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Abstract. Tuberculosis (TB) is an infectious disease which is one of the biggest health problems in the world,
including Indonesia. The government, through the National Tuberculosis Control program, has made various
efforts to control tuberculosis. However, this problem was exacerbated by the dramatic increase in the incidence
of tuberculosis. This study aimed to determine the Cox proportional hazard regression model and the factors
that affect the cure rate of TB patients. We used medical record data for inpatient TB patients for the period
July-December 2017 at dr. Zainoel Abidin Hospital. The results showed that with o = 0.1, the factors that
influenced the recovery of TB patients were the type of cough, the symptoms of bloody cough and symptoms
of sweating at night. There were 33.93% of patients who did not work. This category included students,
domestic helpers, and those who did not work until they suffered from tuberculosis and were treated at dr.
Zainoel Abidin Hospital. The hazard ratio (failure ratio) showed that the tendency or cure rate for TB patients
who did not experience cough symptoms was 70% greater than patients who experienced phlegm cough
symptoms. The cure rate for TB patients who experienced coughing up blood symptoms was 53% greater than
patients without these symptoms. The cure rate for TB patients who experienced symptoms of sweating at
night was 54% greater than patients who did not sweat at night.
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INTRODUCTION

The World Health Organization (WHO) has
designated Indonesia a "high burden country"
for tuberculosis (TB). The government through
the National Tuberculosis Control program has
made various efforts to tackle tuberculosis.
Public hospitals as health institutions that are
directly related to the community also have a
role in tackling tuberculosis cases. The
availability of medical records for TB patients
in the hospital is a good source of information
to be able to see factors related to recovery rate
of TB. However, the problem now is that with
an inadequate and inconsistent treatment
regime, a persistent positive sputum case pool is
being created.

Several studies have been conducted to obtain
factors that influence the recovery rate of TB
patients. Budiarti and Astutik found that age of
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patients affects the recovery rate of pulmonary
tuberculosis [1]. Another research confirmed
that gender, symptoms of shortness of breath,
and symptoms of chest pain, are factors that
affect the rate of recovery of pulmonary
tuberculosis patients [2].

This study was done by using more variables,
including age, gender, symptoms of shortness
of breath, symptoms of chest pain, smoking
habits, educational history, type of work, cough
symptoms, symptoms of bloody cough, night
sweats, and history of tuberculosis affecting the
recovery rate of tuberculosis patients. These
variables were considered to obtain the Cox
proportional hazard regression model and find
out the factors that influence the recovery rate
of TB patients.

Survival analysis is the phrase used to describe
the analysis of data in the form of times from a
well-defined time origin until the occurrence of
some particular event or end-point. In medical
research, the time origin will often correspond
to the recruitment of an individual into an
experimental study, such as a clinical trial to
compare two or more treatments [2].
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One of the effective ways of identifying and
evaluating the disease-related patterns and
estimating the likelihood of death due to the
specific health conditions, including TB is the
survival rates analysis. Survival analysis has
been widely used including in modeling the
patient's recovery rate. The patient's recovery
rate is affected by several risk factors. It can be
modeled using the Cox proportional hazard
regression method. Cox regression is one of the
popular methods in survival analysis [3].

Tuberculosis (TB)

Tuberculosis (TB) is a direct infectious disease
caused by the bacterium Mycobacterium
tuberculosis, which mostly (80%) attacks the
lungs, but can also affect other organs [4].
Mycobacterium  tuberculosis  was  first
discovered by Robert Koch in 1882 [5].
Mycobacterium tuberculosis includes gram-
positive  bacilli, rod-shaped, cell walls
containing lipid-glycolipid complexes and
waxes (wax) that are difficult to penetrate
chemicals. This bacterium is resistant to acids in
coloration, so-called acid-fast bacilli (AFB) and
is used to identify phlegm microscopically.
Mycobacterium tuberculosis dies quickly when
exposed to direct sunlight, but can survive for
several years in a dark and humid place [6]

METHODOLOGY

The data used were medical record of
pulmonary tuberculosis inpatients for the period
July to December 2017 from dr. Zainoel Abidin
Hospital Banda Aceh. It included 112 patients
with 15 censored and 97 not censored data. The
limitation regarding data set was that the
medical record data did not explain in detail the
information for each recorded variable. For
example, in the smoking history variable, only
the patient's status as an active smoker was
known. No information was obtained regarding
the type of cigarette, the frequency of smoking
per day, or for how long the patient smoked.

