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Table 2 Age-specific number and incidence of fractures after the first hip fracture

Age n Person  Subsequent fractures Incidence (per 1,000 person-years) Rate ratio
group (years) ; ; — ; - of hip
(years) Once Twice Total Total Hip Clinical  All Hip Clinical fractures®

patients  fractures fractures vertebral fractures fractures vertebral

fractures fractures

65-74 276 275 15 2 17 19 10 3 69.0 36.3 10.9 18.6
75-84 919 906 59 2 61 63 26 15 69.6 28.7 16.6 33
8594 1,025 1,003 62 3 65 68 36 7 67.8 359 7.0 1.5
>95 108 106 10 0 10 10 5 94.8 474 1.9
Total 2,328 2,289 146 7 153 160 77 25 69.9 33.6 10.9 4.0

2 Age- and gender-specific incidences, reported previously for the general population in Japan, were adopted to compare the risk of hip fracture

among patients with a first hip fracture

walk without difficulty,” “to walk outside with a walking
aid,” and “to walk only inside with an aid” and “depen-
dent” was “unable to walk without support” and “com-
pletely unable to walk.” The proportion of patients with
subsequent fractures was significantly higher in the
“dependent” than in the “no aid” ambulatory group. The
proportion of patients with subsequent fractures was sig-
nificantly higher among patients treated with antiosteopo-
rosis drugs than those without antiosteoporosis drugs
during the posthospitalization duration. There was no sig-
nificant difference between the two groups regarding other
factors. A multivariate analysis was performed using
variants such as body weight and ambulatory abilities
before the first hip fracture, and only body weight was a
significant risk factor for subsequent fractures (OR = 0.96,
95% CI 0.928-0.993).

Discussion

This study demonstrated a high risk of subsequent fractures
in patients with an initial hip fracture. It also revealed that,
after fractures, antiosteoporosis pharmacotherapy was
prescribed in only 19.6% of patients during their hospi-
talization and in only 18.7% during the 1-year follow-up
period after discharge from the first hospital stay. The
strength of this study is the substantially large number of
subjects with a wide age distribution. As a result, the age-
specific incidence of a second hip fracture in patients with
an initial hip fracture could be calculated.

In retrospective studies, the rate of sustaining a second
hip fracture is reported to be 7.5-11.8% [9-12]. In a pop-
ulation-based cohort study, Melton et al. [13] estimated
that the recurrence rate for an additional hip fracture was
1% at 1 year after the first fracture in Minnesota in
1943-1977. Another US population-based study showed
almost identical data, with a cumulative incidence of a

second hip fracture of 2.3-2.5% after 1 year [2, 14], while

the cumulative incidence after 5 years varied between 8.2
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and 20%. A recent report from Finland showed a higher
risk of 5.08% for persons aged 60 years and over within the
first year following an initial fracture [15]. These differ-
ences may mirror the large variations in the risk of hip
fractures and life expectancies in different populations.

Very little data are available on the risk of sustaining a
second hip fracture after an initial hip fracture in the Asian
population, although there is a large difference in the
incidence of fragility fractures between Asians and Cau-
casians [1]. In a prospective study, Yamanashi et al. [16]
reported that the annual incidence of a second hip fracture
was 0.038 per person-year during the first year after an
initial hip fracture and 0.028 per person-year during the
second year. The 1-year incidence rate as determined in our
current study (3.40%) is very consistent with their data.
The age- and gender-specific incidence rates of sustaining a
second hip fracture established in this study indicate that
the rate ratio of a second hip fracture compared to the
general population in Japan is higher in patients with an
initial hip fracture under 75 years of age than that in those
75 years or older. In a Danish study, age- and gender-
specific incidence rates (per 1,000 person-years) in women
were 40, 51, 62, and 73 in the age groups 60-69, 70-79,
80-89, and >90 years, respectively [14]. Although the
incidence rates of a second hip fracture in the Japanese and
Caucasian populations are thought to be equal [16], there
are differences in the population over 70 years of age,
possibly due to a lower hip-fracture incidence in the Jap-
anese population compared to that in northern Europe.

In this study, second hip fractures most frequently
occurred within 32 weeks after the first hip fracture. The
rate of sustaining a second hip fracture in a previous Jap-
anese study tended to rise during the first 8 months after
the first hip fracture and then to plateau [16]. A recent
nationwide study in Denmark with a large number of hip-
fracture patients demonstrated that the risk of a second hip
fracture was increased almost 12 times at 1 month and
more than doubled at 1 year; however, the risk remained
significantly elevated until 15 years of follow-up [14].

@ Springer



20

H. Hagino et al.: Risk of Second Hip Fracture

These findings indicate that the early period of 6 months
after the first fracture is a window of opportunity to execute
a strategy for fracture prevention.

It has been reported that a previous fracture at any site
is an important risk factor for future fractures [17].
Although the risk factors for hip fractures have been well
defined in Caucasian subjects, only two epidemiological
studies have examined risk factors for hip fractures in
Japanese subjects [18, 19]. In the current study, body
weight was a risk factor for a second hip fracture; how-
ever, age and other comorbidities were not associated with
this risk. The study by Yamanashi et al. [16] demonstrated
that senile dementia and Parkinson disease are important
risk factors for second hip fractures and that prefracture
ambulatory ability was similar between the unilateral and
bilateral hip-fracture groups. A large cohort Danish study
demonstrated that prior fractures, alcoholism, living alone,
higher income, and advanced age are risk factors for
second hip fractures [14]. Lonnroos et al. [15] found no
significant risk of a second hip fracture with multiple
comorbidities including dementia, whereas Berry et al. [2]
reported a significantly increased risk in patients with a
high level of functioning compared to those with moderate
functioning. On the other hand, Chapurlat et al. [20] found
that walking for exercise, which is an indirect marker for
functional status, was a protective predictor. The expla-
nation for these discrepancies might be caused by differ-
ences in the definition of comorbidity used in the various
studies [14]. , :

It is reported that the vast majority of patients who
experience a hip fracture do not take antiosteoporotic
therapy after the fracture [7, 8]. Among patients who begin
antiresorptive osteoporosis treatment after fracture, the
adherence to treatment decreases over time and remains
suboptimal [8, 21]. Inadequate treatment after the first hip
fracture became evident in the current study. In the current
study we also found that patients undergoing osteoporotic
therapy were more likely to sustain a new fracture than
those not undergoing pharmacotherapy. This is probably
due to the fact that more fractures occurred in those with
severe osteoporosis; therefore, there was an increased
likelihood of prescription of pharmacotherapy. It was not
determined if prescribing antiosteoporosis drugs during the
1-year posthospitalization period was effective for fracture
risk reduction. It is now known that oral bisphosphonate
treatments for 3 years [22] or an annual infusion of
zoledronic acid for 1.9 years [23] after repair of a hip
fracture is associated with a reduction in the rate of new
clinical fractures including hip fracture [22] as well as an
improvement in survival [23].

There are some limitations to the current study. First, we
estimated the risk of sustaining a second hip fracture based
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on hospital records from the treating hospital and ques-
tionnaires from the patients and calculated rate ratios based
on reported age-specific incidence rates derived from a
different research method. Because mortality is increased
after a hip fracture, this approach underestimates the true
incidence and might lead to biased estimates. Although the
mortality in this study was much lower than that reported
previously, 304 patients were lost to follow-up and their
true life span was unknown. Since further follow-up was
difficult, this is a limitation of this study; therefore, the true
mortality of this study must be interpreted with caution.
Second, we included only female patients >65 years. It is
well known that mortality and prognoses are poorer in male
versus female patients, and this might affect our results.
However, this effect would be limited sirice the number of
female pétients with a hip fracture is 3.8 times that of male
patients in Japan [24]. Third, we collected data based on
admission records and therefore could not fully ‘eliminate
patients with additional hip fractures treated at other hos-
pitals. Each rural hospital from where our data originate is
the main hospital in its region and has orthopedic spe-
cialists. Thus, most patients sustaining fractures visit these
hospitals, and the number of patients with an additional hip
fracture who are missed would be limited. However, the
possible bias introduced by this would underestimate the
fracture incidence. A lack of sufficient validation is a
potential weakness. Unfortunately, we were not able to
further validate our data. Finally, we could not compare the
BMD between patients with and without a subsequent hip
fracture since BMD was measured in only 314 patients.
Although some reports have suggested that BMD between
patients with and without an additional hip fracture was
similar [10], another study showed that patients with a
lower BMD are more likely to sustain an additional hip
fracture [20]. -

In conclusion, the current study discovered a high risk of
a subsequent fracture after an initial hip fracture and that
the treatment for patients after the first hip fracture is not
entirely adequate. Since hip-fracture patients are the most
plausible candidates in the prevention of subsequent frac-
tures, prescribing appropriate osteoporosis treatments is
essential along with more aggressive interventions for
preventing falls.

Acknowledgments The authors sincerely acknowledge the staff
members of the hospitals that cooperated with this Prevention of
Second Hip Fracture (POSHIP) study. The authors also acknowledge
the Japanese Society for Fracture Repair. The authors express their
sincere appreciation to Ms. Kaoru Yamabe and Ms. Machiko Abe for
their help in the analyses. The authors also acknowledge Ms. Ryoko
Ikehara for her secretarial assistance. This study was mainly sup-
ported by a grant from the Japanese Society for Fracture Repair and
partially supported by a grant-in-aid from the Ministry of Health,
Labor and Welfare of Japan (21-shi, 23-22 Choujyu Iryou).



H. Hagino et al.: Risk of Second Hip Fracture

21

References

10.

11.

12.

13.

14.

