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Figure 1. Graphical presentation of the interactive effect of age and
DM in BE at 8000 Hz.

The pathophysiological mechanism of hearing impairment
in DM has been investigated for years in temporal bone
studies using animal models of DM and in human post-
mortem cases; however, it has not been completely clari-
fied [19-21]. Some investigators have observed findings of
DM-related cochlear microangiopathy, such as vessel wall
thickening or atrophy of the stria vascularis, the organ re-
sponsible for generating endolymph, which serves as the
driving force for hair cell mechanotransduction. However,
others have failed to find these changes in DM. Recently,
possible biochemical pathways involved in the detrimental
effects of DM on sensory end-organs have been advocated
[10,22]. The auditory system requires glucose and high-en-
ergy utilization for its complex signal processing. The high
metabolic demands of the inner ear and the auditory path-
way could make them a target of the disease, even before
evidence of microvascular complications. This could occur
through hyperglycemia, which has effects including oxida-
tive stress, hypoxia and ischemia, activation of the polyol
pathway, and increased levels of advanced glycation end
products (AGEs), which play an important role in devel-
opment of atherosclerosis in diabetes.

A recent study provided evidence that various forms of ox-
idative stress increase in the aging cochlea, while cellular
antioxidant defense systems are reduced [23]. The find-
ings mean that, irrespective of the presence of DM, oxida-
tive stress during the aging process leads to dysfunctional
degeneration of the cochlear tissue. Another study demon-
strated that increased vulnerability of outer hair cells from
the base of the cochlea, which responds to higher frequen-
cy auditory stimuli compared with those at the apex, was as-
sociated with lower levels of the antioxidant glutathione in
the basal hair cells [24]. This finding may explain the cur-
rent result that DM could potentially accelerate early pres-
bycusis, high-frequency sensorineural hearing loss, in the
younger age-bracket.

Some limitations of the present study should be mentioned.
Although the definition of DM in the present study was based
on multiple criteria, medical history and medication taken to
lower blood glucose level were obtained by questionnaires.
We could not distinguish between type 1 and type 2 DM, and

did not take into account severity or duration since DM di-
agnosis. Additionally, the participants of the NILS-LSA are
potentially more health-conscious than average Japanese.
Residents selected from resident registrations were invited
by mail to an explanatory meeting at which the objectives
of NILS-LSA, study design, and detailed procedures of ex-
aminations were described. Only those who understood the
project and signed a written informed consent form became
participants. Employed people would have to get time off
to take part in the examination, and those with seriously
impaired activities of daily living, rarely attend. Therefore,
the present subjects may have been healthier than the sub-
jects in other analyses in the clinical setting; -

Despite these possible limitations, however, the present find-
ings that diabetes reduces auditory sensitivity in middle-aged
people may indicate potential benefits of early interven-
tion. Yoshikawa et al. has prospectively examined the effect
of short-term intervention with lifestyle modification, and
has clearly demonstrated that lifestyle modification can sig-
nificantly reduce circulating AGE levels [25]. Screening for
hearing impairment in diabetic patients may be valuable for
intervention or prevention, especially in early middle-age.

CONCLUSIONS

The present study demonstrated that DM adversely affected
hearing in the community-dwelling middle-aged and elder-
ly population. Although the DM-age interaction appeared
additive at below 4000 Hz, significant reciprocal effects of
this interaction were found at 4000 Hz and 8000 Hz. This
suggests that DM could potentially accelerate early presby-
cusis, high-frequency sensorineural hearing loss. Screening
for hearing impairment in patients with DM may provide
benefits for prompt intervention or primary prevention, es-

pecially in early middle-age.
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AEREBRNTERHEOTERB L 5 ITEG TR, Ak,

ERERAFTY 2 7 DML
BA REXY R4 B OHE BE HE 2P
NN O BRAY #HO BAY

E $ BN EAFEESRZU-EESRBETOEREOMNIC L 5 485k, £REE HMERE (&F
Bk, ABEOFELZLPICHRRE, Y- Y AMEEARE), SOIIEMOEGTHE AR HBEAFOHR
RHELPIITS. FHE: BEEWEATENFEREZRIESHRTORME 18758, X5 20INE
#1568 &% WRICL7-MBTME (the Nagoya Longitudinal Study for Frail Elderly) O8O F—%141 5
Iz 3EEMORELE, AR, AFHER~OAFICHT2RTNT— 72 BAL:. BR: SR -BEAEE
OHFIMR I LY (663%) HBYE (337%) OW2H/HEAL T BRIEKBRLTEUHENFRRED
EERIIE L (&t : 815+75(SD) &, 2% : 788+76(SD) &, p<0001), MBI E (&t : 262%,
B :146%, p<000l), FNFEVRBETHI2HEIBRENBRIRE CHBL TE o7 (K
221%, B1%:736%, p<000l). XHREABERHE LA FT -~ AORBENE (it : 488%,
B 432%, p=0021), T-ERLHFREOAREIBHICHBEL CTEL B s, RODEER:
466% vs 283%, <0001 ; MHEMAEEMERL 99% vs 59%, p=0003; EEELE : 129% vs 7.3%, p<
0.001), BIfOBREE GBESEM) BEP ol (274% vs 147%, p<0001), 3EMOFELER, ARFE
BBEENEERE LY DLXETEDI o7 (B ve ittE%, FETE : 31.3% vs 206%, p<0.00l ; AR :
486% vs 399%, p<000l). ABHR~DODAFTIZBHI Y EEH o7 (5.2% vs 84%, p=0011). Cox }t
PN — FERCRBRELERLTBREARBEORT, AR, BWRAFONF—F - V27 (95%EE
Ki) RBZEBBITFTERLENO6L (051~074), 076 (0.66~0.88), 148 (1.00~219) T, ZERBIT T
i2EhFh 051 (0.39~0.66), 083 (0.69~099), 119 (0.73~193) THho7z. B EERETOENE
BRHEILXEINE L, ENFEOFRNL EABIRBICHEZIEET L. SLLAHENAERERE CIIERL
DL 3FEHORLCEIBNDOD, HEBHEANATTAIENSZVWILFHLPL 2o
Key words : /+#RE ENFERBE, ETHk NERRY-Y X, #2
(BEE:E 2010 47 : 461~467)

