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Ll R #
2 s B FEREHIREDET
A2 AR B X1EFK * RIEFH B8 - IFIE - RN E— PR

IRUZA - BRCEBNENZHD

o IRUAEEEA3ZL (D5PPS 20%) SEFEI> O—)L204

Median Tibial
RUABRES EEE P RUABRES feEE P
ESHMREERE
DML(ms) 44+ 42 36+06 38+ 10 34+06
CMAP(mV) 51+28 6.7+ 25 * 69+ 58 13.1+£47 *
MCV(ms) 584 + 73 60.1 £ 3.6 50.0 + 8.0 100.0 £ 3.6
Fil
FiBHHIRE (FP) (%) 60.7 £ 27.5 | 79.5 + 14.9 * 84.4+28.1! 100.0 £ 0.0 *
RIEFRHER (/100ml5) 219+ 1561 8.0+56 * 179 £ 19.8 1 10+ 17 *
RAEFRSHLER (ORF) (%) 413 +26.61 106 £ 74 * 279 +3181 06+ 16 *
F-latency (ms) 257 +£29 238+ 16 * 446+ 438 440 £ 37
F-amplitude (uV) 1134 £71.0 89.4 + 394 162.9 £ 94.6 144.6 £ 63.9
IEBH T EETE
MUNE (APB, AH) 96.9 + 84.4 | 224.1 £ 63.4 *  186.7 £ 184.8 | 3874 £+ 151.0 *

MRUA BREEEHNZL), BEIEAEHD RN

Hachisuka, et al. Muscle Nerve 2015
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RUZA - BR CEEEMNEHD

g
Median Tibial 5
100% 100% A SUE)
75% - I A 75% - I A
.
o uB . mB
50% c 50% -
mC
25% | mD % |
5% || 25% mD
w i B ~mn 1010
EEE BE PHEE  BE #EE BE PHE HiE
All columns normalized to 100%
BREREIADYIRVERIE T, FEHLULICPFREESDD
BV EfEH SEBN I DA 7 7R I%

Overwork weakness -&E&) & -

hRZE R OHIRR
(%)
50
- #h3RZE
Tibial P
* 2 e ETE R
40 )
RAB RS % Bt
Sw b i g
30 ( :: —: { 185
* 0o
20 : . O LEEY « RIHMEESCHNT,
. + (0 BEOBEN)EE (CHKEIL T
10 O B HBHIET =29 3mE
0 p<0.05 « BRAMYBHET EEBES.
0 4 8 12 16 (&) 1SR ) \E 1983
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NRH /RUAEBARDFE 7ILT I X

4 mAET HIET * &3 5P ETE
EE‘[I"E " ~ B : Biceps, Triceps, FDI or APB
2L »Ho FE Quaz, TA, G:stro
=R O ¥ﬁbb&§n&:ﬂiﬁ? ﬁbb_gﬁgJ{E'F ﬁb‘h&ﬁﬁd}iﬁﬁ
. T 41 4 A T i AR
BRE  REAC  |kEsb | eese | wemn | GERGRL | Esn
| | | l l l
NRH Class = I J i J\ femE | I\ v J m

o BETEYESRELS DD, RE - BHFR - FHENMEHEAIEDETZED
o BBICERFHMAL, SR CERBEEZRIEHICLIDNMA

Halstead LS et al. Post-polio syndrome. 19954 D —&BeZ2
478885, Jpn Rehabil Med 2020

NRHDFE L EEN O S A

= - 1ED s -

N ClassRU BALIEE60~80% 6~9METs  3B3~5H 15~30%) KR, (OmAMEE
o clinical polio

5ubcc"'ziscsalnpo"° BALIER60~80% 5~7METs ’DEENE‘: = 15~30%3 4?;;’?? @%;ﬁ%f&g?) )
Clinicalcl:yllasstsa]t])IIe polio - A~SMETS J@SB%ET § 157209 27;?;%5’ gg;g‘%fi;%ﬁ@i
T AT - savers oS oy ey BHETEEOT ()
SevereI; ::tiso;Li: polio (ﬁgiégggi@ - B B (BRETRT BB DHERS)

* BB PET, &R, BEHRNMBIRULS, EBENEOEIoRIE, REERREZRNTS.

Halstead LS et al. Post-polio syndrome. 1995
Halstead LS, et al. Disabil Rehabil. 1996
Y7885, Jpn Rehabil Med 2020

- FBEBDTRLTE, ZHNCREZIER SEIZ(TEA
- ERPREV(C(IE, BHCAHRBNIERSIRAVVEE, CKIEN EFURMEE
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DEFE(L TEIBEER

{ERBIKAFO vs H—R>HEKAFO
E a3l —R =
- KAFO KAFO
4 -
£ HATER (F/min) 929+ 63 92.0 £ 11.1
o
o ‘ G (cm) 413 +70 457 £82
' i _ HITEE (m/min) 385+ 7.0 426+78* 1
A\ BATEIBERER (n/minkg) 140 £32 128+24* |
7— R BKAFO
%90’: MEIZN /mkg  037+008  032+009* |
, i g
ERBIKAFO Physiological costindex ~ 0.95 + 036 081 +043* |
'Sf.‘/\J 1 4009 1 Paired t-test *p <0.05
V=Yo7 . GERBIKAFORSF LT NH—REIKAFOZ/EE L T=8%
. SHRIDEST
Hachisuka K, et al. ] Rehabil Med. 2007

Ealid)

o RERUASERESDT >0 — MER(F, FEHIFERS 70.1%%, PPSEZMAZER 51.8% , fiEik
HEBELR>IZERUBEINGD D 5L 84.8% THDIE.

« HERBNETZE [HRED (BRED) BhokElS] (CEUDEF 63.1% £Z0 D
2. MUADER(CH D EENEMEFMA CHR T DEEEMH D, RNV, FIz(FE
EDHBEICE, URSUISESEIBORMS ZR8D.

« RUADEEFE T, B4 DOREZERUICEEEDOTRNEELL.

s TERBROREE LT, RUADIERCLIHENEZSND. 2L, B2 DL,
—E, EFEHEZERZ2I DINENDD.
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GlliiiS =g Sak) B .
23 () SMMEEE Y —AREREHEAVLKY ARESO
HYEECET 3R ERRREORE

UOEH

ERERXFERRE YNEYT—Yavil OFTEHX HLKE M B
ol HEIE E RaF

ERERKXE YNEYT—YaVEFBE BERBF MR EAR

WERRICHEL. RRINECOIHRLHIERBERRHDEEA

[FUsHIC

INVABBETRIEAFOHFZRDET L TBRABNHETPREHICLIERAEHNETZ5ISECIARENSH S
eSS, BEEEDOBFEHEZEEIZCLRBEETHS. BREDITER EEERRICKINTZEHTE, BHCMAT
BEEELETIEEEHZBOI I ERBEBFHCAVTINIILZADOWE, SEOETREETY I DERICENDE
BEEBHA R AV TRINTWVWS. KV ABBEOSEFHOFEIELIIESICIE, FFEFHEDAEZTVERNREDE
EUZLVEETE, RILEEICOWTIBELc L THRFICEDELIBEZTHR> TOW ZEDBEXILLY, chS5DRE
FIFEAEBV. BRETRRYABBEZWRE VBRI ZFIEIREL THD, 2021 FH 5 F=#NESH > Y —REEE
#BESH LU, FHER) ZRAWCEEKEHEORE L EHEE, £FEEZT>TED, ZORKITOVWTHET 3.

WR 2021FH52022F KL 2R AERKBICSML, BHEHOREEZFLELLDD

% R CEHEEE Y —AEEEIEST (Active style pro HIA-750C, A AAYAILA YT 71t)
BIRE @ SEENESHIERIC TRA U, AKBZRVWTERES,) SHERSE OER7AMAE L.
BERICEE L, nEERRD ARV EBERALE (RARYERLVEBMAISSEERANI M 2ES)
HIERICEEFHINDZELERINRICT 3720, FEAERVSFHREEFRRICKELE.
WREFICIE, BBREESUTVWIRIIERERAROEFEE > THL LSICIRELL.
BEEEOFHNES (F1 £ELHER) 28U TEHE5V, EANGEHRNSEZIEELE.

7=% 1H10RMU LT -9 DRSNIAZRANREL, 4B LEWNBRERHELHD EE2RHEFE L.

hEEEREER (MVPA : moderate-to-vigorous physical activity)  3.0METsK{
BBESHES (LPA :light-intensity physical activity) 1.5METs& b &<, 3.0METsXKi#
EEI{TED (SB : sedentary behavior) 1.5METs{F

Rl NREOEBFEY, SHREHEORME

n=14 n (%) , meanSD o

Fim (%) 68.7 + 4.8 i

ey 5 (35.7) vl == ]

BEIRSERE vull :
HFETE | FAC* (4/5/6) 1/3/10 relfes e
ETRER/R THES 3/6 : Gassofi
BERFERE 6 (42.9) el "

Barthel Index (=) 95.1+11.7 ol

%ﬁfﬁibs :;"’_ '[,i;i?ﬂ*.’".;
58 ) 2644.3 £ 3214.7 0 LAY £ ) I A—
H17H™  (4/8) 483+ 326 o 0 o I S B i '
WEENRSE (2/H) 868.2 +119.4 =
SB %/8) 597.8 + 152.1 B - A e
LPA (/) 28661176 T
MVPA (43/8) 41.7 £ 47.0 e el e e e

* : Functional Ambulation Classification K1 &£EFEHRO1H

AHEHT—Y cLRRGRERAL, = - MVPANI 0 LLLRES 388 (1 ) K, - XOBAMERTS.
BNRES L ICETFEEPEEEERHEL. - EBFHAGTLPAPMVPAD D RWESE, BHDESHE(DET 3.

IR (3~6METs) DEERE DR EEEHZ 22 < £H150~3005 /BXET 3 T &hERI TV S.

(WHOS#ES) - EERI{TENHA K51 )

= KU ABEBEOMVPAIRFI2924 [BTH D, HERHZERTEDIZT7H (50%) TEAEZRDHL.
BEEFHORRUL, FHDORXAL Y (HELOMORBEDD) PEFHAEEOEFZRISNEVEDOHSL.