. Hagino H, Furukawa K, Fujiwara S, Okano T, Katagiri H, Ya-

mamoto K, Teshima R (2009) Recent trends in the incidence and
lifetime risk of hip fracture in Tottori, Japan. Osteoporos Int
20:543-548

. Berry SD, Samelson EJ, Hannan MT, McLean RR, Lu M, Cup-

ples LA, Shaffer ML, Beiser AL, Kelly-Hayes M, Kiel DP (2007)
Second hip fracture in older men and women: the Framingham
Study. Arch Intern Med 167:1971-1976

. Leslie WD, O’Donnell S, Jean S, Lagace C, Walsh P, Bancej C,

Morin S, Hanley DA, Papaioannou A (2009) Trends in hip
fracture rates in Canada. JAMA 302:883-889

. Melton LJ 3rd, Kearns AE, Atkinson EJ, Bolander ME, Achen-

bach SJ, Huddleston JM, Thermneau TM, Leibson CL (2009)
Secular trends in hip fracture incidence and recurrence. Osteo-
poros Int 20:687-694

. Abrahamsen B, Vestergaard P (2009) Declining incidence of hip

fractures and the extent of use of anti-osteoporotic therapy in
Denmark 1997-2006. Osteoporos Int 21:373~380

. Orimo H, Yaegashi Y, Onoda T, Fukushima Y, Hosoi T, Sakata

K (2009) Hip fracture incidence in Japan: estimates of new
patients in 2007 and 20-year trends. Arch Osteoporos 4:71-77

. Cadarette SM, Katz JN, Brookhart MA, Levin R, Stedman MR,

Choudhry NK, Solomon DH (2008) Trends in drug prescribing
for osteoporosis after hip fracture, 1995-2004. J Rheumatol
35:319-326

. Roerholt C, Eiken P, Abrahamsen B (2009) Initiation of anti-

osteoporotic therapy in patients with recent fractures: a nation-
wide analysis of prescription rates and persistence. Osteoporos Int
20:299-307

. Boston DA (1982) Bilateral fractures of the femoral neck. Injury

14:207-210

Dretakis KE, Dretakis EK, Papakitsou EF, Psarakis S, Steriopo-
ulos K (1998) Possible predisposing factors for the second hip
fracture. Calcif Tissue Int 62:366-369

Dinah AF (2002) Sequential hip fractures in elderly patients.
Injury 33:393-394

Shabat S, Gepstein R, Mann G, Kish B, Fredman B, Nyska M
(2003) The second hip fracture—an analysis of 84 elderly
patients. J Orthop Trauma 17:613-617

Melton LT III, Ilstrup DM, Beckenbaugh RD, Riggs BL (1982)
Hip fracture recurrence. A population-based study. Clin Orthop
Relat Res 167:131-138

Ryg J, Rejnmark L, Overgaard S, Brixen K, Vestergaard P (2009)
Hip fracture patients at risk of second hip fracture: a nationwide

376

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

population-based cohort study of 169, 145 cases during
1977-2001. J Bone Miner Res 24:1299-1307

Lonnroos E, Kautiainen H, Karppi P, Hartikainen S, Kiviranta I,
Sulkava R (2007) Incidence of second hip fractures. A popula-
tion-based study. Osteoporos Int 18:1279-1285

Yamanashi A, Yamazaki K, Kanamori M, Mochizuki K,
Okamoto S, Koide Y, Kin K, Nagano A (2005) Assessment of
risk factors for second hip fractures in Japanese elderly. Osteo-
poros Int 16:1239-1246

Klotzbuecher CM, Ross PD, Landsman PB, Abbott TA III,
Berger M (2000) Patients with prior fractures have an increased
risk of future fractures: a summary of the literature and statistical
synthesis. J Bone Miner Res 15:721-739

Suzuki T, Yoshida H, Hashimoto T, Yoshimura N, Fujiwara S,
Fukunaga M, Nakamura T, Yoh K, Inoue T, Hosoi T, Orimo H
(1997) Case-control study of risk factors for hip fractures in the
Japanese elderly by a Mediterranean Osteoporosis Study (ME-
DOS) questionnaire. Bone 21:461-467

Fujiwara S, Kasagi F, Yamada M, Kodama K (1997) Risk factors
for hip fracture in a Japanese cohort. J Bone Miner Res
12:998-1004

Chapurlat RD, Bauer DC, Nevitt M, Stone K, Cummings SR
(2003) Incidence and risk factors for a second hip fracture in
elderly women. The study of osteoporotic fractures. Osteoporos
Int 14:130-136

Rabenda V, Vanoverloop J, Fabri V, Mertens R, Sumkay F,
Vannecke C, Deswaef A, Verpooten GA, Reginster JY (2008)
Low incidence of anti-osteoporosis treatment after hip fracture.
J Bone Joint Surg Am 90:2142-2148

Osaki M, Tatsuki K, Hashikawa T, Norimatsu T, Chiba K, Mo-
tokawa S, Furuichi I, Doiguchi Y, Aoyagi K, Shindo H (2011)
Beneficial effect of risedronate for preventing recurrent hip
fracture in the elderly Japanese women. Osteoporos Int. doi:
10.1007/500198-011-1556-7

Lyles KW, Colon-Emeric CS, Magaziner IS, Adachi JD, Pieper
CF, Mautalen C, Hyldstrup L, Recknor C, Nordsletten L., Moore
KA, Lavecchia C, Zhang J, Mesenbrink P, Hodgson PK, Abrams
K, Orloff JJ, Horowitz Z, Eriksen EF, Boonen S (2007) Zoled-
ronic acid in reducing clinical fracture and mortality after hip
fracture. N Engl J Med 357(18):1799-1809

Hagino H, Sakamoto K, Harada A, Nakamura T, Mutoh Y, Mori
S, Endo N, Nakano T, Itoi E, Kita K, Yamamoto N, Aoyagi K,
Yamazaki K (2010) Nationwide one-decade survey of hip frac-
tures in Japan. J Orthop Sci 15:737-745

_@_ Springer



ﬁ%?%@ﬁ%kﬁ?%%ﬁﬁﬁ

— (MTEFHIFRFOD RIS BANEE - FUCHTIHR i<

L B ZHAAT 7 BEEL A LESHBORERN LT T Y5 A0
SBT3 B Hi—

PE ORAE"Y XH g

it —ms*

ARTRABDFHLANL LE2ADSORERL 7YY I ANOBRALBHOBRITONT,
NERDEPERLEAETFHERGIHE- W G %, 2009) ONRRREBEIFF~S2AIWT,
ERARCRARGIRDOE Do BRI A TAERBLAI X T, EABRNIWLIYC (20
2] DPER LY TORRET L.

X UHICKaplan-Meieribic k D SEMGICEMLABBEOBRERMBL, KICHOENF— FEF7
& (AFTEFA) LIRS hANBRERE AW, ADBORERLTOYS A08M0H
MickoT, MAMEE (Acceleration Factor) # XD SVRLION LML, HOXME—
zeur.eafnozywaatana#a<&smmu,#smazn«wgnaavmm.
REREDTIELAM S AL, TR GEREHOREZERYIS, HRABER, REBRERL
VoA FLY— Lo TRURBEZL00, bODTRFR FOAR RERE zwmmm
BRI EBESEATVISEERELE.

86&.&**x??UZF&EMkF£0§10$E#6 !ﬁﬁﬂﬂﬁﬁh7n?9hkl
FEBLTREGIBHLABBRETE, TITLVEBTIRS, 8552779 X FOLRT
Moo EI2, HREWE V20—~ 25HERN, RXERBTOAS ~ 0SHARN, F—5 L COSARE.
HERAREBLLBEAV LR TRA RS RNDRCURBIRBTI I bR TAN,

%=7—F NEFS, ANTHRENES - 5, HNXI7, LFNAKE. (2OK)OFH

“\

/

1. REBE

BEDOFHYRGREFHI by TV0itH
S, EGZROBEHEIMRS—H, AEIFLE
LZRETALOXMEBTTEBE LI LV,

RBLOBERIfEY, NMERRUENFGASH
e —— e —
VR RTF

P RGBTSR RAL R ERL L ¥ 7 —BTeH -
Y MEXREARPRESRSRH

720004 B2 12 123672 o A BRBRUEOR
Bib, 2000FEEFHTIRIZAMICBA LMD,
#E ABENEDERL 25 H—SREREH
HRBRAOLRMETYE, 291175 541608
LECER EABREEH C L BEHAERA
DWHIREORAE 20TV 2,
BBEOREOHESE, ABRAOANEVIZ
DORBIZB X 3L, 2005EDHERIREXE
EHDET, FHRHUMY 25 A~OTRIH
sh, AEFHY—CARTFHRMH—-CREL

265-

377



BHEE LS Vol.21 Ka3 2011

TR ARGREE Bl ol

SrEFH L, [EHERBORELTELR
DB (BH¢E) Dk, TLTENMEREIS-
THEOERLCELMIPB LT L] Lifhsh
5 (FAESWE & Fili~=a 7 @D .
SrETRIE, WEE OMIIREEOI LY SRR
FELALT, BeORBEOEHL < VLERE
DEEEL26L, FRIEEoT—ATE DOk
AFOPHBEBOLOORYHAALEELT,
EIEOE (QOL) O kD E¥TH0ThHS,
ARO B, WESBEDINE L AETY
EEEOEE - 0T GE b 2000) ©F — 5 &4
W, EBBOREHNELENE LR OY
T OANOBEH LB LA ET O
L EHTAIETHB. X DIMEMICE, TORERT
HDIE AL (2009) THRRMSNASH LN,
ERTHMIRSATA (LVLZ a4 TR)
KLERELESAT AETHOBEOI L, E
BEOEEN LT BHL LEEETUY T AND
HEMLEMIC L 2 HEORBERIT I EA
DIPRBBORIE L FHEWIHELT Do
 EgBomEm Lo AL, EiERIEE
FEEEAZEEHMNILGA L2, S
GYAPL=EVY, FREFL-=Y s EE
HBUTEERNLHEENEHDLTOIFTATSH
Lo BEERECERNTAIEICRMLT, o
F4 v as YW, MY, SR b Lr—=
X0 3T A SRR LEE
ATV 5. BRETRIENOBAEIKENT
Ene, FEIIETE, ﬁﬁfi@*fﬁ??&ﬁ*f*ﬁﬁ%
LI BT L E BTV,

