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Introduction

Tuberculosis (TB) is a communicable 
disease that contributes to a major cause of ill 
health and is one of the leading causes of death 
worldwide from a single infectious agent (1). It 
is caused by Mycobacterium tuberculosis, which 
typically affects the lungs (pulmonary TB). It can 
also affect other sites; however, it is curable and 
preventable (2). 

The ‘end TB strategy’ milestone for TB 
death in 2020 by the World Health Organization 
(WHO) was a reduction by 35% of the total 

TB death as compared to the 2015 baseline. 
However, only a 9.2% reduction was achieved, 
which was about one-quarter of the way to the 
milestone. The COVID-19 pandemic caused 
disruptions to the diagnosis and treatment of 
all diseases, including TB (3). However, it only 
partially explained that the compromise on the 
milestone progress achievement up to 2019 
was only 14% as compared to the 2015 baseline, 
which was way below the 35% target  (1). 

In Malaysia, the estimated TB incidence 
rate in 2019 was 92 cases per 100,000 
population, with an estimated TB mortality rate 
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TB mortality was included as per the definition 
of TB mortality from the Malaysian Clinical 
Practice Guidelines on Tuberculosis (8). 

The notification centre was categorised into 
three groups based on the institutions that had 
diagnosed and notified the TB cases, such as: 
i) government health clinics; ii) private health 
clinics and iii) hospitals.

Active case detection was when contacts of 
newly diagnosed patients were systematically 
screened. Patients presenting to health services 
with symptoms and later being confirmed of 
TB were termed as passive case detection. 
Meanwhile, TB cases detected from various 
screening, such as workers screening, medical 
screening and screening of TB in HIV and 
diabetes patients, were termed as detection from 
screening (9).  

Extrapulmonary TB is defined as TB 
diagnosed in organs other than the lungs, such 
as the lymph nodes, pleura, gastrointestinal tract 
or central nervous system (10). Smear-positive 
pulmonary TB (PTB) is defined as a PTB patient 
with at least one or more initial sputum smear 
examinations (direct smear microscopy) positive 
for acid-fast bacilli (AFB) or with one sputum 
specimen positive for AFB and radiographic 
abnormalities consistent with active PTB, or 
with one sputum specimen positive for AFB and 
culture positive for Mycobacterium tuberculosis 
(11). Smear-negative PTB is defined as a PTB 
patient with at least three negative results 
in direct smear sputum microscopy but with 
radiographic results suggestive of active TB or 
sputum culture positive for Mycobacterium 
tuberculosis (11). 

Statistical Analysis

Data collection and analysis were conducted 
at the Manjung district Health Office. Data were 
downloaded from MyTB. This was followed by 
importing and analysing the data by using IBM 
Statistical Package for the Social Sciences (SPSS) 
version 24.0 software. 

Non-normally distributed continuous 
variables were presented as median 
(interquartile range), while categorical variables 
were presented as numbers (percentage). 
The risk factors associated with TB mortality 
diagnosis were evaluated through univariate 
and multivariate logistic regression. Variables 
with a P-value of less than 0.05 from the 
univariate analysis were selected and considered 
for multiple logistic regression analysis. 
Multicollinearity and interaction were checked 

of 4 cases per 100,000 population (4). The TB 
mortality rate in Malaysia was 5.5 per 100,000 
population in 2015 (5). Studies examining factors 
associated with TB were carried out worldwide in 
both high and low TB incidence countries. Many 
well-recognised factors that contributed to TB 
mortality were found. In Malaysia, studies that 
investigated TB death and its associated factors 
are still limited. 

Manjung is a district in the south-western 
part of Perak, Malaysia, with a total population 
of 245,683. The most common ethnic groups 
are Malays (57.5%), Chinese (28.4%), Indians 
(12.6%) and others (1.5%) (6). The major sectors 
of economy in Manjung district are agriculture 
and tourism. Manjung is the third biggest 
district in Perak, with one of the highest TB 
cases in Perak. To the best of knowledge, there 
is no published study on TB death situation 
in Manjung district. Therefore, this study was 
conducted to describe the epidemiology of TB 
mortality and its associated factors with TB 
patients on treatment in Manjung district from 
2015 to 2020.  