=

=

BLRFIHMLTED, RCTBRUEOREIRKE

¥R 21 FRR Bt En®IcXsE, BEICHBITS
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oI EREAOOTLZ Y OB EHERRE T
HY, 2LIIEFOHIL 23U LR ERBEDTVE L
Fhrd ZOLSIIERBEAD BEAESKERICBY
TIRBEOLETHLMIEEFDLZ LABE SR TY
A, Ll 20OENSERHBEONINCL2ER (KR
W, BEEEEHE BHOENRE), AERE &
BRE, ENFEORE INBEEOTR, HRERY—
CADOFERRR) oME I5iRBMcs2F% &
BRNDARE, NEER~OARICHT 20 22 OflE%
CRELLPTRLZ. 501875 ZOEEREPICESN
BE, ROV EOENEE B ENRICLzT5— b
AELECLEORMEZHL ST 5.

HR|EFE

1. ¥

HEH BT T{iThb 7z the Nagoya Longitudinal Study
for Frail Elderly (NLS-FE) OB#R 65 BRULTH -
LEmEOF—% (18754%) A LS. NLSFEi
EERHO17HMERRTF— Y s Y HBRBEEN XS
BERTERE L-FHERST—CAFHE 6580
EoRkE), FRMEFRMNERC SRR
A ETBEME» S NECHEASICBT 23HB% L,
XETORELBONEAERTHRYE (187548), &5
CREDEMFEE (1568%) tHENR (BEE) &
THOMBMAETH 2. (BERIFRIGELRAICK
T BREICHL, BRRICTo 2458 ER1E
ZLitithh, #HBPIFR 3HRTEARY IO
FEZTRELL. ARVIPERD BRAOAR (1LE,
BEARZEE), 2) AERR CEAREHER BH%
BEANF—L, V=T - k—2%E) ~OAF, 3) %
T 4) K% GREEY—C X0dik) 2RT. 2B,
AR FRI19E 1 BIIRTLTWA,

2. BERERE

EXFAEARIZ ) BEORE b) HESWER o
AFREBORE ) FHES-CAAR o) ERTE
f) BEEE (FicES, 53 o SEBekL s UIIK
fiL0EMEE (485 ADL : Barthel index (range : 0~
20)°, REEOEE, 5 DODKE : Geriatric depression
scale short version (GDS-15, range : 0~15)") h) %
EIRE (FAEHN, BIRR AL i) HFEEOFME:
Charlson index (range:0~9)" j) EHHE k) x
AEFORE (RFRE, ABERER(HFFER the Zarit
Burden Interview : ZBI)), BEEMOIBWAL (H—
CAFIARE, BEORERR REKoNMERRE 4
FEoORBERR2ZOICAB) 2ETH 5. BURREGE
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BRER OA%2, RmEEE 2as BN
KR, BRA BiUE ENEE) ofBI»»0 o0
ErooWBREBICEN I, 2528 EEHOE
HE, BEX5FMOBHBELENL:. Zhsolfiz
EAF RN EE, 22 )2 ELSOBREEIC L
2B, GDSI5EZME, a3z —aryFiE
BILREBL2D o7

3. BERE

B85 3EMOEEBF, ARV M BECET2HE
B EEMI AN EZBEMEIIRKL, 32T
CAHBRZICBRE L. ARV FER]D HBEANOA
(LB, REARTED), 2) #lR (BARRK
& FNREEAR—L, TA—TF - R—L%E) AO
ART 3) BT 4) REZFRT.

4. BBH
ERRELAFAENTORY - THOHE, 25003
EHOBBRIIRI oI~V b (BT, Ak SrEk
RNDOAR) OBRELRF LA EHT BFER
student-t test, # 1 ZRKE, Kaplan-Meier BE, Cox
HPANF— FVRELZEEEHALL. ABHBENEZOBH
BENEELRBLLEL, AR AEERAFTOY RS
Z Cox HPINF— FRRETHIT L. SERBEFCIT
BEBBTTHIWAE (p<005) ZETZEFNVIC
FTALZ.

5 REED~ORE
FMRELEHRREREEZESCORE LB TEREL
oo ¥HRAYTA—AF -2y OB, BTEHN
BEEAN, ENFEZOBAICLZ2ABETL - TRELE
L7z, BRESh-tsRIL B RECHREICEREL,
ETEBMIIHNL, B2 DF— 7 DREL LI3fTHT,
BADTF LNy —REBIED -

B R

R1BLHUBRIN-BEAERHE 2O ICESN#
HEERERT. BEIN-EAESRE IEIHS 5
£ < (663%), B (337%) DIFIZ2H/ETHo 7.
FEWRILBERSR LB BSRICHBLABILERT
otz (p<0001). BREDI L, MBETEEHEESD
DENERIHRE IILMET262% ThHH, BiE146% 12
HBELARICEZ > o7 SEMULOEAMREREICIZE
NEEPHFEL TV, RBEXEIAEBECHLHE
BREBROBEAEEHBE T221%, BHTT6% ThHo
7o, ENEENERBER (ZB) BBHBENMEZOESN
BECHEIIED» 7=