JUkRzI, %‘ﬁix%‘é@%ﬁf&l‘iﬁ.ﬁ? 0 yg Lz
SO SIN L 2 AEEERET D B LU,
EMLLdo LBEBRES LUELREICL

51 BFEWEBEEV I AHCOWTIRNI0ES ALY
ToRFHIFHRE] LABZEL ZoTVS
A KRRTREESSACOLHTHD [
#H] xtoiTHHLTVE,

266

378

Score Matching=PSM) ZfIj L 7=

<, MAEOREE L h EHHFCE 200, #F

T D ETIUTEBOHY, BEE, £ERNE
FoBEwYETL0l, i ERFv 2 VA
RO RE L OTREORIRE LIEET 5 Ik
Bt 7 b A A (BRI ZRTEERIEYOL 6w
Eil S A B, TR AT (234 2OVEHT)
P [#ox] oFH: (Difference in Differences =
DID) kv oisifidEmT A o v SHRET T OF

FERPHAILTIOL ) REZHS T H,

AEOBBREUTOAY ChbH, EB2HTH,
it 4 (2009) HOXATH RO L HHIZ—~
AL, SEEHLLEF—FIIowTEELLI L
T, BIRSA T AOTLEL R T 2. BIWTIL,
KECOMFELOWTHRT B, T TR
BBoOREMET O YT ANOBEMHEORED
P2 O AAERE AT L HUE A T (Propensity
[#Eok] o
FHIZIOWTERT S, DABHTIEEINLALH
WCOEEIfTbID. TITH, EHLORE
@3&:}"&3 7 a&*\{?}@bﬁ%%&% &#%ﬁ%f’i}ﬁ? iz
Yo THET S EE b, RHERE LRI
LT bhA ERFrv YA MPOEE) MY
DL HVEBEENLOPER ST o RAN
< Ei:%ﬁ%%%:‘%%ﬁ% L9 X T, fﬁ%ﬁ?"‘ﬁﬁ}r
ahab,

2. RffRET—2

1) %R

KL BT — LR T AN ETFHOR
BAEFLAZBETRVOEBHFERE LTE
fi (2009) HHibitd, FEFFEILESHBEORIE
Lk, ﬁ%ﬁﬁ@ﬁk@ﬁﬁ&ﬁ@%ﬁ@?ﬁﬁ
SAOMREHA—-LTED, FETFHHEAILE
éﬁﬁﬁﬁ%é&ﬁ%k%%@kL&%i?m*
%ﬁ%%ﬁﬁ&%ﬁ%%mgﬁvzb@&ﬁﬁa
HE s S, BAVIEEfLLLMEY

#21 KAR (2009)



IMERMEE L, FBOUN, KAF =y
7 U A bR, AR S BRI B B EH,
HEEGLEOY I —EREHRERETHUTR
T%??@%%ﬁ%ﬁ@ﬁ@%&ﬁi?ﬁﬁ?
A, B&%&@mhfnfyA ﬁ%&%ﬁnﬁ
FSADFRFNCEBL TS, UIAF Iy Y
ERSFLSHONF v LA SHIFLT, v
FROTUY 5 A BWTHIETFHOB L
REOITEEL TV S,

KE 4 (2010) T2 ERBMEEE O
DT DR TSRO F— ¥ X—ZAD3852A

AHSELT, BENBES LUERETHE

hEdel LoRBERSREOMreEREL
o WEkED, WERBELEHEL T, E
BRI O NG AR D, FCBBENCS
WTHENKRIVE EEFSAILA) AT, HE
PR L ERIRE T, EHBORENET TS
T ADOTRFEICIE, REDFEEELHCLL
EHEEH LA, TOER, it (2009) OF
RIZBMLAE  OR KL BT BV TR
ROF =y N— A& O THALWRL LHEL,
MEOEFSMAD0H 5, MEEORERL

TOS TR ER ST, BIRALATAZEE

LTEME QML LEN I L ATHR
i, EHSONY S 2EETRTELLV.

2) ¥—%
&ﬂﬁk&mf&%?&f~£m¥&§¥§
PEEOHRIINT L ELWEFE - HTICETS
Bl R EshiT—F (Fr I nIesTs)
T, 20074 1 J1 K D 20084121 & CoMiicB v
T, 34 A1 EOEELERE LT sh
WEEF— & LRSS L7830 A E RIS
M7= »bid. BEF—FIZoVTIL
HRAETREyF— TR S, FLrsy—T

Wit s &, FasmE s h L TR

IRt hu s, AMTRIREIE, 2008451085248,
WL AZESBRBEESAS CRES .

N ETFHOHRICMT S RESE

HIRND BEE B

it

M ME o am am

£

%m #mm == aéﬂf&«}xii %

H1 S8 (B3 t{axbﬁiﬁ?mﬂﬁﬂ
. 4 (hFrdu—3)

&%?hfkﬁmfﬁ &%L&%?&&xm
ﬁ&&ﬁ@x§wfuyg&$¥ @%Eﬁ*%
FHTHBTEICMAT, BEMLEMIZLZH
SR OEL, TOFEAINT—FEL
THES LBIEA S B, 3t 42 (2000) TH. 1E]
LAEENTOA T AVEN, BIUAETFH
H—CRAEFFALELTHLE 1 BEO#EL T3 -
AU EEZALTY 2 AT RV AEEHI060
HEFYE BT, RANC MDA bR % 45 1 1,
12 5 B E 3 RHICRT L b oizon
TIRETHAESE2MET 3 2MOF—2 L
THHF LIz LA L, ASHCHEBR ST RIS
HEET AT L, FIAITE DEFIRARA
M <EEOERIETE, 19827HD S 5 1 H
LOEESR TV L WF— 510106 % Bwis
1881744 6, HRORMTEAZEIBEE LTS
ERTROLRAIRRE LTHATE 2 RAHT
HEMUDREE XKL LTHEHRDL, £09
LBEIS0T8A, LHATI0924A, HESHBHE L
2330 (5 BBAEASTA), B 1135548A ()
H78A), BEXR 2126124A (F1413A) Th oo
FOBOEREROIAKIRIEE L ITREND,

GHOHR L Lo BBEOEHBOREE L
TUY G A~OBIME (BH) BIFA~<Y b
RAELT COHPOMHRRIIA L LREID, &K
WA OFT Th 2200845121 B A TR MY

267,

379 .



PEa 34y Vol 21 Na3 2011

%1 EERHE

Sk (N=14000

NEAEBE (=230

BEERRE (N=11072)

FE OERERY YLUAR FH BANE

HTAat ¥ BEREE 47AR

ne 102 0z

o4l

aux

021

a4l

11672

0z

42

gender 1-BE 3078

487

0: &k 10924

1843

age SIHAENAORER 14002 8200

657

2330

7952

635

R4

653

1 BRI AORBES Mooz 036

043

2330

025

043

e

single 18 e

572

0 EE B926

1758

BIHAXNAORHOAS Moz 037

oss

a8

042

047

el 1:BHED 5235

9

o BEHAEL ‘ 8767

copnitive $ 1 ERENADLNNEYTA FOAR 002 1632

1736

1611

pds MIERENAOGDS T A FOAK 14002 521

345

T

32

349

hds BIESENAGLObBTRF A FOAR 02 2413

503

Cchecklist BIMREBAOERF 277 JALOAK 002 1055

415

BTl

147
103

a2

A7

EERRsSonGe Mo olé

o3

o

018

o3

ban 1:EESY 24

0:EELL 1734
MBS (1ovFY) ORBRER 10z 025

05

o4l

044

theumat 1 BiEHY 30

0:EHERL ‘ 162

pedlilidg) gl 14002 004

420

.18

oot

020

diments 1 BESRY 586

O:REEELL 116

#E - ERORER , Moz 017

010

013

fracture 1:EHEHY - 7¢8

orEmiLL ; HTH

R L ORI DAL 14002 00

oS

bzs

weaken 1 H.?Eié“? 11895

0:BmiELL ‘ 12807

BREGOALE 1402 073

o4

019

058

046

dept 119¥2] 10226

01 fok 376

ARBOREAL7 075 LERELTE | g
BLTwz () Wz o3

{43

el

049

047

TR Tiem ) s
0: S 8835

%1 EREHAOERERE 140z 055

077

Toaz

11672

034

0130

everToyrs 11 750t 11921
0:75RER ‘ 2081

1542

ESEEr i aiw
A (BIEEIRMANARREOHR) 1802 34855

15181

19665

11672 38806

19051

(%) BREALI2OEFELT, REANARREORSITHRLTWERSLERE LA, AN, BRRRS X ECALLGLORERCEEAT v,

OAERENFEELTwHER, BIUKEOR
., AAOFL, EEFCI)THMEICNEY
£T LR DowCit, BT 555N
SHCBWT [HTHY Y FJ (Right Censored
Case) & LTH#-7 £/, HS1EEBORAR

B AREFRSETHEHEDWTLRAFL TS,
268

380

A 6B OB L/ a0 Y7 ACEmLT
Wi a T H 9 Y ] (Left Censored
Case) & LCERIL 1A 7ADBRRE RS
iEEhH b, LA L, H—EARBRIZOWTD
I H 18,0005 < DIEMARBHE LT
D, H—VARBBZEMICNETE AV LD
b, BEEHEZREEE LTEIILE (F—Y AR



