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Abstract

Background: Tuberculosis is one of the main ten causes of death by an infection disease
and an active health problem of public health in Thailand. The current mortality
rate of Tuberculosis is still higher than expected.

Objective:  This study aims to identify prognostic factors which can predict mortality in new
Tuberculosis cases and develop a risk score system from these prognostic
predictors to predict the mortality rate of new Tuberculosis cases.

Study design: A prognostic prediction research was conducted, collecting data by a
retrospective cohort study. The study group was from new diagnostic
Tuberculosis patients in Phrae Hospital, registered between 1 October 2013 to
30 June 2020. The duration was 6 years 9 months. The number of the patients
in this study was 791. The relationship between death and prognostic factors,
which were the patients’s age, body mass index, extra-pulmonary tuberculosis,
initial hospitalization, HIV infection, COPD, CKD, diabetic mellitus, and cancer.
The prognostic prediction model was developed under the cox proportional
hazard model. The potential of the risk score level was tested by the likelihood
ratio positive (LR+).

Results: There are 5 prognostic factors, associated with mortality of the Tuberculosis
new cases, which are initial hospitalization, cancer, age > 60 years, BMI < 18.5
ke/m? and a positive sputum test. The mathematical equation of the final
prediction model showed that the c-statistics was 0.82. The risk scores were set
to be from 0 to 13 and classified into 3 levels: low risk (0-3), moderate risk (4-
7), and high risk (8-13). The LR+ of each level were 1.00 (0.63-1.60), 2.22 (1.84-
2.67), and 5.59 (4.30-7.28) respectively.

Conclusion:  This prognostic prediction model can effectively predict mortality in the high-
score group of new Tuberculosis cases. Consequently, the patients in the high-
score group should be closely followed up.

Keywords:  tuberculosis, death, prognostic prediction rule

"Medical education center at Phrae hospital, Faculty of Medicine, Naresuan University
“Department of Internal Medicine, Phrae Hospital

"Clinical epidemiology and Clinical statistics unit, Family medicine Department, Faculty of Medicine, Naresuan University



Journal of the Phrae Hospital

Volume 30 No.2 July-December 2022

unun

' ¥
1 a a IS

Yaulsadulsadadafinanide
Mycobacterium tuberculosis Feaunsofase
INAUFAUNIUNIBINA Felsndaulug
favaz 80 sinnelsafivonuazaiuisanalsa
flovorzuantanls Tnosssurfivesialsa
AU bilF S umssnun Sevas 5065 awdedin
aelu 59 Q’ﬂamawmﬂumﬂmﬂ%’ﬂwwz

=

FeddnTouaz 30-40 Tu 1 U saudeqidy

Y

[y

=

¥
&

$rameiiliudeuss W fAndetovle i
AMEVINENTEMS M3 oRgeengdiilsasausin
\HoarondeTin®
aeAn1sowntelandalindse 1u 1
Tu 10 vedlsafndeiiiuaivmnismeiiddy
vo3lan 1891 Global Tuberculosis report
2020 wuhiifinefalseselvidiutudu 7.0
dueusialan Tl we. 2561 doyad we. 2562

pudIndnUreTalsaselnd 7.1 auaunilan

Y
a A

uazifideTinanalsn 1.4 Suauinlan?
Fadlsad audulgmddgysansisaee
vesUszmAlng osansountislandnliusyine
e 1 Tu 30 Usznea Aty iadsnguuse
12 psgnsaeansisauaunIuaNuUUANIS
FEAULIA AIUNITHDAUTULTA 0./, 2560-
2564 TdonAa 0 UM ANIIE NS AEnT 8 f Tou
TsavetasAniseunsielaniiitinUsvasdfiazan
ans1aUinialvesinlsaasiovay 12.5 sel
970 171 sioUsE9105 100,000 AU Tudl w.f.
2557 Wivide 88 deUs¥¥Ing 100,000 AY o
aud n.a. 2564”7 wasfluffiavandnsmeves
AUredulsnas Sovay 50 anelu w.e. 2564
dewisuiy w.a. 2557 agralsfiniu doya

=

sreud Il Uienidedins e Talsaly

-105-

Yauuszunas w.e. 2660 - 2562 Neelaiussg
Wmneauitesiniseunsielanmvun?