BRFOFEHELREN ADL % 6 FI2 GDS15 8 A ikt
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81 ENNEHNSESHOTR BEY—CAEARRLE P20 ENFEOER
B i
n =632, 337% n = 1243. 663% p
f#, mean (SD)* 788 (76) 815 (75) <0001
ME, n (%) 92 (146) 326 (26.2) < 0001
EHBELEE (n=1568), n (%)
D 556 (88.0) 1012 (814) < 0001
'L 76 (12.0) 231 (186)
rEELE n (%) 482 (86.7) 697 (689) < 0.001
AHEEW, mean (SD)* 679 (11.2) 619 (127) < 0,001
ENBERH, n (%)
EBE 409 (736) 224 (221) < 0,001
R (REErel) 4 (79) 274 (271)
T 92 (165) 467 (461)
R (BhER) 4 (07) 30 (30)
F4+%% ZBI, ** mean (SD)* 312 (17.2) 276 (168) < 0001
BEF—CXMEH (%)
F4 - F7 ($—EX) 435 439 0.865
BB ESF—E R 562 480 0.001
FRAAEY— ¥ R 432 488 0.021
EHES 617 584 0.164
Ya—FRFLH—¥R 85 9.7 0402
FEABF—-E 2 117 112 0.734
BEUNEYF—TarH—¥R 93 53 0.001
BAAAL VI AVF—E R 658 56.3 < 0.001

* @ student t-test, FHUNII N A ZFRE

** : B&AFRA the Zarit Burden Interview (range : 0 ~ 88, n = 1.257)

E2Tohhol (R2). BEECEEENAY — NV
& L TR L7 Charlson comorbidity index @351
BEBTREBATDHY, IVAEGTRICRIFTEOE
KB EICED oIz, BN 2D OTE~NDED
FIREZBORP o0, BRTSHBA (6 HEL
L) #EHh o (£2). BUEREOARETIIROE
Rk, EMFAEAmES ERBEEIBERTOERES
BEICR o720, BAHEILEIC KR TCEBRICR o /2.
BELEMFOEHEEBREIBERMTELZED Do 2
7, BESEROBHORERILBTARICEI o172
(%2).

B1iBah ENnEEEzRLE BRELEAE]
- TaaNERL, BIZRKOSHTHo7.
BRROBRET—ECADERARITA 5T (FA4¥-¥
Aegt), Ya—-bAFA, FEABY—-EATIRH
HEZBDOLRPo7: (R1). —FH, SMEET—-EX,
BERUNEYF—Tay, BUHARL VIV —EYRD
FARBHETIYRBETHEAINTY . BICFHMAE
HF - RAREABROEAEREBEE TLYRFICEHEAT
Wz (RD.

SEROBBHMTICEATEET 1B HD I B, 454

AFCL, £09% 107 @B ELETOFMY) THotz,
BROETEITIEMTILI%, KHIZ206% CTHE
CBHRORCESITEI o7 (F3). BEEROFIIBL
DEERZO Lo —h, IFMT—ETIARKZE
BRLE-BEAERRMBITIISS 20 H 8034850, Bi
TIRBHETIZA85% L&tk (39.9%) ICHERLUARIC
Bhrols A#EGR~NOAFIHIcZETRE (B
52% vs Lt : B4%) Thorz (E3).

2128, RMEFR, RMARER, REAPTE
#37% (Kaplan-Meier 7o v b). BT, AKRICBEL
TREFRCBES LB LTEETH 2. —Fl
EEO BB ETAHERARRICART L.

BIZX3 3EMOBRPBICBIIZRET, AR ##
BRAPFTCHT AV A2 EZHLMIT A0, Cox
BN — FREZT-7. BHENES CHRL i
ORLT, ABRBONF—F Y27 (HR) BEEEBF
TiXZEhEh 061 (5% EEEXM (95%CD : 051~
0.74), 0.76(0.66~0.88) T, SRR T3 FhEh 051
(0.39~0.66), 083 (0.69~099) TH-7= (F4). —A.
NBERRAFTOLEEN#E D HR (95%Cl) IHER
BT TIX 148 (1.00~219) LABEZZROAH, £E
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%2 BLANEAEFEOWRZ O TS
B Tl P
A ADL (range : 0 ~ 20, mean (SD))* 126 (6.3) 128 (6.8) 0496
GDS-15 (range : ¢ ~ 15, mean (SD))*, * 68 (37) 64 (36) 0.064
Charlson index (mean (SD))* 24 (16) 18 {15) | <0001
TS (%) 617 584 0.164
TREEXIB (%)
0~ 28 165 247
3~ 5HN 438 409 < 0.001
6 MLk 307 344
BEEEOEHE (%)
EMBRE B 123 121 0.888
BLAE 75 9.0 0278
R 1 PR 466 283 < 0001
R EHRIES 99 59 0.003
R 132 114 0.280
Eigiti 317 370 0.031
F-91i123 218 255 0.080
EMEN 129 73 < 0.001
CHE GBXREER) (%) 323 322 0965
BHE (BX5EM) (%) 147 274 < 0.001
* : student t-test, FhESHEH 4 ZRBRE
t:in = 1409
500- BRICEBLBENFEEZEZRITCOENSTHHEILE
0 mi EEFLZUTRTRTH2HE4F. o Lidkh
B o=t PRABOBY DI L EHFTRESLELTEZEWD