(B5 iz, BPRE 2023)

= LELHERET S ETREFNGESREHNCIETE 27cH), RENGESEEPEFREN AL LS.
FEH

EHERT Y LEELHRRERET ST, RUABRBEOEANFIEICS ORI RBNLGETIREN K
TEl. SRIBEFRZEY LT, SEEHFEORES L CEEOMRRILZTE>TWVL.
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®IGAKU-SHOIN Ltd, 2023

(Al fcE R 4]

£Uﬁ%u%@@rm

BRI T R

A b EsR BAEAEBRT #F Bx
RIEE IER IS R Zin R

— Key Words —
B, KUA, %2

life : QOLY, LHEASWEAT IS 228

T ORHFE NG, ADL & & 0F QOL,
s ThHaot
2 THLI2EBRNEZRFE AL TR
s EHFIEBEEFEEL TR
D B FQOL BIET & ¥ 2 EER

Loz

R RRE THEYEWIRETH D, HEAT
ihEh {activities of daily living : ADL) ¥ X OF2L3F

D {(quality of iife : QOLY (TSR BELFMIT
T, 2019 EERAEGEFERAA TE. BRI 65 iEEL
FOBRELCARRIMTH -0V, HE S
FRLVETE ST 2B THORSVERES N
TOAH, EIMERIR 7 7 a—F IR L T
A

S0 1 AN RBRL T, 2000 45 & b ARERILM -
MO EPRLETERYABAS (2 Pa 4R
VADE) ORIABEBLARETIMBEAE]
EREL, BREEE A7 LOBEIIIOH#A T
. BT, R)ACESIHIoERORNE
- FHEHNE LT, e (BIENTEE S I
U hi ¥) 2 ADL XU QOL, HEWRE, KR
b)) FREE (post-polic syndrome : PPS) (=

HEETD [(BE] HEETE, FUABERNENRLL, IFC1IEHEZEEREL TV SERY A REFE
; ?‘J%l B HEREF T, ERyH B4 ETEE (activities of daily living © ADL),
SEH o TR L T
c EYVARBAES G (B2 4, L33, FITERGTIESIME) PEgk LML
LIRHAF, MO, S8 L L
MEsdeer, FERBLIEE LT, ADL, QOL, HEHNEUIEERLKTL,
$ IR OMER, F# ADL. QOL, BEAN® WENE
R F U AR EEOEME, BHOHCHABRCERER K FS ¥, ADL
FolEi2IFuEER YRS .

HEaHOH {quality of
[xg - A 2020 FMERROBKLIBML -
BEMTEME L, B
[FER] B OATFERL 155%
LBHSEFOL

ol RUAREEVRELL/
BH - T2 BEAE

5 SR R ITRE
RESCRT LT, M- $BE -
TT-T 5.

AV A, FELTEY F 740 20 3B i
iR a- R W & v N (B AN Bl B o e e g
kT oL VvAMERTHL. PPSIE, KYFBER
%, AR THAERICEL, 15BN Eo%E
HO®, P RBhET PHERPECARETH
A4, PPSOOFENC, S & 2LBRECL 2 ERH
OEE PRSPV REENRT V2. B AREL
FT, ERCEE D TR DOWR TSRS SRS
PHBLTARS (Y, HYFRRHmsesr L b
#z2 6Lha, YifE, BV ABRBEOSH{LI4E,
PPS A T, BB ©EE R R 2
NT BB, AFU B AR,

TEFEO ML, KV ARER BT O
REHFFAL, BEH ADL &1 05 QOL, (LHS
BT, HTEET 2 A08LR FNEBEILS

The impact of law back pain on activities o daily living for polio survivers

1] EEERERERUAL YT — 3 4 8 Te07-8654 ERRICAMF ABEREE S K 1-1
Takeshi Murakami, FT, Satomi Mori, 0T, Masatata Nakatsury, 07 @ Department of Rehabilitation, Hespital of the University of Occupational end Envirgn-

rnenial Health
7 EEERABRUNCY T2 s HERET

Akika Hachisuka, M2, Yasoyuki Matsush'ma, M3, Satary Saeki, MO @ Departren® of Rekabilitation Medicine, University of Occopatianal and Enviran-

mental Bealth
(ZMWH 022 F12E #68)
*FIEER L

B3FE-5812/ 23 Y0081 ¥ 1200/ FOOTY
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®1 BEEE 0% (n=55)

Fip (5) 679453
Rl (B A 22/33
RIEFE () 16+1]
HER| 35/81002/0
ELEE| 37/6/111/0
?gl:s:}?}II/III/IV/V g BB 4/1/13/13/24
ETE| 7/3/12/13/20
i3 34/6/11/3/1

FHE + BHEFE, NRH : National Rehabilltation Hospital

PAMBEHEEILTAZLTHA.
¥ & )

202040, ELEERTHEB LRI SNL HE
VFARBESE (BEH228, 4t334f L
WE70+538) PHE L LELI (ED. B
Eix, BESFBEUTEELI
L&

SNECH LT, MRERERL 2. FHEEA I,
EEEM, BYS, ADL 54 UFQOL, LIBfEaAgR
F, SATICT 2 BOROR, BEEEEE AL
47, BEOERE, Eil 2SS0 5ERE»D
b, #EEAED Visual Analogue Scale (VAS) 12
HOT0mm LY E L, BEE LR 2R
e ANPRER, ERERARZOMEFESC
THERBEEL (BFET 281423).

1. BFFH

FEwg Y, AEOHE BEREOLE, SR
@y, National Rehabilitation Hospital (NRH) B
ARIERE 548 (NRH 5407 % FE L. NRHE 2
Hild, BHOBEFML, BRLEELZIHICL
YOS A, S, MEYIZ30 2 NRH GO
% A CEM L TRV (NRH DT E).

2. E5s

FERORER VASY #1110, My AL L,
Gy (i TURUEROEBA] LLT, B
ARUCCHEAOREFPRELUIRLTEL 20

779 #&U valsl ne? Tulz023
MBI R D B

iR, rorksHEMELE (A mm),
3. ADL& LU QOL

ADL i3 Barthel Index (BI), &HBYH & HiGH
{EfE)) (Frenchay Activities Index : FAT), QOL
13 MOS Short Form 36-Item Health Survey {SF-
36" % 7o, BL2 BIBERD 1 o [EEKMK
Barthel Index F Q#FliFR " & BL-7o. 13EE LY
MRS, R 0~100 X (B1RSIRE ADLOE
S ThA FATRURTM FAT H SR
EVERCR. HEEKROLAR B SHaLR
- ARMEEE T, 1WA bHBERE R, nEQ
0~45 & (BB FiERY) % 5. SF-36%131a
IERYRERERIE QOL M T 36 EAE £ b %2 2 Hal
AHMETHY, 3 oOMSFE L THRELLT
PEST L. L2 TUREOEFIIOFER
Fh LD B4R (physical component sum-
mary : SF-36"-PCS) L #EMifyERE (mental com-
ponent summary : SF-36%-MCS) 03 2 25 LIER
S5,

4. LEHEHETF

LHEAESNETL BAOWRMNEZRE (Pan
Catastrophizing Scale : PC$)'?, H.4ZER Hospl-
tal Anxiety and Depression Scale (HADS)® % H
1o PCSUERIC BT 28R {b¥ 1315 TFHE
L, B8 B cEELCE 28R EER R
Bty B (FEAOBCEAA~ORLIZ ST
|hHLLO~HEMIS L), AR (BADER
FRJGETALLE) O3 2OTHRE,GRERS
N5, FhFREOR(Z-TBTRELRL)~
dpi (FEEHRTHEA) TFFAEL, SEtasanv
13 FuElMefEr sty . HADS R4 (7IHH)
mi-o (THA) O2HF, GFFI4EHE (13
) THia s, SFEMRVREANE WO
P56, A ETHVYHL LHINT 5.

5. HTICEAT 28CHNE

BATRT 5 B, HARGERR AT Gait
Efficacy Scale (GES}™ # FHw1:. 10T HEOEMT
BREA, EHAF 1A (370 BEFEVI~10
EESUCHEFRSHLYO) o h— [ RETREMEL,
ARMEA (10~100 50 #HEMT 3. 4k, R

2024/03/11 11:17:156
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U ARITRESRNE, RRD L 3 LECFE L,
Z4atb, AoREBpORE, WERE EIREE
BT EHbA.

6. HERTHE

SETEE, ERER LS NEEEEE (Inter-
national Physical Activity Questionnaire : IPAQ)
Short B9 2 M fe, £97, HEEO SHETE), &
CERER), RRE»OERI N, FhFhO
W) L BN (H) #5EiRT 2. MNTTIE, %4733
metabolic equivalents (METs), =48 0 B KiE
B 40 METs, BV H{KiEE 80 METs & LT, K
B LD SR ER e EH L.
wetgyr

W OBHT 2L, Shapiro-Wilk IREF H 1
FRBEmOREICL 5 2HMOLEIZEE, Student
DRE, T LU Wilcoxon DNERLATHAE %
F©io B ORRE L 4318 L OMBIIiE, Pearson
O HMEEE & L FSpearman ONEF G R %
e te, 33T okt FREAT 1213 SPSS ver. 250
(IBM #t) #® fijv, Seatenya oA 5% & L.
BR

SMFHOMSE R R 100% Thots. EIA
BREH-LST 2EROANREL 5% TH-L. B
FEEE LI SFIEEE & B L T, BI(FEAERES0.1+154,
FEIEHEEE 96.7+10.3), SF36-PCS (BMEE33.7=
8.1, JEMNEEF 435+80), GES (IEf58 2031176,
FEMEIEEF 47.0£227) 3HRIIKL, NRIT 4480
¥y (meE 30207, R 24+07), PCS
DEJE (SR 72443, FEEEA5147) BH
Fialthon (R2). tBBoRE. £8
(r=040}, PCSOENR (r=040) : HEI5
EEOHE #R2%, Bl(r=-040), FAI(r=—0.34)},
SF36-PCS (r=-059), GES (r=-041}, IPAQ ®
B (r=-033) LRELPSESCHEHCAOM
el (%3, ). L»L, BHoEE L NRE
SROMBCERES R HE R Lo T

R
R T, R ARESZ R LB OFRR
¥REL, ERYS 2 2 BERHFL . SEE

#E¢ir, BL SF-36"-PCS, GESIEZIZM L,
NRH ¢ M, PCSOENBRIEE IS
TARRETh-To, i, BEOBEIL. F ADL
¥ LUQOL, LHBHGHNNTD1I2THAHRNE
E FTCETANCHIE SikEgis L BEs
i,
FERDRESHE TS L L2 R~ MIRT
i, EEATNN 3677 ~41.7% ™ (B 305%, &
¥432%) EHEIhE, AW, K AEBEEOE
WATRFIL 0% £, FEROBIEEBAE L D L
ol Tl R)AREECRUIRITHETT
L, BROAREFUREABEEHEL Y BE
(632%) Th-t 4E, E~EEEEEEAE
LPEE~FEDIEEFNRTCH), BEYELE
BOBFEEREIZILIIEBTHL LEESNS
ErRoGERET L LT, SRETY 2 4B0EMH
LEEEAY D MEEE, EROREHEEREME L2
EIER RT3, 4@, WEREETI NRH 4
OEFFEPEEIIEETH Y, KV FOEEEIL
FERARRIIEE Y5 2 5 R RIEE 170, £
fo, ) ARBECY, HEMERECSHELSL Y
CRET AASESHSEPERE~OA ALY
b, BEAREFE I T2 MENYEL LA
. RV AOELFEAHE L EEOBEII ST
i, 5% FHMHEHB SEAREPES L TEFT AL
HHDH5.
FYABBEEZONER L ADL 5 X F QOL tzoWw
T, BRI IEEmEE L L T, BI, SF-36"-
PCS B EIRETH 1. 4EH, Bl »HOE
BIZBEELTHYD, HMAOMEMADL 5L 8 QOL
BRI bR Ent. i, BEEE
PCSOMNBES GESVABEE FLTH Y, &EF
INAC, BRAEZESZ 2005 B O,
ADLE LTI QOLOET Iz oAk LIRS f1
A, HEOBEEIIET I LAOMETR, a0k
2 PWEREL P OB ARE T L O
L ADL BT 2 ZEAHIGNTE Y, 4
RVAREHATLRAROBERTH I
RY A RBEOEROTLEL, Ec L AT
AZEARERRT. FELPRERZCELTI
S oA 2 FIGEREREEE L BB T A
EHELTEY, 4R Y AREET L RO
EVA A, FRAETIE, BROBEL, GES