The data analysis and modeling process were
carried out with the R i386 3.4.2 software. The
stages of analysis were:

1. Performed descriptive analysis to obtain
an overview of the characteristics of TB
patient data.

2. Determined the initial Cox proportional
hazard regression model of the cure rate
for TB patients, until the best model was
identified, using some methods below.

Survival Function

According to Lee and Wang (2003), survival
function is defined as the opportunity for an
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individual to experience an event or can survive
beyond a certain time t [7]. Survival functions
can be denoted by S(t) and formulated as
follows:

S(t) = Probability of surviving beyond time t
S(t) = P(T > t).

If T is time to death, then S(t) is the probability
that a subject can survive beyond time t;

S(t) =1-P(T<t)=1-F(t).

Hazard Function

The hazard function or failure function is also
known as a hazard rate denoted by A(t).
According to [7], the hazard function is defined
as the chance of an individual failing in the time
interval tto t + At, assuming that individuals can
survive at the beginning of the interval or until
time t. The mathematical hazard function can be
stated as follows:

Pt<T<t+At|T>t)

o= fm ot

Cox Proportional Hazard Regression Model

According to [8], the Cox proportional hazard
regression model is used to determine the
relationship between the dependent variable
and the independent variable, where the data
used is in the form of data on the survival time
of an individual. The general form of the Cox
proportional hazard regression model is as
follows:

hi(£) = ho(t) exp (BiX1; + BoXoi + .t

ﬁpoi)l

where

h;(t) = Hazard function (failure function i"
individual)

ho(t) = Baseline hazard function

Xj; = The value of the j™" variable from the
i individual, with j=1,2, ..., pand i =
12,..,n

B; = The j™ regression coefficient, with j =
12,..,p

Parameter Estimation

To determine the model, the coefficients of
variables Xi, X, ..., Xp are needed, namely i,
P2, ..., Pp. The p coefficient in the Cox
proportional hazard regression model can be
estimated using the maximum likelihood
method. If there are n individuals, including r
individuals that are not censored and n — r
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individuals are censored, the sequence of failure
times r is denoted by ¢y < t(z) < -+ < t(, SO
t;) is the order of the j™ failure. According to

Cox (1972) in [8] the likelihood function for the
Cox proportional hazard regression model at the
time of j-failure is:

_ ep (X))
! ZleR(t(j) exp(B'X))’

where
B = [ﬂlﬁz' ""ﬂp]
X; = Vector individual covariates that fail the-
jeventat time ¢
R(t(j) = The set of individuals who are at risk
of failing at the time ¢

Simultaneous Testing

Simultaneous testing can be done with a partial
likelihood ratio test denoted by G [9]. The null
hypothesis is that the independent variables do
not have any effects on survival time (8, =
B> = -+ = B, = 0) with rejection criteria that
the null hypothesis is rejected if G>y3., or p-
value <a.

Partial Testing

Partial testing can be done with the Wald test
denoted by Z [9]. The null hypothesis is that the
j" independent variable does not have an effect
on survival time (8; =0 forj = 1,2,..,p)
with rejection criteria that the null hypothesis is
rejected if Z>Z,,pe; OF p-value <a.

Hazard Ratio

According to [9], the hazard ratio (failure ratio)
is the failure for one group of individuals
divided by the failure of other individual
groups. The failure ratio can be expressed in the
following form:

= REX) _ ho() exp(BX7)
Rt X)  ho(t) exp(BX)

= exp[Xi_, Bi(X; — X)),

where X; is the value of the independent
variable for one individual group, X; shows the
value of the independent variable for one group
of other individuals and B; is the regression
coefficient.

RESULTS AND DISCUSSION

Table 1 shows an overview of TB patients’ data
at dr. Zainoel Abidin Hospital from July to

December 2017. The majority of TB patients
treated at dr. Zainoel Abidin Hospital was male
(71.43%) and most of them did not have
smoking habits (58.04%). The majority of TB
patients’ education was high school (74.11%)
and they mostly worked as salesmen or private
entrepreneurs (34.82%). For TB symptoms
experienced, the majority of patients had a
cough with phlegm (59.82%), did not have a
bloody cough (60.71%), did not sweat at night
(75%), and had shortness of breath (67.86%).
Half of them did not have symptomp of chest
pain. Most patients did not have a history of TB
(55.36%).