300+

%>

200

1004

X NAH1 RNz SAN3 KM@ EANS

1 BRBBBEORNBESA

FATTIZ 119 (073~193) LBREABRLOFE L
ERMEELE (RY). 2BRZLENREEROALE
WMEEF L LTRALZEFVTORBOART) X212
130 (087~193), p=0195 L FBERXWHEL T,

x5

BRHSABIH LI K IF—bIBVTIBRE
SN-BNEE IR BEOIZ2EE O BE
ERHLLEFOLDBEY-CRAEMEHL, BEEHERLT
WREBBEE L2, ZOEMIZE L »ciE (,
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Kiil, BHEERAE (F) KEVRIVRFELTEE:
LTE%7-0, METOEENRETH 25— A 8B Wn,
EVHZEERLTVWATREND L. BEASSE [H
RABERRE|(FR19%F) TLEABBZTOMER
210% IR THB—F, THMBETIZ20~25% L&
£TH2.
BRENEZEIEIAEEIEBE (F) THorr—2
i1736% L HETHo 2 H AUENBECEINE
ENRTHBYy—R13221% E,o7. ThitBER
DHEPEETH Y, KUFBEAEREI 2 o 2BAT,
TTIERWMBR, TLRRIENAFIRETH 25805
wZl, EHICIIBNEREE (X) REONEETEZ
EHFRBTHS (Liw), LIS ERZELTVED
PHLhzwv, EB REE [ASHRE] Tk, BRE
BEIEBELABLTVWALORFERITEOAXET
818%, M TIZ471% L LPRBEOH-AIZ—AIL
MREEZL) LHESRTVEY. T2bLENERE
KEAUNE ) ARELHIRBE L EEL LTVAH
PRURRE LISV LEFERLTVE. Thb0
BEEILSIBENMBEIRBECH 2880212
EEHDOLDTIILL, hoETHEMKE OWEIL X
hT»a7:00, #RNICHEOHERZDOHID Lk,
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£3 BENIEMABSNLEEA <> P ORER

PSSR Bt 8
A% A% % p
A 198 313 256 206 < 0.001
TEERL 36 57 71 57 0.989
AR 307 486 496 399 < 0.001
SrBMER~D AR 33 52 105 84 0011
ETH{ ZRKRE
— Bft
----- &t
Log Rank (Mantel-Cox) o Log Rank (Mantel-Cox)

p<0.001

p=0.045

Log Rank (Mantel-Cox)
p<0.001
0.21
] U 1 1 T T T i L T L 1] L 1 1 1 T
0 6 12 18 24 30 236 0 6 12 18 24 30 38 0 6 12 18 24 30 38
A A
2 B, BREFE BERARE BEMAFE (Kaplan-Meier D79 })
B4 ZHOBLDAIRY MEBTEVRS (Cox WANF—F - EF0)
univariate multivariate
HR 95%C1 D HR 95%CI P
ETR
tt (vs BiE) 0.61 051 ~ 0.74 < 0001 051 0.39 ~ 0.66 * < 0.001
AR
T (vs Bi) 0.76 066 ~ 0.88 < 0.001 083 0.69 ~ 099 * 0.042
ABF
ZH (vs BB 148 100 ~ 219 0.048 119 0.73 ~ 193 ** 0485

HR : Hazard ratio ; 95%CI : 95% confidence interval

* ¥ 4R ZAKK ADL score, GDS-15score, Charlson index 2 EF WV IcHA
** ¥ W, XFH ADL score, IFEEEM, FNHEE ZBI ZEFNVICHRA

EXRRAETCREABOENEZONEFIBHICHELY
FITEC (HE:454%, BHE168%), RMAE L Ak
KREEEAFLTVARIBETRE Y (B 736%,
ik 1 278%) ZrAHEIhTWAEY,

By — A0SR LTI, FAAEMBLR
BEBEVER UWENEEFHEOREIC L L, £/
DREF—CAHAERHES Y, FRAENAENR
L% 415%, BFE (FAH—ER) H387%, B
HIUNEYF—Yay (FAFr7T) #208%, SMEHR
H—¥R133%, WHPAR (Ya—PRATA) 86% &

HAHY., KAax— P CRIFBFEY -—CAFRANES
56.2%, M 480% &BLHICHBENE . ShizAk
MR BRENEHHBEAT - 3 V2 ERICEHE Sh
TledThHa, FRAETCIIHNET—CAEHESE
By, ZREAERRZ ISP 72 COZLR—R
FETHIHIICEBZEY, BUENEFOENHIENS
CRMEBY (B) Tdhald, REBYMREOHMANE
Y=V RAOBRAPTRLETHE. —HRBEFMEE T
BEE R) BT TRFEL VRV, FLEENE
FLLTHFELTCVSILMbST, BFLRENER
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ENTwiwi-d, FGFHAEY—CADERABEVWER
bha E2FXNADL BABTE£EZALT, BxATH
HIREREOKE 2 EIX 2o 2. FRICEY GDS15
HERBLELZRED L b o724, Charlson comorbidity
index RBEHTEEATHY, IVEGFRICELIHE
HEORRSBHICED O, ERENEE, BERE
HhEE, BOEREOAREIBRTIVEI 72

RHEOERPRLBE TR o 7248, TEDOIEIHLID
BHRTHAZ LS LT L#ENEN:. —F
BELERORAEICHL TRBLEZ2ED 2ol
A BESFERORHOBAEICEL TR, ftofis:—

KLY, #fTEh o7 ThODRBREASDEE

REFRERRE (TR 19E)0BLNOBEHEIW S
FRERBOBREZTRBLTVS., T4bbBHTIRK
MEREFEABOFRERBL LTRIEL (359%),
TR EEE (168%), MEESR (159%), ZM
E (150%), BF (111%) LB LTWw 5,
SEMOA XY FRETIE, FREIKLLBYBRT
L, AREWI ARy bR LERTH Y,
HoRZROEDY A2 IZEBTE,I- 7. Dt K
IVEMREATHE L2 ELXD LRRBEVILTHS
A BROFFINVEELHFEEZERIIHALTVS
CEHBELTVWATRENSS. L, Cox BN
¥ — FE 7V Charlson index, i, ADL, GDS-15
BEEMBRALREFNTOLBEBROY A7 BERIC
Brofez Y, HFEL EOFEROMEZITTER
HrEETHE. 2B, ELETORE (FNY), Wk
a4 ICBIFLTD Y RA20oNBIZLFH T L RIELE
MER L —FAFEER~DAFR L TR 7228,
FOHBE LTREBOFFLVERTHL L IES
LTWAIREND 5. EBE, EHERHRAATCox
KBNF— FBFETS &, BENEEOHI/ R
ABiE OBEZ B d oz,
FRFEOBAL LT, FHFATERL-BEEHITH
BIHBEH, HHEEY—CAMRAELRLIES
B—VCRAERERBEEL LTI ZA—bLTWARD, i
REBEY—CASEERIIBLTRRBY "2l SH
5. ¥7-1875409 b 3ERTHE GHHEEY— ¢
A (XTI ) OEAPIE) XBETHSE K
HTIBBHEELTBY, SSHEAFJHRAFL AR

FREORATEBEPLELTEY, REOBBEFE"

CRELORTVATREDD 5.