a0 uUNISl TulSAVDITINT ALNS
Jaulsadandnousu 1 Tu 10 lsaisgTaiamng
srurnInen Tud w.ad. 2560 &9 w.@. 2562
wazdnTINsideTIng e tadsatauuseuna
2562 Antdusesar 12 ¥ egenindimaned
nsgnsaemnue (lWiiusesay 5 Tud w.e.
2564 fatfutnlsndedsnsgnussgegluuny
gNSANANTHAILIAVNINTINTAUNT W.A.2564-
2567 \Wnungszaudaninae Tul 2567 8m51
nsidedinluieTalsadentesninsesay
109 uaziivoyaseusnsndetinare iulsa
vaalsangrunawns Tuthuuseanes 2460-2563
agluyiedovay 14.29-16.39

INNITNUNIULUINO B LAENITANY
FAgates nurrtased dauduiusiunis
mevesfinlsn Ml¥nanisAnuviaenadosiu
Lauwn e, grguinnitnsewindu 60 YO,
Aatluianisiesnii 18.5 kg/m?®¥ Tulsa
yanUan 01410 e talsnaseusnuns
fnwdalunerUaelu®, nisindoietle?
(8,10,11,13-15) Iiﬂﬂamqﬂﬁgul,'%?a%'q@’““), 1saln
1815 a$a0219 ngulsanzi$a®ito Lazua
dunzid uuan @ ua ffiiunededefing
asanwladululuianiadeadu lawn ais
guun3®, Tsaumu®? uazlsaudy

¥ (11-13)
ladings

o
Y] £% =

MUY K289 09N1SANWIUIU AR

Y
a =

ne sl duiusiunisidedTnvesy Ui
Falsaselnduavirdoyad laviwaundy
sruunsiaziuudmsunensalnsidedin

voaUaeiailsasglvy wardimsiesininugn



Journal of the Phrae Hospital

Volume 30 No.2 July-December 2022

gns1aUAniIsalvesinlsm Tulsanerunauns
2 (% ! = v ! a o 4 Y o
Fariauns i olvinilsauiii eitoelai
isesllauartoyaannuanisfnyiluinawauly
N3N Tauas MTUAKLININITALTNILAR
gnsINIsdedinvesy Uredulsaliussg

Wmnesall

YeauazIaN13ANE

sUuUUN15Anw: Progostic predicion
research lagldgunuunisiivteyadounas
LWUU Retrospective cohort study

aaufidnun: o UI8918INTIU Uay
Aaln Jadlsaven LSaneIuIanng J9WInung

Uszyn1sii b lunasdnen: Q’ﬂwﬁ
lesunmsitdadedndugiieialsaselnivas
Fo95UNITS NI IS INEIVIALNT SEWI
Fufi 1 9.0, 2556-30 8.6, 2563 sunduszes
a1 6 U 9 Loy

Fnsenw: dadennguuszvnsiild
Tuns@nw Tnednidonanduaedlesunis
Ahadvindutalsaneluditlieesnvialsa
11N9U WIDSNWILEUNT 1 LADU LaLABINIsu
AsSnefilsanenuiauns sendneiudi 1 oa.
56 -30 §i.6. 2563 1Wrnndulszensi laly

= ! (3 Y A v %
ANIANYT dIULNUNNTITIARDDN A E\JI‘U’JEJ'JEUIiﬂ

'
a a

UanselmideTinanaivnduiliiieates
frudadlsa 1w guRve) l@eTinuenlsaneuig
deldnguussrnsildlunsfnuiud azuts
poniiu 2 nguamutadensinsalidaiy
dunussonisdedIalulUieTaulsanelng
Tnedoyavosdadoneinsaifammadudoyaly
vaurdguaeldfunmsidedeinduinulsame

Tmiasausn Town

-106-

e wus il e wazlnAnds
- 91y wiau wnndwisewiiu 60 U
waraenin 60 U
_eUnulaniy wuaLdu BMI <18.5
kg/m? Lag BMI >18.5 kg/m?
- NaLEuvE WUadu Naay wazkauIn
~Aalsauanvan wuadu iJutalse
yanUan Lliduiulsauanilan
- 90y lsARS LT NVULS NWE I LU
verthelu wuadu 1o wazlily
a =l a a dy =
- 31 el Msdaelevle’
- 11 visolifl Tsnvanganuisnsy
a =l a dy U
- 31 v3eludl 1salaneisass
- 31 vSeludl Tsaununu
a =) = 1 <
- 31 viselull nqulsmueLse