#EEUNA w81 ne? lul2023 775
FEEH ER T 2024/03/11 11:17:15
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&2 MELEBOER

BEra ¥ JEREmEY @
(n=25) (n=30) P
Figy (7B)° 687%55 674152 0.371
5 (Bl A" 817 14416 0.407
iz (F/E: AP 817 15/15 0783
ME% NRH 58 i5° 3.0+07 24207 0.005
Bl (g)° 891=+15.4 967 +10.3 0.002
FAl (m}? 209%g5 243194 0144
SF-36"-PCS® 337+81 43580 | <000
SF-36"-MCS® 500110 52.0+99 0.692
HADS (£) RS 47+33 43%33 0.739
52 51424 47%32 0.625
PCs (=1) R&- 100%47 78£A5 0162
iy 72+43 45447 0.028
EHRe 48%26 3735 014
&t 22141035 16,0%14.0 0.055
GES® 263+176 K1 +227 0.001
EBEEE (FrE: A 16/9 17713 0.272
IPAQ &7 1798+ 4840 | 2663£7631 0138
1 BRI DEHE hFEEE° 528+1968 650 + 161.2 0.243
{METs x 53 x B ¥4} moHEe 0.0x0.0 128+ 456 0.060
e 232345174 | 3401+5174 0153
HEfi© S496+3062 | 519.0£311.3 0.653

FEE RS,

a:Student D HIEE, b xZIETFE, ¢ Wilcoxon GIEMFIM .

MR @ Mational Rehabititation Hospital, Bl Barthel Index, FAI! Frenchay Activities
Index, SF-38°: MOS Short Form 36-Item Health Survey, 5F-38°-PCS : physical com-
panent summary, SF-36°-M(S © mental component summary, MADS © Hospital Anxi-
ety and Depression Scale, FCS @ Pain Catastrophizing Scale, CES : Gait Efficacy Scale,

IPAC © International Physical Activity Questionnaire, METs © matabolic cquivalents

£3 BROBE:ZEFMER 0=

bi=}<| HEEY | pfE

Fi 0.399 | 0.01

Mm% NRH S5 Eg" 0.265 | 0.0%8
Bi® —-0,305 | 0012
FAI -0.340 |0.032
SF36°-PCs? -0.5%4 | 0.000
PCS ‘ sHE | 0401 [0010
GES® — 0406 |0.009
IPAQ ek EEr | -0.352 {0026

a ! Pearson OIRFARMFEE, b Spearman QT
HHED (8
BEEEER? LEIL

770 BE&U A volBl no? Jul2023

PSR {EH R

PCS DEFDE, [PAQ OSSO #38w 1.
IAE, B0 AEPLEERIIHLT, A2
SARE, W0, - DL EfE 4 DM 2N
THEEaIns LRSI LAY, KU ITEEEIL
WTh, ACHNIBROET, BRNEZOHA, F
BIROBET AT R L (RO TER 28|
FECL, BEORMEBENY A2 LR Tv306EH
Hhi, BREZLHCTEZIOEy 2BHRF A Y
ALV o 2 BB X D EERTLAS T b TR R
h, EHEFEPHELETE T LG EATE
hD R AREEZC BT L EE L EE R
DL LR,

2024/03/11 11:17:15
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(%)
100

80

60

B

40

20

r=0.40
(p<0.05)

a i 2 3 4 5

& 7 8 9 10 (em)

EEOEE

(&)
100

5

50

SF-36®-PCS

25

r=—0.59
(p<0.00}

& 7 8 2

BEOEE

B EfRoREE:oR:E

a: BREOER - FihoiAll, b BROREE« SF-36"-PCS MIEE.
SF-36"-PCS : Mos Short Form 36-ltem Health Survey Physical Component Summary

RREORAEL Db 5. 7, SO
X, BREAQHBEXRLELR TR ETH
5. B EERCEL T, BES XL FomReT
HEHLTuyhvtcs, FEROEZNSBIL L &R
TH 6T, AR SLRMERL E2REL

FELTCA20EI BN TS TR0, |2, F
R HITRETH 700, BRE FFmERLD
REEFEIWAL 2T, 4RI, BFHECLD
W - e EnEE L PLBER SN T RIEEE, o

—122—

TR & ORANHRE R L, AT, Eak
i A REER L BRI MEL T H DB D S,

fEs, SRR, ADL L UFQOL OET, &
FHEHETREERETCOLM5 206, FHHYE
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Abstract

Sarcopenic dysphagia is the term for swallowing difficulty associated with loss of mass, strength, and physical performance,
which leads to increased pharyngeal residues. Unlike sarcopenia, presarcopenia is characterized by low muscle mass without
decreased muscle strength or physical performance and can develop into dysphagia due to low skeletal muscle mass. This
retrospective study investigated the impact of presarcopenic dysphagia (PSD) on 1-year mortality in patients with cancer
and dysphagia who underwent a videofluoroscopic swallowing study (VFSS). An operational definition of PSD based on
presarcopenia and pharyngeal residues was adopted. The psoas muscle mass index (cm*/height [m?]), calculated by the
psoas muscle area at the third lumber vertebra via abdominal computed tomography (CT) and related to height, was used
to assess presarcopenia with cutoff values of 4.62 for men and 2.66 for women. Pharyngeal residues were assessed using
a VFSS to evaluate dysphagia. Patients’ medical charts were analyzed to investigate 1-year mortality after a VFSS. Out
of 111 consecutive patients with cancer, 53 (47.7%) were defined as having PSD. In a forward-stepwise Cox proportional
regression analysis, PSD (HR 2.599; 95% CI 1.158-5.834; p=0.021) was significantly associated with 1-year mortality
after a VFSS, even after adjusting for the factors of operation, Functional Oral Intake Scale (FOIS) scores at discharge, and
modified Barthel Index (BI) scores at discharge. PSD, defined as CT-based presarcopenia and pharyngeal residues observed
during a VFSS, is associated with increased 1-year mortality in patients with cancer and dysphagia.

Keywords Sarcopenia - Presarcopenia - Dysphagia - Cancer - Mortality - Videofluoroscopic swallowing study

Introduction

Sarcopenia, which occurs with aging, interferes with mus-
cle function. Some persons with low skeletal muscle mass
experience a decline in swallowing function, a condition
known as sarcopenic dysphagia. Sarcopenic dysphagia, thus,
develops from decreased strength of the swallowing mus-
cles and reduced swallowing muscle mass associated with
low skeletal muscle mass of the whole body [1]. The global
prevalence of sarcopenia in patients with cancer is approxi-
mately 38% [2], with a risk of mortality [3]. Furthermore,
the prevalence of dysphagia is about 54% in patients with
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cancer undergoing surgery, chemotherapy, or radiotherapy
[4]. However, sarcopenic dysphagia’s impact on mortality in
cancer patients remains unknown.

Clear diagnostic criteria have not been defined for sarco-
penic dysphagia. Nevertheless, Fujishima et al. [1] reported
that dysphagia due to low skeletal muscle mass could cause
pharyngeal residues, characteristic of sarcopenic dysphagia.
In a videofluoroscopic swallowing study (VFSS), older peo-
ple showed decreased pharyngeal wall thickness [5], and
enlargement of the pharyngeal area was observed during
VFSS in patients with sarcopenia [6]. These findings are
associated with increased pharyngeal residues due to low
skeletal muscle mass and sarcopenia.

Presarcopenia is characterized by low skeletal muscle
mass without decreased muscle strength or physical function
[7], which differs from sarcopenia. In patients with cancer,
presarcopenia is approximately 58% [8], and the prognosis
for presarcopenia is as unfavorable as that for sarcopenia
[9, 10]. Furthermore, presarcopenia, like sarcopenia, can
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cause dysphagia due to low skeletal muscle mass. The psoas
muscle mass index (cm*/height? [m?]), calculated using the
psoas muscle’s mass area at the third lumbar vertebra (L3)
and height via abdominal computed tomography (CT), has
been used to diagnose presarcopenia in patients with cancer
[9-11]. CT is frequently used in oncology to determine the
spread of cancer, the effectiveness of treatment, and whether
cancer has metastasized to other organs. Thus, it is easy
to assess skeletal muscle mass and define presarcopenia in
patients with cancer without additional examinations.

Therefore, in this study, we adopted the operational defi-
nition of presarcopenic dysphagia (PSD) by CT-based pre-
sarcopenia and pharyngeal residues for patients with cancer
who had undergone VFSS. This study aimed to investigate
the impact of PSD on mortality in patients with cancer.

Methods
Study Design and Participants

This retrospective cohort study included 277 patients with
cancer and dysphagia who underwent VESS at the Univer-
sity Hospital of Occupational and Environmental Health,
Japan, between September 2009 and November 2021. The
inclusion criteria were patients who had undergone invasive
treatments such as surgery, chemotherapy, and radiotherapy
in the hospital and an abdominal CT within 90 days before or
30 days after VESS for clinical reasons. This study excluded

Patients with cancer and dysphagia who underwent VFSS
between September 2009 and November 2021
(N =277)

patients with acute stroke onset in the hospital, neurological
disorders, brain tumors, or head and neck cancer who were
ineligible for sarcopenic dysphagia in a previous study [1].
Additionally, patients with missing data, primary cancer of
unknown origin, and who underwent pharyngolaryngoe-
sophagectomy, VFSS after the first two-stage operation, and
synchronous surgical resection of double cancer were also
excluded (Fig. 1).

Definition of presarcopenic dysphagia

Patients with CT-based presarcopenia and pharyngeal
residues who underwent VFSS were defined as patients
with PSD.

