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[Abstract] Objective To introduce the competing risk model into outcome prediction of
mild cognitive impairment (MCI) of seniors and to explore influencing factors for the prognosis of
MCI to Alzheimer’ s disease (AD). Methods Data were collected from six follow-up visits to 600
seniors from communities in Taiyuan city, which were conducted at an interval of six months from
October 2010 to May 2013. MCI state was defined as the transient state, AD and death before AD as
two absorbing states (death before AD in which was regarded as a competing risk event) , building the
competing risk model to identify the model parameters, and to explore influencing factors on MCI
prognosis to AD. In the meantime, the 3—year MCI-AD transition probability was estimated based on
the multi-state Markov model. Results Based on screening with the multivariate competing risk
model analysis, factors such as higher age (estimate HR=1.56,95%CI:1.01-2.39) , female gender
(HR=1.72,95%CI:1.02-2.92) , higher education(HR=0.64, 95%CI:0.41-1.00) , reading frequently
(HR=0.57,95%C1:0.32-0.99) , hypertension (HR=3.43,95%CI:1.08-10.85) and high SBP(HR=
1.67,95%CI: 1.04-2.66) , were statistically significant for transition from MCI to AD in three years.
3-year MCI-AD transition probability was 10.7%(95%CI: 8.6%—13.2% ). Conclusion Age, gender,
education, reading and blood pressure were the influencing factors for the prognosis of MCI to AD.
Competing risk model was advantageous in studying longitudinal data with multiple potential
outcomes.

[Key words]
Longitudinal data

Mild cognitive impairment; Alzheimer’ s disease; Competing risk model;

- ¥ 75 Vs A -

TER AR 5T B WL B A 28 a0 AR AR D
B B TR A AE 2 T KU A Y

DOI:10.3760/cma.j.issn.0254-6450.2015.03.011
K0 < [R5 ARk 43 (81373106)

PR EAAL:030001 K, IPGBERIRAE AL A
EAEVEH  AZ0HF, Email:yu_hongmei@hotmail.com

(Competing Risk Model) f&— it FH] T~ &b 2 2 F ¥ 7E
g5 Jm A A (A 5 4 AR 4 ) i A B ik, 3
AP A 455 2R A% ) s ] 5 R R B S 2 R
1 LSBT Re A 24 R — D FF I A T3
Ty — AR KA HTE PR 5 & 58 4 X
B S DMERR B (MCD # 9 i 58



242 e T A

201543 H%536&55 34 Chin J Epidemiol,March 2015, Vol.36,No.3

LG G vt 07 AR AR A 2 AR IR P 3R (AD)
R ISR ) 2% 5 A NS R AR AD FITSE T 1 BB
KPR e Ab R, v RE S SRS TR ZE . ARIFIER
FH o 4 ARG A R 35835 MCT &% 9 52 [R) 9 R A7 5%
TN, A3 5 4 AD $E LRSI

XNRE57TE

1. BFFEXT 42 - 300 H AT 9E T 2007 4F 3 H 78
RIFTT 3 AN DR H 3 2 BT Fili B 6 1 5 1
(EBEWE X)), A =60 2 41X Z 44 A 6 800
N SEPRAL 6 192 A, ZINFNDIREPEA I R A28 N
BB 2 W, Hor Ve & #1465 592 44, MCI 600
20 ARSI H 4RI MCLEEAE AR
518 4 (HEBR C & A= AD (9 72 1] Je 175 10 1)) , 53 51)
T20104E 10 H .20114E5 20114510  .20124E 5
H (2012 4F 10 H #12013 4 5 H 3 5¢ 1l 6 Y B 17 4
. BFFEAS RN P R R 2R B St e, B4
PR X R I B G A5

MCI 12 Wi % FH 2006 4 BiCYH BT 7R 2% 13 B0 P 25
(EADC)MCI TAE/NL ST ) MCT 2 Wibs o - D2k
H A SRR A E FUF; @ R s
JEUESSN AT REAE i & —4E TP ARG A T R R B
28 W R IFAR IR 52 A A 0 3 (e sl H A o)
A8) s @ H & AT Z K sgm (W A 2 2% HE
EIE e 1) s OFERIR .