[y

wanhundawuangule sl

1) nquAnwy Ao Huednilse
selmififitladonenseifiavla

2) nquwiguiiieu s fUqe
Salsaselndiladfifitadenensaitauls

[y

NAANS (outcome) AB N15LALTINVDY
AUrgialsasglvdaigavnanAIusuLs
2897l IANI BDAILUNTNYBDUINNNITS N
T@un sugeusniauane nmzfnidenuniise
violsasauiAgates un v T g
aulUanes duwde lsarila Isavaendonauss
Tsauzise Inensianaansiduluy time to
event dsiszoznafanuidussozina 17
ndaaniadeduinlsa
Sssidoaniead fvanuadae
TUSUASUATUIUNIEN A R Studio version

4.1.0 neadAntulunisIiesizyt Usenaunie



Journal of the Phrae Hospital

Volume 30 No.2 July-December 2022

- a5 ungnsilguiigutayaitangy
(Categorical data) AR8/@d@LTINTTAUUN TALA
A Yepay Toyaldeuiun (Numerical
data) léunl Aede uay dnudeauunnsgiu
WIBUgUAIURANAIITENTNNFUVDIToYE
L BINAUAIY Fisher’s exact test wagd oy alla

USR8 independent t-test 13 8 Wilcoxon

¥ ) v

rank-sum test NN YUz oA TEAUAIY
Fosuil 95%

- FnwiAnudesduiug (Hazard ratio)
8419 8 8¥ TnvesgUrndalsasieln fu
prognostic factor wsiaz@auUslagly univariable
cox proportional hazard model fisgduaay
Fosiud 95%

- AnwiAnudesduiug (Hazard ratio)
N5 78870 ves Ui Talsaseludiu
prognostic factor nanedulssnfu 1 agae
lunsiuiensidedinvesUisiulsnsie
Tuigine multivariable cox proportional hazard

= LY =

model fisgduaaiiosiuil 95% lnsAnidon
fulsfifmuduiudiensidedinvesitoe
TulsaselniegsdiedAgynisads wazd
AnuannsalunisiuIeAE sesonns

[y

e Sauiulds udsandurinisudasdn
B-coefficient Tuannisesnundurinzuuy
AIABIvaLAaA LU TiAs1EY A
anusalunisviuienisidedinves Ui
Tallsasneluil wes prognostic prediction model
#8910 multivariable cox proportional hazard
model Ingld c-statistics Waw calibration plot

- NAEDU Goodness-of-fit YB3 ULUY
91899119ANAFA1EAT (Final prediction model)

A28 Hosmer-and-Lemeshow test

-107-

- AATANINTEAIBATIUL (risk score)
71§91 multvariable cox proportional hazard
model kansoanlujuiuuves back to back
histogram

- @958 UUATLUL (risk score) 71 L&
310 multivariable cox proportional hazard
model wazyinnsinnguszivanudsady
seRUANAEDI UIunans uazge MmNy
LUINAUlAETLATI¥1IAINNITNAFBUNIANY
aunsalunisviuienisidedinve sy Uae
Falsarelmifiangaluusaziaenzuuy vos
uiagngusEiuANLLALIg Likelihood ratio

positive N1TEAUANULTDIUN 95%

HaNISANEI

FUaeildsunsitedeinduitaetalse
sl Juneifeusewineuil 1 aa. 5630
2.0, 2563 Sruauiavan 831 918 Tudrunid
FUaedsuntainisitdadelsn 38 510 uay
FoTinanamnduiliiisadesiuialsn 2
13 avdeg Ul inlsanelud A wns
nsAnwavan 791 1

MngUaetanun 791 518 JfideT3n
Hamun 122 578 Anidusnsrdasnedesas
15.42 91nN13ANYIA NYULUALA NYULNI
palnUSeuWgusENIangud Ule dalsase
TnifideTinuaglaiidedin wuinfesay 245
VoA TIndlanguINNImIewiiy 60 U ey
\ndsvesnguildeTinuazliidedin Ao 634
(+16.0) U waz 524 (+16.7) Y snuau (p< 0.001)

Y a aa Au A

Seway 17.9 voslldedinilavtuianigussnin

Y

|
v = =

18.5 kg/m? Ing Ayl uian1eiad sveangud

deodieuazluidedin Ao 17.4 (+3.7) kg/m?



