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ABSTRACT

Background: Today, the world not only has to face a higher number of deaths from TB every
year, but other challenges arise in the form of drug-resistant TB with risk factors that can affect the
incidence of MDR TB, namely treatment-related factors (direct) and other factors (not direct).
direct) such as biological, social, economic, and health system factors. The aim of this study was to
estimate the risk of HIV infection, smoking and previous medication history on the incidence of
MDR TB, with a meta-analysis of primary studies conducted by previous authors.

Subjects and Method: This study was conducted using a systematic review and meta-analysis
study design using PICO, population: Tuberculosis Patients. Intervention: Risk Factors for HIV
Infection, Smoking, and History of Medication. Comparison: no HIV infection, no smoking and no
history of medication, Outcome: MDR-TB incidence. The articles used in this study came from 4
databases, namely Pubmed, ScienceDirect, ProQuest and Google scholar. The article keywords are
("Risk factor" or "associated") AND ("Multidrug resistant Tuberculosis" or "MDR TB") AND “Case
Control” AND (HIV or Smoke or treatment). The articles included in this study are full paper
articles, case-control study designs, 2011-2021 and the size of the relationship between Adj Odds
Ratio. Article selection is done using PRISMA. Articles were analyzed using the Review Manager
5.3 application.

Results: A total of 20 case-control studies with 18,790 TB patients with details of 4,220 cases and
14,570 controls from 3 America, Africa, and Asia. HIV infection had a risk of 2.05 times in TB
patients becoming MDR-TB (aOR = 2.05; 95% CI = 1.03 to 4.07; p= 0.040). Smoking had a 2.2
times risk in TB patients for MDR-TB (aOR= 2.20; 95% CI= 1.87 to 2.59; p<0.001). History of TB
treatment had a 9.08 times risk in TB patients to become MDR-TB (aOR=9.08; 95% CI= 5.49 to
15.03; p<0.001).

Conclusion: Risk factors for HIV infection, smoking and history of TB treatment increase the
incidence of TB to MDR-TB.
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BACKGROUND every year. This causes health problems for

Tuberculosis (TB) is one of the 10 infectious millions of people every year. TB is an in-
diseases and the biggest cause of death in fectious disease caused by the bacterium
the world, which is greater than HIV/AIDS Mycobacterium tuberculosis. This disease
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attacks the lungs (pulmonary TB) but can
also affect other organs (extrapulmonary
TB). This disease is spread when people
with pulmonary TB release bacteria into the
air, for example by coughing, sneezing,
talking or laughing. Although this disease is
curable, it is still the second leading cause
of death from other infectious diseases.

During the COVID-19 pandemic, it
affected the handling of TB priority prog-
rams in several countries. Based on data
from WHO in the 2021 Global Tuberculosis
Report during the COVID-19 Pandemic the
most obvious impact was a major global
decline in the number of people newly
diagnosed with TB reported falling from 7.1
million in 2019 to 5.8 million in 2020. Re-
duced access TB diagnosis and treatment
has resulted in an increase in TB mortality.
The global number of deaths from TB in
2020 is 1.3 million, almost double the num-
ber of deaths from HIV/AIDS. In 2020,
WHO published estimates of causes of de-
ath globally, and TB ranks second as the
single leading cause of death from infection
after COVID-19 (World Health Organiza-
tion, 2021).

Today, the world not only has to face a
higher number of deaths from TB every
year, but another challenge arises in the
form of drug-resistant TB. WHO -catego-
rizes into 5 classifications of drug-resistant
TB cases, namely isoniazid-resistant TB,
RR-TB, Multidrug-Resistant Tuberculosis
(MDR-TB), pre-extensively drug-resistant
TB (pre-XDR-TB) and XDR-TB. Detection
of drug resistance in TB requires bacte-
riological examination for confirmation of
TB and drug resistance tests using rapid
molecular tests, culture methods or sequen-
cing technology (WHO, 2020). Multidrug-
Resistant Tuberculosis (MDR-TB) is defi-
ned as tuberculosis that is resistant to ri-
fampin and isoniazid, these two first-line
antituberculosis drugs which are an on-