Assessment of Skeletal Muscle Mass
and Presarcopenia

The psoas muscle mass index was calculated by measuring
the cross-sectional area of the left and right psoas muscles
at the L3 via abdominal CT performed closest to the VFSS
date. Muscle mass was quantified by Hounsfield unit ranging
from —29 to +150. The psoas muscle area was automatically
measured by dragging on the target muscle using the Shad-
eQuest software (ViewRV1.29; FUJIFILM Medical Solution
Corporation, Tokyo, Japan) (Fig. 2). The cutoff values of the
psoas muscle mass index for low skeletal muscle mass were
4.62 cm?/m? for men and 2.66 cm?/m? for women, accord-
ing to a previous report [12]. Low skeletal muscle mass was
defined as presarcopenia.

Patients who did not meet the inclusion criteria(N=101)
= + underwent invasive treatments such as surgery, chemotherapy, or radiotherapy while on admission
and abdominal CT within 90 before or 30 days after VFSS.

Patients who met the inclusion criteria
(N=178)

Patients who were analyzed in the study
(N=111)

Excluded (N=65)

« Acute stroke onset in the hospital (N=3)

= Comorbidity with neurological disorders (N=2)

+ Brain tumors (N=6)

+ Head and neck cancer(N=45)

] = Missing data(N=3)

+ Primary cancer of unknown origin (N=1)

+ underwent
pharyngolaryngoesophagectomy (N=3)
VFSS after the first two-stage operation (N=1)
synchronous surgical resection of double cancer(N=1)

Fig.1 Study flowchart
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Fig.2 Psoas muscle’s mass area
(1+2) at the third lumbar ver-
tebra was identified in patients
with and without presarcopenia ; .,

o

Videofluoroscopic Swallowing Study Findings

The objective of VFSS, performed by physiatrists, was
to assess the detailed swallowing function of patients
diagnosed with dysphagia based on abnormal findings
from screening tests and other symptoms such as chok-
ing during meals or discontinuation of eating or drinking.
Patients’ swallowing movements were monitored dur-
ing VFSS while they consumed food containing barium
under fluoroscopy (Fig. 3). The patients were conscious
throughout the procedure. They consumed various food
items, including jelly, thickened liquid, water, dysphagia
diet items, and rice with barium, while sitting or reclin-
ing at approximately 45°, with most patients sitting. Dys-
phagia diet items are formulated to be easily formed into
food boluses, even for individuals with missing teeth or
dental appliances. They exhibit minimal oral residue dur-
ing consumption, have good cohesiveness, and do not dis-
integrate quickly upon passage through the pharynx. The
standardized evaluation form used by physiatrists included

Fig.3 Videofluoroscopic swal-
lowing study findings. A Phar-
yngeal residues were observed
after swallowing a dysphagia
diet in a patient with presarco-
penia. B No pharyngeal residue
was observed after swallowing
a dysphagia diet in a patient
without presarcopenia

with. presarcopenia

without presarcopenia

a

D

assessments of oral, pharyngeal (including vallecula and
pyriformis), and esophageal phases, such as chewing and
bolus formation in the oral phase, time to induce reflex
deglutition, vallecular and pyriform residues, penetration,
and aspiration in the pharyngeal phase, and esophageal
residues and reflux in the esophageal phase. Vallecular
and pyriform residues were considered pharyngeal resi-
dues during VFSS, and the residues were evaluated when
they remained after a single swallow. Pharyngeal residues
consisted of vallecular and/or pyriform residues. The phy-
siatrists recorded the results on patients’ medical charts
on the day of VFSS. Each VFSS was recorded on a DVD,
which was reviewed as necessary. Although some patients
underwent VFSS multiple times, assessments from the ini-
tial VFSS were used for analyses. This study also exam-
ined whether nasogastric tubes or tracheal cannulas were
used. While a cuffed tracheal cannula was standard, it was
not systematically verified whether the cuff was inflated
during each VFSS.
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Other Parameters

This study investigated 1-year mortality after VFSS based
on the medical charts. If a patient was lost to follow-up,
the last follow-up was defined as the most recent clinical
visit date. Activities of daily living (ADL) were assessed
using the modified Barthel Index (BI) at admission and
discharge. The modified BI divides two items, dressing
and transferring to and from a toilet, from the Barthel
Index [13] into the upper and lower dressing, and trans-
ferring to and from a toilet, bed, and bathtub, respectively.
The modified BI has a total score of 100; the higher the
scores, the better the ADL. It consists of 13 items: (1)
feeding; (2) grooming; (3) and (4) upper and lower dress-
ing; (5), (6), and (7) transferring to and from a toilet, bed,
and bathtub; (8) and (9) bladder and bowel management;
(10) toileting; (11) bathing; (12) walking; and (13) climb-
ing up and down.

The severity of dysphagia was assessed at admission,
VFSS, and discharge using the Functional Oral Intake
Scale (FOIS) [14]. Pneumonia was evaluated when the
following criteria were met: alveolar infiltration on chest
X-ray or CT; at least two episodes of fever >37.5 °C,
abnormally high C-reactive protein levels, peripheral white
blood cell count >9000/pL or airway symptoms such as
the presence of sputum. Rehabilitation intervention at the
bedside or gymnasium was prescribed for most patients.
Speech therapy was conducted in 20- to 40-min swallow-
ing training sessions by a speech therapist, depending on
the patient’s condition, using a combination of indirect
swallowing training that did not involve food or drink,
such as muscle strengthening around the mouth, chewing,
tongue posture, Mendelsohn maneuvers, and head eleva-
tion, and direct swallowing training that involved food and
drink, such as neck rotation, supraglottic swallow, multiple
swallowing, alternating swallowing, and bite-size adjust-
ments. Physical and occupational therapists also provided
physical and occupational therapy involving resistance,
motion, or gait training.

The cancer categories were esophageal cancer and others.
Cancer staging was performed using the tumor, nodes, and
metastasis (TNM) classification. Patients were diagnosed
with recurrent laryngeal nerve palsy when they had surgi-
cal recurrent laryngeal nerve resection or when endoscopic
findings confirmed it. Treatments underwent in the hospital
were classified as operation, chemotherapy, and radiother-
apy. The Charlson Comorbidity Index was used to deter-
mine the degree of comorbidities [15]. Body mass index
(BMI), speech therapy days during the hospital, days from
admission to VFSS, VESS to discharge, and abdominal CT
to VFSS, and length of hospital stay were investigated. The
discharge destinations were classified as a home, another
hospital, and death in the hospital.

@ Springer

Statistical Analyses

Based on a previous study [16], where the 3-year mortal-
ity rates in patients with and without sarcopenic dyspha-
gia (51 vs. 44) in a nursing home were 41.2% and 20.5%,
respectively, the sample size was calculated using the free-
ware EZR version 1.10 [17] with a=0.05 and power=0.8,
requiring at least 65 and 75 patients in each group to detect
1-year mortality using a multivariate Cox proportional
hazards regression. All statistical analyses were performed
using SPSS Version 27 software (IBM SPSS Japan, Tokyo,
Japan). Statistical significance was set at a two-tailed
p-value of <0.05. Categorical variables were described as
the number of patients (percentage). Quantitative variables,
including parametric and nonparametric, were described as
mean (standard deviation) and median [interquartile range,
25-75th percentiles], according to normal and non-normal
distributions based on the Shapiro—Wilk test. Patients with
and without PSD were compared using the Chi-squared and
Fisher’s exact tests for categorical variables and the ¢-test
and Mann—Whitney U test for quantitative variables. Sur-
vival time was calculated as the number of days from VFSS
to the 1-year follow-up. A forward-stepwise Cox propor-
tional hazards regression analysis was performed with all
variables as independent variables except the discharge des-
tination. The TNM classification was divided into IV vs.
I-III. The Charlson Comorbidity Index was divided into O
vs. >1. Additionally, Kaplan—-Meier 1-year survival curves
were generated for patients with and without PSD, and the
log-rank test was performed to test for differences in survival
distributions.

Results

Of 277 patients screened for eligibility, 111 (83.7% men)
were analyzed in the study. The cancer categories were
as follows: esophageal (n=50) and others (n=61); lung
(n=40), colon (n=4), gastrointestinal (n=3), biliary tract
(n=3), hepatocellular (n=2), uterine (n=2), malignant
pleural mesothelioma (n=2), pancreatic (n=1), duode-
nal (n=1), breast (n=1), bladder (n=1), and mediasti-
nal (n=1). Operation cases were as follows: esophageal
(n=40), lung (n=18), colon (n=4), biliary tract (n=3),
gastric (n=2), hepatocellular (n =2), malignant pleural mes-
othelioma (n=2), duodenal (n=1), and pancreatic (n=1).
The 73 patients had undergone surgery, and all of them
underwent VFSS postoperatively. Speech therapy, physical
therapy, and occupational therapy were performed in 91, 97,
and 3 patients, respectively. Eighty-three (74.7%) patients
had CT-based presarcopenia, and 67 (60.3%) patients had
pharyngeal residues. A total of 53 patients (47.7%) were
defined as PSD.
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Table 1 presents comparisons between patients with
and without PSD. There were more men patients with PSD
(»=0.004) than those without PSD. During VESS, patients
with PSD had significantly more vallecular, pyriform, and
pharyngeal residues and aspiration (p <0.001, respec-
tively). Furthermore, patients with PSD had significantly
lower FOIS scores at VFSS and discharge (p =0.032 and
p=0.038, respectively). Patients with PSD also had signifi-
cantly lower modified BI scores (p =0.009). BMI at admis-
sion and discharge were significantly lower in patients with
PSD (p <0.001). Pneumonia was more common in patients
with PSD (p=0.044). Days from admission to VFSS were
more prolonged in patients with PSD (p =0.047), and their
discharge destination (p =0.002) was another hospital or
death in the hospital.

A total of 58 patients completed follow-ups for 1-year
after VFSS. Eleven patients were lost to the follow-up
process. Death was confirmed in 31 patients (27.9%), 20
with PSD and 11 without PSD. In the forward-stepwise
Cox proportional regression analysis, PSD (hazards ratio
(HR): 2.599; 95% confidence interval (CI): 1.158-5.834;
p=0.021), operation (HR: 0.224; 95% CI: 0.105-0.479;
p <0.001), FOIS scores at discharge (HR: 0.77; 95% CI:
0.64-0.95; p=0.015), and modified BI scores at discharge
(HR: 0.977; 95% CI: 0.964-0.99; p <0.001) were significant
predictors of 1-year mortality after VFSS (Table 2). Mul-
ticollinearity was not observed among the variables. The
mean survival time was longer in patients without PSD than
those with PSD (325 days; 95% CI: 302-347 vs. 243 days;
95% CI: 201-284). The survival distributions differed sig-
nificantly between patients with and without PSD (y2: 8.73;
p=0.003). The survival curves for patients with and without
PSD are shown in Fig. 4.

Discussion

This study showed that PSD, defined by CT-based presarco-
penia and pharyngeal residues assessed by VFSS, was asso-
ciated with an increased risk of 1-year mortality in patients
with cancer and dysphagia. To the best of our knowledge,
this is the first study to demonstrate the association between
1-year mortality in cancer patients with PSD based on
abdominal CT and VFSS findings.