Table 1. Descriptive analysis of category
variables

Variables Category Total Percen
tage
Female 32 28,57%
Sex (X '

(xa) Male 80 7143%
Smoking Do not smoke 65 58,04%
Habits (Xs) Smoke 47 41,96%

Elementary school 8 7,14%
Zducational Junior high school 13 11,61%
Background High school 83 74,11%
(Xq) ;J'ndergraduate/ 8 7.14%
iploma
Not working/ 0
housekeeper 38 33,93%
Farmers/fishermen/ 27 24.11%
laborers '
&' |;)e of Work Private
5 entrepreneur/ 39 34,82%
salesman
Government 8 7.14%
employees
Type of No 26 23,22%
Cough Dry 19 16,96%
Symptoms .
(Xs) With phlegm 67 59,82%
Symptoms of  No 68  60,71%
Coughing
Blood (X7) Yes 44 39,29%
Symptoms of No 84 75,00%
Sweating at
Night (Xs) Yes 28 25,00%
Symptoms of  No 56 50,00%
Chest Pain
(Xo) Yes 56 50,00%
Symptoms of No 36 32,14%
Shortness of
Breath (Xuo) Yes 76 67,86%
History of No 62  5536%
(T)Ztl’)e”’”'os's Yes 50 44,64%
Table 2. Descriptive analysis of numeric
variable
Variables Min Mean Max  Range sd
Duration
Patient
Treated 1 6,4 23 22 4,23
(day)
Age 18 4657 83 65 1665
(year)
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Table 2 shows the average length of time of TB
patients treated in dr. Zainoel Abidin Hospital,
which was 6 days with the minimum was 1 day
and the maximum was 23 days. The average age
of TB patients who were treated in dr. Zainoel
Abidin Hospital was 46.57 years old. The
youngest was 18 years old and the oldest was 83
years old.

Cox Proportional Hazard Regression Model

The Cox proportional hazard model was used to
see the effect of independent variables on the
dependent variable in the form of the length of
time patients were treated at the dr. Zainoel
Abidin Hospital. The dependent variable can be
defined as a censored event and an uncensored
event. In this study, the incidence of censorship
was data on the time patients were discharged
from the hospital not because they were cured
but because they died so that it was not included
in the event that was wanted to be observed in
this study. The following equation is the Cox
proportional hazard regression base model of
the recovery rate of TB patients in dr. Zainoel
Abidin Hospital.

hi(t) = ho(t) exp (0,011X;
- 0'276X2i(female)
+ 0;254X3i(smoke)

_0;184X4i(elementary school) —
0,576X4i(junior high school) —
0;324X4L'(undergraduate/diploma) +
0,189X5;(x1) — 0,527 X54(k2) + 0,202X 554y +
0,01 1X6i(dry cough) +

0;634X6i(not coughing) +

0,553X7i(coughing bloody +

0;569X8i(sweating at night) +

0;159X9i(do not have chest pain) +

01234X10i(do not have shortness breath) +

0,21 1X11i(do not have history of TB)) (1)

where

K1 = Not working/housekeeper
K2 = Farmers/fishermen/laborers
K4 = Government employees

Testing Proportional Hazard Assumptions
Base Model

Based on the base model presented in equation
(1), proportional hazard assumptions were
carried out by calculating Schoenfeld residuals
for each individual in each independent
variable. The correlation value between
Schoenfeld residuals and variable rank survival
time for each independent variable can be seen
in Table 3.

From Table 3, p-value < a (0,05) was obtained
for the results of the correlation test between
survival time and Schoenfeld residuals on the
educational background variable (X4) junior
high school, with a p-value of 0.028.

Table 3. Correlation between Schoenfeld
residuals and survival time variable

Chi- P-

Independent Variables
square  value

Age (Xy) 0113 1462 0,227

Sex (X2)
1: Male (R)

2 : Female -0,044 0180 0,671

Smoking habits (Xs)

1: Do not smoke (R)

2 : Smoke -0,062 0,519 0,471

Educational background
(Xa)

1: Elementary school

2 : Junior high school
3: High school (R)

4 : Undergraduate /
diploma

0,154
0,211

2,465
4,856

0,116
0,028
0,071

0,624 0,430

Types of Work (Xs)
1: Not
working/housekeeper
2 : Farmers
fishermen/laborers

3 : Private
entrepreneur/salesman
(R)

4 : Government
employees

-0,014 0,022 0,883

0,039 0,184 0,668

0,008 0,007 0,934

Type of Cough
Symptoms (Xg)
1:No

2:Dry

3 : With phlegm (R)

