BHOE 95,

B. WFEHE

[e4] 104 OFME GRS PRBRITH 134
FUNEREFZE T 57 IIRBEMS (37
XEA—T 42— F =) WK - U AEOT
/PT. NS, MERE % —FiE (Eff) )

[IefE] 9H8H (4)14:00-17:00

[35HT] R FBOR e S5 1 ik

GRE)] 74— D AT NV—T A v FEa—

[FlERA] & o514, 0TI4IC
TlA o Z B a—%2FE M (1~1. 5FFfH)

[AHEFA TR E] FANCLLT 2%

47

O MEFLENPLDA vE—T

@ BMEDOT 1T 4 —VEIE - g

@ A HEa—AA R - BRI
At

[ BR T~ DL fE ]

NZRG LT D EFRIFETE T 2 i BLFR

WCHEDSE, KRR TA 7 A= A5

SR = I TMERE AR 2 TV D,

C. HFJERER
XFEZLELTENEGAIAL, HE
TV OERL, FEE L THT I BAERK
L7z, W ORER, ToOHh7aV, 220
VT AT IV, 2200 FBEET AT LABER
STz, ek, RERETT ORI LT,
MAKIEZED [ 1. FIENRE) , FIiF -
B - HRERT M. BHE2E525)
RN ELME L TS - WIS S T
B O R % | D3SO R S 7,
Mg e LT, 3#iich/iz>T, LAFdD5D
ORI E T,
CT. Wham) OB - <MBEORBEN
(MNLZAE) v AT ADEEf S Tunen >
<HE@QMEEN (ML) VAT A0 HEE
LT > <[HEQEMR — M O~
a> T, ElkE 5225 O <HE®
PENEEE DR R >, <MEOERE X —0
BRER >, <MEO 72 FF o



RTE)] & TELSZ) >, T ER% O H 4 |
W<MEOEMMRZEOHL X >N RN
HE 7=,

D. #%2

1B & k97 O W SL AR I, R & RS
BN WS TIThhTEBH . ZDOHK %I
BWTHO SR8 2 S TWRN D L AVR
BN, £, ThICk-> T, BROIICHE
& (7 HE) BHEDBENLOTZ D OEHR A INE
LRTHEZRBRWVIRILIZH 5 Z RS
77

Bz, BRTIX, BAMBRXEE Y ¥ —
RERE 7 —Te & ERR & BS M O 21
ERDREMEADFEITILTNDHDD,
FTHLHIICHERELTELT, HTck-T
INTHENFRIETH 2720 | 5 WVITFE
LTWe b LTHIRERH D Z ERRBI N
77

S HIZ, DAEMERREFZ T T, H

48

BRI 2SR A MLE L SN TND Z LIRS
Wi, THEER] MEBEZ 225 Rl
(72 KBS L TV eV, Dtk
MEW%E D H 2 | ORISR E TITE)E
WTWRWELRD B D Z & PRI S 47z,

E. f&dm

WAL SRR IE, A GRTE) SR — B
DO TR DRNHZENTEHADO
ERTDHZE, EbIT, PRI SEDT
DIZIE, FRx REMENLNE LA I T
THENRZ T HND KD IEERLETH D,

G. WFgERE
1. FWsC¥EER L
2. FEWE L

H. FnRJMPEMED A - BRI
L RFFEUS 2L

2. EPEBE oL

3. T L



57 SEPR I R R S S B B &
FERK 29 AR EE ST RIS
B2 EERERS Y7 - BRI OBEEIC L DM SR AT ADB%
BREEB Y O X Br ERIE L0 DOES) - FKEH S0 r T LD %R
ey e BATEAE BERERARI AR REERT UV T —rar R HdR

MEEE

KM CITIBHR LI T O SL SR % FHLES 5720 O - HRTEE) 7 177 LD B FE A o
HEYEL, WML OV T, ESFRMERS web 2 W TEMN OGRS DI 10 4 H
DIFMRENE T HIEE LTz ARTETIE, FIRKRE - BEICIEE OF AN TSI, Lt
DML SR Tieb BEEAIND 18 12 FIc U e, Fe, TIdas ) DEER T ) [ A Z L~ )L
Dt 3 ELMAEADLIEEUTC. KR, B RT 2R A A 134 RO R 1L TITE
HECTHY, ZIUIMAET, BERIA, A2~V AT CH AR Th o7, [ENOF il S TR
SN LB ITEE) « F ARTEBI O A RNED RSN TODDO T, ZRODIEHRETE L Tl 2
LI7cbDIZT 20BN D5, EEFRIEP I TRODERE ~OF RIZHELZ BT 50138 A0
DL, FGORFE MY T5HBIOBEANTHILT, BGBRECHE 7 IS0 TR
ANSNRT K, DR VEE)  H KT T 0T LR T O EN DS,

A WFEEH hottaz HieS Xz,
D E RO, DO TRIBEDORRES PR BT COEFHRIGRAIZBNT, 2
NTWIRROEFFEE N LaE, BATE AICRABLEE TiE, EB Ok, & (KI5
BIRRNCEESEDODD. — T, TR AR LS LI S REERE - RE T D
EEL L D5 EFEOPITE, OEF EoE HFICEZTHD 2. IMZEPICRBLIZE T
HCHl B IR A ST D ENTE R WG, I, EEhOMKRE, B RTEENAHER: - ) LSE 5
Q¥ EE B H DEIRICHOVWTOIMARZD ZEIcky, FikRe-fe ) OMERITL L LY,
By, TLUCORS OB - SR IRHI AR MO TIHICHE G TES . HEIRRIC
CIZIVEERICE DL ANHD. V1@t T REBLZE T, Sl B IRIEE S ARG
T DMETL ST, RIEOEFEM LM L7220, RIROHES S IHEDRIEL T 157
Fia) ESED720100%, B ) OfMRMARE  DTERTED 0. AL~ LRI, TN D
DIETHL. LECmim A OFT I MRS EYE AL KT TR, #4727
2, WREMR 2RO, FEENMEFELERE E#HICKoTErh=0 2 8 N O R AR 2
ELTMERE S 2R 28, DOIRIEON  WEEAHEOL, DORBEAIRFFTIE0NTE
AR EU OB AR OS2 T BT,
HTETRL, WU RIBRAZ TR L@ EET 5 TR &8 97 DO NESCHRIZI N T, B DAk

49




for, S IRIEBYOMERE - [ BIE, 23~ iasrf-

FERIFIZIEB L7297 B2 1T > T EIR AT R
ThHHEBZLNDN, WG TITH, BB
WIGEC e 77 I ML T+ aiciatsn
TWRWE B oD, RUFFETITIRE LB 57
DML B FEBSEH20 OEE) - & K%
B mr T AORIEZ RAE BNEL, WFERIAE
JELIRDINRE 29 AEFEIZ-OWTCIXE N O STk
I T 3 g RSN B

B. WrEF
b5 LIR IR DI N S R 2 FHSELHT2D O
) S KIEEN 7 17T LRI EAT O

FRETDT O Z R 52 8L L2 (K 1).

WFFEHIEERE D 2017 AEFEIZOUNT ;t, EAND
AR DI RAUE T D20, EFH
JHEEE Web ZfERHLT-. F72, ZIKEPF%'ET“Li

B (R RE - R NI IEFEOR AN TSN, 1R
PEERLST OWI N AR Cleb EEHIND A

AIEFDICTDHZEELT. E, THZET )
DHEFRIF | T A 2L~V A DFEF 3 Ay BRI
HrHIEELTZ.

E RO ROERINE

[ M EE Web 2L, iR 7iE%
WAL, £ 1 OINTHRBEF—T—R(ZAML

£ 1. REPBHBERREXF—U—F

UaK 1 MRFF—T—R
V.V DA TEH)
DA 2 Wi B ARTEE)
Jeze 1 fAsr SEE)
JirEd 2 AR SRR E)
a3 AET FRTRL )
a4 AET BERTRT SRR
WEIRIR 1 BEIRSW EE)
PERIE 2 BERIE S IRIEE)
PEPRIE 3 BEPRIN HIE(L TS )
PEPRIG 4 BEPRE BIELTR SATEE)
AHN ] AHAVA B
AN D AHA VA B RIS

BIROWER) 2% E LT, fRVIARKMELT,
A S A 2 T R S - R - AR, R A
Br<, M CE REIT B AREE, IRGEERIT I
2008 FE)>5 2017 ED 10 R[], Fov X7 %
ERELTe. ZAMVEDERORRFRIZLL T O R
F—U—REANDHILEL. MERIT 2018 4
2 A4 BT, S SCikiE, 25457
P COIEENAE B DOFL T HH L LR
Ea—%{T-o7.

2017 4EE 2018 4EE 2019 4EE
= 400 STk KON R D ——)
M 3 DORRSBRBE O HUEE & 3T I
1B 572 8 5835 D0 O N AE & 43 BT I
FEFF - LRI DO ML 4T E—

W5 36T DI - B (RIS B 7 07T LD BR % ——
B %E LT 7 05 A H MRS I Al R A —

1. 1BREBLT DR R EBRSE D70 DOEE)  HETEE 7 0T LR E BHL LTS

2HiE (2017 4EEERR)



2. MR

578 K
A1 419
A2 101
Jibd 5 1 975
Jibd A 2 45
Jibd A3 19
JizEr 4 3
BEPRIF 1 2,373
BE PRI 2 214
BEPRIF 3 5
BEIRIF 4 4
ALK 122
ALK 2 41

C. HroefER

2 \Thh TR LB Sk B . 8
IBFEOINE)T —vay (EERIET nsT
) OFBAIE, American Cancer Society (ACS)
X° American College of Sports Medicine
(ACSM) ODRNERH L ThoTz. AFIZHBIT
HIE T VU ADIE A ARINE YT —var
EHRICIDNRADINEY T —2ar HART
A2 BB TOWDLONRED T, A<
B OUNTITA B ER LM /L —=
YT DB EDETHLHD, ARTETHREICLY
HIXH 56 DO—E TR oTo. Bz
TR LEB DL T AEL T, World
Cancer Research Fund International (WCRF)
x> American Institute for Cancer Research
(AICR) 72 IS XA, TRENEIHIMDEENG DS A
DFBINRITHEETHY, LBAOFEHIEN
AbATREMER BN ELTWAD A, EEINA I
EHEOINTHY, 1 HOZpLF—{HE
B/1 HOEREEHRET 1.6 LA AR EEL

51

TWo., BARTIXENS DA IE X — D%
Ham—MFZENLDOTE T VAT, BT
FhE R A A, M TH B A DTGB EED
IR ARSI TNDN, HiE/EEINAEIC
DOWTIREN TR o T2 (BASEIRICE
T D RO — 2B R T) .

B35 2 3517 2 FE RN 22 A5 14 Rl D F 38%
HETIREETHY, ZHUTMzES, BERRE,
A B~V AT Ch AR Th o7z,

D. B

MARRBHZE DI ANE DT —a, I Th
EENRE T 0T AL AR EES L
NN —=2 7 DMAEDERZMEINT
W THERMEL THIREIEZ BiFHen
IZLIFZE T UATHLDOT, i OIGE)
Bx LD LRERETLENBFENNLL
RN LA, BEIRIE S A, FRIZA R
BT L O BTN BHEFRIF O TR A0 AT Bh
(R ATREEL RSV TRY, Eie, HEAL
RO R SEH T REOBEEREL G, W
I —EDTEE &2 HEIT T HENEELNE
Ebhs.

BIZIE, SCHRIR SR IZBWT, BAREREZ O
BN E T BT AL T, HERE T LS A—
B % O T E BRI O A A A ST
72U Ch, BEEt%, BESCHSE COAIRET
NAOFRIZEHLNGAENRZ . thoTar
FLZRBNTH, EEFRE (Mets 05 1RM) 72
CE R, EENR LSO AZ YT TR
TUZEEREHELO DL LT, EENRIEA
I CARNZETLBAADIE, EFH TIEAL
B OREFEE BA Y 3538, BLOHEEAR
NIZHILUT, BGRELHE 7IS Uz
ANGNRT LGNNI rs T LR
THOMNERDHLHEE ZD.



HFFRRAEFEIC DOV T, BN O3 300
BiE 10 R DOTFRAINE T HZ LT,
ARWFFE T DA J e, Tz ) ThE
PRIG | T A Z e~V ZJDFE 3 53 B b 2

Tz

SRESRL, WSS T IT D R A s I LR HE T,
TAUTMEZE R, BEIRIE, A 2L~ L AGETEk
THRER ThH T,

SEE) - HRTEB O RPES RSN TED, 2
NOEDOEREIEHL TG ICE LI DI
TLHLENRDD.

RS BRE @ E IS TR T ANLRR
T, AT WVIEE) - KIEE T r ST
LEPERTDUENRDD.

B
2L

B R BEHE D R - BRI
2L

T

SCHRL & = — (B8 79 97 S99 Bre 16 B ik 57 il
MRS EEHPRE O E —
BRI — & —E L C, BRGT SO BeTa et
55 WSS o 2 — - AR IE L O
FEAIEC, R 97 SR BeTaRR st J5 il 32 3%
VB = FARR A L O L E R, KB
55 SR BRI L 7 W 3L SR B A — - TARE
FRRET OB B, FE T SR BTGt

52

I3 N e — s AT A T O H
S EZ A 2T R R B O EFR
BONCERHIE T, HAUK S = LR
Ikt 22 HAC R X — BB ST AT 4
N —F&~ F DAL N - FHEAFZE B O
JNEER KIS W78 e,

STk

1) UNEUT—arEREhm: DNADUN
T —var ATy, &R,
2013
HARDBAINEY T —a WFE i
AWDIVNENT = a RANT T 7T 4 A,
el AR, 2015

A AR 2 P2 i M2 FIEIR AR
A2 2015 (B 2017], A AMMZE R4,
2017

A ABERIN 23 Fm: BEIRIAZIRATARZ
A2 2016, FE{LE, 2016

A A FRE L i B RIETA
RIAE 1R A, B ARER R E
T3, 2011

A A RE L iR BRFRIETA
RIAH 1R BEIRP, B ABR L+
4, 2011

AKANE B - f: BN E A ZL VA
DEFIERNITIE IS0, BHRER,
2012

ILAZRIE w3, THERwE: B
BUIDH KGR - EEN R EOED S, K
EREE L, 2018

2)

3)

4)

5)

6)

7)

8)



B, DSABEIRO ST —7 L

No

STHRTT H

o

1

i3 Ao, RIGHI AN 2EBY ST
NYFe PAT=T Ay Ea—
(CRotRE. BEERIEAE 32(1):
21-27, 2017

i3 A B ORI OIEE) TlX, B 8 B s A T H o DA o
50-80%, FEEARHHETHKIL IRM O 60% AT 10~15 [A% 3 &k
FEhi. RGDSA TITHAT IR B #5822 Tl R O 30
~T70% THEHE. Wb r AR 20~40 73 TRIBICEOFIEE. fin
PRI B R TE B M A R FRE B L R & BB O A
FSHWHITIY, RIFAANTA BEFEB MDA A TiEE L TEL
Ao Tng.

LA A I3 ABRD AT FS 1T DRI
ittt DV NEYFT— 92, The
Japanese Journal of Rehabilitation

Medicine 53(2): 119-123, 2016

A PR « O BRE FE M P I, A R T E) IR UEB) DAL 5
TTEEREDN IO DD, A IEREE)-60% R 0 E-10~15 43
MMHBHAEL, AT 80% i R/LHAER - 45 4y ECHTH 5. 18 3 [mIFE
JFE DB TEB) - 10RM DA T, <30 b LI EMEE V- 9 FERk
FED bR BARES I W UEEI 2 2 L2 L 8~ 12 [0 47D, 1 2~
3 EIFRIE FEf. 1R TR S T0% 5 R DA DB AR LS BN 80%, 45
AYTREE ETHIE T DA N\, 6~12 WA O FEH TR S
NTW5.

iliAs A B8 DB BRI HE A2 C
T EEB T AR B D 3R B
a— RO NL TR A
W DG SR~ DR, W
VNFEFTE 6(1): 14-20, 2015

FRIEHE B e R ORI R &, BRI R IR D 60-90% LA
R~ EBRE . FEFEET) T, Borg scale X° Mets ZFI AL, K~ 5f
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TARIR EESE B Thoo CHIRMFIITRIR DN &2 D DA B3 OB RIS E)
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PR DS DPMEHN D EAIRENTZ.

EFIETOBE T2 E
Y7 —3iar. MEDICAL
REHABILITATION 173: 39-42,
2014

60-80% DA COAMEFEIER), A7T v MRS TIRERE DL VR
o ZEEHELE. BRSO OERHHETH S 23METs/ M1 1
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HAARIRITBIT DI NEY T —
=. MEDICAL REHABILITATION
173: 14-22, 2014

AL FEEN L P ~ T (50~80% fie KR TOT /LT A=K
UA—F 7, WHUER L 8~15 BT H D Hik DB fif & (60~
70%1RM) R0~ T R EHEE FIVTITWY, il 2~3 [T 1 [BEld7zb 20~
30 53 DT AT T DAL TND.
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75-77, 2013 FW RSB R TEBN ARG 3528, AT LL0iES %2 —H 30 4
RIS D ENEETHD. P T X DIEEIL R AN
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DIANTAE BRI R T D IRTRE | URSREE OE B ST A Th2H 7 7 2R B COEB T AR FHTH
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R —J L 6: 79-87, 2011

TET A WIEERE . | S RSB RI 5 B O AT, BT LIS A, ZETE R
EENVL GREESCRR RIR TR (A3, FIREEIR R NV — 7 IO TH BICRBIAZ DR T . £emA A
WY DT Tr—F BA. BERAR (VARGUEE ORI REEL TS,
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NHE L, FIMEZEASDOWN SR O K 2 A
2. Y=V XN~ —TT T E R LT REREY
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WIS SCRIT, VRIROEANZ L DPRIF TR Om . AAMSODF I fE 5 @t 3 orgm &
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Uo7 LEEREDOBER &S VT a— S Vil e e T %, WNSRHEED T2 DIZ1T, FrZEE
b7 (2kTBh) W EIRE (3T OBLEG, FIREEEEED LY —EoEE -
NHROBENDD, FIREIZ L DHEANLTT E WS B2 T & HbE, ERERED, F/IMEZETEH <L
BOWNLARIZED L H I e~ X, ZOEMLIRIEY Fivigin & 72> T\ b, ABFSETIL,
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OEHFEDOEEMERER SN TWD, FRT 197
BEORBEOL & COREERE, (R, G
RS DRESELRAEA & o 70 NBF BN &
FIRE & ol (S L R OWESE) |
DOEBENEFH SN TEY . AT T,
PEXEIE - HIRE - FHEH LW oo TRIREE
NI o 3FE NEET A K & [HEER
FHE T 7T 5 BEBESNTHDEY, K
TR, Zh b0y —IL &2 EHTE R
DIZDITRO DD, FEHAEET - IR o
#£(C2C (Clinic to Company) collaboration))
EHEET H7-012, F T OPNEICEA
OITARE . WNSREH] (VAT L) D
120 Fofrs Bfed, AFEEIEL. JET
B QWTBh) LGRS G R O
FIEIUTENT, [TEIEFOBLEDG DORR

61

Wroshir & I 4%,

B. W9E 51k

[ 1] ATEBERBT D208 O =R
SIFATEMIRAT S ATEV T T VS (EE(L
T2 O & U TR R /- R & WL
TEDIED J7)

ATE BRI ORI, FRTER T AR
EHNT, < ORIBEE IR P 37
ETDHTEMNRBINTNDA, EHERFERE
A LTV, AFRETIE, LES T —
B _XR—=2%WT, 2 CREIRHE A S
FSE 0, EERERERITEI AT L, H
SEAL TR D=0 (i) Lipfk (%
FEBE) OB TRV AT 24T o 72, HARERT
—& & — (MDC) MMRA T 5 4E 80 R
DEZBINLET b T —4% (20-74 %) %
FHUN= (2008 4= 4 H-2016 4= 3 A), 2Tl
JE - M - BRE T2l EORFE R
RS2 RIS L, ol
PZHALVEE 4 PAICYEEBOLET
(B4 E 721308 05) 23720 533,955 A (35
387, 440 (it 55 & 99. 8%, 2 146,515 A (7]
40.1%)) ZxfGe & Uiz W2 si2t% 1 M of)
[ R A TR 2B L, MekEH O L
BT IR RELTEGEEZREER L, VT
T o~ A Y IETREARSRR 2 HEE LT,
S 52, Cox WA — RET IVEHNTE
SRR D TRIET VoS A . TRIPOD
statement (ZYEHLL T L7-, #atY 7 b
1% Stata 14 Z#fERH L7=,

[ 2] BE51E)T (Fitness for Work) « mh3Eik
ft (Stay at Work) STz [EJERERES CHEES
% 1= O OIERET — % D43 & FERAT AT 7 H
KR

ABFFECIL, EEEHEED 7 DI & D
ORI A2 D Z LN L)y, sEfE



TINCH 5T DI F DT EAT o Te, AATE
SR TR STTROTERIE 1102 4
EXHGIC, TP, SEHSIC K2 L 1) UF

&7 v HEEIRHY) | FE O SARIRHINC DN T

B EVE RHGE T A i L7z (2015 42
11-12 A),
FCRHIEHTIZ IBM SPSS Statistics 22 2 H L
7oo fEERIBCE L LC, LRRoRFIR IR
RFEFIMEEZE RO 2015102 5)
BT,

I]‘LA (

WFSEARE R

(11@% MEIRIZF 1T DR % O P iR
SFATENRAT L ATEY I T VSR (BE L
FBIZ & U CERBEBE DR o 3R & NS
TEDIED F7)

1214 3, 6,9, 12 1A BRORZIFLRIL A~
91.4, 88.2, 86.2, 84.4 %/=~7=, FHERID
2 | AR, ME - e - AFELC
DK x, 84.3, 67.9, 86.1 %T, 2 FIHLL
EADFCIX 69. 8%72 o7, BIERERIR (TR
1ZEH L L : sBP 160 or dBP 100mmHg DL I,
HbAle 8.4% or FBS 166mg/dL LLL, LDL 160
VA E or HDL 34mg/dL LLF) TiX, 74.0% T
0 FRCIEECIE 51, 9%, 2 FIRLL EADFTIX
63. 5% & LA TE) 2 38D T, R IRtk
AR M & BT CIEB b e o T, L
PED 5 Bk (RIRFERIAN) ORSZRR
I% 85.6%& Bk L IFIFR— T, PEFHEDOY
BlE 79. 8072572, PBMROBULD AT
MIZ STz, WIS, ZRATE FRIET WA
HELT, PHIKFOMEZ T 72, @2
ORIFZHEE R G NTHRAH B IZOWT, il
AR UTe, M- il - sh7 O (PR
i) + BMI - JEPH - i 4 - AFEfE (LDL, HDL,
TG) - IMBEE (FBS, HbAlc) « IFKEAREME (AST,
ALT) - HRIEROAEE « B {RFT oA - 15
SO - AT - BRI - REARCRDL - REZNE -
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R - ATEVAR ORI (B - (RETEEA
HOAHE, Logistic regressionmodels (step
wise V) IZT p fH<0. 05 OREFZHHH L, B
coefficients ZHH L7z, ZOfEH, FtHE
Ho 55, BMI - B - JEGhEE A BRI
H72% p<0.05 Z/rL7-, AFICZNHDB
coefficients 72 H NI ZE AU LD EHADT
T LIcAaT &R,

ZDETEEITIT, iﬁﬁfkﬁ1ﬂ&w
240,000 N%& T > & W5 L < 2 BEIC

ZD 1 #A{#FEH L7 (development group) . 77’3%
VD1 EE%, validation group & U TR
REEICHA W, ERRA=aTEHND &
discrimination FtA!IHE
T AUC=0. 63, validation group T AUC=0. 63
Lilgol, ETNVBLOEEREDOT U NI A
XD FHUEDEZIERE calibration OFHM&1T
9 & Hosmer-Lemshow tese P=0. 38 Th -7z,
INHDZ L OHEREET VBRI LT
HLOTHY, ZOATETILOMHIZELY
fE2HER (A +IRZEE) b, B
LAYV D D% 1 A O BEHRBERS R
TEIO TR (JEhlb) 23FREE 725,

%, development group

Tl:decision for potential predictive

factors
factors B Scoring
coefficie

Age 30-39 y.o. -0.23 1
40-49 y. o. -0. 10 2
50-59 v.o. 0.11 3
60-74 vy.o. 0.23 4
women 0. 08 1
M+ (sBP>140) 0.34 1
(sBP>160) 1.40 2
JE'ET (LDL>140) 0.10 1
(LDL>160) 0.97 2



145 (HbA1e>6. 5) 1.08

(HbAlc)S. 4) 1.63
JiFtRErEE & v 0.25
ATEEIBYGEIC B A TV D 0.21
EEEREUET SO0 0.12
TRFRE 2RI Lo 0.06
WIT Y (PRBFER : AN -0. 34
JIEH 0. 09
B RAER S Y 0.10
IREHER T kg /LA B Y 0.05
20 mRIFEL, (RE 10kg DALHEIN 0. 06
BARDAE— RAEN 0.16
BARDAE— RV E 0. 06
BRI A F and B < -0. 06
EFichen (RWEEE) 0.06
i HEET % -0. 08
2 T2 -0. 08
iR TIREE D o3 L AL TV D 0. 04

[2] DBASCEENN & 2Wr SdL 7ok oy BB Ok
18T (Fitness for Work) « gt2éfkse (Stay
at Work) Sc 4 ERHER CHEET S 720 D Kk
T — 2 DS & EERIZ T 72 BukE A

275 S D [AIEZ 137 (R 25. 0%) . [[]
EROBEILL I, WA EIR SRR 2
BED W AT TN BHEDNE 10 [F] A
ThDHPEEEZFAEL L A 10 B o
DA X (0R) %, FELGHUE TR Lo n
VAT 4w 7 BURGHTEATVE Lz, 181%
B RO FHRAEIFOZNEILT, FEHE
Bl DIAE (%% O0R 5. 56 (95%(Z HEIX ]
1.20-25.8), 5.01(1.37-18.3)), LIREL®D
TERABARDOIFAE (F 4 4.21(2.01-8. 82),
3.63(1.94-6.79)) . FBLUEHEIIKIT 2 EHE
oE O (% & 2.43(1.91-4.95),
2.04(1. 14-3.65)) OFBITIHFELZ -T2, Zi
(R L, PEEEMEAD BT (RS,
PEEEOHEMM, St TR 2ERED
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HER) ORBEIIWTNHAE TIT R0
72 (p>0.05), ZAUH OFERIE, Bk, AR
IIMEZEIT IS TR )R - ik ke SR 4 0
S LT=FEMED B DS AT AT 5
Z & KRN TR I E A AT RE A AR
HFOv=a T VERET D 2 L OEEMEE S
FFTobDTHD,

D3 ARCHENR BB D W NT 3B % [ R CHE
WS L 72O L, RS S R A 7 > 7 ()
AR R v — O 2 —
BT AR « FEHIAN » BEAOH A - ERK
WSS T —T 4 1 —4) OEFIDRAKT
%, (EBIOBIFRFIRENRTDEITWY,
IRE IR 72 755 C Dt kR Z A D5
BB 20T VIERIER L7 4 1 —0% %
(IS Ul FREESE 2D Z &R b D,
ZDOX 972 invisible symptoms (L AIZRD
DU S VVER) 1213, OF TR TR «
725 & (cancer related fatigue). @EMIK
W (B, R, HER. WERORA) , @A
VBV AARTOIEIR PR ) 1O @FR%n
BEREIR 1D (B ) - BEEIRT) 23235
N5, SEEITETERERICISWT, R
ZWrtE DEEIkGE, TN %D SR SR
AN DD Z L OFFMARI Oz O & LAl
XD flyer Z1Ea% L7,

D. B%2
AAEEDOGHHRER LY . BIELTBEOBLR
T, LB OZHRATIMRAE, B A3 &
melpolz, RERT & LTI, & -
AV RT « 3PIRO IR TILIEE BER) - £
TEEESGEO TEI B O T BT,
MRZAEAIL, AEICIEDRERTFTH-T
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B Abstract Sensitivity and specificity using the original cutoff value of
12 were assessed to evaluate the diagnostic utility of the
LANSS-J. Sensitivity and specificity with possible cutoff values
were calculated, along with area under the receiver operat-
ing characteristic curve. We then evaluated agreement
regarding assessment of the LANSS-J by two investigators.
We used the intraclass correlation coefficient (ICC) for the
total score and Cohen’s kappa coefficient for each item.
Results: Data for patients with neuropathic pain (n = 30)
and those with nociceptive pain (n = 29) were analyzed. With
Address correspondence and reprint requests to: Tatsuya Isomura, a cutoff of 12, the sensitivity was 63.3% (19/30) and the
MSc, Clinical Study Support Inc.., 2F Daiei.BIdg., 1»1.1—20 Nishiki, Naka-ku, specificity 93.1% (27/29). Sensitivity improved substantially
N mated: Moy 15, 3016, Reioed mgut 1. o1 €™ with a cutoff of <11 (>83.3%, 25/30). High specificity
Revision accepted: September 4, 2016 (93.1%, 27/29) was sustained with a cutoff of 9 to 12. The
DOI. 10.1111/papr.12528 ICC for the total score was 0.85, indicating sufficient agree-
ment. Kappa coefficients ranged from 0.68 to 0.84.
© 2016 World Institate of Pain, 1530-7085/17/815.00 Conclusions: The LANSS-J is a valid screening tool for
Pain Practice, Volume 17, Issue 6, 2017 800-807 detecting neuropathic pain. Our results suggest that

Objective: We aimed to assess the diagnostic utility of the
linguistically validated Japanese version of the Leeds Assess-
ment of Neuropathic Symptoms and Signs Pain Scale (LANSS-J)
as a screening tool for neuropathic pain in the clinical
setting.

Methods: Patients with neuropathic pain or nociceptive
pain who were 20 to 85 years of age were included.
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employing the original cutoff value provides high specificity,
although a lower cutoff value of 10 or 11 (with its high
specificity maintained) may be more beneficial when pain
attributed to neuropathic mechanisms is suspected in
Japanese patients. H

Key Words: neuropathic pain, Leeds Assessment of Neuro-
pathic Symptoms and Signs Pain Scale, Japanese version,
screening tools, diagnostic utility

INTRODUCTION

Neuropathic pain is defined as “pain caused by a lesion
or disease of the somatosensory nervous system.”’
Neuropathic pain negatively affects physical function-
ing, emotional functioning (eg, depression, anxiety),
sleep, and role and social functioning.” Unsurprisingly,
health-related quality of life is lower in patients with
chronic neuropathic pain than in those with chronic
non-neuropathic pain.*

Although an appropriate diagnosis is essential for
successful management of neuropathic pain, the diag-
nosis is challenging because neuropathic pain often
coexists with other types of pain and symptoms.’
Neuropathic pain mostly presents at and is managed in
a primary care setting or in hospital clinics by nonspe-
cialists.® Hence, a reliable, quick screening tool could
help these nonspecialists identify patients with neuro-
pathic pain.

The Leeds Assessment of Neuropathic Symptoms and
Signs (LANSS) Pain Scale was developed as a screening
questionnaire to differentiate patients with neuropathic
pain from those with nociceptive pain.” It consists of
seven items: five items for assessing pain and two items
for sensory examination. For pain assessment, clinicians
interview patients with questions on dysesthesia, auto-
nomic dysfunction, evoked pain, paroxysmal pain, and
thermal pain. For the sensory examination, the clinician
tests for the presence of allodynia and for an altered
pinprick threshold (PPT). The total score (sum of the 7-
item scores) ranges from 0 to 24 points. A total score of
> 12 indicates that neuropathic mechanisms are likely
contributing to the patient’s pain.”

The original English language version of the LANSS
Pain Scale is known to have high diagnostic accu-
racy.”® It has been translated and widely used in
several languages, including Turkish, Spanish, Swed-
ish, Chinese, and Brazilian Portuguese.” '* In a previ-
ous study, we translated the LANSS Pain Scale into
Japanese (LANSS-]J) and validated it linguistically,
after obtaining development permission from the

72

original developer, Dr. Michael 1. Bennett."> Its
diagnostic utility as a screening tool, however, has
not yet been assessed. Therefore, in this study we
evaluated the diagnostic utility of the LANSS-J to
determine whether it can be used as a screening tool in
the clinical setting in Japan.

METHODS

The study was approved by the Ethics Committee (an
investigational review board) of the University of Tokyo
in January 2015. Written informed consent was
obtained from each eligible participant.

Participants

Patients with neuropathic pain or nociceptive pain who
were 20 to 85 years of age were included in this study.
Patients with neuropathic pain were included only if
their chief complaint was diagnosed as pain of neuro-
pathic origin, which included diabetic peripheral neu-
ropathy, postherpetic neuralgia, trigeminal neuralgia,
and postchemotherapy neuropathy. Patients with noci-
ceptive pain were included only if their chief complaint
was diagnosed as nociceptive pain, such as osteoarthritis
of the knee or hip.

Patients with neuropathic pain were excluded if they
had clear comorbidity-related nociceptive symptoms,
including bruises or joint pain derived from osteoarthri-
tis. Patients with nociceptive pain were excluded if they
had clear comorbidity-related neuropathic symptoms
such as that derived from diabetes under treatment,
intervertebral disk herniation (positive straight leg
raising test, < 70°), or lumbar spinal stenosis (positive
Kemp test). Patients who had mixed pain, a psychiatric
disorder, dementia, fever, or menstrual pain, those who
were incapable of understanding and completing the
questionnaires by themselves, and those who were
deemed inappropriate for participation by the investi-
gators were also excluded.

Data Collection

After ethical approval was obtained, participants were
recruited from March through July 2015 at two
departments of the University of Tokyo Hospital.
Patients with neuropathic pain were recruited at the
Department of Anesthesiology and Pain Relief Center
and patients with nociceptive pain at the Department of
Orthopaedic Surgery and Spinal Surgery.
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The attending doctor (primary investigator) inter-
viewed each patient to assess pain using the LANSS-].
The patient then completed two self-administered ques-
tionnaires: the Japanese version of the painDETECT
questionnaire (PDQ-J) and the EuroQol 5 Dimension
(EQ-5D). Another doctor (secondary investigator) then
administered the same LANSS-J to the patient on the
same day.

The primary investigator collected the demographic
and clinical characteristics of each patient. For the
original LANSS Pain Scale, the PPT was assessed using a
23-gauge needle. In this study, however, a partially
extended paper clip (instead of the needle) was used to
avoid injuring the skin.

The PDQ-J is a reliable, valid screening tool for
identifying neuropathic pain. It was originally developed
in Germany to detect neuropathic pain components in
patients with chronic low back pain.'® A total PDQ-]
score ranges from 0 to 38. Scores of < 12 indicate that it
is unlikely that neuropathic pain is present. Scores of
> 19 indicate that it is highly likely that neuropathic
pain is present.

The EQ-5D is a 5-item, self-administered question-
naire that provides a single index value for the general
health status of the respondent.!” The Japanese version
of the EQ-5D has been widely used in research. The
index score produced by conversion of the assessed
health status ranges from —0.11 to 1.00. A score of 1
indicates “perfect health,” and a score of 0 indicates

“death.”

Statistical Analysis

We performed descriptive analyses of demographic and
clinical characteristics of patients. Summary statistics on
age, sex, diagnosis, time since diagnosis, body mass
index (BMI), PDQ-] score, and EQ-5D score were
calculated for patients with neuropathic pain and those
with nociceptive pain.

The sensitivity and specificity of the LANSS-] were
assessed using data collected by the primary investiga-
tors to evaluate its diagnostic utility. The scoring
method of the original LANSS Pain Scale was utilized.
Using the same cutoff value as for the original LANSS
Pain Scale, the sensitivity and specificity of the LANSS-]J
were computed. Sensitivity was the percentage of
patients with a LANSS-]J score of > 12 among those
with a diagnosis of neuropathic pain. Specificity was the
percentage of patients with a LANSS-] score of < 12
among those with a diagnosis of nociceptive pain, along
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with the area under the receiver operating characteristic
curve (AUC). To assess changes in the screening results
of the LANSS-J that depended on a cutoff value, we
calculated the sensitivity and specificity with possible
cutoff values and AUCs.

Subsequently, the intraclass correlation coefficient
(ICC) value for the LANSS-] total score was calculated
to evaluate agreement of the assessments by the
primary and secondary investigators using data col-
lected on the same day. In addition, Cohen’s kappa
was calculated for each item to assess agreement of the
assessments by investigators. An ICC of > 0.7 was
considered the minimum required.'® The kappa coef-
ficients were interpreted according to the following
criteria: poor, < 0.20; fair, 0.21 to 0.40; moderate,
0.41 to 0.60; good, 0.61 to 0.80; and very good, 0.81
to 1.00.>%°

All of the statistical tests were 2-sided, with a
significance level of 0.05. All analyses were performed
using SAS software version 9.3 (SAS Institute, Inc. Cary,
NC, USA).

RESULTS

A total of 60 patients were included in the study. Among
them, one patient had missing responses to the LANSS-J.
Therefore, our final study group was composed of 59
patients (Figure 1). In all, 30 patients (50.8%) were
diagnosed with neuropathic pain and 29 patients
(49.2%) with nociceptive pain while waiting for knee
or hip replacement surgery. Demographic and clinical
characteristics of the patients are summarized by pain
type in Table 1. The neuropathic pain patients were
younger, included more men, had a longer interval since
diagnosis, and had a higher average PDQ-J score than
the nociceptive pain group. BMI did not differ greatly
between the two groups. Detailed etiologies of the
diagnoses are shown in Table 2.

Employing the cutoff value of 12, as suggested by the
original developer, the sensitivity of the LANSS-]J for
diagnosing neuropathic pain was 63.3% (19/30), and
the specificity of the scale for diagnosing nociceptive
pain was 93.1% (27/29) (Table 3). The AUC for the
cutoff value was 0.782.

Table 3 shows the sensitivity, specificity, and AUC
for each possible LANSS-] cutoff value. The sensitivity
of the scale substantially improved with a cutoff value of
11 (83.3%, 25/30), whereas the specificity was
unchanged using cutoff values of 12 descending to 9
(93.1%, 27/29).
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Figure 1. Flow diagram of participants in the study. The diagnostic flow diagram shows the case when using a cutoff value of 12 for the
Japanese version of the Leeds Assessment of Neuropathic Symptoms and Signs Pain Scale (LANSS-J). A LANSS-J score of > 12 indicates
the probable pain originating from neuropathic mechanisms. A score of < 12 indicates the probable pain not originating from

neuropathic mechanisms.

Table 1. Demographic and Clinical Characteristics of
Participants, by Pain Type

Neuropathic Pain
Group (n = 30)

Nociceptive Pain

Characteristics Group (n = 29)

Mean years of age (SD) 56.4 (12.9) 70.5 (8.6)

Female, n (%) 10 (33.3) 26 (89.7)

Mean months since 94.4 (89.9) 67.6 (50.8)
diagnosis (SD)

Mean BMI (kg/mz) (SD) 23.2(3.7) 25.0 (4.1)

Mean PDQ-J score (SD)  18.1 (5.4) 5.0 (5.6)

Mean EQ-5D score (SD) 0.4 (0.3) 0.6 (0.1)

BMI, body mass index, PDQ-J, Japanese version of the painDETECT Questionnaire;
EQ-5D, EuroQol 5 Dimension.

Agreement of the Assessments by Investigators

Agreement in the assessment of the LANSS-J by the
primary and secondary investigators was reflected in an
ICC of 0.85 using data from 51 patients (28 neuropathic
pain patients, 23 nociceptive pain patients) in whom the
assessments were conducted on the same day. The kappa
coefficient for agreement between investigators for
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individual items was 0.71 for dysesthesia, 0.84 for
autonomic dysfunction, 0.69 for evoked pain, 0.76
for paroxysmal pain, 0.80 for thermal pain, 0.68
for allodynia, and 0.80 for altered PPT.

DISCUSSION

We assessed the diagnostic utility of the LANSS-J using
data collected from Japanese patients with neuropathic
or nociceptive pain. The results suggest that the LANSS-]
had debatable sensitivity when it employed the cutoff
value used for the original LANSS Pain Scale but good
specificity and agreement of the assessments.

The sensitivity using the original cutoff value was
lower (63.3%) than that for the original LANSS
(85.0%) or for LANSS versions in other languages
(80.0% to 89.9%), whereas the specificity was higher
(93.1%) than that for the original LANSS (80.0%) and
Spanish LANSS (89.4%) but lower than for the Turkish
(94.2%) and Chinese (97.1%) versions.””'>'* The



804 e ISOMURA ET AL.

Table 2. Etiology of Patients’ Diagnoses

Neuropathic Pain Nociceptive Pain

Etiology Group (n = 30) Group (n = 29)

Complex regional pain 1
syndrome I

Failed back surgery syndrome 5
Diabetic polyneuropathy 1

Chemotherapy-induced 1
neuropathy

Traumatic radial nerve 1
injuries

Syringomyelia 1

Cervical spondylotic 2
myelopathy

Cervical spondylotic 1

radiculopathy
Cervical radiculopathy 1
Vascular polyneuropathy 1
Phantom limb pain 1
Thalamic pain 3
Spinal cord injuries induced 1
by metastatic tumor

Diabetic neuropathy 1
Postoperative neuropathy 1
(mammary gland)
Brachial plexus injury 7
Brachial plexus palsy 1
Knee osteoarthritis 15
Hip osteoarthritis 14

Table 3. Sensitivity and Specificity of Possible Cutoff
Values with the AUC

Sensitivity Specificity
Cutoff Value % (n/N Patients) % (n/N Patients) AUC
>0 100 (30/30) 0 (0/29) 0.500
>3 100 (30/30) 65.5 (19/29) 0.828
>6 100 (30/30) 72.4 (21/29) 0.862
=9 90.0 (27/30) 93.1 (27/29) 0.916
>10 86.7 (26/30) 93.1 (27/29) 0.899
> 11 83.3 (25/30) 93.1 (27/29) 0.882
>12 63.3 (19/30) 93.1 (27/29) 0.782
>13 63.3 (19/30) 93.1 (27/29) 0.782
> 14 63.3 (19/30) 93.1 (27/29) 0.782
>15 60.0 (18/30) 93.1 (27/29) 0.766
>18 46.7 (14/30) 96.6 (28/29) 0.716
> 21 16.7 (5/30) 96.6 (28/29) 0.566

AUC, area under the receiver operating characteristic curve.

sensitivity was lower in the present study probably
because patients with severe traumatic nerve injury were
included in the neuropathic pain group. Because of the
severe nerve damage in these patients, evoked pain and
allodynia could barely be perceived. In fact, among the
30 patients, 15 and 17 patients provided a negative
response to the descriptors of evoked pain and allody-
nia, respectively. Traumatic nerve injury does not entail
changes in the color of the skin attributable to impaired
blood flow or hyperpigmentation, unlike diabetic
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Table 4. Agreement of LANSS-J Assessments Between
the Two Investigators, by Cutoff Values

No. of Patients Correctly Identified by the LANSS-J
in Two Assessments

Cutoff Neuropathic Pain Nociceptive Pain
Value Kappa (n = 28) (n =23)

>12 0.65 17 21

>1 0.80 23 21

>10 0.84 24 21

Cohen'’s kappa coefficients were computed to evaluate the agreement in screening
results (either neuropathic or non-neuropathic pain) between the two assessments
based on the LANSS-J total scores for a cutoff value of 12, 11, and 10.

LANSS-J, Japanese version of the Leeds Assessment of Neuropathic Symptoms and Signs
Pain Scale.

neuropathy and postherpetic neuralgia. Among the 30
patients in the neuropathic pain group, 17 reported a
negative response to the descriptors of autonomic
dysfunctions. It is legitimate that a score of evoked pain
in the PDQ-] was also low in the neuropathic pain group
—the third lowest score in seven pain categories—but as
low as the second lowest pain caused by slight pressure.
Hence, lower scores for evoked pain, allodynia, and
autonomic dysfunction in patients with neuropathic
pain presumably resulted in the lower sensitivity.

Another possible explanation for the lower sensitivity
is that the patients did not openly express their feelings
about the pain they felt. In traditional Japanese culture,
stoicism and the desire to conceal pain and emotions are
expected—unlike in European and American cultures,
where expressing personal feelings is encouraged.?!

The sensitivity was lower when using the original
cutoff value of 12, whereas specificity was favorable.
Exploration of a possible cutoff value shows that using a
value of 10 or 11 alone improved sensitivity while
leaving the specificity unchanged (sensitivity 86.7% and
83.3%, respectively; specificity 93.1% for both values;
AUC 0.899 and 0.882, respectively). Given that the
lower sensitivity in the LANSS-]J, compared with that of
the LANSS in other languages, results not only from the
number of patients with traumatic nerve injuries
included in the present study but also from cultural
influences on their verbal expression, physicians con-
ducting screening should suspect neuropathic compo-
nents in the pain in patients whose LANSS-] score is 10
or 11.

For agreement of the LANSS-J assessments by two
investigators, the ICC for the total LANSS-] score
exceeded the sufficient level of 0.7.% The Spanish and
Brazilian Portuguese versions indicated relatively higher
ICCs (0.92 and 0.97, respectively) than were seen in the
present results.'®!3 Regarding individual items, the
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kappa coefficients, ranging from 0.68 for allodynia to
0.84 for autonomic dysfunction, indicated good to very
good levels of agreement,'” which is equivalent to the
results of the original LANSS Pain Scale (0.6 for
dysesthesia, 0.88 for autonomic dysfunction).” When
looking at the ICCs in each pain group, however,
compared with the ICC in the neuropathic pain group,
the ICC in the nociceptive pain group was lower (0.81
vs. 0.22). Therefore, we further evaluated whether score
changes between the two assessments resulted in a
change in the screening results by the LANSS-] or if the
LANSS-] screening results remained the same for the
two assessments. The results were presented in Table 4.
When employing the original cutoff value of 12, the
kappa coefficient was 0.65, which is regarded as a good
level, with 17 of 28 patients in the neuropathic pain
group remaining positive, whereas 21 of 23 patients in
the nociceptive pain group remained negative.

The results of further examinations depended on the
cutoff point employed. The results suggest that a lower
cutoff value may be more helpful for detecting neuro-
pathic pain in a Japanese population. Similarly, a lower
cutoff value yielded a higher kappa coefficient at the
almost very good level or very good level. In contrast,
the number of patients in the nociceptive pain group
who remained negative stayed consistent: 0.80 for the
cutoff value of 11 and 0.84 for the cutoff value of 10.
When using the original cutoff value, the kappa coeffi-
cient was at the same level as with the original LANSS
(0.65),” although higher kappa coefficients were
observed in the Turkish (0.84) and Spanish (0.70)
LANSS versions.”'? Regardless of the lower ICC in
the nociceptive pain group, there was a good level of
agreement of the LANSS-]J screening results between the
two assessments. Thus, the diagnostic utility with regard
to agreement in the LANSS-J screening results was
determined to be reasonably good. A large sample size,
however, is needed for further assessment.

There are several limitations in the present study.
First, generalization of the results of the present study is
limited due to the relatively small sample size collected
at a single institution. We prioritized patient recruitment
with accurate diagnosis, and its feasibility as accurate
diagnosis is essential in diagnostic utility. Thus, the
findings should be considered exploratory in nature due
to the limited number of the sample size. Our sample
size may have resulted in lower sensitivity using the
original cutoff value of 12. However, it should be kept in
mind that the result may have resulted from the
inclusion of patients with severe traumatic nerve injury
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in the sample. In addition, recruitment was conducted in
a university hospital setting. As patients visiting a
university hospital may differ from those receiving
nonspecialized primary care, a particular group of
patients were underrepresented. Further investigations
with a large sample in various settings may be needed for
more generic features of the LANSS-J, especially for
nonspecialized primary care settings. For these limita-
tions on generalizability, results need to be interpreted
with care. Second, patients with neuropathic pain and
those with nociceptive pain were recruited separately
from the Department of Anesthesiology and Pain Relief
Center and the Department of Orthopaedic Surgery and
Spinal Surgery for feasibility reasons. Although the
investigators administered LANSS-] in an interview
format, the fact that not a single investigator assessed
patients with both types of pain might have influenced
the results to some extent. Results may differ if the
LANSS-] is administered to patients experiencing pain
of unknown origin at a nonspecialist, primary care level.
Third, a partially stretched out paper clip was used to
test for altered PPT to avoid skin cuts and bleeding
because concerns were raised about using a 23-gauge
needle for the pinprick (as the original LANSS Pain Scale
instructed).”? Patients’ responses toward an altered PPT
may differ if a needle were utilized in the present study
(although pinprick has been commonly performed with
a paper clip as an alternative method worldwide).
Finally, to evaluate agreement in the LANSS-] assess-
ments, we included only data that were obtained on the
same day to retain the same evaluation time period in
“as stable a condition as possible” by the primary and
secondary investigators deemed to be equally capable of
assessing patient conditions. It should be noted, how-
ever, that conducting the same-day assessment of the
LANSS-] may not guarantee the same conditions for the
two assessments regardless of a good level of agreement
in the LANSS-]J screening results based on kappa
coefficients in patients whose assessments were con-
ducted on the same day.

