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Abstract

Tuberculosis causes high morbidity and mortality. However, Korea still has the highest tuberculosis (TB)
incidence and mortality among OECD countries despite decreasing incidence and mortality due to the
development of modern medicine. Korea has now implemented various policy projects to prevent and control
tuberculosis. This study analyzes the effects of public-private mix (PPM) tuberculosis control program on
treatment outcomes and identifies the factors that affecting the success of TB treatment. We analyzed
130,000 new tuberculosis patient cohort from 2012 to 2015 using data of tuberculosis patient reports managed
by the Disease Control Headquarters. A cumulative incidence function (CIF) compared the cumulative
treatment success rates for each factor. We compared the results of the analysis using two popular types of
competition risk models (cause-specific Cox’s proportional hazards model and subdistribution hazard model)

that account for the main event of interest (treatment success) and competing events (death).
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AL =2 o)F APYES doy|= Aoz 2017d AA BA 715 (World Health Organization)2]
Huo) @tz 2016 dol= A AARCE MEA Ao r Hud 327 <F 63049 4, AFEA7)F 1679

Hog vehgth A AAACR A DAYELS A oF 2%4 st JdeH /\}uo% A A7+ oF
3%2 74 dh= FA ot} (World Health Organization, 2017). $t= 9A] 23 HAEF} AJLEo] 7
a8ks FAO)AIRE o}F 742 OECD =71 § 7P &2 TAESN AMgES HAsta 3t} (Korea Cen-
ter for Disease Control and Prevention, 2017). o] wlg} 3t=-2 A3 )& 5] 7ISFSAG A}
R, ATAA B, AT ARNAAAS, QA4 WRBA AN, WHFFAE (public-
private mix; PPM) 23 &2 52 A3k ot
oI 29 A2 3 PP TN 2 sl B o As 2 B =z
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AEAAS 7H A Y& 29BN AGNIARE U 5 7)ol i sttt A A S A= 24}
F2g A 55 B3 FAE FESh ol& B3 U AYHE
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olof W} PPM ZA3Ze|Atgo] A X5 et st=2] A AR SR rt. 2y k=9
PPMel gt A= o} A7EA] BA] ot
olof me} & =% PPM A A Ag]o] 28 x50 vA+& °§5o S A7
A HEE 89S BT B =53 7S Ak #RAAS AEAE Adgetr] S8 Sue]
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< FY3len ol Fa 2 A5 AFol 7l 208 ATt Falzon T (2005)+ 3
A% F7te] A8 AAE o R BAAE 39 4% B3 F7HE A5 AT AolE vastile
H X5 4Fe 24 8L FAsgE Park (2011)2 gh=9] PPM7]-‘Jr°ﬂ/\1 A5 T2 Fxpe) iz
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Table 2.1. Basic statistics of the tuberculosis data

Variable Basic statistic
Mean 7.49
Treatment time Median 6.53
Range 0.03-63.07
Success(Type 1) 111,474(83.67)
Status Death(Type 2) 9,741(7.31)
Censoring 12,024(9.02)
Mean —0.37
Deprivation index Median —0.45
Range —2.64-2.08
0-9 247(0.19)
10-19 5,355(4.02)
20-44 41,817(31.39)
Age
45-59 31,370(23.54)
60-74 28,158(21.13)
> 75 26,292(19.73)
Male 76,100(57.12)
Gender
Female 57,139(42.88)
2012 35,978(27.00)
2013 34,166(25.65)
Year
2014 32,995(24.76)
2015 30,100(22.59)
Otherpul 28,046(21.05)
Type of tuberculosis Extrapul 65,017(48.80)
Smear+ pul 40,176(30.15)
1 114,953(86.28)
Number of times notified 2 15,352(11.52)
>3 2,934(2.20)
Clinic 3,861(2.90)
GH(N) 16,336(12.26)
Medical institution GH(Y) 87,391(65.60)
H(N) 10,655(8.00)
H(Y) 2,217(1.66)
Health 12,779(9.59)

GH(N) = non PPM general hospital; GH(Y) = PPM general hospital; H(N) = non PPM hospital;
H(Y) = PPM hospital; PPM = public-private mix.