0,061
0,102

0,401
1,216

0,526
0,270

Symptoms of Coughing
Blood (X7)
1:No (R)
2:Yes -0,095

1,188 0,276

Symptoms of Sweating
at Night (Xs)

1:No (R)

2:Yes 0,062

0,430 0,512

Symptoms of Chest Pain
(Xe)

1: No

2:Yes (R)

-0,127 1,852 0,174

Symptoms of Shortness
of breath (Xi0)

1:No

2:Yes (R)

0,053 0,296 0,586

History of TB (X11)

1:No (R)

2:Yes -0,044 0,250 0,617

With the null hypothesis that there was no
correlation  between survival time and
Schoenfeld residuals,  there was enough
evidence to reject the null hypothesis. This
meant that the proportional hazard assumption
was not fulfilled for educational backgorund
variables (X4) whereas for variables X1, X», Xs,
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Xs, Xs, X7, Xg, Xg, X10, and Xi1, the proportional
hazard assumption was fulfilled. In the next
stage, educational background variables (Xa)
was reduced and no longer used in modeling.

Cox Proportional Hazard Regression Model
after Reducing Variable

Table 4 presents a Cox proportional hazard
regression model for the recovery rate of TB
patients after reducing the educational
background variable (X4).

Table 4. Cox proportional hazard model after
reducing variable

Independent B Exp 7 P-
Variables (B) value
Age (X1) 0,0104 1,010 1,30 0,193
Sex (X2)
1: Male (R)
2 : Female -0,282 0,754 -0,77 0,440

Smoking habits

(X3)

1 : Do not smoke

(R)

2 : Smoke 0,167 1,182 0,53 0,595

Type of Work (Xs)
1 : Not working/
housekeeper

2 : Farmers
fishermen/
laborers

3 : Private
entrepreneur/ 0,463
salesman (R)

4 : Government
employees

0,185 1,203 052 0,604

-0,493 0611 -159 0,112

0,336 1,399 0,73

Types of Cough

Symptoms (Xg)

1:No 0.506 1,659 1,78 0,075
2:Dry -0.077 0926 -0,25 0,804
3 : With phlegm

(R

Symptoms of

Coughing Blood

(X7)

1:No (R)

2:Yes 0,497 1,643 1,78 0,075

Symptoms of

Sweating at Night

(Xe)

1:No (R)

2:Yes 0,520 1,682 2,00 0,045

Symptoms of Chest

Pain (Xo)

1: No 0.127 1,135 0,51 0,610
2:Yes (R)

Symptoms of

Shortness of breath

(X10)

1:No 0,136 1,146 053 0,597
2:Yes (R)

History of TB (X11)
1:No (R)
2:Yes 0,174 1,190 0,75 0,454

(R): Reference Category Likelihood ratio test = 20,7; p-value =
0,0798

To ascertain whether the factors in the study
simultaneously affected the cure rate for TB
patients at dr. Zainoel Abidin Hospital, the test

was carried out simultaneously. Based on the
value of the partial likelihood ratio (G), it was

obtained that the value is 20.7 and the p-value
was 0.0798. By using a of 0.1, the p-value <a
so that the decision taken was to reject HO. This
meant that the factors in the study were
simultaneously influenced by the cure rate for
TB patients in dr. Zainoel Abidin.

Based on the value of Wald (Z) presented in
Table 4, it could be seen that the independent
variable that has a p-value of less than 0.1 was
type of cough symptoms (Xe) in the category of
not coughing, symptoms of bleeding cough
(X7), and symptoms of sweating at night (Xs).
By using o of 0.1, the p-value < o, then the
decision taken was rejecting Ho. The variables
which had significant effects on the rate of
recovery of TB patients in dr. Zainoel Abidin
Hospital were type of cough (Xs), symptoms of
bleeding cough (X7), and symptoms of sweating
at night (Xs).

Testing Proportional Hazard Assumptions
after Reducing Variable

After reducing the educational background
((X4).variable, the assumption testing of
proportional hazard on the model was done. All
the p-value > a (0.05). Therefore, all variables
meet the proportional hazard assumption so that
no more variables would be reduced. Then the
three variables in the model (type of cough (Xg),
symptoms of bleeding cough (X;), and
symptoms of sweating at night (Xg)) had
fulfilled the proportional hazard assumption.
This means that the hazard ratios of these
variables were constant over time.