#2 FHBOREEETOTSLORRIIELS
2. ZRSTRRREINS 2APRRR

“TRT iﬁ%@§

 §ﬁgi

cognitive ﬁ,!}i , && ,
gds ‘ B ) 001

BRI

,,,,,, ~020 007~

AEL 14002

HuLe -0149

HEEN {paued R squred) o2 e
R R ]

HHES1EHORARORAN DD BT —5 O
SLHEUATH Y, BEEAZVERDILD.),

3) BiR/SA T ADIAE f
AHFETIE, AFCE BRSO AIEH A
HoERFHINESITwS, E6i, BRFOE

EIZHY, BLHEIEEE LI AL

ﬁ%Lf*bii?i&%( fﬁimﬁﬁ?)fﬁf;gi‘%ﬁi
ﬁﬁat?&&%%$ggw%$ ki T8
sidkﬁfw,&w ERFEE] Evolmaadt
m%ﬂﬁﬁgﬁlﬁ‘?m &’?L‘%iﬁ#& I T
w@%%%ﬁﬁL&w%bmﬁﬁw?ﬁﬁﬁai
hELiE FuL, 55 ﬂf;ﬁﬁﬁ il S Tat i
Xﬁ*&t‘twé’ﬁfﬁéﬁﬁ”%%g %m&%mmﬁ
%&@ML%E?%@&%@E@%ﬁ%&&L%
%%faﬂ %ﬁ@&@@mﬁméﬁﬁLfﬁw

ﬁ&wekmﬁ%&&?5rw 51 AR
ﬁ?kﬁgmﬁ%@&?ﬂyﬁﬁ%§ﬁii
(= 331&&&(&)%%&%%&L $§
HIETRE, ﬁ%ﬁﬁ%x%ﬁﬁ?&&@%ﬁ#&
LAEEBRUVAT 4 v 2 BRI R o7
ﬁ%@igkyﬁﬁfmﬁaﬁﬁ HEAXOH

FETHOHRMY HHEGT

WEHORERRROR SRR ETHE I,
b, BIRSA T AOHRERSREEN,

3. RO kL BB

1) ik

W LOBHELEOA ML RET 2 L vo 2l
A£@§L§ﬁ3§§@%§%ﬁﬁvﬁﬁféh
biroT, BRIV TALERT B0 ERE
%%ﬁi%ﬁ?%ﬁﬁﬁﬁ%bﬁﬁﬂﬁﬁﬁéﬁ
LAl ERICARLTWARBELHSETE
BT, SRR EEREE LI TR
M EA) S LR, WEERTRISGEC, 26
ISR L ORRAWEITZH LT 0B
¥, BREOBTIOHLER LGSR LY
DFENE AV LR T S, b Dhb 6T,
SCIRCGHHT T L O T GER B R OB
EWHHRBE LR 2L EN DB L E
ek L ¥18H H B2, Rosenbaum and Rubin
(1983, 1985) LR LAMERITIZ LD HE
RMEEAEERBEND LS h ) 00dD
(JL5F - BIE, 2006), BRI TAEEMLT
rds, EENBRORMEN LT UY T ANOMENL
BROGELREUT LN, TITH, YA
T4y VBRI E DB LIHEA 2T 25
AL, ﬁ?mzﬁbﬁiéfﬂkib HHBEO
B LS 0 75 Aot @&gmk;aﬁ%
EHET A (M2). B1ic, MEAITIZLY
U%xﬁﬁxféﬁﬁf¥§%EW&ﬁﬁ§ﬁﬁ
EHEL, EHEOREE LT TS A ICRRE
CEILEERER (ORE) 3 TRURR
HE (RHERE) DAAMBS MBI AT RN 52
%&%Lﬁ%i? ﬁ?ﬁ%ﬂ}ﬁ{f&%%ﬁ
L. %8, 31, ﬁ&ﬁfﬁ@&#@@@ﬁ«@

au,i:?ﬁw5ﬁfW%§§§§ﬁ ¢£§@m§
{Ew%ﬁfwé§$£§§m%®%&¢ﬁ&&
1, ﬁﬁ@m&hﬁwfﬁ F1 OEAEN RS
LUF3 - 3) &Jf’iﬁ%%ﬁ%ﬁ'&ﬁw}ﬁ ha.

its) fx}gf"ﬁ?iﬁﬁ&xe Barth and Gibbons {m} #
%k LT‘#‘%&»

269

381 -



s S Vol2l Na3 2011

Stept ,
0YZ742 = AIAFD

s 4
Step2A-1 Step28
TUF Uk 7 PSM-—DID{i

T

N asas e d EHAITER, local
2 ISR THEAT gw rogrossion =Y
TUFTERE, (20

(AT HM)
AOYARTERNL. /AT g’!%’g%m

SRR AN/ TN

Step2A-2

AFTEFRASLENE

v v
rADHBORER LTI SLINDORERN
SHLOINBFHORNEM ROYIHE

B2 SHOFEM

MRLERTE B2, IMR3T7TEHBLLE
o] (PSMDID) OFEZAWT, BHH
ORGR[VERTTI 2L (BEXFx22YA
F) XD BB LEOYLRET BT,

2) 7aZ3 AROFELHRAD T, /R
LURMBDT 7 F ¥ 787

AHBONBEEL SOV S AOBRLFET S
Hih), ALBKEIBMEFSHEFFICE
BRTAZWEWIHABICHEET 3. L>L, T
TORAIEAOYRTIREZL, BHRARKHTH
SBRBTLEANOBRTHE DO, BRED
%M (Average Treatment Effect on the
Treated=ATT). 230, ZAROSMLAR
SLEITRWHESOE REMIIR
ATT=E(Y,|D=1)-E(Y,) D=1) 2 RDIEE
EFB. TTTHRBNLEBEORRE, ¥

ue) HBIZHAoTIt, STATA 88‘1128-1: UPSM
I22nTiR, 2—¥—{ERDY 7 }Y xTLeuven
and Sianesi (2003) psmatch2% 9/ L7,

B S & ToRRIit2000), R ¥(2009),
Heinrich, Maffioli and Vazquez (2010) % {3%4
LTwa,

270

382

REmLEhro2BA0RE, DI EE
TIREC, D=0CTHNIINERE D=11IREH
THaZLETT. BHITHB LI B1TC
ONTREBOF— I DO FEoEHTED
A, W2PHBB T EHNTERV, RERCEHIT
2201, [EMLlidoll BREDFEHHL
WRE=(Y,|D=0) THD. Wi, KEIEH
TAZV, ML EMON B R DIIRLT
52LEET L. BRBEOTHNHE (ATT)
EXRDEFEPF I LITED,

ATT=E(Y,1D=1) -E(Y,|D=0) (1)

L2 L., HEBEBOBEILI DL S LEHER
MR ORBELRET DT ERFAGEICH NI E
o, SOMBKHRT DD, Rosenbaum
and Rubin(1983, 1985) IRMIMA D 7 ZFAE L
2o F Y YEELRELE. [BEAEREIZRS ]
EWHHRIEBEGRIDLEXOhIUBOE
HEHST, UVAF4 2 7BRAMBEICLY
Taysaicemnt 38EPrld=1iz] (BRZ
a7) #RDZT LT, HRHLIBAXHE—D
KEHL, FRAaT7IECREELNEBEOY
YINERIF VY (BBWRIYGITY ¥Y)
REBFETHITY, o F Y SOHERFH
53725, EFHTIE, BOFHALENT W

2 HERAITEROLDOOUIRAT 4 72 BRIW
CTHATIRARMILNTORY . 115, F8.
BEFx 72V A LOLAK, BAKEBRTA D
A GDS7 A FoARR, LODThFRA MDA
th, HBEECBIIRNONREFRT IR
B BELFRTYI-BH® REOHEIRTY
I-B8 (BATRE NHES Bas BH-
/1, WL I3IEBOSYBothth), B
BEEOAXE (AYIBLEVDIOYI—E
#%), EXBREErRT -5 dnN03xA
DAEDOIREFT Y- BFBIFyI-—-
¥ CERFHSOFALT). 83nEinskpk
TS I-BBEAVWE (BROZBOEIE
Ri1CHBEIhD)’ )

29} -k & 1¥Guo, Barth and Gibbons (2006). %213,
2o F ORI ONTIE, BY (2009). Guo
and Franser (2009) (<ffL V.



DT F Y I FELRA LI, —2iREHHY
78— 2 ¥ ¥ (nearest-neighbor matching with
caliper) T, b)—2RINGI/ERT v F VY
(mahalanobis matching including propensxty
score) CThH5.