AHRICBVT, B IERER, AERE A
ERBY - AOMARE RENE (EaFH AR
REDARY D), REERART A7 2 ZIHEYED
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BIENFBALPIIR oIz SHEMBEE, BABEE
BRI X 2L LB E L RN, ER AERR
H—VCRARPOERATYERTRETH .
AR BHTETRRERET - A HERO
ERGBHOTIbNZbOTHL, HHEHERSE
RY—CABEHORREL T ICESMERR 7 —
Va v DEEM NEXBEFABOALSADERLRT
BHCH LERHZLET. ITBHVERw-BE
XERLPITRKOFT A b EH LTS, TR
BIRET) Gopd ek BAIESFER LY ¥ —
MRFEEMRRT HEREE BB LT, 25
FHRDO—BITFR 21 EREFHEHEHERBE &
ERBRIBSLEF RN RRATMEB R SA4 7%
TV LA REERE I T 5 EEFE~10
RS 0RTToOTBEZRNEL L RPBRFFE] GE
& :THER) LVBIERERT

X ®

1) http://www8.cao.go.jp/kourei/whitepaper/w-2009/zen
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Gender difference characteristics in the sociodemographic background of care recipients

Masafumi Kuzuya”, Jun Hasegawa", Hiromi Enoki®, Sachiko Izawa®, Yoshihisa Hirakawa®,
Takahisa Hirose" and Akihisa Iguchi®

Abstract

Aim: We compared gender differences in the sociodemographic characteristics of community-dwelling dependent elderly
who use various community-based services under long-term care insurance programs, as well as in mortality, hospitaliza-
tion, and institutionalization during a 3-year follow-up period.

Methods: We conducted a cross-sectional study using the baseline data of 1,875 care recipients from the Nagoya Longitudi-
nal Study for Frail Elderly (NLS-FE), and a prospective study using their 3-year follow-up data. The data, which were col-
lected at the patients’ homes or from care-managing center records, included the clients' and caregivers’ demographic char-
acteristics, living arrangements, community-based services used, depression as assessed by the Geriatric Depression Scale
(GDS-15), a rating for basic activities of daily living (ADL), and comorbidities. The data included, at 3-year follow-up, all-cause
mortality, hospitalization, and institutionalization.

Results: Among 1,875 care recipients 66.3% were women. They had a higher rate of living alone (26.2% vs 14.6% in men),
and a lower rate of receiving care by a spouse (22.1% vs. 73.6% of men). Although there were no differences in ADL levels
or GDS-15 scores between genders, a higher Charlson comorbidity index, higher prevalence of cerebrovascular disease,
chronic obstructive pulmonary disease (COPD), and cancer were observed in the male care recipients. Kaplan-Meier analy-
sis demonstrated that during the 3-year follow-up, higher mortality, hospitalization, and lower institutionalization rates were
observed in men.

Conclusion: We observed that two thirds of care recipients were women. Compared with male recipients, female recipients
were more likely to live alone, and to be cared for by non-spouse caregivers. Lower mortality and hospitalization, but higher
institutionalization, were observed in female recipients.

Key words: Long-term care insurance, Care recipient, Community-dwelling dependent elderly, Formal service, Gender difference
(Nippon Ronen Igakkai Zasshi 2010; 47: 461-467)
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The longitudinal change in anthropometric measurements and the association
with physical function decline in Japanese community-dwelling frail elderly
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Although anthropometric parameters have been extensively studied regarding their relationship to physical function status, the association between
these parameters and the activity of daily living (ADL) function remains controversial. We investigated whether BMI or mid-upper arm circum-
ference (AC) is an indication of variation in the physical functioning of the frail elderly. The present study was a prospective cohort analysis of 543
community-dwelling frail elderly. Data included the participants’ demographic characteristics, basic ADL, comorbidity and anthropometric
measurements at baseline and at 2-year follow-up. Logistic regression models were used to investigate the association between ADL status
and anthropometric measurements during the study period. Among the 543 participants, 418 maintained or improved their ADL status, while
125 showed an ADL decline during the study period. Multivariate logistic regression analysis showed that BMI and AC levels or ADL status
at baseline were not independent predictors of the loss of ADL function or the decline in these anthropometric measurements during the study
period, respectively. However, the decline in BMI and AC levels and the loss of ADL function were associated with each other during the
study period. There is an association between the negative changes in anthropometric measurements during the follow-up period and the decline
in ADL function during a 2-year follow-up in community-dwelling frail elderly.