(1) AN AR (37 60 ~ 71 ~ . =75 3 UEFT
G4 PR SRR EE (b S LR e Lk
Tl K= I UL b)) SRR [ 1S/ B CR A5 85
S A 1 B O 1 55 sh MR 195 a4 ) A
2B A (<1 000.1 000~ .=20007C); 4 1% )7
A R AR (SR R =3, IR
=30 min) %5 ; filt FER G B PRI L& I & I
JE AR s DAE Py dE b - SR K, £ 0 FPG
TC.TG .HDL-C #ILDL-C.

(2) Bt 4 JR « FEELE RN AD, 12 Wik 2011
4F 55 [ [ 52 5 B WFSE T (NTA) R R 9% 16 2R 2 2=
(AA) OB BRUES, 255 I RS2 18 2% 3k il MRI/CT
Kty . $ kA AD BIAET-1E R AD (138 4 AU S5,
RIFET- 45 & A 76 AD Z A, WX 2 AFEAS S E Rk A
AD, H{B & MCI [1] AD & A= Fll & J'é AN ml i 4 | 15
E T (MCD F 2 WIS (AD FIBETS) , AD Al
FET R TE S

(3)ZE 4 U AT < S G XUB A AR 2R

PR P ) —FRER IR S 4549 o Fine A1 Gray™ 42 H £
XF 35 A B 19 3 43 43 A1 b 51 XU S (proportional
sub-distribution hazard ) 5 Y ( & - 45 Jmy =5 14 19 XU RS
PRBICRA ), Ak E A I 4 R R R R AR
5 A BF A1y > FH Pearson % #8151 & K 5% (Pearson-
type goodness-of-fit test) , & Aguirre-Hernandez Fll
Farewell ™ 7F 2002 4§ H 19 771, HR P 28 iy
Pearson y* Fz B S5 BL , 349 J2 38 A XA AR 18 A48 2 A1 U
GRS A0 5, RS IR SE R W)
HREEET,

AT R FH R KA Cmprsk” #5443, 52 B0 55 4 KL
S T, DL MCT g ME— 25, AD FISET- 8 24>
TEAPIRISCES , G AT RESE IR PR 3R, 4005 58 4 XU 1Y) L
N B ==y O [P R e | AR PN B = 3|
R RTINS AR AR, T A AT BESY
i PRI 25 A 2010 4F- 10 H JEA 7R

3. J e A < E R A F X E A D R BT T
e ER U A8 A N 2SOy =X TR) O S A
fbo A EBEEIE L LT TR
Yt o HEACNE L5 i A3 A I 3 R RE B 12
() Fh 2 I sl 3 VR A B A — Al B S il ml
(a4 , S e & & ANBEPLAT O S 8 A R ik 1 7
A AZ, R B RS R IE . RS 4 MCI
50 AD 1Yl PRIZWT MO A8 e A e L e B e v o B2
BE (=R A BB ) AT, AR A B s G PRk
g —Re I G5, B2 A SR A LSRN, BN
X2 BRI A%, ISR A iR M R IE

s R

1. FEAE B - 3L 518 1] MCT B 4E N 485 6 R B
Ui, BEUK A AD 78 141, 2175 84 141, 2K i %0 16% ,
Hor 28 AT 31 BAR 25 BIBET . 45 Bl At ]
JUAD KRBT KRB 1.