Table 2.1 BAx}E 9 thst 7|= EA o]t}

AEE o]gst &
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Hrh webA] o]eh 2ol A diE 24 w) Al EAsthE o]& nHE 8Tt ok
gde] & A B oz 2 vg g2 g (Cox’s proportional hazards model; Cox’s PH
model) ] Ut} (Cox, 1972). Zeju} F vl ALY S 73’@’4’2‘13 3R] ko ol FEET
o7 HFS) oo mEt B =goAe AAANAE 1 ASEA S ARSI e o] HeA
= ZF il sy A sich

3.1. & WM gk

2 2 k4= (cumulative incidence function; CIF)& AR AMAS 183le] +2 SAES FAH 3=
A o|t} (Kalbfleisch?} Prentice, 1980). CIFe] Fol+&= th-23 2t}

Fp,(t)=P(T <te=k) / Ji(t
o714 e AHAY F3 (e € {1,2 K}, fr(t)E k Ao digt £x38 = 8k (subdistribution den-
sity function)o]th. =, Fy(t )b 7"‘ 7R k AFA o] WA e B2 o | sitt.

L ]
CIF #A%e thg3} 2o BdD ),

AZIA tiy= AE A A FAZGE = 1,2,...,Dy), Rie tpARANA A" A 5, die
tiy A -ANA kAP A 3] 8 =
gh-uolo] 247 (Kaplani} Meier, 1958)"]"/]’ Ao g w2 WY FeE FAY o TSD-nt
o]o}(Kaplan-Meier; KM) S @o] AMg3tth. KM WL A2 45 245 o

L e H“@ s 7 5 Aok KM ‘ﬂ“”% BAANAE

WHog 1-KM 427k CIF 44 &2t Zrh 484 "ot (Gooley 5, 1999).
A= F4 A5PFES FAHAS o -KM "7;‘— X7} CIF FR 2K}
(Figure 3.1). olo]] wzt & =FA&= 748 X 84FES FH37] Sl CIF ¥

z

3.2. Q¥ SA d|gel2d
A F vl 923 (cause-specific Cox’s PH model; CSM) oA 18+ 23 Zo] FoH
t} (Prentice 5, 1978).

M(t) = Jim. {P(t<T<t+AAtt e=KT >t} _ (()) (3.1)

o) e AR FA(c € {1,2,...,K}), S() t AR oSl BE Ao nﬁ_ AEPSoITh CSM
oz A o] BhE SURSE AT ] ¢ AR oo A 271 BAR AAE 1 AR A
1o S 918 ARl AL FEdter T (Kim, 2016). 4] (3.1)0] 273 CSME
chew 2k

Me(t:2) = ow(t) exp (27 i)

AZIA Aor(t)= AHA kol Tigt 714 98 (k = 1,2,...,K), v = (21,...,2p) = pXd A,
Be = (Brts- -, Brp) & A kol i3k 37 Agrolth.
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Figure 3.1. Comparison of estimated Kaplan-Meier and cumulative incidence function in the tuberculosis data.

3.3. A 9IDY

H21 99 28 (subdistribution hazard model; SHM)o| A $ 384
Gray, 1999).
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23} 2ol AR (Finew}
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goe off ¢ AR o] doll AF 271 S AAE A ¢ AlFOA AR 1ol thEk A7 iAol 23
t} (Kim, 2016). &, CSM¥} SHM-S A& th2 93 o)adxt A3 (risk set) 7 93 45 Ao 67
Fo] CSML 4 99L&, SHM2 CIFE Z+z 2 g3} 3= Wylolt) (Ha 5, 2017). 4] (3.2)0] 2A
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Figure 4.1 7} 891 =4 ;] olth. A&7|7He 1870Y 744 Yeplth 1do]
A7 (Gray, 1988) 243} +4 XN8AFTES 4%, 44, A7 421H A5, 4949, 8= 2ud
34, A5EYE AN 9= fraol wet sAAcR FsHA Aol 7k AAT(p < 0.001).