going global public health challenge. In
2019, the World Health Organization
(WHO) estimated that only about 35% of
the estimated 500,000 incident cases of
MDR-TB were initiated with an appropriate
MDR-TB treatment regimen. Among the
group of patients who underwent treat-
ment, treatment outcomes were consistent-
ly less than optimal. In 2019, only 57% of
patients who started MDR-TB treatment 2
years earlier i.e. 2017 successfully comple-
ted treatment. Deaths during MDR-TB
treatment accounted for 15% of all patients
who did not complete treatment. Based on
WHO (2021), globally in 2020 as many as
71% or 2.1 million people diagnosed with
confirmed bacteriological TB drug resis-
tance to rifampin (World Health Organiza-
tion, 2021).

A study conducted in South Africa in
2017 showed that the mortality rate of
MDR-TB patients was significantly high
and was more common among previously
treated TB cases. Research conducted in
various countries also showed the same re-
sults, namely the rate of MDR-TB was
much higher in TB patients who had been
treated than in new TB patients. In addi-
tion, several studies have identified risk fac-
tors associated with MDR-TB, including
poor adherence to treatment, inappropriate
dosing, short duration of treatment, and
inadequate medication.

The risk factors that cause MDR-TB
are categorized as treatment-related factors
(direct) and other factors (indirect) such as
biological, social, economic, and health sys-
tem factors. All of these factors need to be
mapped out in detail to develop an effective
control strategy against MDR-TB. Based on
a study conducted in India, MDR-TB is clo-
sely related to treatment failure, contact
with TB patients, and related to adherence
to TB treatment. While the correlation of
MDR-TB with age, sex, and HIV status
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shows the role of the immune system in the
emergence of the MDR phenotype (Shive-
kar et al., 2020). In a study conducted in
Bhutan, it was shown that previous TB
treatment, inadequate sleep duration, and
traveling by public transport were risk fac-
tors associated with MDR-TB in Bhutan.
Strengthening early case detection, streng-
thening treatment strategies, improving
treatment adherence, and raising aware-
ness can help control the growing MDR-TB
epidemic (Tenzin et al., 2020). Several of
these studies have been carried out in vari-
ous parts of the world including South Asi-
an countries to determine risk factors for
MDR-TB. Therefore. The aim of the study
was to identify sociodemographic and clini-
cal factors associated with MDR-TB relative
to drug-susceptible TB using a meta-analy-
sis method. With research questions in the
form of: "What factors are associated with
Multidrugs Resistant Tuberculosis (MDR-
TB) in Tuberculosis Patients?"

SUBJECTS AND METHOD

1. Study Design

This research was conducted using a syste-
matic review and meta-analysis study de-
sign. The articles used in this study came
from various sources. Article searches were
carried out comprehensively through se-
arch engines with databases of “Pubmed”,
“Science Direct”, “ProQuest” and “Google
scholar”.

This research started from January
2022 and is the result of searching for data
from previous studies. The articles used are
articles published from 2011 to 2021. The
selection of articles uses a flow chart, name-
ly the PRISMA Flow Diagram. The key-
words used in the article search were ("Risk
factor" or "associated") AND ("Multidrug
resistant Tuberculosis" or "MDR TB") AND
"Case Control" AND (HIV or Smoke or
treatment).

www.thejhpb.com

2. Inclusion Criteria

The inclusion criteria in this study were
articles in the form of full papers, articles
with observational study designs, especially
case-control, articles published between
2011-2021, the analysis used must be
multivariate with the size of the relation-
ship Adjusted Odds Ratio. Subjects in the
study were tuberculosis patients. The inter-
vention studied was the risk factors that
caused MDR-TB in the form of infection
with HIV co-morbidities, smoking and his-
tory of TB treatment. The outcome to be
studied is the incidence of Multidrugs resis-
tant tuberculosis (MDR-TB).

3. Exclusion Criteria

The exclusion criteria in this study were
duplication of articles, articles published ot-
her than in English before 2011.

4. Operational Definition of Variables
An article search was conducted to consider
the eligibility criteria determined using the
PICO model. Population: Tuberculosis Pati-
ents, Intervention: Risk Factors for HIV
Infection, Smoking, and Medication His-
tory. Comparison: no HIV infection, no
smoking and no history of treatment, Out-
come: MDR TB incidence.