Activities of daily living: Declining anthropometric measurement: Declining activity of daily living score: Elderly

The decline in physical performance is directly linked to the that the height and weight of older people with activity of

negative consequences of the reduced health and quality of daily living (ADL)*'¥ impairment are not likely to be
life of elderly people. A number of studies have demonstrated measured at home or to be regularly measured in the commu-
relationships between physical disability and nutritional status, nity*>. In fact, approximately one-third of disabled elderly
including anthropometric measurements, in the elderly™?, living at home lack recent height or weight measurements*>,
Among anthropometric parameters, weight and BMI have We proposed that anthropometric measurements of the mid-
been extensively studied in terms of their relationship arm may be a more practical and suitable index not only for
with physical function status. In cross-sectional analysis, nutritional assessment but also for capturing the vulnerable
community-dwelling older people with BMI 30kg/m” or subset of older people living in the community"'®. However,
higher than 30kg/m* were associated with a greater no data were available conceming the relationships between
probability of functional limitation®~®, In contrast, severe mid-arm measurements and ADL status.

disability in institutionalised elderly subjects was associated In the present study, we investigated whether anthropometric
with low waist/hip ratio”. Longitudinal studies have measurements such as the BMI and mid-arm circumference
demonstrated that weight loss is assocjated with an increase (AC) of frail elderly individuals are an accurate indication
in the risk of becoming disability compared with weight of variation in their physical functioning using a prospective
stability in community-dwelling elderly®='". In contrast, it cohort study of community-dwelling frail elderly.

has been reported that obesity (BMI: 35 kg/m® or greater)
and weight gain are risk factors for functional decline between
3 and 4 years later in mean aged 71 years participants”?. Methods
Thus, the causal relationships between anthropometric

measurements and physical functional ability remain Subjects

controversial. The present study employed baseline data for the subgroup of
Most prior studies utilise body weight or BMI as an anthro- participants in the Nagoya Longitudinal Study for Frail

pometric parameter to examine the relationships between Elderly and data on the mortality and hospitalisation of

nutritional status and functional ability. We recently reported these participants during the 2-year follow-up period. Details

Abbreviations: AC, arm circumference; ADL, activity of daily living; AMA, arm area; TSF, triceps skin fold.
* Corresponding author: Dr Masafumi Kuzuya, fax +81 52 744 2371, email kuzuya@med nagoya-u.ac.jp
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of the participants and the Nagoya Longitudinal Study for
Frail Elderly have been published elsewhere!!”'®. The study
population consisted of 952 community-dwelling frail elderly
(men: 355, mean age 78-5 years (range: 65-101); women:
597, mean age 81-6 years (range: 65—102)) with physical or
mental disability in some degree. They were eligible for
long-term care insurance’®??, lived in Nagoya City, and
were provided visiting nurse services by the Nagoya City
Health Care Service Foundation for Older People, which has
seventeen visiting nursing stations associated with care-mana-
ging centres. Eligibility of long-term care insurance is strictly
a matter of age, physical and mental status, and whether or not
the individual has undergone medical procedures. These
Nagoya Longitudinal Study for Frail Elderly participants,
who were enrolled between 1 December 2003 and 31 Januvary
2004, were scheduled to undergo comprehensive in-home
assessments by trained nurses at the baseline, and at 6, 12
and 24 months. At 3-month intervals, data were collected
about any important events in the lives of the participants,
including admission to the hospital, long-term care facilities
placement and mortality. In the present study, a fall was
defined as a sudden, unexpected descent from a standing,
sitting or horizontal position, and slipping from a chair or
wheelchair, Participants found down on the floor were also
included in falls. After 1 year, the participants or family
member caregivers were asked the fall experience by trained
nurses. Written informed consent for participation, according
to procedures approved by the institutional review board
of Nagoya University Graduate School of Medicine, was
obtained from the patients or, for those with physician-
diagnosed substantial cognitive impairment, from a surrogate
(usually the closest relative or legal guardian), and from
family member caregivers.

Data collection

The data were collected at the clients’ homes using structured
interviews with patients or surrogates and caregivers, and from
care-managing centre records taken by trained nurses. The
data included clients’ demographic characteristics, depressive
symptoms as assessed by the short version of the Geriatric
Depression Scale®, and ADL was assessed by the 20-point
Barthe] Index with some modification (feeding, mobility on
bed, bathing, grooming, dressing, using the toilet, walking
inside and outside, transferring and using stairs) using
summary scores ranging from 0 (total disability) to 20 (no
disability). For each ADL task, nurses rated participants as
independent (a score of 2, able to perform the activity without
help), partially dependent (a score of 1, requiring some assist-
ance) or completely dependent (a score of 0, needing help for
the entire activity). Nurse ratings were based on direct
observation, questioning of patients and speaking with
family members and caregivers. Information obtained from
care-managing centre records included data on the following
physician-diagnosed chronic conditions: IHD; congestive
heart failure; cerebrovascular disease; diabetes mellitus;
dementia; cancer; neurodegenerative disorders including
Parkinson’s disease; other diseases comprising the Charlson
comorbidity index®®, which represents the sum of weighted
indices taking into account the number and seriousness of
pre-existing comorbid conditions.
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Anthropometry

Height and weight data were generally measured at home and
collected by trained nurses using the methods described by
the World Health Organization‘®. The visiting nurses were
asked to measure the height or weight of participants at home
as much as possible. If body weight measurements could not
be taken at home for some reason, recorded or self-reported
weight data obtained sometime within the last month were
used. If the participants have some cognitive impairment,
weight data were obtained form a surrogate or family
member caregivers. Weight was measured in light clothing
without shoes using a portable weight scale at home. Height
was generally measured in an upright position using a tape
measure attached to the wall. However, when participants
could not maintain an upright position, height measurements
were obtained in a prone position. Although there are surrogate
methods for obtaining height using estimation equations based
on body segment lengths, these methods have not been
validated in the Japanese elderly. Height measurements were
unavailable for subjects (n 342, 359 %) with severe kyphosis
(defined as any subject whose kyphosis made it impossible
for the visiting nurse to make a convenient or reliable height
measurement) or severe muscle and arterial contracture.

Measurement®® of the triceps skin fold (TSF) thickness
(to the nearest 0-1 mm) was made using skinfold callipers
and AC (to the nearest 0-1cm) using a flexible measuring
tape on the right side of the participant’s body, unless affected
by disability or disease. Arm area (AMA) was calculated using
the standard formula®”:; AMA = (AC (cm) — 0-3142 X TSF
(mm))*/47. These measurements were taken at least twice
by each trained nurse according to the instruction sheet, and
the reported values were the means of the repeated
measurements.