In this study, more than half of patients with cancer and
dysphagia had CT-based presarcopenia and pharyngeal resi-
dues during VFSS. We could estimate that many patients
had presarcopenia and dysphagia with pharyngeal residues
simultaneously because the prevalence of presarcopenia and
dysphagia surpasses 50% for each in patients with cancer,
consistent with previous reports [4, 8]. The prevalence of
PSD in this study was 47%; suggesting that many patients
with cancer had PSD.

Sarcopenia dysphagia is defined as dysphagia com-
pounded by the presence of sarcopenia [1, 18]. Presarcope-
nia and sarcopenia are typically diagnosed by assessing grip
strength, skeletal muscle mass, and physical function. Addi-
tionally, presarcopenia and sarcopenia may also be evalu-
ated based on the psoas muscle mass index [9-11, 19-21].
On the other hand, some reports evaluate swallowing func-
tion using the Viscosity swallowing test [22] and FOIS and
define sarcopenia dysphagia based on these assessments [16,
23]. However, the distinctive feature of dysphagia devel-
oped from decreased strength of the swallowing muscle and
reduced swallowing muscle mass associated with low skel-
etal muscle mass calls for increased pharyngeal residues. No
reports have been of diagnosing sarcopenia dysphagia based
on assessments of pharyngeal residues using VFSS or endos-
copy. Our study employs a unique perspective by postulating
that the decline in skeletal muscle mass and the atrophy of
specific swallowing muscles leads to increased pharyngeal
residues. We have primarily focused on this aspect and our
operational definition of PSD by abdominal CT and VESS.
Furthermore, our approach adopted lower cutoff values com-
pared to the conventional assessment of sarcopenia based
on the psoas muscle mass index [19-21]. As a result, PSD,
by our operational definition, which relates closely to the
features of sarcopenia dysphagia, may indicate the potential
presence of dysphagia due to pharyngeal muscle atrophy
associated with reduced skeletal muscle mass. Therefore,
our study indicates that PSD in patients with cancer and
dysphagia increases the 1-year mortality following VFSS.
Additionally, sarcopenic dysphagia may further elevate the
mortality risk in patients with cancer. Our study suggests
that sarcopenia dysphagia in cancer patients may increase
the 1-year mortality rate following VFSS.

This study indicates that the operation, FOIS scores at
discharge, and modified BI scores at discharge were prog-
nostic factors of 1-year mortality. Patients who underwent
surgery were considered not to have contributed to the
increased 1-year mortality because they had an earlier cancer
stage and better physical condition than inoperable patients.
Difficulty in swallowing arises from malnutrition, which is
associated with mortality in patients with cancer [24, 25].
Moreover, low ADL increases mortality in patients with
cancer [26-28]. Therefore, the findings that low FOIS and
modified BI scores at discharge increased 1-year mortality
in the present study are consistent with previous studies.

In this study, we introduced a new definition of PSD in
patients with cancer and dysphagia and clarified the relation-
ship between PSD, mortality, and prognostic factors. This
new PSD definition utilizes the VFSS and CT scan that can-
cer patients routinely undergo to evaluate dysphagia, is easy
to introduce into clinical practice, and may become highly
clinically significant. This differs from the definition of sar-
copenic dysphagia made using expensive body composition
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Table 1 Comparison between With PSD Without PSD p-value
patients with and without n=53 n=58
presarcopenic dysphagia
Presarcopenia, n (%) 53 (100%) 30 (51.7%) <0.001
PMI, cm?*/m?, mean (SD) 3.24 (0.69) 4.28 (1.37) <0.001
Age, years, median [IQR] 73.3[67.4,79.3] 70.5 [63.8, 75.9] 0.077
Men, sex, n (%) 50 (94.3%) 43 (74.1%) 0.004
Treatment
Operation, n (%) 37 (69.8%) 36 (62%) 0.391
Chemotherapy, n (%) 8 (15%) 15 (25.8%) 0.162
Radiotherapy, n (%) 12 (22.6%) 11 (18.9%) 0.633
Cancer category 0.139
Esophageal, n (%) 20 (37.7%) 30 (51.7%)
Others, n (%) 33 (62.2%) 28 (48.2%)
Cancer stage, TNM, n 0.903
I 7 (13.2%) 10 (17.2%)
I 13 (24%) 13 (22.4%)
I 18 (33.9%) 21 (36.2%)
v 15 (28.3%) 14 (24.1%)
CCIL n 0.145
0 23 (43%) 30 (51.8%)
21 30 (57%) 28 (48.2%)
Recurrent laryngeal nerve palsy, n (%) 12 (22.6%) 21 (36.2%) 0.118
FOIS
At admission, median [IQR] 7171 717] 0.702
At VFSS, median [IQR] 2[1,5] 411, 6] 0.032
At discharge, median [IQR] 514,7] 6[5,7] 0.038
Modified BI
At admission, scores, median [IQR] 100 [77, 100] 100 [90, 100] 0.166
At discharge, scores, median [IQR] 75 [29, 100] 93 [70, 100] 0.009
VESS findings
Nasogastric tube, n (%) 7(13.2%) 4 (6.8%) 0.266
Tracheal cannula, n (%) 8 (15%) 3(5.1%) 0.081
Vallecular residues, n (%) 47 (88.6%) 14 (24.1%) <0.001
Pyriform residues, n (%) 39 (73.5%) 6 (10.3%) <0.001
Pharyngeal residues, n (%) 53 (100%) 14 (24.1%) <0.001
Aspiration, n (%) 31 (58.4%) 11 (18.9%) <0.001
BMI
At admission, kg/m?, mean (SD) 19.7 (2.6) 21.8 (3.8) <0.001
At discharge, kg/mz, mean (SD) 17.7 2.4) 19.6 (3.4) <0.001
Pneumonia in hospital, n (%) 33 (62.2%) 25 (43.1%) 0.044
Speech therapy days, median [IQR] 13 [5, 19] 812, 18] 0.106
Length of hospital stay, days, median [IQR] 45 (32, 73] 46 [24, 68] 0.293
Days from admission to VFSS, median [IQR] 22 [16, 41] 18 [12,27] 0.047
Days from VFSS to discharge, median [IQR] 1919, 33] 18 [9, 47] 0.841
Days from VFSS to abdominal CT, median [IQR] —26[-37, -10] —20[-38,-9] 0.728
Discharge destination, n (%) 0.002
Home 20 (37.7%) 36 (62%)
Another hospital 26 (49%) 22 (37.9%)
Death in the hospital 7(13.2%) 0 (0%)

The categorical variables were described as the number of patients (percentage)

The quantitative variables were mean (SD, standard deviation) and median [IQR, interquartile range,
25-75th percentiles]

Pharyngeal residues consisted of vallecular and/or pyriform residues

PSD presarcopenic dysphagia, PMI psoas muscle mass index, TNM tumor, nodes, and metastasis, CCI
Charlson Comorbidity Index, FOIS Functional Oral Intake Scale, VFSS videofluoroscopic swallowing
study, BI Barthel Index, BMI body mass index, CT, computed tomography
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Table 2 Presarcopenic dysphagia as a predictor of 1-year mortality
after a videofluoroscopic swallowing study in a forward-stepwise Cox
regression analysis

HR 95% CI p-value
PSD 2599 1.158 - 5.834 0.021
Operation 0224 0.105 - 0479 <0.001
FOIS scores at discharge 077 064 - 095 0015
Modified BI scores at discharge 0.977 0.964 - 0.990 <0.001

PSD presarcopenic dysphagia, VFSS videofluoroscopic swallowing
study, HR hazard ratio, CI confidence interval, FOIS Functional Oral
Intake Scale, BI Barthel Index

100 = 'l-,lL ------- without presarcopenic dysphagia

80— i 7T
¥ Log-rank p=0.003
S 60—
3
E with presarcopenic dysphagia
8 40
a

20—

0—

| T T I — days

0 100 200 300 400
Duration of follow-up after VFSS

Fig.4 Kaplan—-Meier 1-year survival curves for patients with presar-
copenic dysphagia

equipment to evaluate skeletal muscle mass of the whole
body or imaging studies such as CT, MRI, or echo to evalu-
ate swallowing muscle mass.

Our study underscores the intricate connection between
dysphagia, pneumonia, cancer, and immunosuppression.
Dysphagia in cancer patients is affected by various factors,
such as presarcopenia, recurrent laryngeal nerve palsy, can-
cer treatments, surgery. It may heighten pneumonia risk,
but the precise causative link remains unclear. However,
our study acknowledges these multifaceted influences and
focuses on presarcopenia’s role in dysphagia due to low skel-
etal muscle mass, necessitating further investigation.

This study has some limitations. First, this was a single-
center study; hence, the results do not necessarily reflect
a generalized conclusion that a multicenter study might
achieve. Second, the study did not measure grip strength and
physical performance to diagnose presarcopenia. Third, all
patients underwent VESS under different conditions regard-
ing the variety and amount of food ingested. Water was often
applied with a 1-3 ml spoid, and food with a teaspoonful.
Pharyngeal residues were more likely with dense foods and
larger quantities. The evaluation needed more specifics about
residual amounts, possibly affecting the findings. Typically,

in VESS, there should be no pharyngeal residues after a
single swallow, making any residue abnormal. Thus, there
might be differences in the easy-to-detect VFSS findings
between patients. Future studies should standardize the vari-
ety and amount of food ingested for evaluation consistency.
Fourth, while esophageal cancer cases were prevalent in
our study, our findings also highlight PSD in patients with
other cancer types. Further research across different cancer
categories is needed to clarify the relationship between pre-
sarcopenia and dysphagia. Finally, the impact of treatment
on muscle wasting could not be eliminated because of the
period from VFSS to abdominal CT when assessing skeletal
muscle mass.

Conclusion

This study found that PSD, defined by CT-based presar-
copenia and pharyngeal residues observed during VFSS,
increased the 1-year mortality in patients with cancer and
dysphagia. Further investigation is warranted to improve
prognosis through nutritional therapy and swallowing train-
ing interventions in patients with PSD.
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ARTICLE INFO ABSTRACT

Keywords: Objectives: We aimed to clarify the incidence, clinical profile, outcome, and activities of daily living of patients
Stroke with stroke using the Kitakyushu clinical pathway database and to investigate the characteristics of patients with
Severity . stroke in the Kitakyushu medical area in Japan.
g:;:;gf:ze;:”}:;swal Materials and Methods: The clinical data of patients with stroke registered in the Kitakyushu database between
Aging Society April 1, 2009 and December 31, 2021 were retrospectively examined. The National Institutes of Health Stroke
Scale was used to classify stroke severity. A descriptive analysis of basic variables, including age, stroke type,
length of hospital stay, and activities of daily living, according to stroke severity was conducted.
Results: There were 7,487 acute care hospital patients and 5,441 rehabilitation hospital patients. Compared with
patients in similar cities in Japan, patients in the Kitakyushu area tended to be older at the time of stroke onset
with a higher proportion of cases of hemorrhagic stroke. Length of hospital stay in both acute and rehabilitation
hospitals increased with stroke severity. The Functional Independence Measure gain was highest in patients with
moderate disability.
Conclusions: Compared with patients in similar cities in Japan, in the Kitakyushu area, patients with stroke were
older and the proportion of patients with hemorrhagic stroke was higher. Stroke rehabilitation therapy is

effective for patients with moderately severe stroke.