HIV infection is a pathogen that attacks
the human immune system. The instru-
ment used is the patient's past history or by
using medical records. The measurement
scale is categorical.

Smoking is an activity or activity of suck-
ing tobacco smoke that has become a cigar,
then ignited using a fire. The instrument
used is the patient's past history. The mea-
surement scale is categorical.

TB treatment history was defined as tre-
atment history based on previous history of
taking OAT (Anti Tuberculosis Drugs). The
instrument used is the patient's past history
or by using medical records. The measure-
ment scale is categorical.
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MDR-TB (Multi Drug Resistant TB) is
defined as tuberculosis mycobacteria that
are resistant to at least isoniazid and rifam-
pin. The instrument used is the patient's
past history or by using medical records.
The measurement scale is categorical.

5. Instruments

The instrument in this study is the PRISMA
Flow diagram using a research quality ass-
essment using predetermined criteria,
namely using the Critical Appraisal Check-
list.

6. Data Analysis

From the articles that have been collected,
data processing is carried out using the

Review Manager application (RevMan 5.3)
issued by the Cochrane Collaboraton. Data
processing is done by calculating the value
of effect size and heterogeneity.

RESULTS

In the process of searching for articles to be
synthesized, meta-analysis is carried out by
searching several journal databases inclu-
ding Google Scholar, Pubmed, Science Di-
rect and Proquest. In the process of review-
ing and selecting articles, it can be seen
using the PRISMA FLOW flowchart shown
in Figure 1.

Articles identified through database
search (n=553)

4

(n= 88)

Duplicated articles removed

Articles issued (n=407)
Irrelevant title = 182

v

Not case-control = 206

Filtered articles (n=465) ~ —>| Article not full-text = 17

Articles not in English = 2

v

(n=58)

Full-text decent article

Articles issued with
reasons (n=38)

Articles included in the qualitative
synthesis (n=20)

v

Articles included in the meta-
analysis (n= 20)

Figure 1. Results of Prisma Flow Diagrams

www.thejhpb.com
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10 Research in ASIA

Figure 2. Research Distribution Map

Research related to Risk Factors associated
with Multidrugs Resistant Tuberculosis
(MDR-TB) in Tuberculosis Patients consists
of 20 articles from the initial search process
yielding 553 After deleting the duplication
of articles, 465 articles were produced, then
after the process of removing the
duplication of articles, the next step was to
check the relevance of the title and the
study design used to produce 58 articles.
After that, the articles were checked
according to the inclusion criteria and the
exclusion criteria were obtained as many as
20 articles. From the filtered articles, an
assessment of the quality of the research
was carried out, it was found that 20 artic-
les met the assessment of research quality
which would be included in the quantitative
synthesis using meta-analysis.

Based on Figure 2, it can be seen that
the research came from 3 continents, name-
ly the African continent which consists of
countries (Burundi, Ethiopia, Senegal, and
Sudan), the Asian continent (Bangladesh,
Bhutan, China, India, Malaysia, Pakistan
and Thailand,) and the Americas. Consis-
ting of Brazil. Table 1 shows the results of

www.thejhpb.com

the research quality assessment process.
Table 2 shows that of the 20 articles, there
were 8 journal articles with Case-Control
research designs showing evidence of an
association between HIV infection and
MDR-TB incidenceThis study deals with
the effect of screen time and fast food on
the incidence of obesity in children and
adolescents consisting of 15 articles from 5
continents, namely 4 studies from the Asian
continent and 7 studies from the African
continent, a study from the America, a
study from the Australian continent, and 2
studies from the European continent.
Research Quality Assessment
Assessment of the quality of research arti-
cles using the Critical Appraisal Checklist
for cross-sectional study which can be seen
in table 1. The criteria for evaluating arti-
cles with cross-sectional study design are
as follows:
1. Does the study formulate the research
question (research problem) clearly?
2. Is the cross sectional research method
appropriate to answer the research
question?
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3. Is the method for selecting research sub-
jects clearly described?