Among the 952 participants, 207 (21-7 %) subjects died, 41
(4-3 %) were admitted to hospitals, 78 (82 %) had long-term
care placement and 83 (8:7%) declined to participate at
some point during the 2-year follow-up.

Therefore, the ADL levels of a total of 543 participants
(men: 201; women: 342) were assessed after the 2-year
period and were used for the analysis in the present study.
The subjects who died during the 2-year follow-up were
older (mean age: 82-1 years v. 79-8 years, P=0-001), and
mean scores of BMI, AC, TSF, AMA and basic ADL at base-
line were significantly lower than those of 543 participants
analysed in the present study (BMI: 188 v. 21-2, p < 0-001;
AC: 218 v. 240, P<0-001; TSF: 1.3 v. 1.6, P<0-001;
AMA: 266 v. 303, P<0-001; basic ADL: 7.7 v. 107,
P<0:001). The 50th percentile of ADL scores at baseline
(range: 0-20) was 12. There were seventy-five participants
who had an ADL score of 0 at baseline, and 291 participants
who had ADL scores of 12 or more at baseline among all par-
ticipants (n 543). Out of 543 participants, 280 (51-6 %) and
471 (867 %) were available for their BMI and mid-arm
measurements at both baseline and at 2 years, respectively.

Statistical analysis

The Student’s ¢ test and y? test were used to compare
differences between participants with ADL decline and those
without decline (improved or stable ADL function).
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Anthropometry and physical function decline

The main dependent variable was a change in the ability to
perform ADL tasks over the 2-year follow-up period. We dis-
tinguished two levels of categorical change: (i) participants
with no change or improved ADL score at the 2-year endpoint
compared with baseline; (ii) participants with a decline in
ADL score from baseline to the 2-year endpoint.

Univariate and multivariate logistic regression models were
used to assess the following two questions: (1) Do the anthro-
pometric measurements (BMI or AC) at baseline predict ADL
status change during the 2-year follow-up? (2) Does baseline
ADL status predict the loss of these anthropometric par-
ameters during the study period? To avoid the floor effect of
ADL score, the analysis was also conducted with participants
with ADL scores of 12 (the 50th percentile of basic ADL at
baseline) or higher at baseline. The following baseline data
were used in univariate analysis: the sex; age; ADL score;
Charlson comorbidity index; living arrangement; the presence
or absence of chronic diseases; BMI; AC; TSF, AMA;
Geriatric Depression Scale score; the fall and hospitalisation
experience during the 2-year period. The covariates included
in the multivariate analysis were variables associated with
dependent variables with P<<0-05 in univariate analysis.
The risk of a variable was expressed as an OR with a corre-
sponding 95 % CL.

We also examined the association between ADL score
decline and the change in anthropometric measurements
change during the study period using logistic regression anal-
ysis. The ADL score changes were categorised into three
groups: improved/stable; 1 point change; =2 points change.
The changes in BMI or AC were categorised into three or
four groups: BMI, increase/stable, <1.0 and =1-0kg/m?;
AC, increase/stable, =05, 0-6—1-5 and = 1-6cm. Again the
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covariates included in the multivariate analysis were variables
associated with dependent variables in univariate analysis.

To evaluate the relationship between the decline in BMI
and AC levels and the decline in ADL scores during the
study period, Spearman’s rank correlation coefficient was
used. Partial rank correlation coefficients adjusted for age
and sex were also used to measure the relationships between
the decline in BMI and AC levels and the decline in ADL
scores during the study period.

All analyses were performed using the Statistical Package
for the Social Sciences (SPSS, Inc., Chicago, IL, USA) Ver-
sion 15.0. A probability value of 0-05 or less was considered
significant.

Results

At the baseline, total dependent participants (basic ADL score
of 0) were 143 (15-0%) and total independent participants
(basic ADL score of 20) were 61 (6-4 %), among the 952
participants. Among the 543 participants, 418 (77-0%)
participants maintained (n 390) or improved (n 28) their
ADL status, while 125 (23 %) showed an ADL decline
during the study period.

Table 1 shows the comparisons of baseline characteristics
of participants with or without ADL decline during the
2-year period. No differences were observed in baseline
BMI, AC, TSF and AMA between participants in the two
groups. A higher prevalence of hypertension and neurodegen-
erative disease and a higher ADL score at baseline were
observed in participants with ADL decline. The prevalence
rates of hospitalisation and falls during the 2-year period
were significantly higher for those with ADL decline

Table 1. Baseline characteristics of the 543 care recipients

(Mean values and standard deviations)

Change in basic ADL scores during 2-year follow-up

Improved/stable (n 418)

Declined (n 125)

Mean sD Mean sp P
Men/women, n (% of men/total) 150/268 (35-9) 51/74 (40-8) 0-318
Age (years)” 79-6 7-8 805 9.5 0-285
BMI (kg/m?)" 21.2 4.0 21.2 36 0973
Mid-arm circumference (cm)” 24.0 4.3 240 4.1 0-854
Triceps skin fold (cm)* 1.6 09 1.5 09 0-168
Arm muscle area (cm?)* 300 118 310 122 0.399
Basic ADL (range 0-20)* 10-1 72 12.8 4.7 <0-001
GDS-15 (range, 0-15)* 6.7 36 7-3 3.6 0.138
Charlson comorbidity index* 2:2 1.6 21 1.6 0.602
Living alone (% of total) 19-1 169 0-590
Chronic diseases (% of total)t
IHD 116 105 0-757
Congestive heart failure 11.0 105 0-884
Cerebrovascular disease 435 43.9 0.947
Diabetes mellitus 119 13.2 0.713
Dementia 333 318 0729
Cancer 68 9.6 0-311
Hypertension 23.2 328 0-031
Pressure sore 11.7 6-4 0-089
Neurodegenerative disorders 9.8 19.2 0-005

ADL, activity of daily living; GDS-15, geriatric depression scale.
" Student's ! test, others were analysed by x 2 test (changeless improvement v. decline).
1 Chronic diseases: physician-diagnosed chronic conditions.
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(40-0%, P<0-012 and 466 %, P<<0-002, respectively) than
for those who were stable or showed improvement in ADL
(282 and 313 %, respectively).