SO2/YOHKEICLIZY TS /é’t"ﬁ'ﬁ
THIPELIDLHBTIND, V4TV Yy
& RBER:HREONT A—TOFHHDEH
0 LHECRZIPENL UKL > THET
%/¢5 ¥ R (Balancing test) % K#T 3,
BEBITOWTEZ A —7DOMIKEHCH B

2BHORETNIE, SHLABKELELL

5 LRELROABNEBRENVE I TY TS
RTWSLHETIIENTEB, &Iz, VY
TN BOTUTSIEMELRENEY T~
KPLEFZZATOIRT4 v 2 BRAYGLRE
L. Y97y B ANHFbhTwaI LD
REBLLT, BHREMILGBFALERLEVE
LB Ta,

3) =ERESE

iz, MBADTREELY VS TY Y
Ehiy— 5 EAVWT, EFBHMTY KLY
BBEORIEN LT TS 5 A OBHBRCRD
DREMMRT S FEEHT 5o
EHRIANTR, HAIXY MIEISET
DR AL HENKTHSLHBIHOMGE LTH
BLAHTT 3. - LA HEOEAIE>TYDL
3 KREERREOLEREIBLT 5 IR Lbe
HoLE, HERKEFELISEAEEMBCE
SESEEHRERT CRY. THBH ¢ Xh K2l

2 SMELEH ML LT, S(t) =Pr(T >t)

ERDT,
KEFRICBWTH, na}b099%?
wm”onrﬂyx -5 ERBL, BRABKO

#10 = = TOE I Kleinbaum and Klein (2005) %
BEIILTWS,

ABFHOR/RIET S REIF
ST I REEERT I ENTAS

B, FOWRL LTRF—- 72 HEABEORE

EERETLENH I, SEORERBITS
EHBFROFAHE L, 2CHO200BL GV ETE

L, FoRRNATIHENREN OIS,

Lo T, $EOFHTIE, HBOIRFA47
I FBEELRHNERAE L ERLTHILED
3, RERLNATA MYy 22700 OBE
EhRoTi, (1) 74 73 50TE’IZD
WCHER LA — FROERIRILT 2
£ SchoenfeldREIZL H 72 kL. (2) HEO
PATAL 2 7EFVIRALT INY I LA
iz, ARY PREDT 7 XHBEEEEL

1-S()
T—%. =0)

D4 Bt bx(

o =AL. EOHY 7 XM LB

1 ' .
;?Q=mm+mm)awo

an EFHRFHTCBETE{AVWHRTWICOXE

AN~ FETAIE, EENRNRZOFELER
REIIEL{MUTAZY, "¥— FRHINK
DREBIIRDLLT—-RTHIILEBRETS
THANF~ FREOER ] FRELL THILRD
H3. REMIZIE, SchoenfeldREIZH+ 5BH
ORBOMAF O TREVIEHZET S, RED
%, SchoenfeldRZRBRMITKFL T,
COXEFAERPATADI LI PRBEDLLVWRR
Ehols, ML, BETILIIE, HELBE
DARDT—¥ EAVRBEIE. EANT— BN
RYTSURRIBEFA PERERSTHE,
0D RADEAL L bIcA<Y FANRICHNTS L
HEINUL, T4 TAEFALLRBETVORAD
TRBINDY, B0 LIS PR ATETh
LRPIEL A/ 57— Tit, HBERST
vﬁﬁn#xr4vaﬁ$#nLrw5«mn
eron and Trivedi, 2005).
8N GALINEFNIZNF— Fﬂﬁﬁ‘%im-kﬁm
R=Z94 yNnF—FLEXHICHBOHMN
 F—FORTRENEEHANY-FEFTV (PH
EFN) ELTH, R—RTF4 yniF— FieEl
ELHIEMALTWL L ZHUREL T INEN
¥ FEFN (AFTEFA) ELTHIMEHTHE
ENTRDZY, HBRUIXRF4 7273 6BLXUH
REASBEFrergny—rEFATLY
ERTITERTALZWRY, S TRAFTEY .
LERRLE, .

271.

383 .



K&t Vol21 Na3 2011

BEZAALT, 288 JBREIZEICTOoy b
LanEch » X EBHOR B0 R Ll
BIFHFTHIPEIPLHBLL, SCTAR
NF=FE, yRIY2 {4 THGTA-FTHD &
5z, () HUXENFBRTHED, TLRRAIC

BRGAFENTHIPIIYROBLLEETVE -

AN+, HBUIXFL v 2 R HEERL
DIBEOSFERMRKSEH, "F—FREA @
BREROLBYNTHEHYY,

_ 1
sw"?ﬁﬁ7

A u‘)’rl c .
M= (3)
coCToZ A(DDBRELTIE, y=1okl
"3, i, BEIEHTHI i FHOSBEORYR
LHERR, £ERELVOETFRBB LU
F— PRSI T2 BT Thth, XDXH 2
R Lo TEEShD,
A;=ep(~BX) (4)

BRERINZNTA—F, X, ABBEM~
2 P ThB,

BEHRBAERL LTI, BEONBERSIUEHT
AR 22T TORMA Tibb, HEXMET

(2)

810 NBORIIcDH/o TR, Cleves e al. (2010)
EERUL 8. X BOE{FDOL7Y—-2 ) [X
F=3 TR BELECRER I YEAEID
SMEFHLYYILZ LY A RY FREICHETS
{IREFLVY L)L TVRIFENDHIDTIRY
vk, FHARLETVILIIM[VLRTHD
LEX D) Enaxy TR LE. BEARIEC
3t voRY AP LBEETOARL
ot ZX76 5D, BE&THYRIDOREID
WTRSBORNE LW,

mN JAIAREETAN, HEERDFEETV. —R
L/ IREEFAOR[EDOEHFERREG »
F— FREI2W T, Klenbaum and Klein
(2005) p263%°Cameron and Trivedi (2005) p585
2 YEBR. 28, FEFMEBIYIRETRE
MRy /9 A —% (ancillary parameter) TH®
BV 4 TNGEA-FE, R4lzBwiRR, U4
THEFRY p, BBROUIATF 4 2 7Ty,
HEBTEAFEEP VR TCRENTWS,

272

384

HhiI EXERILRENSLBRE2h3TTO,
EXETHUL, EAEICLD T TORMLAW
3. T, BEEEAZ FAXIE, i 48 (2009)
THV 6 h AR AW, 88, £m,
#$EXF 222 YA PP DAY, BONERT R
FEM o) sk GDSF X FOAKT®, bobT
N7 R FOAEEY, BREFICBYIRMON
BETRTYI—EH WEERT IR K
hfsed, MigRs, BaE &H - /47 B
KRB LV o REOERETT 500
I S50, ABHBOREELTOSS A
FRBELTCENLEDPE ) PEFRTYI-BHH,
&% 5",
EMRHETHDIILABRBLHNIY, F
BOLAK L > THENERET TSI L P66
BIUINDPIE (age © B> 0. sq age : f,<0)
%, BEF 222X FOEFZEN T LEER
EXLERATOITREXBVWIEISAONE

me ZAFxor2YRAbER, [B6LEYL MG
DORE), 3% - DEREORE], [T504K
RIHRATISABORATRKREITEY,
EFOEHAC LI CHEFHOLERECHANTS
HHEONL ¥4 V> 2B, TOMAEN
BVI YA EFHOLBENEVWEAR SN,

mn BoBERER [FVYERS] [FV4HEHE
) THERLRUL MBEARU) [X2RU),
[(F2r7a®) ¥Y—2%+35] oFiB %,
(D) 12LAYEA, ) BXKE, ) A g:aﬁ].
@) #£iogE, 6) FL1EUTIYHIPOSH
RECLEES, AREL. TOATANEVWEYES
RV EHET S, )

aw GDSFR FER, 1ISHH»LLI3BRPTERLYH
BERTWS, 5O0RBEAUZT IME. & &
T, BE1 »y BORBIZOWCITFEL. 54
ETHIOHENDY, 10ABESIoRBL AN
3. ;

o [EHNAMBOREESAr—2 (HDSR)J 2d
ObThOBELHETSIFA T, HEOEN

. U RARE. BREABOREE MR 25|

ENLLEMILOT, ARPBVREEREE
WARLENTWI LHGE SIS,

1 BERKEOLNOBT CRELTESMOBESIC
RLcsntiy] KasLi. L2L., 88
AR ISR A LWL DR,




(checklist : g,<0) ZHELA, T/, BEZE
BB RNOEEE, BHNHIIILLEY T
Z2TAETLHFBLTOTGAOBRLBHDS
LI HIEDBME (role: 8,>0) %, E2aniEe
RBEIZWT272 ., bobThFR OIS
DVTRBBAFIIVESLEERESRANT
BYBRIBONDEEIGRZENG, Th

TREDPE (cognitive: #¢> 0, hds: §,>0) %,

BHRAXCTVHRIENHEGIL LEBEXISZ LS
MRFRHBIZC VT EHHCDSFR PO E
DEITIXADBIE (gds: ,<0) MRLLR,

T, BENHIIBE, TORENT A—Ih6 -

REEEL TS TEEND ) wih b AONE
t. ABMBOREALESDY S AIZERL TSN
LZBE, —ZoHRIHILEILADZSEN
5. EORR (TRT: B:>0) £HMELA. R
#HZERAL LTRUTOBY THS,
In(t)=Bo+ B, gender,+B; age,+ By sq_age;+
B, single;+ Bs role,+ B¢ cognitive,+ B, gds,+
Bs kdfi"‘ﬁs chklist;+ By brain;+ B, rheumat, +
B2 diments,+ B,y fracture;+ §,, weaken; +
Bis TRT+ 8 pppiput 54 (5)
CCT, {RHRE, « RRREML §,(j=115)
REEHhI1TA—-5THE, XN T,
REBHE, EXBEROS 7Y — B0 b oot
ERMT 5. 37, MELEBLABHARBE
I BORMMF % RFE (shared frailty)

Orricou T~ FRBUHFF BT L 2 EBLA

Frailty €78 (¥ > <534) b#8H 3.

4) [EZoXE] OFik

Rk, HAERGD 53650 2R 1 TR
REINTVIEMOWT, B1EBLESET
X, BERBBLD L HWHBLRTWIOD,
RSk, ZRFxor X} DEBHED L
LVRBS WIS LRI 3T, BEHc bR -
T, BRRAITEHALL [E202) oFi
(PSM-DID) ##IMT 5.