CONCLUSION

The present study indicated a sufficient level of diagnos-
tic utility for the LANSS-J, demonstrating that the
Japanese version of the LANSS Pain Scale is a valid
screening tool for detecting pain originating from a
neuropathic mechanism. The results suggest that
employing the original cutoff value of 12 provides
high specificity, allowing it to filter out patients with
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non-neuropathic pain. A lower cutoff value of 11 or 10
(which maintains the high specificity) may be more
beneficial when evaluating Japanese patients whose pain
was suspected to be caused by a neuropathic mechanism.
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Abstract: The objective of this study was to evaluate the relationship between magnetic reso-
nance imaging (MRI) findings and previous low back pain (LBP) in participants without current
LBP. Current LBP was defined as LBP during the past month. Previous LBP was defined as
a history of medical consultation for LBP. Ninety-one participants without current LBP were
included. Sagittal T2-weighted MRI was used to assess the intervertebral space from T12/L1
to L5/S1. These images were classified into five grades based on the Pfirrmann grading system.
Furthermore, we evaluated the presence of disk bulging, high-intensity zone, and spondylolis-
thesis. We compared the MRI findings between groups with (27 participants) and without (64
participants) previous LBP without current LBP. Intraobserver and interobserver kappa values
were evaluated. Participants had an average age of 34.9 years; 47 were female and 44 were
male; and their average body mass index was 21.8 kg/m?. Compared to the group of participants
without previous LBP, the group of participants with previous LBP had a significantly higher
incidence of disk degeneration such as a Pfirrmann grade >3, disk bulging, and high-intensity
zone in the analyses adjusted by age and sex. There were no significant differences in spondy-
lolisthesis between the groups. An odds ratio of >10 was only found for Pfirrmann grade >3,
ie, a Pfirrmann grade >3 was strongly associated with a history of previous LBP in participants
without current LBP.

Keywords: disk bulging, low back pain, magnetic resonance imaging, MRI, Pfirrmann grading,
previous history, high-intensity zone

Introduction

Low back pain (LBP) affects most adults at some point in their lives. Approximately
85%-90% of cases are classified as nonspecific LBP.! In the last decade, LBP was
continuously found to be the top leading cause of years lived with disability globally.?
Similarly, in Japan, LBP is one of the most common causes of health disability, as in
other industrialized countries, with a reported lifetime prevalence of >80%.3 Espe-
cially in the workplace, LBP is an important and costly medical problem that leads to
decreased employee health and productivity.*

Magnetic resonance imaging (MRI) can identify underlying pathologies of LBP.
However, the importance of MRI findings is unclear and controversial. Some reports
have shown that disk degeneration was associated with LBP,>”7 while others have shown
that there was no relationship between disk degeneration and LBP.*® Although these
reports focused on the relationship between disk degeneration and current LBP, there
are a few reports on the relationship between MRI findings, including disk degeneration
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and previous LBP.>!° It has been suggested that symptoms of
chronic LBP are often fluctuating, and this is a condition with
a pattern of exacerbation and remission.!' Some individuals
have chronic LBP, whereas others have intermittent pain. We
anticipate that if physicians know about the predictive MRI
findings of recurrent severe LBP, we can selectively educate
patients about preventing LBP. Therefore, we hypothesized
that people whose lumbar MRI showed disk degeneration
would be prone to developing severe LBP, unless they did
not have current severe LBP. The purpose of this study was to
evaluate the relationship between MRI findings and previous
LBP symptoms in participants without current LBP.

Materials and methods

Study participants

From September 2005 to March 2006, we recruited vol-
unteers who were personnel at Kanto Rosai Hospital to
participate in the study. Ninety-one participants without
current LBP were included. We administered a questionnaire
to determine whether they had previous LBP symptoms.
According to previous reports, current LBP was defined as
pain localized between the costal margin and the inferior
gluteal folds depicted in a diagram with or without lower
extremity pain in the past 1 month.'2 The area was shown
diagrammatically on the questionnaire according to a previ-
ous study.!? Previous LBP was defined as a history of medical
consultation for LBP. Medical consultation for LBP is one
of the standards for evaluating the severity of LBP."® This
indicated that the LBP was not mild. Then, we classified the
participants into two groups, those with previous LBP and
those without previous LBP. The study was approved by the
review board of the Minister of Labor, Health, and Welfare
of Japan. Written informed consent was obtained from all
individual participants included in the study.

Image assessment

MRI was performed using a 1.5 T Siemens Symphony scan-
ner (Siemens Healthcare, Erlangen, Germany). The imag-
ing protocol included sagittal T2-weighted fast spin echo
(repetition time: 3,500 ms/echo, echo time: 120 ms, and
field of view: 300 x 320 mm). Sagittal T2-weighted images
were used to assess the intervertebral space from T12/L1
to L5/S1. Assessment of the MRI scans was performed by
an orthopedist (J.T.) who was blinded to the participants’
backgrounds. We evaluated the degree of disk degenera-
tion, disk bulging, the high-intensity zone (HIZ), and spon-
dylolisthesis at each level of the spine. The degree of disk
degeneration on MRI was classified into five grades based

on the Pfirrmann classification system.'* In the analysis, we
divided Pfirrmann grading into two categories, grades 1-2
and grades 3-5. Disk bulging was defined as displacement
of the disk material, usually by >50% of the disk circumfer-
ence and <3 mm beyond the edges of the disk space in the
axial plane.!> As we were only able to evaluate the sagittal
planes of MRI scans, we defined disk bulging as posterior
disk displacement <3 mm and equivalent to the anterior
disk displacement in the sagittal plane. We defined HIZ as
an area of brightness or high signal intensity located in the
posterior annulus on T2-weighted images based on previous
literature.'¢ We defined spondylolisthesis as vertebral slips of
>5 mm. To evaluate intraobserver variability, 20 randomly
selected MRI scans of the lumbar spine were rescored by
the same observer (J.T.) >1 month after the first reading.
Furthermore, to evaluate interobserver variability, 20 other
MRI scans were scored by two orthopedists (J.T. and A.H.)
using the same classification.

Finally, we focused on comparing the relationship
between the MRI findings and previous LBP.

Statistical analysis

The kappa statistic was used to summarize the intrareader and
interreader reliability of the ratings. The kappa statistics were
calculated with linear weights to give less importance to dis-
agreements closer together on an ordinal scale. The schema
of Landis and Koch!” was used to interpret the strength of
agreement based on the following values: 0, poor; 0-0.20,
slight; 0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80,
substantial; and 0.81-1.00, almost perfect. Between-group
differences in baseline characteristics were evaluated using
the Fisher’s exact test for categorical variables and the Stu-
dent’s ¢-test for continuous variables. We compared the MRI
findings between groups with and without previous LBP that
did not have current LBP by using the Fisher’s exact test.
Furthermore, we determined the odds ratios of each item
using univariate analyses and adjusting the analyses by age
and sex. The statistical analyses were performed using the
JMP 11.0 software program (SAS Institute, Cary, NC, USA).
A p-value of <0.05 was considered to be significant.

Results

Of 91 participants, 27 had a history of LBP, which was
indicated during medical consultation. The remaining 64
participants did not have any history of LBP. Participants’
average age was 34.9 + 10.6 years; 47 were female and 44
were male; and their average body mass index (BMI) was
21.8 £3.0 kg/m? The average ages of those who did and did
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Table | Demographic data of the participants

Backgrounds Total, n =91 Previous LBP (+) Previous LBP (-) p-value
group, n = 27 group, n = 64

Age (years) 349+ 106 383+107 335+ 104 0.0486*

Sex

Female 47 12 (25.5) 35 (74.5) 0.3718

Male 44 15 (34.1) 29 (65.9)

BMI (kg/m?) 21.8£3.0 21.8+06 21.7+04 0.9639

Notes: Data are shown as mean * standard deviation or the number of participants (%). *p < 0.05.

Abbreviations: —, negative; +, positive; LBP, low back pain; BMI, body mass index.

Table 2 Details of the intraobserver and interobserver reliability
of Pfirrmann grading, disk bulging, the high-intensity zone, and
spondylolisthesis on magnetic resonance imaging reading

Table 3 Magnetic resonance imaging findings at any spinal level in
groups with and without previous LBP that did not have current
LBP

MRI findings MRI (n) Kappa 95% ClI
Pfirrmann grading
Intraobserver reliability 20 vs 20 0.66 0.55-0.77
Interobserver reliability 20 vs 20 0.64 0.52-0.76
Disk bulging
Intraobserver reliability 20 vs 20 0.60 0.39-0.81
Interobserver reliability 20 vs 20 0.67 0.48-0.87
High-intensity zone
Intraobserver reliability 20 vs 20 0.85 0.64-1.06
Interobserver reliability 20 vs 20 0.93 0.79-1.07
Spondylolisthesis
Intraobserver reliability 20 vs 20 NA NA
Interobserver reliability 20 vs 20 NA NA

Abbreviations: Cl, confidence interval; MRI, magnetic resonance imaging; NA, not
applicable.

not have a history of LBP were 38.3 and 33.5 years, respec-
tively, which were significantly different (p = 0.0486). There
were no significant differences in sex and BMI between the
groups (Table 1).

The intraobserver and interobserver variabilities for
Pfirrmann grading on MRI were 0.66 and 0.64, respectively.
Those for disk bulging were 0.60 and 0.67, respectively.
Those for the HIZ were 0.85 and 0.93, respectively. In 20
randomly selected MRIs, one observer did not identify
spondylolisthesis at all, while the other observer identified
spondylolisthesis in two levels of one participant. Thus, the
intraobserver and interobserver variabilities for spondylolis-
thesis could not be calculated (Table 2).

Compared to the group without previous LBP, the group
with previous LBP had a significantly higher incidence of
disk degeneration such as a Pfirrmann grade >3 in at least
one spinal level (p = 0.0026). In addition, the group with
previous LBP had a significantly higher incidence of disk
bulging in at least one spinal level than the group without
previous LBP (p =0.0019). There were no significant differ-
ences in HIZ (p = 0.0883) and spondylolisthesis (p = 0.0766)
between the two groups according to the results of the

MRI findings Total, Previous Previous p-value
n=9I LBP (+) LBP(-)

group, group,

n =27 n =64
Pfirrmann grade 23 69 (75.8) 26 (96.3) 43 (67.2) 0.0026*
Disk bulging + 48 (52.3) 21 (77.8) 27 (42.2) 0.0019*
High-intensity zone + 19 (20.9) 9 (33.3) 10 (15.6) 0.0883
Spondylolisthesis + 4 (4.4) 3(11.1) I (1.6) 0.0766

Notes: Data are shown as the number of participants (%). *p < 0.05.
Abbreviations: —, negative; +, positive; LBP, low back pain; MRI, magnetic resonance
imaging.

Fisher’s exact test (Table 3). Regarding the findings for each
spinal level, compared to the group without previous LBP,
the group with previous LBP had a significantly higher
incidence of disk degeneration such as a Pfirrmann grade
>3 atthe T12/L1 (p = 0.0350), L3/4 (p = 0.0232), L4/5 (p =
0.0005), and L5/S1 (p = 0.0026) levels; and disk bulging at
the L2/3 (p =0.0277), L3/4 (p =0.0113), L4/5 (p =0.0018),
and L5/S1 levels (p = 0.0081; Table 4). The findings of HIZ
were almost all observed at the L4/5 and L5/S1 levels. Spon-
dylolisthesis was only observed at the L4/5 and L5/S1 levels.
In univariate analyses, the odds ratios of a Pfirrmann grade
>3, disk bulging, HIZ, and spondylolisthesis were 12.7, 4.8,
2.7,and 7.9, respectively. There were significant differences
for a Pfirrmann grade >3 (p = 0.0009) and disk bulging
(p = 0.0015) in univariate analyses. In the adjusted analyses
by age and sex, the odds ratios of the aforementioned four
items were 10.5,4.2, 3.1, and 6.6, respectively, and there were
significant differences for a Pfirrmann grade 23 (p = 0.0065),
disk bulging (p = 0.0047), and HIZ (p = 0.0405; Table 5).

Discussion

Among the participants in this study, ~30% had previous
LBP, which was determined during the medical consultation.
As in many industrialized countries, LBP is one of the most
common health disabilities in Japan. In a population-based
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Table 4 Pfirrmann grade and disk bulging at each spinal level in groups with and without previous LBP that did not have current LBP

MRI findings Level Total, n =91 Previous LBP (+) Previous LBP (-) p-value
group, n = 27 group, n = 64

Pfirrmann grade 23 TI2/LI 18 (19.8) 9 (33.3) 9 (14.1) 0.0350*
Lin 22 (24.2) 9 (333) 13 (20.3) 0.1851
L2/3 30 (33.0) 10 (37.0) 20 (31.3) 0.5917
L3/4 44 (48.4) 18 (66.7) 26 (40.6) 0.0232*
L4/5 56 (61.5) 24 (88.9) 32 (50.0) 0.0005*
L5/S1 56 (61.5) 23 (85.2) 33(51.6) 0.0026*

Disk bulging (+) TI2/LI 2(22) I 3.7) I (1.6) 0.5245
Lin 1 (1.1) 1 3.7) 0 (0.0 0.1216
L2/3 2(22) 2(74) 0 (0.0 0.0277*
L3/4 5(5.5) 4(14.8) I (1.6) 0.0113*
L4/5 35 (38.5) 17 (63.0) 18 (28.1) 0.0018*
L5/S1 35 (38.5) 16 (59.3) 19 (29.7) 0.0081*

Notes: Data are shown as the number of participants (%). *p < 0.05.

Abbreviations: —, negative; +, positive; LBP, low back pain; MRI, magnetic resonance imaging.

Table 5 Odds ratio, 95% Cl, and p-value from univariate analyses and analyses adjusted by age and sex for magnetic resonance imaging
findings of groups with and without previous LBP that did not have current LBP

MRI findings Univariate analyses Age-adjusted and sex-adjusted analyses

Odds ratio 95% CI p-value Odds ratio 95% CI p-value
Pfirrmann grade >3 12.7 2.43-234.18 0.0009* 10.5 1.78-202.09 0.0065*
Disk bulging 48 1.79-14.55 0.0015* 42 1.54-13.15 0.0047*
High-intensity zone 27 0.94-7.78 0.0652 3.0 1.05-9.42 0.0405*
Spondylolisthesis 7.9 0.96-163.50 0.0551 6.6 0.74-141.71 0.0923

Note: *p < 0.05.

Abbreviations: Cl, confidence interval; LBP, low back pain; MRI, magnetic resonance imaging.

survey, the lifetime and 4-week LBP prevalence was 83%
and 36%, respectively.® Therefore, LBP is one of the com-
mon causes of disability. In the current study, we precisely
defined the region of LBP, which seemed to be important for
standardizing the study protocol for LBP.!'> We also defined
previous LBP as a history of medical consultation for LBP,
which can exclude mild previous LBP. There was a significant
difference in age between the two groups. Considering that
disk degeneration progresses with advancing age,’ the analy-
ses performed in our study can be considered as appropriate.

The intraobserver and interobserver variabilities for each
MRI finding were greater than moderate for all evaluated
items.

MRI findings consistent with Pfirrmann grade >3, espe-
cially at the lower lumbar disk level, disk bulging, and HIZ
were associated with previous LBP. Spondylolisthesis was
not associated with previous LBP. There were significant dif-
ferences between the groups in terms of a Pfirrmann grade
>3, disk bulging, and HIZ according to the analyses adjusted
by age and sex. The odds ratio of only the Pfirrmann grade
>3 was >10, ie, a Pfirrmann grade >3 is strongly associated
with a history of previous LBP in those without current LBP.

Pfirrmann grading indicates the degree of disk degen-
eration."* We divided the grading into two groups for the
purpose of analysis. We regarded those with grades 1-2 as
having no or little disk degeneration and those with grades
3-5 as having some degree of disk degeneration. There
have been many reports on the relationship between current
LBP and disk degeneration;>’ however, none have reported
on the relationship between previous LBP and Pfirrmann
grading. Videman et al'® showed that disk height narrowing
was associated with previous LBP, but they did not use Pfir-
rmann grading. Since disk height narrowing was classified as
Pfirrmann grade 5,' this can be interpreted as implying that
severe disk degeneration was associated with previous LBP.
Although we included Pfirrmann grades 5, 3, and 4, which
did not indicate severe disk height narrowing, our findings
were almost consistent with the previous study’s findings in
terms of disk degeneration.

Pfirrmann grade >3 at T12/L1, L3/4, L4/5, and L5/S1
was associated with previous LBP. A large population study
showed that disk degeneration was most commonly affected
at L5-S1 and L4-L5,5 which corresponds with our findings.
A mechanical study showed that the range of motion in the
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Relationship between MRI findings and previous history of LBP

lower lumbar segments was significantly smaller than that
in the upper segments.'® The small range of motion at the
intervertebral disk space can cause the load to increase at
the disk, which can easily cause disk degeneration. This may
be a reason why disk degeneration was more prominent at
the lower lumbar disk levels than at the upper disk levels in
the current study.

Disk bulging was associated with previous LBP. Regard-
ing each spinal level, disk bulging at the L2/3, L3/4, L4/5,
and L5/S1 levels was associated with previous LBP. Although
the p-values were inclined to be smaller at lower disk levels
than at upper disk levels, previous LBP was associated with
disk bulging at almost all the lumbar disk levels. Some stud-
ies have shown that disk bulging was frequently observed in
asymptomatic subjects, and it was concluded that there was no
relationship between disk bulging and current LBP,'** whereas
another study of a meta-analysis showed a strong relationship.’
As for previous LBP, Videman et al'® showed that disk bulging
was not associated with previous LBP. Our findings were not
consistent with previous findings in terms of disk bulging.

A systematic review of the relationship between MRI
findings and current LBP showed that disk degeneration
and disk bulging are associated with current LBP, especially
in younger adults, and this relationship disappears in older
populations.” Although the study did not mention previous
LBP, we can assume that older adults with disk degenera-
tion or disk bulging who do not have current LBP may have
had LBP when they were younger. These results correspond
with our findings.

The HIZ was often observed at the level of L4/5 and L5/
S1, and it was associated with previous LBP. There was a
significant difference in the analyses adjusted by age and
sex (p = 0.0405), although no significant relationship was
found using the Fisher’s exact test and univariate analyses.
Aprill and Bogduk'® reported a strong correlation between
the annular high signal intensity zone and positive provoca-
tive discography. Some study has shown that the HIZ was
associated with current LBP?! Dongfeng et al* performed
a histological study on excised disks with a HIZ, and they
concluded that the HIZ may be a specific signal for the
inflammatory reaction of a painful disk. Conversely, other
studies have shown that the HIZ was frequently observed in
asymptomatic subjects.”'*? As for previous LBP, Videman
et al'® showed that annular tear on axial MRI scans was
associated with previous LBP. However, there has been no
report on the relationship between the HIZ and previous LBP.

Spondylolisthesis was considered to be one of the findings
of lumbar spine instability.”* Considering that instability of
the lumbar spine can cause LBP, it was assumed that those

who had spondylolisthesis were inclined to have LBP.*
However, some reports identified no significant relationship
between spondylolisthesis and current LBP.* Furthermore,
Hasegawa et al?® showed that the radiological findings of
spondylolisthesis cannot indicate instability. However, there
has been no report on the relationship between spondylolis-
thesis and previous LBP. In our study, only four participants
who did not have current LBP had spondylolisthesis. Three of
these had previous LBP, and only one did not have previous
LBP. There was no significant relationship between spondy-
lolisthesis and previous LBP; however, this may be attributed
to the small number of spondylolisthesis cases in our study.

One systematic review showed that HIZ and spondylolis-
thesis are not associated with current LBP, even in younger
adults.” Therefore, the aforementioned information about
disk degeneration or disk bulging does not correspond with
HIZ and spondylolisthesis.

While some chronic LBP patients show continuous pat-
tern, others have intermittent pattern.!! Therefore, there was a
possibility that the participants in our study who had previous
LBP without current LBP had chronic LBP as intermittent
pain. They did not have LBP at the time of participation;
however, they may suffer recurrent LBP in the future as a
natural course in the intermittent LBP pattern. Based on the
results of the current study, MRI findings consistent with
Pfirrmann grade >3, disk bulging, and HIZ may be one of
the predictive signs of recurrent severe LBP. Thus, we can
selectively educate patients about preventing LBP.

There were some limitations to the current study. First, we
did not evaluate end plate changes because we only analyzed
sagittal T2-weighted images and T1-weighted images were
unavailable, even though Modic change has been considered
to be associated with LBP. In a population-based study on
975 participants, Teraguchi et al*’ showed that the combina-
tion of disk degeneration and end plate changes was highly
associated with current LBP, whereas disk degeneration alone
was not associated with current LBP. There is no previous
report on the relationship between end plate changes and
previous LBP, and we did not assess this relationship in our
study. Second, we only analyzed sagittal images. Disk bulging
and the HIZ can sometimes be visible at the posterolateral
sides; however, these can be underestimated. Third, there was
selection bias among our study participants, as they were
volunteers from all types of employment at the hospital and
did not represent the general population.

Conclusion
MRI findings consistent with Pfirrmann grading >3, espe-
cially at the lower lumbar disk level, disk bulging, and HIZ
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were associated with previous LBP. In addition, spondylolis-

thesis was not associated with previous LBP. These findings

may be one of the predictive signs of recurrent severe LBP.
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Objective: We aimed to psychometrically validate the Japanese version of the Somatic Symptom Scale-8 (SSS-8)
in Japanese individuals.

Method: Data were collected from Japanese individuals aged 20-64 years, who were recruited online, in February
2015. The scale reliability and validity were analyzed.

Results: Data from 52,353 individuals were analyzed. Cronbach's alpha for the assessment of internal consistency
reliability was 0.86 for the total score. The concurrent validity results showed strong correlations with three do-
mains of the Profile of Mood States-Brief form (p = 0.51-0.61) and the EuroQol 5 Dimension (p = —0.54). The
known-group validity results indicated a linear trend in the severity of depression stratified using the Patient
Health Questionnaire-2 (Jonckheere-Terpstra test, p < 0.001). Regarding convergent and discriminant validities,
all items correlated most strongly with their own domains (coefficients > 0.5), except for one item (headaches).
Scores on perceived stress, pain, and general health differed across five SSS-8 severity groups (Steel-Dwass test,
p <0.001), expect for one group pair in health.

Conclusion: The Japanese version of the SSS-8 was valid with good internal consistency. This questionnaire could

help detect somatic symptom burdens of chronic and severe musculoskeletal pain for primary prevention.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction

Somatic symptoms are generally considered manifestations of an
underlying psychiatric illness, such as anxiety, depression, or common
mental disorders [1]. Common symptoms include various types of
pain (e.g., back pain, joint pain, headache), gastrointestinal symptoms
(e.g., food intolerance, regurgitation of food, bloating), cardiopulmonary
symptoms (e.g., sweating, palpitation, breathlessness), and excessive
tiredness [2]. Somatic symptoms are associated with deterioration of
quality of life and psychological distress and increased use of health
care services [3,4].

The Somatic Symptom Scale-8 (SSS-8) is a self-administered ques-
tionnaire assessing somatic symptom burden [5]. The SSS-8 consists of

* Corresponding author at: Department of Medical Research and Management for
Musculoskeletal Pain, 22nd Century Medical and Research Center, Faculty of Medicine,
The University of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo 113-8654, Japan.
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eight items that assess the following symptoms: stomach or bowel
problems; back pain; pain in your arms, legs, or joints; headaches;
chest pain or shortness of breath; dizziness; feeling tired or having
low energy; and trouble sleeping. These items comprise the four symp-
tom domains of gastrointestinal, pain, cardiopulmonary, and fatigue.
Respondents rate how much each symptom has bothered them during
the previous 7 days and score each item from O to 4: not at all (0), a little
bit (1), somewhat (2), quite a bit (3), and very much (4), with no re-
verse-coded items included. The total score, ranging from 0 to 32, is a
simple sum of each item score: a higher score indicates more severe so-
matic symptom burden.

The SSS-8 was originally developed in English as an abbreviated ver-
sion of the Patient Health Questionnaire-15 (PHQ-15) [4], a question-
naire used worldwide to assess the presence and severity of somatic
symptoms [6-11]. The PHQ-15 was used as a reference measure in the
Diagnostic and Statistical Manual of Mental Disorders (Fifth Edition)
(DSM-5) field trials to facilitate the diagnosis of somatic symptom disor-
der [12]. The German version of the SSS-8 has been linguistically and
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psychometrically validated and has shown good reliability and validity
for the general German population [5] as well as psychometric equiva-
lence to the PHQ-15 [13]. Whereas the PHQ-15 has been used interna-
tionally, the SSS-8 is newly developed but is expected to be a useful
tool in busy medical settings because it requires little time to complete
and score.

To make the SSS-8 available in Japan, we translated the English ver-
sion into Japanese and conducted a linguistic validation of the scale [14].
To ensure conceptual equivalence between the original and its transla-
tion, the translation and linguistic validation were conducted as follows:
(i) forward-translation by two independent Japanese translators; (ii)
back translation by a native English speaker; and (iii) pilot testing for
comprehension in five patients with a history of musculoskeletal pain
and somatic symptoms. Through a step-by-step process, a linguistically
validated Japanese version of the SSS-8 was successfully developed, yet
its psychometric properties have not been assessed.

Thus, the objective of the present study was to psychometrically val-
idate the Japanese version of the SSS-8 for assessment of somatic symp-
toms in Japanese individuals.

2. Methods
2.1. Study population

Members of the Japanese general population aged 20-64 years were
included in the analysis. Participants were recruited by an Internet re-
search company, United Inc. (Tokyo, Japan), with which >1.37 million
individuals across Japan have voluntarily registered. Out of approxi-
mately 1.25 million individuals aged 20-64 years selected as eligible
participants, 270,000 individuals were randomly selected and invited
by e-mail to complete an online questionnaire.

Participation in the online surveys was voluntary and no personally
identifiable information (e.g., name and address) was collected. All par-
ticipants gave their consent and were compensated. After obtaining eth-
ical approval from The University of Tokyo, the questionnaire
administration was conducted in February 2015.

2.2. Measures

The administered questionnaire included questions on demographic
and clinical characteristics, the SSS-8, the EuroQol 5 Dimension (EQ-5D)
[15], the brief form of the Profile of Mood States (POMS) [16,17], the Pa-
tient Health Questionnaire-2 (PHQ-2) [18], and questions on perceived
stress, subjective health, and perceived general health.

The EQ-5D is an instrument developed to measure general health
status [15]. It contains five questions assessing mobility, self-care,
usual activities, pain/discomfort, and anxiety/depression [19]. All re-
sponses are converted into a single index score of general health status
ranging from —0.11 to 1.00: a score of 1 indicates “perfect health” and a
score of 0 indicates “death.” The Japanese version of the EQ-5D, which
was approved by the EuroQol Group in 1997, has been widely used in
research [20].

The POMS is a 65-item questionnaire that assesses the mood of indi-
viduals based on the following six mood construct domains: tension/
anxiety, depression/dejection, anger/hostility, vigor, fatigue, and confu-
sion. The present study used the POMS-Brief form, which consists of 30
items assessing the same six domains. Each item is rated on a five-point
scale, and each domain score ranges from 0 to 20, with higher scores in-
dicating more disturbances, except for the vigor domain. A Japanese
version of the POMS-Brief form was shown to be reliable and valid [21].

The PHQ-2 is a questionnaire comprising two questions extracted
from the universally used original Patient Health Questionnaire-9 [18].
The questions assess whether the respondent has experienced depres-
sion and anhedonia over the past 2 weeks. Although each item is
rated on a scale of 0-3 in the original PHQ-2, the present study used
the National Center of Neurology and Psychiatry version of the Japanese

PHQ-2, which gives each item a binary response of yes or no [22]. Indi-
viduals who answer yes to at least one question are suspected of
experiencing depression and a closer assessment of the individual is
recommended.

Participants' perceived stress and subjective pain (including numb-
ness) during the past 4 weeks were rated using a numerical rating
scale (NRS) ranging from O to 10, with higher scores indicating greater
stress/pain (numbness). Participants' current perceived health was
also rated using an NRS on a scale of 0 to 10; a score of 0 indicates the
worst health status and a score of 10 indicates the best health status.

2.3. Statistical analysis

Participants' demographic and clinical characteristics were analyzed
descriptively. For descriptive statistics of the Japanese SSS-8, the total
score and individual item scores were calculated to examine missing
data and floor and ceiling effects (>60%).

To assess the psychometric properties of the Japanese version of the
SSS-8, we evaluated its reliability and validity. Internal consistency was
assessed to evaluate the reliability of the SSS-8. The extent to which
items in the SSS-8 correlated with each other was evaluated using
Cronbach's alpha coefficient. A Cronbach's alpha coefficient was com-
puted for both total and symptom domain scores. A Cronbach's alpha
of 0.7 or higher would indicate that the SSS-8 is internally consistent
[23].

The validity was evaluated by assessing concurrent validity, known-
group validity, and convergent and discriminant validity. Concurrent
validity was assessed by examining associations between the SSS-8
and external reference questionnaires (EQ-5D and POMS) using
Spearman's correlation coefficient. Scales that measure similar concepts
should be strongly correlated; those measuring different concepts
should be weakly correlated. The correlation coefficient was interpreted
according to Cohen's criteria: 0.1 is considered a weak correlation; 0.3,
moderate; and 0.5, strong [24].

For known-group validity, scores among different groups of partici-
pants based on the results of the PHQ-2 were examined. It was hypoth-
esized that participant groups with more affirmative responses would
have higher SSS-8 scores. To test whether there was such a linear
trend across groups with different levels of depression, the
Jonckheere-Terpstra test was performed [25,26]. The Jonckheere-
Terpstra test is a non-parametric test, which tests if the SSS-8 scores in-
crease as the number of affirmative response in the PHQ-2 increases,
based on a hypothesis that the response distribution does not differ by
the number of affirmative response.

Convergent and discriminant validity examined whether an individ-
ual item fits in its own domain (convergent validity) while the individ-
ual item does not fit in the other domains aside from its own domain
(divergent validity). To assess convergent and divergent validity, the
correlations between items and the symptom domains that those
items assess (gastrointestinal, pain, cardiopulmonary, and fatigue do-
mains) were calculated. It was hypothesized that items would strongly
correlate with other items assumed to belong to the same symptom do-
main, and would weakly correlate with items assumed to belong to dif-
ferent symptom domains. The item-total correlations were evaluated
using Spearman's correlation coefficient.

Additionally, we assessed the relationships between the Japanese
SSS-8 severity groups and the participants’ clinical status. Based on the
SSS-8 total score, participants were categorized into five severity groups
using the German version of the severity thresholds: a score of 0-3 was
categorized as “no to minimal severity,” 4-7 as “low,” 8-11 as “medi-
um,” 12-15 as “high,” and 216 as “very high” [5]. Among these five se-
verity groups, all pairwise comparisons were conducted by the Steel-
Dwass non-parametric test [27,28] to identify any pairs with statistically
significant differences in perceived stress, subjective pain, and per-
ceived general health.

86



K. Matsudaira et al. / General Hospital Psychiatry 45 (2017) 7-11 9

All statistical tests were two-sided with a significance level of 0.05.
Unanswered questionnaire items were treated as missing data. All anal-
yses were performed using SAS software version 9.3 (SAS Institute, Inc.,
Cary, NC, USA).

3. Results

Data from 52,353 individuals who responded to the questionnaires
were analyzed. Participants' demographic and clinical characteristics
are summarized in Table 1. The median age was 43 years with a range
of 20 to 64 years, and 50.0% of the participants were male. Median per-
ceived stress, subjective pain, and perceived general health scores were
4 (3-6), 2 (1-4), and 6 (5-8), respectively.

Table 2 summarizes descriptive statistics of the Japanese SSS-8. To
complete the questionnaire, respondents must answer all SSS-8 items;
therefore, there was no missing data. No remarkable floor or ceiling ef-
fects were observed for the total scores. No ceiling effects were observed
for the individual item scores; however, floor effects were observed for
the following six items: stomach or bowel problems; pain in the arms,
legs, or joints; headaches; chest pain or shortness of breath, dizziness;
and trouble sleeping.

For reliability, internal consistency of the Japanese SSS-8 was evalu-
ated using Cronbach's alpha coefficients. The Cronbach's alpha for the
total score was 0.86, which demonstrates good consistency. The
Cronbach's alpha coefficients within each symptom domain were 0.69
for the pain domain, 0.77 for the cardiopulmonary domain, and 0.77
for the fatigue domain.

To assess concurrent validity, Spearman's correlation coefficients for
the associations between the SSS-8 and the two external criteria (EQ-
5D, POMS) were calculated. A strong correlation was observed with
the EQ-5D (p = —0.54), and also with the three POMS domains: 0.61
for the POMS-fatigue, 0.55 for the POMS-tension/anxiety, and 0.51 for
the POMS-depression/dejection (p < 0.001 for all). For the remaining
POMS domains, moderate to weak correlations were observed with
the POMS-anger/hostility (p = 0.46), POMS-confusion (p = 0.46), and
POMS-vigor domains (p = —0.01) (p < 0.001 for all).

To examine known-group validity, SSS-8 total scores were com-
pared among groups categorized based on their responses to the PHQ-
2 items: 71.6% of patients made no affirmative responses, 14.9% made

Table 1
Participants' demographic and clinical characteristics (n = 52353).

Characteristics

Age, years (median, range)
Sex, male (n, %)
Educational qualification (n, %)

43 (20-64)
26,191 (50.0)

Junior high school 1293 (2.5)
High school 16,105 (30.8)
Vocational school 7105 (13.6)
Technical college 855 (1.6)
Junior college 5302 (10.1)
University 19,102 (36.5)
Graduate school 2191 (4.2)
Others 400 (0.8)

Employment status (n, %)

Full-time employee 20,565 (39.3)

Part-time/contract employee 9945 (19.0)
Temporary staff 1783 (34)
Business executive 2903 (5.6)
Family business 765 (1.5)
Work at home 1267 (2.4)
Students 1861 (3.6)
Do housework 7843 (15.0)
Without job 4363 (8.3)
Others 1058 (2.0)
Perceived stress (NRS) (median, IQR) 4 (3-6)
Subjective pain (NRS) (median, IQR) 2 (1-4)
Perceived general health (NRS) (median, IQR) 6 (5-8)

Values are median (range), n (%), or median (IQR). IQR = interquartile range (25th-75th
percentile); NRS = numerical rating scale (score range: 0 to 10).
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one affirmative response, and 13.6% made two affirmative responses.
As hypothesized, the median SSS-8 total scores and its interquartile
ranges (25th-75th percentile) were higher in the groups with more af-
firmative responses to the PHQ-2 items: 2 (0-5) in the group with no af-
firmative responses, 5 (2-9) in the group with one affirmative response,
and 8 (4-12) in the group with two affirmative responses. The statistical
test results showed a linear increasing trend in the SSS-8 total score
across these three PHQ-2 categories (which indicate suspected depres-
sion levels) (Jonckheere-Terpstra test, p < 0.001).

To test convergent and discriminant validity, item-total correlations
were examined. Table 3 shows the Spearman'’s correlation coefficients
between each SSS-8 item and other items belonging to the same or dif-
ferent symptom domains (gastrointestinal, pain, cardiopulmonary, or
fatigue domains). Shaded cells in Table 3 indicate correlations between
each item and the other items in the same symptom domain. Boldface
text indicates each item's highest correlation, to show the domain
with which it was most strongly associated. All the items except for
headaches (item 4) showed the highest correlation with items within
their own domain, and most of them demonstrated strong correlations
(p20.5) (p<0.001 for all correlations). Item 4 showed the highest cor-
relation with the cardiopulmonary domain (p = 0.48) instead of with
its own pain domain (p = 0.38).

The plausibility of the Japanese SSS-8 severity groups based on the
SSS-8 total score was examined by comparing the median scores on per-
ceived stress, subjective pain, and perceived general health in each se-
verity group (Table 4). For both perceived stress and subjective pain,
median NRS scores were higher for more severe category groups, and
the score differences between any pair of severity groups were signifi-
cant (Steel-Dwass test, p < 0.001). For perceived general health, median
scores were lower for more severe category groups. As with the stress
and pain scores, this indicates that participants in more severe groups
experience greater symptom burden. The score differences were signif-
icant between all pairs of severity groups (Steel-Dwass test, p < 0.001)
except for between the “high” and “very high” groups (Steel-Dwass
test,p = 0.13).

4. Discussion

This study used data collected online from 52,353 individuals to as-
sess the psychometric properties of the Japanese SSS-8, which had been
linguistically validated previously. Overall, the results demonstrated
that the Japanese SSS-8 had good internal consistency, and acceptable
to good concurrent validity, known-group validity, and convergent
and discriminant validities.

Although the descriptive statistics of the Japanese SSS-8 revealed no
ceiling or floor effects for the Japanese SSS-8 total scores, a floor effect
was observed for six individual items. This is probably because the pres-
ent study sampled members of the Japanese general population, who
did not necessarily have any somatic symptoms, and because item
scores were between 0 and 4. In fact, over 50% of the participants ob-
tained total scores of between 0 and 5. Therefore, these floor effects
were not considered critical.

The internal consistency of the Japanese SSS-8 was evaluated here
using Cronbach's alpha coefficient [29]. The coefficient exceeded a gen-
erally acceptable level of 0.7 for psychometric scales and reached over
0.8, which is regarded as a good level. These levels are similar to the
Cronbach's alpha of 0.81 found for the German SSS-8 [5].

The validity of the Japanese SSS-8 was evaluated by examining con-
current validity, known-group validity, and convergent and discrimi-
nant validity. The concurrent validity analysis showed strong
correlations exceeding 0.5 (or —0.5) between the Japanese SSS-8 and
the measures of self-reported health status, fatigue, anxiety, and depres-
sion. Known-group validity was also found: there was a statistically sig-
nificant trend for patients with more depression symptoms to report
higher Japanese SSS-8 scores. Both the concurrent validity and
known-group validity results found here indicate relationships between
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Table 2
SSS-8 total scores and distributions of individual item scores.

Mean SD Median Range Floor effect Ceiling effect

Min-Max (%) (%)
Total score 4.5 5.2 3 0-32 249 0.4
1. Stomach or bowel problems 1.6 0.9 1 1-5 64.4 1.5
2. Back pain 1.8 1.0 1 1-5 53.6 2.7
3. Pain in the arms, legs, or joints 1.5 0.9 1 1-5 67.0 1.9
4, Headaches 1.6 0.9 1 1-5 66.6 2.0
5. Chest pain or shortness of breath 13 0.7 1 1-5 83.9 1.1
6. Dizziness 13 0.7 1 1-5 81.0 13
7. Feeling tired or having low energy 19 1.1 1 1-5 50.1 3.9
8. Trouble sleeping 1.6 1.0 1 1-5 67.4 3.0

SSS-8 = Somatic Symptom Scale-8; SD = standard deviation; Min = minimum; Max = maximum.

somatic burden, anxiety, and depression, which supports previous re-
search showing that somatic, anxiety, and depression symptoms are
highly comorbid and partially overlap [30,31].

For the convergent and discriminant validities, the highest correla-
tions were between each question item and the domain to which it
belonged, with the exception of the headaches item. Headaches had
the highest correlation with the cardiopulmonary domain (0.48),
followed by the fatigue domain (0.45). Although headaches are a type
of pain, they differ from back pain and pain in your arms, legs, or joints
which are classified as musculoskeletal pain. Earlier research grouped
headache into the category of general symptoms or head-and-gastroin-
testinal symptoms along with symptoms such as dizziness and fatigue
as a result of factor analysis in somatic symptoms [32-34]. In fact,
when looking into correlation between each items rather domains,
headaches in the present study indicated the highest correlation with
dizziness (p = 0.45) followed by feeling tired or having low energy
(p = 0.44). Therefore, headaches showing such stronger correlations
with the cardiopulmonary and fatigue domains may be accountable.
Similarly in the German version of the SSS-8, confirmatory factor analy-
sis results revealed coefficients of between 0.61 and 0.84; the lowest
was for headaches and the highest for pain in the arms, legs, or joints
in the pain domain [5]. This may have resulted from differences in sam-
pling methods; however, the observed lowest coefficient for headaches
in the present study is consistent with the German findings.

Furthermore, five severity thresholds from the German SSS-8 are ap-
plicable to the Japanese general population. For the German version of
the SSS-8, the severity increased as levels of perceived stress, pain, and
general health increased [5]. The differences between all pairs were statis-
tically significant, except for the pair of high and very high in perceived
general health. However, as the medians in high and very high were the

same for perceived stress and general health, further research is warrant-
ed to determine whether the category cutoff points for high and very high
are appropriate for the Japanese general population.

There are several limitations of the present study. First, generalization
of these results is limited. As recruitment was conducted online, some de-
mographic groups may have been under-represented (e.g,, those without
access to the Internet) and some over-represented (e.g., those with a great-
er motivation to participate). In addition, the recruitment targets were lim-
ited to registered individuals between the ages of 20 and 64 years
(considered to be the working age population). However, the present
study obtained a large sample from the general Japanese population and
this sample reflected the age and sex composition ratio of the Japanese
population. Therefore, such under- or over-represented groups may not
be a critical problem in the present study. Second, misclassifications of re-
sponse and recall bias are concerns. Response misclassification is inevitable
when using subjective measures. Recall bias toward retrospective ques-
tions might also have distorted participants' responses. Therefore, these
need to be interpreted with caution. Third, the present study did not eval-
uate the responsiveness of the Japanese SSS-8. The ability of the question-
naire to detect changes if the condition changes (e.g., responsiveness to
treatment) needs to be evaluated prior to its use in longitudinal studies.
Further assessment of responsiveness is thus necessary. Fourth, as the
present study targeted the general population residing in Japan, use of
the Japanese SSS-8 in a clinical setting may produce results that differ
from the present results. The English version of the SSS-8, a short form of
the PHQ-15 [4], was originally developed for the DSM-5 field trials [12],
and its German version has been psychometrically validated for the Ger-
man general population, suggesting that the SSS-8 could be applicable to
both clinical and general populations [5]. However, the relevance of the
Japanese SSS-8 for patients in Japan needs to be demonstrated.

Table 3
Correlations® among each item and other items belonging to the same or different symptom domains.
Domain
Gastrointestinal Pain Cardiopulmonary Fatigue
SSS-8 Item Item #1 Item #2-4 Item #5-6 Item #7-8
1. Stomach or bowel
1.00 0.46 0.41 0.45
problems
2. Back pain 0.39 0.51 0.38 0.44
3. Pain in your arms,
. 0.32 047 0.38 0.38
legs, or joints
4. Headaches 0.39 0.38 0.48 0.45
5. Chest pain or
0.38 043 0.50 0.43
shortness of breath
6. Dizziness 0.36 0.43 0.50 0.44
7. Feeling tired or
. 043 0.52 0.47 0.57
having low energy
8. Trouble sleeping 0.38 043 0.43 0.57

4Spearman’s correlation coefficient.

SSS-8 = Somatic Symptom Scale-8. Item 1 comprises thegastrointestinal symptoms domain, items 2-4 comprise the pain domain, items 5-6 comprise the cardiopulmonary domain,

and items 7-8 comprise the fatigue domain. All the correlations were p <0.001.
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Table 4
Stress, pain, and overall health NRS scores for each SSS-8 severity category.

SSS-8 severity category (SSS-8 score) n (%) Perceived stress (NRS) Subjective pain (NRS) Perceived general health (NRS)
Median (IQR) Median (IQR) Median (IQR)

No to minimal (0-3) 29,294 (56.0) 3(2-5) 1(0-3) 7 (5-8)

Low (4-7) 12,243 (23.4) 5(3-7) 3 (2-5) 6 (4-7)

Medium (8-11) 5731 (10.9) 6 (4-7) 4(3-6) 5 (4-6)

High (12-15) 2725 (5.2) 7 (5-8) 5(3-7) 4(3-6)

Very high (>16) 2360 (4.5) 7 (5-8) 6(4-7) 4(3-6)

Score differences between severity groups were tested (p < 0.001 for all pairs of severity groups in perceived stress and subjective pain and p < 0.001 for all pairs in perceived general

health, except for a pair of high and very high groups, p = 0.13).

SSS-8 = Somatic Symptom Scale-8; NRS = numerical rating scale; IQR = interquartile range (25th-75th percentile).

In sum, the present study demonstrated that our linguistically vali-
dated version of the Japanese SSS-8 was valid with a good internal con-
sistency. Our results also suggested that the somatic symptom burdens
determined by the SSS-8 severity thresholds were in proportion to indi-
viduals' perceptions of stress and pain levels and inverse to their per-
ception of health status. This brief questionnaire could be useful in a
medical setting and could help to detect the somatic symptom burden
of chronic and severe musculoskeletal pain for primary prevention.
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Abstract

Purpose Pain is a global public health problem with impli-
cations for both personal and social heath. Fear-avoidance
beliefs (FABs) have been demonstrated to negatively
impact and prolong pain in many Western countries, but
little is known about the association between FABs and
chronic pain (CP) in Asian countries, including Japan. We
examined the relationship between FABs and CP in Japa-
nese white-collar workers, a growing population with a
high prevalence of CP.

Methods Questionnaires and company records were used
to gather data from 433 Japanese white-collar workers.
Data were related to experience of pain, participant soci-
odemographic/health/lifestyle characteristics, fear-avoid-
ance beliefs [Tampa Scale for Kinesiophobia (TSK)],
work-related psychosocial factors (Brief Job Stress Ques-
tionnaire), and depressive illness [Psychological Distress
Scale (K6)]. Analysis of covariance and multilevel logistic
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regression modeling were used to analyze associations
between the data while controlling for factors known to
influence CP prevalence.

Results Prevalence rate of CP was 11.1% (48 of 433 per-
sons). Adjusted odds ratios for participants with CP sig-
nificantly increased in participants with high TSK scores,
even after adjusting for factors known to influence CP
prevalence.

Conclusion We found a significant association between
high TSK scores and CP in Japanese white-collar work-
ers when controlling for other known factors that influence
CP such as work-related psychosocial characteristics and
depressive conditions. This finding suggests that FABs are
independently associated with prevalence of CP.

Keywords Chronic pain - Fear of movement -
Fear-avoidance belief - TSK - White-collar workers -
Occupational medicine

Introduction

Pain is a health problem that dramatically effects the global
population [1, 2]. In particular, chronic pain (CP) can
impair the daily lives of its sufferers, as well as placing a
substantial economic burden on a country’s resources [3]. A
number of large-scale surveys suggest that CP is prevalent
in approximately 20-25% of the Japanese population [4, 5],
with prevalence differing between different work-related
occupations [6]. For example, prevalence of chronic mus-
culoskeletal pain is typically higher within “white-collar”
professional, office, and technical employees, despite lower
levels of demanding physical tasks. In contrast, employees
within the “blue-collar” agricultural, forestry, and fisher-
ies industries report lower rates of such chronic pain [6].
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To be able to prevent CP in white-collar workers (WCWs)
would have substantial benefits in the lives of individuals
who experience pain in their everyday lives. Furthermore,
preventing CP effectively would also have economic and
social benefits because of the association between CP and
employment sick leave, absence, and poor productivity [7,
8]. The urgency to develop effective treatments and preven-
tion strategies for CP is becoming increasingly more salient
as there is a growing number of WCWs in the workforce
[9], which thus increases the number of individuals experi-
encing CP.

Biological disorders are often considered as the primary
causal factor for CP; however, it is also important to con-
sider the effect of psychological and social factors, such as
work-related stress and depression. In particular, dysfunc-
tional beliefs relating to pain itself, and fear of pain, play a
key role in the development of CP [10, 11]. Fear of pain can
lead to avoidance of activities that patients associate with
the occurrence or exacerbation of pain, even after physical
recovery from the associated condition has occurred. The
avoidance of physical activities based on fear of move-
ment, known as kinesophobia, can also lead to a cycle of
further fear and avoidance [12]. Moreover, excessive avoid-
ance of activities believed to cause pain can reduce muscle
strength and flexibility, which may delay recovery from a
painful condition. This cycle of pain and avoidance behav-
ior can be explained by a fear-avoidance model in which
fear-avoidance beliefs (FABs) represent typical cognitive
and emotional responses that can lead people with pain
into a cycle of avoidance. Research has demonstrated that
FABs contribute to long-term work-related disabilities; fur-
thermore, low levels of FABs are a useful predictor of early
recovery from an impairment [13, 14].

Although a number of studies in the United States and
Europe have investigated the relationship between FABs
and CP, very little research of a similar nature has taken
place in Asian countries, including Japan. As the influence
of FABs differs depending on culture and ethnicity [15],
it is not possible to generalize the results from studies in
Western populations to an Asian population. Our study
aims to address this issue by investigating the prevalence of
CP among Japanese WCWs, and furthermore, by analyzing
the association between FABs and CP.