Journal of the Phrae Hospital

Volume 30 No.2 July-December 2022

way 19.0 (+4.6) ke/m? aaangiu (p< 0.001) Sowaz
29.6 ¥eaLldudInlasun1siiadeinulsa
afsusnumesnudalumerUaelu (p<0.001)
Fovaz 60.0 veu\dedindlansudunsisy
(p<0.001) daué’wmzmaﬂaﬁﬂﬁuﬂ TauA e

(p=0.660), AsAndsleled (p= 0.858), 15A

WU (p=0.558), lsAUang TIRER (p=0.255)
Tsalanei3ass (p=0.235), msidusailsauen
Uon (p=1.000) uazHataunziduuin (p=0.08)
Tunguidedionaslaiidedin ladunndnafu

(m‘mﬁi 1)

M990 1 Snvaizuazdinuazneaainiisuieuserinanguitieialsaneinindedinuagll

GERRL
All Death Alive
p-value
Determinants n=791 n=122 n=669
n % n % n %
Age
< 60 years 481 60.8 a6 9.6 435 90.4 <0.001
> 60 years 310 39.2 76 24.5 234 75.5
Mean (SD) 54.1 17.1 63.4 (16) 52.4 (16.7)
Gender
female 215 27.2 31 14.4 184 85.6 0.660
male 576 72.8 91 15.8 485 84.2
BMI
< 18.5 (kg/m?) 352 a7.8 63 17.9 289 82.1 <0.001
>18.5 (kg/m?) 384 52.2 34 8.9 350 91.1
Mean (SD) 18.9 4.5 17.4 (3.7) 19.0 (4.6)
Initial hospitalization
OPD 440 55.6 18 4.1 422 95.9 <0.001
IPD 351 a4.4 104 29.6 247 70.4
HIV infection
No 726 91.8 113 15.6 613 84.4 0.858
Yes 65 8.2 9 13.8 56 86.2
DM
No 688 87.0 104 15.1 584 84.9 0.558
Yes 103 13.0 18 17.5 85 82.5
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ERLRlNGR)

All Death Alive
p-value
Determinants n=791 n=122 n=669
n % n % n %
COPD
No 766 96.8 116 15.1 650 84.9 0.255
Yes 25 3.2 6 24 19 76.0
CKD
No 739 93.4 111 15.0 628 85.0 0.235
Yes 52 6.6 11 21.2 a1 78.8
Extra-pulmonary TB
No 664 84.0 103 155 561 84.5 1.000
Yes 127 16.1 19 15.0 108 85.0
Cancer
No 781 98.7 116 14.9 665 85.1 <0.001
Yes 10 1.3 6 60.0 a4 40.0
Sputum
Negative 324 a4.7 a2 13.0 282 87.0 0.080
Positive 401 55.3 72 18.0 329 82.0

*Abbreviations: BMI = Body mass index, HIV = human immunodeficiency virus, DM = Diabetes mellitus,

COPD = Chronic Obstructive Pulmonary Disease, CKD= chronic kidney disease

W193LA129A1 Hazard ratios (HRs) U84

a 2
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F1AERFILUTA B (1197971 2) IRl
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M19199 2 A1 Hazard ratios (HRs) Wag 95% Cl veanisidetinvesUleialsanelvd uwunaiy

prognostic factors 1 univariable cox proportional hazard model

Hazard ratio (HRs)
Determinants

HR (95%(Cl) p-value
Gender
ref
Female 0.626
Male 1.11 (0.74 - 1.66)
Age
< 60 years ref
> 60 years 2.77 (1.92 - 4.00) <0.001
BMI
> 18.5 (kg/m?) ref
< 18.5 (kg/m?) 2.11 (1.39 - 3.20) <0.001
Extra-pulmonary TB
Yes ref
No 1.06 (0.65 - 1.73) 0.815
Initial hospitalization
OPD ref
IPD 8.5 (5.16 — 14.03) <0.001
HIV
No ref
Yes 0.85(0.43 - 1.68) 0.647
DM
No ref
Yes 1.13 (0.68-1.86) 0.633
COPD
No ref
Yes 1.67 (0.74-3.81) 0.217
CKD
No ref
Yes 1.41 (0.76-2.62) 0.278
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prognostic factors 1ag univariable cox proportional hazard model (sig)