1 S18HIMCIEAE N 6 IR, )=

BT RBLAD  BBUETT|| HEUIRE R AD  RBBET
GE-J1)  RIENEC B GE-J1)  RIENEC B

2010-10 0 0 2012-05 53 7
2011-05 14 0 2012-10 67 8
2011-10 40 4 2013-05 78 25

2. SEG KRBT 3T « JULA5 5 e USRS A LA JRUSS:
B, 0 =0.05 K g /KifE, m4FEi (HR=1.56,95%Cl:
1.01 ~2.39) . & (HR=1.72,95%CI:1.02 ~2.92) .
A i i % (HR=3.43,95%CI - 1.08 ~ 10.85) Fil {5 SBP
(HR=1.67,95%CI: 1.04 ~ 2.66) J& MCI ¥ %% & AD



FPARIR AT 2475 2015 4E 3 4536 545 31 Chin J Epidemiol,March 2015, Vol.36,No.3 <243 .

B fE e R 2, 3 SCAE R (HR=0.64,95%C1:0.41 ~
1.00) . &% B ER(HR=0.57,95%CI:0.32 ~ 0.99)
FEMCIE: 4l AD AR R & (£ 2) .

R2 MCIFH Ty AD B34 XU [l A

MCI—AD
Gy Kk ki HR{H(95%CI) PAH
NEL N
53] 0.044
i 155 23 1.00
5’y 226 55 1.72(1.02 ~ 2.92)
AR 0.044
60 ~ 141 3 1.00
71~ 218 35 1.56(1.01 ~ 2.39)
=75 22 40 2.43(1.02 ~5.71)
AR 0.048
IR LR 116 54 1.00
mhEhE 186 19 0.64(0.41 ~ 1.00)
KL KU 79 5 0.41(0.17 ~ 1.00)
Bl 0.170
Wi )1 55 8l 184 45 1.00
1358 197 33 0.70(0.42 ~ 1.17)
WS WEAR DL 0.068
HEE 330 38 1.00
g 51 40 1.57(0.97 ~ 2.56)
A&TIRAGT) 0.310
<1000 19 11 1.00
1000 ~ 244 53 0.85(0.61 ~1.17)
=2 000 118 14 0.72(0.37 ~ 1.37)
B AR 0.047
MASEAH IR 96 55 1.00
ZH 285 23 0.57(0.32 ~ 0.99)
B LR 0.036
¥ 329 11 1.00
) 52 67 3.43(1.08 ~ 10.85)
i 0.860
Jo 344 66 1.00
i 37 12 1.05(0.61 ~ 1.80)
Wb 0.100
T 333 37 1.00
H 48 41 1.46(0.93 ~ 2.28)
SBP(mmHg) 0.032
<140 328 10 1.00
140 ~ 35 29 1.67(1.04 ~ 2.66)
160 ~ 18 39 2.78(1.08 ~ 7.07)

7£:1 mmHg=0.133 kPa

F| F Pearson H 481 & F0 F G 06 JAU B, MR i R
(3.0.2) BAFIHEL G DL LR 56 , 5 5 XURS AR Y G 55
Geitat ok 79.589, A B A R FRAE 4l )2 87 Al
55, PAHAY L FBR4>0.05, HER BRI A RO A -