REFHBOHRIIT S REDK

[E0L) OFiELi2, RN, HERELL
REH (511, RBE B2H) o7—yH
FATEIRAI, RERICBIIIN2LE N
BoE3oHBRISITIZAROZLIC S LT
ROZZEHTE S BULAKKE RER)0
BB & E L TORBRMRIL. ATT=E(Y,|D=])
~E(Y|D=1)TH Y, Sl ir - AlM0E (4
RE) OBRLTLTOBR. ATUIRATU=E
(Yi1D=0)-E(Y,[D=0)"2 Th 2k, @&
BT % 3 L TOELIE, KROREHRTIL <,
BEBHRUADREIC L WBHOLAL L bizk
ELEEHTHY, ZORALELIIVWCHET
SLENHS,

ATT-ATU=E(Y,- ~KlD=1-E(\i- %1 D=0

~ (6)

bl, AER HEBORRSZOITMAEDL
TbhtTtwa e Thid, ATT-ATUC L5 T
DIDERRYRHBEEHNTAZH, ARBAD
BHOHEICH LW hroRERER LS 2 Tv
SThiT, A TRELSTELWREZEDNS
o% (RN

ShERET 34010, PSMEDIDEMlAS D

RRKEFHOFENBMRT TS 5 LFHER LD

FHTRELBAShTWE, PSM-DIDO& A
MZEZHL, EUBORBEILET S AIZS
MLEBRHEL 7925 AnoBMBEIFRE
THORROBRE BORBMEDT—» 22 o
FYIEEBIERLY, ERCBNLARKEE
DT rALE, bLBRMLAETHIZBON:
THE 3 REHLT— 5 DEITL YROLL T

) SRORETIE. IVTORBHETOYILD
FBRAHHRY (kg) LETAR (/B) Evio
EREQLEHUDF—-SBRBLTEOTY, ok
», SERESEORERALFT LE092R
D=DOTHIXXEF 272V A BT I L
LLAY, ARt Thon7—5 LHIWwWI DS,
BURROTE L W) BRTR LI H @ WwHH
FEHEBTHoohd Lty

t22) ATU=Average Treatment Effect on Untreated

273 .

385,



Bflt & 3E4% Vol 21 Ka3 2011

#a ﬁﬁ}:{n?a}#mmn:ﬁx:ﬁf x?ﬁ%ﬁfs;wt-‘ﬁpz?x §~<é§ie\w:§>

HEATTOLHO

I ARR ﬂg?&‘f«( » FER

IR B L b A i 8 ‘ TAFIERTF ' REE
¥ 5 Sreduct tiest Ty Sreduct ttest  BABE  #Ys— wNTIER
BAT HEN Nbas bas  t  pl MEN HEE Xbas bas t  pl Seks T ki
pender before 022 02 04 TR T 022 083 008 004 0350
ST e 03 02 04 -145 -019 085 022 017 128 -32503 €83 000 -
R 8176 14 -58 S -331 00 BLTS &4 -58 S331 000 0085 0050 —0347
after  BIS81 BlLB -03 951 -013 0% BL76 £ -68 ~-163 -371 0.00 R
dngle DT 02041 -249 ~1109 000 029 041 -249 M08 000 0403 003 0117
FE amer 032 03 13 49 036 057 023 031 -46 816 -241 002 @07 .
e Defore 08 0% 75 432 000 040 0% 75 432 000 -010 00 0012
after 035 03 -09 S&7 -038 071 040 040 -DI S84 -006 095 -
cogitive Dl07e 1651 1615107 11 000 1Gsl 1815 107 611 000 0031 0006 -019
~ after 1643 1648 ~-12 £S5 -054 050 1661 1645 37 656 188 005 -
s Deee 4% 535 -3 641 000 4% 535 -3 ~641 000 0003 ~-0D013  ~-0106
‘ sfer 511 506 18 B0 080 042 4% 47 75 3327 413 000 ; -
b before 2445 3% 108 610 000 2445 23 103 810 000 OM7  ~Q03 =106
‘ sfter  MIT UB  -08 924 -03 071 244 5% -20 B3 -113 0% . -
chechtiog Defore 1030 1070 -9 -55% 000 10X H0/m -98 -55 000 -008 008 008

Y amer 1051 046 13 869 057 057 103 10X -06 %34 -035 072 *

ey before 019015 105 £10 000 019 015 105 610 000 033 -00E . 045
U afer 018 013 03 %7 015 088 019 014 14 -78 580 000 00U -
g Dl 0202 T2 44 00 02 0 72 ~4M 000 0106 -0G7 0250
O ser 0z 02 01 %92 003 098 027 026 24 665 12 0 - -
Gnents Delore 003 065 111 815 00 003 05 -1 -615 000 -0M0  -00% 0305

aher 003 OOF -12 $32 -055 058 003 Oz 18 €38 110 60X 00T ;
fracape DT Q7017 -05 03 01 017 07 08 ) -033 074 000 -0DI6  0A15
after  DM% 018 D5 171 021 084 017 OM 87 -MMO0 46 000 -
werkeq Defore 007 003 -8D ~451 000 007 009 -80 -451 000 ~0I3% ~0006 0422
- after 007 007 -01 S8 -0 097 07 o5 73 97 4% 0w -
keis M ‘ 5450 ; 14002 TR 5450
ST, ERARROACRALAL, RIS, F8. EXFcsrYRb, HDSR cps| HMEEE 7684 -SOME - 36087
m;zﬁ& TENEN, AL3NONEE, [AIEH]5LraEsstatyi-, Sn A{_RA 3079 505 3473
AAMBCEOBRY I -RRLEORHACAINTHE, ShLORRICONTS, »)si—| AICREH 15808 105705 74274
Ry FIFOF - ACET 2 PO ROTREOBIH AR v (1K) 3 /AT EhaTEYN 0162 00047 0046t
yEZFTH, CIERIATWEWE(OERE SO THESHENLTHY, BEESEY [ T5oig 76 o5 oE
SpLES LT el DT patil

Bt 5. HEOFHFoOv v F ik, RERLY
BEN1IH I T FTRIINVFITINLTE
v, TOFTIAL L LI EERRMT LT
f=#H%, = Z°Tii. Heckaman, Ichimura and Todd
(1997, 1998 X W RSN, S 285 4 b Y v
JEBAH LTI v F 724 FEHH
L, wad MiF S B0 > 70 Lns
BOY Y INOT o F Uy ICEVATTERD 5,
Lisdtia T, SOCR, fifoaitt R, vv
FI Y LAV EDDBIETH S T ENTE D,

S TREFHRLEX I, PSMDIDIC

#2)  Gue, Barth and Gibbons (2006)

274

386

o TRABELHBEOXEOLLEHTL, #
FPE365B U E 2 B FHESIRERNcH O
HEHAL, vyFr LY =4 MIXYonetomany
matching % L35,

axl PHOBEFEZETIHEMSL, A—F0MEI
FH a7 FRIESVTL BEEATH 5006
o3, 001 03, 08OBEN 4B LHEL,
PSP HLAAELT2% 5% 10%0Fr—
A EHERF L. DIDEESEROBEREDS X TU5%
Pﬁ@ﬁ%ﬁ&i&h?ubﬁ%?; g gk
i R A



=

AN

HEALS

STEFHOHI M B R

L5424

4% wn

ET ey

B3 1~ FREABOEFHMIAR (H5TU—8)

4. HERHERICHT BER

1) HEAITIZE 57— 5 U2 TY Y jzonT
FIHAST Y AREORF LT LI, T8¢
EHTE &i%% TJ (Ignorahln treatment assign-
;mm?%@%ﬁibfm% Db Zony
BAEND L BN BREATOEHES B
EHET LR THLIHEMOUI R 4 2 2 [
%ﬁﬁ@:ﬁ%ﬁﬁ:&%ﬁ%? gﬁ&éﬁ%
Qﬁm&ﬁwﬁﬁﬁﬁﬁﬁ&m%ﬁﬁ 255
3§%®§§,Q§Ne?;%x¥&ﬁwfﬁg
TRTOEH TR MR OTEHORA
1&'&?&#5@@ sied, &&?&%ﬁ%ﬁﬁ% f::ir{' wi
LD, ':e'n:;f Ve if:&*? ?if'xifﬁjki { *;}&’ﬁi‘{l§5
BIzow T, FHROBIC BV TITEEHEY
LRTHY AEFE IRV 20,

i) cﬁ%%ﬁii U AF 4 ?&@%ﬁ}ﬁ'ﬁﬁﬁi?%

FET AL LT VbR TWA b oo
=, RQG (*e‘i%{:::ﬁxxt:r Operating {Zhar&icmﬂc
{‘;Iume} ﬁiﬁ“‘?@ﬁﬁ (AUC) %X#’} htl
i R E wk%ﬁ‘?imii@&?’ibﬁ}ﬁ%ggﬁ‘%h&
HEET 5, Lk, [H{BgT 5@&?3 &1F
ﬁ‘iﬁﬁ L'{’w%ﬁ*éﬁs ﬁ*kﬂw’tii §¥f Hml
(2006), JLBF (2009) 4= X HOBAHE & & TV A,

am s, FEBHHOY T AT086, ELEHT

D VTR TCOTEE I 7 ) —§IC b RAF 36 1
TChats

2) EAFBTRHINRORRS EURS
BB T ORI B RAR L7, B3
AT LB ), RUBLUEZRHRITOV TR,
Ty &Nﬂ}@mﬁ* 2008 i'{é' < -2
ﬁ%@k:ﬁm&%&é&ﬁé?%ﬁﬁﬁﬁﬁ
ﬁ*ﬁi&:ﬁ%?&i R, BEOIYZAF 4w o5H £
WHEERSNEFGELES AT, BT FATE
%%%&L ﬁ&%@&lvﬁﬁtﬁﬁ%ﬁﬁf,
ﬁﬁﬁa;zr%y EFN, %&&%ﬁ?ﬁﬁ
ﬁmﬁﬁﬁ%f&ﬁﬁﬁtﬁﬁL %ﬁﬁ%&b
TR L7z SFEMBHIZDOVLTIL, £HFHHOS

' Iﬁzﬁ"ﬁ%%%z&h‘tié?&ﬁ{hﬁ&mui i‘i’.ﬁ!\

$m¥§§&£?5®3vﬁm&@&ﬁ&&ﬁ
BERHCARAE S 20 X5 »OBEA S, Schenfeld
PEERBMICHAF L THOT, 74T vETR
TOTHIE ML, AICEHES } UH B EH
%v{ﬁ@%?mﬁﬁﬁfé%&ﬁﬁtﬁ
ﬁ&«%ﬁﬁiTRkiéﬁﬁ%ﬁﬁiéi
ﬁ&xa?giafﬁﬁfaﬁw?«faﬁﬁ
(N= ﬁ&ﬁ}imm&%AE ﬁﬁxm?kia
"f%ﬁﬁé ilf*ﬁ‘é% (N= ’??24} =1 m?‘;}g&m
Kaplan-Meierik: Ik B PR %kﬁﬁ}ﬁ:& *H

nzm ogeps, T«f@ﬁ?ﬁﬁmhhwf v{?»ﬁ
#, HEOVRF {9 28, HHEMIEH 2R
HELIAFTEF ML AR PR L% &
B, EFMILoT, "5 AV ORBBECHY
EHITRELEVREST s hot,

275.