4. Does the sampling technique not intro-
duce bias (selection)?

5. Is the sample representative of the rese-
arch target population?

6. Is the sample size based on conside-
ration of the results of previous studies
regarding statistical power?

7. Is the minimum response rate achieved?

8. Is the instrument in determining screen
time and fast food valid and reliable?

9. Has statistical significance been tested?

Table 1. Research Quality Assessment

10. Did the researcher report confidence
intervals?

11. What confounding factors have been ta-
ken into account?

12. Are the results applicable in practice or
in the community?

After assessing the quality of the
study, 15 articles were divided into 2 cate-
gories according to the dependent variable
included in the quantitative synthesis of
meta-analysis using RevMan 5.3.

Primary Study Criteria Total
1 2 3 4 5 6 7 8 9 10 11 12
Ahmad et al. (2012) 1 1 1 1 1 1 1 1 1 1 1 1 12
Garrido et al. (2012) 1 1 1 1 1 1 1 1 1 1 1 1 12
Chen at al. (2013) 1 1 1 1 1 1 1 1 1 1 1 1 12
Hirpa et al. (2013) 1 1 1 1 1 1 1 1 1 1 1 1 12
Rifat et al. (2014) i 1 1 1 1 1 1 1 1 1 1 1 12
Mulisa et al (2015) i 1 1 1 1 1 1 1 1 1 1 1 12
Elmi et al. (2015) i 1 1 1 1 1 1 1 1 1 1 1 12
Huai et al. (2015) 1 1 1 1 1 1 1 1 1 1 1 1 12
Jitmuang et al. (2015) 1 1 1 1 1 1 1 1 1 1 1 1 12
Shariff et al. (2016) 1 1 1 1 1 1 1 1 1 1 1 1 12
Zhang et al. (2016) 1 1 1 1 1 1 1 1 1 1 1 1 12
Workicho et al. (2017) 1 1 1 1 1 1 1 1 1 1 1 1 12
Ali et al. (2019) i 1 1 1 1 1 1 1 1 1 1 1 12
Sharma et al. (2019) i 1 1 1 1 1 1 1 1 1 1 1 12
Alena et al. (2019) i 1 1 1 1 1 1 1 1 1 1 1 12
Eduma et al. (2019) i 1 1 1 1 1 1 1 1 1 1 1 12
Tenzin et al. (2020) i 1 1 1 1 1 1 1 1 1 1 1 12
Nidaye et al. (2020) i 1 1 1 1 1 1 1 1 1 1 1 12
Ambaye et al. (2021) i 1 1 1 1 1 1 1 1 1 1 1 12
Iradukunda et al. (2021) 1 1 1 1 1 1 1 1 1 1 1 1 12
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Table 2. Description of Primary Research included in the Meta-Analysis

N  Author . Study Sampel P I C o aOR
o (Year) Ty Design Case Control (Population) (Intervention) (Comparison) (Outcome) (95% CI)
1 Ahmadet  Pakistan Case- 50 75 TB Patient TB treatment No History of Incidence of 4.2 (1.1to
al. (2012) Control history TB Treatment MDR-TB 15.4)
2 Garrido et  Brazil Case- 1584 9728 TB Patient 1. TBtreatment 1. No History Incidenceof 1. 3.20
al. (2012) Control history of TB Treat- MDR-TB (2.25 to
2. HIV ment 4.57)
infection 2. No HIV 2. 1.62
Infection (1.38 to
1.89)
3 Chenetal. China Case- 98 83 TB Patient TB treatment No History of Incidence of 2.18
(2013) Control history TB Treatment MDR-TB (1.05to
4.52)
4 Hirpa et Ethiopia Case- 134 134 TB Patient Smoking No smoking Incidence of 0.4 (0.1to
al. (2013) Control MDR-TB 1.88)
5 Rifat etal. Bangladesh Case- 250 750 TB Patient Smoking No smoking Incidence of 1.58 (0.99 to
(2014) Control MDR-TB 2.50)
6 Mulisa et Ethiopia Case- 88 177 TB Patient 1. TBtreatment 1. No History Incidenceof 1)3.5(1.57to
al. (2015) Control history of TB Treat- MDR-TB 6.99)
2. HIV ment 2)1.4 (1.03-
infection 2. No HIV 6.71)
Infection
7 Elmietal. Malaysia Case- 105 209 TB Patient 1) TB 1) No  history Incidenceof 1.5.97 (2.73
(2015) Control treatment of TB treat- MDR-TB to 13.04)
history ment 2.0.22
2) HIV 2) No HIV In- (0.08 to
infection fection 0.61)
8  Huaietal.  China Case- 56 61 TB Patient TB treatment No History of Incidenceof 3.82 (1.86
(2015) Control history TB Treatment = MDR-TB t0 7.85)
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Table 2. Continue