Methods

Data were collected from WCWs in the technology devel-
opment division of a company listed on the First Section
of the Tokyo Stock Exchange. Questionnaires were used
to collect data relating to participants’ pain, fear of pain,
work-related psychosocial factors, and depression. We also
collected data relating to participant demographics and
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lifestyle from the company’s most recent employee health
survey conducted within the year preceding the current
study. The questionnaires were distributed to participants
on February 10, 2015, and the survey was closed on Febru-
ary 29, 2015.

All procedures were approved by both the Keio Univer-
sity School of Medicine Ethics Committee (approval no.
20140296) and the Health and Safety Committee within
the participating company. Participants were informed
about the nature of the survey, and the use of demographic
data from the annual health check, through the company’s
intranet.

Participants

In total, 517 full-time employees were asked to take part,
with 433 returning completed questionnaires (83.8%
response rate). Respondents were aged from 20 to 65 years
old (mean = 41.5; standard deviation = 10.8). Male par-
ticipants comprised the majority of the sample (375 par-
ticipants, 86.8%). According to the company’s data, all
participants were recognized as WCWs who were engaged
predominantly in deskwork.

Measures

Data were collected from the company’s health check
related to the participant’s age, sex, body mass index (BMI,
kg/m?; participants categorized in quartiles), height, smok-
ing habit (participants categorized as never, ex-smoker,
or current smoker), daily alcohol intake [1 glass of sake
(180 ml) was coded as 23 g ethanol; participants were cat-
egorized as consuming 0, 1-23, 2445, or >46 g ethanol/
day], highest education achieved (high school graduate or
junior college graduate, bachelor’s degree, master’s degree,
or doctorate), exercise routine, and daily working hours.
Sleep patterns were evaluated for quantity of sleep in the
past 4 weeks (participants categorized as having <5, 5, 6,
7, 8,9, or >9 h/day) [16], with a reported sleep duration of
less than 5 h coded as ‘short sleep.” A measurement of par-
ticipants’ subjective evaluation of their exercise routine was
also collected and used in the subsequent analyses.

Participants were asked to provide specific details of
pain they had experienced during the previous 4 weeks
relating to pain location(s), intensity, duration, and fre-
quency. Location of pain was marked on an illustration by
the participants (see Fig. 1), with multiple answers allowed.
Pain intensity was scored on a numeric rating scale (NRS)
comprising 11 points (0 = no pain to 10 = worst pain
imaginable). Participants were coded as having CP when
the following criteria were met: (1) NRS score of 5 or
more, (2) pain persisted for at least 3 months, and (3) pain
experienced at least two times a week [17].
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1 head

2 jaw

3

oral cavity

19 doodad

20 anus

Fig. 1 Full-body manikin divided into 20 areas for marking of pain sites. Shoulder, back neck, low back, and head were defined as areas num-

bered 7, 6, 13, and 1, respectively

To evaluate kinesophobia within participants, we used
the Japanese short version of the Tampa Scale of Kineso-
phobia (TSK-J11) developed and validated by Matsu-
daira et al. [18, 19]. Although a longer version of the TSK
is available, we deemed the short version suitable for the
study because of its good psychometric properties (Cron-
bach’s « = 0.92) and the advantage of brevity it offered
[18, 20]. Reliability and validity of the TSK has been con-
firmed in several patient populations, including patients
with chronic musculoskeletal pain [21], low back pain [22,
23], whiplash injury pain [24], shoulder pain [25], tempo-
romandibular disorder [26], sciatica [27], and fibromyalgia
[28]. The TSK-J11 comprises 11 items with each scored on
a 4-point Likert scale ranging from 1 (strongly disagree)
to 4 (strongly agree). The total score is obtained by sum-
ming the scores for the 11 items and ranges from 11 to 44.
Higher scores indicate a greater degree of kinesophobia
within participants.

Work-related psychosocial factors were measured in
five different aspects (job demand, job control, social
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support from supervisors and co-workers, and job satis-
faction) using subscales of the Brief Job Stress Question-
naire (BJSQ) [29]. All items, except job satisfaction, were
respectively rated on a 4-point Likert scale ranging from 1
(strongly disagree) to 4 (strongly agree). Job demand was
calculated by summing the item scores for psychological
job overload within the BJSQ (three items). Job control
was calculated by summing the item scores for subjective
adjustability of work within the BJSQ (three items). The
questionnaire section on social support from supervisors
and co-workers consisted of three items, respectively, with
the total score calculated by summing the three items, and
ranging from 3 to 12 (lower scores indicating greater levels
of support). Job satisfaction was rated on a 4-point scale
ranging from 1 (satisfied) to 4 (unsatisfied).

Depressive condition was measured using the Kessler
Psychological Distress Scale (K6). The Japanese version
was developed in 2008, and then reliability and valid-
ity were confirmed by Furukawa et al. (Cronbach’s o was
0.85) [30]. The K6 was developed in 2002 as a short-form
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version of the K10 [31] and consists of six items related to
depression and anxiety, with each rated on a 5-point scale.
In accordance with Kawakami, participants with a K6 score
of 10 points or more were defined as having a depressive
condition.

Statistical analysis

An analysis of Dunnett’s test was conducted to test for
differences in the age- and sex-adjusted means and pro-
portions of participants’ demographic and lifestyle char-
acteristics. To investigate any association between kineso-
phobia and chronic pain, logistic regression was conducted
to calculate multivariable-adjusted odds ratios (ORs) and
95% confidence intervals (95% CI). The data were fitted to
three different regression models, with each adjusting for
increasing numbers of variables. Model 1 adjusted for age,
sex, BMI, smoking status, daily alcohol intake, highest edu-
cation achieved, exercise habit, sleeping time, and working
time. Model 2 also adjusted for job demands (categorized
in tertiles), job control (categorized in tertiles), social sup-
port from supervisors and co-workers (categorized in quar-
tiles), and job satisfaction (four categories) in addition
to the control variables of model 1. Model 3 adjusted for
depressive condition (K6 score >10) in addition to the con-
trol variables of model 2.

p values <0.05 for two-tailed tests were considered sta-
tistically significant. All statistical analyses were performed
using SAS version 9.4 (SAS Institute, Cary, NC, USA).

Results

A total of 259 participants (60.0%) reported experiencing
pain during the 4 weeks preceding the study, with 48 par-
ticipants (11.1%) meeting the criteria for experiencing CP.
The 211 participants who reported experiencing no pain
in the previous 4 weeks were categorized into a non-CP
group. The most frequently reported location of CP was
in the shoulders (64.6%), followed by the back of the neck
(54.2%), the low back (41.7%), and the head (31.3%).

Table 1 shows demographic characteristics of both the
CP group and the non-CP group. Although no significant
differences were observed between the groups for any of
the items, there was a trend for higher BMI, poorer job
control, poorer job satisfaction, and a higher rate of depres-
sive people within the CP group when compared with the
non-CP group.

Characteristics of participants who reported pain accord-
ing to five categories of TSK-J11 scores are reported in
Table 2. They were classified in quintiles as extremely low
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Table 1 Age- and sex-adjusted mean values and proportions of
chronic pain risk factors

Non-chronic pain Chronic pain

n 211 48
Age, years (SE) 42.0 (0.7) 44.5 (1.5)
Men, n, % 185, 87.7% 40, 83.3%
Body mass index >25, n, % 42,19.9% 12, 25.0%
Current smoker, n, % 15,7.1% 4,8.3%
Alcohol intake >46 g/day, n, % 32,152% 9, 18.8%
Master’s degree, n, % 156, 73.9% 37,77.1%
Exercise >30 min twice a week, 141, 66.8% 29, 60.4%
n, %
Sleep time 5 h or less, n, % 11,52% 3,6.3%
Working time >10 h, n, % 117,55.5% 25,52.1%
High job demands, n, % 66, 31.3% 17, 35.4%
Poor job control, n, % 71, 33.7% 23, 47.9%
Poor support from supervisor, n, % 65, 30.8% 16, 33.3%
Poor support from co-workers, 59, 28.0% 11, 22.9%
n, %
Job dissatisfaction, n, % 51,24.2% 15, 31.3%
K6 >10 points, n, % 11,5.2% 4,8.3%

No significant differences were observed between the groups for any
of the items

SE standard error, K6 Kessler Psychological Distress Scale

(Q1, 11-18), low (Q2, 19-20), intermediate (Q3, 21-23),
high (Q4, 24-25), or extremely high (Q5, 26—44). Higher
TSK-J11 scores were significantly associated with a greater
prevalence of CP. In addition, a greater proportion of par-
ticipants with high TSK-J11 scores reported poorer job
control, poorer support from supervisors and co-workers,
poorer job satisfaction, and a higher rate of depressive con-
ditions (K6 score >10).

Table 3 illustrates the age- and sex-adjusted OR val-
ues for the CP versus non-CP groups according to TSK
score. Significantly higher age- and sex-adjusted OR
values of CP versus non-CP were observed among par-
ticipants with extremely high TSK scores (Q5) compared
to the participants with extremely low TSK scores. The
OR values gradually increased for participants in the Q5
groups (3.13). In the first model, which adjusted for addi-
tional demographics and lifestyle variables, the Q5 group
also exhibited significantly high OR values (3.13), with
the difference remaining significant after adjusting for
both the work-related psychosocial variables in model
2 (OR = 4.07) and the depressive symptom variables in
model 3 (OR = 4.09). The stepwise increase in OR values
with TSK score found in the columns of Q4 and Q5 also
remained in all the models.
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Table 2 Age- and sex-adjusted mean values and proportions of chronic pain risk factors according to the Tampa Scale for Kinesiophobia

Tampa Scale for Kinesiophobia (TSK)

QITSK=11-18 Q2TSK=19-20 Q3 TSK =21-23

Q4 TSK =24-25 Q5 TSK =26-44

n 52 37 61 38 63
Age, years (SE) 41.7 (1.5) 40.6 (1.7) 41.7(1.4) 44.2 (1.7) 43.9(1.3)
Men, n, % 42, 80.8% 31, 83.8% 51, 83.6% 36, 94.7% 57,90.5%
Body mass index > 25, n, % 11,21.2% 5,13.5% 14, 23.0% 6, 15.8% 16, 25.4%
Current smoker, n, % 2,3.8% 4 10.8% 3,4.9% 4,10.5% 6, 9.5%
Alcohol intake more than 46 g/day, n, % 9, 17.3% 2,5.4% 6, 9.8% 7, 18.4% 13, 20.6%
Master’s degree, n, % 39, 75.0% 28,75.7% 43,70.5% 26, 68.4% 50, 79.4%
Exercise >30 min twice a week, n, % 38,73.1% 21, 56.8% 44, 72.1% 30, 78.9% 33, 52.4%*
Sleep time 5 h or less, n, % 2,3.8% 1,2.7% 3,4.9% 3,7.9% 8, 12.7%
Working time >10 h, n (%) 33,63.5% 20, 54.1% 35, 57.4% 23, 60.5% 27, 42.9%*
High job demands, n, % 24, 46.2% 9,24.3% 17,27.9% 12,31.6% 17,27.0%
Poor job control, n, % 8, 15.4% 16, 43.2%* 21,34.4% 15, 39.5%* 32, 50.8%*
Poor support from supervisor, n, % 9,17.3% 14, 37.8% 13,21.3% 15,39.5% 28, 44.4%*
Poor support from co-worker, n, % 9,17.3% 6, 16.2% 18, 29.5% 10, 26.3% 24, 38.1%*
Job dissatisfaction, n, % 7, 13.5% 5,13.5% 15, 24.6% 12,31.6% 25,39.7%"
K6 >10 points, n, % 3,5.8% 4,10.8% 10, 16.4% 7, 18.4% 15,23.8%"
Chronic pain, n, % 6,11.5% 4,10.8% 6, 9.8% 10, 26.3% 20, 31.7%*
Test for significance from the category of Q1: * p < 0.05, T p < 0.01, ¥p < 0.001
SE standard errors
Table 3 Odds ratios (ORs, 95% CI) of chronic pain versus non-chronic pain according to Tampa Scale for Kinesiophobia

Tampa scale for kinesiophobia: TSK

QITSK=11-18 Q2TSK=19-20 Q3 TSK=21-23 Q4TSK=24-25 Q5TSK =2644
No. of subjects 52 37 61 38 63
No. of subjects with chronic pain 6 4 6 10 20
Age-adjusted mean values 1.00 0.80 (0.22-2.89) 0.70 (0.23-2.17) 2.43 (0.85-7.00) 3.09 (1.22-7.82)*
Model 1 OR (95% CI) 1.00 0.73 (0.18-2.89) 0.68 (0.21-2.20) 2.46 (0.82-7.42) 3.13 (1.17-8.37)*
Model 2 OR (95% CI) 1.00 0.76 (0.18-3.26) 0.65 (0.19-2.26) 2.73 (0.81-9.19) 4.07 (1.35-12.23)*
Model 3 OR (95% CI) 1.00 0.79 (0.18-3.40) 0.64 (0.18-2.22) 2.66 (0.79-8.98) 4.09 (1.35-12.42)*

Test for significance from the category of Q1: * p < 0.05, T p < 0.01, ¥ p < 0.001

SE standard error

Discussion

This is the first study demonstrating that kinesophobia
adversely affects CP in Japanese employees. Because the
biopsychosocial model makes a substantial contribution in
explaining the complicated mechanisms that underpin CP
[32], psychosocial factors should also be taken into account
to identify the independent relationship between kineso-
phobia and CP. As such, we performed multiple logistic
regression analyses controlling biological characteristics,
work-related factors (psychosocial factors), and depression
(psychological factor).

95

In model 1, we adjusted for demographic and lifestyle
factors comprising age, sex, BMI, smoking status, daily
alcohol intake, highest education achieved, exercise rou-
tine, sleeping time, and working time. Although exercise
routine indicates low pain sensitivity [8, 33], high TSK
scores were significantly associated with higher prevalence
of CP, even after adjusting for factors including exercise.
Although an exercise routine may alleviate kinesophobia
and improve TSK score, the influence was statistically low
in the present study.

In model 2, we investigated the effect of psychosocial
factors on the relationship between kinesophobia and CP.
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The demand-control model posits “high strain jobs” [jobs
that combine high demand within a job and low job con-
trol (low decision latitude)] as having adverse effects on
employees’ health [34]. Furthermore, social support by
supervisors and co-workers is argued to also be an influ-
ential psychosocial factor in the workplace [34], with the
demand-control-support model suggesting that workplace
support (as well as job control) can reduce a job stress
induced by job demand. Another influential psychoso-
cial factor is job satisfaction, referring to the overall well-
being an employee feels toward their job [35]. Conversely,
job dissatisfaction refers to the negative emotions elicited
through a reciprocal deficit in effort-reward, illustrated
in the imbalance model [36]. A number of studies have
highlighted the importance of these factors, with poor
work-related psychosocial factors associated with a higher
prevalence of CP among European and North American
employees [37-39], and job satisfaction significantly asso-
ciated with CP in Japanese employees [40—42]. As such,
we adjusted for work-related psychosocial factors in model
2 of the current study. The results indicated that, even after
adjusting for work-related psychosocial factors, OR values
for participants with extremely high TSK scores remained
significant, suggesting that FABs influenced the prevalence
of CP independently of the psychosocial factors.

In model 3, we also adjusted for depressive condition
because previous research has demonstrated depression as
an independent factor that adversely affects CP [42]. Job
stress is also an indicator of depression [42]. As in model
2, the OR values in model 3 for participants with extremely
high TSK scores remained significantly high after adjusting
for depression, further supporting the view that kinesopho-
bia is an independent risk factor of CP.

The prevalence of FABs in acute, or subacute, phases of
painful conditions can prolong pain and lead to intractable
conditions [43, 44]. As shown in this study, the independent
association between FABs and the prevalence of CP sug-
gests the similar negative impact of FABs on pain. There-
fore, tackling FABs is an important therapeutic approach
for reducing CP. The introduction of a psychosocial flag
system for chronic musculoskeletal pain is one such
approach and is strongly recommended in Europe and the
United States. Under this system, FABs indicate a yellow
flag, which requires the employee to receive treatment from
clinical physicians working in collaboration with the work-
place [45]. To effectively contend with CP, it is necessary
for Japanese physicians to understand the complex nature
of occupational health and CP and provide interventions
that target pain in the earliest stages of onset.

There were a number of limitations in the current study.
First, it is likely that selection bias influenced the results to
some degree. The fact that the participating company pos-
itively accepted to take part in the study perhaps suggests
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that they have a strong interest in occupational health. How-
ever, even within a company that supports its employee’s
health, the present study demonstrated that more than one
tenth of their employees suffered from severe chronic pain
and FABs associated with CP. Unfortunately, it was impos-
sible to infer the degree to which selection bias may have
impacted the results because of the lack of other research
focusing on the relationship between CP and occupational
environments in Japan. More investigations will be expected
to identify risk factors of CP in the work site. Second, data
relating to the cause of pain were not collected. It is possible
that classifications of pain may have influenced the present
results; however, nociceptive and neuropathic pain classifi-
cation of pain overlap in most patients who experience pain
[46], which suggests that classifying pain in such a way is
not necessary. Finally, because of the cross-sectional nature
of the study, causality regarding the direction of influence
between TSK and CP cannot be inferred. It is possible that
long-lasting severe pain elevated TSK scores in participants
who experienced pain. To clarify causality, future research
should include panel data analysis.

In conclusion, we found a significant association between
high TSK score and CP in Japanese white-collar work-
ers when controlling for other known factors that influence
CP, such as work-related psychosocial characteristics and
depressive conditions. This result suggests that FABs are
independently associated with the prevalence of CP.
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Background: Responses to early-life adversity may differ by sex. We investigated the
sex-specific impact of early-life adversity on chronic pain, chronic multisite pain, and somatiz-
ing tendency with chronic pain.
Methods: We examined 4229 respondents aged 20—79 years who participated in the Pain Associ-
ated Cross-Sectional Epidemiological Survey in Japan. Outcomes were: 1) chronic pain preva-
lence, 2) multisite pain (=3 sites) prevalence, and 3) multiple somatic symptoms (=3 symptoms)
among respondents with chronic pain related to the presence or absence of early-life adversity.
Multivariable-adjusted odds ratios (ORs) were calculated with 95% confidence intervals using
a logistic regression model including age, smoking status, exercise routine, sleep time, body
mass index, household expenditure, and the full distribution of scores on the Mental Health
Inventory-5. We further adjusted for pain intensity when we analyzed the data for respondents
with chronic pain.
Results: The prevalence of chronic pain was higher among respondents reporting the presence
of early-life adversity compared with those reporting its absence, with multivariable ORs of
1.62 (1.22-2.15, p<0.01) in men and 1.47 (1.13-1.90, p<0.01) in women. Among women with
chronic pain, early-life adversity was associated with multisite pain and multiple somatic symp-
toms; multivariable ORs were 1.78 (1.22-2.60, p<0.01) for multisite pain and 1.89 (1.27-2.83,
p<0.01) for >3 somatic symptoms. No associations were observed between early-life adversity
and chronic multisite pain or multiple somatic symptoms among men with chronic pain.
Conclusion: Early-life adversity may be linked to a higher prevalence of chronic pain among
both sexes and to multisite pain and somatizing tendency among women with chronic pain.
Keywords: sex characteristics, early-life adversity, chronic pain, somatoform disorders, disaster

Introduction
Early-life adversity (ELA) is defined as traumatic experiences during childhood encom-
passing maltreatment, accidents, death of a close relative, and disaster, any of which could
have an influence not only in childhood but also in later life in the form of difficulties such
as posttraumatic stress disorder (PTSD) or irritable bowel syndrome.'? Previous studies
have also described the relationship between ELA events and chronic pain (e.g., low back
pain or fibromyalgia), but most of these studies were small-scale or targeted to North
American, European, Oceanian populations,’” and once targeted to Japanese population.?
This study focuses on the effects of ELA as a broader concept in relation to
chronic pain. We used a question about adverse life events in general, rather than
specific adversities.
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Various sex or gender differences in tolerance for stressful
life events have been documented. For example, a meta-ana-
lytic review revealed that women reported more symptoms
of depression and anxiety than did men, but that the sex dif-
ference in psychological symptoms accounted for only about
4% of the variance in sex differences in reports of stress.’
Sex or gender differences as they relate to chronic pain have
been discussed for decades. The prevalence of chronic pain
among women is higher than that among men,'!! and somatic
symptoms have been reported by women than by men.'*"

We hypothesized that ELA would have long-term adverse
impact, which manifested as chronic pain on more women
than men, so we investigated the sex-specific association
between ELA and the prevalence of chronic pain, chronic
multisite pain, and somatizing tendency complicated by
chronic pain in a large population-based study of Japanese
men and women aged 20—79 years.

Methods

Ethical provisions

All procedures followed were in accordance with the ethical
standards of the Helsinki Declaration of 1975 as revised in
2000. The institutional review boards of Keio University
and of the Japan Labour Health and Welfare Organization
approved this study. All participants had given their written
informed consent before responding to the questionnaire. A
credit point for Internet shopping was given as an incentive
to the respondents.

Study population

The Pain Associated Cross-Sectional Epidemiological
(PACE) study was a web-based survey designed to evaluate
pain in a large Japanese population using a self-reported
questionnaire. The PACE survey was conducted from 10 to
18 January 2009. The data set was the same as in previous
PACE studies, profiles of which have been reported else-
where;!'*!5 however, the aim of this study was completely
different from that of previous studies. Figure 1 shows the
sampling procedure that culminated in the sample analyzed
in the present study. A total of 20,044 respondents (9,746
men and 10,298 women) aged 20—79 years and matching
the Japanese demographic composition in 2007 (Japanese
Ministry of Internal Affairs and Communications, 2007) were
recruited by e-mail from 1,477,585 candidates who registered
with an Internet survey company (Rakuten Research, Inc.,
Tokyo, Japan). Computer-generated invitational e-mails were
sent with a link to the first questionnaire until the targeted
sample number was achieved. Incomplete questionnaires

were rejected automatically, so the response rate was not
calculated. The first questionnaire included items on age,
sex, and pain, and was completed by 20,044 respondents.
Subsequently, detailed questionnaires about lifestyle and
psychosocial factors were sent to 5,000 of these respondents.
Half (2,500) were chosen from those who had reported pain
on the first questionnaire; the other half had reported being
pain-free. The profile of these 5,000 respondents was consis-
tent with the Japanese demographic composition for sex and
age in 2007.'% A total of 5,000 participants responded to the
second questionnaire. Of these, we drew the data on 4,229
individuals (1,729 with chronic pain and 2,500 without pain)
in the analyses. Moreover, the respondents with chronic pain
were included in some additional analyses.

Definitions and measures

Chronic pain

The first questionnaire included items on pain such as the pain
sites, pain intensity at each site, the site of dominant pain, and
the duration of dominant pain. Pain intensities were scored
on an 11-point Numerical Rating Scale (NRS; 0=no pain,
10=worst pain imaginable). In accord with the definition of
chronic pain from the International Association for the Study
of Pain, participants reported persistent pain over 3 months.!”

Early-life adversity

We used a simple yes/no question to detect ELA, “Did you
have any mentally shocking events (e.g., accidents expe-
rienced by you or close relatives, death of close relatives
or friends, disaster, injury from violence) when you were
14 years old or younger?”.

Multisite pain

The questionnaire included a picture of a human form with its
body parts numbered from 1 to 21, and respondents entered
the number(s) that corresponded to their pain site(s). A count
of pain sites is a simple and useful measure for the severity of
chronic pain, and chronic multisite pain is a strong predictor
of future disability." We defined more than three pain sites
as multisite pain in the current study.

Somatizing tendency

Somatic symptom disorder involves having physical symp-
toms such as fatigue or dizziness caused by major emotional
distress and problems functioning.'® The disorder decreases
its sufferers’ quality of life. The Brief Symptom Inventory
(BSI) is a self-reported measure of somatic symptoms, in
which respondents answer on a 5-point Likert-type scale,
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1,477,585 candidates registered by the Internet survey
company

Invitation e-mails containing a link to the first
questionnaire were sent by computer system until the
targeted sample number was achieved. Incomplete
questionnaires were rejected automatically

The first questionnaire

Matching the Japanese demographic composition for
sex and age in 2007 by computer system automatically

20,044 respondents
(9,746 men and 10,298 women aged 20-79 years)

The second questionnaire

Matching the Japanese demographic composition for
sex and age in 2007 by computer system automatically

5,000 respondents aged 20-79 years
(2,500 reporting pain and 2,500 without pain
in the first questionnaire)

771 respondents with acute or subacute pain
were excluded

4,229 respondents
(2,050 men and 2,179 women aged 20-79 years)
1,729 with chronic pain and 2,500 without pain
for the analyses

Focused on respondents with chronic pain

1,729 respondents
(817 men and 912 women aged 20—79 years)
1,729 with chronic pain for the additional analyses

Figure | Flowchart of the sampling procedure ending in the sample being analyzed in the current study.

ranging from 0 (not at all) to 4 (extremely), regarding each
of seven symptoms during the past 7 days: faintness or diz-
ziness, pain in the heart or chest, nausea or upset stomach,
trouble catching one’s breath, numbness or tingling in parts
of one’s body, feeling weak in parts of one’s body, and hot
or cold spells.?’ Endorsing a response of 2, 3, or 4 was con-
sidered presence of the symptom. The number of symptoms
with this level of response was counted; the totals ranged
from zero to seven symptoms. We defined respondents with
>3 symptoms, the highest tertile of the symptom count in our
data, as existence of the somatizing tendency.

Mental status

We used the Mental Health Inventory (MHI-5), which is identi-
cal to the 36-item Short Form Health Survey (SF-36) “Mental
Health” domain, to measure mental status.?'*> The MHI-5
includes the following five questions: “How much of the time
during the last month have you: 1) been a very nervous person?,

2) felt downhearted and blue?, 3) felt calm and peaceful?, 4) felt
so down in the dumps that nothing could cheer you up?, and
5) been a happy person?”. The respondents choose a number
from 1 (all of the time) to 6 (none of the time).?! The total score,
which ranges from 5 to 30 points, is converted to a 100-point
scale.?! A previous Japanese study validated the cut point of <52
on the MHI-5 as screening for severe depressive symptoms.?!

Statistical analysis
A Student’s #-test was conducted to test for differences in
age-adjusted mean values and proportions of risk factors for
chronic pain. A chi-square test was performed to test for sex
differences in the proportion of ELA.

Three outcomes were measured in the current study,
1) chronic pain prevalence among all respondents, 2) chronic
multisite pain (=3 sites) prevalence, and 3) multiple somatic
symptoms (=3 symptoms) among respondents with chronic pain,
as these variables related to the presence or absence of ELA.

Journal of Pain Research 2017:10
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Multivariable-adjusted odds ratios (ORs) with 95% confi-
dence intervals (Cls) were calculated using a logistic regres-
sion model to compare respondents with and without ELA.

p-Values <0.05 for two-tailed tests were considered sta-
tistically significant. All statistical analyses were performed
using SAS version 9.4 (SAS Institute, Inc., Cary, NC, USA).

Confounding variables
We adjusted all analyses for the following confounding
variables: age, smoking status (never, ex-smoker, or current
smoker), have an exercise routine (exercise longer than 30
minutes more than twice a week; yes or no), sleep time (hours/
day), body mass index (kg/m?, categorized in quintiles),
household expenditure (JPY/month), and the full distribution
of scores on the MHI-5.

We further adjusted for pain intensity (the NRS that ranged
from 0 to 10, i.e., 0=no pain, 10=worst pain imaginable) when
we analyzed the data for respondents with chronic pain.

Results

Table 1 shows age-adjusted mean values of chronic pain risk
factors according to the existence of ELA. Men with ELA
were older (52.0 vs. 47.9 years), were more likely to have an
exercise routine (45.9% vs. 33.7%), had a higher prevalence
of body mass index 225 (31.8% vs. 24.8%), had higher house-
hold expenditures (380,000 vs. 293,000 JPY/month), had a
higher proportion of severe depressive symptoms (27.3% vs.
19.5%), and had a higher prevalence of chronic pain (53.7%
vs. 38.0%) compared with those who did not report ELA.
Women with ELA had a higher prevalence of body mass
index 225 (20.7% vs. 11.9%), severe depressive symptoms
(38.5% vs. 20.2%), chronic pain (55.0% vs. 39.7%), and
severe intensity of pain (6.5% vs. 6.1%) compared with
those without it.

The prevalence of ELA was higher in women than in men
(14.2% of women, 11.8% of men; p<0.01).

Multivariable-adjusted ORs of chronic pain prevalence of
respondents with ELA are shown in Table 2. Multivariable-
adjusted OR of chronic pain prevalence of men with ELA
was 1.62 (1.22-2.15, p<0.01), and that of women with ELA
was 1.47 (1.13-1.90, p<0.01).

Table 3 indicates multivariable-adjusted ORs of multisite
pain (=3 sites) among chronic pain sufferers with ELA. ELA
was associated with higher risk for multisite pain among
female chronic pain patients: multivariable-adjusted OR
was 1.78 (1.22-2.60, p<0.05). However, there was no such
association for men: multivariable-adjusted OR was 1.38
(0.88-2.16, p=0.26).

Table | Age-adjusted mean values and proportions of chronic
pain risk factors

Early-life
adversity (-)

Early-life
adversity (+)

Chronic pain risk factors

Men

n=2,050 1,808 242
Age, years, mean (SE) 47.9 (0.4) 52.0 (1.0)*
Current smoker, % 27.8 28.1
Have an exercise habit, % 337 45 9k
Sleep time <5 hours, % 34 5.0
Body mass index >25, % 248 3. gk
Household expenditure (*10,000 293 38.0%¢*
JPY/month)

Severe depressive symptoms, % 19.5 27.3*%
Chronic pain, % (no. of respondents ~ 38.0 53.7*
with chronic pain=817)

Intensity of pain among respondents 5.7 5.7
with chronic pain (0-10 scale)

Women

n=2,179 1,870 309
Age, years, mean (SE) 48.8 (0.4) 49.0 (0.9)
Current smoker, % 14.9 18.4
Have an exercise habit, % 29.0 333
Sleep time <5 hours, % 2.5 3.6
Body mass index 225, % 1.9 20.7*
Household expenditure (*10,000 27.1 255
JPY/month)

Severe depressive symptoms, % 20.2 38.5%
Chronic pain, % (no. of respondents  39.7 55.0*
with chronic pain=912)

Intensity of pain among respondents 6.1 6.5%F*

with chronic pain (0-10 scale)

Notes: Test for significance difference from the category of no early-life adversity:
*p<0.001, *p<0.01, ***p<0.05.
Abbreviation: SE, standard error.

Table 2 ORs and 95% Cls of chronic pain prevalence of
respondents with early-life adversity

Early-life Early-life
adversity (=) adversity (+)
Men
Number of respondents at risk 2,172 294
Number of respondents with 687 130
chronic pain
Age-adjusted OR (95% Cl) 1.00 1.86 (1.42-2.43)
Multivariable-adjusted OR (95% ClI)  1.00 1.62 (1.22-2.15)"
Women
Number of respondents at risk 2,178 356
Number of respondents with 742 170
chronic pain
Age-adjusted OR (95% Cl) 1.00 1.86 (1.46-2.37)"
Multivariable-adjusted OR (95% CI)  1.00 1.47 (1.13-1.90)"

Notes: ORs are adjusted for age, smoking status, exercise routine, sleep time, body
mass index, personal consumption expenditure, and the full distribution of scores
on the Mental Health Inventory-5. Test for significant difference from the category
of no early-life adversity: ¥p<0.001, **p<0.01.

Abbreviations: Cl, confidence interval; OR, odds ratio.
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Table 3 ORs and 95% Cls for multisite pain in chronic pain
sufferers with early-life adversity

Early-life Early-life
adversity (=) adversity (+)
Men
Number of chronic pain sufferers 687 130
Number of chronic pain sufferers 283 59

with multisite pain (=3)

Age-adjusted OR (95% Cl) 1.00 1.57 (1.06—2.34)***
Multivariable-adjusted OR (95% CI) 1.00 1.38 (0.88-2.16)
Women

Number of chronic pain sufferers 742 170

Number of chronic pain sufferers 379 17

with multisite pain (=3)

Age-adjusted OR (95% Cl) 1.00 227 (1.62-3.18)"

Multivariable-adjusted OR (95% CI) 1.00 1.78 (1.22-2.60)"

Notes: Adjusted for age, smoking status, exercise routine, sleep time, body mass
index, household expenditure, the full distribution of scores on the Mental Health
Inventory-5, and intensity of pain.Test for significant difference from the category of
no early-life adversity: ¥p<0.001, **p<0.01, ***p<0.05.

Abbreviations: Cl, confidence interval; OR, odds ratio.

Table 4 ORs and 95%Cls for multiple somatic symptoms among
chronic pain sufferers with early-life adversity versus no early-life

adversity
Early-life Early-life
adversity (=) adversity (+)
Men
Number of chronic pain sufferers 687 130
Number of multiple somatic 283 59
symptoms (=3)
Age-adjusted OR (95% Cl) 1.00 1.57 (1.06-2.34)***
Multivariable-adjusted OR (95% CI) 1.00 1.27 (0.83-1.94)
Women
Number of chronic pain sufferers 742 170
Number of multiple somatic 379 117

symptoms (=3)
Age-adjusted OR (95% ClI) 1.00
Multivariable-adjusted OR (95% CI) 1.00

2.10 (1.46-3.00)*
1.89 (1.27-2.83)%

Notes: Adjusted for age, smoking status, exercise routine, sleep time, body mass
index, household expenditure, the full distribution of scores on the Mental Health
Inventory-5, and intensity of pain. Test for significant difference from the category of
no early-life adversity: ¥p<0.001, **p<0.01, ***p<0.05.

Abbreviations: Cl, confidence interval; OR, odds ratio.

In Table 4, ORs of multiple somatic symptoms (=3 symp-
toms) for ELA among chronic pain sufferers are shown. The
multivariable-adjusted OR of multiple somatic symptoms was
1.89 (1.27-2.83, p<0.01) for women with ELA. For men,
ELA was not associated with somatic symptoms.

Discussion

The aim of this study was to examine the sex-specific impact
of ELA on chronic pain, chronic multisite pain, and somatizing
tendency with chronic pain. We hypothesized that ELA would
have long-term adverse impact, which manifested as chronic
pain on more women than men. The association of ELA with

chronic multisite pain and with somatizing tendency among
chronic pain sufferers supported our hypothesis. Although the
significant associations were observed in women only, there was
no sex difference in the association of ELA with the prevalence
of chronic pain. Data from the Adverse Childhood Experience
(ACE) study, which included 17,337 adults in the USA, also
showed that ELA was associated with the prevalence of head-
ache and with more frequent headaches in women than in men.?

ELA may reduce the volume of the hippocampus and
prefrontal cortex; this reduction has been linked to major
depression and to trait anxiety in adulthood, and predicts
sensitivity to future stress events.?*?> A magnetic resonance
imaging study showed that 38 patients with chronic back pain
and 30 patients with complex regional pain syndrome had a
significantly smaller volume of bilateral hippocampal tissue
than those of 50 healthy volunteers, whereas 20 patients with
osteoarthritis did not.?® Additionally, mice with neuropathic
pain, in comparison with sham mice, showed more cellular
and molecular changes linked to reduction of hippocampal
function,? so reduction in the volume of the hippocampus
due to ELA may actually cause chronic pain.

Moreover, sex differences in central sensitization could
support our results. Central sensitization is the phenomenon
in which nociceptive pain input from the peripheral nervous
system triggers a prolonged but reversible synaptic change
of pain pathways in the central nervous system.?” Central
sensitization contributes to the development of persistent pain
hypersensitivity, spreads pain sensitivity across peripheral
nerve territories without inflammation,?” and amplifies pain
from rheumatoid arthritis, osteoarthritis, fibromyalgia, and
headache, as well as neuropathic pain, complex regional
pain syndrome, and postsurgical pain.?’ Sex differences in
enhanced pain sensitivity among patients with symptomatic
knee osteoarthritis have been reported.?

In a psychological approach to chronic pain patients,
especially women complaining of multisite pain or exhibiting
somatizing tendencies, an intervention that addresses ELA
should be considered.

Limitations

There were some limitations in this study. First, recall bias could
exist because the current study was a cross-sectional design.
The fact that people with persistent chronic pain are more likely
to recall their ELA has been documented elsewhere.? Second,
we used a simple and unvalidated question on ELA. A previ-
ous study of ELA among adolescents used a semi-structured
interview that had good inter-rater reliability, and that study
reported an association between ELA and depression.*® Like
that study, the current investigation concluded that respondents
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with ELA showed a higher prevalence of depressive syndrome
than did those without it. We believe that our single item on
ELA was an appropriate proxy for the validated questionnaire.
Third, the respondents may not be truly representative of the
general population in Japan. The sampling issues with web-
based surveys have been described previously.*! Elderly people
often have difficulty participating in such surveys. Moreover,
the decision to respond to the survey may constitute selection
bias, that is, the respondents who were suffering from chronic
pain may have been particularly interested in pain research.

Conclusion

ELA was associated with a higher prevalence of chronic pain
in both sexes, and with chronic multisite pain and somatizing
tendency among women with chronic pain in the Japanese
general population.
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Obijective: The generic STarT Back 5-item screening tool (STarT-G) is used to manage chronic
pain in the lower back and elsewhere. This study evaluated the validity of the Japanese version
of this generic screening tool.

Materials and methods: Japanese participants between the ages of 20 and 64 years completed
online surveys regarding pain. Survey reliability was assessed with internal consistency, as
calculated using Cronbach’s alpha coefficients. Spearman’s correlation coefficients were used to
evaluate concurrent validity between the STarT-G score and standard reference questionnaires.
Associations between STarT-G scores and the presence of a disability due to chronic pain (DCP)
were analyzed using receiver operator characteristic (ROC) curves.

Results: Analyses ultimately included data obtained from 52,842 Japanese participants (54.4%
male) with a mean (standard deviation) age of 47.7 (9.4) years. Approximately 1.5% of partici-
pants had DCP, and the mean STarT-G score was 1.2 (1.4). The Cronbach’s alpha coefficient
was 0.71, indicating an acceptable reliability. The STarT-G score moderately correlated with the
pain numerical rating scale (NRS) score (Spearman’s correlation coefficient: » = 0.34). When
the STarT-G threshold was set at 4, the sensitivity and specificity of the DCP predictive model
were 65.8% and 82.4%, respectively, and the area under the ROC was 0.808.

Conclusion: The STarT-G was internally consistent and was able to distinguish between
subjects with and without a DCP. Therefore, the STarT-G can reliably be used in the Japanese
population to identify patients with DCP.

Keywords: chronic pain, disability, primary care, psychological factors, screening tool, somatic
symptoms

Introduction

Disability due to chronic pain (DCP) results in absence from work and is a major public
health concern in Japan and many Western countries.'™ Various screening tools have
been developed to identify chronic pain subgroups and comorbid factors.”” A widely
used powerful tool is the STarT Back Tool (STarT), a 9-item screening tool that was
developed as a prognostic indicator of lower back pain (LBP). Items 1-4 evaluate
physical factors and items 5—9 assess psychosocial factors (Figure 1).>® The STarT
score is often used by primary care physicians in England to make clinical decisions.’
Specifically, the STarT results indicate the subgroup that an LBP patient falls into,
which helps determine which treatment strategies may be most effective. The STarT
has been shown to be particularly effective for individual patient management in the
physiotherapy setting. Patients who underwent STarT testing and subsequent targeted
therapy had higher clinical and cost efficacy than patients who did not undergo STarT
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Figure | The Keele STarT Back screening tool (9-item).

Note: Copyright ©2007. Reprinted from Keele University. STarT Back Screening Tool Website. Available from: https://www.keele.ac.uk/sbst/startbacktool/usingandscoring/.?

testing and were treated with usual care strategies.” We
previously translated the STarT into Japanese,” and this ver-
sion was linguistically validated in a general cross-cultural
adaptation process.!*'?> We also evaluated the reliability and
validity of “the STarT into Japanese” in a large number of
Japanese patients with LBP."3

The lower back was the most common site of chronic
pain and accounted for 65% of all cases of reported chronic
pain in a Japanese epidemiological study.! However, chronic
pain often originates in places other than the lower back, and
a generic screening tool is needed to help effectively man-
age chronic pain from all sites. One such tool is the generic

version of the STarT Back 5-item screening tool (STarT-G),
a modified version of the 9-item STarT.® The STarT 9-item
screening tool provides an easy way to stratify patients into
three subgroups according to the probability of a poor prog-
nosis or pain chronicity. These categories are defined as “low
risk,” “medium risk,” and “high risk” (Figure 2).® On the other
hand, the use of STarT-G (5-item) screening tool has not yet
been established. The STarT-G has also not been validated for
evaluating chronic pain in a large group of Japanese subjects.
Therefore, the current study was performed to examine the
validity of STarT-G in such a population using cross-sectional
data obtained from STarT-G surveys administered online.

submit your manuscript

462

Dove

Journal of Pain Research 2017:10

108


www.dovepress.com
www.dovepress.com
www.dovepress.com

Journal of Pain Research downloaded from https://www.dovepress.com/ by 133.11.102.2 on 22-Mar-2018
For personal use only

Dove

The 5-item STarT-estimated risk of chronic pain

Total score

A 4

Low risk

| Medium risk | | High risk |
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Figure 2 The STarT Back tool scoring system.

Notes: Scores were used to stratify patients into “low risk,” “medium risk,” and
“high risk” groups. Copyright ©2007. Reprinted from Keele University. STarT Back
Screening Tool Website. Available from: https://www.keele.ac.uk/sbst/startbacktool/
usingandscoring/.®

Materials and methods

This study was reviewed and approved by the medical/ethics
review board of the Japan Labour Health and Welfare Orga-
nization at Kanto Rosai Hospital (Kanagawa, Japan, approval
number: 2012-22). All study procedures adhered to the tenets
of the Declaration of Helsinki. Participation was voluntary, and
no personal information was collected. Written informed con-
sent was not obtained, but submitting the completed question-
naire was considered evidence of consent. Before completing
the questionnaire, potential participants read an explanation
of the survey’s purpose and were informed that they should
proceed to the questionnaire only if they agreed to participate
in the study. As an incentive, participants received online
shopping reward points from the Internet research company
that helped conduct this study (UNITED, Inc., Tokyo, Japan).

Study population

Subject information was collected via surveys administered
online in January and February 2014. Participants were
recruited from an online panel conducted by an Internet
research company (UNITED, Inc.). The all-Japanese study
population consisted of ~1.25 million registered research
volunteers between the ages of 20 and 64 years. From this
volunteer pool, 965,919 individuals were randomly selected
and invited by e-mail to complete an online questionnaire on
health problems associated with pain. We ultimately obtained
52,842 online responses by January 31, 2014.

Study measures
The 5-item STarT-G tool is a modified version of the 9-item
psychosocial subscale that specifically identifies distress in

other conditions.’ Questions address fear (one item from
the Tampa Scale of Kinesiophobia), anxiety (one item from
the Hospital Anxiety and Depression Scale), pessimistic
patient expectations (one item from the Pain Catastrophizing
Scale), low mood, (one item from the Hospital Anxiety and
Depression Scale), and how bothersome pain is.” The first
four items had possible responses of “agree” or “disagree,”
and the bothersome item had possible responses from 0 to 5
(Likert scale). We used the 5-item STarT back screening tool
that is available from the Keele University website (March
2013, Figure 3).8

The study questionnaire investigated pain experienced over
the past month in 20 different anatomical sites. All anatomical
sites were illustrated on diagrams to ensure that participants
correctly identified each area. Examined sites included the
head, chin, teeth/mouth, face, throat, neck, shoulder, elbow,
wrist/hand, chest, abdomen, back, low back, hip, thigh, knee,
lower leg, ankle/foot, genitals, and anus. The degree of chronic
pain experienced over the last 4 weeks was assessed using the
numerical rating scale (NRS), with scores ranging from 0 (no
pain at all) to 10 (the worst pain imaginable).

Somatizing tendency was assessed using a subset of items
from a linguistically validated Japanese version of the Brief
Symptom Inventory (BSI).!*!> Seven somatic symptoms were
assessed for severity, including faintness or dizziness, pain in
the heart or chest, nausea or upset stomach, difficulty breathing,
numbness or tingling in part of the body, weakness in part of
the body, and hot or cold spells. All symptoms were assessed
on a five-point scale that evaluated how much the participant
was bothered by the symptom. Participants chose from the fol-
lowing response options: not at all (0), mildly (1), moderately
(2), quite a bit (3), and extremely (4). For this test, participants
were grouped by the number of somatic symptoms or pain
sites. A participant was considered to have a symptom if he/she
responded with a 2—4, which is indicative of somatization.'®!”

The presence/absence of a DCP was also investigated. A
DCP was considered present when the pain symptoms had
continued for at least 6 months and the subject had withdrawn
from social activities because of pain.

Statistical analyses

Data are presented as mean (standard deviation), where
applicable. Participant demographic and clinical charac-
teristics were summarized using descriptive statistics. To
examine floor and ceiling effects, the percentages of respon-
dents with total scores of 0 and 5 were calculated. Floor
and ceiling effects were considered present when >15%
of respondents had the lowest or highest possible score,
respectively.'® To examine STarT-G reliability, we evaluated
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Patient name: Date:
Thinking about the last 2 weeks tick your response to the following questions:
Disagree Agree
0 1
1 It’s really not safe for a person with a condition like mine to be physically active O O
Worrying thoughts have been going through my mind a lot of the time in the
2 (] O
last 2 weeks
3 Ifeel that my problem is terrible and that it’s never going to get any better O O
4 In general in the last 2 weeks, I have not enjoyed all the things I used to enjoy O O
5. Overall, how bothersome has your condition been in the last 2 weeks?
Not at all Slightly Moderately Very much Extremely
O [l t U L
0 0 0 1 1
Score

Figure 3 The generic condition screening tool (5-items).

© Keele University 01/08/07
Funded by Arthritis Research UK

Note: Copyright ©2007. Reprinted from Keele University. STarT Back Screening Tool Website. Available from: https://www.keele.ac.uk/sbst/startbacktool/usingandscoring/.?

internal consistency by calculating Cronbach’s alpha coef-
ficients. An alpha index >0.70 indicates a satisfactory internal
consistency.' Spearman’s correlation coefficients were used
to evaluate concurrent validity by examining correlations
between STarT-G and NRS pain scores. Correlation coef-
ficients were interpreted using Cohen’s? criteria for correla-
tion strength in psychometric validation (0.10 = weak, 0.30
= moderate, and 0.50 = strong).

The ability of STarT-G scores to differentiate between
participants with known differences (known-group validity)
was examined using the Jonckheere—Terpstra test. To do
this, participants were categorized into the following groups
according to the number of somatic symptoms present: no
symptoms, one symptom, and two or more symptoms.

Associations between STarT-G scores and the presence of
a DCP were examined using receiver operator characteristic
(ROC) curves and the corresponding area under the curve
(AUC). Accuracy was determined using the AUC. The follow-
ing traditional academic point system for AUC values can be

used as a rough guide for classifying diagnostic test accuracy:
0.90-1.00 = excellent, 0.80—-0.90 = good, 0.70-0.80 = fair,
0.60-0.70 = poor, and 0.50-0.60 = fail.*' Statistical analyses
were performed using SPSS statistical software (version 20.0;
SPSS, Inc., Chicago, IL, USA). All reported P values are
two-sided, and statistical significance was defined as P < 0.05.

Results

A total of 52,842 participants were ultimately included in
analyses. Mean subject age was 47.7 (9.4) years, and 54.4% of
participants were male. Approximately 1.5% of participants
claimed to have experienced a DCP. Table 1 summarizes
participant demographic characteristics and overall pain
survey results.

Mean STarT-G score was 1.2 (1.4). A remarkable ceil-
ing effect was not observed, with only 2.3% of participants
reporting the highest score of 5. However, a substantial floor
effect was observed, with 41.0% of participants reporting
the lowest score of 0. The Cronbach’s alpha coefficient was
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Table | Participant demographic and pain characteristics

Characteristics

Sex, n (%)

Male 28,769 (54.4)
Female 24,073 (45.6)
Age, years 47.7 (9.4)
BMI, kg/m? 22.8 (3.8)
STarT-G score 1.2 (1.4)
NRS for pain 3.1 (24)
Pain sites, n (%)

0 12,045 (22.8)
| 14,076 (26.6)
2 10,014 (19.0)
3 6,370 (12.1)
4-5 6,188 (11.7)
69 3,484 (6.6)
10+ 665 (1.3)
Disability due to chronic pain, n (%)

Present 818 (1.5)
Absent 52,024 (98.5)

Note: Data presented as mean (standard deviation) where applicable.
Abbreviations: BMI, body mass index; STarT-G, generic version of the STarT Back
5-item screening tool; NRS, numerical rating scale.

0.71, indicating good test reliability. Concurrent validity was
examined by investigating the correlation between STarT-G
score and pain NRS. The two pain measures were only mod-
erately correlated (r = 0.34).