Selection of the Best Model

Selection of the best Cox proportional hazard
regression model for the recovery rate of TB
patients at dr. Zainoel Abidin Hospital was
performed using the backward elimination
method.

Table 5. Akaike Information Criterion (AIC)

P-

Model
value

Variables G

Xy + X+ X3
+ X5+ Xg +
+ X1+ Xu
Xi+ X + X3
+ X+ Xg+
X7 + Xg
+Xi0+ Xn
Xy + Xo+ Xs
+ Xg + X; +
Xg + X0 +
X1
X1+ Xy + Xg
v + X7+ Xg + 15,4
X0+ Xnn

AlIC

20,7 0.0798  719,3450

20,4 10,0598 717,6052

11 20,2 0,0432 715,8500

0,0517  714,6049
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X1+ Xo + X7
V. +Xg+ X+ 148 00385 713,2000
Xll
X1+X6+X7
VIO 141 00286 711,9188
vl XadXetXegaa 0004 7106721
+ Xg
VI Xe+X,+Xs 123 0015 7096711
The smallest AIC value indicated the best

model, as shown in Table 5. The smallest AIC
value was 709.67 which referred to model VIII
Therefore model V111 was the best model which
consisted of three independent variables namely
type of cough symptoms (Xs), symptoms of
coughing blood (X7), and symptoms of sweating
at night (Xs).

After obtaining the results that the proportional
hazard assumption had been fulfilled, we tested
the significance of the parameters. The partial
likelihood ratio (G) test value of 12.3 with p-
value = 0.015 indicated that model VIII
simultaneously influenced the recovery rate of
TB patients at dr. Zainoel Abidin Hospital. The
partial testing of model VIII is presented in
Table 6.

Table 6. The best Cox proportional hazard
model

Independent = Exp p-

Variables B B value
Type of Cough
Symptoms (Xg)
1:No -0.159 0,853 -0,55 0,579
2:Dry 0,528 169 1,96 0,05
3: With
phlegm(R

Symptoms of
Coughing Blood

0,425 1529 1,97 0,049

Symptoms of

Sweating at Night

(Xs)

1:No (R)

2:Yes 0432 1540 1,74 0,081

(R): Reference Category, Likelihood ratio test = 12,3; p-
value = 0,015

Based on the value of Wald (Z) presented in
Table 6, we concluded that the independent
variables that had p-values less than 0.1 were
type of cough symptoms (Xg) with the category
of not coughing, symptoms of coughing blood
(X7), and symptoms of sweating at night (Xs).
By using a of 0.1, the p-value < a, then decision
taken was rejecting Ho, which meant that the
variables had a significant effect on the variable
rate of recovery of TB patients at dr. Zainoel
Abidin Hospital. The variables were type of
cough symptoms (Xe) with the category of not
coughing, symptoms of coughing blood (X7),
and symptoms of sweating at night (Xg).

Therefore, the best model of Cox proportional
hazard regression was

hi(t)

= he(t) eXp(_0:159X6i(dry cough)
+ 0:528X6i(not coughing)

- 0'425X7i(coughing blood)

- 0:432X8i(sweating at night))-

From the model it could be explained that, the
recovery rate for TB patients who did not have
cough symptoms was €%52%or 1.7. This meant
that patients who did not have cough symptoms
had a 70% greater chance of recovery compared
to patients who had symptoms of phlegm
cough.

For the symptoms of coughing blood, the
recovery rate of TB patients who had symptoms
of coughing blood was €%%° or 1.53. This
meant that patients who had symptoms of
coughing blood had a 53% greater chance of
recovery compared to patients who did not have
symptoms of coughing blood .

The recovery rate of TB patients who have
symptoms of sweating at night was €% or
1.54. It meant that patients who had symptoms
of sweating at night had a 54% greater chance
of recovery compared to patients who did not
have symptoms of sweating at night.

Zainoel Abidin Hospital Banda Aceh needs to
pay more attention to TB patients who did not
have symptoms of coughing up blood and
sweating at night to optimize the recovery rate.
On the other hand, Improving more detailed and
complete medical record regarding TB patients
needs to be done to provide adequate
information.

CONCLUSION

Based on the results of data analysis, it can be
concluded that the factors that affect the
recovery rate of TB patients in dr. Zainoel
Abidin Hospital in the period of July-December
2017 were type of cough symptoms, with the
category of not coughing, symptoms of bloody
cough and symptoms of sweating at night.
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