Table 2 shows the average changes in ADL scores and
the average changes in the BMI and AC levels of participants
with or without ADL score decline during the 2-year period.
Significant decreases in BMI and AC during the 2-year period
were observed in participants with loss of ADL function
compared with those with a stable or improved ADL score,
although there was no difference in TSF or AMA change
during the 2-year period between two groups (data not shown).

To examine whether the anthropometric measurements
(BMI or AC) at baseline may predict ADL status change
during the 2-year follow-up, logistic regression analysis was
conducted. As shown in Table 3, BMI or AC levels at baseline
were not an independent predictor of the loss of ADL function
during the study period not only in univariate analysis but also
in multivariate analysis. When the analysis was conducted for
participants with ADL scores of 12 or higher at baseline, again
there was no association between the decline in ADL status
and BMI and AC at baseline.

During the 2-year period, 94 among 280 participants
(33-6 %) and 165 among 471 participants (35-0 %) experienced
a decline in their BMI or AC levels, respectively. The multi-
variate logistic analysis demonstrated that baseline ADL status
was not associated with the loss of these anthropometric par-
ameters during the study period (BMI: OR, 1.02; 95% CI,
097, 1.08 and AC: OR, 0-981; 95 % CI, 0.95, 1-01).

There were correlations between the levels of decline in
BMI and AC and changes in ADL score during the study
period in all participants, as well as those excluded for
having an ADL score 0 or with an ADL score of 12 or
higher at baseline. These correlations persisted after adjusting
for the age and sex of the participants (Table 4).

We next examined the association between the decline in
ADL performance and BMI or AC change during the study
period using logistic regression analysis (Table 5). Univariate
as well as multivariate analysis showed that a larger decline in
BMI (=10 kg/mz) and the highest level of AC decline
(=1.6cm) compared with stable or increasing BMI and

Table 2. Change in anthropometric measurements and basic activity of
daily living {ADL) scores during the 2-year period

(Mean values and standard deviations)

A change in basic ADL scores

Improved/ Declined
stable (n 418) (n 125)
Mean sp  Mean sb P

Basic ADL score (range 0-20)"

Change during 2 years 01 05 -35 343 <0.001
BMI (kg/m?)*

Baseline _ 21.2 4.0 213 3.5 0.788

After the 2-year period 212 41 207 35 0-399

Change during 2 years —0005 1.2 -060 1.8 0-010
Mid-arm circumference (cm)*

Baseline 241 4.2 241 4.0 0.916

After the 2-year period 236 4.5 231 39 0-327

Change during 2 years —0-3 19 -10 27 0.015

S. Izawa et al.

AC measurements were associated with the loss of ADL
performance during the 2-year period. Conversely, a decline
in ADL score during the 2-year period of =2 points was
associated with a loss of BMI or AC scores in univariate
analysis. These associations persisted after adjustments for
potential confounders were made in multivariate models
(Table 5). When multivariate analysis was conducted among
participants with an ADL score of 12 or higher, similar associ-
ations were detected between the decline in BMI and AC
levels and the loss of ADL function (model 2 in Table 5).

Discussion

The present study examined the association between anthropo-
metric measurements at baseline or longitudinal changes in
those measurements and the degree of disability or longitudi-
nal physical function decline during a 2-year follow-up in
community-dwelling frail Japanese elderly. Although, as far
as we know, there has been no report demonstrating that AC
acts as a predictor of physical functional impairment, a pre-
vious report has demonstrated that greater BMI (BMI: 35kg/
m? or greater) at baseline was associated with physical
function decline in community-dwelling frail elderly!”.
In contrast, in the present study, we clearly showed that
baseline BMI or AC was not a predictor for the decline in
ADL performance. These differences may be due to the differ-
ent ethnicity of the participants or the presence of participants
with lower BMI (mean BMI: 21-2kg/m?) and lower physical
function in the present study compared with those in previous
studies. However, it showed be noted that the means of BMI
and AC levels at baseline in the participants of the present
cohort study were similar to those of the standard Japanese
older population as previously reported®>>. It is possible
that poor nutritional status, which reflects anthropometric
parameters, contributes to the development of functional
disability; likewise, it is also plausible that disability at base-
line may lead to lifestyle changes, which in turn result in the
decline in anthropometric parameters. However, we also
demonstrated that lower ADL function at baseline was not a
risk for the loss of BMI or AC levels during the follow-up
period. These results suggested that there are neither
causal relationships between basal lower anthropometric

Table 3. Logistic regression analysis to identify independent predictors
of declining basic activity of daily living (ADL) score
(OR values with 95% CI)

OR 95% Cl P

BMI (kg/m?)

Unadjusted 1.00 0-94, 1.07 0.972

Adjusted* 0-98 0-91, 1.06 0-625

Adjustedt 0.97 0-89, 1.06 0-558
Mid-arm circumference (cm)

Unadjusted 1.00 0-95, 1.04 0-853

Adjusted* 0-98 0-93, 1-04 0467

Adjustedt 0-96 0-90, 1.04 0-327

The 50th percentile of basic ADL scores at baseline was 12 in the present study.

* Adjusted includes sex, age, presence or absence of hypertension and neurode-
generative disease, hospitalisation and fall experience during the 2-year study
period and the score of basic ADL at bassline.

* Student's ttest.
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1 Analysis was conducted for participants with basic ADL score of 12 or higher at
baseline.