Introduction

It is predicted that the population aged >70 years in European Union
countries will increase to 23% of the total population in 2047 compared
with 14% in 2017, with a 4% increase in the incidence of stroke and a
27% increase in the prevalence of stroke cases'. In the United States, the
incidence of stroke increases every 10 years among the population aged
>45 years, and those aged >65 years account for 70% of stroke cases’.
Similarly, in Japan, there has been a rapid increase in the incidence of
stroke among the population aged >45 years®, and the lifetime risk of
stroke after the age of 45 years is increasing”. Therefore, there is an
urgent need to implement preventive measures against stroke in Japan.
According to recent data, the incidence of stroke in Japan has been
decreasing, with the number of cases per 1,000 people per year dropping
from 14.34 for men and 7.19 for women in the 1960s to 4.22 for men
and 2.22 for women in the 2000s°.

The Kitakyushu region, which is the focus of this research, is part of
Fukuoka Prefecture and includes Kitakyushu City, the second largest city
in Fukuoka Prefecture, with a population of approximately 930,000°. It
is estimated that among the 2022 ordinance-designated cities in Japan,
Kitakyushu has the highest ratio of older adults aged >65 years,
reaching 31.2%°.

In Japan, it is necessary to respond to the increasing healthcare costs
and the predicted decrease in resources available to fund healthcare
services due to a declining birth rate and an aging population’. There-
fore, in accordance with the 2007 revision of the 5th Medical Care Law,
nationwide efforts are being made to build a seamless medical system
from patient hospitalization to discharge to home. Kitakyushu City
began operating the Kitakyushu Stroke Liaison Critical Pathway in 2009
and is working to improve regional medical care. A liaison critical
pathway is an information tool for intra- and inter-hospital collabora-
tion. By understanding patients’ conditions from admission to
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hospitalization to discharge, each medical institution can alleviate the
anxiety of patients and their families and encourage them to participate
in treatment. In 2018, The Cerebrovascular and Cardiovascular Disease
Control Act was enacted in Japan promoting strategies for preventing
cardiovascular diseases, including stroke and myocardial infarction, and
promoting the development of prompt and appropriate treatment sys-
tems to extend healthy life expectancy and reduce medical and nursing
care costs®. Understanding current stroke trends in the Kitakyushu re-
gion, which has a large proportion of older adults, is important in pre-
dicting the requirements for stroke care in Japan and other countries
with an aging population in the future.

This study aimed to clarify subtype rates, clinical features, outcome
destination, and daily living functions among patients with stroke in the
Kitakyushu area using the data of the Kitakyushu Stroke Liaison Critical
Pathway. In addition, this study aimed to determine the characteristics
of patients with stroke admitted to hospitals in the Kitakyushu area.

Methods
Kitakyushu Stroke Liaison Critical Pathway

In Kitakyushu City, the need for cooperation between hospitals
specializing in stroke care has increased in recent years, and owing to
the cooperation among the Kitakyushu City Health and Welfare Bureau,
the Kitakyushu Medical Association, and the Department of Rehabili-
tation Medicine at the University of Occupational and Environmental
Health, Kitakyushu Stroke Liaison Critical Pathway was introduced in
April 2009. Currently, 14 and 37 medical institutions for acute and post-
recovery care, respectively, participate in the project, providing stroke
care in Kitakyushu City and neighboring areas and contributing to
improving regional cooperation. At hospitals providing patient care for
each stage of illness (acute care, convalescent, and chronic stages), a
pass sheet is completed and mailed to the Kitakyushu Medical Associa-
tion Secretariat at the University of Occupational and Environmental
Health, Japan. Patients are admitted to acute care hospitals during the
acute and subacute phases, subsequently the convalescent hospitals
provide rehabilitation therapy for the patients during the recovery or
convalescent phase. Data items include basic characteristics (age at
disease onset, sex, length of hospital stay, and outcome destination),
diagnosis, disease severity, disability, and daily living function. At the
secretariat, the collected pass sheets are converted using tabulation
software, and data are entered into the database. The data are anony-
mized, so the participant cannot be identified, and stored at the
secretariat.

Participants

We targeted patients admitted for ischemic and hemorrhagic stroke
between April 1, 2009, and December 31, 2021, for whom we could
obtain consent for access to the Kitakyushu Stroke Liaison Critical
Pathway (either from the patient or their family) within 7 days of
admission or within 7 days of the attending physician initiating treat-
ment at each hospital (acute care, convalescent, and long-term care
facilities).

Descriptive statistics

Descriptive statistics were performed for the age at onset, male-to-
female ratio, length of stay in acute care and convalescent hospitals,
Functional Independence Measure (FIM) score at admission and
discharge, FIM gain, subtype ratio, and discharge destination. Data on
age at onset, length of hospital stay, and FIM gain were calculated
separately for acute care and convalescent hospitals. The annual
changes in the length of stay in acute and convalescent hospitals be-
tween 2009 and 2021 were plotted on a graph. The FIM gain was
calculated by subtracting the total FIM score on admission to the
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convalescent hospitals from the total FIM score on discharge from the
convalescent hospitals.

Comparison by stroke severity

Stroke severity was classified as previously described’, using the
National Institute of Health Stroke Scale (NIHSS) outcome prediction at
the time of discharge from the acute care hospital: mild (NIHSS score,
<5), moderate (NIHSS score, 6-13), and severe (NIHSS score, >14).
After classifying stroke severity, we calculated the length of stay in acute
care and convalescent hospitals, subtype ratio, total FIM score on
discharge from convalescent hospitals, and FIM gain.

Correlation analysis

Correlation coefficients were calculated using the length of stay in
convalescent hospitals and the FIM score on discharge from convales-
cent hospitals as dependent variables. Independent variables for the
length of stay in convalescent hospitals and the FIM score on discharge
from convalescent hospitals were selected based on previous reports'”
1 Length of stay in convalescent hospitals was assessed based on sex,
age, outcome destination from convalescent hospitals, Japan Coma
Scale (JCS) score on discharge from acute care hospitals, NIHSS score on
discharge from acute care hospitals, and presence or absence of
long-term care insurance (at the acute care hospital). The JCS classifies
the level of consciousness into nine levels in the acute stage and is
composed of three components: arousal, mode of response to stimuli,
and content of consciousness'”. At discharge, medical history was
selected from pass items, and correlation coefficients were calculated.

For the total FIM score on discharge from convalescent hospitals, the
following were selected from pass items: sex, age, outcome destination
from convalescent hospitals, presence or absence of higher brain
dysfunction (at discharge from an acute care hospital), presence or
absence of dysphagia (at discharge from an acute care hospital), pres-
ence or absence of long-term care insurance (at discharge from an acute
care hospital), and NIHSS score (at discharge from an acute care hos-
pital). Correlation coefficients were then calculated. Sex, outcome
destination, presence or absence of long-term care insurance, and the
presence or absence of sequelae are nominal scales; therefore, analysis
was performed using dummy variables. For both dependent variables,
independent variables were selected, and | r [20.2.

Multiple regression analysis

To extract factors affecting 1) length of stay in convalescent hospitals
and 2) FIM score on discharge from convalescent hospitals, multiple
regression analysis was performed using the stepwise method, with
“length of stay in convalescent hospitals” and "total FIM score on
discharge from convalescent hospitals" as dependent variables. Based on
the correlation coefficient, variables with a strong correlation were
selected as independent variables. A simple regression analysis was
performed on the selected independent variables; however, no item had
a corrected R? of >0.5, and no variables showed a significant correla-
tion. The selection of independent variables for each model was as
follows:

1) Length of stay in convalescent hospitals: age, outcome destination,
total motor FIM score (at admission to a convalescent hospital), total
cognitive FIM score (at admission to a convalescent hospital), NIHSS
score (at discharge from an acute care hospital), JCS score (at
discharge from an acute care hospital), and presence or absence of
long-term care insurance (at discharge from an acute care hospital);
Total FIM score on discharge from convalescent hospitals: sex,
outcome destination, age, NIHSS score (at discharge from an acute
care hospital), presence or absence of long-term care insurance (at
discharge from an acute care hospital), presence or absence of

2

—
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dysphagia (at discharge from an acute care hospital), and presence or
absence of higher brain dysfunction (at discharge from an acute care
hospital).

Sex, outcome destination, presence or absence of long-term care
insurance, and the presence or absence of sequelae are nominal scales;
therefore, analysis was performed using dummy variables. Variables
with |t|22 and |B|20.2, assessed as having “some influence” on the
dependent variable, were used as the criteria for the final selection of
independent variables. After the analysis, a model with a degree-of-
freedom-adjusted coefficient of determination (R?) of >0.3 and a vari-
ance inflation factor (VIF) of <10 was used to assess multicollinearity.
SPSS version 27.0 for Windows (IBM SPSS, Inc. Armonk, NY, USA) was
used for the analysis. Statistical significance was set at P <0.05.

Ethical considerations

This study was approved by the Ethical Research Committee of the
University of Occupational Environmental Health, Japan, and was
conducted in accordance with the Declaration of Helsinki.

Results

A total of 10,873 patients were enrolled, of whom 7,487 (68.9%) and
5,441 (50.0%) patients in acute care and convalescent hospitals,
respectively, participated in the Liaison Critical Pathway (Table 1). The
incidence rates by sex were 53.4% for men and 46.6% for women, with a
slightly higher incidence in men. The ages of stroke onset were 72.2

Table 1
Characteristics of registered patients with stroke.

Acute care hospital (n=7,487) Convalescent hospital (n=>5,441)

Mean Median Mean Median
(SD) (IQR) (SD) (IQR)
Age (n, %), yrs. Age (n, %), yrs.
Total 74.6 76 Total 74.2 76
(n=7,472, (12.1) (67-84) (5,436, 100) (12.1) (67-83)
100)
Male 72.2 74 Male 71.9 73
(n=3,989, (12.0) (65-81) (2,919, 53.7) (12.1) (65-81)
53.4)
male 77.4 79 Female 76.9 79
(n=3,480, (11.5) (70-86) (2,515, 46.3) (11.6) (70-85)
46.6)
known (n=3, - - Unknown
0.0) (2,0.0)
Stroke subtype (n, %), yrs. Stroke subtype (n, %), yrs.
IS (4,841, 76.7 78 IS (3,538, 76.4 79
64.8) (10.9) (70-85) 65.0) (11.0) (70-84)
ICH (2,196, 70.9 72 ICH 70.4 71
29.4) (12.8) (63-80) (1,614, 29.7) (12.8) (63-80)
SAH (322, 68.5 71 SAH (239, 67.0 67
4.3) (14.0) (60-80) 4.4) (14.9) (57-78)
Others (20, - Others - -
0.3) (13,0.2)
Unknown - Unknown
(108, 1.4) (37,0.7)
Length of hospital stay, days Length of hospital stay, days
28.4 24 83
(24.2) (18-34) (47-131)
FIM score in Convalescent Hospital (n)
Admission 67.1 68
(3,872) (33.0) (36-95)
Discharge 87.4 101
(4,735) (35.5) (59-118)
FIM gain 19.7 16 (5-31)
(n=3,843) (19.0)
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years in men and 77.4 years in women at acute care hospitals, whereas
they were 71.9 years in men and 76.9 years in women at convalescent
hospitals, with women tending to be older at the time of onset.