9

10

11

12

13

14

15

16

Jitmuang
et al.
(2015)
Shariff et
al. (2016)

Zhang et al.
(2016)

Workicho et
al. (2017)

Tenzin et al.
(2020)

Ali et al.
(2019)

Sharma et
al. (2019)

Alena et al.
(2019)

Thailand

Ethiopia

Banglades
h

Ethiopia

Bhutan

Sudan

India

Ethiopia

Case-
Control

Case-
Control

Case-
Control

Case-
Control

Case-
Control
Case-
Control

Case-
Control

Case-
Control

47

134

250

88

79
76

247

242

141

134

750

177

118

107

494

210

TB Patient

TB Patient

TB Patient

TB Patient

TB Patient

TB Patient

TB Patient

TB Patient

HIV Infection

Smoking

Smoking

1. TB
treatment
history

2. HIV
infection

TB treatment

history

1. TB
treatment
history

2. HIV
infection

1) TB
treatment
history

2) HIV
infection

3) Smoking

1) TB
treatment
history

2) HIV
infection

No HIV
infection

No smoking

No smoking

1. No History of
TB Treatment

2.No HIV In-
fection

No History of
TB Treatment
1)No History of
TB Treatment
2) No Smoking

1) No History
of TB Tre-
atment

2) No HIV in-
fection

3) No Smoking

1) No history
of TB tre-
atment

2) No HIV In-
fection

Incidence of
MDR-TB

Incidence of
MDR-TB

Incidence of
MDR-TB

Incidence of
MDR-TB

Incidence of
MDR-TB
Incidence of
MDR-TB

Incidence of
MDR-TB

Incidence of
MDR-TB

1. 3.83 (1.02
t0 14.38)

0.4 (0.1 to
1.88)

1.58 (0.99
to 2.50)

.35 (157
t0 6.99)
2.1.4 (1.03
to 6.71)

5.90 (2.55
t0 13.64)

1) 56.9 (10.2
to 319.2)
2)4 (1.2 to

13.2)

1) 8.86 (5.45
to 11.2)

2) 9.45 (6.80
to 15.9)

3) 56 (1.19 to
3.26)

1) 83.8 (40.7
to 172.5)

2) 1.10 (0.46
t0 2.63)
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Table 2. Continue

17  Eldumaet Sudan
al. (2019)

18  Nidaye et Senegal
al. (2019)

19  Ambayeet Ethiopia
al. (2021)

20 Iradukund Burundi
aetal.
(2021)

Case-
Control

Case-
Control
Case-
Control

Case-
Control

430

169

o8

60

860

507

295

120

TB Patient

TB Patient

TB Patient

TB Patient

1)

2)
TB

TB
treatment
history
Smoking

treatment

history

1.

TB
treatment
history

. HIV

infection
Smoking
TB
treatment
history
HIV
infection

1) No History
of TB Tre-
atment

2) No Smoking

No History of

TB Treatment

1. No History
of TB Tre-
atment

2. No HIV in-

fection

No Smoking

No History

of TB Tre-

atment

2) No Smoking

ow

Incidence of
MDR-TB

Incidence of
MDR-TB
Incidence of
MDR-TB

Incidence of
MDR-TB

1) 54.85
(30.48 to
98.69)

2)3.23 (1.73
t0 6.04)

29.5 (27.3 to
30.1)

1) 14.16 (7.8
to 25.4)

2) 4.39 (1.85
t010.4)

3) 2.29 (0.79
10 6.69)

1) 2.16 (1.06
t0 3.42)

2) 3.17 (2.06
to 5.45)