Methods

A case-control study was conducted 
between 1 May and 9 June 2022 for all confirmed 
TB cases reported to the Manjung district Health 
Office. Cases were registered in the national 
online system called Sistem Maklumat Tibi 
(MyTB) over 6 years (2015–2020).  

In Malaysia, all confirmed TB cases in 
government or private healthcare facilities 
are required by law to be reported under the 
Prevention and Control of Infectious Diseases 
Act 1988 (Act 342) (7). MyTB was developed 
and is run by the Ministry of Health, Malaysia 
to standardise the reporting, investigation, and 
findings at the district, state, and national levels 
for the control and prevention of TB.

From the extracted TB cases, excluded cases 
from the analysis were patients whose diagnosis 
changed, cases transferred out or lost during 
follow-up, defaulted treatment and incomplete 
information in the Tuberculosis Information 
System (TBIS) (Figure 1). 

Definitions

Cases were defined as all-cause TB mortality 
amongst TB patients before they completed their 
anti-TB treatment. Controls were TB patients 
who were alive until they completed their anti-
TB treatment or until the study ended. All-cause 
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discarded, as shown in Figure 1. About 121 (16%) 
of patients died before completing their TB 
treatment, but 34 were audited to have died due 
to TB. A total of 621 (83.7%) were still alive. The 
case-control analysis included those who died 
with or due to TB and as compared with those 
who remained alive during the study. Figure 2 
shows the number of patients who were alive 
at the end of treatment and patients who died 
before completing treatment according to year. 
The highest TB mortality percentage was in 2020 
(25.7%) and the lowest was in 2018 (12.9%). 
Table 1 shows characteristics of the 742 reported 
TB cases in Manjung district as well as simple 
and multiple logistic regression analyses of 
factors associated with TB death in Manjung 
district during the study.

for the final model. Fitness of the model 
was tested by using the Hosmer-Lemeshow 
goodness-of-fit test, classification table and area 
under the receiver operating characteristics 
(ROC) curve in SPSS software. All TB cases from 
2015 to 2020 were analysed.

The significance level for all statistical tests 
was set at 0.05 unless otherwise stated.

Results

Characteristics of the Reported Cases

Of the 822 patients with the diagnosis 
of TB reported in the Manjung district in the 
TBIS from 2015 to 2020, 742 (90.3%) met the 
eligibility criteria for the study and 80 cases were 

TB patients reported between 2015 and 2020

N = 822

TB patients eligible for the analysis

n = 742 (90.3%)

Total death reported

n = 121 (16.3%)

Total alive 

n = 621 (83.7%)

TB patients excluded from the analysis  
(n = 80) (9.7%):
•	 Diagnosis changed, n = 9
•	 Cases transferred out or lost during 

follow up, n = 29
•	 Defaulted treatment, n = 28
•	 Incomplete information in the TBIS, 

n = 14

Figure 1.  Flow diagram of 822 patients with TB reported to the Malaysia TBIS between 2005 and 2010

Alive at the end of treatment Death before completing treatment

Year

2015 2016 2017

16.3%
22

83.7%
113 86.1%

99

82.7%
110 87.1%

101

87.0%
120

74.3%
78

13.9%
16

17.3%
23 12.9%

15

13.0%
18

25.7%
27

2018 20202019

Figure 2.  Cases with patients who were alive and died at the end of treatment according to year
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(16). In this study, both TB mortality that died 
due to TB or other causes during TB treatment 
were included. Older people were more likely to 
die from other causes while being treated for TB, 
which contributed to the higher observed odds. 