Cerebral infarction was the most common type of stroke. The mean
lengths of hospital stay were 28.4 and 92.3 days in acute care and
convalescent hospitals, respectively; however, the standard deviation
(SD) of the latter was large, indicating a large variance.

The mean FIM scores were 67.1 on admission to a convalescent
hospital and 87.4 at discharge. The mean FIM gain was 19.7; however,
there was some variability (Table 2).

Regarding annual changes in the mean length of hospital stay in the
acute care hospitals between 2009 and 2021, there was an increasing
trend until 2012 but a decreasing trend after 2013 (Fig. 1). The mean
length of stay in the convalescent hospitals remained approximately 90
days between 2009 and 2017. After peaking in 2015, it gradually
shortened in 2016 and has since remained in the 80-day range. In 2021,
it dropped significantly to 64.0 days; however, the data input may have
been insufficient.

The majority (72%) of participants with mild stroke sustained a ce-
rebral infarction, and the proportion of patients with cerebral hemor-
rhage increased with increasing disease severity (Table 2).

At discharge from the acute care hospitals, the mean length of hos-
pital stay according to severity was 25.8 days in the mild group.
Furthermore, the length of stay in convalescent hospitals was 75.6 days
in the mild group, and the length of stay in both hospitals increased with
stroke severity and was approximately 4 months in the severe group.

The total FIM scores on discharge from the convalescent hospitals
were 103.3, 77.8, and 41.1 for the mild, moderate, and severe groups,
respectively. The FIM gains were 19.3, 23.7, and 14.2 in the mild,
moderate, and severe groups, respectively, with the highest FIM gain in
the moderate group.

After discharge from acute care hospitals, 84% of patients were
transferred to convalescent hospitals, whereas 65.5% of patients in
convalescent hospitals were discharged home (Table 3).

The dependent variables were the length of hospital stay and FIM
score on discharge from the convalescent hospitals, which were calcu-
lated using Spearman’s rank correlation coefficient (Table 4). A
moderately negative correlation was observed between motor area FIM
score (on admission to convalescent hospitals) and length of stay in
convalescent hospitals. A weak positive correlation was observed among
long-term care insurance facilities (recovery stage outcomes), NIHSS
score (on admission to acute care hospital), and JCS score (on admission
to acute care hospital). FIM score on discharge from convalescent hos-
pitals showed a moderate positive correlation with discharge to home
(outcome destination from the convalescent hospitals), no dysphagia (at

Table 2
Patients’ characteristics according to stroke severity.
Mild Moderate Severe
(n=3,673) (n=1,827) (n=947)
Stroke subtype
IS 72.4% 61.1% 53.6%
ICH 23.3% 36.0% 41.0%
SAH 4.3% 3.0% 5.4%

Hospital stay (Mean (SD)/Median (IQR)), days

Acute care 25.8 (15.7) / 22 29.8 (30.5) / 26 35.4 (17.2) / 32
hospital (17-31) (19-35) (23-45)
Convalescent 75.6 (52.1) / 67 111.6 (72.7) / 125.5 (116.7) /
hospital (39-105) 111 (71-148) 119 (70-159)

FIM score in Convalescent hospital (Mean (SD) / Median (IQR))

Discharge 103.3 (25.3) / 77.8 (33.5) / 81 41.1 (28.0) / 29
113 (93-122) (48-109) (20-53.75)
FIM gain 19.3(17.7) /17 23.7 (19.9) / 22 14.2(20.6) / 4
(6-31) (8-37) (0-20)

IS: Ischemic Stroke, ICH: Intracerebral hemorrhage, SAH: Subarachnoid hem-
orrhage, FIM: Functional Independence Measure;
SD: Standard Deviation, IQR: Interquartile Range

IS: Ischemic Stroke, ICH: Intracerebral hemorrhage, SAH: Subarachnoid hem-
orrhage, FIM: Functional Independence Measure;
IQR: Interquartile Range, SD: standard deviation
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Fig. 1. Annual trend of length of hospital stay
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The figure illustrates the annual trends in the length of hospital stay in acute care hospitals and in convalescent hospitals.

Table 3
Destination from Acute care/Convalescent hospital.

Acute care hospital (n=7,371) Convalescent hospital (n=5,157)

% %
Convalescent hospital 84.0  Discharge to home 66.3
Community based care unit 10.0  Medical and nursing care sanatoria 9.2
Discharge to home 3.0  Return to admission for acute care 8.5

hospital
Recuperation hospitals 1.1  General Hospital 5.9
Medical and nursing care 0.3  Recuperation hospitals 4.8

sanatoria
Others 1.5 Death 1.4
Others 4.8
Table 4

Spearman’s rank correlation coefficient of the length of stay in the convalescent
hospital and total FIM score.

Correlation coefficient of total FIM score
(at discharge from convalescent hospital)

Correlation coefficient of length of stay
in the convalescent hospital

NIHSS in acute care 0.37**  Discharge to home from 0.62%*
hospital convalescent hospital

Long-term care health 0.23**  No dysphagia in acute care 0.46**
facilities hospital

JCS in acute care hospital 0.23**  No long-term care insurance in 0.427*

acute care hospital
No higher brain dysfunction in 0.42%*
acute care hospital

Cognitive FIM on admission ~ -0.29**
to convalescent hospital

Motor FIM on admission to ~ -0.44**  Long-term care health -0.25%*
convalescent hospital facilities from rehabilitation
hospital
Age -0.447*
NIHSS in acute care hospital -0.57**

NIHSS: National Institutes of Health Stroke Scale, FIM: Functional Independence
Measure, mRS: modify Rankin Scale, JCS: Japan Coma Scale; other abbrevia-
tions are same as in Table 1

" P<0.001

discharge from acute care hospitals), and no higher brain dysfunction (at
discharge from acute care hospitals). A moderate negative correlation
was observed among age, JCS score (at discharge from acute care hos-
pitals), and NIHSS score (at discharge from acute care hospitals)
(Table 4).

Multiple regression analysis was performed using the stepwise
method.

1) For the length of stay in convalescent hospitals, the adjusted coeffi-
cient of determination (R?) was 0.15, and motor area FIM score (on
admission to convalescent hospitals) was selected as the independent
variable (Table 5). The standard partial regression coefficient was
-0.37, indicating a negative relationship and that a high motor area
FIM score was associated with a shorter hospital stay.

For the total FIM score on discharge from convalescent hospitals, R
was 0.70, and the independent variables were discharge to home
(outcome destination from the convalescent hospitals) and NIHSS score
(at discharge from acute care hospitals) (Table 6). The standard partial
regression coefficient had a positive relationship with discharge to home
at 0.37 and a negative relationship with NIHSS score (at discharge from
the acute care hospitals) at -0.34, indicating an association with the
dependent variable. The total FIM score on discharge from the conva-
lescent hospitals was higher among patients discharged to home, and
increased stroke severity on discharge from the acute care hospitals was
associated with a lower total FIM score on discharge from the conva-
lescent hospitals.

Discussion
Overview

Over 10,000 people were registered in the Kitakyushu Stroke Liaison
Critical Pathway, which provides community-based medical care sup-
porting patients with stroke throughout the region, targeting Kitakyushu
City and its surrounding areas.

The mean length of hospital stay was approximately 1 month in
acute care hospitals and 3 months in convalescent hospitals, with a
decreasing annual trend for both types of hospitals in recent years.

Stroke severity was associated with a higher incidence of cerebral
hemorrhage, longer mean length of stay in acute care and convalescent
hospitals, and lower total FIM score on discharge from convalescent
hospitals, whereas FIM gain was highest in patients with moderate

Table 5
Stepwise multiple regression analysis of length of stay in the convalescent hos-
pital (n=3,392).

Variable B (95% CI) B t-score P-Value

Motor FIM -1.09 (-1.22 to -0.95) -0.37 -15.71 <0.001

R% 0.15, F score: 84.36
B: partial regression coefficient, f: standardized partial regression coefficient,
CI: Confidence Interval; FIM: Functional Independence Measure
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Table 6
Stepwise multiple regression analyses of FIM score on discharge from conva-
lescent hospital (n=3,785).

Variable B (95%CI) B t- P-
score Value
Discharge to home from 28.23 (26.53 to 0.37 32.62 <0.001
convalescent hospital 29.92)
NIHSS in acute care hospital -1.89 (-2.02 to -0.34  -28.73  <0.001
-1.76)

R?% 0.70, F score: 1230.86
NIHSS: National Institutes of Health Stroke Scale, FIM: Functional Independence
Measure

disease.

Furthermore, >80% of patients in acute care hospitals were trans-
ferred to a convalescent hospital, and approximately 70% of those in
convalescent hospitals were discharged home, whereas 10% were dis-
charged to a healthcare facility for older adults.

Age at onset

The mean ages at the time of stroke onset were 74.6 and 71.3 years
for patients enrolled in this pass and those in other areas, with slightly
older age of onset compared with patients in another prefecture'>. As for
other countries, the mean age at stroke onset is 63.5 years in China'?,
71.4 years in Finland'®, 75.0 years in the Evros province in northeastern
Greece'®, and 71.6 years in the Ludwigshafen region of Germany'”. The
current study’s results show an older age of onset than studies conducted
in other Asian regions or countries; however, there was no difference
when comparing our findings with those of studies performed in Euro-
pean areas'®.

In the present study, the age at stroke onset was higher among
women than among men, and in 2008-2017, the ages of onset were 71.4
years for men and 77.8 years for women ', consistent with data from the
European Union'® 8,

The median ages of onset were 78 years for cerebral infarction, 72
years for cerebral hemorrhage, and 71 years for subarachnoid hemor-
rhage; thus, median age of onset was higher for all stroke types in the
present study than in studies from other regions of Japan'> 2.
Nationwide, the median age of onset is 74 years for cerebral infarction,
70 years for cerebral hemorrhage, and 64 years for subarachnoid hem-
orrhage?!, suggesting that the median age of onset in the Kitakyushu
region, which is the subject of this study, is relatively high.