241



Andriani et al./ Risk Factors Associated with Multidrugs-Resistant Tuberculosis

Odds Ratio Odds Ratio

Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% Cl IV, Random, 95% Cl
Alene 2019 00953 04448 121% 1.10[0.46, 2.63] P
Ambaye 2021 14793 04409 121% 4,39 [1.85, 10.42] e —
Elmi 2015 18141 058161 11.3% 0.22[0.08, 0.60] -
Garrido 2012 04824 00818 1449% 1.62[1.38, 1.90] -
Jitmuang 2014 1.2429 067S 9.6% 383[1.02, 14.38] =
Muliza 2014 02365 01566 14.6% 1.40[1.03, 1.590] =
Sharma 2014 2246 01679 1448% Q48 [REB0, 1313 —_
Workichao 2017 11314 04672 10.8% 310[1.02, 9.42) I E—
Total (95% CI) 100.0% 2.05[1.03, 4.07] -l
Heterogeneity Tau®=0.81; ChiF=122.08, df=7 (P = 0.00001%; F=94% ; ; l }

] 0.05 0.z g 20
Test for overall effect: £=2.05 (F=0.04) Mot HIV Infection  HIV Infection

Figure 3. Forest Plot of HIV Infection Risk Factors
with Incidence of MDR-TB

Based on the results of the Forest Plot
Case-Control study shown in Figure 3 on
the relationship between HIV infection and
the incidence of MDR-TB, it shows that
HIV infection has a 2.05 times risk in TB
patients to become MDR-TB compared to

tion (aOR = 2.05; 95% CI = 1.03 to 4.07)
and the results were statistically significant
(p<0.040). In the heterogeneity test in the
study with risk factors for HIV infection
with MDR-TB incidence, it showed I2= 94%
so that the distribution of data was declared

TB patients without comorbid HIV infec- heterogeneous Random Effect Model.
D__SE(IDg[OH]) |
o |
o fa]
02+ !
04T i
; 0
o |
!
0.6+ :
L0
08T i
1 1 1 1 i 1 1 OR
0.05 0.z 1 5 20

Figure 4. Funnel Plot of HIV Infection Risk Factors
with the Incidence of MDR-TB

On the results of the Funnel Plot. Fi-
gure 4 shows that the distribution is sym-
metrical between the distributions on the
right and left sides. There are 4 plots on the
right, there are 4 plots on the left. The sym-

metrical distribution of the funnel plot indi-
cates that there is no publication bias, and
conversely, the asymmetrical shape of the
funnel plot indicates the potential for publi-
cation bias (Godavitarne et al., 2018). The
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plot on the right side of the graph has a
standard error (SE) between 0 and 0.8. The

plot on the left side of the graph has a
standard error (SE) between 0 and 0.6.

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Fixed, 95% Cl IV, Fixed, 85% CI
Ali 2019 1.3863 06143 1.9% 4.00[1.20,13.33]
Ambaye 2021 08286 0.543 24%  2.29[0.79, 6.64] I
Eldurna 2019 11725 03186 T0%  3.23[1.73,6.03 —_—
Hirpa 2013 -0.9163 0.7073 1.4% 040[0.10,1.60] —
Iradukunda 2021 11837 0.2199 146% 317 [2.06, 4.88] —_—
Rifat 2014 04574 02385 124% 1.58[0.89, 257 —
Sharma 20149 0.54 03909 46% 2.56[1.19 551]
Zhang 2016 07275 01126 557%  2.07 [1.6B, 2.58] : =
Total (95% CI) 100.0% 2.20 [1.87, 2.59] *
Heterageneity: Chi*=13.34, df=7 (P = 0.068); F=48% 001 0 10 100

Testfor overall effect 2=9.28 (P = 0.00001)

Mot Smoking Smaoking

Figure 5. Forest Plot of Smoking Risk Factors
with Incidence of MDR-TB

Table 2 shows that from 20 articles
there are 8 journal articles with Case-Con-
trol research designs showing evidence of a
relationship between smoking and the inci-
dence of MDR-TB. The results of the Forest
Plot Case-Control study in Figure 5 the
relationship between smoking and the inci-
dence of MDR-TB showed that smoking
had a 2.2 times risk in TB patients to be-

D__SE(IDg[OR])