3. BRI  JE T g KU AR 0 3 AR S
M R IR, TR 1(MCD BAMA 3 4R 5

5 4k F R 2 1 (MCD) 14 #E %k 85.8% (95% CI:
82.9% ~ 88.2%) , 5% 7% AP IRAS 2 (AD) IHEE 4 10.7%
(95%CI:8.6% ~ 13.2%) .
Wi

LA NBEIT ST 5 4 KBS 25 5 B, A ) (] B
ViesH — & 0 I v A8 B 4% Ja F51F R AE
A e A ol =S N e e A YN 2 O L R
G RUSSASEIRY (A1 224 1oy FHGE B DA 5 AR il
SENRHOR ZCEEY . YA KB F A A
WFIEXT G IE A W AE T R B A AT, SR bR i
TESMBT T (K-M ¥ . Cox HuAG XU [ A 46950 ) 25 5
i FEIF ST R B U PR X e G i G247
RIS e Ry e SN ¥ SR M g s RN Y s WA e €2
IYMET B TN TS, T LA SO B 5w 4 KU 7R
RIS I RS 25 Ry RS A6 A% B It ) £ 8 LA
AT RE A 5 M DR 25 A WAL Ak AR R A 7 3 Sk sh A A
5, i — 2B NP P e R 2% . AHIF ol
AT BRIV TE 735 F & A AD RAET-1E K
AD a5 XU S | >R a4 KU B R A T 498 127
3BT, B MCUR VA s e R 28 F A TG A Fu . A
SEAE W AW PER SO ARR B S A
2 F1 SBP Xt MCI AR 2 [n] AD R (19 5% )9 13 #2552
M) 5 AR MCT#% VA o i R ZE R R 2, v I SR e
MY B IG TAE . AR B RS 2 & Cox
Wl AT 25 59 R A 3B M2 B i X MCI
] AD (G T 5200 . Ak 5 G XU B A ) HLA
RS RN R T A — 2 I

AHEFE H MCI ] AD BY5E AR A ARSI
T MCI 1] AD () 3 4R 56 AL 350 10.7% , AR X4
o POABIRGE B WS 0T B AL b U5 AR, Bl
PR EK , — Ak B 17 B )R 1, MCI 1] AD f94F:
FEAL TR . Thk D45 RIFAE 45 R R | SF-H G
7T A] 6.02 4F £ MCI 1] AD B35 46 3% 8 32.8% ;
Mitchell £l Shiri-Feshki "' 25 £ 43 ¢ B B 15 38 5 ~
10 47 19 L Z2 3, MCT [ B % 19 5% A SR A H 448
3.3%. WS RBEDT ANBENY 5 H 240 2007 4R T 4R
BE NS, EAHE IS R SRl 20 6 4, B
T AR 25% , AT R PN R B 5 19 (B3R S At 2 K
Z R AR AT AR 4 S0, (EU X2 U AT
KIWLER] AD 25 )7y, A ARBFITE A R Z—

AMF5E L MCIE A ME—BT 45, AD 53ET-1E R 2
AR, 25 4 XU AR 5 3 PP — B S T
WS 1 —Fp A {25 JEFET- X MCI [7] AD #4611



-244 - A A

L20154F3 A4536 45453  Chin J Epidemiol,March 2015, Vol.36,No.3

S, R 2% 8 AD i PR 19 7% F2 S MCL,MCI 4f-
B RSN MCI [a] AD 5 U3 () 520, 33 26 (R 25 %6t
MCIFE B A Rt — 5T

Z £ X #t

[1] Jiang YT, Hu HL, Wei QL, et al. Development and application
of competing risk model [J]. Chin J Health Stat, 2009, 26 (4) :
445- 447. (in Chinese)

VLV, 5 = BT 3% 45, a4 R ISR 1) ki 5 1 [T,
T TA5E3,2009,26(4) : 445-447.

[2] Yang SS,Zhou LY,Liang RF, et al. Multi-state Markov model
in outcome of mild cognitive impairment among community
elderly residents[J]. Chin J Epidemiol, 2011, 32(1) :25-28. (in
Chinese)

K3, JEL STl U, S5 FE T 2R A Markov AR 11 X
AENR R E RIS 1], AR mATe 42, 2011, 32
(1):25-28.

[3] Tian JZ, Shi J, Zhang XK, et al. 2011 US latest diagnostic
criteria for Alzheimer’ s disease interpretation [J]. Chin J
Frontiers Med Sci: Electronic Version, 2011, 3 (4) : 91-100. (in
Chinese)

FH AU, B i, 5248, 45, 2011 4F 38 [ B 7R 2B 5 B2 Wi
FRIEAFELT ] i FE BT AR - TR, 2011, 3(4) :91-100.