We examined the STarT-G scores among participants
with known differences. As expected, participants with more
somatic symptoms had significantly higher STarT-G scores.
The mean score was 0.97 (1.12), 1.96 (1.42), and 2.74 (1.53)
in participants with zero, one, and two or more somatic symp-
toms, respectively (Figure 4). This linear trend of increasing
total STarT-G score with an increasing number of somatic
symptoms was highly significant (Jonckheere—Terpstra test,
P <0.0001). Furthermore, participants with pain at a higher

STarT-G score
N
T

Two or more
(n=5,033)

None
(n =42,360)

One
(n =5,449)

Number of somatic symptoms

Figure 4 Mean STarT-G scores for participants with different numbers of somatic
symptoms.

Notes: The linear trend was found to be highly significant (Jonckheere—Terpstra
test, P < 0.0001). The STarT-G is the generic version of the STarT Back 5-item
screening tool. The number of somatic symptoms was determined using the Brief
Symptom Inventory somatization scale.

number of body sites had significantly higher STarT-G scores.
The mean score was 0.63 (1.05), 1.05 (1.25), 1.27 (1.30), 1.50
(1.37),1.80(1.45),2.23 (1.54), and 2.96 (1.57) in participants
with zero, one, two, three, four-to-five, six-to-nine, and >10
pain sites, respectively (Figure 5). This linearly increasing trend
in STarT-G score with an increasing number of bodily pain sites
was highly significant (Jonckheere—Terpstra test, 7 < 0.0001).

The ability of the model to predict the presence of a DCP
was also examined when the STarT-G threshold was set to 4.
At this cutoff value, sensitivity and specificity for detecting a
DCP were 65.8% and 82.4%, respectively. Additionally, area
under the ROC curve was 0.808 for this STarT-G threshold,
indicating that the model was good (Figure 6).

5 =
4+
o
(o}
@ 3
Q
'—
— 2 -
K
w
1 i T
0
0 1 2 3 4-5 6-9 10+
Qbf.)\ 6\6\ Qp\l\\ ,b»\Q\ '\%‘b\ b‘%l\\ 6‘"06\
AL AT A0 Lo Lo et \(\//
U\ S

Bodily pain sites

Figure 5 Mean STarT-G scores for participants with different numbers of pain sites.
Notes: The linear trend was found to be highly significant (Jonckheere—Terpstra
test, P < 0.0001). The STarT-G is the generic versions of the STarT Back 5-item
screening tool. The number of pain sites represents pain experienced during the
past month in the head, chin, teeth/mouth, face, throat, neck, shoulder, elbow, wrist/
hand, chest, abdomen, back, low back, hip, thigh, knee, lower leg, ankle/foot, genitals,
and/or anus.

100 4
s
>
£ 50
2
[0
w
rTr 1T T1T"“"1T T "T"7T"“"T"1
0 50 100

1-specificity

Figure 6 Receiver operating characteristics (ROC) curve of disability due to
chronic pain, as assessed using a STarT-G score threshold value of 4.
Note: The area under the ROC curve was 0.808.
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Discussion

Here, we evaluated psychometric properties of the STarT-
G. We found that the survey was internally consistent and
had acceptable concurrent and known-groups validity in
the Japanese population. The Cronbach’s alpha coefficient
for the STarT-G was (.71, indicating a good internal con-
sistency. This value was similar to that obtained for the
Japanese 9-item STarT scale (0.75)."* Concurrent validity
was assessed by analyzing correlations between the STarT-G
and pain NRS scores, which were moderately correlated with
each other (» = 0.34). Known-group validity was investigated
by examining relationships between STarT-G scores and the
number of somatic symptoms and body pain sites. These
analyses showed that the STarT-G score increased as the
number of somatic symptoms and pain sites increased. This
suggests that the STarT-G is able to differentiate between
patients with different levels of chronic pain and pain-related
problems.

Yellow flags are useful in identifying patients with chronic
LBP who have a poor prognosis.? The 5-item tool covers the
minimal important psychological factors that are consid-
ered to be yellow flags for overall chronic LBP. This survey
includes questions related to fear, anxiety, catastrophizing,
depression, and bothersomeness, all of which are the most
important predictors identified as yellow flags. For patients
with high STarT-G scores, specific cognitive behavioral
approaches are needed in addition to pain education, moti-
vation, encouragement, exercise, medical therapy (minimal
amounts), and physical treatment. This conclusion is based
on previous reports that stated, “early intervention to yellow
flag leads to better outcome.”?>%*

Finally, ~1.5% of participants reported having a DCP. At
a STarT-G threshold value of 4 points, ROC analysis revealed
that the sensitivity and specificity of DCP were 65.8% and
82.4%, respectively. Additionally, the AUC was 0.808, indi-
cating a good capacity of the STarT-G to differentiate between
patients with and without a DCP.

The STarT-G is a diagnosis-specific screening tool used
for communication between primary care physicians and
pain specialists in the care of chronic pain patients. Using
the STarT-G threshold of 4 points, patients examined here
were divided into the following two groups: those at risk
for a DCP and those with minimal to no risk for a DCP. We
recommend that patients at or beyond this threshold consult
a pain specialist. The STarT-G is now planned to be used as a
tool to identify patients for referral to one of 18 core facilities
in Japan that provide cognitive behavioral therapy.

Our study had several limitations. First, our study popula-
tion was selected from Internet research volunteers who have
chronic pain. Given that 41% of participants had a STarT-G
score of 0, many patients may have had chronic pain that
was not severe enough to require medical care. This may
have influenced our results. Second, Internet-based surveys
can introduce a selection bias and may not be representative
of the general population. Because our study population
was selected from Internet research volunteers who may
differ from general Internet users, caution is needed when
interpreting our study findings. In particular, people living in
large cities are overrepresented in Internet survey company
volunteers. In addition, a higher proportion of respondents
had completed university or graduate level education than
the general population, particularly in older respondents.?
Third, our study had a test reliability of >0.70." However,
Nunnally and Bernstein?® recommend a minimum test reli-
ability of >0.90 for making clinical decisions. Therefore, it
is possible that test reliability was overestimated. Finally,
this cross-sectional study did not assess the ability of the
STarT-G to predict pain consistency. Future longitudinal
studies are needed to better understand potential associations
between risk groups and long-term pain outcomes. These
should also examine whether or not the STarT-G score is
predictive of DCP.

Conclusion

The STarT-G scale had acceptable internal consistency,
reliability, and validity (concurrent and known groups) in
Japanese patients with chronic pain. We hope that these
analyses of the psychometric properties of STarT-G will
enable Japanese clinicians to use this survey as a screening
tool for detecting DCPs. The STarT-G is simple, fast, and
suitable for use in primary care settings, all of which sug-
gest that the STarT-G may facilitate screening for DCP in the
primary care setting in Japan. We hope using the STarT-G
will ultimately ease physical, social, and economical burdens
of chronic pain in the Japanese population.

Disclosure
The authors report no conflicts of interest in this work.
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Abstract

Background

Although the occupational health field has identified psychosocial factors as risk factors for
low back pain that causes disability, the association between disabling low back pain and
psychosocial factors has not been examined adequately in Japanese hospital workers.
Therefore, this study examined the association between low back pain, which interfered
with work, and psychosocial factors in Japanese hospital workers.

Method

This cross-sectional study was conducted at a hospital in Japan. In total, 280 hospital work-
ers were recruited from various occupational settings. Of these, 203 completed a self-
administered questionnaire that included items concerning individual characteristics, sever-
ity of low back pain, fear-avoidance beliefs (Fear-Avoidance Beliefs Questionnaire), somatic
symptoms (Somatic Symptom Scale-8), psychological distress (K6), workaholism, and
work-related psychosocial factors (response rate: 72.5%). Logistic regression was used to
explore risk factors associated with disabling low back pain.

Results

Of the 203 participants who completed questionnaires, 36 (17.7%) reported low back pain
that interfered with their work. Multivariate analyses with individual factors and occupations
adjusted for showed statistically significant associations between disabling low back pain
and fear-avoidance beliefs (adjusted odds ratio [OR]: 2.619, 95% confidence interval [CI]:
1.003-6.538], somatic symptoms (OR: 4.034, 95% CI: 1.819-9.337), and interpersonal
stress at work (OR: 2.619, 95% CI: 1.067—-6.224).

Conclusions

Psychosocial factors, such as fear-avoidance beliefs, somatic symptoms, and interpersonal
relationships at work, were important risk factors in low back pain that interfered with work in
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Japanese hospital workers. With respect to occupational health, consideration of psychoso-
cial factors is required to reduce disability related to low back pain.

Introduction

Low back pain (LBP) is an extremely common global health problem [1] and one of the main
causes of disability in working populations [2]. According to the Global Burden of Disease
Study conducted in 2013, which was an international collaborative effort led by the Institute
for Health Metrics and Evaluation to quantify the absolute and relative burden of ill health and
estimate prevalences and years lived with disability for 301 diseases and injuries, LBP was the
leading cause of disability [3]. LBP is also considered a socioeconomic problem in the occupa-
tional health field [4-7]. A previous study examining the economic impact of various health
conditions on work performance in Japanese workers indicated that LBP was one of the pri-
mary health conditions leading to work loss [8]. In addition, a large-scale survey examining
LBP prevalence and associated factors in the Japanese adult population showed that one in
four workers had been absent from work or other activities because of LBP [9]. The number of
workers who were absent from social activities for at least 4 consecutive days has increased
annually in the public health and hygiene fields [10]; therefore, the establishment of effective
methods for the prevention of LBP in the workplace is urgently required.

In contrast, the understanding and interpretation of LBP is commonly based on the biopsy-
chosocial model, and the importance of both psychosocial and biomedical factors has been
emphasized in the development and persistence of LBP [11-13] In addition, the occupational
health field has shown that psychosocial aspects of work play an important role in LBP
chronicity and LBP-related disability [14]. Of the psychosocial factors related to LBP, fear-
avoidance beliefs (FABs) in the management of LBP have received considerable global atten-
tion [15-17]. In addition, work-related psychosocial factors [18-23], such as job satisfaction,
worksite support, interpersonal stress, workaholism, and a tendency toward somatization [24],
have been associated with the development of LBP. However, few studies have examined the
relationship between LBP and psychosocial factors in Japanese public health service workers
systematically. The aim of this cross-sectional study was to explore LBP in medical and non-
medical hospital workers and perform a systematic examination of the association between
psychosocial factors and LBP with disability.

Materials and methods
Study population

Cross-sectional data collected from the baseline survey of the Yoseikai Study, an occupational
cohort study conducted in Japan, were used in the current study.

The research ethics committee for the Graduate School of Medicine and Faculty of Medi-
cine at the University of Tokyo (No. 1264) and the Incorporated Medical Institution Yoseikai
reviewed and approved the study’s aim and procedure. Written informed consent was
obtained from all participants prior to the initiation of the study.

In March 2015, all of the employees at a Japanese hospital (N = 280) were recruited via an
invitation letter from the authors. The survey was conducted during May 2015. During the
survey period, occupational health staff at the hospital distributed a nonanonymous, self-
administered questionnaire to each employee. Once the employees had completed the ques-
tionnaires, they placed them in sealed envelopes, which occupational health staft collected and

PLOS ONE | https://doi.org/10.1371/journal.pone.0177908 May 22,2017 2/12

116


https://doi.org/10.1371/journal.pone.0177908

@‘PLOS | ONE

Psychosocial factors affecting disabling low back pain

forwarded to the authors. All employees were assured that their participation was voluntary,
and supervisors and occupational health staff were not authorized to open the sealed enve-
lopes. In total, 203 employees completed the self-administered questionnaire.

Study measures

The questionnaire included questions regarding the following: individual characteristics
including sex, age, body mass index (BMI), and occupation type; LBP severity; and individual
and work-related psychosocial factors. LBP severity was evaluated by the respondents, who
were asked to indicate the severity of their LBP according to four grades (0 = no LBP, 1 = LBP
that did not interfere with work, 2 = LBP that interfered with work, and 3 = LBP that interfered
with work and required sick leave). The grades were determined with reference to Von Korff’s
grading method [25]. LBP was defined as pain in the lower back lasting for more than 1 day
and experienced during the preceding 4 weeks, according to the standard definition of LBP
proposed by Dionne et al. [26]. Pain associated with menstruation or pregnancy or experi-
enced during a feverish illness was excluded. A diagram showing the lower back area (between
the inferior costal margin and gluteal folds [11]) was included in the questionnaire. LBP with
disability was defined as LBP that interfered with work, regardless of work attendance (Grade
2 or 3), because presenteeism, or working while unwell, can lead to productivity loss and poor
health.

The questions concerning current occupation type pertained to job satisfaction, job de-
mand, job control, interpersonal stress at work, and social support. Work-related stress was
assessed using the Brief Job Stress Questionnaire [27,28], which was developed by a research
working group established by the Japan Labour, Health and Welfare Organization. The scale
contains 57 items measuring psychosocial work environments, stress reactions, and buffering
factors, with responses provided using a four-point Likert scale ranging from 1 to 4, with re-
verse scoring applied to some items. Total scores range from 57 to 228, and higher scores indi-
cate greater work-related stress. The five original responses were reclassified as “not stressed,”
which included low, slightly low, and moderate stress, and “stressed,” which included slightly
high and high stress [20,23].

We evaluated mental health problems using the Kessler Screening Scale for Psychological
Distress (K6), which was developed in 2002 as a short-form version of the K10 [29]. The scale
measures psychological distress experienced during the preceding 30 days, using six items,
with responses provided using a five-point scale ranging from 0 (all of the time) to 4 (none of
the time) or ranging from 1 (all of the time) to 5 (none of the time). The Japanese version of
the scale was developed by Furukawa et al. in 2008 and demonstrated reliability and validity
[30]. Respondents were classified into three groups according to their total scores (>10 = high,
5-9 = moderate, and <4 = low).

Somatic symptom burden was measured using the Somatic Symptoms Scale-8 (SSS-8),
which is an abbreviated eight-item version of the Patient Health Questionnaire-15. We used
the linguistically validated Japanese version of the SSS-8, which was developed in our previous
study [31]. The scale measures the extent to which respondents have been bothered by somatic
symptoms during the preceding 7 days, with responses provided using a five-point Likert scale
ranging from 0 (not at all) to 4 (very much). Total scores range from 0 to 32 and represent
somatic symptom severity, with >16 points indicating very severe symptoms [32].

Participants’ beliefs and fears were measured using the Fear-Avoidance Beliefs Question-
naire (FABQ), which was developed by Waddell et al. [33] and consists of 16 self-reported
items. We used the Japanese version of the FABQ, which was developed and validated recently
by Matsudaira et al. [34]. The study used the FABQ’s four-item physical activity subscale
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(FABQ-PA), which measures respondents’ beliefs about the effects of physical activity on their
LBP. Responses are provided using a seven-point Likert scale ranging from 0 (completely dis-
agree) to 6 (completely agree). Total scores range from 0 to 24, and higher scores represent
higher FAB levels. Participants’ scores were classified into two categories (<14 = low, >15 =
high) [35].

Workaholism, which has been associated with psychological health, was measured using
the Dutch Workaholism Scale [36], which consists of two subscales: working excessively and
working compulsively. Each subscale consists of five items, with responses provided using a
four-point Likert scale ranging from 1 (totally disagree) to 4 (totally agree). Respondents were
classified into three groups according to their total scores (high, moderate, and low) [21].

Statistical analysis

We performed logistic regression analysis, as our dependent variable “presence or absence of
chronic pain” was dichotomous. One set of guidelines suggested that accurate estimation of
discriminant function parameters requires a sample size of at least 20 for each independent
variable in logistic regression [37]. In addition, the prevalence rates for chronic pain reportedly
range from 10% to 55% [38]. Therefore, we calculated an overall sample size of 200 to ensure
that there were 20 participants, even with a minimum prevalence rate of 10% for chronic pain.

Demographic and clinical characteristics were compared using Student’s t test for continu-
ous variables and chi-square tests for categorical variables. Factors associated with LBP were
assessed using multivariable logistic regression analysis. Risk factors included job satisfaction;
job demand; job stress; job control; social support from a supervisor/manager, colleagues, or
family; K6 score; SSS-8 score; workaholism score; and FABQ-PA score. Because of the rela-
tively low number of participants with back pain in the study, propensity score adjustment was
used for each of the risk factors in multivariate modeling.

Propensity score adjustment preserved statistical power by reducing covariates into a single
variable. For example, when the adjusted effect of LBP was evaluated, a propensity score was
created using binary logistic regression to predict the probability of LBP as a function of the
important factors (sex, age, BMI, occupation type [medical or nonmedical]) included in the
study. Data analysis was performed using SAS software (version 9.4, SAS Institute Inc., Cary,
NO).

Results

Participants’ characteristics are shown in Table 1. Their mean age was 39.8 (SD = 12.2) years,
and 70% of the participants were women. Most (63.1%) participants’ occupation types were
classified as medical, and their mean BMI score was 22.6 (SD = 4.1).

Of the 203 participants who responded to the questionnaires, 36 (17.7%) reported LBP that
interfered with their work. The results of the comparison of characteristics between partici-
pants with and without LBP are shown in Table 2. Participants without LBP (mean age = 44.3,
SD = 10.4 years) were significantly older relative to those with LBP (mean age = 38.8, SD =
12.3 years, p = .013). BMI did not differ significantly between participants with (M = 22.9,

SD = 4.4) and without LBP (M = 22.5, SD = 4.0; p = .590). FABQ-PA scores (p = .037), SSS-8
scores (p < .001), and interpersonal stress at work (p = .022) in participants with LBP that did
not interfere with work were significantly higher relative to those observed in those with LBP
that interfered with work.

These three variables were extracted from the multiple logistic regression model as signifi-
cant independent factors, with age, sex, BMI, and occupation type controlled for (Table 3).
FABQ-PA scores (adjusted odds ratio [AOR] = 2.619, 95% confidence interval [CI]: 1.003-
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Table 1. Participant characteristics (N = 203).

Sex

Occupation type

FABQ-PA score

Job satisfaction

Job demand

Interpersonal stress at work

Job control

Support from supervisors

Support from coworkers

Support from family and friends

K6 score

SSS-8 score

Workaholism score

Male
Female
Medical
Nonmedical
Low

High
Dissatisfied
Satisfied

Not stressed
Stressed
Not stressed
Stressed
Control

No control
Supported
Unsupported
Supported
Unsupported
Supported
Unsupported
Low
Moderate
High

Other

Very high
Low
Moderate
High

n (%)
61 (30.0)
142 (70.0)
128 (63.1)
75 (36.9)
172 (85.6)
29 (14.4)
51 (26.2)
144 (73.8)
126 (62.7)
75 (37.3)
163 (81.5)
37 (18.5)
147 (72.8)
55 (27.2)
114 (57.6)
84 (42.4)
151 (75.9)
48 (24.1)
58 (29.1)
141 (70.9)
103 (50.7)
54 (26.6)
46 (22.7)
128 (64.0)
72 (36.0)
63 (31.2)
73 (36.1)
66 (32.7)

BMI: body mass index; FABQ-PA: Fear-Avoidance Beliefs Questionnaire-Physical Activity; LBP: low back

pain; SD: standard deviation; SSS8: Somatic Symptom Scale-8

https://doi.org/10.1371/journal.pone.0177908.t001

6.538), SSS-8 scores (AOR = 4.034, 95% CI: 1.819-9.337), and interpersonal stress at work

(AOR =2.619, 95% CI: 1.067-6.224) were significantly associated with LBP that interfered

with work.

Discussion

This cross-sectional study examined the association between psychosocial factors and LBP that
interfered with Japanese medical and nonmedical workers’ ability to work at a hospital. In the
multiple logistic regression analysis, in which age, sex, BMI, and occupation type were con-
trolled for, fear-avoidance beliefs, the tendency toward somatization, and interpersonal stress
at work were significantly associated with LBP that interfered with work. This was the first
study to demonstrate an association between fear-avoidance behavior and LBP with disability
in Japanese medical and nonmedical hospital workers.
The prevalence rates for LBP in a previous study [38] that compared chronic pain preva-

lence rates between various countries were 13%, 6%, and 1.48% for Japan, Thailand, and

Myanmar, respectively. These results showed that, in the Asian region, the prevalence of LBP
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Table 2. Comparison of characteristics between participants with and without LBP.

Factors With LBP (n) Without LBP (n) p value

n 36 167

Sex Male 15 46 .094
Female 21 121

Occupation type Medical 26 102 .209
Nonmedical 10 65

FABQ-PA score Low 26 146 .037
High 9 20

Job satisfaction Dissatisfied 10 41 .634
Satisfied 24 120

Job demand Not stressed 19 107 .258
Stressed 16 59

Interpersonal stress at work Not stressed 23 140 .022
Stressed 11 26

Job control Control 26 121 .825
No control 9 46

Support from supervisors Supported 21 93 .440
Unsupported 12 72

Support from coworkers Supported 28 123 .333
Unsupported 6 42

Support from family and friends Supported 10 48 .970
Unsupported 24 117

K6 score Low 18 85 794
Moderate 11 43
High 7 39

SSS-8 score Other 13 115 .0003
Very high 22 50

Workaholism score Low 10 53 .678
Moderate 12 61
High 14 52

BMI: body mass index; FABQ: Fear-Avoidance Beliefs Questionnaire-Physical Activity; LBP: low back pain; SD: standard deviation; SSS8: Somatic
Symptom Scale-8

https://doi.org/10.1371/journal.pone.0177908.t002

was particularly high in Japan, which is an advanced country. This could reflect differences in
cultural backgrounds, which included psychosocial factors. In addition, Sakakibara’s study
[38] defined LBP as chronic pain, while the current study defined it as LBP with disability.
However, considering that LBP is the most common type of chronic pain, the prevalence rate
for LBP in workers with medical occupations, including nursing, in the current study (17.7%)
was similar to that observed in Sakakibara’s study [38], and this is a reasonable result.

The current study examined the association between psychosocial factors and LBP that
interfered with work, regardless of sick leave. The cost of work loss resulting from a combina-
tion of absenteeism and presenteeism due to back disorders was higher relative to that
observed for various other health conditions in Japan [8]. In addition, the estimated cost of
work loss resulting from presenteeism due to back pain was higher relative to that resulting
from absenteeism due to back pain. Our previous international epidemiological study [24]
showed that, relative to British workers, Japanese workers were less likely to take sick leave
because of musculoskeletal disorders, particularly LBP. Therefore, in our assessment of LBP in
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Table 3. Multiple logistic regression analysis of associations between LBP that interfered with work and independent variables.

Factors

Job satisfaction

Job demand

Interpersonal stress at work
Job control

Support from supervisors
Support from coworkers
Support from family and friends
K6 score

SSS-8 score
Workaholism score

FABQ-PA score

Adjusted OR 95% CI p value
1.027 0.436-2.591 .952
1.593 0.720-3.503 .248
2.619 1.067-6.224 .036
0.888 0.3549-2.062 .788
0.774 0.331-1.743 .539
0.645 0.223-1.625 .366
1.002 0.439-2.421 .995
Moderate vs. High 0.599 0.184-1.821 .368
Low vs. High 0.881 0.303-2.342 .805
Low vs. Moderate 1.471 0.579-3.637 .408
4.034 1.819-9.337 <.001
Low vs. Moderate 1.133 0.416-3.121 .805
Low vs. High 1.453 0.576-3.783 429
Moderate vs. High 1.282 0.505-3.324 .600
2.619 1.003-6.538 .049

Adjusted for age, sex, body mass index, and occupation type. Cl: confidence interval; FABQ-PA: Fear-Avoidance Beliefs Questionnaire-Physical Activity;
LBP, low back pain; OR: odds ratio; SSS8: Somatic Symptom Scale-8

https://doi.org/10.1371/journal.pone.0177908.t003

Japanese workers, we defined LBP with disability as LBP that interfered with work, regardless
of whether sick leave was taken.

Relationship between FAB and LBP with disability

The fear-avoidance model has been proposed as a representative type of thought process
involving the chronicity of LBP. FABs in LBP are negative beliefs and anxiety regarding LBP,
which lead to a catastrophizing response in which the worst possible outcome is imagined,
causing fear and avoidance of activity and resulting in functional restriction. Of the psycholog-
ical factors examined as prognostic factors for the development of chronic LBP, FABs have
been shown to constitute an important factor and exerted a strong effect on employment con-
ditions and disability prognoses [39]. The introduction of a psychosocial flag system to manage
musculoskeletal problems, including LBP, in healthcare and the workplace has been suggested
in Western countries. Within this concept, FABs are represented by a yellow flag, and some
researchers have recommended that clinical practitioners should judge the involvement of
FABs during the early stages of pain and manage them in cooperation with the patient’s work-
place [40]. Some studies have shown that FABs led to a tendency toward development of
chronic LBP with disability [41-43]. In the present study, the results indicated that FABs were
related to LBP in Japanese public health service workers. As a significant independent factor in
multiple logistic analysis with certain variables controlled for, FABs were an important factor
and should be considered in the management of LBP. In addition, early intervention is impor-
tant in increasing awareness of FABs in patients with disabling LBP in Japan.

Relationship between somatic symptoms and LBP with disability

The tendency toward somatization is defined as a predisposition to excessive worry regarding
common somatic symptoms, such as headaches, dizziness, and stomach or bowel problems,
which could be triggered by mental distress. This tendency has been shown to affect various
health conditions (via related behaviors), musculoskeletal pain (particularly multisite pain)
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[44], and absence from work [45]. The relationship between pain and the tendency toward
somatization has been observed in both longitudinal and cross-sectional studies, indicating
that this tendency is a predictor, rather than a consequence, of other aspects of health [46].

The tendency toward somatization has been associated with [15,46-48] and identified as a
major risk factor for LBP[24]. The association between chronic LBP with disability and a
combination of psychosocial factors could be explained by dysfunction in the mesolimbic
dopamine system, which controls both pain and pleasure [49,50] When a person experiences
painful stimuli, the mesolimbic dopamine system is activated to inhibit pain. However, ex-
posure to chronic, rather than acute, stress, such as anxiety or distress, has recently been
suggested to result in hyperalgesia because of the inhibition of mesolimbic dopamine mecha-
nisms. For example, hyperalgesia resulting from chronic stress because of discontentment with
life and work could lead to the development of chronic LBP with disability [51]. The results of
the current study indicated that the tendency toward somatization was associated with LBP
that interfered with work. This could indicate LBP should be managed as brain dysfunction as
well as musculoskeletal disease.

Relationship between interpersonal stress at work and LBP with
disability

The relationship between interpersonal stress at work and occupational LBP has attracted
attention for some time [18]. In particular, stressful, monotonous work was identified as a pre-
dictive factor for new-onset LBP in a cohort study [52]. In addition, a recent 2-year prospective
epidemiological study involving 5,310 workers in Japan suggested that work-related stress
affected the onset and persistence of LBP with disability [20]. The way in which psychological
factors cause LBP remained unclear in the current study; however, two biomechanical (ergo-
nomic) studies showed that psychological stress increased low back compression force during
lifting tasks [53,54], which could indicate that stress is associated with increased risk of LBP
development. Our results suggested that interpersonal stress at work is an important factor in
understanding occupational LBP.

The results showed that fear-avoidance beliefs regarding LBP, which has been recognized
worldwide as an important risk factor; the tendency toward somatization, which is a type of
stress response; and interpersonal stress at work were associated with LBP with disability in
medical workers. According to the results, pain education based on the biopsychosocial model
could be inadequate in Japan, even for medical personnel. A recent systematic review examin-
ing LBP prevention indicated that exercise combined with education was likely to reduce the
risk of LBP [55]. Ergonomic factors and the psychosocial factors examined in the current
study should be considered in education regarding LBP prevention.

The present study was subject to some limitations. First, it was conducted at a single hospital;
therefore, the generalization of the results is limited. Second, the number of participants with LBP
that interfered with their work was low; however, we dealt with this problem statistically using
propensity score adjustment. Third, the study was cross-sectional in design; therefore, causation
could not be inferred. We plan to conduct an additional cohort study to examine causal associa-
tions. Fourth, various chronic pain conditions interfere with work, but the current study consid-
ered only LBP. Future research should examine the effects of chronic pain in various parts of the
body and compare them to those observed for LBP. Fifth, the results showed that LBP was affected
by individuals’ personal relationships; however, the study did not consider factors examined in
previous studies (e.g., family environment, nursing, and genetic predisposition).

In conclusion, the results of the present study suggested that psychosocial factors, such as
FABs, the tendency toward somatization, and interpersonal stress at work were associated
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with LBP that interfered with work. Future preventive strategies for reducing LBP in the work-
place should include not only biomechanical factors, which are already well understood, but
also the management of psychosocial factors.
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Abstract

Objectives

To establish the normal values of spino-pelvic alignment and to clarify the effect of age-
related changes using large, community-based cohorts.

Methods

In this study, data from 1461 participants (466 men, 995 women) were analyzed. On lateral
standing radiographs, the following parameters were measured: thoracic kyphosis (TK),
lumbar lordosis (LL), pelvic tilt (PT), pelvic incidence (PI), and C7 sagittal vertical axis
(SVA). All values are expressed as the meantstandard deviation. The Spearman rank cor-
relation coefficient was used to examine correlations between variables of spino-pelvic
parameters. Finally, we analyzed the relationship between age and spino-pelvic parame-
ters. Therefore, we entered values for the body mass index (BMI), SVA, TK, and PI-LL into a
multiple regression model to adjust for potential confounding factors.

Results

The SVA, TK, and PT increased with age, and LL decreased with age. Regarding sex differ-
ences, the TK was statistically significantly larger in men than in women, and LL, PT, and

Pl were statistically significantly smaller in men than in women. Correlation coefficients
between the SVA and TK, between the SVA and PI-LL, and between TK and PI-LL were
none, strong, and weak, respectively. Results of multiple regression analysis between age
and spino-pelvic parameters showed that the standardized partial regression coefficients for
the SVA, TK, and PI-LL were 0.17, 0.30, and 0.23, respectively, in men and 0.29, 0.32, and
0.23, respectively, in women.
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Conclusions

We found that all parameters were significantly associated with age in men and women. The
SVA, TK, and PT increased with age, and LL decreased with age. Results of multiple regres-
sion analysis also demonstrated that the SVA, TK, and PI-LL are related to age. Indeed, the
PI-LL value increased with age. In this study, a more excessive PI-LL mismatch was shown,
indicating an increased risk of spinal malalignment. Differences in the absolute values of
spino-pelvic parameters in each sex were small yet statistically significant. Thus, further
study should be performed to corroborate this finding.

Introduction

Sagittal spino-pelvic malalignment is one of the most prevalent disorders of the aging spine.
Sagittal malalignment concerns are reflected in reports of flat back syndrome, which is an iat-
rogenic malalignment after spinal instrumentation that results in persistent lower back pain
[1-4]. The sagittal curvature of the spine and pelvis balance each other to maintain a stable
posture and horizontal gaze. Once the sagittal alignment is abnormal, more energy is required
so that the body can remain balanced without external support [5]. Glassman et al. reported
that positive sagittal balance was significantly related to clinical symptoms and health-related
quality of life in patients with adult spinal deformity [6]. In addition, patients with kyphosis
often complain of decreased walking ability and an increased propensity of falling, thereby
resulting in weaker back extensor strength and poorer balance as well as heartburn due to gas-
troesophageal reflux disease, dysphasia, and respiratory symptoms [7-9]. Therefore, abnormal
sagittal spinal alignment should be restored to normal. In previous studies, the C7 plumb line
was used to measure sagittal global alignment [10-14]. The C7 sagittal vertical axis (SVA) is
measured as the distance from the C7 plumb line to the posterosuperior endplate of the
sacrum. The C7 plumb line has been used by previous authors to evaluate possible changes in
sagittal spinal global alignment that occur with age. Increasing age was shown to correlate with
increasingly anterior positions of the C7 plumb line [10, 11, 15]. Fon et al. [16] and Schwab
etal. [15] proposed that the incidence of thoracic kyphosis (TK) increases with age. Youngbae
etal. [17] hypothesized that the increase in TK is a fundamental change that occurs during
aging. However, other studies [10, 11] did not support this hypothesis. Gelb et al. [11] reported
that TK did not correlate with age in healthy older individuals, despite significant losses in
lumbar lordosis (LL) and SVA. The pelvic incidence (PI) is unique to each individual and
independent of the spatial alignment of the pelvis. The PI reflects the anatomy of the pelvis
and does not change with pelvic or spine positioning [10, 18-21]. PI is an important anatomic
parameter that reflects the anatomic configuration of the pelvis and greatly affects sagittal
spino-pelvic alignment (SSPA). PI-LL has been considered to be a useful indicator in intrao-
perative planning of lumbar deformity operation [19, 22, 23]. PI-LL is significantly correlated
with clinical parameters. Schwab et al. recommend that PI-LL should be corrected to less than
10° to achieve successful, harmonious spino-pelvic realignment in corrective operation of spi-
nal deformity [19].

Recently, it has become possible to achieve optimal spinal alignment with the development
of spinal operation techniques. There have been some reports regarding the normal values of
SSPA [11, 24-27]. In addition, the optimal postoperative SSPA can be evaluated during preop-
erative surgical planning of spinal realignment based on these reported parameters [19, 28].
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However, most of our previous studies were performed using Caucasian populations in the
United States and European countries. The effect of ethnicity on skeletal growth has been dem-
onstrated by previous studies [29, 30]. Age and sex are also reported to be associated with
spino-pelvic alignment [31, 32]. Recently, some studies were conducted to evaluate the normal
SSPA in Asian populations [33-35]. However, the number of participants was small, and only
young adults were evaluated in these studies. The present study sought to establish the normal
values of spino-pelvic alignment and to clarify the impact of age-related changes using large,
community-based cohorts.

Materials and methods
Participants

Under the approval of our institutional review board, the present study, titled the Wakayama
Spine Study, was performed with a sub-cohort of the third visit of the Research on Osteoarthri-
tis/Osteoporosis Against Disability (ROAD) study, which was initiated as a nationwide, pro-
spective study of bone and joint diseases in population-based cohorts. A detailed profile of the
ROAD cohort has been previously reported [36, 37]. In brief, subjects included participants of
the third visit of the ROAD study, which began in 2012 and completed in 2013. In addition to
the former participants, inhabitants of the mountainous and coastal areas in the Wakayama
prefecture who were willing to participate in the ROAD survey were also included in the third
visit. Overall, 1575 individuals (513 men, 1062 women) participated in the third visit of the
ROAD study. Among 1575 participants, 114 individuals who could not maintain a standing
position while undergoing total lateral whole-spine radiography or had other disqualifiers
were excluded. Finally, lateral whole-spine radiographs were available for 1461 participants
(466 men, 995 women).

Participants were divided into five groups based on birth-year decade: (1) less than 50
years, (2) 50-59 years, (3) 60-69 years, (4) 70-79 years, and (5) 80 years and older. All individ-
uals provided written informed consent.

Radiographic evaluation

All participants underwent radiography. For each subject, standing lateral radiography of
the whole spine and pelvis was taken using 40-inch film. Each radiograph was aligned such
that the edge of the film was the reference for vertical alignment. As described previously
[34], participants were instructed to stand in a comfortable position, with their hips and
knees fully extended. The arms were flexed with the hands resting on supports at the level of
their shoulders.

On the radiographs, the following parameters were measured: TK (the Cobb angle from the
upper endplate of T2 to the lower endplate of T12) [16], LL (the Cobb angle from the upper
endplate of L1 to the lower endplate of S1) [23], pelvic tilt (PT) (the angle between the line con-
necting the midpoint of the sacral plate to the axis of the femoral heads and the vertical axis)
[19], PI (the angle between the line perpendicular to the sacral plate at its midpoint and the
line connecting this point to the axis of the femoral heads) [24], and SVA (the horizontal dis-
tance from the C7 plumb line originating at the middle of the C7 vertebral body to the poste-
rior superior endplate of S1) [19].

Statistical analysis

Statistical analyses were performed using JMP (version 8; SAS Institute Inc., Cary, NC). All
values are expressed as the mean + standard deviation (SD). The Wilcoxon signed-rank test
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Table 1. Participants’ demographic data.

Number of participants
Age strata (years)
<49
50-59
60-69
70-79
<80
Demographic characteristics
Age (years)
Height (cm)
Weight (kg)
BMI (kg/m?)

was used to analyze the differences in spinal and pelvic parameters between men and
women. The Spearman rank correlation coefficient (r) was used to examine correlations
between variables of spino-pelvic parameters. The Spearman correlation coefficient was
interpreted as follows: <0.3: none; 0.31-0.5: weak; 0.51-0.7: strong; 0.71-0.9: very strong;
and >0.9: excellent. Finally, we analyzed the relationship between age and spino-pelvic
parameters. Therefore, we entered values for the body mass index (BMI), SVA, TK, and
PI-LL into a multiple regression model to adjust for potential confounding factors. The var-
iance inflation factor (VIF) was used to check for multicollinearity in the model. The level
of statistical significance was set at 0.05.

Results

Radiographic studies were completed for 1461 participants (466 men, 995 women) whose age
range was 19-94 years (mean age: men, 66.3 + 13.8 years; women, 65.2 £ 12.5 years). The aver-
age BMI was 23.0 + 3.5 kg/m? (Table 1).

The mean value and SD of spino-pelvic parameters are listed in Tables 2 and 3. The SVA,
TK, and PT increased with age, and LL decreased with age. Regarding sex differences, TK was
significantly larger in men than in women, and LL, PT, and PI were significantly smaller in
men than in women.

The correlation coefficients (r) between the SVA and TK, between SVA and PI-LL, and
between TK and PI-LL were none (0.12), strong (0.54), and weak (-0.33), respectively
(Table 4).

Table 5 shows the results from multiple regression analysis, after adjusting for various con-
founding factors. The VIF values in men for BMI, SVA, TK, and PI-LL were 1.04, 1.76, 1.45,
and 2.13, respectively; those in women were 1.02, 2.27, 1.42, and 2.52, respectively. However,
none of the VIF values exceeded 10, which indicates that there was no collinearity in the
model [38]. On the basis of the results of this model, we found that all parameters were signifi-
cantly associated with age in men and women. The standardized partial regression coefficients
of SVA, TK, and PI-LL were 0.17, 0.30, and 0.23, respectively, in men and 0.29, 0.32, and 0.23,
respectively, in women. PT had a high collinearity with other parameters, and it was excluded
from Tables 4 and 5.

Total Men Women
1461 466 995

170 56 114

256 75 181

418 124 294

407 123 284

210 88 122
65.6+13.0 66.3+13.8 65.2+12.5
156.0 £ 9.1 164.7+7.3 151.8+6.7
56.2+11.1 64.2+11.4 52.4+8.7
23.0+£3.5 23.6+34 22.8+3.5

Values are presented as the mean + standard deviation.

BMI, body mass index.

https://doi.org/10.1371/journal.pone.0178697.t001
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Table 2. Spinal parameters.

Age
(years)
<49
50-59
60-69
70-79
<80
Total

Sagittal vertical axis (mm)

Men
Mean
-11.0
4.7
8.2
13.9
39.1
12.7

SD

22.9
30.7
35.0
39.2
54.3
41.3

SD, standard deviation
"Significant difference between men and women (p<0.05, Wilcoxon signed-rank test)

Women
Mean
-18.8
-8.2

1.8
24.2
51.6
10.1

SD

24.6
25.6
32.7
43.1
57.9
43.4

https://doi.org/10.1371/journal.pone.0178697.t1002

Table 3. Pelvic parameters.
Pelvic tilt (°)

Age
(years)
<49
50-59
60-69
70-79
<80
Total

Men
Mean
11.5
14.4
15.5
16.0
19.7
15.8

SD, standard deviation

" p<0.05

SD
6.9
6.6
6.8
7.5
8.4
7.6

Thoracic kyphosis (°) Lumbar lordosis (°)

Men Women Men Women
p value Mean |SD Mean SD pvalue |Mean |SD Mean SD p value
0.025" 33.5 7.2 33.1 9.3 0.757 47.9 9.1 52.0 10.3 |0.013"
<0.001" | 36.0 9.2 34.2 10.6 |0.192 45.2 9.5 48.9 10.4 |0.007"
0.073 37.8 9.1 36.2 11.4 |0.193 45.2 11.8 |46.9 12.8 | 0.057
0.011" 41.6 11.8 |38.9 12.7 |0.038" 45.7 13.4 |43.6 14.2 | 0.110
0.101 40.3 12.3 44.2 17.8 0.122 39.3 15.9 38.6 19.1 0.922
0.062 38.5 10.7 |37.2 12.8 0.022" 44.5 12.7 |45.9 14.0 0.019"

Discussion

In this study, the SVA, TK, and PT increased with age, and LL decreased with age. In addition,
the rate of increase in TK and decrease in LL was larger in women than in men, although the
mean values of these parameters were within the generally accepted normal ranges [39-41].

Fon et al. reported that the degree of kyphosis increased with age, and the rate of increase
was higher in women than in men [16]. This observation has been widely observed since
increased TK is often related to osteoporotic compression wedging of the vertebrae, as well as
to the degenerative change of intervertebral discs and decreased strength of back extensor
muscles in the aged spine [42-51]. This degenerative change can also contribute to decreased
LL [52]. Gelb et al. investigated 100 asymptomatic middle and older aged volunteers, and they
found a correlation among the SVA, LL, and age [11]. These findings were supported by Ham-
merberg and Wood, whose study surveyed 50 asymptomatic volunteers aged 70-85 years [10].
The aforementioned correlation between spino-pelvic parameters and age may explain physio-
logical aging of the spine. The center of gravity line moves forward in relation to increasing
age [15], which may result in pain, functional disability, and loss of horizontal gaze due to the
stooped posture. In an attempt to correct this position that interferes with the social standard
of maintaining a horizontal gaze, the pelvis should be tilted backward [53].

The impact of sex on spino-pelvic parameters remains controversial. Vialle et al. reported
significant differences in LL and PI between male and female subjects [27]. In addition, Zhu

Pelvic incidence (°)

Women Men Women

Mean SD p value Mean SD Mean SD p value
14.5 6.7 0.006" 46.0 9.9 51.0 10.8 0.002"
15.8 8.0 0.161 47.7 9.6 49.8 10.5 0.174
18.1 8.5 0.001" 48.3 9.9 50.6 10.4 0.028"
23.0 10.3 <0.001" 47.5 9.3 52.7 10.7 <0.001"
25.2 10.4 <0.001" 48.1 10.9 51.6 1.4 0.021"
19.5 9.7 <0.001" 47.7 9.9 51.2 10.8 <0.001"

https://doi.org/10.1371/journal.pone.0178697.t1003
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Table 4. Correlation matrix among the spino-pelvic parameters.

Parameter SVA TK PI-LL
SVA 1
TK 0.12 1
<0.001"
Pl-LL 0.54 -0.33 1
<0.001" <0.001"

Upper line, correlation coefficient; lower line, p-value. SVA, sagittal vertical axis; TK, thoracic kyphosis; PI,
pelvic incidence; LL, lumbar lordosis
"Significant correlation between the parameters (p<0.05)

https://doi.org/10.1371/journal.pone.0178697.t1004

et al. found a significant sex difference in LL [34]. Conversely, other researchers did not dem-
onstrate significant sex differences in any spino-pelvic parameter [32, 33, 54]. Although there
were statistically significant differences in TK, LL, PT, and PI between men and women in the
current study, the difference in the mean value of each parameter was quite small. Addition-
ally, the individual variations were much larger than were the sex differences. When consider-
ing clinically important differences, further study should be performed to corroborate this
finding. Recently, there have been some reports to support racial differences in sagittal spino-
pelvic parameters [30], and most of them have exaggerated the smaller PT and LL in Asian pop-
ulations than in Caucasian populations [33-35]. However, our cohort did not have a signifi-
cantly smaller PI than did the Caucasian population, which is consistent with the Japanese
epidemiological study by Takeda et al.[55], which reported a PI of 55.8 + 10.6. There may be
regional differences in sagittal spino-pelvic parameters as well.

Therefore, there must be strong correlations among spino-pelvic parameters. Legaya et al.
reported that PI is a fundamental pelvic parameter for three-dimensional regulation of spinal
sagittal curves, and it correlates with LL [24]. In addition, Mac-Thiong et al. demonstrated a
moderate correlation (0.3 < r < 0.5) between TK and LL [56]. Our results also suggested
strong correlations between the SVA and PI-LL, as well as weak correlations between TK and
PI-LL. To achieve harmonized, spino-pelvic alignment in surgical planning for spinal defor-
mity, the PI-LL value was used to determine the amount of correction needed. In a recent
study, a more excessive PI-LL mismatch was shown to indicate an increased risk of spinal
imbalance [23]. Results of multiple regression analysis also demonstrated that the SVA, TK,
and PI-LL are related to age. Indeed, the PI-LL value increased with age.

A longitudinal study would be required to assess the age-related changes of the sagittal
spino-pelvic parameters accurately. Moreover, evaluation of the alignment of the cervical
spine and/or lower extremities should be included since they also definitively show age-related
changes and affect spino-pelvic alignment.

Table 5. Results of multiple regression analysis between age and spino-pelvic parameters.

Men Women

Standardized partial regression coefficient p value Standardized partial regression coefficient p value
SVA 0.17 0.0015* 0.29 <0.001*
TK 0.30 <0.001* 0.32 <0.001*
PI-LL 0.23 0.0001 * 0.23 <0.001*

SVA, sagittal vertical axis; TK, thoracic kyphosis; PI, pelvic incidence; LL, lumbar lordosis
"Significant correlation between age and parameters (p<0.05)

https://doi.org/10.1371/journal.pone.0178697.t1005
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Recently, more researchers have focused on spino-pelvic alignment because of the increas-
ing number of adult patients in the aging society with back pain related to spinal malalign-
ment. However, to the best of our knowledge, the current study, compared to previous studies,
makes use of the largest cohort (more than 1,500 volunteers) from general populations with a
wide range of ages. In doing so, we were able to better understand age-related and sex-related
normal values of spino-pelvic sagittal alignment, although the study was performed in limited
districts. Thus, we believe that this study’s findings may help improve the treatment of patients
with adult spinal deformity.

Conclusions

We found that all parameters were significantly associated with age in men and women. The
SVA, TK, and PT increased with age, and LL decreased with age. Additionally, a more exces-
sive PI-LL mismatch was shown to indicate an increased risk of spinal malalignment. Results
of multiple regression analysis also demonstrated that the SVA, TK, and PI-LL are related to
age. Indeed, the PI-LL value increased with age.
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Abstract. [Purpose] This study evaluated whether obesity is a risk factor for low back pain, by using body fat
percentage (%FAT) and body mass index (BMI) as indices of obesity among Japanese males. [Subjects and Meth-
ods] This study included 1,152 males (average age: 28.0 + 4.6 years). BMI was calculated from subject’s height and
weight, and %FAT was estimated by the thickness of two parts of skin. Low back pain, drinking and smoking were
surveyed using a self-administered questionnaire, and maximal oxygen uptake was measured by a submaximal ex-
ercise test using a cycle ergometer. [Results] A significant positive dose-response relationship was shown between
%FAT and persistent low back pain prevalence. Similarly, a significant positive dose-response relationship was
confirmed between BMI and persistent low back pain. [Conclusion] This study suggests that both high %FAT and
BMI are risk factors for persistent low back pain.

Key words: Obesity, Low back pain, Epidemiology

(This article was submitted Feb. 13, 2017, and was accepted Mar. 3, 2017)

INTRODUCTION

Low back pain is a global health concern and the top condition impacting the “disability-adjusted life-years” metricl).
In addition, low back pain is currently the most common condition in Japan?), comprising 65% of chronic musculoskeletal
pain symptoms and was ranked as the most common condition among males with subjective symptoms due to diseases and
injuries in Annual Health, Labour and Welfare Report?). Low back pain also affects not only the health of workers but also
their productivity, and other problems, leading to negative economic effects® 3.

In addition, being overweight and obese is a global health concern®. Cardiovascular diseases, diabetes, and some cancers
are the top three diseases affecting disability-adjusted life-years, which are thought to be caused by overweight/obesity”.
According to a Global Health Observatory report in 2014, among adults over the age of 18 years in 149 countries in the World
Health Organization area, 39% are overweight and 13% are obese, accounting for over 50% of all adults®.

There have been several cohort studies related to low back pain and obesity®!). Previous longitudinal studies reported
that overweight/obesity is a risk factor for low back pain. However, no long-term cohort studies have been conducted focus-
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ing on Asian populations, who exhibit lower levels of obesity compared with Western populations”. In addition, most studies
conducted to date have used body mass index (BMI) as an index of obesity. However, as BMI does not consider overall body
composition and a high BMI value can be attributed to people with both high fat and muscle mass; risk factors for low back
pain may not be evaluated accurately from the perspective of body composition.

In this study, body fat percentage (%FAT) data was added as an index of obesity; using over 20 years of follow-up data
for Japanese males, we conducted an exploratory assessment of the relationship between %FAT, BMI, and low back pain.