061

neT r

come MDR-TB compared to TB patients
without smoking comorbidities (aOR=
2.20; 95% CI = 1.87 to 2.59) and the results
were statistically significant (p<0.001). In
the heterogeneity test in the study with
smoking risk factors, the incidence of
MDR-TB showed I2= 48% so that the distri-
bution of data was declared heterogeneous
in the Fixed Effect Model.

o

il ¢ L TR &

T

Figure 6. Forest Plot of Smoking Risk Factors
with Incidence of MDR-TB
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Based on the results of the Funnel plot in Figure 6, it shows that there is a possibility of
publication bias by showing an asymmetric distribution between the distributions on the right
and left sides. There are 5 plots on the right, 3 plots on the left and 2 plots that touch the
vertical line. The plot on the right side of the graph has a standard error (SE) between 0 and
0.8. The plot on the left side of the graph has a standard error (SE) between 0 and 0.8.

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% Cl IV, Random, 95% CI
Ahrnad 2012 1.4351 D.BE29 4.7% 4.20[1.158, 15.40]
Alene 2019 4.4284 D.3685 5.9% 83.80[40.70,172.54] —_—
Ali 2019 40413 0877 3.8% A6.90[10.20, 317.41]
Armbaye 2021 26504 D.3042 B.2% 1416 [7.80, 25.70] —
Chen 2013 07793 D.3727 5.9% 2181[1.05, 4.53] —
Eldurna 2019 40046 0.2958 B.2% 54.85[30.48, 98.71] e
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Figure 7. Forest Plot Risk Factors History of TB Treatment
with the incidence of MDR-TB
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Figure 8. Funnel Plot Risk Factors History of TB Treatment
with Incidence of MDR-TB

Table 2 shows that from 20 articles relationship between TB treatment history
there are 17 journal articles with Case-Con- and MDR-TB incidence. The results of the
trol research designs showing evidence of a Forest Plot Case-Control study in Figure 7
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of the relationship between TB treatment
history and MDR-TB incidence showed that
TB treatment history had a 9.08 times risk
in TB patients to become MDR-TB compa-
red to TB patients without comorbid TB
treatment history (aOR= 9.08; 95%Cl=
5.49 to 15.03) and the results were statis-
tically significant (p < 0.001). In the hetero-
geneity test in the study with a risk factor
for TB treatment history with MDR-TB
incidence, it showed 12 = 97% so that the
distribution of data was declared heteroge-
neous (Random Effect Model). On the re-
sults of the Funnel Plot.

Figure 8 shows that there is a possibi-
lity of publication bias by showing an asym-
metric distribution between the distribu-
tions on the right and left sides. There are 6
plots on the right, 9 plots on the left and 2
plots that touch the vertical line. The plot
on the right side of the graph has a stan-
dard error (SE) between 0 and 1. The plot
on the left side of the graph has a standard
error (SE) between 0 and 0.8.

DISCUSSION

Drug-resistant tuberculosis (MDR-TB) is
the result of chromosomal changes due to
mutations or deletions, there are several
factors related to TB control programs that
have a significant impact on the increase
and transmission of drug-resistant TB
(Mesfin et al., 2018). This systematic review
and meta-analysis study identified factors
associated with the incidence of MDR TB in
Tuberculosis patients. This study discusses
the factors of HIV infection, smoking and
history of tuberculosis treatment which are
considered important because they are risk
factors that can be associated with the
incidence of MDR TB.

HIV infection can be associated with
the incidence of MDR TB. This study is in
line with research conducted by (Sharma et
al., 2019) that the HIV infection factor has a
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significant relationship to the incidence of
MDR TB (aOR= 9.45; 95% CI= 6.80 to
15.9). In addition, another study (Ambaye
and Tsegaye, 2021) with a sample of 244
infected with HIV was associated with the
incidence of MDR TB. HIV positive incre-
ased the risk of developing MDR TB by 4.4
times compared with HIV negative TB pati-
ents (aOR = 4.39 ; 95% CI = 1.85 to 10.4).
HIV and MDR TB are the reasons for the
association between drug resistance and
HIV infection. This may be especially im-
portant in a country with MDR-TB and a
high HIV burden such as Ethiopia.