387 |



s s e

A 32 Vol.21 Na3 2011

RRIZIYRRE

L

(14  Kaplan-Meierkic & 3 775512 H 8
(BrFEEN

TR LI, R BEROT— 5 2HVTLH
BB NBREEREITEILNTCES, T4, H
BEROBRENLTOS I AOEEHENERT
¥ 3I-—BH (TRT) OHEFHEO/TA—F %
L2 REHOERE V2B G139
THHEOIHL, #UA—T» FILLISHERD
FERENVWABERLIZEASWI ERS, HE
B OEMAE WA CRER AL 7T AITL DS
G A — & DEFEFBKITE > T D REHAUR
s,

EiZ, AFTEF LG, #itshlonng d—
¥ B EHVT, MEEFE (Acceleration factor=
AF) %KD I EHTEBN (AF=exp(p)).
FOHEILEHBORER LT O YT 20BN
OFEIZL - T, BEQREEMITHRIED
(HVOENHEPEHHTE 5, BORfHE—
EELT, EBBOBIERLT DY T MR
iZBmLzA (TRT=1) &5 TawA (TRT
=0) CEOL HVREORELEFTISHY
ERLT DI LN CE AP EMBEFIIL > TR
Wk D, BEBBHETRLEE (exp(0472) =
1603), EHEHFTIEIUE (exp(1141) =3127)
EHE AN, SOZERD, BEBHETIL
BILEALE) TRWATHE 2458, ¥3R¥
I3, FNERY RS DRBT AL
BT SLEEIbRD,

276

388

Bigic, S5 A—F BERWTEFRHRNMEC
URA 5 LRI OWTRET 2. 2kE LT,
HHFIY—TCEWHFREZT LRSI bOD, T
A, w4 FAEVSREST A5 OF TR
WFROEFMZBWTHRVIEE(EELTS
B, GDSFA b (32) #BE, KIRLAKE
E¥EMTHDL, EHEASA—ATOHERTH, bo
bHihF A FOER (hds) VEVED, KA
Fxy YA FOEHE (checklist) HHEWIA,
MEBORERMET T I AERRLL (TRT
=1) HH, WwHEKE (1% THETFHO
AN S E AT E, MmATEY (brain)
3L URAYE (diments) OEENH LA, %
PAPENE L EHETE 5. HEGBTORE,
EHBOBERETOY I ARSHLTYWS N
#, bob Ry A FOAEIEVEAERIZA
EFHOWRERITEL. EXREFTIL b
Db A P OEEDFBOHY, BRFro
) A bOABESEWED, ERHBOREM LSO
75 N ERIRUIFS, BECHEESCRNE
HORBMEOH Y, BOAEAE (1%) THE
FHOMREHSTE, BOES X CTREOR
WD B DA, SEFHORRINEC S EAHA
MICFERET & Do

MLLE R T B L. SRR, BEIXRHN,
SUOWTHOH 7Y —T b EEB ORI L
TS G ANOEENEM L L ETFHO-—E
OMPEEHET HITE-TH ) AFEBBETIL,
SBMLAAETI TLVWATII 258, EXRE
BT 35, FRERY AR AL
TR e s EIbNL, TOLEIEHT
Y=L s THABFHOYHRIIBEVWTHEI L
i, 3E 4B (2000) A B (2010) & HEEGRY
LR o TVEY, TOREHFEOL SV
BABIC L > THLIIIEN -REODESTH
Do I AT IY—IL Lo TRONHE LD,
MPOREEF = v 2 VA POAEL S ODTHT
A PO BDEREES X UEREORTEEY



FEFHOGRIMT SRR

x4 AFTEFLOHEES ,

B HERBE EEREE (BZ) HZABE

HBROYAT 422 24T ﬁ%&ﬁiﬁ = HEOYAF{ v 2

EN [ X [ G N En
(BgEs) (ERERX) (Brss) (mamn) mm BERE)  (BREX) mezm
- 0080 e K ) ~ 0081 0073 C=0262C —027
(-209) (-258)  (-330)  (-22)  (-18%) (-123) (=320  (~221)
o oot 0090 [T 01; (=3 0104 003
e 229) 048 @) (-01 a5 (s ()
-0001*  -0001 - 0000 0000 - 0.0 =000 - 0o
=24m  (-161)  (-0s2) (-000) (009
7150 » 0027 0053 0135
{041) (071} ‘ {1;34}
=3 '
03
i 0.027*
{149) (l.gr?} *::aﬁg}

comitive

hds

Zaols -oou
(~153  (-047)
~020 025
(-263) (-1 |
~ 0054 ~0145 0146%
{~121} (~139) 3.29)
~0053 0004
(-052) {o02)
~0102 ~0194
-088)  (~160)  (~110)  (-167) -
- 0077 ~0.026 -~ 0041 ~ 0008
0. Com

checklist

brain

Frailty B By By LU T E Y

ToFLUKE ERE AYs— ARE AUt EEE Ay ERE AU

#rTAER l0m T %0 952 11672 6320 i) 62

HULE  -5702  -25953 -354 0 ~2005 -51360 —z327 -39 -2128

HATRE 261 10732 2175 1056 20101 8764 2130 98

AICZRE 111784 52286 7469 4389 103078 45015 765 4512
TS 1T pell 1™ pegn ‘ '

REFHOBREBL SR TOBT SR LBERNTSH S,
EHETEAT LI B (20000 OBREEE

277 -

380 .



EEd 4 Vol 21 %3 2011

x5 PSM-DIDHERER

5 4  HEEED

BEE (2

_=a@l

4313 “&333

B HEs @Gsh o 0134

2168 e

& A7 TROTEOE

—1851

szgmye (OLs)

Casel

DID %3 (%> FH 2 006)
Case?

DID %3 (¢ P 001
DID B (5 F#103)
Cased

DID &3 (5 Fig: 03)
Cased »,
DIDEH(FYI 2 12% %%l
DIDEF (PU XX 5% 9%
Caze?

DIDEE (b Y S 1 1) 95%ei

%ed,

%K%,

I G W R

g ,
3 E%ed.

3) PSM-DIDH#EHSRICMT RS

RS2 25 1R Ui BB 0 iRiEI L7
G ACEMLEREE, 0071 408%™
MR HNDL—F, FEMEHFIZ0IMMELL
THY, PSMDIDIZX A5 AHENORRE
Tit, BNEBEOFESHUEIFERNEHOTIC
(H0206H LE-TwRIREEE TS,
L# L, PSMDIDIZY 285 Y AREEOHT
DFHEI08394 L 1 LEVEENR LN, A
YFHEZEATORELTWABI E, 3z, 95%
FEHIL M -1025 6 —034TH D, B5%IEHIK
WA RTROFRTH L6, EBBOR
I LTSS ADBMAF = v 2 YA O
YT TREBEEATWAIEELE AL
Bo AR OB TR O T A85]
&, MR T20482 (95%IEHE M THL - 3942
5028), EHEFETIE, FMERMTO2UTYN, M
8 i TOA964 (95%E HUK I <13 - -085% b
~&%)?&%s§%%§%$%nsﬁﬁﬁﬁﬁ

83 BAF z v 2 YA MRERS LV EHNIE
OREEFFTIEDD, v FRAFUG, ST
HEALETT.

278

390

— 1774
~2M8 :
331#’&28? .

e

P
AEREE (OLS) OREA Y2=e+ FX+3TRT+ e X AFTEFATAVERBERERSE 612 FATHL,

EFRFTIL 6, BRIV ODEH
REIciZ 62 &8 ), HTEBHECIT UG
LlpoTwnd, £ N FER LY Iy 7EE
AL LYo THIORELHE LN, e
DRHEREFT LB so—BERE, E8HEoB
LT O T ANORENLEROMREHE
CHETELEREEoTHE), UHEIZOVT
L, PUII/EIRE LGRS, 1I2E
LR OEEEFRLILTWD,

5. BORIEE (A > 7Y r—vav)

KB EFHODRELHROTHOPIZTS
ZrEEMC, EEBORERLIOS T AND
EMORFIOVT, YUHA T TIZL DRIV A
TAOWELTT o729 2 C, LATBSRIAHTB L O
PSM-DID¥EEH- X Y i 47 - 720

5, EEBOBEN LT OS T ANORED
BN & B ETFHODIE LGB RITIC X
DERL, EIEnLNATA-FICIVHBLL
MBS, §¥£@&%&{$if§*§§%¥i i
@%%Llaf%%%?%?m% EELEH
CIUER A B EEIF SN, FA FIDENE



HETH, bObTWTFALOUK Fxv oY
2 P OB RMTEEPEME Vo 2B
ZEVNMETHOBRCERESATHwATIED
ﬁﬁ?giﬁﬁar PSM-DID# 50 6, HiHh
&@ﬁ%ﬁh%nﬁw&xlﬁ%ﬁmfﬁmwg
&mLtﬁﬁﬁfﬁ I TLhVwRERHEICES
REFzv 2 ) A FOHEKT, @ﬁﬁ%%f%
~ 250, Eé‘&t%%@ﬁmés 05T
LTHY, SGpreEztass kﬁf%ﬁn
wwﬁﬁwﬁxyﬁﬁmxaxﬁﬂ?kﬁﬁf
& Do MBEVBEOREREL —HTLR(E