SUBJECTS AND METHODS

This study was one of the cohort studies investigating the relationship between obesity, physical fitness, and health out-
comes in Japanese males'? 13, Participants in this study were employees of companies based in the greater Tokyo metropoli-
tan area. All employees receive annual health examinations and exercise tests as part of employee health management plans
implemented in accordance with the Occupational Safety and Health Act and related laws in Japan.

There were 8,638 participants in this study who underwent routine physical examinations and exercise tests in 1986 (April
1986—March 1987). Thirty people who failed to continue the exercise test for more than 4 min were excluded. In addition,
6,912 people for whom the presence of low back pain could not be determined as of 2009 because of retirement during the
period between 1987 and 2008 were excluded, as well as 9 people for whom data that was considered to contain potential
confounding factors that were missing were excluded. In addition, 536 people with low back pain at the time of baseline
measurement in 1986 and who had experienced low back pain prior to 1986 were excluded. Ultimately, 1,152 males were
enrolled as participants in this study.

In our observational study, the clinical examinations were done under the Industrial Safety and Health Act and related
laws in Japan. This study was approved by the ethics committee of the National Institutes of Health and Nutrition of Japan
(290-01).

Participants in this study were measured for height and weight at annual health examinations conducted in 1986. Body
weight was measured using a body weight scale, with participants removing their shoes and wearing light clothing. Based
on the results, BMI (weight (kg) divided by the square of height (m)) was determined. To estimate %FAT, the thickness of
skin pinched at the posterior midpoint between acromion and tip of olecranon, and lower edge of the scapula was measured
using a subcutaneous fat thickness-measuring device (TK-11258, Takei Scientific Instruments, Niigata, Japan). Total fat
thickness of these two regions was inputted into Nagamine and Suzuki’s equation to estimate body density'¥. Next, %FAT
was estimated by inputting body density into Brozek’s equation!®).

The results of the questionnaire regarding the presence of low back pain (none, in the past, present) were used to exclude
participants (both in the past and present) with low back pain at baseline. Further, maximal oxygen uptake was used as
an index of physical fitness and was considered a potential confounding factor of low back pain. This factor was adjusted
during analysis to evaluate the relationship between obesity and low back pain. Maximal oxygen uptake was measured
by a submaximal exercise test using a cycle ergometer and was estimated using the Astrand and-Ryhming nomogram'®)
and Astrand age correction factors'?). Additionally, lifestyles considered to present potential confounding factors, including
smoking (nonsmoking, 1-20 cigarettes per day, 21 or more cigarettes per day) and alcohol intake (none, 1-20 g per day, 21
g or more per day), were evaluated.

We determined the presence or absence of “persistent low back pain” from the results of the self-administered ques-
tionnaire about low back pain (none, sometimes (intermittent), always (persistent)) in 2009. We defined participants who
responded “always (persistent)” as persistent low back pain suffers.

First, we classified the participants by quartile based on their %FAT and BMI at baseline and compared the physical
characteristics at baseline for each group. All data is displayed as the mean and standard deviation. The relationship between
%FAT and BMI was confirmed using Pearson’s correlation coefficient. Next, we used a logistic regression model to calculate
the multivariable-adjusted odds ratio and the 95% confidence interval for persistent low back pain prevalence while taking
potential confounding factors (age, alcohol intake, smoking habits, and maximal oxygen uptake) into account. Further, to
examine the relationship between obesity and persistent low back pain prevalence, the odds ratio and 95% confidence interval
of persistent low back pain prevalence were calculated using a logistic regression model with the presence or absence of
persistent low back pain as a dependent variable and %FAT and BMI quartiles as independent variables. In the logistic
regression model, age (continuous number) was input as a covariate, and the age-adjusted odds ratio and 95% confidence
interval were calculated. In addition, multivariable-adjusted odds ratios and 95% confidence intervals were determined while
considering smoking habits (nonsmoker, 1-20 cigarettes per day, 21 or more cigarettes per day), alcohol intake (none, 1-20
g per day, 21 g or more per day), and maximal oxygen uptake (continuous number). To evaluate whether a linear relationship
existed between obesity and persistent low back pain prevalence, continuous numbers for %FAT and BMI were inputted into
the model to calculate p for linearity.

Many previous studies evaluated relationships with low back pain using the WHO criteria for BMI. Therefore, to compare
these studies with our study, we also conducted our assessment based on 4 categories: thin (<18.50), average (18.51-24.99),
overweight (25.00-29.99), and obesity (>30.00) according to WHO classification.

All statistical analyses were performed using SPSS Statistics version 23 (IBM Corp, Armonk, NY, USA), and a two-tailed
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Table 1. Baseline characteristics of Japanese males in 1986 according to body fat percentage and body mass index (quartiles)

Characteristic All men QI (lowest) Q2 Q3 Q4 (highest)
Body fat percentage (%) <12 13-14 15-17 >18

n 1,152 335 282 295 240
Age (yrs) 28.0+4.6 27.6+4.8 279 +47 28.3+4.5 28.2+4.5
Body mass index (kg/m?) 22.6+£2.7 20.8+ 1.9 22.1+£20 231+19 252+3.0
VO,max (ml/kg/min) 432+89 46.5+ 8.8 439+8.2 42.2+8.5 387+83
Current drinkers (%) 64.1 60.0 61.0 67.5 69.6
Current smokers (%) 63.4 71.0 61.0 57.3 62.9
Body mass index (kg/m?) <20.82 20.83-22.31 22.32-24.05 >24.06

n 1,152 285 290 289 288
Age (yrs) 28.0+4.6 271+5.0 274+44 28.7+4.5 28.7+4.4
Body fat percentage (%) 147 +£3.5 123+24 13.8+2.5 152+3.0 17.6 £3.7
VO,max (ml/kg/min) 432+89 46.5+9.0 447+ 8.6 433+83 382+7.6
Current drinkers (%) 64.1 59.3 59.0 69.6 68.8
Current smokers (%) 63.4 65.6 59.3 64.0 64.6

Data are means =+ standard deviation or %
VO,max: maximal oxygen uptake

Table 2. Multivariable-adjusted odds ratios for incidence of persistent low back pain by potential

confounders

Characteristic Participants Odds Ratio® 95% CI
Age (yrs) 1,152 0.98 0.93-1.03
VO,max (ml/kg/min)

Ist quartile <36 301 1.00 (reference)

2nd quartile 37-42 285 1.22 0.68-2.20

3rd quartile 43—49 309 0.90 0.48-1.67

4th quartile >50 257 0.81 0.41-1.58
Alcohol intake

None 413 1.00 (reference)

1-20 g/day 517 0.73 0.44-1.22

>21 g/day 222 1.19 0.66-2.15
Current smokers

None 422 1.00 (reference)

1-20 cigarettes/day 457 1.20 0.74-1.94

>21 cigarettes/day 273 0.68 0.36-1.28

2Adjusted for all items in the table.
CI: confidence interval; VO,max: maximal oxygen uptake

p value less than 0.05 was considered to be statistically significant.
RESULTS

In this study 1,152 people were recruited, and the average age, weight, and height at the time of baseline measurement
(1986) were 28.0 £ 4.6 years, 65.5 + 8.4 kg, and 170.0 £ 5.6 cm. The number of people who had persistent low back pain in
2009 was 90. Table 1 shows the physical characteristics of the participants at the baseline. The average %FAT and BMI as
an index of obesity were 14.7 + 3.5% and 22.6 + 2.7 kg/m?, respectively, and a clear positive correlation was found between
%FAT and BMI (r=0.62). There was no correlation between %FAT and age; however, for BMI, the age of the 3rd and 4th
quartiles was higher than that of the 1st and 2nd quartiles. Regarding maximal oxygen uptake, both %FAT and BMI showed
lower values in the group tending towards obesity. In contrast, presence of current drinkers was higher in the group with
obesity tendencies. No trends concerning smoking habits were observed.

Table 2 shows the multivariable-adjusted odds ratio and 95% confidence interval for persistent low back pain prevalence
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Table 3. Multivariable-adjusted odds ratios for incidence of persistent low back pain according to body fat percentage and body mass
index (quartiles)

. for
Q1 (lowest) Q2 Q3 Q4 (highest) lilfearity
Body fat percentage (%) <12 13-14 15-17 >18
n 335 282 295 240
Men-years of follow-up 7,705 6,486 6,785 5,520
Persistent LBP per 10,000 men-years 27 23 37 53
Age-adjusted odds ratio (95% CI) 1.00 (reference) 0.85 (0.43-1.68) 1.41 (0.77-2.58)  2.10 (1.16-3.78) *x
Multivariable-adjusted? odds ratio (95% CI) 1.00 (reference) 0.86 (0.43-1.71) 1.46 (0.79-2.72) 2.12 (1.13-3.98) *
Body mass index (kg/m?) <20.81 20.82-22.30 23.31-24.05 >24.06
n 285 290 289 288
Men-years of follow-up 6,555 6,670 6,647 6,624
Persistent LBP per 10,000 men-years 26 33 33 44
Age-adjusted odds ratio (95% CI) 1.00 (reference) 1.31 (0.68-2.52) 1.37 (0.71-2.65) 1.86 (0.99-3.49) *k

Multivariable-adjusted® odds ratio (95% CI) 1.00 (reference) 1.32 (0.68-2.55) 1.37(0.71-2.68) 1.74 (0.89-3.39) *

2Adjusted for age, drinking, smoking, and maximal oxygen uptake.
*p<0.05, **p<0.01
CI: confidence interval

Table 4. Multivariable-adjusted odds ratios for incidence of persistent low back pain according to body mass index category based on
WHO classification

<18.50 18.50-24.99 25.00-29.99 >30.00 p for
linearity
n 45 924 169 14
Men-years of follow-up 1,035 21,252 3,887 322
Persistent LBP per 10,000 men-years 29 32 44 93
Age-adjusted odds ratio (95% CI) 0.89(0.27-2.94)  1.00 (reference)  1.47 (0.84-2.57) 3.46 (0.94-12.73)  **

Multivariable-adjusted® odds ratio (95% CI)  0.91 (0.27-3.03)  1.00 (reference)  1.37 (0.75-2.49)  3.31 (0.86—12.70) *

2Adjusted for age, drinking, smoking, and maximal oxygen uptake.
*p<0.05, **p<0.01
CI: confidence interval

taking into account the factors considered to be potential confounding factors, affecting the relationship between persistent
low back pain prevalence and obesity. No clear relationship between age, maximal oxygen uptake, alcohol intake, smoking
habits, and persistent low back pain was observed with respect to any of these factors.

Table 3 shows the age-adjusted and multivariable-adjusted odds ratios for %FAT and BMI and persistent low back pain
prevalence by quartile. A significant positive dose-response relationship was shown between %FAT and persistent low
back pain prevalence (p for linearity=0.010). Similarly, a significant positive dose-response relationship was confirmed
between BMI and persistent low back pain (p for linearity=0.018). Using the group with the lowest %FAT as a reference, the
multivariable-adjusted odds ratio (95% confidence interval) for the group with the highest %FAT with persistent low back
pain was 2.12 (1.13-3.98). In contrast, this ratio was 1.74 (0.89-3.39) for BMI, and %FAT exhibiting a higher odds ratio.

To facilitate comparison of our results with those of previous studies, four BMI groups, thin (>18.50), average (18.51—
24.99), overweight (25.00-29.99), and obesity (>30.00), were designated according to WHO obesity classification. The
odds ratios for persistent low back pain prevalence for these four groups are displayed in Table 4. This study targeted Asian
populations, who comprise a small portion of the number of obese people worldwide. In addition, only 14 (1.2%) people
classified as obese according to WHO criteria participated in the study, and participants included only 169 (14.7%) people
classified as overweight. In contrast, the multivariable-adjusted odds ratio for persistent low back pain prevalence was 1.37
in the overweight group and 3.31 in the obese group, confirming that the risk for persistent low back pain was higher in
overweight and obese groups.
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DISCUSSION

In this study, the relationship between %FAT and BMI, which are an index of obesity, and persistent low back pain
prevalence was evaluated longitudinally based on data collected from male workers in Japan. Our results revealed a positive
dose-response relationship between obesity index and persistent low back pain, suggesting that obesity is a risk factor for
persistent low back pain prevalence. This result was the same even when adjusting for multiple confounding factors using a
logistic regression model.

The results of previous studies of the relationship between obesity and low back pain-related diseases in Japanese people
showed similar results based on short-term follow-up'® 1), but this is the first study to determine the relationship between
obesity and low back pain over a long period.

The results of meta-analysis studies of the relationship between obesity and low back pain suggest that there is a positive
relationship between obesity and low back pain, similarly to the results of this study® . Further, in a large-scale nationwide
survey conducted in Norway over an 11 year period!% ', a significant positive dose-response relationship between an obe-
sity index (BMI) and chronic low back pain was reported for both males and females. However, studies targeting Western
populations include a considerably different distribution of obesity compared to the participants assessed in this study. Male
participants in the Norwegian National Large Scale Survey'" were divided into three groups: average (<25.0), overweight
(25.1-29.9), and obesity (=>30.0), and the respective proportion of participants falling into these groups were 33%, 54%,
and 13%, respectively, which is markedly different from the 84%, 15%, and 1% distribution observed during this study. In
contrast, a positive dose-response relationship was observed between obesity and low back pain in both studies targeting
Western populations and our study focusing on Asian populations; accordingly, a relative obesity trend is considered to be a
risk factor for low back pain prevalence rather than the absolute obesity index.

Two plausible mechanisms may explain the relationship between obesity and persistent low back pain observed in this
study: 1) biomechanical viewpoint and 2) association with endogenous substances.

The biomechanical viewpoint considers factors such as burden on the spinal column (intervertebral disc) when obesity
increases abdominal size. Fabris de Souza et al.?% researched postural changes in obese subjects who exhibited a collapsed
condition of whole body alignment resulting from increased downward gravity, excessive thoracic posterior curvature, and
lumbar anterior curvature with respect to the spinal column. As such, the gain in mass in the upper body because of obesity
increases the load on the vertebral discs, even when in standing or sitting positions. In addition, because gravitational pres-
sure is further increased when an obese person bends the upper body forward, a greater force on the back muscle group
becomes necessary, which is the main source of increased disc load.

Next, regarding the association with endogenous substances, it is thought that the proinflammatory cytokines induced by
adipokines, which are secreted by adipocytes that proliferate in the obese state, may be associated with pain. Tumor necrosis
factor a and interleukin-6 are representative proinflammatory cytokines, and serum interleukin-6 levels are thought to be
elevated in obese people?!). As such, in hypertrophied adipocytes, abnormal secretion of endogenous substances such as
adipokines and inflammatory cytokines may disrupt the balance of the endocrine system and be associated with pain.

In this study, BMI, which is one index of obesity calculated as a ratio of weight to height, and %FAT, which is more
accurately, but indirectly evaluates the amount of adipocytes in the body, were calculated. We confirmed that %FAT is more
strongly correlated with the prevalence of persistent low back pain than BMI. This supports the consideration that the amount
of adipocytes is associated with persistent low back pain. Therefore, based on our results and those of previous studies as
well as the mechanisms explained above, maintaining one’s current weight regardless of the obesity standard and avoiding
increases in body weight (increases in fat mass) are thought to be important for preventing persistent low back pain in both
the near and far future. Our results suggest that obesity education and exercise guidance to avoiding increasing weight need
to be importantly considered for prevention and treatment of low back pain.

The present study has some limitations. First, the study only included males in a metropolitan area. Second, it did not
survey psychosocial or ergonomic factors associated with low back pain. Therefore, these parameters could not be adjusted
for as confounders in the analysis. However, this is the first long-term cohort study designed to investigate the relationship
between obesity and low back pain in Japanese workers. Moreover, by investigating the relationship with persistent low back
pain using %FAT as well as BMI as an index of obesity even in a population with a relatively low prevalence of obesity,
we demonstrated that accumulation of body fat is a risk factor for low back pain. These results will contribute to studies
of methods aimed at preventing persistent low back pain. Further studies should include additional populations including
females as study participants in order to broaden the applicability of the sample population and produce results that more
accurately reflect the prevalence of persistent low back pain.

In conclusion, a significant positive dose-response relationship was observed between obesity index and persistent low
back pain prevalence in Japanese males, and a relatively high %FAT and BMI were found to be risk factors for persistent low
back pain. The results of this study suggest that weight control is important for preventing future persistent low back pain.

This work was supported in part by a collaborative research grant from the Juntendo University Graduate School of
Health and Sports Science and Institute of Health and Sports Science & Medicine (1519223, YH) and Grant-in-Aid for
Scientific Research (15K01677, SSS). None of the authors have any conflicts of interest to declare. The authors thank the
study participants and the Tokyo Gas Health Promotion Center physicians and staff for their cooperation with this study.
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Abstract

Objective: We aimed to compare the efficacies of rehabilitation with the hybrid assistive limb and conventional rehabilitation
after total knee arthroplasty.

Materials and methods: A total of 37 consecutive patients who underwent primary total knee arthroplasty for knee
osteoarthritis were enrolled. Seven patients withdrew from the study after randomization, and 30 patients (hybrid assistive
limb group: n= 1 6; conventional group: n=14) completed the randomized controlled trial. Patients in the hybrid assistive limb
group underwent ten 20-min rehabilitation sessions with the hybrid assistive limb as well as 20-min conventional sessions
over the course of 2weeks, whereas patients in the conventional group received ten 40-min conventional sessions during
the same period. The primary outcome measure was walking speed, whereas the secondary outcome measures included
quadriceps strength and knee pain assessed using a numerical rating scale. The outcome measures were evaluated prior to
surgery and on postoperative weeks 1, 2, and 3.

Results: In the early postoperative period, rehabilitation after total knee arthroplasty with the hybrid assistive limb resulted
in a significantly greater improvement in walking speed (weeks | and 2: p=0.045), quadriceps strength (weeks | and 2; weeks
| and 3: p<0.0001), and numerical rating scale scores (week |: p=0.03) than conventional rehabilitation.

Conclusion: Rehabilitation with the hybrid assistive limb after total knee arthroplasty led to greater improvements in
walking speed, quadriceps strength, and pain scores than conventional rehabilitation.
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The hybrid assistive limb (HAL) is an exoskeletal robot
suit developed in 1992 to provide the wearer with physical
support during daily activities and heavy labor.> The HAL
for the lower limbs was developed as a gait assistance sys-
tem for individuals with difficulty in standing up, sitting
down, and climbing stairs.® The HAL has two modes: a vol-
untary control mode and an automatic control mode. In the
voluntary control mode, the suit provides support for physi-
cal activities based on weak bioelectric signals generated
when the wearer makes a voluntary movement.” These bioel-
ectric potentials are detected by electrodes attached to the
surface of the skin. In most cases, the electrodes are attached
to the quadriceps femoris and gluteus maximus muscles in
the area around the hip joint and the vastus lateralis and
biceps femoris in the area around the knee. The assistive
force generated by the HAL power unit is calculated based
on the bioelectric potentials generated by the muscles. This
approach is used to support and control movements.® In the
voluntary control mode, the HAL provides functional sup-
port for multiple joints of both legs simultaneously, which
makes it suitable for use by individuals with leg disabilities
as well as healthy individuals.” Accordingly, HAL training,
which utilizes the wearer’s own muscle activity, could
enhance the feedback for inducing appropriate movements
better than standard robotic training.!?

One study (a randomized controlled trial) assessed the use
of the HAL in rehabilitation for improving locomotion in the
recovery phase after cerebral stroke,!® and several reports
have documented its use in rehabilitation of patients with
cerebral stroke and spinal cord injury to promote gait
improvements.!! However, to our knowledge, there have
been few reports on the use of HAL in rehabilitation after
TKA only, both in terms of pilot studies'? and case reports.!3

We hypothesized that, in addition to the effects demon-
strated in previous studies, the HAL may also be useful for
facilitating the recovery of leg function and gait function in
patients after TKA. To test this hypothesis, we decided to
assess the rate of change in walking speed rather than walk-
ing speed alone since the latter varies widely depending on
the baseline values. In the present randomized controlled
trial, we aimed to verify whether the HAL can be used in
rehabilitation after TKA to promote functional recovery.

Materials and methods

Participants

All patients underwent primary TKA for knee OA at JR Tokyo
General Hospital between September 2014 and August 2015.
Patients were enrolled according to the following inclusion crite-
ria: scheduled to undergo primary TKA due to OA and age of
65-80years. The exclusion criteria were as follows: inability to
receive concurrent physical therapy; presence of rheumatoid
arthritis, stroke, malignant tumor, Parkinson’s disease, dementia,
active infection, pulmonary embolism, or deep vein thrombosis;

body dimensions inappropriate for the use of the HAL; presence
of skin disease precluding electrode placement; and presence of
an implanted pacemaker.

Randomization

Patients meeting the inclusion criteria were randomly
assigned in a 1:1 ratio to the HAL group or to the conven-
tional training group. Randomization was performed accord-
ing to age and sex. To ensure that all doctors, institutional
investigators, assessors, and patients involved in the trial
remained blinded to treatment assignment, the randomiza-
tion was performed by an independent organization, the
22nd Century Medical & Research Center of the University
of Tokyo.

Study protocol

We used a computer-generated sequence, with odd-num-
bered patients participating in rehabilitation using the HAL
and even-numbered patients participating in conventional
training. Patients in the HAL group performed gait rehabili-
tation with the HAL five times a week for a total of 10 HAL
training sessions (over the course of 2 weeks). Patients in the
conventional group performed conventional gait rehabilita-
tion five times a week for a total of 10 conventional training
sessions (over the course of 2 weeks). Patient demographics
and baseline values of outcome measures were assessed
prior to randomization into treatment groups. The study was
approved by the Ethics Committee of the JR Tokyo General
Hospital. All patients provided written informed consent
prior to participation.

Rehabilitation using the HAL

The HAL for the lower limbs was used in all the patients
(Figure 1). One 40-min session was completed once a day.
While wearing the HAL, patients performed quadriceps mus-
cle strength exercises in a sitting position and practiced stand-
ing up from a seated position for 20 min. They also undertook
a single 20-min rehabilitation session consisting of range of
motion exercises and walking. HAL instructors were skilled
and experienced physical therapists licensed to use the HAL.
The cybernic voluntary control mode was used.

Conventional rehabilitation

Conventional training was performed for 40 min once a day.
Patients performed the same 20-min program of quadriceps
muscle strength exercises and standing up from a seated
position as in the HAL group but without wearing the HAL.
They also completed a single 20-min rehabilitation session
of range of motion exercises and walking. Conventional
training instructors were skilled and experienced physical
therapists.
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Assessment

All measurements were conducted by physical therapists
trained to perform standardized assessment procedures. The
outcome measures were evaluated prior to surgery and on
postoperative weeks 1, 2, and 3. The primary outcome meas-
ure was walking speed. For the assessment of walking speed,
patients walked 10 m on the ground at a comfortable speed.
The secondary outcome measures included quadriceps
strength and knee pain assessed using a numerical rating
scale (NRS). Isometric contraction quadriceps strength of
knee extension was measured used a hand-held dynamome-
ter (utas F-1). A pressure sensor was fixed to the belt worn
around the ankle to record the maximum power. The maxi-
mum value from three trials was used in the analysis.

Statistical analysis

To ensure balanced randomization, we tested the differences
between the HAL and conventional groups at baseline using
the Fisher exact test for sex and unpaired t-tests for age,
height, weight, body mass index (BMI), walking speed, and
quadriceps strength. The primary outcome was the differ-
ence in the change of walking speed between the two groups
between week 1 and week 2 or 3, which was assessed by a
paired t-test. The change ratio was calculated using the fol-
lowing formula: ([follow-up]—[week 1])/[week 1])% 100.
All statistical tests were performed at a significance level of
0.05 (two-sided) without adjusting for multiple testing.

The sample size was calculated in a preliminary study to
detect a difference between the groups in change ratio of
walking speed of 10%. A sample size of 15 patients per
group (30 patients in total) resulted in a power of 80%.

Data analyses were performed using SAS, version 9.1.3
(SAS Institute Inc., Cary, NC).

Results

Figure 2 shows the flow chart of patient enrollment and par-
ticipation. A total of 37 patients underwent primary TKA and
were assessed for eligibility. Among the 16 subjects allocated
to the HAL group, 1 withdrew consent, 1 could not continue

Control units
/Interface units

———— Battery pack

Power units

BES sensors

FRF sensors

Figure |. Training in standing up from a seated position with the
HAL.

BES: bioelectrical signal; FRF: floor reaction force.

Assessed for eligibility
(N=37)

Excluded (n=7)
° Did not provide consent for study
participation (n=2)

) RA (n=3)

L] Complicated by cerebral stroke (n=1)

[} Complicated by Parkinson’s disease (n=1)
Randomized

(n=30)

Allocated to the HAL group
(n=16)

Allocated to the conventional training group
(n=14)

Discontinued intervention (n=3)
Withdrew consent (n=1)
Complicated by delirium (n=1)
HAL was not available for obesity and
contralateral lower-extremity deformity (n=1)

[
Analyzed
(n=13)

Discontinued intervention (n=1)
Missing data regarding post-intervention
outcomes (n=1)

Analyzed
(n=13)

Figure 2. Flow chart of patient enrollment and participation.
RA: rheumatoid arthritis.
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Table 1. Demographics and preoperative descriptive parameters in the HAL and conventional groups.

HAL group Conventional group p value
Sex (male/female) 3/10 3/10 1.00
Age (years) 755+54 75.6+45 0.97
Height (cm) 151.5+8.1 153.7+6.6 0.45
Weight (kg) 59.4%10.9 59.6%£9.2 0.95
Body mass index 25.7+3.1 25.2+3.0 0.66
Walking speed (preoperative) 0.94+0.33 0.92+0.28 0.85
Quadriceps strength (preoperative) 0.82+0.34 0.93+0.42 0.48
HAL: hybrid assistive limb.
Values are presented as number or mean +standard deviation, unless otherwise indicated.
Table 2. Rates of change in walking speed and quadriceps strength in the two groups.

HAL group Conventional group p value

Walking Week |-week 2 9.5%11.2 0+10.0 0.045
speed (%) Week |-week 3 20.0+£223 16.2+16.3 0.66
Quadriceps Week |-week 2 172.4+288.4 62.2+85.7 <0.0001
strength (%) Week |-week 3 249.2+362.6 943+ 115.0 <0.0001

HAL: hybrid assistive limb.

Values are presented as number or mean * standard deviation, unless otherwise indicated.

rehabilitation because of delirium, and 1 could not use the
HAL because of obesity and contralateral lower-extremity
deformity. Among the 14 subjects allocated to the conven-
tional training group, post-intervention outcomes could not be
assessed for 1 subject. Thus, a total of 26 subjects completed
the study. No differences were observed in the demographics
and baseline clinical data between the two groups (Table 1).

A comparison of the rates of change in walking speed
between week 1 and week 2 after TKA revealed significantly
better values for patients who underwent rehabilitation with
the HAL. In contrast, a comparison of the rates of change in
walking speed between week 1 and week 3 after TKA did not
show a significant difference (Table 2).

A comparison of the rates of change in quadriceps strength
between postoperative weeks 1 and 2, as well as postopera-
tive week 1 and 3, showed significant differences between
the two groups (Table 2). Moreover, a significantly greater
number of patients who did not use the HAL had a high pain
score (=6) at 1 week postoperatively. However, there was no
difference in the NRS scores between the two groups at
2 weeks or 3 weeks postoperatively, and the scores improved
over time in both groups (Table 3).

Discussion

To our knowledge, this is the first randomized controlled
trial of the use of the HAL for rehabilitation after TKA. We
found that, compared to conventional rehabilitation, the use
of the HAL during early rehabilitation after TKA efficiently
improved locomotion and quadriceps femoris strength, while
reducing pain.

Table 3. Numbers of participants with high NRS scores (=6).

HAL group  Conventional p value
group
Postoperative week | | 6 0.03
Postoperative week 2 2 5 0.38
Postoperative week 3 0 | 0.48

HAL: hybrid assistive limb; NRS: numerical rating scale.

In this study, walking speed was used as a measure of
postoperative recovery. Walking speed has a low failure rate
(<5%) in the elderly' and is a highly reliable indicator, with
an intra-session correlation coefficient of 0.90-0.98 and an
inter-session correlation coefficient of 0.78-0.94 among
patients with knee OA.!5 Changes in comfortable walking
speed reflect the ability to respond to conditions that occur
during environmental changes and when crossing intersec-
tions and avoiding obstacles.! Moreover, walking speed has
been found to be correlated with other indicators such as the
Berg Balance Scale score!” and timed up and go (TUG) test
results,!® both of which reflect the balance function. In a
study by Cress et al.!” conducted in 200 elderly residents of
a nursing home, walking speed was an independent factor
reflecting physical function.

The change in walking speed after TKA is also considered
an indicator of the effectiveness of rehabilitation.?? A study of
post-discharge walking speed in 57 patients with knee OA
who underwent initial TKA found that the mean post-dis-
charge 10-m walking speed was 0.7+0.2m/s.! In general, the
walking speed?! and TUG test results?? decrease temporarily
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after discharge following TKA, followed by recovery over
several months and improvement beyond the preoperative
levels.

In this study, the rate of change in walking speed between
weeks 1 and 2 after TKA was significantly better in patients
who underwent rehabilitation with the HAL. However, there
was no significant difference between the two groups in the
rate of change in walking speed between postoperative
weeks 1 and 3. These results suggest that the use of the HAL
in rehabilitation after TKA is particularly valuable during the
early part of the postoperative recovery phase, with the dif-
ference between HAL and conventional rehabilitation dimin-
ishing over time.

It was found that 44.4% of patients experience persistent
severe pain 1month after TKA.2® Pain affects functional
recovery after TKA as it restricts walking and reduces walk-
ing speed. We used the NRS as a pain measure. A signifi-
cantly greater number of patients who did not use the HAL
had a high pain NRS score (>6) at 1week postoperatively.
However, there was no difference in the NRS scores between
the two groups at 2weeks and 3 weeks postoperatively, and
the scores exhibited improvement over time in both groups.
This suggests that the use of the HAL during the early postop-
erative period reduced pain during rehabilitation. This might
have a beneficial effect on the recovery of walking speed.

The mechanism through which the use of the HAL
improves gait function after TK A remains unclear. Quadriceps
arthrogenic muscle inhibition (QAMI) may be one reason for
the effectiveness of rehabilitation after TKA. QAMI is the
phenomenon of inhibition of the quadriceps femoris muscle
after surgery.?* It is believed to result from pain or swelling of
the knee or damage to pressure receptors?* and may also
occur because of swelling of the knee alone.?> At present, the
suggested mechanisms for QAMI include possible inhibition
of o motor neurons via the spinal reflex?¢ and involvement of
pathways engaging upper motor neurons.?*

Concentrated repetition of specific tasks is also known to
induce neural plasticity and promote functional recovery
from paralysis following stroke or spinal cord damage.?’-3!
In this study, the rates of change in quadriceps strength
between postoperative weeks 1 and 2 and between postop-
erative weeks 1 and 3 were significantly different between
the two groups. These results suggest that the knee could be
affected by the QAMI phenomenon after TKA, and the
effectiveness of repeating specific tasks in combination with
the feedback provided by the use of the HAL might promote
neural plasticity, thus improving quadriceps function and
enabling the recovery of gait function during the early recov-
ery phase.

Limitations

This study has certain limitations. First, fitting the HAL
requires considerable time and effort, and adjustments are
needed in the sites of attachment of the electrodes and
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settings such as the assistance level. Therefore, the level of
familiarity of the physiotherapists with the HAL may have
affected the results.

The second limitation concerns the device itself. The
HAL used in this study was designed as an assistive device
for both legs. To adapt the system for functional recovery
after TKA, a model wore the HAL on only one leg, which
reduced the weight of the device and allowed freedom
of movement of the unaffected leg, thus increasing its
efficiency.

The third limitation originates from the unique medical
insurance system, in which medical procedures from sur-
gery to discharge are fully covered. This study showed
only that using the HAL facilitated functional recovery of
patients after TKA. There is a possibility that early func-
tional recovery after TKA promoted by the use of the HAL
reduced the hospitalization time. The latter effect would be
limited to Japan, where hospital stay is longer than in
Western countries.

Furthermore, it was reported by Husted that fast-track
knee arthroplasty has low morbidity and mortality, as well
as high patient satisfaction.?? Considering the short hospi-
talization period for fast-track knee arthroplasty in Western
countries, using the HAL will not shorten the length of hos-
pital stay. In Japan, the discharge conditions are much
stricter than those in Western countries (i.e. more than 1 m/s
on 10-min walk test, visual analog scale <3). Thus, using the
HAL can be feasible in Japanese patients given the longer
hospital stay.

Clinical messages

e This is the first randomized controlled trial of the use
of the HAL for rehabilitation after TKA.

e The use of the HAL during early rehabilitation after
TKA efficiently improved locomotion and reduced
pain compared to conventional rehabilitation.

e Itisnecessary to improve the device by adapting it for
use after TKA.
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September 2014; date of enrollment of the first participant in the
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ABSTRACT

It was recently suggested that cortisol levels in fingernails reflect cumulative hormone exposure over a
relatively long period. This exploratory study cross-sectionally investigated the relationships between
fingernail cortisol level and psychosocial stress in a sample of middle-aged workers (94 men and 29
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women). The participants were asked to grow their fingernails for ~2 weeks and then provide fingernail

samples from every digit by using nail clippers. Further, they completed questionnaires for assessment
of exposure to psychosocial stress in the past (stressful life events in the workplace in the previous
year; e.g. change to a different line of work) and in the present (job stress and perceived stress). Results
of a regression analysis adjusting for the effects of demographic variables showed that experience of
stressful life events, but not job stress and perceived stress, was associated with elevated fingernail cor-
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stress; stressful life events;
hair cortisol; perceived
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tisol level. These findings indicate the potential of fingernail samples to retrospectively reflect individual

differences in cortisol levels related to past psychosocial stress.

Introduction

Psychosocial stress triggers a number of physiological
changes such as activation of the sympathetic nervous sys-
tem and hypothalamic—pituitary-adrenal (HPA) axis. One con-
sequence of this activation is the release of cortisol, an
adrenal cortex hormone secreted in response to acute stress
(Dickerson & Kemeny, 2004). Traditionally, cortisol has been
measured in blood and saliva samples. The analysis of saliva
and blood hormone level provides an index for a short
period. Several recent studies have shown that endogenous
hormones such as cortisol can reliably be measured in scalp
hair (Russell, Koren, Rieder, & Van Uum, 2012). Scalp hair
grows at an average rate of 1.0 cm/month; therefore, 1.0cm
of scalp hair may reflect hormone levels secreted in 1 month.
While analysis of saliva and blood hormone levels provides
an index for a short period, hair sample analysis provides a
retrospective index of cumulative hormone exposure over a
longer period, which could have advantages in the investiga-
tion of cortisol levels and chronic stress.

It was recently suggested that cortisol levels in fingernails
also reflect cumulative hormone exposure over a relatively
long period (de Berker, André, & Baran, 2007; Warnock et al.,
2010). Neutrally charged endogenous hormones passively dif-
fuse from capillaries into the nail matrix, and are incorporated
into keratin during nail formation (de Berker et al., 2007). In
this process, free cortisol may be incorporated into keratin
through the same mechanism by which cortisol s

incorporated into hair (Russell et al., 2012). Fingernails grow
at an average rate of 1.0mm/10 days (Gupta et al, 2005);
therefore, 1.0 mm of fingernail may retrospectively reflect hor-
mone levels over 10 days. In addition, previous work that
traced fluoride in nails found that 3-4 months were required
for nails to fully extend from the nail matrix (Buzalaf, Pessan,
& Alves, 2006). Therefore, fingernail samples may reflect corti-
sol levels in the 3-4 months prior to clipping. In a recent
study (Izawa et al., 2015), it was reported that cortisol levels
in fingernails were associated with cortisol levels in the past
that were assessed by hair and saliva samples. However, no
previous studies clearly demonstrated the relationship
between fingernail cortisol and psychosocial stress as well
demographic variables, and minimal information is available
on the fundamental aspects of fingernail cortisol.

This exploratory study cross-sectionally investigated the
relationships between fingernail cortisol level and psycho-
social stress in the past (stressful life events in the workplace
in the previous year) and in the present (job stress and per-
ceived stress) in a sample of middle-aged workers. This popu-
lation was chosen because psychosocial stress in the
workplace is associated with stress-related disease and could
cause numerous biological changes (e.g. Eller et al., 2009). We
expected that fingernail cortisol level would be positively
associated with psychosocial stress, especially for stressful life
events in the previous year, because fingernail samples reflect
cumulative hormonal exposure in the past. Furthermore,
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we additionally investigated the effects of demographic varia-
bles (age, gender, body mass index, smoking status, and
manicure use) on fingernail cortisol level.

Methods
Participants

White-collar workers were recruited from hospitals and
research institutes in Kanagawa Prefecture in Japan. The sam-
ple consisted of hospital personnel and research institute staff
who were mainly engaged in desk work. The sample initially
comprised 140 workers; however, 17 were excluded for vari-
ous reasons: six for recent steroid injection or medication
use, two for antidepressant use, one for history of an adrenal
gland tumor, one for recently giving birth to a child, three for
missing questionnaire data, and four for containing statistical
outliers regarding fingernail cortisol (see results section for
additional details). Therefore, the final sample consisted of
123 workers (94 men; 29 women). Of the 123 participants,
none reported adrenal gland disease such as Cushing’s syn-
drome or Addison’s disease, and none were taking steroid
medications or antidepressants. Written informed consent
was obtained from participants, and the ethical committees
of the National Institute of Occupational Safety and Health
approved the study.

Questionnaires

Stressful life events in the workplace were assessed using the
following six items derived from the Social Readjustment
Rating Scale (Holmes & Rahe, 1967): “collapse of the
company”, “disemployment”, “job change”, “change in job
responsibility”, “change to different line of work”, and
“merger and reorganization”. Participants were asked whether
they had experienced any of these six life events during the
previous year using a yes/no format.

Job stress was assessed on a six-item measure derived
from the Brief Job Stress Questionnaire (Shimomitsu,
Yokoyama, Ono, Maruta, & Tanigawa, 1998), which was
based on the job stress model of Karasek and Theorell (1990).
Three items pertained to job demands (e.g. “have an
extremely large amount of work to do”) and three items con-
cerned perceived job control (e.g. “can choose how and in
what order to do work”). Each item was rated on a four-point
Likert scale ranging from “disagree” to “agree”, and the
Cronbach’s alpha coefficient of job demands and control
items was .77 and .75, respectively. The job strain index was
calculated by dividing job demands by job control. A job
strain of six items indicated a balance between demands and
control, with higher scores reflecting high demand coupled
with low control.

Perceived stress was assessed using the Japanese version
of the Perceived Stress Scale (lwahashi, Tanaka, Fukudo, &
Hongo, 2002; PSS). The PSS is a 14-item questionnaire with
five response options that assess the perceived degree of
stressfulness of situations over the past month (e.g. “how
often have you felt that things were going your way?”). The
internal reliability (alpha coefficients) range from .82 to .89.
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Procedure

For collection of fingernail samples, participants were asked
to grow their fingernails for ~2 weeks and provide samples
from every digit by using nail clippers with a catcher to min-
imize tissue loss. Participants with manicured hands were
asked to remove any nail polish before clipping. Fingernail
samples were transferred into a Ziploc bag and frozen at
—30°C prior to the assay.

Participants also completed a questionnaire that assessed
smoking status, height, weight, and frequency of nail polish
use at the time of sample collection. Collection of fingernail
samples and the questionnaire survey were conducted once
in January 2012 or in February 2012.

Nail hormone extraction and enzyme immunoassay

Our nail hormone extraction method was identical to that
used in a previous study (Izawa et al., 2015). Each sample was
transferred into a 15-mL Falcon tube. Then, 5mL of isopropa-
nol was added, and the tube was vortexed twice for 60s.
This washing procedure was repeated two times. Samples
were air-dried overnight. Dried samples were transferred to a
2.0-mL polypropylene micro-tube with a zirconia ball (diam-
eter, 5mm) and ground for 40 min using a mixer mill (Retsch
MM300, Haan, Germany) set at 30Hz. Fifteen milligrams of
fingernail powder was transferred to another 2.0-mL micro-
tube, followed by the addition of 1.5mL of pure methanol.
The micro-tube was slowly rotated for 24 h at room tempera-
ture to allow for steroid extraction. Following this, the micro-
tube was centrifuged at 10,000 rpm for 2 min. One milliliter of
the clear supernatant was transferred into a 50-mL Falcon
tube, and subjected to evaporation for ~20 min at 60 °C until
completely dry.

Cortisol level was determined by an enzyme immunoassay
method using the EIA Kit (Salimetrics LLC, State College, PA).
The evaporated samples were re-suspended in 100 ul of the
assay diluent included in the EIA Kit, and the levels of cortisol
in the diluent were analyzed according to the manufacturer’s
instructions. The inter-assay and intra-assay variations were
<6.41 and 3.65%, respectively. The findings are presented as
pg cortisol/mg fingernail (pg/mg). The lowest detectable level
of cortisol is 0.56 pg/mg. We previously confirmed that the
dilution curve of cortisol levels measured in serially diluted
fingernail extracts significantly paralleled the cortisol standard
curve from the assay kit (Izawa et al., 2015).

Statistical analyses

Cortisol levels in fingernails were logarithmically transformed
(base 10) because their distribution in this sample was
skewed. Further, the Smirnov-Grubbs tests for transformed
values were performed to find statistical outliers.
Correlational analyzes, independent t-tests, and a multiple lin-
ear regression analysis were subsequently conducted to
evaluate the effect of stressful life events in the workplace,
job strain, and perceived stress on cortisol level in fingernails.
Age, gender (male/female), body mass index (BMI), and smok-
ing status (yes/no) were included in the regression analysis.
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Table 1. Demographics of the participants.

Demographic variable N or mean+SD

Male/female 94/29
Age (years), mean £ SD 43.4+10.2
BMI (kg/m?), mean = SD 232435
Smoking status (no/yes) 91/32
Stressful life events in the workplace (0/1+) 75/48
Job strain (demand/control), mean + SD 1.1+£05
Perceived stress, mean + SD 225+64
Cortisol level in fingernails (pg/mg), mean +SD 46+24

Table 2. Results of the multiple regression analysis for cortisol level in
fingernails.

Independent variables b (SE) B p

Gender (male/female) —0.050 (0.044) —.104 .263
Age 0.001  (0.002) .051 581
BMI —0.002 (0.005) —.039 .664
Smoking status (no/yes) 0.114 (0.041) 248 .006
Stressful life events in the workplace (0/1+) 0.087 (0.036) 209 .019
Job strain 0.056 (0.036) 152 125
Perceived stress —0.003 (0.003) —.082 .406

The distribution of the number of experienced stressful life
events was skewed; we coded this variable as “0” (did not
experience any stressful events) and “1” (experienced one or
more stressful events).

Furthermore, the effect of nail polish could be evaluated
in 19 women, and nail hormone levels were compared
between women who used nail polish (N=11) and those
who did not (N=8) using an independent t-test. All statistical
calculations were performed using PASW Statistics 18 for
Windows (SPSS Inc., Tokyo, Japan).

Results

The Smirnov-Grubbs test identified four statistical outliers
ranging from 46.0 to 142.4 pg/mg, which were excluded from
analyzes. The means and standard deviation (SD) of fingernail
cortisol, as well as demographic and psychosocial variables,
are presented in Table 1. Participants who experienced one
or more stressful life events (i.e. the 1+ group) experienced
an average of 1.4 (+0.5) stressful life events. Fingernail corti-
sol levels between women who used nail polish (mean +SD:
43+4.1pg/mg) and those who did not (3.4+1.0pg/mg)
were not significantly different.

The means and SD of fingernail cortisol in the participants
without and with stressful life events in the workplace were
4.2+2.1 and 5.2+2.7 pg/mg, respectively. Cortisol levels sig-
nificantly differed between the groups [t(121)=2.62,
p=.010]. Job strain and perceived stress did not correlate
significantly with fingernail cortisol levels. The results of a
multiple linear regression analysis are also shown in Table 2.
Smoking status and experience of stressful life events in the
workplace were significantly associated with higher fingernail
cortisol levels.

We found a moderate correlation between job stress and
perceived stress (r=.45, p <.01), implying a possibility of col-
linearity in the regression analysis. However, excluding job
stress or perceived stress from the regression analysis did not
alter the results.

Discussion

This exploratory study investigated the relationship between
fingernail cortisol level and psychosocial stress (stressful life
events, job stress, and perceived stress) in a sample of mid-
dle-aged workers. We found that stressful life events in the
workplace, but not job strain and perceived stress, were asso-
ciated with higher cortisol levels in fingernails after adjusting
for the effects of demographic factors. Fingernail samples

reflect cumulative hormonal exposure in the past. Therefore,
it could be interpreted that fingernail cortisol is associated
with psychosocial stress in the past (stressful life events in
the previous year), rather than in the present (job stress and
perceived stress). Life events in the workplace such as chang-
ing to a different line of work are generally recognized as
stressful (Holmes & Rahe, 1967). A recent retrospective study
(Grassi-Oliveira et al., 2012) found a positive association
between hair cortisol levels and number of negative life
events, consistent with the findings of this study. To the best
of our knowledge, this is the first study to demonstrate a
relationship between fingernail cortisol level and psychosocial
stress.

In this study, we also investigated the effects of demo-
graphic variables on fingernail cortisol, and found that smok-
ers had higher fingernail cortisol levels. This result was
consistent with previous findings on salivary cortisol, in which
smokers exhibited higher cortisol levels (e.g. Steptoe &
Ussher, 2006). However, we did not find significant associa-
tions between fingernail cortisol and other demographic vari-
ables (age, gender, BMI, and manicure use). BMI has been
frequently reported to be associated with hair cortisol
(Stalder et al., 2012). However, the lower mean BMI and com-
paratively limited BMI range of this study could have affected
its results.

Fingernail samples could have some advantages, com-
pared with use of saliva and hair samples. Salivary cortisol is
known to have large diurnal rhythms and reflect acute
increases in hormones, which would confound an investiga-
tion of the relationship between cortisol and chronic stress.
In contrast, fingernail cortisol level would not be affected by
such transient increases and diurnal rhythms. Furthermore,
many strands are needed for the measurement of hair corti-
sol, and hair self-sampling may be difficult for some partici-
pants. In contrast, fingernail samples can be self-collected,
and only small amounts are required.

This study has certain limitations, which warrant careful
interpretation of its findings. First, in this study, we only
investigated fingernail cortisol, but not salivary or hair corti-
sol. More information on relationships between fingernail and
salivary or hair cortisol is a key component to advancing the
study of fingernail cortisol. Second, we did not account for
individual differences in nail growth rate, which could affect
observed steroid concentrations. Further, in this restricted
study design, participants clipped their fingernails at home
(i.e. not in accurately controlled conditions). Third, we did not
assess the effects of stressful life events outside the work-
place or those of positive life events. While we did ask
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participants whether they experienced stressful life events
outside the workplace (e.g. death of spouse, divorce, marital
separation), the experience rate of most events was quite
low, which made it difficult to correlate these events with
hormone levels. Fourth, for the assessment of job stress, we
did not clearly define the time period of job stress that par-
ticipants should consider. However, reported job stress may
largely reflect participants’ experience of stress in the present,
but not in the past, because job stress is relatively unstable
and variable across time (Kawada & Otsuka, 2014). Fifth, the
sample size in this study was small, particularly that of the
nail polish use analysis. Therefore, associations of psycho-
social stress with fingernail cortisol could not be investigated
separately for male and female participants. Furthermore, this
study was conducted in healthy middle-aged workers, so not
all age groups were represented in our sample.

In conclusion, we demonstrated that experience of stress-
ful life events in the workplace in the previous year was asso-
ciated with elevated fingernail cortisol level in a sample of
middle-aged workers. Thus, we provided evidence that finger-
nail samples may retrospectively reflect individual differences
in cortisol levels related to past psychosocial stress.
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ABSTRACT
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Objectives: To evaluate the prevention of knee joint destruction and clinical efficacy of methotrex-
ate (MTX) plus etanercept (ETN) compared with MTX monotherapy in patients with rheumatoid
arthritis (RA) by using semi-automated software for magnetic resonance imaging (MRI) scan
analysis.

Materials and methods: This study enrolled patients with active moderate-to-severe RA who dis-
played an inadequate response to oral MTX at screening. Patients were assigned to receive either
MTX plus ETN or MTX monotherapy (>10mg/week). The primary endpoint was the quantitative
knee cartilage volume using our software developed for MRI scan analysis.

Results: A total of 18 female patients were enrolled in this study and allocated to the MTX+ ETN
group (n=9) or the MTX monotherapy group (n=9). At 52 weeks, the quantitative knee cartilage
volume was significantly reduced compared with baseline in both groups (MTX plus ETN group:
2.3+2.3cm> MTX monotherapy group: 2.4+ 1.6 cm>); however, the difference was not significant.
Conclusion: The semi-automated software for MRI scan analysis can reveal useful and potentially clin-
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ically important information about the characteristics of knee joint destruction in patients with RA.

Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory disease
characterized by persistent synovitis that leads to destruction
of the bone and cartilage in multiple joints [1]. Thus, esti-
mation of the severity of cartilage destruction and synovial
inflammation is important in patients with RA. The evalu-
ation of the cartilage and synovial membrane is generally
based on physical examination of the joints and indirect
laboratory parameter measurements [2,3]. Recently, mag-
netic resonance imaging (MRI) has been increasingly used
for the assessment of patients with RA, because it allows the
assessment of not only cartilage destruction but also syno-
vitis, which is difficult to detect on plain radiographic
images [4-6]. In fact, the synovial membrane volume on
gadolinium diethylenetriaminepenta-acetic acid (Gd-DTPA)-
enhanced MRI has been shown to be highly correlated with
local clinical signs of inflammation [7,8]; therefore, the syn-
ovial membrane volume may be useful as a marker of dis-
ease progression in RA. The Outcome Measures in
Rheumatology (OMERACT) Rheumatoid Arthritis MRI
Scoring (RAMRIS) method was developed for quantifying

synovitis, bone marrow edema, and erosions on the wrist
and metacarpophalangeal joints [9]; however, it does not
include the assessment of cartilage destruction. In other
words, systematic studies in which both the cartilage and
the synovium were assessed quantitatively on MRI have not
been performed.

Biological agents have been developed for the treatment
of RA; they can significantly prevent structural damage. The
efficacy of etanercept (ETN) has been demonstrated in clin-
ical trials in patients with RA [10-12], and combination
therapy with ETN and methotrexate (MTX) can inhibit the
progression of joint destruction in the hands, wrists, and
feet, as observed on radiographs [13-14]. However, conven-
tional radiography does not allow detailed evaluation of
structural outcomes, as it only shows the late destructive
consequences of preceding synovitis. Furthermore, a previ-
ous study based on epidemiological data showed that joint
destruction, including contractures, fixed flexion, and valgus
deformities, was particularly evident in knee joints [15].
Unfortunately, there is no clear evidence regarding the pro-
gression of knee joint destruction, as assessed by MRI, in a
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clinical trial of patients with RA. Therefore, precise evalu-
ation of the synovium and cartilage is necessary for under-
standing the outcomes of therapy in patients with knee RA.
Hence, we developed a semi-automated software to quantify
the synovial membrane and cartilage volumes on high-reso-
lution knee MRI. We hypothesized that inflammatory syno-
vitis leads to cartilage destruction, and therefore, the
inflammatory synovial membrane volume at the start of
treatment can be used to predict articular cartilage volume
reduction.

The aim of the present study was to conduct a clinical
trial comparing MTX+ETN and MTX monotherapy to
investigate the association between MRI-determined synovial
membrane and cartilage volumes in patients with knee RA.

Materials and methods
Sources of data

This study enrolled patients aged 20-80 years (at time of
consent) with active moderate-to-severe RA, based on the
1987 ACR criteria [16] and 28-joint Disease Activity Score
(DAS-28) >3.2 [17], who displayed inadequate response to
oral MTX (stable dosing [8 mg/week] for a minimum of 3
months) at screening. The exclusion criteria were pregnancy,
breastfeeding, active infection, or significant concomitant
disease. Patients were only enrolled if they had normal cre-
atinine clearance, because the administration of a contrast
agent was part of the MRI protocol. This study was con-
ducted in accordance with the ethical principles of the
Declaration of Helsinki. The study was approved by the
Ethics Committee of the University of Tokyo. All patients
provided written informed consent prior to participation.
Figure 1 shows the CONSORT flowchart.

Study protocol

This study was registered with the UMIN Clinical Trials
Registry (UMIN000005773) and conducted between June

Assessed for eligibility
(n=25)

Excluded (n=7)
& Not meeting inclusion criteria (n=6 )
# Declined to participate (n= 1)

l l

Allocated to Allocated to
MTX Allocation MTX + ETN
(n=9) (n=9)

Lost to follow-up Lost to follow-up

(n=0) (n=0)
Analyzed - Analyzed
(n=9) Analysis (n=9)

Figure 1. CONSORT flowchart of this study.
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2011 and August 2013. This was an open-label study.
Patients were assigned to receive either MTX (>10mg/
week) plus ETN (50mg/week) or MTX monotherapy
(>10 mg/week) for 52 weeks. Allocation to each group was
assigned alternately after determining eligibility criteria. The
primary endpoint was variations in MRI-determined cartil-
age volumes. The secondary endpoint was the presence of
remission at week 52. Definitions of remission used in this
study were DAS-28 remission <2.6 and the ACR/EULAR
definitions of remission using a 28-joint count [18], namely
the Boolean-based definition for clinical trials, the index-
based definition, and the simplified disease activity index
(SDAI) <3.3 [19].

The background variables analyzed were age and duration
of disease. Clinical evaluation included the assessment of
erythrocyte sedimentation rate (ESR) and matrix metallopro-
teinase (MMP)-3, measurement of the number of swollen
and tender joints, and self-assessment of pain and overall
function at baseline and 52 months. The disease activity was
also evaluated using the DAS-28, SDAI, and clinical disease
activity index (CDAI) at baseline and 52 months [20].
Radiographs were taken at only baseline and scored inde-
pendently by using the Genant-modified total sharp score by
two trained readers blinded to the treatment group and clin-
ical data [21].

MRI

MRI images were obtained by using a 3-T scanner (Philips
Achieva 3T; Philips Electronics) with an eight-element sensi-
tivity encoding phased array coil at baseline and after 12, 24,
and 52 weeks. All patients were positioned consistently, with
the joint space in the middle of the coil and the knee
extended and slightly flexed. T1-weighted-fast field echo
(FFE) sequences and contrast-enhanced proton density
(PD)-weighted turbo spin-echo (TSE) were used in the sagit-
tal plane. A 20-gauge needle infusion line was inserted in
the right antecubital vein. Sixty seconds after the initiation
of the enhanced PD-weighted TSE, a bolus of a Gd-DTPA
contrast agent (0.1 mg/kg; Magnevist, Bayer Schering
Pharma, Berlin, Germany) followed by a 15-mL saline chase
was delivered at an injection rate of 5mL/s. A summary of
the MRI sequence parameters is given in supplementary
table.

The software of MRI data analysis developed in-house
running on Windows. The cartilage thickness is com-
puted by the distance perpendicular from the bone sur-
face to the cartilage surface by wusing scaled color
mapping [22]. The detail of software is described in sup-
plementary methods. The representative image is shown
in Figure 2.

Each of six regions (the patellofemoral joint [2 sites],
medial compartment [2 sites], and lateral compartment
[2 sites]) was graded as follows: 0 =no erosions; 1 = non-pen-
etrating pannus-induced cartilage erosions; 2= penetrating
pannus-induced cartilage erosions; 3 = presence of bone ero-
sions. An erosion score, calculated as the sum of the grades,
was calculated [23].
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Figure 2. The representative images of this study. (A) Knee magnetic resonance imaging using a sagittal contrast-enhanced proton density-weighted turbo spin
echo sequence (delineation of the cartilage was automatically segmented by the active contour model and the brightness of voxels). (B) Three-dimensional recon-
struction of the enhanced synovial membrane (front view). (C) Three-dimensional reconstruction of the bone and cartilage (front view: cartilage surface on scaled
color mapping). (D) Three-dimensional reconstruction of the bone and cartilage (bottom view).

Statistical analysis

The significance of the differences in the baseline character-
istics between groups was tested using the Mann-Whitney
U-test and the Fisher exact test. The changes from baseline
in MRI-determined synovial membrane and cartilage vol-
umes at each time point (12, 24, and 52 weeks) were tested
using the Wilcoxon signed-rank test. We also used the
Wilcoxon signed-rank test for analysis of volume change
rate (%). Volume change rate (%) was calculated by the fol-
lowing equation: volume change rate={(baseline volu-
me) — (volume at each time point)}/(baseline volume) x 100.
MRI-determined synovial membrane and cartilage volumes
in both the groups were compared using the
Mann-Whitney U-test. Significant differences in synovial
membrane and cartilage volume reduction were tested using
the rank-transformed analysis of covariance (ANCOVA).
Correlations among the volume change rate of cartilage
at 52 weeks and synovial membrane at 12, 24, and 52
months were investigated by Spearman’s test of rank correl-
ation. The proportions of participants achieving remission of
disease activity were compared with the Fisher exact test.
Statistically optimal threshold values are described in
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supplementary methods. All statistical tests were performed
at a significance level of 0.05 (two-sided) and were not
adjusted for multiple testing. Data analyses were performed
using SAS version 9.1.3 (SAS Institute Inc., Cary, NC).

Results

The study included 18 patients: 9 patients receiving MTX
monotherapy and 9 patients receiving MTX + ETN therapy.
Tables 1 and 2 show the demographic characteristics of the
patients. No significant differences were identified between
the groups.

Quantitative cartilage volume

In both the groups, MRI-determined cartilage volumes
began to decrease at 12 weeks. There was a significant
reduction from baseline in the mean cartilage volume in
both groups (Figure 3(A)). The cartilage volume changes
from baseline were not significantly different between the
groups at 12 weeks (MTX:—13+1.4cm’, MTX+ETN:
—1.1+19cm? p=.30), 24 weeks (MTX:—1.9+1.6cm’
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MTX +ETN: —1.7 +2.3 cm?, p=.44), or 52 weeks (MTX:
—2.4+1.6cm’>, MTX +ETN: —2.3+2.3cm’, p=.55).

The cartilage volume change rates (%) from baseline
were not also significantly different between the groups at

Table 1. Patient demographic and clinical characteristics at baseline.

ETN + MTX
MTX (n=9) (n=9) p-Value

Women, n 9 9 1.0

Age, years 54.4 (13.6) 52.2 (10.6) 45
BMI, kg/m2 23.5 (4.3) 21.2 (2.5) .19
Disease duration, years 12.0 (8.7) 15.5 (7.0) .36
Tender joint count 3.6 (2.6) 2.3 (1.5) 24
Swollen joint count 1.8 (0.8) 1.9 (1.2) .82
CRP level, mg/dL 0.6 (0.8) 0.7 (1.1) .88
ESR, mm/h 29.9 (18.9) 343 (21.5) .65
MMP-3 level, ng/mL 86.9 (55.6) 108.8 (79.2) 51
DAS-28-ESR 44 (0.7) 4.0 (0.9) .38
SDAI 13.2 (6.3) 9.8 (5.1) 22
CDAI 12.6 (6.4) 9.1 (4.1) 22
Genant-modified total sharp score 37.9 (38.9) 54.4 (35.7) .36
Erosion score 17.1 (18.3) 24.7 (15.6) .36
JSN score 20.8 (20.8) 29.8 (20.2) 37
Knee cartilage volume, cm’ 11.1 3.0 10.8 (2.1) .86
Knee synovial membrane volume, cm’ 6.6 (8.6) 9.2 (9.0 .56
Bone erosion score 24 (2.9) 2.7 (3.9) .89

Except where indicated otherwise, values represent mean (S.D.).
No significant differences were seen between the groups at baseline.
JSN: joint space narrowing.

Table 2. The Spearman correlation coefficient among the volume change rate
of cartilage at 52 weeks and synovial membrane at 12, 24, and 52 weeks.

12 weeks (MTX: 9.7+15.0%, MTX+ETN: 11.9+9.6%,
p=.72), 24 weeks (MTX: 153+17.2%, MTX+ETN:
16.3£10.1%, p=.89), or 52 weeks (MTX: 20.6+17.2%,
MTX +ETN: 20.8 +9.7 cm®, p=.97; Figure 3(B)).

Quantitative synovial membrane volume

In both groups, MRI-determined synovial membrane vol-
umes began to decrease at 12 weeks. There was a significant
reduction from baseline in the mean synovial membrane
volume in both groups (Figure 4(A)). The synovial mem-
brane volume changes from baseline were not significantly
different between the groups at 12 weeks (MTX:
—24+27cm’, MTX+ETN: —4.1+4.0cm’, p=.30), 24
weeks (MTX: —3.3+3.6cm®, MTX+ETN: —5.4+6.1cm’,
p=.39), or 52 weeks (MTX: —4.0+4.7cm’, MTX + ETN:
—6.4+6.6cm’, p=.41).

The synovial membrane volume change rates (%) from
baseline were not also significantly different between the
groups at 12 weeks (MTX: 51.1+18.0%, MTX+ETN:
46.6+12.7%, p=.55), 24 weeks (MTX: 62.5+19.3%,
MTX+ETN: 70.6+18.6%, p=.38), or 52 weeks
(MTX: 72.0+17.1%, MTX+ETN: 782+14.7%, p=.42;
Figure 4(B)).

Correlation between the volume change rates of

Synovial Synovial Synovial  cartilage and synovial membrane
membrane membrane membrane
at12 weeks  at24 weeks  at 52 weeks There was significant correlation between the volume change
MTCXar(:ila: Z)at 53 weeks 095 0.89 093 rates of cartilage at 52 weeks and synovial membrane at
(p—Valuge) (<.0001) (0014) (0003)  each time point on MTX or MTX + ETN, respectively. The
ETN+MTX (n=9) correlation coefficients of the volume change rate of cartil-
Cartilage at 52 weeks —0.97 —0.94 —0.87 . .
(p-Value) (<.0001) (0016) (0021)  age at 52 weeks with synovial membrane at 24 weeks on
MTX and 52 weeks on MTX+ETN were very strong.
A B
———-MTX +ETN
14 .
£ )
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Figure 3. (A) Time course of magnetic resonance imaging (MRI)-determined cartilage volume in each treatment group. Comparison between the methotrexate
(MTX) monotherapy group and the methotrexate plus etanercept (MTX -+ ETN) group. (B) Time course of the cartilage volume change rate (%) from baseline in
each treatment group. Comparison between the methotrexate (MTX) monotherapy group and the methotrexate plus etanercept (MTX 4 ETN) group.
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Figure 4. (A) Time course of magnetic resonance imaging (MRI)-determined synovial membrane volume in each treatment group. Comparison between the metho-
trexate (MTX) monotherapy group and the methotrexate plus etanercept (MTX + ETN) group. (B) Time course of the synovial membrane volume change rate (%)
from baseline in each treatment group. Comparison between the methotrexate (MTX) monotherapy group and the methotrexate plus etanercept (MTX + ETN)

group.

Otherwise, the correlations were excellent with both treat-
ment groups.

Semi-quantitative MRI assessment of bone erosions

At 52 weeks, there was no significant progression in the
mean bone erosion scores of either group (MTX: —0.2+0.4,
MTX+ETN:—0.1+0.3, p=.55).

Achieving remission of disease activity

At 52 weeks, the proportion of participants who achieved
DAS-28 remission (<2.6) was not significantly different
between the groups (MTX: 2 of 9 [22.2%], MTX+ETN: 5
of 9 [55.5%], p=.33). The Boolean-based definition was not
significantly different between the groups (MTX: 2 of 9
[22.2%], MTX + ETN: 3 of 9 [33.3%], p =1.00). The propor-
tion of participants who showed SDAI remission (<3.3) was
not significantly different between the groups (MTX: 2 of 9
[22.2%], MTX + ETN: 3 of 9 [33.3%], p = 1.00).

Discussion

To our knowledge, this is the first study to systematically
evaluate the association between MRI-determined synovial
membrane and cartilage volumes measured by a semi-auto-
mated software on high-resolution knee MRI using data
from an interventional clinical trial including patients with
RA. MRI is more sensitive than radiography at assessing dis-
ease activity [24]. Contrast-enhanced MRI allows estimation
of volumes of inflamed synovial membrane [25]. These
MRI-determined volumes have been shown to be closely
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related to histopathological signs of synovitis [26]. Several
synovial membrane volume quantification methods have
been introduced in patients with RA. A semiautomatic
‘enhancement threshold’ method, based on computerized
counting of voxels with a certain post-Gd signal intensity
increase, has been used by one of the groups [27]. However,
no established quantification method is available for deter-
mining the knee cartilage and synovial membrane volumes
simultaneously on MRI in patients with RA. Evaluating the
cartilage and synovial membranes simultaneously using our
developed software enabled us to examine the correlation of
distinct features of RA, which may lead to a better under-
standing of the RA pathophysiology. Therefore, we assessed
the reference standard technique of MRI by means of the
CV% of the repeated cartilage and synovial membrane vol-
umes by using our system. As a result, the present system
has been confirmed to provide accurate and objective
measurements.

To our knowledge, no longitudinal studies have assessed
the knee cartilage volume on MRI in patients with RA.
Several studies for osteoarthritis (OA) suggest that changes
of knee cartilage volume of —4% to—8% occur per year
[28-30]. In contrast to these studies in OA subjects, we
found that in a group of 18 RA patients, knee cartilage was
lost at an average rate of about 20% per year. Thus, RA
patients lose knee cartilage at an average annual rate of
20%, approximately 2.5-4 times the rate observed in OA
patients.

The TEMPO study is a major clinical trial in patients
with RA. In that study, patients with RA were randomly
allocated to one of three groups (MTX only, ETN only, or
MTX +ETN), and the outcomes were compared in a dou-
ble-blinded manner for 3 years. MTX+ ETN therapy was
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superior to MTX monotherapy in terms of controlling dis-
ease activity and suppressing the progression of articular
destruction [10]. However, in our study there were no sig-
nificant differences in disease activity control or the progres-
sion of articular cartilage destruction between MTX
monotherapy and MTX 4 ETN. This difference was probably
due to the following limitations. The number of patients
allocated to each treatment group was small, and adequate
analysis and comparison of therapy characteristics could not
be examined in detail; thus, no significant differences were
noted in the cartilage volume changes from baseline.
Additionally, there was no significant progression in the
mean bone erosion score in each treatment group. Other
limitation is that pain evaluation of the knee alone has not
been done. Thus, it is insufficient consideration of the rela-
tion between MRI and clinical symptoms.

However, there was a strong correlation between the
annual volume change rate of cartilage and the volume
change rate of the synovial membrane at each time point
(12, 24, and 52 weeks) in both groups. The volume change
rate of the synovial membrane at 12 weeks had the strongest
correlation coefficient in each treatment group (MTX:
r=—0.95, MTX+ ETN: r=—0.97). These data suggest that
there is a strong association between cartilage destruction
and regulation of synovial inflammation in the early stage of
the disease. Therefore, this study provides useful insights in
the structural assessment of patients with RA.

In conclusion, we conducted an open-label study that
revealed clinically important information about the charac-
teristics of knee joint destruction in patients with RA and
determined the potential usefulness of a semi-automated
MRI analysis software. Further randomized, prospective
large-scale studies are required to examine the structural
assessment of knee MRIs.
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Abstract

Background: Most studies of risk factors for new low back pain (LBP) have been conducted in Western
populations, but because of cultural and environmental differences, the impact of causal factors may not be the
same in other countries. We used longitudinal data from the Cultural and Psychosocial Influences on Disability
(CUPID) study to assess risk factors for new onset of disabling LBP among Japanese workers.

Methods: Data came from a 1-year prospective follow-up of nurses, office workers, sales/marketing personnel, and
transportation workers, initially aged 20-59 years, who were employed in or near Tokyo. A baseline questionnaire
included items on past history of LBP, personal characteristics, ergonomic work demands, and work-related
psychosocial factors. Further information about LBP was collected at follow-up. Analysis was restricted to
participants who had been free from LBP during the 12 months before baseline. Logistic regression was used to
assess baseline risk factors for new onset of disabling LBP (i.e. LBP that had interfered with work) during the

12 months of follow-up.

Results: Among 955 participants free from LBP during the 12 months before baseline, 58 (6.1%) reported a new
episode of disabling LBP during the 12-month follow-up period. After mutual adjustment in a multivariate logistic
regression analysis, which included the four factors that showed associations individually (p < 0.1) in analyses
adjusted only for gender and age, the highest odds ratio (OR) was for past history of LBP (2.8, 95% [confidence
interval {Cl}]: 1.6-4.9), followed by working 260 h per week (1.8, 95% Cl: 1.0-3.5) and lifting weights 225 kg by hand
(1.6, 95% Cl: 0.9-3.0). When past history of LBP was excluded from the model, ORs for the remaining risk factors
were virtually unchanged.

Conclusions: Our findings suggest that among Japanese workers, as elsewhere, past history of LBP is a major risk
factor for the development of new episodes of disabling back pain. They give limited support to the association
with occupational lifting that has been observed in earlier research, both in Japan and in Western countries. In
addition, they suggest a possible role of long working hours, which merits further investigation.
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Background

Low back pain (LBP) affects most adults at some point in
their lives, some 85-95% of cases being classed as ‘non-spe-
cific’ (i.e. without identifiable underlying pathology) [1, 2].
In recent decades, it has consistently been the leading cause
globally of years lived with disability [3], and in Japan, it is
one of the most common causes of disability, with a
reported lifetime prevalence of more than 80% [4]. In the
workplace, it is a costly problem, not only impairing the
health of employees, but also reducing productivity [5]. The
largest societal costs arise from cases in which the pain is
disabling [6].

Various risk factors for the development of LBP have
been identified previously, including mechanical stress
from occupational activities such as lifting, bending,
twisting and manual handling [7], and also psychosocial
factors such as low mood, somatizing tendency (a ten-
dency to worry about common somatic symptoms), job
dissatisfaction, and adverse health beliefs about the
causes and prognosis of back disorders [7-12]. More-
over, epidemiological studies indicate that most people
with a history of LBP experience a recurrence within a
year [13—16]. Thus, the occurrence of LBP is an import-
ant predictor of future episodes [7, 8, 17-20].

Most of the research on these risk factors has been
conducted in Western populations, but it is possible that
because of cultural and environmental differences, their
impacts are not the same in other countries [21]. In an
earlier prospective cohort study of Japanese workers
who had been symptom-free for at least 1 year, we found
that, in accordance with observations in Western popu-
lations [7, 22-24], past history of LBP, interpersonal
stress at work, and frequent occupational lifting were all
important predictors of disabling LBP [25]. Before that
study, risk factors for new onset LBP, and in particular
the role of psychosocial aspects of work, had not been
properly assessed through prospective epidemiological
research in Japan, and there remains a need for further
investigation to confirm its findings.

We therefore conducted a new longitudinal study, as
part of an international investigation of risk factors for
musculoskeletal pain and associated disability, the Cultural
and Psychosocial Influences on Disability (CUPID) study,
which focused on workers aged 20-59 years from 47 occu-
pational groups in 18 countries [26—30]. Using data from
the CUPID study, we again assessed risk factors for new
onset of disabling LBP among Japanese workers.

Methods

Study design

Our target population for the present study was Japanese
workers. We used data from a 1-year prospective follow-
up of Japanese participants in the CUPID study, which
were collected from four groups of workers employed in
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or near Tokyo: nurses from a university hospital; office
workers in administrative and clerical jobs at the same
hospital, four pharmaceutical companies and a privately-
owned trading company; sales/marketing personnel from
six pharmaceutical companies; and transportation workers
(mainly lorry drivers and loaders) from two courier
companies transporting baggage and mail.

Data collection

At each participating organization, a self-administered
questionnaire with a covering letter from the study team
was distributed to all employees in specified jobs. Workers
were asked to return the completed questionnaire by post
directly to the study administration office, including their
name and mailing address for the purpose of follow-up.
During 2009, a total of 3187 baseline questionnaires were
distributed (nurses: 1074; office workers: 425; sales/mar-
keting personnel: 380; transportation operatives: 1308),
and of these, 2651 (83.2%) were completed and returned.
After approximately 1 year, a follow-up questionnaire was
sent to those participants who had returned the base-
line questionnaire and consented to further contact. Of
the 2651 participants who completed the baseline ques-
tionnaire, 1809 (68.2%) returned satisfactory follow-up
questionnaires.

Baseline questionnaire

The baseline questionnaire comprised a Japanese trans-
lation of the original CUPID questionnaire [26], supple-
mented with additional questions for Japanese workers.
Accuracy of translation was checked by independent
back-translation into English.

Among other things, the questionnaire assessed the
occurrence of LBP during the past 12 months, experi-
ence of LBP more than 12 months earlier (past history
of LBP), and various individual and work-related risk
factors [6]. LBP was defined as occurring in an area
between the costal margin and inferior gluteal folds that
was depicted in a diagram [26]. Severity of LBP was
classified to four grades, based on a scheme devised by
Von Korff: grade 0 (no LBP), grade 1 (LBP not interfer-
ing with work), grade 2 (LBP interfering with work),
and grade 3 (LBP interfering with work and leading to
sick-leave) [31].

The baseline questionnaire also assessed various personal
characteristics (age, gender, age at which full-time educa-
tion was finished, marital status, obesity [body mass index
{BMI} > 25 kg/m®], smoking habits, habitual exercise),
tenure of current job, hours worked per week, whether an
average working day entailed lifting weights of >25 kg by
hand, work-related psychosocial factors (interpersonal
stress at work, inadequate breaks, job control, support from
others when at work, job satisfaction), mental health,
emotional trauma in childhood, awareness of colleagues
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and family members with LBP, somatizing tendency, and
adverse beliefs about LBP.

Smoking was quantified in terms of the Brinkman
Index (calculated as the product of the total number of
cigarettes smoked per day and the duration of smoking in
years) [32]. Individuals with a Brinkman Index of =400
were classed as heavy smokers, and the remainder (includ-
ing non-smokers) as non-heavy smokers.

Work-related psychosocial factors were each assessed
through a single question. Questions on interpersonal stress
and inadequate breaks were supplementary to the original
English version of the CUPID questionnaire, and allowed for
two possible answers — yes or no. Job control was defined as
lacking when participants reported “seldom” or “never/al-
most never” having choice in deciding how to work. Support
at work was classed as lacking in those who said that they
“seldom” or “never” received help or support from colleagues
when they encountered difficulties in their work. Job dissatis-
faction was deemed to occur when in response a question
about the extent to which they had been satisfied with
their job as whole taking everything into consideration,
participants answered “dissatisfied” or “very dissatisfied”.

To assess mental health, relevant items from the MOS
36-item short-form health survey (SF-36) ver.1.2 were
used [33, 34]. A score of 52 or lower on the SF-36
ver.1.2 mental health summary was taken to indicate
depressed mood, 52 being the cut-point for diagnosing
depression in Japanese adults [35].

Somatizing tendency was assessed using questions
from the Brief Symptom Inventory [36], and was graded
according to the number of symptoms (0, 1, >2) from a
total of five (faintness or dizziness, pains in the heart or
chest, nausea or upset stomach, trouble getting breath, hot
or cold spells) that were reported as at least moderately
distressing in the past week.

Adverse beliefs about LBP were assessed through
questions derived from the Fear Avoidance Beliefs Ques-
tionnaire [37]. Participants were classed as having adverse
beliefs about physical activity if they completely agreed
that for someone with LBP, physical activity should be
avoided as it might cause harm and that rest is needed to
get better. They were deemed to have adverse beliefs
about work-relatedness if they completely agreed that LBP
is commonly caused by work. And they were considered
to have adverse beliefs about prognosis if they completely
agreed that neglecting LBP can cause permanent health
problems and completely disagreed that such problems
usually get better within 3 months.

Follow-up questionnaire

The follow-up questionnaire included items on any
change of job since baseline, and the presence and sever-
ity of LBP in the past 12 months. The severity of LBP
was graded in the same way as at baseline.

165

Page 3 of 8

Eligibility criteria

In our analysis for this report, we restricted our attention
to participants who had been free from LBP for the past
12 months at baseline, and who did not change their job
during the follow-up period.

Outcome

The outcome of interest was any new onset of disabling LBP
during the 12 months of follow-up, where pain was defined
as disabling if it had interfered with work (grade 2 or 3).

Statistical methods

Descriptive statistics were calculated, and then logistic
regression was used to explore associations with risk
factors. These were summarised by odds ratios (ORs)
with 95% confidence intervals (ClIs). First, each risk
factor was analysed separately: a) with adjustment only
for age and gender; and b) with adjustment also for past
history of LBP, which had been identified as an important
risk factor in earlier research including our own [7, 25].
Risk factors with p-values <0.1 when adjusted only for age
and gender were then taken forward for inclusion in a
single multivariate model with mutual adjustment. The
software package SAS Release 9.3 (SAS Institute,
Cary, NC) was used for all statistical analyses.

Ethical approval

Ethical approval for the study was obtained from the ethics
committees of the University of Tokyo Hospital and review
board of the Japan Labour Health and Welfare Organization.
All participants provided written informed consent.

Results

Baseline characteristics of the study participants

Of the 1809 participants who responded to the 1-year
follow-up questionnaire, 955 had reported no LBP during
the previous 12 months at baseline, and were included in
subsequent analyses (Fig. 1). Their mean (standard devi-
ation: SD) age at baseline was 36.7 (9.9) years, most were
male (1 = 651; 68.3%), and they had a mean (SD) BMI at
baseline of 22.2 (3.0) kg/m? The proportions by occupa-
tional group were: transportation operatives (38.1%),
nurses (23.8%), sales/marketing personnel (21.1%), and
office workers (16.7%).

Incidence of new onset disabling low back pain

Among the 955 eligible participants, 58 (6.1%) reported a
new episode of disabling LBP during the 12-month
follow-up period. Their mean (SD) age at baseline was
34.4 (8.7) years, and most were male (62.1%). In most
cases the severity was graded 2 (n = 43, 74.1%), but 15
(25.9%) had grade 3 LBP. Among the latter, total sick-
leave during the 12 months was mostly 1-5 days (73.3%),
while the rest had been absent for 6-30 days (26.7%).
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Baseline questionnaires distributed (n = 3,187)

A4

‘ Baseline questionnaires returned (n = 2,651) |

v

‘ Follow-up questionnaires returned after approximately 1 year (n = 1,809) ‘

Sample for the present analysis

me---- ™| No low back pain for the past 12 months at baseline (n = 955)

Fig. 1 Flow chart of the sample selection for the present analysis

Association of new onset disabling low back pain with
risk factors

Table 1 shows ORs for the onset of disabling LBP, after
adjustment for age and gender, and then also for past
history of LBP. In the analyses adjusted only for gender
and age, four factors were associated with p-values <0.1,
and thus met the criterion for inclusion in subsequent
multivariate analysis. These were: past history of LBP
(OR: 2.6, 95% CI: 1.5-4.6), working >60 h per week (OR:
2.1, 95% CI: 1.1-4.0), lifting weights of >25 kg by hand
(OR: 1.9, 95% CI: 1.1-3.3), and inadequate breaks (OR:
1.8, 95% CI: 1.0-3.1). When associations were adjusted
also for past history of LBP, working 260 h per week
(OR: 2.0, 95% CI: 1.1-3.9) and lifting weights >25 kg by
hand (OR: 1.9, 95% CI: 1.1-3.3) remained the strongest
risk factors.

After mutual adjustment in multivariate logistic re-
gression analysis, the ORs were a little lower overall, but
with a similar pattern to that in the earlier analyses
(Table 2). The highest OR was for past history of LBP
(OR: 2.8, 95% CI: 1.6—4.9), followed by working =60 h
per week (OR: 1.8, 95% CI: 1.0-3.5) and lifting
weights >25 kg by hand (OR: 1.6, 95% CI: 0.9-3.0).
When past history of LBP was excluded from the model,
ORs were virtually unchanged.

Discussion

These results indicate that past history of LBP and working
long hours were risk factors for the new onset of disabling
LBP among Japanese workers who had been symptom-free
during the 12 months before baseline. In addition, risk was
increased in participants who reported occupational lifting,
although not significantly at a 5% level.

In the present investigation, the incidence of disabling
LBP was relatively low (6.1%) which may reflect our
strict definition of disability (interference with work), as
well as the requirement for a long symptom-free period
before baseline. It has previously been proposed that an
episode of LBP can be classed as new if it occurs after a

period of at least 1-3 months without symptoms [38].
However, LBP is commonly recurrent within a year
[13-16]. Moreover, a recent systematic review indi-
cated that only 33% of patients in a primary care
setting have recovered from non-specific LBP at a year
after onset, whereas approximately 65% still experience
pain [39]. Give these findings, we felt justified in requiring
a 12-month symptom-free period at baseline, when explor-
ing risk factors for new episodes, although we recognize
that the criteria are to some extent arbitrary. In our earlier
study, the incidence of new disabling LBP during 2 years of
follow-up in workers who had been without LBP for more
than 12 months before baseline was 3.9%, which is a little
lower than in the current investigation [25].

We found that past history of LBP was the strongest
and most significant risk factor for new disabling LBP,
with an OR of almost three. This accords with our earl-
ier study in Japan [25], and also with observations in
Western populations [7, 8, 17-20]. It may be that the
occurrence of a back problem renders an individual
more vulnerable to future episodes of LBP (e.g. through
changes in spinal structure and function or in the cen-
tral processing of pain). Alternatively, the association
might reflect continuing exposure to risk factors that
were responsible for the initial development of the back
problem. In our analysis, the association with past
history of LBP was present after adjustment for other
risk factors, but there may have been other important
determinants of LBP that we did not assess.

In addition to past history of LBP, working =60 h per
week and lifting weights of >25 kg by hand carried
significantly elevated risk in analyses that adjusted for
age and gender, the association with occupational lifting
falling just short of significance when risk estimates were
mutually adjusted. Biomechanical loading of the spine
from manual handling tasks such as lifting, has been
found experimentally to be greater in the presence of de-
mands for mental processing that induce stress [24, 40].
Moreover, working overtime has been reported to increase
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Table 1 Associations of risk factors at baseline with new onset of disabling low back pain
Risk factor °n (%) POR (95% C1) OR (95% Cl)
Age

< 40 years 618 (65.2)

40-49 years 200 (21.1)

2 50 years 130 (13.7)
Female gender 302 (31.7)
Past history of LBP 313 (33.8) 26 (1.5-4.6)*
Finished full-time education before age 19 years 304 (31.9) 14 (0.8-2.6) 14 (0.7-2.7)
BMI = 25 kg/m2 (obesity) 133 (14.2) 1.1 (0.5-2.5) 0.9 (04-2.1)
< 5 h sleep per day 82 (8.7) 18 (0.8-3.9) 15 (06-34)
Not married 445 (46.9) 08 04-14) 08 04-14)
Heavy smoker 133 (13.9) 0.8 (04-1.5) 06 (0.2-19)
Employed in current job for <1 year 96 (10.1) 12 (0.5-2.7) 13 (0.6-3.1)
Work 260 h per week 364 (38.8) 2.1 (1.1-4.0)* 20 (1.1-3.9*
Lift weights =25 kg by hand 452 (47.3) 19 (1.1-33)* 19 (1.1-33)*
Aware of colleague(s) with LBP 687 (72.5) 12 (06-2.2) 1.1 (06-2.2)
Aware of family member(s) with LBP 1(31.5) 12 (0.7-2.2) 1.1 (06-2.0)
Irregular work shifts 304 (31.9) 1.1 (06-2.0) 1.1 (06-1.9)
Interpersonal stress at work 458 (48.0) 13 (0.7-2.2) 1.1 (06-19)
Inadequate breaks at work 507 (53.1) 18 (1.0-3.1) 16 (09-29)
Lack of job control 347 (36.4) 09 (0.5-1.5) 08 (0.5-1.5)
Lack of support at work 72 (7.7) 20 (0.8-4.6) 19 (0.8-4.6)
Dissatisfied with job 378 (39.7) 0.8 (04-14) 0.7 (04-1.3)
Low mood 265 (28.0) 10 06-19) 10 (05-1.8)
Regular exercise < once per week 652 (69.3) 1.0 (06-1.8) 09 (0.5-1.7)
Emotional trauma in childhood 66 (7.1) 20 (09-4.7) 17 (0.7-3.9)
Number distressing somatic symptoms

0 760 (80.3) 10 10

1 132 (139 1.3 (0.6-2.6) 14 (0.7-2.9)

22 55 (5.8) 03 (0.0-19) 03 (0.0-2.0)
Adverse beliefs about LBP

Work relatedness 306 (32.3) 13 (08-23) 13 (0.8-2.3)

Physical activity 208 (22.0) 1.0 (05-1.9) 1.1 (0.5-2.0)

Prognosis 155 (16.4) 0.8 (04-1.7) 09 (04-1.9)

Totals may not sum to 100% due to rounding
OR odds ratio; C/ confidence interval; LBP low back pain

“Data on individual risk factors were missing for up to 29 participants. Each logistic regression analysis was limited to participants with complete information on

all of the risk factors included in the relevant model
POdds ratios (with 95% confidence intervals) adjusted for age and gender

“Odds ratios (with 95% confidence intervals) adjusted for age, gender and past history of LBP
*P < 0.05. A cut-point of P < 0.1 was adopted to select risk factors for inclusion in a subsequent multivariate model (see Table 2)

risk of musculoskeletal disorders such as LBP [41]. While
excessive working hours, perhaps entailing physical ex-
haustion as well as mental strain, could of itself lead to
LBP, it might also act by potentiating the risks from spinal
strain as a consequence of heavy lifting.

Long working hours may also reflect an element of
“workaholism” in which an employee, whether for

personal reasons or in response to an over-demanding
job, spends excessive time at work to the detriment of
his or her personal life [42]. This too is a previously re-
ported risk factor for disabling LBP [43].

An association with long working hours was not
apparent in our earlier study [25]. On the other hand,
that investigation found new incidence of disabling LBP
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Table 2 Mutually adjusted associations of risk factors at baseline
with new onset of disabling low back pain

Risk factor OR - (95% Cl)  POR  (95% Cl)
Age

< 40 years 1.0 1.0

40-49 years 0.8 04-1.8 1.0 0.5-2.0

2 50 years 0.7 02-19 0.7 0.2-2.1
Female gender 14 0.7-2.8 15 0.8-3.0
Work 260 h per week 1.8 1.0-3.5 1.9 1.0-36
Lift weights 25 kg by hand 16 09-30 15 08-28
Inadequate break time at work 14 0.7-26 14 08-2.7
Past history of LBP 28 1.6-4.9 - -

Participants with missing data for any of the variables in the model

were excluded

“Mutually adjusted odds ratios (with 95% confidence intervals) derived from a
logistic regression model which included all of the variables for which results
are presented

PMutually adjusted odds ratios (with 95% confidence intervals) derived from a
logistic regression model which included all of the variables for which results
are presented but did not adjust for past history of LBP

aside was significantly related to interpersonal stress at
work, a finding that was not replicated in the current
analysis. These differences may reflect differing charac-
teristics of the populations studied. For example, in the
earlier investigation, the participants were mostly male
(88.3%) and office workers (76.1%). Alternatively, they
could have occurred by chance. They underline the need
for replication of results, especially when multiple risk
factors are examined without strong prior expectations,
and there is therefore greater potential for false positive
results.

That said, the findings of the present study are not
clearly different from those in Western populations. Di-
vergence from other countries in the factors affecting
new onset of disabling LBP might perhaps have been
expected as a consequence of cultural differences. How-
ever, a trend to westernization in Japan may have re-
duced those differences. Alternatively, our questionnaire
may not have covered risk factors that would differ from
those in other countries or cultures.

Some limitations of our investigation should be noted.
First, the generalizability of the results may be limited
because the study sample was not fully representative.
For example, the proportion of female participants was
small in comparison with that in the national workforce
of Japan. Second, because information about exposures
and symptoms was obtained by self-report, some degree
of misclassification is likely. Physical exposures, such as
heavy lifting, might be assessed better using objective
measures. Because of constraints on the total length of
the questionnaire, the ascertainment of interpersonal stress
was based on a single question rather than the longer Brief
Job Stress Questionnaire [44] that we had used to assess
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psychosocial factors including interpersonal stress in our
earlier study. In addition, there is a possibility of recall bias,
given that the presence and severity of LBP, both at base-
line and follow-up, were ascertained retrospectively. For
example, participants with physically demanding jobs may
have been more likely to recall symptoms and difficulty
with work. Third, because the outcome was relatively infre-
quent, statistical power was limited. Lastly, although the
present analysis included most of the well-established risk
factors for new onset LBP, as well as other potential risk
factors that have been suggested by earlier studies, it is
possible that some important determinants, perhaps
distributed differentially by occupational group, were over-
looked, leading to unrecognized residual confounding.
Given these limitations, our results should be interpreted
with caution.

Conclusion

In conclusion, our findings suggest that among Japanese
workers, as elsewhere, past history of LBP is a major risk
factor for the development of new episodes of disabling
back pain. They give limited support to the association
with occupational lifting that has been observed in
earlier research, both in Japan and in Western countries.
In addition, they suggest a possible role of long working
hours, which merits further investigation.
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Abstract. [Purpose] This study was designed to examine the epidemiological background of Whiplash-associat-
ed disorders in Japanese adults and to investigate the psychological factors associated with prolonged treatment for
Whiplash-associated disorders. [Subjects and Methods] An online survey was completed by 127,956 participants,
of whom 4,164 had been involved in a traffic collision. A random sample of the collision participants (n=1,698) were
provided with a secondary questionnaire. From the 974 (57.4%) participants who returned the questionnaire, 183
cases (intractable neck pain treated over a period of 6 months) and 333 controls (minor neck pain treated within 3
months) were selected. Among the control group, the psychological factors associated with prolonged treatment for
Whiplash-associated disorders were investigated. [Results] Among the 4,164 collision participants, 1,571 (37.7%)
had experienced Whiplash-associated disorders. The prevalence in the general population was 1.2% (1.3% in male
and 1.0% in female). Significant differences were observed between the cases and controls for all psychological
factors, although both groups had similar distributions of age and gender. [Conclusion] Poor psychological factors
were associated with prolonged treatment for whiplash-associated disorders in Japanese adults. These psychological
factors should be considered during the treatment of whiplash-associated disorders.

Key words: Whiplash-associated disorders, Psychological factors, Prolonged treatment
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INTRODUCTION

Whiplash-associated disorders (WAD) are the most common injury associated with car collisions in Japan and many
Western countries'> 2. However, there is no clear epidemiological data regarding the prevalence of WAD in Japanese adults.
Although the prognosis of WAD is generally favorable, previous studies have found that up to 50% of the affected individu-
als are still symptomatic one year after the injury®. In addition, there is evidence from previous studies that depression is
associated with poor recovery from WAD* >). However, the patient’s poor psychological condition, such as depression and
fear, actually refers to a hyperbolic negative perception of actual or anticipated pain®, and this perception can prolong WAD
treatment. To our knowledge, the psychological factors in the Japanese population with WAD have not been studied, and are
not clearly understood.

Therefore, this study aimed to evaluate the epidemiological background of WAD in Japanese adults. Furthermore, we
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investigated the psychological factors associated with prolonged treatment for WAD, and reported the descriptive statistics
for these factors.

SUBJECTS AND METHODS

Details of the study population have been described previously”). Briefly, we conducted an online survey to assess the
prevalence of WAD in the general population. Participants were recruited through an internet research company. The initial
survey was conducted online from July 1, 2012 through July 17, 2012. A total of 127,956 respondents completed items. This
study was approved by the ethics review board of the Japan Labour Health and Welfare Organization.

The participants who had been in a traffic collision were considered relevant (n=4,164). From this sample, 1,698 par-
ticipants were randomly selected to participate in a secondary survey. Of the 974 (57.4%) participants who returned the
secondary questionnaire, we excluded 44 participants who were not wearing a seatbelt when the collision occurred, as these
were likely to have sustained serious injuries. From the 930 remaining subjects, 183 were included in our intractable group
(neck pain treated over a period of 6 months) and 333 were included in the control group (minor neck pain treated within 3
months). There was no article defined the period of the early recovery of WAD. Thus we clinically decided that the upper
limit of early recovery is 3 months and set as a control group for intractable group.

The questionnaire evaluated socio-demographic data, age, gender, weight, height, education (not college, college, or
other), driving status, and whether the participant had been in a traffic accident. If participants had been injured in a traffic
collision, the car crash severity (mild, moderate, or severe), presence or absence of WAD, and length of unemployment (none,
1-3 days, 4-7 days, 1-4 weeks, >1 month) were also evaluated in the initial survey. Body mass index (BMI; kg/m?) was
calculated using the self-reported weight and height; overweight was defined as BMI >25.

We evaluated kinesiophobia using the Tampa Scale of Kinesiophobia (TSK), which is one of the most frequently em-
ployed measures for assessing fear. Each 17-item questionnaire is measured on a four-point Likert scale, and scores range
from 17 (no fear) to 68 (strong fear of re-injury)®. The Japanese version of TSK has been linguistically validated®). Pain
catastrophizing was evaluated using the Pain Catastrophizing Scale (PCS)'% '), which is a 13-item self-reported tool that asks
participants to reflect on past painful experiences and to indicate the degree to which they experience thoughts or feelings
during pain. Scores are ranked on a 5-point scale, ranging from 0 (not at all) to 4 (always).

Depression was defined as a score of <52 on the SF-36 Mental Health summary (SF-36 MH, version 1.2), as this score
is the established cutoff value for Japanese adults'> '3). Somatizing tendency was assessed using a subset of items from
the Brief Symptom Inventory (BSI)'¥); the Japanese version has been linguistically validated'>. Seven somatic symptoms
(faintness or dizziness, pain in the heart or chest, nausea or upset stomach, difficulty breathing, numbness or tingling in parts
of the body, weakness in parts of the body, and hot or cold spells) were assessed on a 5-point scale, ranging from 0 (not at all)
to 4 (extreme). A BSI score >2 was considered indicative of somatization!* 10,

We also used the EuroQol-5 dimension (EQ-5D) questionnaire to evaluate general quality of life (QOL)!7- 1), The five-
dimensional health care classification evaluates the patient’s status regarding morbidity, self-care, usual activities, pain/
discomfort, and anxiety/depression. Participants were asked to indicate their current health status by selecting the most
appropriate of the three statements for each of the five QOL dimensions, where each statement represented an increasing
degree of severity. These results were coded and converted into a score of utility, using a standard table of values.

Results were presented as frequencies and proportions (percentages), or as means and standard deviations (continuous
variables). All statistical tests were performed using SPSS version 20.0 (SPSS Inc., Chicago, IL, USA). The y? test was
used for nominal and ordinal data, and one-way analysis of variance was used for scaled data. Differences were considered
statistically significant at a p-value of <0.05.

RESULTS

Demographic data for the respondents (n=127,956) to the initial questionnaire are listed in Table 1. Of these respondents,
4,164 (3.3%) had been injured in a traffic collision, and the characteristics of the collision and subsequent injury are listed in
Table 2. Of the participants who had been in a collision, 1,571 (37.7%) were diagnosed with WAD. The prevalence of WAD
in the general population was 1.2% (1.3% in male and 1.0% in female) (Table 3). Significant differences were observed
between the intractable group and the control group regarding TSK, PCS (total and each component), SF36-MH, BSI, and
EQ-5D (Table 4). No significant difference was detected between the groups regarding age or gender.