Table 4.12 X845 (Type 1) dls] CSM3} SHMS A3Hst Axtolt). ¥ E (hazard rate)2 &
A A BT Apd o] HABEA] FSkTh L tA1H vlE A Fo) Abd o] AT 3 FES vttt &
oA 74'“7\}21% ABAAFONRE APES ASAHFTER AT 5 Aot webA @] (hazard
ratio) 7h £242 AEAHo] £/ UErdth OSM wHe] A9 wEAsst §o5 Legot
SHM ol o157 o etk w3k CSM e 0941 Al sk 45 507k
w3o] F7hol net ARAH ol 2asier) 60-TANNENE T ARAH] F7sto] Aeo] me e
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Figure 4.1. Cumulative treatment success rate for each factor in the tuberculosis data. H(N) = non PPM hospital;
H(Y) = PPM hospital; PPM = public-private mix.
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Table 4.1. Result of CSM and SHM (Type 1)

Variable CSM SHM
HR p-value HR p-value
Deprivation index 0.992 0.045 0.997 0.426
0-9 0.932 0.318 0.874 0.049
20-44 0.891 <0.001 0.906 <0.001
Age (Ref: 10-19) 45-59 0.837 <0.001 0.805 <0.001
60-74 0.877 <0.001 0.710 <0.001
> 75 0.877 <0.001 0.477 <0.001
Gender (Ref: Male) Female 1.109 <0.001 1.188 <0.001
2013 1.028 0.001 1.020 0.012
Year (Ref: 2012) 2014 1.070 <0.001 1.030 <0.001
2015 1.087 <0.001 1.030 <0.001
Type of Tuberculosis Extrapul 1.307 <0.001 1.225 <0.001
(Ref: Other pul) Smear+ pul 1.042 <0.001 0.924 <0.001
Number of times 2 0.711 <0.001 0.773 <0.001
notified (Ref: 1) >3 0.518 <0.001 0.626 <0.001
Clinic 0.829 <0.001 0.929 <0.001
Medical Institution GH(N) 0.946 <0.001 0.911 <0.001
(Ref: GH(Y)) H(N) 0.936 <0.001 0.872 <0.001
H(Y) 0.922 0.001 0.939 0.005
Health 1.453 <0.001 1.543 <0.001

CSM = cause-specific Cox’s proportional hazards model; SHM = subdistribution hazard model; HR =
hazard ratio; GH(N) = non PPM general hospital; GH(Y) = PPM general hospital; H(N) = non PPM
hospital; H(Y) = PPM hospital; PPM = public-private mix.

e Aol 27 o 1399 A% A% A8 A5
3} @ Al v 2 =8 297 rkw et

o]-g3to] & =wollA yebd AR 1of] the A= F2 A o 23 (Figure 4.1(c)) <

library(cmprsk)

fit + cuminc(time, status, group = year)

inf = list(list(fit$’2012 1’$time, fit$’2012 1’$est),
list (fit$’2013 1’$time, fit$'2013 1’$est),
list(fit$’2014 1’$time, fit$'2014 1’$est)
list(fit$72015 1’$time, fit$2015 1’$est))

)

plot.cuminc(inf, lty=c(1:4))



536 Gyeong Dae Kim, Maeng Seok Noh, Chang Hoon Kim, Il Do Ha

T W listE wEolErh. AF 20 tiRh wA

proc phreg data = dataname;
class x1 x2 x3 ;
model time*status(0,2) = x1 x2 x3;

run;

class Eol= WY WS 9EIT. A7 20 ohal B4 HalAE status(0,2) status(0,1) 2
sRe Ay,

6.3. Xt 910
e SASE o83 AL 1o tjF HA 1 Pu B,

proc phreg data = dataname;
class x1 x2 x3 ;
model time*status(0) = x1 x2 x3 / eventcode = 1;

run;

AFA 29 tf3l BEA817] Yl A= eventcode = 1S eventcode = 28 54 3tH Hc}.
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