[4] Fine JP, Gray RJ. A proportional hazaeds model for the
subdistribution of a competing risk[J]. J Am Stat Assoc, 1999,
94:496-509.

[5] Aguirre-Hernandez R, Farewell VT. A Pearson-type goodness-

of-fit test for stationary and time-continuous Markov regression
models[J]. Stat Med,2002,21(13):1899-1911.

[6] Titman AC, Sharples LD. A general goodness-of-fit test for
Markov and hidden Markov models[ J]. Stat Med,2008,27(12):
2177-2195.

[ 7] Titman AC, Sharples LD. Model diagnostics for multi-state models
[J]. Stat Methods Med Res,2010,19(6) :621-651.

[8] Berry SD,Ngo L, Samelson EJ, et al. Competing risk of death:an
important consideration in studies of older adults [J]. T Am Geriatr
Soc,2010,58(4):783-787.

[9] Gooley TA, Leisenring W, Crowley J, et al. Estimation of failure

probabilities in the presence of competing risks: new
representations of old estimators [J]. Stat Med, 1999, 18 (6) :
695-706.

[10] Kay R, Schumacher M. Unbiased assessment of treatment effects
on disease recurrence and survival in clinical trials[J]. Stat Med,
1983,2(1):41-58.

[11] Ma YX, Lu PF, Li J, et al. Some subjects about dropping
MCI transformation rate [J]. Chin J Gerontol, 2011, 31 (11) :
2123-2126. (in Chinese)
ok 2%, WA , 22 HE , 5. FRAR MCT % Ak 38 10 22U 53 g
(J]. APl AR 2R, 2011, 31(11) : 2123-2126.

[12] Mitchell AJ, Shiri-Feshki M. Temporal trends in the long term
risk of progression of mild cognitive impairment: a pooled
analysis [J]. J Neurol Neurosurg Psychiatry, 2008, 79 (12) :
1386-1391.

(e F 199:2014-08-26)
(ARG - T <)

PEMPBEFRRITREIEFLREEREZE

(FE kR HHET)

FEER A (e

BlIEEZER XRB(THE) e des) xR A(ER) T BAEsD)  IF ARQTIR) kAR dERD
F PRI (L) FEIIE (Jbs0)

BEER £ ORAER) MAFCER)  REACEE) ® Tdbks) RGN B AR(SE)
BRI CHTT) Jmede (big)  RARBICEME)  BUTAGRE) B MEGERD SR EE)
o5 (a0 FEEM LS

Z R TAHES: AR 2WMELE)  E Rdes)  E QL) EIFMCERIL)  E3CR(AE)
EREW (BN ERFQLPY)  ERRCHE)  UNRCTE) MA&HFCZED B Edis)
Eefsm (1LZR) Ao ESHEERE)  XIRB(TE)  XIBaRGEIL) K (B
VRTFA (TR FEREAE (REE)  FREfECGER) % (TR 2 mGEHL) ZE MR Gt
R (Jb50) M) FPEGERK) BREGIH)  FEECts) #gibdis)
x JLCEH) FAHEUND EEbECEIEIT) T RCERD WEIE(TR) REARGERD)
T TUEsD EORQIY  wEtkarTy) s EGEHE) sk Bk B AR(a®)
[/ G R W) BRADC(CRHED) BB O AR)  BETEER) FAFERGT) EBRR )
BITRER) d FECHA)  wukiE(RER)  OBEXCRET)  BRBCER)  $IRECR)
FIRE (R WKAECERD  WIESRGTIR)  MIERGT)  ByTAGEE)  ar G
it L) JEEPRAEE) 2% AGEA)  RPRICE#E) B MECERD) PSR GLZR)
R CGRIer) 2 EeREE)  BUS(RE) WSEdLs) #EACERD
EIH () FEOROTZR)  BREECERD) % k(R BTaGhiss) BseRdbs0)

MHK T REEED

LSRN

ERESE#7Y)