DISCUSSION

Little epidemiological information is available regarding WAD in Japan. In this study, 4,164 participants reported being
injured in a traffic collision, of whom 37.7% were diagnosed with WAD; a similar prevalence of WAD was reported in a
previous study?. The present study also clarified the age-gender distribution of WAD in the Japanese population. If our
results are extrapolated to the Japanese population using the 2010 census data!®), approximately 980,000 persons (590,000
male and 390,000 female) aged 20 years and older are affected by WAD.
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Table 1. Characteristics of the initial survey respondents Table 2. Collision and injury related characteristics

(n=127,956) from the initial survey (n=4,164)
Age years, mean + SD 47.7+10.8 Car crash severity, n (%)
Male, n (%) 81,387 (63.6%) Minor 956 (23.0%)
Overweight (BMI >25), n (%) 30,556 (23.9%) Moderate 1,387 (33.3%)
Education level, n (%) Severe 1,821 (43.7%)
Not college 73,747 (57.6%) WAD, n (%) 1,571 (37.7%)
College 53,445 (41.8%) Length of unemployment, n (%)
Other 764 (0.6%) None 2,838 (68.2%)
Driving status, n (%) 1-3 days 730 (17.5%)
No license or occasional driver 29,193 (22.8%) 4-7 days 152 (3.7%)
Normal driver 95,377 (74.5%) 1-4 weeks 226 (5.4%)
Professional driver 3,386 (2.7%) >1 month 218 (5.2%)
Traffic accident, n (%) WAD: whiplash-associated disorder
Collision 4,164 (3.3%)
Other 6,155 (4.8%)
None 9,475 (18.0%)

SD: standard deviation; BMI: body mass index

Table 3. Prevalence of whiplash-associated disorders according to Table 4. The characteristics and psychological factors of
age and gender (n=127,956) whiplash-associated disorder patients
Age Male Female Cases Controls
(years) N Prevalence (%) N Prevalence (%) " 45“8:18133 3 45(;1:3?13)7
2024 1 1. . ge S+ 10. Sl
2(5)_29 1 262 2 “I’ 2 ZZ; (1) ; Gender, male/female 124/59 242/91
’ ) ’ ’ TSK 44.0+09.1 34.5+9.5*%
30-34 3,784 1.8 4,633 1.0
PCS 32.7+10.6 17.5 £ 10.5*
35-39 8,208 1.6 7,849 0.9 L *
40—44 12.139 15 8.945 1.0 rumination 14.8 +4.1 89+48
4549 13,742 16 7503 11 magnification 6.9+3.0 3.8+2.9%
50-54 13.419 12 6.051 10 helplessness 11.0+4.9 49 +4.1*
5550 10217 13 3,897 0.9 SF-36 MH, n (%)
6065 10734 0.9 2,972 0.9 =2 99 (54.1%) 116 (34.8%)f
65-69 6,761 10 1,318 06 >52 84 (45.9%) 217 (65.2%)
’ ’ ’ ) BSL n (%)
Total 81,387 1.3 46,569 1.0
= : - >2 157 (85.8%) 167 (50.2%)7
1 11 (6.0%) 38 (11.4%)
0 15 (8.2%) 128 (38.4%)
EQ-5D, mean (SD) 0.674£0.178  0.923 +0.129*

TSK: Tampa Scale for Kinesiophobia; PSC: Pain Catastro-
phizing Scale; SF-36 MH: SF-36 Mental Health summary
(version 1.2); BSI: Brief Symptom Inventory; EQ-5D: Euro-
Qol-5 dimension questionnaire

Mean =+ SD, *Statistical difference as determined by one-
way analysis of variance (p<0.01); {Statistical difference as
determined by 2 test (p<0.01)

Furthermore, we also investigated the psychological factors associated with prolonged treatment for WAD in Japanese
adults. Using randomly selected participants who had been in a collision, we formed a sub-cohort of symptomatic WAD
patients to evaluate their psychological factors. Intractable and control groups were evaluated for representative psychologi-
cal factors and health-related QOL, and the results were compared. Significant differences were observed in catastrophizing
and fear, which has also been reported in Western countries®?). Interestingly, each of the psychological aspects were negative
in the intractable group, which implies that poor psychological condition has a negative effect on WAD treatment. Similarly,
a previous study in a Western country found that chronic whiplash syndrome is triggered by emotional discomfort and
psychological distress?V. In addition, individuals with somatization often complain of pain in various locations, functional
disturbance of various organ systems, and are depressed or overwhelmed by these symptoms. Therefore, patients in this situa-
tion are thought to suffer from functional somatic syndrome?", and their psychological factors likely affect their treatment for
WAD. In the present study, the mean EQ-5D score for the intractable group was 0.674, which was similar to the previously
reported score for chronic widespread pain (CWP)?2). Thus, patients with WAD and chronic widespread pain experience a
marked decrease in their QOL2324),

This study has several limitations. Due to its cross-sectional design, we cannot comment on the causality of the relation-
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ship between psychological factors and WAD treatment. In addition, our participants were internet research volunteers, who
may not accurately represent the general population. For example, our participants were more likely to live in large cities
compared to the general population. In addition, our respondents were more likely to have university-level or graduate-level
education?®). However, the effect of any potential selection bias on our results would be difficult to elucidate. Despite these
limitations, this study could provide useful insights to orthopedic surgeons who are tasked with treating patients with WAD.

In conclusion, poor psychological condition was associated with prolonged treatment for WAD in Japanese adults. There-
fore, psychological factors should be considered during the treatment of WAD.
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Abstract

Purpose

To conduct a 10-year longitudinal analysis of the relationship between magnetic resonance
imaging (MRI) findings and low back pain (LBP).

Materials and methods

Ninety-one volunteers with a history of LBP, but without current LBP were recruited
between 2005 and 2006. Participants’ baseline demographics and MRI findings were
recorded. All volunteers were invited for a follow-up MRI in 2016; of these, 49 volunteers
(53.8%) participated in the follow-up. We enquired whether they had LBP history during
the 10 years between the baseline and follow-up examinations. Sagittal T1 and T2-
weighted MRI were used to assess the intervertebral space from T12/L1 to L5/S1. We
evaluated the presence of disc degeneration by Pfirrmann’s grading system, disc bulging,
high intensity zone (HIZ), spondylolisthesis, and any type of Modic changes in the follow-
up MRIs. We compared the follow-up MRI findings with the baseline findings; the progress
of each finding over the 10 years were also compared between the groups with (n = 36)
and without (n = 13) LBP.

Results

Average age of the study participants at follow-up was 44.8 years; 25 were female and 24
were male. Average age, sex, body mass index, and smoking habits of those who did and
did not participate in the follow-up study, as well as the demographic characteristics of those
who did and did not have LBP history during the 10 years, were not significantly different.
Compared with the group without LBP history, the group that had LBP history during the 10
years did not have a significantly increased prevalence of disc degeneration, disc bulging,
and HIZ in the follow-up and baseline MRls. Spondylolisthesis and any type of Modic
changes were also not associated with LBP history during the 10 years.
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Conclusions

Follow-up MRI findings consistent with Pfirrmann grading >4, disc bulging, HIZ, spondylo-
listhesis, and any type of Modic changes were not associated with LBP history during the 10
years between the baseline and follow-up study. The progresses of these findings were also
not associated with the LBP history. In addition, baseline MRI findings were not associated
with LBP history during the 10 years; therefore, our data suggest that baseline MRI findings
cannot predict future LBP.

Introduction

Low back pain (LBP) is one of the most common causes of health disability, and continues to
be the leading cause of disability over the last decade [1]. A Japanese population study reported
that the lifetime prevalence of LBP was >80%, as in other industrialized countries [2].

Magnetic resonance imaging (MRI) is able to identify soft tissue such as disc, nerves, and
muscles, which are among the possible sources of LBP; however, in some cases, MRI findings
may not necessarily identify the source of LBP. Some reports have shown that disc degenera-
tion was associated with LBP [3,4,5], while others have demonstrated no such relationship
[6,7]. It has been suggested that symptoms of chronic LBP are often fluctuating, and that LBP
is often demonstrated as a condition with patterns of exacerbation and remission [8]. We have
reported that disc degeneration, disc bulging, and high-intensity zone (HIZ) were associated
with previous history of LBP, and that patients with these findings are prone to develop severe
LBP, unless they did not have current severe LBP [9]. However, these reports were related to
cross-sectional studies.

There are a few longitudinal studies regarding the relationship between baseline MRI find-
ings and future LBP [10, 11, 12]; however, there is only one longitudinal study about LBP
reporting both baseline and follow-up MRIs [13]. The purpose of this study was to examine
the longitudinal associations between MRI findings and LBP history during the 10 years
between the baseline and follow-up study. The primary aim of this study was to investigate if
the follow-up MRI findings and the progress of each finding were associated with a LBP his-
tory during the 10 years. The secondary aim was to investigate if the presence of MRI findings
at baseline predicted future LBP.

Materials and methods

Study participants

As described in detail previously [9], between September 2005 and March 2006, we recruited
volunteers who were also Kanto Rosai Hospital personnel to participate in the study. Ninety-
one participants with a history of LBP, but without current LBP at that point were included.
We excluded participants who had prior back surgery. LBP was defined as pain localized
between the costal margin and the inferior gluteal folds, as depicted in a diagram, with or with-
out lower extremity pain in the past 1 month, according to a previous report [9, 14, 15]. The
area was shown diagrammatically on the questionnaire, in accordance to a previous study [9,
15]. LBP was defined as a history of medical consultation for LBP. Medical consultation for
LBP is one of the standards for evaluating the severity of LBP; it indicated that the LBP was not
mild [16]. In 2016, we invited the 91 volunteers to undergo a follow-up MRI. Of these, we
invited 41 incumbent personnel three times via our institution’s intranet. We tried sending
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postal mails to the rest of the 50 retired personnel because we did not know their e-mail
addresses; however, new postal addresses of 15 of these 50 were unknown. Eventually, 49 vol-
unteers participated in the follow-up. We enquired whether they had had LBP history during
the 10 years between the baseline and follow-up study, according to the aforementioned defi-
nition of LBP. However, we did not enquire whether LBP was a single episode or multiple epi-
sodes, if they had had LBP history. The participants’ smoking history was also established. We
then compared the demographic data of the participants who did and did not participate in
the follow-up study, in order to validate that the participants in the follow-up study were repre-
sentative of all the participants in the baseline study. This study was approved by the medical/
ethics review board of Kanto Rosai Hospital. Informed consent was obtained from all individ-
ual participants included in the study.

Image assessment

MRI was performed using a 1.5T Siemens Symphony scanner (Siemens Healthcare, Erlangen,
Germany). The imaging protocol included sagittal T1-weighted and T2-weighted fast spin
echo (repetition time: 3,500 ms/echo, echo time: 120 ms, field of view: 300 x 320 mm), similar
to our baseline study [9]. Sagittal T1- and T2-weighted images were used to assess the interver-
tebral space from T12/L1 to L5/S1. We had evaluated the intra-observer and inter-observer
variability of assessment of the lumbar MRI scans in the previous study as greater than moder-
ate for all evaluated items [9]; therefore, assessment of the follow-up MRI scans was performed
by an orthopedist (J. T.), who was blinded to the participants’ backgrounds. We evaluated the
degree of disc degeneration, disc bulging, high-intensity zone (HIZ), spondylolisthesis, and
Modic changes at each level of the spine. The degree of disc degeneration on MRI was classi-
fied into five grades, based on the Pfirrmann’s classification system [17]. We divided the grad-
ing into two groups for the purpose of analysis. We regarded those with grades 1-3 as having
no or little disc degeneration, and those with grades 4-5 as having some degree of disc degen-
eration. Disc bulging was defined as displacement of the disc material, usually by more than
50% of the disc circumference and less than 3 mm beyond the edges of the disc space in the
axial plane [18]. As we were only able to evaluate the sagittal planes of the MRI scans, we
defined disc bulging as posterior disc displacement less than 3 mm and equivalent to the ante-
rior disc displacement in the sagittal plane, although we could not evaluate more than 50% of
the circumference. In the midline slice of sagittal planes, the points of the inferior posterior
edge of the upper vertebra and superior posterior edge of the lower vertebra were marked,
the two points were connected with a line, and the distance between the top of the posterior
bulging disc and the line for evaluating posterior bulging was measured. Anterior bulging was
evaluated in the same way. We defined HIZ as an area of brightness or high signal intensity
located in the posterior annulus on T2-weighted images, based on previous literature [19]. We
defined spondylolisthesis as vertebral slips of >5 mm. Those definitions of the four findings
were matched as our baseline study [9]. Modic change was divided as three types according to
the definition: low intensity in T1-weighted images and high intensity in T2-weighted images
was defined as Modic type 1; high intensity in both T1- and T2-weighted images as Modic
type 2; and low intensity in both T1- and T2-weighted images as Modic type 3 [20]. However,
in the final analysis, we only evaluated whether any type of Modic changes existed or not.
When a participant had at least one positive finding in any disc level for the item, we
regarded the findings of the participant as positive as a whole. Finally, we focused on the rela-
tionship between LBP history during the 10 years and the MRI findings at follow-up, baseline,
and the progress over 10 years. The progress of each finding was defined as a positive finding
at follow-up MRI with negative finding at baseline MRI.
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Statistical analysis

Between-group differences in baseline characteristics were evaluated using the Fisher’s exact
test for categorical variables and the Student’s t-test for continuous variables. We compared
the differences in MRI findings over 10 years between groups with and without LBP history
over 10 years by using Fisher’s exact test. Furthermore, we determined the odds ratios of each
item using univariate analyses. Statistical analyses were performed using the JMP 11.0 software
program (SAS Institute, Cary, NC, USA). A p value of <0.05 was considered to be significant.

Results

Of the 91 participants in the baseline study, 41 participants were incumbent and 50 had
retired. Of the 41 incumbent participants, 31 participated in the follow-up study, while of the
50 retired participants, 18 participated in the follow-up study. Addresses of 15 retired partici-
pants were unknown; thus, we were unable to send postal mails inquiring about their partici-
pation. Eventually, of the 91 participants in the baseline study, 49 (54%) participated in the
follow-up study. The reasons for no participation are shown (Table 1).

The average ages of those who did and did not participate at the follow-up study were 44.9
and 44.6 years, respectively, which was not significantly different.

There were also no significant differences in sex, bone mass index (BMI), and smoking
habit at baseline between the groups (Table 2).

Of the 49 participants in the follow-up study, 36 had a history of LBP during the 10 years
between the baseline and follow-up study. Participants’ average age was 44.9 + 9.3 years; 25
were female and 24 were male; and their average body mass index was 21.8 + 4.4 kg/m”. The
average ages of those who did and did not have LBP history over the 10 years were 46.4 and
44 .4 years, respectively, which was not significantly different. There were also no significant
differences in sex, BMI, and smoking history between the groups (Table 3).

Compared with the group without LBP history during the 10 years, the group that did
develop LBP did not have a significantly increased incidence of disc degeneration in at least
one spinal level in the follow-up MRIs, compared with the baseline MRIs. There were also no

Table 1. Details of the participants of the follow-up study.

Total: 91
Incumbent 41
Retired 50

https://doi.org/10.1371/journal.pone.0188057.t001

Follow-up (+): 49 Follow-up (-): 42 Reason of no participation
31 10 Not intending: 5
No reply: 5
18 32 Not intending: 8
No reply: 9

New address unknown: 15

Table 2. Demographic data of the participants who did and did not participate in the follow-up study.

Total: 91 Follow-up (+): 49 Follow-up (-): 42 p-value
Age 44.8+10.7 449+9.3 446+12.3 0.8966
Sex Female 48 25(51.0) 23 (54.8) 0.8337
Male 43 24 (49.0) 19 (45.2)
BMI (kg/m?) 21.5+3.8 21.8+4.4 21.1+2.7 0.4051
Smoking habit at baseline (+) 32 (35.2) 19 (38.8) 13(31.0) 0.5116

Data are shown as mean + standard deviation or number of participants (%).

https://doi.org/10.1371/journal.pone.0188057.t1002
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Table 3. Demographic data of participants who did and did not have low back pain history during the 10 years between the baseline and follow-up
study data are shown as mean * standard deviation or number of participants (%). LBP; low back pain.

Age
Sex

BMI
Smoking history

https://doi.org/10.1371/journal.pone.0188057.t003

Female
Male
(kg/m?)
+)

Total: 49 LBP history: 36 No LBP history: 13 p-value

44.9+9.3 46.4+11.0 44.4+87 0.4968
25 18 (72.0) 7 (28.0) 1.0000
24 18 (75.0) 6 (25.0)

21.8+4.4 21.745.0 22.1+2.6 0.8019

17 (34.7) 13(36.1) 4(30.8) 1.0000

significant differences between the two groups with regards to the progress of disc degenera-
tion over 10 years (Table 4). Additionally, no significant differences in disc bulging in the fol-
low-up and baseline MRI were found between the two groups. Progress of disc bulging was
also not significantly related to LBP history during the 10 years (Table 4). There were also no
significant differences between the two groups in terms of HIZ in the follow-up and baseline
MRI. Progress of HIZ was also not significantly related to LBP history during the 10 years
(Table 4). Only two participants exhibited spondylolisthesis in both the follow-up and baseline
MRI. There were no significant differences between the two groups in terms of spondylolisth-
esis in the follow-up and baseline MRI. Of the two participants with spondylolisthesis, one had
LBP history during the 10 years, while the other did not. There was no case of progress of
spondylolisthesis. Modic type 1 change was identified in only one participant in the follow-up
MRI; six participants were found to have type 2, while none had type 3. There were no signifi-
cant differences between the two groups with regards to Modic changes in the follow-up MRI.
Univariate analysis revealed the odds ratios and 95% confidential intervals of each item; how-
ever, there were no significant differences in all items (Table 5).

Discussion

The follow-up study was performed 10 years after the baseline study, with a follow-up rate of
53.8%. Over half of the 91 participants of the baseline study had retired. The follow-up rate of
the incumbents was high at 75.6%, while that of the retired group was low at 36.0%. Those

Table 4. Magnetic resonance imaging findings at the follow-up and baseline of patients with and without low back pain history during the 10 years

between the baseline and follow-up study.

Disc degeneration
Follow-up MRI
Baseline MRI
Progress

Disc bulging
Follow-up MRI
Baseline MRI
Progress
High-intensity zone
Follow-up MRI
Baseline MRI
Progress

OICHC

z

Total: 49 LBP history: 36 No LBP history: 13 p-value
42 (85.7) 32 (88.9) 10 (76.9) 0.3629
25 (51.0) 19 (52.8) 6 (46.2) 0.7536
17 (34.7) 13 (36.1) 4(30.8) 1.0000
37 (75.5) 27 (75.0) 10 (76.9) 1.0000
30 (61.2) 21 (58.3) 9(69.2) 0.7408
10 (20.4) 8(22.2) 2(15.4) 0.7095
22 (44.9) 15 (41.7) 7 (53.9) 0.5250
14 (28.6) 11 (30.1) 3(23.1) 0.7308
9(18.4) 5(13.9) 4 (30.8) 0.2204

Data are shown as number of participants (%). Pfirrmann grade >4 is regarded as disc degeneration. LBP; low back pain, MRI; magnetic resonance

imaging.

https://doi.org/10.1371/journal.pone.0188057.1004
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Table 5. Associations between the follow-up magnetic resonance imaging findings and low back pain history during the 10 years according to

univariate analyses.

Disc degeneration
Disc bulging
High-intensity zone
Spondylolisthesis
Modic changes (any)

https://doi.org/10.1371/journal.pone.0188057.t005

Odds ratio 95% confidential interval p-value
2.4 0.42-12.78 0.3101
0.9 0.17-3.77 0.8896
0.6 0.17-2.20 0.4500
0.3 0.01-9.11 0.4700
0.9 0.16-6.81 0.8956

who did not intend to participate in the follow-up study might not have adjusted their sched-
ule because only two days could be spared for the follow-up MRI examination. In the institute
of the personnel, those who retire leave their new postal address for the office. However, since
10 years had passed, the postal address could have changed once again. Therefore, we could
not contact 15 retired participants. Although the follow-up rate was relatively low, the back-
grounds of those who did and did not participate in the follow-up study were not significantly
different; therefore, we regarded the results of the followed-up participants as representative of
the baseline participants.

Both in the baseline and follow-up study, we precisely defined the region of LBP similar to
that in our previous study [9], which seemed to be important for standardizing the study pro-
tocol for LBP [14,15]. Of the followed-up participants, 73.5% had a history of LBP between the
baseline and follow-up study. This was relatively similar to the lifetime prevalence of LBP of
approximately 83%, which was based on a population-based survey [2]. Therefore, it can be
regarded that the normal population may also have LBP history over 10 years, as in the study
participants. There were no significant differences in age, sex, BMI, and smoking history
between the groups with or without LBP history during the 10 years. Several previous studies
[21, 22] have indicated that smoking was associated with LBP; however, our results were not
consistent with their findings.

Pfirrmann grading indicates the degree of disc degeneration [17]. Considering that disc
degeneration progresses with advancing age [4], disc degeneration was more frequent in the
follow-up MRI assessment compared to the baseline MRI assessment (85.7% vs. 51.0%). Sev-
enteen participants who did not have disc degeneration in the baseline MRI demonstrated disc
degeneration in the follow-up MRI. In fact, 76.9% of those who have had no LBP history dur-
ing the 10 years showed disc degeneration. There have been many reports on the relationship
between current LBP and disc degeneration [3, 4, 5], although the results have been controver-
sial. Videman et al showed that disc height narrowing was associated with previous LBP [23],
and our previous study showed that disc degeneration was associated with previous LBP [9].
Meanwhile, a systematic review showed that there were not consistent associations between
MRI findings and future episodes of LBP [24]. If LBP history during the 10 years was regarded
as having previous LBP, our current findings were not consistent with our previous study’s
findings, but with the systematic review.

Disc bulging was also more frequent in the follow-up MRI assessment, at 75.5% of all par-
ticipants, compared to 61.2% in the baseline MRI assessment. Ten of those who did not have
disc bulging in the baseline MRI showed disc bulging in the follow-up MRI. While some stud-
ies have shown that disc bulging was frequently observed in asymptomatic subjects, and con-
cluded that there was no relationship between disc bulging and current LBP [25, 26], another
meta-analysis study demonstrated that there is a strong relationship [5]. As for previous LBP,
our previous study demonstrated a significant association between disc bulging and previous
LBP [9], while Videman et al had reported no association [23]. The current results showed that
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there were no relationships about LBP history during the 10 years in the prevalence of the fol-
low-up MR, the baseline MRI, and the progress of disc bulging, as reported previously.

There were no relationships of the LBP history among the prevalence of the follow up MRI,
the baseline MRI and the progress of HIZ, although the frequency of HIZ increased with
aging. Aprill and Bogduk reported a strong association between the annular high signal inten-
sity zone and positive provocative discography finding [19], while Schellhas et al found that
HIZ was associated with current LBP [27]. Dongfeng et al reported that HIZ may be a specific
signal for the inflammatory reaction of a painful disc by their histological study [28]. Con-
versely, other studies have shown that HIZ was frequently observed in asymptomatic subjects
[5, 25, 26]. A longitudinal MRI study showed that 26.6% of HIZ findings resolved and HIZ
improved in 14% cases, with no statistical association between HIZ changes and changes in a
patient’s symptoms [29]. Our results were consistent with the reports that no association was
observed.

Spondylolisthesis was considered to be one of the findings of lumbar spine instability [30];
in addition, it was assumed that those who had spondylolisthesis were inclined to have LBP
[31]. However, several reports found no significant relationship between spondylolisthesis and
current LBP [5, 32]. In the present study, only 2 participants were found to have spondylolisth-
esis during the baseline MRI assessment; the same 2 participants demonstrated spondylolisth-
esis during the follow-up assessment, although no progressions were noted. This suggested
that no significant relationship was found between spondylolisthesis and LBP history during
the 10 years in our study. However, this may be attributed to the small number of spondylo-
listhesis cases in our sample of participants.

Several reports have found that Modic type 1 change can indicate inflammation of end-
plates and be related to LBP [3, 33]. As Modic type 1 change was identified in only one case in
the follow-up study, we analyzed the relationship between any Modic changes and LBP history
during the 10 years. Our results showed that no significant relationship was found, which was
inconsistent with previous reports [34, 35].

Brinjikji W et al. reported in their systematic review that disc degeneration, disc bulging,
and Modic 1 changes were more prevalent in adults aged 50 years or younger with back pain
compared with asymptomatic individuals, because the prevalence in the asymptomatic youn-
ger population was much lower [5]. Furthermore, they also demonstrated that disc degenera-
tion, disc bulging, and annular fissure were present in high proportions of asymptomatic
individuals, and that this increased with age [36]. Although the average age during the follow-
up MRI in our study was 44.8 years, which could be regarded as young, our results were con-
sistent with the systematic review results of an aged population.

There were several limitations to the current study. First, the findings of this study were
limited and could not be generalized because of the small sample size. In addition, the follow-
up rate was relatively low; however, we were able to demonstrate that the backgrounds of the
participants who did and did not participate in the follow-up study were not significantly dif-
ferent. The statistical power was insufficient, however, as it exceeds 0.6 in all disc degeneration
types, disc bulging, and high-intensity zones. The power of disc bulging was 0.76, which was
the largest among the three. Second, we did not evaluate the Modic changes in the baseline
MRI as only sagittal T2-weighted images were analyzed at that stage; therefore, although we
evaluated both T1- and T2-weighted images in the follow-up MRI, we were unable to com-
ment on any Modic changes in the baseline MRI. Third, disc bulging and HIZ can sometimes
be visible from the posterolateral sides; however, as we only analyzed sagittal images, these
findings may have been underestimated. In other words, there is a possibility that the pathol-
ogy was missed in the zone between the planes of the posterior and anterior vertebral body
cortices because only sagittal images were used. Although this limitation had been written in
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our previous study [9], we also did analyze only sagittal images in the follow-up study, because
we preferred same definition of those findings as same as the previous study. Fourth, there was
selection bias among our study participants, as they were volunteers from all types of employ-
ment at the hospital and did not represent the general population. This was also the limitation
in our previous study [9]. Lastly, the lack of specific information about frequency and severity
of LBP episodes in the study cohort may be seen as a limitation of this study as well.

Conclusions

The follow-up MRI findings consistent with Pfirrmann grading >4, disc bulging, HIZ, spon-
dylolisthesis, and any type of Modic changes were not associated with LBP history during the
10 years between the baseline and follow-up study. The progress of these findings was also not
associated with the LBP history. In addition, baseline MRI findings were not associated with
LBP history during the 10 years; therefore, our data suggest that baseline MRI findings cannot
predict future LBP.

Supporting information

S1 File. Supporting information. Dataset set of this study.
(XLSX)
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Abstract

Objective

This study aimed to establish sex- and age-dependent distributions of the cross sectional
area and fatty infiltration ratio of paraspinal muscles, and to examine the correlation between
paraspinal muscle degeneration and low back pain in the Japanese population.

Methods

In this cross-sectional study, data from 796 participants (241 men, 555 women; mean age,
63.5 years) were analyzed. The measurement of the cross sectional area and fatty infiltra-
tion ratio of the erector spinae and multifidus from the level of T12/L1 to L4/5 and psoas
major at the level of T12/L1 was performed using axial T2-weighted magnetic resonance
imaging. Multivariate logistic regression analysis was used to estimate the association
between fatty infiltration of the paraspinal muscles and the prevalence of low back pain.

Results

The cross sectional area was larger in men than women, and tended to decrease with age,
with the exception of the erector spinae at T12/L1 and L1/2 in women. The fatty infiltration
ratio was lower in men than women, except for multifidus at T12/L1 in 70-79 year-olds and
psoas major in those less than 50 years-old, and tended to increase with age. Logistic
regression analysis adjusted for age, sex, and body mass index showed that the fatty infiltra-
tion ratio of the erector spinae at L1/2 and L2/3 was significantly associated with low back
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pain (L1/2 level: odds ratio, 1.05; 95% confidence interval, 1.005—1.104; L2/3 level: odds
ratio, 1.05; 95% confidence interval, 1.001-1.113).

Conclusion

This study measured the cross sectional area and fatty infiltration ratio of paraspinal mus-
cles in the Japanese population using magnetic resonance imaging, and demonstrated that
the fatty infiltration ratio of the erector spinae in the upper lumbar spine was significantly
associated with the presence of low back pain. The measurements could be used as refer-
ence values, which are important for future comparative studies.

Introduction

Sarcopenia, which is characterized by the loss of muscle mass and strength associated with
aging, is a common problem in elderly societies [1-4]. The reduction of muscle mass and
physical strength leads to disability, poor quality of life, loss of independence, and mortality
[5]. The prevalence of sarcopenia in the age strata of 75-79, 80-84, and >85 year-olds has
been reported to be 17.8%, 23.2%, and 31.8% in men and 13.8%, 22.9%, and 62.2% in women,
respectively [6]. Sarcopenia is common and believed to play a major role in the pathogenesis
of frailty in the aging population [1,5].

Low back pain (LBP) is also a common cause of morbidity and disability [7,8]. LBP is
recognized as a multifactorial symptom. There are many causes of LBP, and the influence of
paraspinal muscle degeneration on LBP has attracted interest in studies investigating the
pathophysiology of LBP [9]. Muscle degeneration with aging has been characterized by muscle
atrophy and fatty infiltration [10-14]. Although morphologic information on muscles can be
obtained by computed tomography (CT), magnetic resonance imaging (MRI), and ultrasonic
imaging techniques, MRI provides precise and reliable measurements of muscles, and can be
considered the criterion standard for evaluating muscle size and structure [10-17]. Some stud-
ies reported age-related morphologic changes of the lumbar paravertebral muscles and the
association between degeneration of the paraspinal muscles and LBP using MRI, but these
studies included patients or volunteers, suggesting selection bias [9, 11-13]. To the best of our
knowledge, no research to date has assessed age-related degeneration of paravertebral muscles
in the general population.

The purpose of this study was twofold: first, to quantify age-dependent morphologic
changes (muscle atrophy and fatty infiltration) of the lumbar paraspinal muscles using MRI in
the Japanese population, which could be used as reference values for evaluation of the para-
spinal muscles, and second, to evaluate the association between paraspinal muscle degenera-
tion and LBP. We performed a cross-sectional, population-based study for this purpose.

Materials and methods
This study was approved by Ethics Committee of Wakayama Medical University (No.373).

Participants

The Wakayama Spine Study is a population-based study of degenerative spinal disease [18-22]
performed in a sub-cohort of the large-scale, population-based cohort study Research on Oste-
oarthritis/Osteoporosis against Disability (ROAD) [23,24]. ROAD is a nationwide, prospective
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study of bone and joint diseases consisting of population-based cohorts established in three
communities in Japan. Participants were recruited from listings of resident registrations in
three communities that have different characteristics: an urban region in I town, Tokyo; a
mountainous region in H town, Wakayama; and a coastal region in T town, Wakayama. Inclu-
sion criteria, apart from residing in those communities, included the ability to walk to the sur-
vey site, to report data, and to understand and sign an informed consent form. A detailed
profile of the ROAD study has already been described elsewhere [23,24]. Here, we summarize
the characteristics of the present study. A third visit of the ROAD study began in 2012 and was
completed in 2013. From the third visit of the ROAD study, 1575 individuals (718 individuals
in the mountainous region, 857 individuals in the coastal region) were recruited to the second
visit of the Wakayama Spine Study. Unfortunately, fundamental limitations allowed MRI to be
conducted only in the coastal area. Thus, we evaluated data from 857 individuals in the coastal
area for the present study. Among them, 42 participants with incomplete MRI records, 6 par-
ticipants with unsuitable MRI for evaluating the paraspinal muscles, one participant who had
previously undergone posterior lumbar fusion and 12 participants with deficits based on clini-
cal symptoms related to LBP were excluded.

Experienced board-certified orthopedic surgeons also asked all participants the following
question regarding LBP: “Have you experienced LBP on most days during the past month, in
addition to now?” Those who answered “yes” were defined as having LBP based on previous
studies [25-29]. We could not obtain the answer from 12 participants, therefore, these partici-
pants who lacked information regarding LBP were excluded. Thus, 796 participants (241 men
and 555 women) ranging in age from 19 to 93 years-old (mean, 63.1 years-old for men and
63.7 years-old for women) were included in the analysis (Fig 1). All study participants pro-
vided informed consent, and the study design was approved by the appropriate ethics review
boards.

Magnetic resonance imaging

A mobile MRI unit (Achieva 1.5 T; Philips Medical Systems, Best, the Netherlands) was used,
and whole-spine MRI was performed for all participants on the same day as the examination.
The participants were supine during the MRI, and those with rounded backs used triangular
pillows under their heads and knees. The imaging protocol included sagittal T2-weighted fast
spin echo imaging (repetition time, 3,000 ms/echo; echo time, 120 ms; and field of view,

270 x 270 mm) and axial T2-weighted fast spin echo imaging (repetition time, 2,100 ms/echo;
echo time, 100 ms; and field of view, 180 x 180 mm). Sagittal images were taken for the entire
spine, but axial images were obtained for each lumbar intervertebral level (T12/L1-L5/S1) par-
allel to the vertebral endplates.

Measurement of the cross sectional area and fatty infiltration ratio of
paraspinal muscles

The measurement of the cross sectional area (CSA) and fatty infiltration ratio (FI %) of para-
spinal muscles (erector spinae, multifidus, and psoas major) was performed with axial
T2-weighted images using a radiological workstation specially designed for such purposes.
The measurement of erector spinae and multifidus was performed from the level of T12/L1 to
L4/5, and that of the psoas major was performed at the level of L4/5. The CSA was measured
by manually constructing polygon points around the outer margins of the individual muscles
(Fig 2). The FI % was defined as the percentage of fatty infiltration area, which was obtained
by dividing the fatty infiltration area by the total area. For the measurement of the fatty infiltra-
tion area, all pixels in the region of interest were sorted into three clusters based on counting
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The third visit of the ROAD study (2012-2013)
The participants were recruited from three communities: an urban region, a
mountainous region, and a coastal region

The second visit of the Wakayama Spine Study
1575 volunteers were recruited from a mountainous region and a coastal region

A coastal region A mountainous region

+ 857 volunteers (264 men, 593 * 718 volunteers (249 men, 469
women) women)

* Whole spine MRI and radiography * Whole spine radiography

42 participants showing deficits
on MRI

6 participants without appropriate MRI
imaging

One participant with a history of
back surgery

12 participants with deficits based on
clinical symptoms

The present study
796 (241 men, 555 women) were enrolled for analysis

Fig 1. Flow diagram depicting participants recruited to the present study from the third visit of the
ROAD study.

https://doi.org/10.1371/journal.pone.0187765.9001

pixel number and signal intensity by the k-means method [30]. That is, all pixels were distrib-

uted to low, medium, and high intensity areas. The high intensity area was defined as the fatty

infiltration area (Fig 2). The CSA and FI % of paraspinal muscles were separately measured on
the bilateral sides, and mean values were calculated. All measurements were taken by an ortho-
pedic surgeon blinded to participants’ background. To evaluate inter- and intraobserver
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Fig 2. Measurement technique for CSA and Fl % of paraspinal muscles. The region of black, blue, and red color represents low,
medium, and high intensity areas, respectively. The high intensity area was defined as the fatty infiltration area. CSA, cross sectional area;
F1 %, fatty infiltration ratio.

https://doi.org/10.1371/journal.pone.0187765.g002

reliability for the measurement of CSA and FI %, the intraclass correlation coefficient (ICC)
was calculated. To evaluate interobserver reliability, 80 randomly selected MR images were
interpreted by two orthopedic surgeons (TS and HI). For evaluating intraobserver reliability,
the measurements of those images were performed two times by the same observer (TS) with
an interval between them greater than 1 month. All ICCs of CSA and FI % measurements were
0.99 for inter- and intraobserver reliability.

Statistical analysis

Descriptive statistics were used to summarize demographic characteristics and the distribution
of CSA and FI % of the paraspinal muscles. Wilcoxon tests were used to compare values of
CSA and FI % between sexes in the corresponding group. The Jonckheere-Terpstra test was
used to identify trends with regard to age for CSA and FI %. The significance of differences in
demographic characteristics and FI % between groups of participants with and without LBP
was tested using Wilcoxon test for continuous variables and Chi-square test for categorical
data. To test the association between the presence of LBP and FI %, we used multivariable
logistic-regression analysis adjusted for age, sex, and body mass index (BMI). In the regression
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analysis, we used the presence or absence of LBP as the objective variable, and the FI % of the
erector spinae and multifidus at five disk levels (T12/L1, L1/2, L2/3, L3/4, L4/5) and psoas
major at the L4/5 level, respectively, as explanatory variables, in addition to basic characteris-
tics such as age, sex, and BMI. That is, a total of 11 models were analyzed in the multivariate
logistic-regression analysis. The association between the presence of LBP and CSA was not
examined because CSA was influenced by physique. All statistical analyses except the Jonc-
kheere-Terpstra test were performed using JMP, version 12 (SAS Institute Japan, Tokyo,
Japan). The Jonckheere-Terpstra test was performed using SPSS Statistics 23 (IBM Japan,
Tokyo, Japan). A p-value of 0.05 was considered to indicate significant difference.

Results
Characteristics of participants

Table 1 shows the characteristics of the 796 participants in the present study, including age,
demographic measurements, and LBP. The prevalence of LBP in men and women was 38.6%
and 38.7%, respectively.

Distribution of CSA of paraspinal muscles

Sex- and age-dependent distributions of CSA of paraspinal muscles are shown in Table 2.
According to sex, men had a significantly larger CSA in comparison to women in all muscles
at all intervertebral levels and at all age strata. In terms of the effects of age on CSA, the Jonc-
kheere-Terpstra test showed that there was a statistically significant trend towards smaller
median CSAs with higher age strata in all muscles at all intervertebral levels in both genders,
with the exception of the erector spinae at T12/L1 and L1/2 levels in women. The decreasing
tendency of CSA of women was milder compared with that of men in all muscles at all inter-
vertebral levels, except for multifidus at L3/4 and L4/5 levels.

Table 1. Characteristics of participants.

Men Total <50 50-59 60-69 70-79 =80
Number of participants 241 39 46 78 46 32
Demographic characteristic
Age (years) 63.1+14.1 39.817.3 55.3+2.7 64.3+2.5 73.7+2.8 84.5+3.5
Height (cm) 166.7+6.8 172.4£7.0 168.416.4 167.315.1 163.515.6 160.815.5
Weight (kg) 66.6+10.8 72.418.9 67.8+11.2 68.1£10.1 64.6+10.4 57.247.9
Body mass index (kg/m?) 23.94+3.5 24.413.2 23.91+3.3 24.3+3.7 24.1+3.5 22.24+3.5
Clinical symptoms
Low back pain 93 (38.6) 9(23.1) 17 (37.0) 33 (42.3) 22 (47.8) 12 (37.5)
Women Total <50 50-59 60-69 70-79 =80
Number of participants 555 72 123 163 145 52
Demographic characteristic
Age (years) 63.7£12.8 41.2+6.7 54.5+2.9 64.8+2.9 74.312.9 83.2+2.7
Height (cm) 153.316.4 158.5+4.5 155.8+4.7 153.316.0 150.916.2 147.416.0
Weight (kg) 53.0+8.9 52.9+8.7 55.1+9.6 52.8+8.6 53.418.8 48.0+6.6
Body mass index (kg/m?) 22.6+3.6 21.0+3.2 22.7+4.0 22.5+3.5 23.4+3.6 22.2+3.2
Clinical symptoms
Low back pain 215 (38.7) 24 (33.3) 49 (39.8) 60 (36.8) 55 (37.9) 27 (51.9)

Data are presented as mean + standard deviation or as n (%).

https://doi.org/10.1371/journal.pone.0187765.t001
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Table 2. Distribution of CSA of paraspinal muscles (cm?).

Erector spinae Men
T12/L1
L1/2
L2/3
L3/4
L4/5
Women
T12/L1
L1/2
L2/3
L3/4
L4/5

Multifidus Men
T12/L1
L1/2
L2/3
L3/4
L4/5
Women
T12/L1
L1/2
L2/3
L3/4
L4/5

Psoas major Men
L4/5
Women
L4/5

Total
16.0+£3.4*
18.9+3.7%
18.4+3.6*
16.4+3.3*%
12.8+3.0%

Total

11.61+2.3
13.412.5
13.0+£2.5
12.0+2.4
10.542.3
Total
2.4+0.5%
2.4+0.5%
3.3+£0.9%
5.0+1.3*
7.4+1.5%
Total
1.9+0.4
1.8+0.4
2.5+0.6
3.84£0.9
5.7+1.3

Total
13.0+2.8*

Total

8.1£1.5

<50 50-59 60-69 70-79 =80 Jonckheere-Terpstra test
18.5+2.7* 16.6+3.1* 16.6+2.8* 15.0+3.3*% 12.5+2.9% p < 0.0005
21.6+£3.1* 19.3+£3.3% 19.3+3.0% 17.7+£3.6* 15.6+£3.4* p <0.0005
21.3+£3.3% 18.8+3.6* 18.9+3.0* 17.2+3.0% 15.2+£3.1* p <0.0005
19.5+£3.2*% 16.7+£3.2* 16.6+2.5% 14.9+2.7% 13.7+£2.7% p <0.0005
15.7+2.8% 13.1£3.0* 12.54£2.5% 11.412.3§ 11.3+2.9% p <0.0005
<50 50-59 60-69 70-79 =80 Jonckheere-Terpstra test
11.542.3 12.0+1.9 11.742.3 11.742.3 10.4+2.3 p =0.069
13.412.7 13.842.2 13.3+2.5 13.542.5 12.0+2.3 p=0.064
13.542.5 13.61+2.3 13.0+£2.5 13.0+2.6 11.1£2.1 p <0.0005
12.7+2.1 12.742.4 11.9+2.4 12.0+2.3 10.3+1.7 p <0.0005
11.4+2.0 11.2+2.2 10.3+2.2 10.4+2.3 8.7+2.0 p <0.0005
<50 50-59 60-69 70-79 =80 Jonckheere-Terpstra test
2.8+0.4* 2.4+0.5% 2.4+0.5* 2.1+0.5% 2.1+0.5% p <0.0005
2.7+0.5* 2.4+0.5* 2.4+0.5*% 2.2+0.6* 2.0+£0.4% p <0.0005
4.0+0.9* 3.4£0.6* 3.4£0.8* 3.1£0.8* 2.510.5|| p <0.0005
5.6+£1.3% 5.3+£1.0% 51+1.2* 4.6+1.5% 4.0+0.9* p <0.0005
8.0+£1.3% 7.8+1.4% 7.6+1.2% 7.1£1.7% 5.9+1.2¢ p <0.0005
<50 50-59 60-69 70-79 =80 Jonckheere-Terpstra test
2.0£0.4 1.9+0.4 19+0.4 1.8+0.4 1.8+0.4 p =0.001
2.1£0.5 1.9+0.4 1.8+0.4 1.8+0.4 1.7+0.5 p <0.0005
2.9+0.7 2.7+0.6 2.5+0.6 2.3+0.6 2.240.5 p <0.0005
4.3+0.9 4.1+0.9 3.8+0.7 3.5+0.8 3.1+0.8 p <0.0005
6.5+1.4 6.1+1.1 5.7+1.1 5.2+1.3 4715 p <0.0005
<50 50-59 60-69 70-79 =80 Jonckheere-Terpstra test
15.4+2.5*% 14.0+2.5*% 13.1+2.4* 11.7+2.0* 9.9+1.9* p < 0.0005
<50 50-59 60-69 70-79 =80 Jonckheere-Terpstra test
8.9+1.5 8.2+1.3 8.0£1.5 8.0+1.4 7.2+1.4 p <0.0005

Data are presented as mean + standard deviation. CSA, cross sectional area. The men had significantly larger CSA than the women.

* p <0.0001
t p =0.0004
+p<0.005
§p<0.01

|| p < 0.05 vs. women in the corresponding group by the Wilcoxon test.

https://doi.org/10.1371/journal.pone.0187765.t002

The CSAs showed a tendency to decrease with age, except for erector spinae at T12/L1 and
L1/2 in women by the Jonckheere-Terpestra test.

Distribution of Fl % of paraspinal muscles

Table 3 showed sex- and age-dependent distributions of FI % of paraspinal muscles. According
to sex, the women had a significantly higher FI % in comparison to the men in all muscles at
all intervertebral levels at all age strata, except for multifidus at the T12/L1 level in the 70-79
years-old group and the psoas major in the less than 50 years-old group. In terms of the effects
of age on FI %, the Jonckheere-Terpstra test showed that there was a statistically significant
trend towards higher median FI % with higher age strata in all muscles at all intervertebral lev-
els in both genders. The increasing tendency of the FI % of men was milder compared with
that of women in all muscles at all intervertebral levels, except for the erector spinae at the L4/
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Table 3. Distribution of Fl % of paraspinal muscles (%).

Erector spinae Men Total <50 50-59 60-69 70-79 =80 Jonckheere-Terpstra test
T12/L1 6.4+2.8 4.8+2.0 5.3+1.1 6.0+1.8 8.3+4.4 8.1+2.6 p <0.0005
L1/2 6.312.6 5.0+2.6 5.4+1.3 5.9+1.8 8.1+3.5 7.942.6 p <0.0005
L2/3 6.2+2.5 4.4+1.6 5.3+1.3 6.3+2.0 7.7£3.0 7.912.6 p <0.0005
L3/4 7.8+2.8 5.5+2.9 6.7+1.8 7.7%2.1 9.6+2.8 10.0+2.4 p <0.0005
L4/5 10.1£3.9 6.5%£1.7 8.2+2.0 10.1+£3.5 12.4+3.7 14.0+3.1 p <0.0005
Women Total <50 50-59 60-69 70-79 =80 Jonckheere-Terpstra test
T12/L1 8.5+4.9* 5.5+1.2% 6.6+1.8 * 7.7£3.0% 10.946.41 12.7£7.3 * p <0.0005
L1/2 8.2+4.2* 5.5+1.3% 6.5+1.8 % 7.6£2.7% 10.245.11 12.1£6.5 * p <0.0005
L2/3 8.2+3.7* 5.5+1.3* 6.8+2.1 * 7.7£2.7* 10.2+4.0* 11.745.1 * p <0.0005
L3/4 10.34+4.0* 6.7+1.5% 8.56x2.3 * 10.2+3.2* 12.4+3.8* 14.3+5.5 * p <0.0005
L4/5 12.9+4.7* 8.3+1.7* 10.7+¢3.2 * 12.9+3.7* 15.5+4. 5% 16.9+5.4§ p <0.0005
Multifidus Men Total <50 50-59 60-69 70-79 =80 Jonckheere-Terpstra test
T12/L1 11.64.6 7.3+1.8 9.7+3.1 11.4+3.5 15.1+5.3 15.4+3.6 p <0.0005
L1/2 9.2+4.0 5.9+2.0 7.6x2.7 8.6+2.4 12.1+4 1 13.1+4.4 p <0.0005
L2/3 7.8+3.3 5.4+1.5 6.3+1.9 7.5%2.4 10.0+4.3 10.7+3.7 p <0.0005
L3/4 7.7+3.8 5.4+2.2 6.0+2.1 7.1+2.8 9.6+4.8 11.8+3.9 p <0.0005
L4/5 8.7t4.4 5.811.6 7.11£2.2 7.913.2 11.2+4.6 13.4+6.1 p <0.0005
Women Total <50 50-59 60-69 70-79 =80 Jonckheere-Terpstra test
T12/L1 14.244.9*% 9.8+3.0* 12.4+3.4* 14.1+£3.8* 16.3+4.89 18.616.5|| p <0.0005
L1/2 11.815.0* 7.61£2.2* 9.7+3.2* 11.54£3.7* 14.045.3|| 17.345.8t p <0.0005
L2/3 10.615.3* 6.6+2.1% 8.4+3.1% 10.0+3.6* 13.415.7*% 15.917.8 * p <0.0005
L3/4 11.415.6* 6.5+1.9t 9.1+3.3* 11.0£3.8*% 13.915.4*% 17.548.6 * p <0.0005
L4/5 13.746.2* 7.9+2.2% 11.3+3.9*% 13.324.7% 16.416.2* 20.948.5* p <0.0005
Psoas major Men Total <50 50-59 60-69 70-79 =80 Jonckheere-Terpstra test
L4/5 8.7+3.0 8.3+4.2 8.8+3.9 8.4+2.4 8.9+2.1 9.8+2.0 p <0.0005
Women Total <50 50-59 60-69 70-79 =80 Jonckheere-Terpstra test
L4/5 9.9+2.7* 8.0+1.6%* 9.3+2.4|| 10.2+2.6* 10.7+2.91 10.7+2.3|| p <0.0005

Data are presented as mean + standard deviation. Fl %, fatty infiltration ratio. Women had a significantly higher FI % than men except for multifidus at the
T12/L1 level in 70-79 year-olds and the psoas major in less than 50 year-olds.

*p <0.0001

1 p <0.0005

$p<0.001

§p<0.01

||p<0.05

fp=0.12

*¥* p=0.21 vs. men in the corresponding group by the Wilcoxon test.

Fls had a tendency to increase with age according to the Jonckheere-Terpestra test.

https://doi.org/10.1371/journal.pone.0187765.t003

5 level and multifidus at the T12/L1 and L1/2 levels. According to muscle, the psoas major
showed the mildest tendency towards increased FI % of all three muscles at the L4/5 level in
both genders.

Association of FI % of paraspinal muscles with LBP

The differences in demographic characteristics and FI % between participants with and with-
out LBP are shown in Table 4. Concerning demographic characteristics, age was higher in the
group with LBP than in the group without LBP. For the FI % of paraspinal muscles, the FI % of
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Table 4. Differences in demographic characteristics and Fl % between groups of participants with
and without LBP.

LBP + LBP - p-value
No. of participants 308 488
Demographic characteristic
Gender female/male 215/93 340/148 0.968
Age (years) 64.9+12.5 62.6+13.5 0.014
Height (cm) 157.549.3 157.31+8.8 0.857
Weight (kg) 57.7+10.9 56.8+11.6 0.238
Body mass index (kg/m?) 23.2+3.6 22.8+3.7 0.132
Fl % of erector spinae (%)
T12/L1 8.315.4 7.5+3.7 0.01
L1/2 8.2+4.7 7.3£3.2 0.002
L2/3 8.1+4.1 7.3t3.0 0.003
L3/4 10.014.2 9.443.6 0.038
L4/5 12.514.9 11.9+4.4 0.06
Fl % of multifidus (%)
T12/L1 13.91£5.0 13.2+4.7 0.045
L1/2 11.6+5.1 10.8+4.6 0.019
L2/3 10.3+5.3 9.614.7 0.06
L3/4 10.845.5 10.045.3 0.043
L4/5 12.916.8 11.945.8 0.02
Fl % of psoas major (%)
L4/5 8.4+2.5 8.5+2.6 0.568

Data are presented as mean + standard deviation or as n. LBP, low back pain; Fl %, fatty infiltration ratio

https://doi.org/10.1371/journal.pone.0187765.1004

the erector spinae at T12/L1, L1/2, L2/3, and L3/4 levels and multifidus at T12/L1, L1/2, L3/4,
and L4/5 levels were higher in the group with LBP (p < 0.05). The FI% of psoas major was not
different between the LBP+ and LBP- groups.