HTEBIL i, %%gf@'@&fﬁﬁﬁﬂﬁﬁk

EEZHY, MEORMTHLAERBOMIC
LHRHTHD, TOLD, PENTLE (O
BERML )BT EMTED L5 ik
BEEET L ENREND, BEEEII ST
PHTH, FETFHEEML AV RHEITH~E
VEIEARGES O RS TEY, S W
%ﬁ%ﬁkﬁﬁ%ﬁk@&?%i&@%ﬁ%ﬁ
HaBTH D,

T SEILESSOBEMNETO Y5 A0

B OWTHELY, ETHIIB T 5585
OBEN LU AOMIR, v IEREL

Aoy Vi ERET BSOS AR
BT M—TRER LI YT ay - Lk
Wolv 7 PSS THD, BEETORE
LoT DL L7053 Y THLOD
T EOL) RHIETD O8N TH LD,
BOTus 5 4L OBERBHENTS LI Eo0
T, Stk AW LHREROERIEL S LA
gEnn,

HET

FELEMLTIR, FEBEZOL7Y —H0H
BIOLVMEBIURELIA Y FEuiiv
oo TOWENDTHR{EHOET R LAY, &
7o, THrETFHNESOSRCNT 2260 E-
GHFIINT AR ] OFRHSOERATHSH

FETFHOHRCMT SREFH

HB—-MHARFHEBHE, RAR—BRE
@i&&AﬁﬁAﬁﬁﬁﬁﬁﬁ& KEFHEY T
BREABY - MAREEMFREL Y & — R
Hiktr v -5, X§m%§§§ﬁ HAFmE
%ﬁ&%&%% #m&%%&%mkﬁﬁﬁ%%
REFR I R R, SEARRHEBOLATEAEAR
MIHFIRAER T > 5 —BRRRR, FHERMK S
&ﬁ%ﬁ%kxf»&«xﬁ%%%&&gﬁﬁ
Eﬁﬁﬁ%xﬁmﬁ gﬁﬁ?%&%i%ﬁi@
@?%&@@%&(ﬁ%ﬁﬁ)&iﬁ@&%ﬁ%
AR R, A, BB
%&&%x&~§§ﬁmﬂkﬁ%ﬁﬁﬁ%§§&
EF DALY I — OB ROTFRALHE L O T
Tﬁ&ﬁnﬂ@%%ﬁﬁLiauﬁg%ﬁﬁfﬁ
<§§@ﬁ%§wa Kbhrdbed, a3y
FEEMLE irr:w:mﬁ*?:ﬁ:r? A <To
e, gﬁsﬁwﬁﬁﬁﬁt&aoaﬁ el
TOEROTXTREZEOBANERTHY, &

~%®%ﬁ?é&ﬁ@ﬁ§%x?%mfﬁ&w

ks, AIRFNL, TE20ERTESHBE L AR
RESELREDESICED [REFHIRSO
BRCMT HREMFE - HFCNTAHR] ©
—BELTIHDRAELOTSH Y, ABFICBWT
HMALL7— 51t BREEFIELY ¥ — Tk
&, Bvry—TESAbEND X, HEHD
HEENLUTHRBICRE S . T AFE
B, 20084108240, FRAZEFHEEF
REHETRBEENI LD TH 5,

BEXI
iﬁ&*%i@@ﬁ&ﬁ%%ﬁ%wﬁxmﬁmﬁﬁﬁﬁ
FIZ 2w T ] <htp: /www mMngpfshmgx?
mw&yﬁz&}&}}ﬁf}m 3H26H T 7R
A%%“ﬁﬁﬁk.ﬂﬁﬁ‘ﬁﬁmgﬁﬁﬁ%
08 AKAR-, KEET, BlIALF, ik
RHE, ¢HER %HES 200 [ TEFHHAE
OABERABBFEEE - BT T v+ U2
Y Eorniz] [BRARRERE] 57 (1) < 988
w5
AHTE (2000) T2 2 o BEHFAPR] BAFGH
ﬁ“ﬁ@iﬁ%m,ﬁm&%?;ﬁﬁﬁm%uﬁﬁg@.

279.

et

391 -



ER LA Vol2l N3 2011

LHMRR, AR XS AL, AAR—18,
B8 (2009) [HBFHPREOJDRIZNT S
BOHES - FHCRTIBRE AGE] —TER
REROBEL IR - AQLHESTINERRPR
—] MEEABXARMNERS

By, HEEA (2006) AR TERVWERE
ERGIcE IHPNRONRTL HEKES F7-BF-
ARBESBCOBBIOWT ) IRREZHE] S5
(3) : 230243

S (2009) [RENKT— 57 LKIFHS—ERE
& BIRIALTR - P RE—] BREBE

Cameron AC and Trivedi PK (2005) Microeconomet-
rics : Methods and Applications. Cambridge Univer-
sity Press.

Cleves M. Gould W, Gutierrez RG and Marchenko YV
(2010) As Introduction to Survival Analysis Using

- Stata. 3rd ed. STATA Press.

Guo S, Barth RP and Gibbons C (2006) “Propensity
Score Matching Strategies for Evaluating Substance
Abuse Services for Child Welfare Clients.” Children
and Youth Services Review. 28 : 357-383.

Guo S and Franser MW (2009) Propensity Score
Analysis : Statistical Methods and Applications.
SAGE Publication Inc.

Heckman }J, Ichimura H and Todd P(1997) "Matching
2s an Econometric Evaluation Estimator : Evidence
from Evaluating a Jeb Training Programme,” Re-

392

-

view of Economic Studies. 64 (4) 605-654.

Heckman JJ Ichimura H and Todd P(1998) “Matching
as an Econometric Evaluation Estimator,” Review
of Economic Studies. 65 (2) : 261-294.

Heinrich C. Maffioli A and Vazquez G (2010) "A
Primer for Applying Propensity-Score Matching.”
The Inter-America Development Bank. Impact-Eval-
uation Cuidelines Technical Notes (NoIDB-TN-161).

Kleinbaum DG 2nd Klein M (2005) Survival Analysis
A Self-Learning Text. 2nd ed, Springer.

Leuven E and Sianesi B (2003) "PSMATCHZ : Stata
Module to Perform Full Mahalanobis and Propensi-
ty Score Matching, Common Support Graphing. and
Covariate Imbatance Testing, Smnad Softiware
Components. Vol S5432001. -

Rosenbaum PR and Rubin DB (1983) “The Central
Role of the Propensity Score in Observational Stud-

 ies for Causal Effects,” Biometrika. 70 (1) : 41-55.

Rosenbaum PR and Rubin DB (1985) “Constructing
a Control Using : Multivariate Matched Sampling
Methods That Incorporate the Propensity Score,”
The American Statistician. 39 (1) : 33-38.

(2010%11 5128544, 20114: 8 A18HIZR)

A% FRAOE
Kazubiko_l_ltou@member.metoratokyojp



ABEFBOHRRT S RES T

How Effectively Does EXERCISE for the Elderly
Work in Preventing Frailty? : Using Propensity
Score Matching Methods to Evaluate the
Effectiveness of Exercise Programs Aimed at

Improvement of Physical Capabilities of the
Potential Frail Elderly Persons

Kazuhiko Ito, M.A. ®, Shuichi Obuchi, P.T., Ph.D.*, Ichiro Tsuji, M.D., Ph.D.*

Abstract

Bascd on the empirical findings from the observational studies conducted by the
Ministry of Health, Labour and Welfare' s specific stndy gronp (Tsufi ef al, 2009), we
examine the effectiveness of continuous participation in the “Exercise Program aimed at
Improvement of Physical Capabilities of Potentially Frail Elderly Persons” (EXERCISE),
which was introduced to prevent frail elderly people from requiring a long-term
caretaker in his/ber aging daily living, using Survival analyses and Heckman's
Difference in Differences (DID) estimation after the implementation of the Propensity
Score Matching (PSM) method to avoid any harmful effect due 10 the selection bias.

As a result, we reconfirm the significant effect of continuous participation in
EXERCISE with the result of survival analyses using an accelerated failure time model
(AFT model). An estimated acceleration factor (AF), which describes “Stretching out”
of the survival time when comparing the two groups (Participation and Non-
Participation) and which is obtained by exponentiation of the estimated coefficient of
TRT variable, giving an AF value of 1.6 for the “Person at High Risk of Frailty = PHRF
(Tokuteikoureisha)” and an AF value of 3.1 for the “Person Requiring Support=PSR
(Yoshiensha)™ implies that the median survival time for the Participation group in
PHRF is slightly less than double the survival time of the NonParticipation gronp and
that in PSR is little more than triple, respectively. Moreover, we confirm that the
estimated coefficients on predictor variables of the HDS-R Test score and on the
dommy variables indicating the history of a certain disease obtained by the AFT
parametric model indicate a significant effect on the results statistically.

In addition, DID estimations using the “Kihon-checklist™ score indicate that the
Kihon-checklist score for the Participation group of HRF increased by 2.0-25 units
and by 0.45-05 units for PSR compared to that for the Non-Participation group of
PHRF and that for PSR, respectively. Also, we found a significant effect on the
score improvement of the Kihon-checklist in the both the estimation using samples
for HRF and using for all samples. :

Keywords : Prevention of Frailty, Exercise Program aimed at Improvemeat of Physical
Capabilities for the Potentially Frail Elderly Person, Propensity score
. matching (PSM), Survival Analysis, Difference in Differences estimation
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