There are several epidemiological rea-
sons that M/XDR-TB can be associated
with HIV. The most important reason is the
rapid disease progression due to having
Drug Resistant strains, especially in the
immunocompromised state compared to
the immunocompetent state. In addition,
malabsorption of anti-TB drugs leads to
drug resistance and TB treatment failure.
Susceptibility to MDR-TB infection increa-
ses when people with HIV who are immu-
nocompromised get MDR-TB infection
transmission from the surrounding envi-
ronment, direct contact with MDR-TB will
also increase infection in people with HIV
infection. The prevalence of MDR-TB is
20% higher in HIV-positive than HIV-nega-
tive patients (Singh et al., 2020).

Most HIV-infected patients were
more likely to be included in direct obser-
vation of treatment (DOTS) and more con-
trolled during treatment. Furthermore, it is
possible for these patients to stop taking all
anti-TB drugs at once which will lead to
treatment failure and then lead to MDR-TB.
The problem is further compounded by
dual treatment with a combination of two
drugs, one for MDR-TB and one for HIV.
Patients are more likely to discontinue
treatment because the drugs they are taking
have a high burden of drug toxicity or side
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effects. Treatment for MDR-TB patients is
complex, has low effectiveness, is toxic, and
can be augmented by HIV treatment.

In this study smoking is also a factor
associated with the incidence of MDR TB .
This study is in line with research conduc-
ted by (Zhang et al., 2016) that smoking is a
risk factor associated with the incidence of
MDR TB. In this study the smoking factor
had a risk of 2 times the incidence of MDR
TB (aOR= 2.07; 95% CI= 1.66 to 3.19). In
addition, a study conducted by Iradukunda
(2021) found that smoking had a 3.1 times
risk of MDR TB incidence (aOR= 3.17; 95%
CI= 2.06 to 5.45). MDR-TB patients were
more likely to have been tobacco smokers
in the past. Smoking is a major determinant
of TB and several studies have shown an
association with acquired drug resistance.
Another study showed that smoking is a
predictor of delayed response to treatment,
so smoking is one of the factors associated
with the incidence of MDR TB (Rifat et al.,
2014).

In a study conducted by Mollel and
Chilongola (Mollel and Chilongola, 2017)
suggested that smoking has a relationship
with the incidence of MDR-TB, this is be-
cause smoking lowers the body's immunity
to infection. The severity of smoking also
increases the risk of a person's resistance to
TB drugs.

In this study, a history of previous TB
treatment was associated with the inci-
dence of MDR TB. This is in line with the
study conducted by Ndiaye (Ndiaye et al.,
2019) that failure in the history of TB
treatment in patients was significantly asso-
ciated with the incidence of MDR-TB in
Senegal. It can be seen that the failure of a
history of treatment has a risk of 2.9 times
the incidence of MDR TB (aOR= 2.95; 95%
CI= 27.3 to 30.1). In addition, it is also
relevant to the study conducted by Tenzin
(Tenzin et al., 2020) that past history of TB

treatment had a 5.9 times risk of MDR TB
incidence (aOR= 5.90; 95% CI= 2.55 to
13.64).

A history of previous TB infection is
an important determinant for the develop-
ment of MDR TB. The high risk of MDR
occurrence among previously treated cases
may be due to naturally occurring mutated
resistance in mycobacteria and inadequate
or interrupted treatment with anti-tuber-
culosis agents. The association between TB
treatment failure and MDR-TB may be
related to lack of treatment supervision,
inappropriate drug regimens, and inade-
quate or irregular drug supply that may
have a potential role in drug resistance
(Amin et al., 2021). Multidrug resistance is
reported more frequently among previously
treated tuberculosis patients than new tu-
berculosis patients, history of previous TB
treatment being the strongest determinant
of MDR-TB in Europe (Rifat et al., 2014).

In conclusion, our study identified
risk factors for HIV infection, smoking and
history of TB treatment associated with
MDR-TB. Several efforts can be made, such
as early detection of patients who have the
potential to have MDR-TB by monitoring
specific clinical manifestations. In addition,
integrated and enhanced efforts are needed
to provide routine diagnosis, effective treat-
ment and high quality care for HIV and
MDR-TB coinfected patients and groups of
patients who are socially vulnerable and at
increased risk of treatment failure.
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