On multivariable logistic regression analysis adjusted for sex, age, and BMI, a significant
association between FI % of the erector spinae at the L1/2 and L2/3 levels and LBP was identi-
fied, as shown in Table 5 (L1/2 level: odds ratio, 1.05; 95% confidence interval, 1.005-1.104;
L2/3 level: odds ratio, 1.05; 95% confidence interval, 1.001-1.113).

Discussion

We quantified CSA and FI % of the paraspinal muscles (erector spinae, multifidus, and psoas
major) using MRI in 796 men and women aged 19-93 years-old, and examined the association
between the presence of LBP and FI %. To the best of our knowledge, this is the first large-
scale, population-based study to examine the sex- and age-dependent distributions of CSA and
FI % in paraspinal muscles (erector spinae, multifidus, and psoas major). These changes may
reflect the normal aging process, which is important as a reference for future comparative
studies.

Little is known about normative degeneration of the lumbar paraspinal muscles, and com-
parisons with previous papers are limited. Only a few studies have examined age-related distri-
butions in lumbar paraspinal muscle size, and these studies have reported inconsistent
findings [11-13]. Takayama et al. investigated CSA of the paravertebral muscle using axial
T2-weighted MRI in 160 patients aged 10 to 88 years-old (10 male and 10 female participants
in each decade) with lumbar lordosis of more than 20°. CSA of the paravertebral muscle was
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Table 5. Association between Fl % of paraspinal muscles and LBP on multivariable logistic regres-
sion analysis.

Explanatory variable OR 95% CI p-value
Fl % of erector spinae (%)

T12/L1 1.03 0.996-1.076 0.079
L1/2 1.05 1.005-1.104 0.03
L2/3 1.05 1.001-1.113 0.045
L3/4 1.02 0.972-1.071 0.413
L4/5 1.01 0.973-1.055 0.53
Fl % of multifidus (%)

T12/L1 1.02 0.981-1.054 0.366
L1/2 1.02 0.984-1.06 0.268
L2/3 1.01 0.977-1.05 0.488
L3/4 1.01 0.979-1.048 0.453
L4/5 1.02 0.991-1.052 0.173
Fl % of psoas (%)

L4/5 1 0.951-1.058 0.895

Data were obtained via multivariable logistic regression analysis, after adjustment for age, sex, and body
mass index. Fl %, fatty infiltration ratio; LBP, low back pain; OR, odds ratio; Cl, confidence interval

https://doi.org/10.1371/journal.pone.0187765.1005

defined by manually tracing the fascial boundary of the multifidus and erector spinae; they
reported that CSA of the paravertebral muscle tended to decrease with age [11]. In agreement
with this study, our investigation showed a tendency toward decreased CSA of the paraspinal
muscles (erector spinae, multifidus, and psoas major) with age. On the other hand, Crawford
et al. examined the volume of the erector spinae and multifidus by 2-point Dixon 3T MRI in
80 healthy volunteers aged 20 to 62 years-old (10 male and 10 female participants in each
decade, one individual per sex older than 60 years of age), and they reported that muscle vol-
ume was age-independent [12]. The discrepancy among studies may be due to methodologic
differences in the measurement techniques (CSA versus volume), defined paravertebral
regions of interests, and study samples.

In terms of muscle composition, a few imaging studies have analyzed fatty infiltration in
the paraspinal muscles; they reported the presence of age-dependent progressive fatty infiltra-
tion [11,12,14]. Lee et al. investigated fatty infiltration of the paraspinal muscles (erector spi-
nae, multifidus, and psoas major) using CT in 650 patients without lumbar spinal symptoms
who underwent CT of the abdomen and pelvis, and reported that there was a tendency toward
progressive increase in fatty infiltration of the paraspinal muscles with age [14]. Our study
showed an increasing tendency of FI % of the paraspinal muscles with age; this finding agrees
with the above-referenced reports.

We found an age-related decrease in CSA and increase in FI % of the paraspinal muscles in
the Japanese population, suggesting progressive muscle atrophy and worsening of muscle qual-
ity as a part of the normative aging process. There are some plausible explanations behind the
occurrence of muscle degeneration with aging. Immobility [31], reduced nutrition [31], dener-
vation [32], inflammation [31,33], reduced levels of and responsiveness to growth hormone,
androgens, and insulin-like growth factor I [31,34-37], increased apoptosis [31,38], impaired
autophagy [31,39], and mitochondrial dysfunction [31,40] have been reported as the mecha-
nisms of muscle degeneration. There are multiple reasons for muscle degeneration, but the
pathophysiologic mechanism is poorly understood. Further investigations are warranted to
clarify the mechanism for muscle degeneration with aging.
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We showed that men had a larger CSA than women and women had a higher FI % than
men in the paraspinal muscles. These findings agree with previous studies [11,12]. In terms of
differences between sexes, it is interesting that CSA of women showed a more mild decrease
with age than that of men, and FI % of men showed a more mild decrease with age compared
to that of women. This finding may indicate that the degeneration of the paraspinal muscles
with aging tends to occur quantitatively in men and qualitatively in women.

In the present study, different patterns of age-dependent degeneration were identified in
the three muscles examined (erector spinae, multifidus, and psoas major). The psoas major
showed the least fatty infiltration. This finding is similar to that of a previous study. Lee et al.
reported that fatty infiltration in the psoas major was minimal, unlike the erector spinae and
multifidus [14]. It could be hypothesized that the psoas major is likely unaffected by age-
dependent degeneration.

Several studies reported the association between the size and fat content of the paraspinal
muscles and LBP [9,41,42]. Fortin et al. reviewed studies evaluating paraspinal muscle mor-
phology in patients with LBP and control patients, and reported that paraspinal muscles were
significantly smaller in patients with chronic LBP than in control patients [9]. Teichtahl et al.
investigated LBP, CSA, and fatty infiltration of the erector spinae and multifidus using MRI in
72 community-based individuals; they reported that fatty infiltration of the paraspinal muscles
was associated with LBP while the CSA was not [41]. In agreement with these studies, our
investigation showed an association between FI % of the erector spinae and LBP. However,
only the only erector spinae was associated with LBP, and the intervertebral levels showing a
correlation between FI % and LBP were only L1/2 and L2/3 on multiple logistic regression
analysis, despite the presence of fatty degeneration of all three muscles at all intervertebral lev-
els from T12/L1 to L4/5. In addition, the odds ratio was 1.05, which is not high. These findings
indicate that degeneration of the paraspinal muscles does not directly cause LBP. Although the
age-related degeneration of paraspinal muscles might not strongly correlate with LBP, these
findings contribute to our understanding of LBP.

The present study has several limitations. First, the CSA and FI% of paraspinal muscles was
measured using in-house developed software, which is not validated externally. However, the
image analysis method of our software is consistent with that of previous studies. In other
words, visible storage of lipids in adipocytes underneath the deep fascia of muscle, which
includes the visible storage of lipids in adipocytes located between the muscle fibers and also
between muscle groups, was detected as fatty infiltration of muscles [43]. Moreover, the intra-
class correlation coefficient of our method was substantially high for inter- and intra-observer
reliability. Thus, we believe that our image analysis method is reliable to detect the fatty infil-
tration of muscles. However, the smaller group of lipids stored within the muscle cells, which
are known as intramyocellular lipids, could not be detected in the present study [43]. Thisis a
major limitation of our study, and we would like to investigate this problem in a future study.
Second, although more than 800 participants were included in the present analysis, the study
population may not be representative of the general population because participants were
recruited from only one area of Japan. Third, this is a cross-sectional study, so we could not
clarify the natural history of paraspinal muscle degeneration and any causal associations
between LBP and anthropometric measurements. The Wakayama Spine Study is a longitudi-
nal survey, thus further progress will help elucidate the natural history and any causal associa-
tions. Fourth, the influence of level of physical activity was not considered. Individuals with
higher activity would be expected to have less fatty infiltration. Fifth, the definition of LBP is
different among many studies [29], and the observed association between paraspinal muscle
degeneration and LBP might change depending on the definition. We defined LBP as “LBP
present on most days during the past month, in addition to now” based on previous reports
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[25-29]. Sixth, the influence of physique was not taken into account. Generally, height and
body weight correlate with muscle mass. Taller individuals have longer bones and muscles and
heavier individuals require more muscle mass for movement, so they would be expected to
have greater muscle mass [13].

Conclusions

We measured the CSA and FI % of the paraspinal muscles (erector spinae, multifidus, and
psoas major) using MRI in a Japanese population of individuals ranging in age from 19 to 93
years-old. Our study showed an age-related decrease in CSA and increase in FI % in all mus-
cles in both genders, and that the patterns of the age-dependent degeneration were different
according to gender and type of muscles. These measurements of CSA and FI % of the para-
spinal muscles may be used as reference values for future comparative studies. Furthermore,
our study showed a significant association between FI % of the erector spinae in the upper
lumbar spine and LBP. Further investigations along with continued follow-up surveys will
continue to confirm the natural history of the paraspinal muscles and their association with
clinical symptoms of the lumbar spine.
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Abstract

Incidental durotomy (ID) is a common intraoperative complication of spine surgery. It can
lead to persistent cerebrospinal fluid leakage, which may cause serious complications,
including severe headache, pseudomeningocele formation, nerve root entrapment, and
intracranial hemorrhage. As a result, it contributes to higher healthcare costs and poor
patient outcomes. The purpose of this study was to clarify the independent risk factors that
can cause ID during posterior open spine surgery for degenerative diseases in adults. We
conducted a prospective multicenter study of adult patients who underwent posterior open
spine surgery for degenerative diseases at 10 participating hospitals from July 2010 to June
2013. A total of 4,652 consecutive patients were enrolled. We evaluated potential risk fac-
tors, including age, sex, body mass index, American Society of Anesthesiologists physical
status classification, the presence of diabetes mellitus, the use of hemodialysis, smoking
status, steroid intake, location of the surgery, type of operative procedure, and past surgical
history in the operated area. A multivariate logistic regression analysis was performed to
identify the risk factors associated with ID. The incidence of ID was 8.2% (380/4,652). Cor-
rective vertebral osteotomy and revision surgery were identified as independent risk factors
for ID, while cervical surgery and discectomy were identified as factors that independently
protected against ID during posterior open spine surgery for degenerative diseases in
adults. Therefore, we identified 2 independent risk factors for and 2 protective factors
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against ID. These results may contribute to making surgeons aware of the risk factors for ID
and can be used to counsel patients on the risks and complications associated with open
spine surgery.

Introduction

Incidental durotomy (ID) is one of the most frequent intraoperative complications of spine
surgery. The reported incidence of ID ranges from 1.6% to 16% [1-9]. Although many reports
have demonstrated good results after surgical repair of durotomies, serious problems second-
ary to durotomy have also been reported. They include severe headache, pseudomeningocele
formation, nerve root entrapment, arachnoiditis, and intracranial hemorrhage [7, 10-12]. Asa
result, ID can contribute to higher healthcare costs and poor patient outcomes [13, 14].

Previous studies have described the risk factors for ID. They include older age [1, 3, 5-7, 9,
15], female sex [5, 6], experience level of the surgeon [9], elevated surgical invasiveness [3],
lumbar surgery [3], revision surgery [1, 3, 15], pre-existing conditions such as degenerative
spondylolisthesis [6, 8], ossification of the posterior longitudinal ligament (OPLL) [16], and
synovial cysts [6]. However, some of these studies were performed retrospectively, at a single
institution, and/or were limited by a small sample size. Even studies with a large sample size
were inadequate for examining individual surgical procedures because they used a nationwide
database [5, 16]. High-quality studies based on a prospective design and a large sample size are
still needed.

The purpose of this study was to clarify the independent risk factors for ID during posterior
open spine surgery for degenerative diseases in adults. The study used a prospectively collected
multicenter data registry of more than 4,500 patients.

Materials and methods
Data source

From July 2010 to June 2013, a multicenter observational study of ID following posterior lum-
bar spinal surgery in adult patients was conducted in a prospective manner at 10 participating
Japanese hospitals. Detailed preoperative and operative information regarding patient demo-
graphics, medical comorbidities, surgical procedures, and adverse events were recorded post-
operatively through a standardized data collection form. This study was approved by the
institutional review boards of Saitama Medical University, Musashino Red Cross Hospital, the
University of Tokyo, Yokohama Rosai Hospital, Saitama Red Cross Hospital, Japanese Red
Cross Medical Center, Tokyo Metropolitan Komagome Hospital, Sanraku Hospital, Iwai
Orthopaedic Medical Hospital, and Sagamihara National Hospital. Because of the observa-
tional manner of the study, the institutional review boards of the 10 participating hospitals
waived the need for consent from individuals. The opt-out information was available at the fol-
lowing URL (http://www.saitama-med.ac.jp/kawagoe/050thers/hec/index.html). The collected
patient records and information were anonymized and de-identified prior to analyses.

Patient population

Patients who underwent posterior open spine surgery for degenerative diseases were included.
We excluded patients younger than 20 years of age and those who underwent endoscopic

PLOS ONE | https://doi.org/10.1371/journal.pone.0188038 November 30, 2017 2/8

202


http://www.saitama-med.ac.jp/kawagoe/05others/hec/index.html
https://doi.org/10.1371/journal.pone.0188038

@’PLOS | ONE

Risk factors for incidental durotomy during spine surgery

or percutaneous surgery or open surgery for other conditions, such as infection, tumor, and
trauma.

Study measures

The recorded patient characteristics included age, sex, body mass index (BMI), American Soci-
ety of Anesthesiologists (ASA) physical status classification, presence of diabetes mellitus, the
use of hemodialysis, smoking status, steroid intake, location of the surgery (cervical, thoracic,
and/or lumbosacral), type of operative procedure (laminectomy/laminoplasty, discectomy,
posterior lumbar interbody fusion [PLIF], posterolateral fusion [PLF], and corrective vertebral
osteotomy [CVQ]), use of instrumentation, and past surgical history in the operated area. We
defined “incidental durotomy” as an inadvertent tearing of the dura during surgery with cere-
brospinal fluid (CSF) extravasation or bulging of the arachnoid layer.

Statistical analysis

We analyzed the relationship between ID and potential risk factors. The Student t-test was
used to compare the means of the continuous variables between the ID and non-ID groups.
For categorical values, the Pearson’s chi-squared test was used to assess the differences in the
proportions between the two groups. Relative risks (RRs) and 95% confidence intervals (Cls)
were calculated using univariable and multivariable logistic regression analyses. All study vari-
ables that have previously been identified as significant risk factors were considered as poten-
tial confounders. We entered these variables into the multivariable logistic regression model
in order to adjust for potential confounding. The variance inflation factor (VIF) was used to
check for multicollinearity in the model. Statistical analysis was performed using SPSS Statis-
tics version 20 (IBM Corporation, Armonk, NY). A P value of 0.05 was considered to indicate
statistical significance.

Results

The demographic characteristics of the 4,652 patients included in the study are shown in Table 1.

The total incidence of ID after surgery was 8.2% (380 cases). With respect to demographic
characteristics, age, female sex, lumbosacral surgery, PLIF, CVO, and revision surgery have
been described as potential risk factors for ID, while smoking, cervical surgery, laminectomy
or laminoplasty, and discectomy have been described as potential protective factors. These
results are similar to those that we obtained with the univariable logistic regression analysis
(Table 2).

Table 3 shows the results of the multivariate logistic regression analysis. When we included
all of the factors in the multivariate analyses, the VIF value of laminectomy/laminoplasty was
56.6, and the VIF values of discectomy, PLIF, and PLF exceeded 10. This calculation showed
multicollinearity between these factors [17]. This multicollinearity is understandable because,
in this study, the meaning of “no PLIF nor PLF” and “Laminectomy/laminoplasty” were quite
similar.

Therefore, we excluded laminectomy/laminoplasty from the multivariate analyses. In this
model, none of the VIF values exceeded 10, indicating that there was no collinearity in the
model [17] (Table 3).

The results suggested that CVO (P = 0.02, odds ratio [OR] = 3.17, 95% confidence interval
[CI]: 1.19-7.99) and revision surgery (P<0.0001, OR = 2.04, 95%CI: 1.55-2.67) were indepen-
dent risk factors for ID, while cervical surgery (P = 0.0004, OR = 0.33, 95%CI: 0.18-0.60) and
discectomy (P = 0.01, OR = 0.55, 95% CI: 0.33-0.89) were independent protective factors
against ID.
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Table 1. Demographic characteristics of the ID group and Non-ID group.

Characteristic
Age (years), mean+SD
Male sex, n (%)

Body mass index (kg/m?)
ASA score, n (%)
1or2
>3
Diabetes mellitus, n (%)
Hemodialysis, n (%)
Smoking, n (%)
Steroid use, n (%)
Anatomic location of the surgery, n (%)
Cervical
Thoracic
Lumbosacral
Operative procedure, n (%)
Laminectomy/laminoplasty
Discectomy
PLIF
PLF
CvVOo
Surgical variables
Instrumentation
Revision surgery

ID group (n = 380) Non- ID group (n = 4272) Pvalue
67.7+12.5 66.0+13.5 <0.01
196 (51.6) 2608 (61.0) <0.01

23.943.7 24.0+3.7 0.73
349 (91.8) 3846 (90.0) 0.24
31(8.2) 426 (10.0) 0.24
46 (12.1) 586 (13.7) 0.35
10 (2.6) 178 (4.2) 0.14
35(9.2) 544 (12.7) 0.028
6(1.6) 109 (2.6) 0.23
33(8.7) 947 (22.2) <0.01
4(1.1) 88 (2.1) 0.18
316 (83.2) 3076 (72.0) <0.01
149 (39.7) 2242 (52.5) <0.01
23(6.1) 460 (10.8) <0.01
165 (43.4) 1154 (27.0) <0.01
32 (8.4) 385 (8.9) 0.70
11 (2.9) 33(0.77) <0.01
202 (53.2) 1560 (36.5) <0.01
87 (22.9) 491 (11.5) <0.01

ID, incidental durotomy; SD, standard deviation; ASA, American Society of Anesthesiologists; PLIF, posterior lumbar interbody fusion; PLF, posterolateral

fusion; CVO, corrective vertebral osteotomy

https://doi.org/10.1371/journal.pone.0188038.t001

Discussion

In this study, we identified independent risk factors for and protective factors against ID
occurring during posterior open spine surgery for degenerative diseases in adults, using a pro-
spective multicenter research study.

Several studies have demonstrated that ID is less likely to occur during cervical surgeries
than in thoracic or lumbosacral ones [4, 8]. This result is one that many surgeons can under-
stand. In lumbosacral surgeries, surgeons are more likely to manipulate and retract the dura
around the cauda equina instead of the spinal cord itself, which may lead to an increased risk
of ID. In terms of anterior cervical surgery, Hannallah reported that ossification of the poste-
rior longitudinal ligament (OPLL) caused the highest risk of ID (13.8 times) because of its
adhesion to the dura [18], which are most commonly encountered in anterior approaches to
the cervical spine. In this study, we only examined the posterior approach, which diminished
the incidence of ID in cervical surgeries.

Discectomy, which is a relatively common and less invasive procedure, was proven to be a
protective factor against ID in this study. This result is consistent with those in previous studies
that showed that ID was less likely to occur in discectomy than in lumbar spinal decompres-
sion [19, 20].

Regarding CVO, this is the first study to evaluate the association between CVO and ID
using a prospective multicenter design. CVO is relatively rare surgery; therefore, it is
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Table 3. Multivariable logistic regression analyses for ID during posterior open spine surgery.

Characteristic
Age

Female sex
Body mass index
ASA score >3
Diabetes mellitus
Hemodialysis
Smoking

Steroid intake
Cervical surgery
Thoracic surgery
Lumbosacral surgery
Discectomy

PLIF

PLF

CVO
Instrumentation
Revision surgery

ID, incidental durotomy; OR, odds ratio; Cl, confidence interval; ASA, American Society of Anesthesiologists; PLIF, posterior lumbar interbody fusion; PLF,

Table 2. Univariable logistic regression analyses for ID during posterior open spine surgery.

Characteristic
Age
Female sex
Body mass index
ASA score >3
Diabetes mellitus
Hemodialysis
Smoking
Steroid intake
Cervical surgery
Thoracic surgery
Lumbosacral surgery
Laminectomy/laminoplasty
Discectomy
PLIF
PLF
CVO
Instrumentation
Revision surgery

OR (95% ClI)
1.01 (1.00-1.02)
1.47 (1.19-1.81)
0.99 (0.97-1.02)
0.80 (0.55-1.17)
0.87 (0.63-1.19)
0.62 (0.33-1.19)
0.69 (0.49-0.99)
0.61 (0.27—1.40)
0.33 (0.23-0.48)
0.51 (0.19-1.39)
1.92 (1.46-2.54)
0.580.47-0.72)
0.53 (0.35-0.82)
2.08 (1.68-2.57)
0.93 (0.64—1.35)
3.83 (1.92-7.64)
1.97 (1.60-2.44)
2.28 (1.77-2.96)

Pvalue
0.026
<0.001
0.46
0.26
0.38
0.15
0.046
0.25
<0.001
0.19
<0.001
<0.001
0.004
<0.001
0.7
<0.001
<0.001
<0.001

ID, incidental durotomy; OR, odds ratio; Cl, confidence interval; ASA, American Society of

Anesthesiologists; PLIF, posterior lumbar interbody fusion; PLF, posterolateral fusion; CVO, corrective

vertebral osteotomy

https://doi.org/10.1371/journal.pone.0188038.1002

OR (95% CI)
1.00 (0.99-1.01)
1.25 (0.998—1.57)
0.99 (0.97-1.01)
0.93 (0.59-1.43)
0.93 (0.66—1.28)
0.63 (0.28-1.28)
0.85 (0.58—1.23)
0.52 (0.20-1.11)
0.33 (0.18-0.60)
0.38 (0.11-1.05)
0.78 (0.49-1.28)
0.55 (0.33-0.89)
1.70 (0.91-3.06)
1.05 (0.52-2.02)
3.17 (1.19-7.99)
0.81 (0.46—1.50)
2.04 (1.55-2.67)

posterolateral fusion; CVO, corrective vertebral osteotomy

https://doi.org/10.1371/journal.pone.0188038.t003

Pvalue
0.82
0.052
0.58
0.76
0.65
0.21
0.41
0.10
0.0004
0.06
0.32
0.01
0.09
0.89
0.02
0.50

<0.0001

VIF value
1.34
1.13
1.04
1.38
1.03
1.35
1.08
1.02
5.81
1.52
5.92
1.48
7.59
3.59
1.40
8.44
1.07
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difficult to detect this procedure as a risk factor for ID. This multicenter, large-sample study
could have allowed detection of this surgery as a risk factor. CVO involves pedicle subtrac-
tion osteotomy and posterior vertebral column resection. In addition to the resection of
posterior elements, these procedures also require resection of pedicles, vertebral bodies,
and discs, as well as reconstruction of the spinal column with cages and pedicle screw fixa-
tion. The high surgical invasiveness and complexity of the procedure may be related to its
increased risk of ID.

Many reports have described revision surgery as a significant risk factor for ID [1, 3, 15].
This result is also not altogether surprising for many surgeons. Prior surgeries can cause dural
adhesions. Moreover, the absence of normal tissues attributed to prior surgeries can lead to
the loss of landmarks during surgery. These atypical conditions could obfuscate anatomy and
result in an increased risk of ID.

According to our multivariate analysis, women were 1.25-fold more likely than men to
experience ID, and had the tendency to be an independent risk factor (P = 0.052, 95%CI:
0.998-1.57). Two previous reports have described female sex as a risk factor for ID [5, 6]; how-
ever, neither explained the reasons for this finding. Hong et al. analyzed dural sac thickness in
the human spine and concluded that the dural sac tended to be thinner in women than in men
[21]. In order to evaluate the association of female sex with ID more precisely, additional high-
quality studies with a large sample size are needed.

Knowing these factors associated with increased risk of ID is very important, because they
sometimes can cause large lacerations that cannot form sufficiently strong watertight seals,
which can lead to severe complications. Khong et al. described a cerebellar hemorrhage caused
by ID during PLIF [11]. Ryan et al. described intracranial hemorrhages following ID during
pedicle subtraction osteotomy and revision arthrodesis, respectively [10]. Indeed, while repair-
ing the dura after ID is important, being conscious of these risk factors and trying to avoid ID
is even more important.

There are several limitations of this study. First, ID in this study only included durotomies
detected during the surgery, and therefore did not include cases in which durotomy was specu-
lated based on CSF leakage or severe headache after surgery. Thus, undetected durotomies
might have occurred. Second, this study did not account for several factors, such as experience
level of the surgeon, spondylolisthesis, or synovial cysts, which were described as risk factors
for ID in some studies [9]. In addition, the occurrence of a selection bias during patient enroll-
ment cannot be eradicated. However, we sought to minimize this bias by enrolling consecutive
patients from multiple centers, not from a single center.

Conclusions

In conclusion, this prospective, multicenter study of 4,652 patients used a multivariate analysis
and identified CVO and revision surgery as independent risk factors for ID, while cervical sur-
gery and discectomy were shown to be independent factors protecting against ID during pos-
terior open spine surgery for degenerative diseases in adults. By being aware of these risk
factors, surgeons could avoid factors leading to ID during surgery. Moreover, surgeons could
explain the risks and complications to patients preoperatively.
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Abstract

Objective: The maintenance of a balance between work and disease treatment is an important issue in Japan.

This study explored factors that affect collaboration between occupational physicians (OPs) and attending

physicians (APs).

Methods: A questionnaire was mailed to 1,102 OPs.  The questionnaire assessed the demographic

characteristics of OPs; their opinions and behaviors related to collaboration, including the exchange of

medical information with APs; and the occupational health service system at their establishments.

Results: In total, 275 OPs completed the questionnaire (25.0% response rate).  Over 80% of respondents

believed OPs should collaborate with APs.  After adjusting for company size, collaboration >10 times/year

(with regard to both returning to work following sick leave and annual health check-ups for employees) was

significantly associated with environmental factors, such as the presence of occupational health nurses (odds

ratio (OR): 5.56 and 5.01, respectively, p<0.05) and the use of prescribed forms for information exchange

(OR: 4.21 and 3.63, respectively, p<0.05) but not with the demographic characteristics of the OPs (p>0.05).

Conclusions: The majority of OPs believed that collaboration with APs is important for supporting workers

with illnesses.  Support systems including prescribed forms of information exchange and occupational

health nurses, play pivotal roles in promoting this collaboration.
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Introduction

Recently, the maintenance of a balance between work and disease treatment has become a major social issue

5)

in Japan because of the aging labor force and low birth rate 1-9) " Collaboration between attending

physicians (APs) and occupational physicians (OPs) is important for supporting workers with mental and/or

physical illnesses 3-6),

In 2016, the Japanese Government and the Ministry of Health, Labour, and Welfare
of Japan published guidelines for balancing work and disease treatment in the workplace 0. According to
these guidelines, collaboration between OPs and APs through employee-approved medical information
exchange is important.

Such collaboration has two major goals: to ensure that treatment is accessible to employees and to

6-11)

allow employees to continue working despite their illness The former goal includes providing

educational support to workers with non-communicable diseases, such as diabetes, helping them adhere to

treatment recommendations, and preventing future complications 69 The Clinical Guide for Diabetes

issued by the Japan Diabetes Society (2016) 9 recommends collaboration between APs (diabetes specialists)

and OPs.  The latter goal includes supporting the return to work of patients with chronic diseases, such as

3-6,10, 11)

cancer, mental health disorders, and stroke One of the integral roles of OPs are the

assessment and management for employees’ fitness for work in order to identify any difficulties
12-14)

resulting from diseases suffered, which could occur when workers hope to return to work

OPs play indispensable roles in evaluating the fitness for work for specific tasks, ensuring a
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satisfactory fitness between workers and their jobs, and enabling them to undertake their work
safely and effectively.  In this context, exchanging information on workers’ health condition is
essential for OPs, and collaboration between OPs and APs is one of the most important support systems for

employees on sick leave who want to return to work H-18)  Information provided by APs is beneficial to

OPs and allows them to adjust workplace environments according to the employee’s specific needs and

disabilities 1012,

The importance of collaboration between OPs and APs has been highlighted in European countries,
where primary healthcare and occupational health are integrated 1928) " In 2010, the United Kingdom
implemented the Statement of Fitness for Work (Fit Note) 29), which stipulates that general practitioners

(GPs) provide support to workers who wish to return to work following sick leave; its focus is on facilitating

the integration of their diseases or disabilities into their work 3032) " Basedona survey in the United

Kingdom, GPs showed low levels of interest in collaboration, possibly due to a lack of knowledge or

confidence 31, However, a past study from France noted that the majority of GPs had positive opinions

regarding collaboration 19) Therefore, several educational workshops have been implemented to help GPs

achieve ideal outcomes from the Fit Note >>9),

Collaboration between OPs and APs is most effective for the purpose of early returning to work as

15-18, 37)

well as for preventing non-communicable diseases Several European studies explored the impact

15) 6)

of collaboration on early return to work in patients with cancer "~/, mental disorders ! , and musculoskeletal

6
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17, 18)

disorders Three randomized control trials (RCTs) on mental disorders and orthopedic diseases

demonstrated the effectiveness of collaboration for shortening the illness-related absence period 16-18)

However, one RCT evaluating female cancers did not show a significant benefit, which may be explained by

the small sample size 15 From the perspectives from an article in Japan, multifaceted interventions

37).

including collaboration improved adherence to diabetes treatment recommendations Based on these

results, collaboration between OPs and APs is highly recommended in the Clinical Guide for Diabetes

formulated by the Japan Diabetes Society (2016) 9. However, several studies have shown that current

19, 20, 38-41)

models of collaboration are not effective and require improvement Specific barriers may

explain this ineffectiveness; for example, APs may have a poor understanding of OP roles, or support

5,19, 39, 40)

measures may be insufficient for APs and OPs Support systems for APs, including an

educational introduction to Fit Note and access to medical social workers, are known to promote

5,34, 36, 39, 40, 42)

collaborative behavior However, although a past report showed that occupational health

nurses play a supportive role for OPs with respect to health promotion activities at Japanese worksites, it

43). Based on

remains unclear whether similar support systems facilitate collaborative behavior by OPs
these studies, we formulated the following hypotheses.  First, collaborative attitudes on the parts of OPs
may be associated with supportive measures, such as the involvement of occupational health nurses and

information exchange. Second, these measures may be independent of the size of worksites or the

demographic characteristics of the OPs.
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The primary objective of this cross-sectional study was to determine how support systems and other

factors affect OP collaborative behavior toward APs.  Additionally, we explored whether guidelines, which

may be also useful at small worksites, promoted communication and encouraged collaboration between APs

and OPs.  Therefore, the aims of this study is to identify factors that may affect collaboration between OPs

and APs.

Subjects and Methods

Data Collection

An anonymous questionnaire was mailed to 1,102 all the members of the Expert Community of

Occupational Health Physicians of the Japan Society for Occupational Health in November 2015.  This

society is the largest academic organization of occupational medicine in Japan and the members of its expert

community of occupational health physicians are professionals including full-time occupational physicians,

part-time occupational physicians whose specialty is occupational medicine, and occupational medicine

researchers working as part-time occupational physicians.  Therefore, this cohort depicts the opinions and

behavior of professional occupational physicians in Japan.  The questionnaire focused on opinions and
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behaviors related to collaboration, including the exchange of medical information, between OPs and APs as

well as on corporate occupational health service systems.

Questions addressed the demographic characteristic of OPs, and eight items solicited their opinions

toward collaboration with APs (see Table 2) in the service of supporting employees’ return to work

following sick leave, preventing diseases, and facilitating collaboration.  Each question relied on a four-

point Likert scale consisting of ‘strongly agree,” ‘agree,” ‘disagree,” and ‘strongly disagree.’

The questionnaire also addressed the OPs’ workplaces and support measures (see Table 3), including

company size, the presence of occupational health nurses, and the circumstances under which companies

require OPs to collaborate with APs.  Furthermore, in order to evaluate the behaviour of collaboration with

APs, the frequencies of collaboration was examined under the situation of their return-to-work and of

examining their annual health check-ups.  Collaboration and/or medical information exchange was defined

as the exchange of documents or face-to-face/telephone communication about various topics, including

employees’ medical conditions, medications, and plans for treatment or return to work. ~ Since many OPs,

especially part-time OPs may work for several companies at the same time in Japan, we instructed

respondents of the questionnaire to select one specific workplace at their wills and answer all the other

questions in the same specific workplace such as the presence of occupational health nurses or prescribed

forms for collaboration.  Based on this instruction, respondents of this questionnaire answered actual

collaborative times of information exchange with employees’ APs per year, which enabled us to analyze
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148  collaborative behavior and its related supportive factors precisely. The Research Ethics Committee for the

149  Faculty of Medicine at Juntendo University approved this study (No.2015076).  All the participants of this

150  study were informed and consent on documents to the purposes of the research.

151

152 Statistical Data analysis

153  To examine the factors affecting the annual frequency of collaboration between OPs and APs, answers

154  submitted by retired OPs were excluded from the statistical analyses (Table3 and 4). We divided

155  respondents into two groups according to the presence or absence of several factors and compared the

156  difference in the frequency of collaboration between the two groups using a t-test.  Logistic regression

157  analysis was also used to calculate the odds ratios (ORs) with confidence intervals (CIs) for collaboration

158  with APs more than or equal to 10 times per year. ~We set the cutoff value as 10 because the average and

159  standard deviation of the distribution of collaboration times a year in returning-to-work was 9.2 and 10.1

160  respectively, and in health check-ups they were 12.5 and 11.7 respectively.  In this analysis, the values of

161  the odds ratios were adjusted for company size, and the data were converted into a binomial format

162  depending on the number of employees (>500 employees = 1 and <500 =0).  Our rationale for this

163  approach was that larger companies, with more than 1,000 workers, generally have occupational health

164  support due to legal requirement in Japan (34, 35), which may be a confounding factor. From our

165  database, the percentages of the presence of occupational health nurses in small and large sized companies
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were 48.9 % and 95.6 % respectively if the cutoff value was 500, while they were 63.4 % and 96.6%

respectively if the cutoff value was 1,000.  Therefore, we set the cutoff value was to be 500 in order to

highlight the influence by the difference of presence or absence of supportive system.  OP experience was

converted into a binomial value (>10 years = 1 and <10 years = 0).  As for opinions about collaboration,

answers as ‘strongly agree’ were compared to other answers in order to contrast OPs ideas more clearly.

Analyses were performed IBM SPSS Statistics 22.

Results

In total, 275 OPs completed the questionnaire (response rate of 25.0%).  Table 1 presents participants’

characteristics about their personal and professional information. ~ Males accounted for three-quarters of the

respondents.  The most common length of experience for medical physicians was 21-30 years, followed by

>30 years. The length of experience among OPs was most commonly < 10 years, followed by 11-20

years.  Approximately 60% of respondents were Occupational Health Physicians certified by Japan Society

for Occupational Health.  Additionally, approximately 55% of respondents were certified as Occupational

Health Consultants through the Ministry of Health, Labour, and Welfare of Japan, while approximately 30%

of respondents lacked either certification. The questionnaire revealed that 48% of participants were

certified as Clinical Medicine specialists (Internal Medicine, 25.5%; Surgery, 11.6%), whereas 54% of

11
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participants were not.  Additionally, we found that the OP respondents predominantly worked part-time;

this was followed by those who worked full-time or were retired.

Table 2 shows the responses from 275 OPs regarding collaboration with APs to support and

enable employees to maintain a balance between work and disease treatment. The majority of OPs had

affirmative opinions regarding the necessity and value of collaboration with APs in several situations,

including the return to work following sick leave and the prevention of disease exacerbation.  Furthermore,

approximately 90% of respondents had positive views about the importance of occupational health nurses

and other occupational health staff members and valued the development of strong relationships with APs.

Most respondents believed that APs would be more likely to collaborate with OPs if the National Health

Care Service Systems provided compensation.

To increase our understanding of the dynamics of collaboration between OPs and APs, the

number of collaborations per year and affecting several factors were analyzed as shown in Table 3.  This

enabled us to compare the tendency of collaboration behavior between different groups of OPs.  We

hypothesized that collaboration was influenced by the individual backgrounds of OPs, such as their length of

experience as an OP and whether they had a specialization in Occupational or Clinical Medicine.

However, the specific demographic characteristics of the OPs were not associated with the frequency of

collaboration. Respondents who strongly agreed with the importance of collaboration between APs and

OPs regarding workers returning to work following leave for mental health disorders and with the usefulness

12

221



202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

of collaboration to prevent exacerbation of diseases collaborated more frequently.  On the other hand,

strongly positive opinions regarding the importance of collaboration about individuals returning to work

following a physical disease and the usefulness of collaboration for improving the effectiveness of treatment

were not associated with collaboration frequency.  Additionally, most support measures for OPs at

companies were significantly associated with the frequency of collaboration.  These support measures

included the size of the company, the involvement of occupational health nurses, and the presence of specific

prescribed forms for collaborating in cases of employees returning to work following sick leave and

preventing disease exacerbation. However, we found that company-mandated AP—OP collaboration did

not result in more collaboration than that did the absence of such mandates.

In order to adjust for company size, which can be a confounding factor against collaboration

frequency, we used a logistic regression model.  Table 4 shows the adjusted odds ratios (ORs) with 95%

confidence intervals (CIs) for collaborating (i.e., information exchange) at least 10 times per year about

employees returning to work following sick leave and about annual health check-ups. We observed a

significant relationship between the frequency of collaboration between OPs and APs and the former’s

positive opinions about the importance of collaboration for employees returning to work with mental health

disorders and/or physical diseases (OR: 2.43, 95% CI: 1.19-4.95; OR: 2.23, 95% CI: 1.21-4.12,

respectively).  In terms of collaboration about annual health check-ups, there were also significant

associations between the frequency of collaboration and the OPs’ positive opinions regarding the importance

13
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of collaboration to prevent disease exacerbation and to establish a good relationship with APs (OR, 2.04,

95% CI: 1.14-3.65; OR, 1.89, 95% CI: 1.06-3.36, respectively).  Surprisingly, several environmental

factors (e.g., support for OPs) had a stronger effect on collaboration than did the factors discussed

previously.  Collaboration related to returning to work was significantly associated with the presence of

occupational health nurses and the presence of prescribed forms for collaboration about returning to work

(OR: 5.56, 95% CI: 1.20-25.8; OR: 4.24, 95% CI: 2.01-8.82, respectively).  Collaboration during annual

health check-ups was also significantly related to the presence of occupational health nurses and the presence

of prescribed forms for collaboration to support disease prevention or exacerbation (OR: 5.01, 95% CI: 1.37—

18.3; OR: 3.63, 95% CI: 1.94-6.79, respectively). By contrast, other factors (e.g., the backgrounds of OPs)

were not associated with collaboration.  As shown above, environmental factors, such as the involvement

of occupational health nurses and guidelines including prescribed forms for collaboration, exerted significant

effects that were independent of those exerted by company size.

Discussion.

This is the first report showing that support measures for OPs, such as guidelines including prescribed forms

for information exchange and the involvement of occupational health nurses, play important roles in

fostering collaboration with APs.  More importantly, these measures increased the frequency of

collaboration regardless of company size as illustrated in Table 4.  These support measures were effective
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in situations such those involving employees returning to work and follow-up of annual health check-ups.

Furthermore, collaboration frequency was more strongly affected by these factors than by the opinions of

OPs and APs.  The individual demographic characteristics of OPs, including their experience and specialty,

were not associated with collaboration frequency.  As for the measurement of collaboration frequencies,

data in Table 3 were strongly influenced by working hours as OPs because we did not adjust them. It is

true that most items regarding environmental factors shown in category III in Table 3 were influenced by

working hours as OPs, working type as OPs (full-time or part-time), and company size. ~ On the other hand,

most items about OPs’ individual background as category I and opinions about collaboration as category 11

in Table 3 were not associated with these factors since there were no difference in distribution of working

hours, working type, and company size between two groups of respondents of Yes or No for corresponding

items.  In order to standardize of this confounding factor, we adjusted company size when we calculate the

adjusted odds ratio in Table 4.  One of the main purposes of this research is identifying factors which are

determinant for promoting collaboration especially in small sized companies.  Therefore, we adjusted

company size, which has positive relationship with working hours as OPs, and this enabled us to evaluate

frequencies of collaboration without this confounding factor. ~ Our findings suggest that the establishment

of a supportive company environment for OPs is the most effective approach to encouraging OPs to

collaborate with APs.
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As shown in Table 2, more than 70% of OPs strongly agreed that collaboration with APs is a

necessity; this was viewed as particularly important for employees returning to work following sick leave for

mental health disorders and for preparing for medical emergencies. These data may be explained by the

implementation of the Japanese Government’s Health Care Policy in 2009, which strongly recommends

collaboration between OPs and APs as well as the establishment of rehabilitation institutions to support the

return of employees with mental health disorders to work. =~ We found that more than 50% of respondents

strongly believed that cooperation between OPs and APs is important for supporting the return to work of

employees with chronic physical diseases who are receiving treatment as well as for preventing the

exacerbation of diseases following health check-ups.  Although most OPs recognized the value of

collaboration with APs, the frequency of collaboration differed depending on the OP’s personal

characteristics. ~ While the OP’s individual background (e.g., years of experience and specialty) was not

associated with the frequency of collaboration, both strongly positive opinions toward collaboration and a

supportive corporate environment were significantly associated with collaboration, as shown in Table 3 and

Table 4. These results suggest that a positive opinion of collaboration is associated with promoting

collaboration between OPs and APs, supporting employees with mental health disorders returning to work,

and trying to prevent disease exacerbation following annual health check-ups.  These findings are in

agreement with several other reports showing that educational interventions were effective in promoting

5,34, 36, 39, 40, 42)

collaborative behaviors among physicians These collaboration between occupational
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284

285

286

287

288

289

290

and clinical medicine comprises cooperation between OPs and other categories of physicians such as

5,11,23-28)

specialists, general practitioners, and rehabilitation clinicians Generally, larger companies

43,49 In order to

have more advanced benefit programs and better systems of occupational healthcare

accurately evaluate the effect of support measures on collaboration, adjustments for company size were

performed using a logistic regression model.  These analyses showed that the presence of occupational

health nurses and guidelines for collaboration including prescribed forms of information exchange were

significantly associated with the frequency of collaboration, even after adjusting for company size, as shown

in Table 4. Considering that the adjusted odds ratios (aORs) for support measures were greater than those

for highly positive opinions on collaboration, communication facilitation tools, which can be used by OPs to

communicate with APs, may be more effective than educational tools for promoting the exchange of

information.  These results highlight the importance of implementing support measures in the occupational

health system.  Furthermore, when we adjusted for confounding factors in addition to company size, such

as the presence of occupational health nurses and guidelines on collaboration, using multiple logistic

regression analysis, we found that the adjusted odds ratios (aORs) for the presence of occupational health

nurses and guidelines including prescribed forms with regard to collaboration for the purpose of supporting a

return to work were 4.4 (95% CI: 1.0-21) and 3.9 (95% C.I: 1.9-8.2), respectively.  Similarly, the adjusted

odds ratios (aORs) for following up on annual health check-ups were 3.5 (0.9-13) and 3.3 (1.7-6.1),

respectively.  The association between the presence of occupational health nurses and health promotion
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300
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303

304

305

306

307

308

activities at worksites was suggested in a report from Japan 43),

From the viewpoint of collaboration
between workplaces and medical institutions, occupational health nurses play an important role in the
cooperative behavior of OPs with APs.  From our analysis, occupational health nurses arrange the
collaboration such as preparing for information exchange letters or sometimes they accompany employees’
visits to APs with letters from OPs, and perhaps write up forms to APs on behalf of OPs (data not shown).
These roles of occupational health nurses may be effective in cooperation between OPs and several types of
physicians such as specialists and general practitioners in medical institutions or rehabilitation institutions >

11,23-28)  As for the presence of prescribed forms of collaboration, it definitely reduces the burden for OPs

to write up documents to APs and promote the collaboration behavior.  From the facts and considerations

above, both occupational health nurses and prescribed forms on collaboration were independent factors

associated with increased OP—AP collaboration.

It is important for OPs to obtain medical information directly from APs to plan for an employee’s

return to work and to refer employees to APs (specialists) to prevent disease exacerbation. However, the

workload of OPs has increased, partly due to the introduction of the obligatory Brief Job Stress

Questionnaire check-ups in Japan.  Therefore, efficient and convenient support systems for the exchange of

medical information between OPs and APs are required.  In our survey, 85.9% of large companies with at

least 200 employees had support systems for employees returning to work, whereas only 64.6% of smaller

companies with fewer than 200 employees had such support systems available. = There may be several
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317

318

319

320

321

322

323

324

325

326

barriers to the implementation of new occupational health support systems, such as hiring occupational
health nurses, which is especially challenging for small companies due to the high costs.  On the other
hand, the implementation of guidelines including prescribed forms on information exchange is a promising
approach to the promotion of collaboration in view of its low cost.

Supervisors must understand employees’ health conditions to facilitate the ability of the latter to
balance work and disease treatment ~. Although the exchange of medical information between OPs and
APs is useful for employees, some employees may not want anyone to have access to their health
information.  Therefore, the guidelines published by the Japanese Government 6) emphasize that employee
agreement is always required for APs and OPs to exchange medical information.  Explicit consent (e.g., a
signature on documents outlining information exchange) may remove barriers to medical staffs (including
APs) who have their activities restricted by confidentiality issues. ~ Additionally, as of 2017, the
government healthcare insurance system in Japan does not provide payment to APs for preparing such
documents as a Fit Note. Based on our pilot survey of 282 APs who were members of the Tokyo Medical
Association, the average ideal rewards for preparing a document (e.g., a Fit Note) was 3,475 yen (data not
shown here, prepared for submitting another articles).  The provision of appropriate rewards to APs for
information exchange could improve the collaborative environment.

The number of cancer survivors is increasing in Japan, and it is important to provide support for

these individuals in both workplaces and medical institutions.  In medical institutions, the development of
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343

344

positive attitudes and behaviors by APs (oncologists) in relation to collaborating with patients’ workplace

depended on the availability of support measures 5), which was consistent with our results regarding OPs in
the workplace.  In Japan, the length of the approved sick leave of most employees depends on the
company, but most companies guarantee at least 3 to 6 months if they are regular employment, after which

more than half of patients with gastric, colon, and genital cancers who want to continue their job can return

to the workplace 3. Forthe support of returning-to-work of contractual employment workers, we propose
that legal requirement be necessary for the guarantee of the same period sickness absence, which enables
OPs to take advantage of support system for collaboration.  Based on our results, guidelines including

prepared fixed documents are definitely useful for employees who are returning to work with these cancers

1 Support measures and collaboration (including with rehabilitation institutions) are also required for

. 4 . .. . .
stroke survivors ¥, Moreover, OPs can function as generalists in the workplace, as some physical diseases

45, 46)

(e.g., chronic musculoskeletal disorders), including mental disorders , are strongly associated with

psychosocial factors, and cancer survivors often experience mental health issues, such as sleep disorders 47-

49), Supportive measures for OPs, such as guidelines including prescribed documents on collaboration, are
required to enable them to care for employees with physical and mental disabilities.
This study has several limitations.  First, as this was a cross-sectional study, causal associations

could not be determined.  Second, respondents may have provided socially desirable opinions.  Thus, our

responses may reflect a bias toward social desirability.  Third, OPs with positive opinions on collaboration
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352

353

354

355

356

357

358

359

360

361

may have been more likely to participate in this study.  Thus, it is possible that our results overestimate the

awareness and frequency of collaboration. ~However, the factors affecting collaboration were not affected

by these biases.

Conclusion.

Although the majority of OPs agreed on the importance of collaboration with employees and APs, the

frequency of collaboration varied depending on the supportive measures within the company but not on the

individual characteristics of OPs.  The presence of support measures, such as occupational health nurses

and guidelines including prescribed forms on information exchange and collaboration, plays an important

role in fostering a collaborative environment.
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Table 1 Characteristics of 275 occupational physicians.

n (%)

Gender

Male 208 (75.6)

Female 67 (244)
Experience as a medical doctor (years)

=10 29 (10.7)

11-20 71 (26.1)

21-30 92 (33.8)

>30 80 (29.4)
Experience as an occupational physician (years)

=10 119 (43.5)

11-20 89 (32.5)

21-30 53 (19.3)

>30 13 4.7)
Certification of specialist in occupational medicine

Senior Occupational Health Physician certified by Japan Society for 77 (28.0)

Occupational Health

Occupational Health Physician certified by Japan Society for 93 (33.8)

Occupational Health

Occupational Health Consultant certified by Ministry of Health, 150 (54.5)

Labour, and Welfare of Japan

None 85 (30.9)
Certification of specialist in clinical medicine

Internal medicine 70 (25.5)

Surgery 32 (11.6)

Others 30 (10.9)

None 147 (53.5)
Working types as occupational physician

Full-time 105 (38.2)

Part-time 150 (54.5)

Retired 25 (9.1)
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