Kyoto City, another region in Japan, has a population of approxi-
mately 1.4 million and an aging rate of 28.5%" '°, whereas Kitakyushu
City has a population of approximately 0.93 million and an aging rate of
31.2%°. Compared with Kyoto City, Kitakyushu City has the highest
aging rate among ordinance-designated cities®; therefore, the age at
onset tends to be high in terms of sex and stroke type.

Sex

The incidence of all stroke subtypes was slightly higher among men,
and there was no significant difference between the present study’s data
and nationwide data or data from other regions in Japan during
1988-2019'% 21> 22, Male sex is a risk factor for stroke, with a higher
stroke incidence observed among men in the present study. However,
the average life expectancy is higher among women, and depending on
changes in the composition of the older adult population, the stroke
incidence among women may increase in the future.

Subtype

In Kitakyushu City, according to The Japan Stroke Data Bank, cere-
bral infarction, cerebral hemorrhage, and subarachnoid hemorrhage
accounted for 73.9%, 19.7%, and 6.4% of cases, respectivelyZI. Ac-
cording to a study in Hisayama, a city in the same prefecture as Kita-
kyushu City, the rate of first-onset cerebral hemorrhage remained
constant at 16-20% between 1961 and 2012, It can be said that the
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rate of cerebral hemorrhage tended to be higher in the Kitakyushu re-
gion (29.1%) than in other regions and compared with the national data,
although the rates of cerebral infarction and subarachnoid hemorrhage
were consistent with the national data. According to a standardized
international case-control study of 32 countries across Asia, America,
and Europe, the incidence of cerebral hemorrhage tended to be higher in
China (27.6%) and Southeast Asia (33.3%) than in Western countries
(6.7%-8.4%)*. The incidence of intracerebral hemorrhage in Asian
countries is higher than that in Western countries and twice as high as
that in other races, such as Hispanics and African-Americans, increasing
with age® %°, Due to the aging of the population in the Kitakyushu area,
it may reflect the characteristics unique to Asians.

High salt intake has been shown to increase the risk of stroke
Therefore, high salt intake may affect the onset of a cerebral
hemorrhage.

The incidence of cerebral infarction decreased with increasing stroke
severity, whereas the incidence of cerebral hemorrhage increased with
increasing stroke severity. The risk of developing stroke increases with
age, and poor prognostic factors include advanced age, the presence of a
large hematoma, hematoma expansion, intraventricular hemorrhage,
and hemorrhage at the base of the brain®” *'. It is expected that Kita-
kyushu City has a large older population and that patients with
comorbidities experienced recurrent stroke or new onset of cerebral
hemorrhage. Thus, it was suggested that an increase in age at onset was
associated with an increased incidence of severe cerebral hemorrhage.

27-29

Length of hospital stay

The mean length of stay in acute care hospitals in the present study
was 28.4 days. Data from a previous study in Japan from 2014 showed a
slight decrease, to 29.5 days>”. Compared with the mean length of stay
in acute care hospitals in other countries such as China (17.8 days)** and
Finland (17.2 days)'®, the length of stay in acute care hospitals for pass
holders tended to be slightly longer. The type of medical insurance and
daily living functions at the time of hospitalization are factors that
prolong the length of hospital stay>>, and it is conceivable that the
support provided by medical insurance and the decline in daily living
functions affected the length of hospital stay. In particular, because of
Japan’s universal health insurance system, the out-of-pocket burden of
medical expenses is low, affecting the duration of hospitalization. In
addition, due to many comorbidities resulting from advanced age, it
takes several days for patients to stabilize, and after adequate acute
phase rehabilitation and setting the treatment policy, the patient is
transferred to a convalescent hospital. Besides the influence of the
medical system, another factor contributing to the prolonged hospital-
ization in the Kitakyushu area is the availability of a conducive envi-
ronment for convalescent hospitals to focus on functional recovery by
admitting patients from acute care hospitals after achieving stable
medical conditions.

According to national data in 2017, the mean hospital stay for ce-
rebrovascular disease by age group was 78.2 days overall; however, the
mean hospital stays were 86.7 days for those aged >65 years and 98.9
days for those aged >75 years®*. In addition, national data in 2020
showed that medical costs for those aged >65 years accounted for 61.5%
of the total, and the aging population has led to the increase in the
average length of hospital stay>”. The hospital length of stay was
extended due to the aging of the population and the use of national
health insurance.

The mean length of stay in convalescent hospitals was 92.0 days in
the present study and 93.6 days in Japan as a whole. Therefore, the
difference was minimal®® %,

The mean length of hospital stay according to severity showed a
trend toward longer stays in both acute care and convalescent hospitals
(Table 2), consistent with the literature>® and the Korean registry data®’.
Age, FIM gain, and total FIM scores in the areas of exercise, mobility,
communication, and self-care at the time of admission are predictors
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known to affect the length of stay in convalescent hospitals'’. These data
weakly correlated with daily living function (Table 4), and multiple
regression analysis also indicated motor area FIM as an associated factor
(Table 5). In addition, medical complications may prolong the length of
hospital stay. For example, pneumonia and urinary tract infections are
factors known to prolong the length of stay in acute care hospitals*’.

The mean length of stay in convalescent hospitals tended to increase
for severe diseases compared with that for moderate diseases (Table 2).
With increased disease severity, the patient’s general condition may not
stabilize, requiring further medical resources, and adjustment to the
destination may be necessary, potentially extending the duration of
hospitalization. The annual changes in the mean length of hospital stay
tended to diminish over time in both acute care and convalescent hos-
pitals (Fig. 1). According to data from other prefectures in Japan, the
median length of stay in acute care hospitals decreased from 18 to 12
days between 2009 and 2016. Similarly, the length of stay in conva-
lescent hospitals decreased from 104 days in 2009 to 60 days in 2016,
with a trend of shortening stay with increasing age. The Kitakyushu area
showed a similar diminishing trend, although slowly>®. These results are
consistent with those of the present study.

Outcome destinations

Approximately 80% of the patients were transferred from acute care
hospitals to convalescent hospitals, and two-thirds of patients in
convalescent hospitals were discharged home (Table 3). The reason why
many patients are transferred from acute care hospitals to convalescent
hospitals is largely associated with the Japanese medical system based
on the functional differentiation of hospitals that mainly provide acute
care after stroke onset, followed by transfer to convalescent hospitals for
rehabilitation.

The prevalence of patients that returned to acute care hospitals from
convalescent hospitals was 8.5%. Recurrent stroke, deterioration of
underlying diseases, and complications in convalescent hospitals may
lead to rehospitalization. Therefore, management of the general condi-
tion in a convalescent hospital is important. Approximately 10% of
patients transitioned from the convalescent hospitals to long-term care.
If patients are older and their NIHSS score is severe, they are discharged
to a long-term care facility”’. The proportion of patients discharged to
nursing homes increases as the population ages. Additionally, a previous
study reported that patients with NIHSS scores of >13 are discharged to
long-term care facilities and that a 1-point increase in the NIHSS score
significantly decreases discharge to home. Thus, there is an association
between discharge destination and stroke severity”. Discharge to home
is associated with a mild disability after rehabilitation treatment and
requires good family and community support’’. Rehabilitation at
convalescent hospitals, nursing care at home, and the effective use of
social resource services are important for discharge to home. A study of
outcome destinations revealed that predicting disease severity is some-
what possible. Patients with an FIM score < 39 and NIHSS score > 14
were 3.4 times more likely to be discharged to a facility, whereas those
with an FIM score > 80 and NIHSS score < 5 were 12 times more likely
to be discharged home"’. Therefore, the higher the degree of functional
independence and the lower the severity, the higher the possibility of
discharge to home. However, it has been reported that rehabilitation
intervention in the subacute phase did not reduce the need for long-term
nursing care’*, and even if patients’ physical function is restored, those
with severe conditions require nursing care. Therefore, we consider that
cooperation with the community and the use of social resources is
important.

FIM score on discharge and FIM gain
The total FIM score on discharge from convalescent hospitals was

inversely correlated with stroke severity (Table 2). Because the degree of
independence before admission to a convalescent hospital determines
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the direction of physical functionality after discharge®, it is important
to determine the degree of residual function at the time of discharge
from an acute care hospital. Therefore, improving the functional level at
the time of discharge from an acute care hospital is important, and early
treatment and rehabilitation after the onset of stroke are essential.

FIM score on discharge from convalescent hospitals and daily living
functions at acute care hospitals tend to decline with age.

Regarding FIM gain, it tended to be highest in cases of moderately
severe stroke. FIM gain tended to be highest in patients with moderate
FIM scores of 41-80 on admission to a convalescent hospital*. The ef-
fect of rehabilitation treatment is greater in patients with moderate
stroke than in those with mild or severe stroke.

Limitations

First, not all hospitals in the Kitakyushu area are enrolled in the pass
program, and not all patients with stroke in the Kitakyushu area were
included. Certain hospitals in the Kitakyushu region have varying sys-
tems that may lead to increased workload and discrepancies. Therefore,
standardizing the data across hospitals is necessary to correct such dif-
ferences and improve the overall quality of care. A study linking stroke
registration and health insurance data in South Korea*” and another
study on the usefulness of stroke registration using the diagnosis pro-
cedure combination/per-diem payment system in Japan were conducted
in Iwate Prefecture®®. Linking medical data, health insurance, and pass
data will promote the pass use and cooperation with regional authorities
delivering medical care, thus improving the quality of care for patients
with stroke. It is necessary to improve the availability of the pass to
promote its use in the local community. We believe increasing the
number of hospitals participating in the pass scheme is important to
adequately capture the current stroke trends across the Kitakyushu
region.

Second, there were items with missing data. This may be explained
by difficulties in data input at the medical site, such as a busy schedule,
thus raising the possibility of information bias. Specifically, there were
many missing values in the data input after discharge from convalescent
hospitals. However, a comprehensive analysis at the regional level re-
quires data from the acute stage through to the chronic stage. Digita-
lizing the pass would increase information sharing between hospitals,
reduce the burden of input work at clinical sites, and allow timely input
to minimize missing values.

Third, compared with studies in other regions, our study did not
adjust the population composition ratio by age group; therefore, we
need to examine this in the future. However, by comparing the results of
the present study with those of studies from other regions in Japan, we
consider that it will be possible to understand the regional characteris-
tics of patients with stroke and provide useful data in formulating
strategies for improving the quality of stroke treatment tailored to
regional characteristics.

Conclusion

Based on the data of the Kitakyushu Stroke Regional Collaboration
pass, we investigated subtype rates, clinical features, outcomes, and
daily living functions among patients with stroke in the Kitakyushu area
and examined the patients’ characteristics. In the Kitakyushu region, the
age at stroke onset and incidence of cerebral hemorrhage were high. The
length of hospital stay tended to increase with increasing stroke severity
in both acute care and convalescent hospitals. FIM gain was highest in
moderately ill patients, suggesting that the effect of rehabilitation on
moderately ill patients is beneficial.
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