Non-Malaysian were more than five times 
more likely to die during TB treatment as 
compared to Malaysian citizens. Studies showed 
that immigrants had higher TB mortality for 
infectious diseases as compared to locals (17, 18). 
Non-citizens were more vulnerable to death from 
infectious diseases, such as TB, due to a series 
of risk factors associated with migration. The 
migrants in Manjung district are majority labour 
class workers; hence, their exposure risk in their 
living conditions predisposed them to be infected 
with TB. They are more likely to be diagnosed 
in the later stage of the infection; therefore, 
increasing the risk of TB mortality. Problems 
and barriers in accessing healthcare and lack of 
knowledge about the healthcare system might 
also contribute to higher TB mortality amongst 
them (19). 

Interestingly, notification centre was 
significantly associated with TB mortality. As 
compared to TB cases notified by government 
clinics, cases notified by government hospitals 
were 6.78 times more likely to die during 
treatment. TB cases that were presented to 
government hospitals tended to be more severe 
cases that required hospitalisation. Whereas, 
government clinics primarily detected TB cases 
from the screening of symptomatic or close 
contact with TB cases, which were clinically more 
stable. Studies showed that the TB mortality 
rate was about 52% higher amongst those late 
presenters than in early presenters (20). 

Several previous studies reported similar 
results to those found in the present study 
regarding HIV and TB mortality. HIV-positive 
statuses were more than nine times to die during 
TB treatment. Meanwhile, those with testing 
not offered or unknown were almost three times 
more likely to die during TB treatment. A study 
conducted by Marks et al. (21) with the National 
Tuberculosis Surveillance System data from 
1997 to 2005 found that patients infected with 
HIV had higher odds of TB diagnosis at death 
and death during TB treatment than patients 
who were HIV-negative. Later, a similar study 
conducted by Hannah et al. (14) by using data 
from 2009–2013 reported similar findings. 
A  meta-analysis reported that HIV-positive had 
a hazard ratio of 2:6 for TB mortality (22). HIV 
increased the risk of TB infection and severity of 

Factors Associated with TB Mortality

From the multiple logistic regression 
analysis, age 45 years old–64 years old 
(P = 0.002) and above 65 years old (P < 0.001), 
non-Malaysian (P = 0.002), cases notified by 
government hospital (P < 0.001), HIV status 
at the time of diagnosis positive (P < 0.001) 
or testing not offered/unknown (P = 0.004) 
were significantly associated with TB mortality 
after adjusting for other factors. The Hosmer-
Lemeshow goodness-of-fit test showed that the 
model was fit with a P-value of 0.468. Overall 
percentage of the classification table was 84% 
and area under the ROC curve was 0.845  
(95% CI: 0.784, 0.908).

Discussion

It was found that between 2015 and 2020, 
16.3% of TB patients living in Manjung district 
died before completing their treatments. This 
was higher than the Malaysian reported TB 
mortality of 10.2% between 2014 and 2017 (12). 
The highest TB mortality was in 2020 when 
25.7% of cases died. This was the year when the 
COVID-19 pandemic started and impact of the 
pandemic had reversed years of global progress 
in reducing the number of people who died 
from TB. According to the WHO, the number of 
estimated TB deaths in 2020 worldwide was back 
to the level of before 2017 (13). 

In this study group, four factors were 
significantly associated with TB mortality 
based on statistical adjustments from other 
significant factors. The four factors were: i) age; 
ii)  citizenship status; iii) notification centre and 
iv) HIV status at the time of diagnosis. 

As compared to 15 years old–24 years old 
age group, the 45 years old–64 years old age 
group and above 65 years old age group had 
3.62 times and 8.67 times higher odds respective 
of TB mortality. A study of TB mortality in the 
United States between 2009 and 2013 supported 
this finding with the 45 years old–64 years old 
age group, with 2.57 times higher odds and 
above 65 years old with 5.76 higher odds (14). 
A retrospective cohort study also concluded 
that the hazard ratio increased by 1:1 with each 
additional year for TB mortality (15). Older 
people were more likely to present with atypical 
findings. They also often had one or more 
comorbidities, such as diabetes mellitus, chronic 
obstructive pulmonary disease or lung cancer 
which could increase the risk of TB and mortality 
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