Hazard ratio (HRs)
Determinants

HR (95%(Cl) p-value
Cancer
No ref
Yes 4.83(2.12 - 10.98) <0.001
Sputum
negative ref
positive 1.44 (0.98-2.10) 0.061
\ioias1z9iAn Hazard ratios (HRs) 984 ANNEILTalUNTTUIENTSLE 8T In
n1sdeiinvesi Urginliaseglng lagusu 484 prognostic prediction model 11 a7 9157
SviEnavesviatefinls Jedmdenandauds mnmslasumsidedotalsandausnvassnw
fpnuduiussenisdedinvesiUreiulse daluned Uaelu, dlsasamduusiss, o0y
srelvailuauisensed Tneld multivariable UINNINMSBLINAU 60 U, ARuan gasnii
cox proportional hazard model tagdl A1AIY 18.5 ke/m? waznatauvziduuand ba 910
mmmiuﬂ'13‘1/1°wm8i'umﬂ”u@q'1uszﬂuuﬁ multivariable cox proportional hazard model
winngay laun 818u1nnvs ey 60 U Lagld c-statistics A4 0.82 (range >
(HR=2.90, 95% Cl; 1.86-4.51), A YU UI18A1¢ 0.5-1.0) waziil oS euLiiousyning observed
1'98n7118.5 kg/m? (HR=1.70, 95% Cl; 1.10- probability Lag predicted probability ¥84n13
2.62), lesumsidadealsandausnvaySnen dedInvess UreTalsaseluilaely risk
iluvegUielu (HR=8.20, 95% Cl; 4.55- score 728 calibration plot Wui1e1veadosd]
14.81), ilsasruduuzss (HR=6.37, 95% Cl; wiluulUluimafeniu deusenndoaiu
2.30-17.63) wazkatauunziduuan (HR=1.51 LAYAINNITILATIEI Hosmer and Lemeshow
95% Cl; 0.98-2.31) (AN57971 3) goodness of fit (GOF) test la A1 X2 = 2.78

(df=8),(p=0.95) (MW 1)
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M19199 3 N1slvirguY (risk score) AAMLEBssiaNSdeT IR UIe Tulsas el

determinants scores

Initial hospitalization

OPD 0

IPD 5
CA

No 0

Yes a4
Age

< 60 years 0

> 60 years 2
BMI

> 18.5 (kg/m?) 0

< 18.5 (kg/m?) 1
Sputum

negative 0

positive 1
Score range 0-13

Score classification ;  Low risk 0-3 points

Moderate risk 4 -7 points

High risk 8 - 13 points
E //"/4),
i
P
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: ,//”7
< o 7
e
e
5 g Aopsrent
// Bias-cam ected
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oo o1 0z 03 04 05

Predicted Pr(death=1}

Al 1 Calibration plot WU3sULiBusEWing Observed probability wag Predicted probability ve3n1sidedinves

Qﬂ?ﬂi’miiﬂi’lﬁﬂwﬂﬂaw risk score; Hosmer and Lemeshow goodness of fit (GOF) test : X2 = 2.73 (df=8),(p=0.95)
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M13199 4 Mslvimgiu (risk score) MAuLdBean1sideInvewteialsaselv

determinants scores
Initial hospitalization

OPD 0

IPD 5
CA

No 0

Yes a
Age

< 60 years 0

> 60 years 2
BMI

> 18.5 (kg/m?) 0

< 18.5 (kg/m?) 1
Sputum

negative 0

positive 1
Score range 0-13

Score classification ;  Low risk 0-3 points
Moderate risk 4 -7 points
High risk 8 - 13 points

#5195ruuAzLuLlaglANALLUUS I
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Distribution of score

Risk score

04 02

Density
Alive

0.0

02 04

Density

Death

AT 2 N3NTEAVBIALHUL (risk scores) Iuunaungudteiulsaselmindetiauaslidedin

ANUAIUITALUNTVIUNENSLESTIN
vou UrgTalsanelndvasunaznguszau

Az (risk score) bAA NENAIINLE 8361

a1

ANLEBIUIUNANY WAEAIULE gIg3 U AN

Likelihood ratio positive t¥11AU 1.00 (0.63-1.60),
2.22 (1.84-2.67) ay 559 (4.30-7.28) #1Ua1A U
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(Likelihood ratio positive, LR+)

Score levels Death, n (%)

Alive, n (%)

LR+ (95% CI)

Low (0-3) 9(10.0) 337 (57.5) 1.00 (0.63-1.60)
Moderate (4-7) 36 (40.0) 190 (32.4) 2.22(1.84-2.67)
High (8-13) 45 (50.0) 59 (10.1) 5.59 (4.30-7.28)
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Prognostic score = [Age: 15 -44
years, 0 point; 45-64 years, 6 points; > 65
years, 12 points ] + 2*[US born] + 2*

[homeless] + 4*[Resident of long term-
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term care facility]

+ 8*[Chronic kidney failure]

+10*[Meningeal TB] + 4*[Military TB]

+6*[TB-CXR] + [HIV: negative, 0 points;

positive or unknown status, 6 points]
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Death risk = 1/ (1 + e- (-1.3120
+0.0474 age - 0.1866 BMI +
1.1637 (if smear negative TB) +
0.5418(if extra — pulmonary TB)
+ 1.3820(if HIV+)))
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