
OR I G I N A L R E S E A R C H

Risk Factors for the Development of Tuberculosis
Among HIV-Positive Adults Under Highly Active
Antiretroviral Therapy at Government Hospitals
in Amhara Region, Ethiopia
Awoke Seyoum Tegegne 1, Molalign Tarekegn Minwagaw 2

1Department of Statistics, Bahir Dar University, Bahir Dar, Ethiopia; 2Department of Public Health, Amhara Community Health Institution, Bahir Dar,
Ethiopia

Correspondence: Awoke Seyoum Tegegne, Department of Statistics, Bahir Dar University, Po. Box 79, Bahir Dar, Ethiopia, Tel +251 918779451,
Fax + 251 2205927, Email bisrategebrail@yahoo.com

Background: Tuberculosis is one of the leading infectious diseases for people living with HIV. Therefore, the purpose of this study
was to investigate factors affecting the development of TB among HIV-positive adults under treatment in government hospitals of
Amhara Region, Ethiopia.
Methods: A hospital-based retrospective study design was conducted among 700 HIV-positive adults under HAART in 17 govern-
ment hospitals in the Amhara region, Ethiopia.
Results: Age of the patients (AOR = 1.122, 95% CI:1.013, 2.234), baseline CD4 cell count (AOR = 0.888, 95% CI: 0.714, 0.945),
patients living without their partner (AOR = 1.212, 95% CI: 1.051, 1.123), females under treatment (AOR = 0.786, 95% CI; 0.564,
0.845), non-opportunistic diseases (AOR = 0.865, 95% CI: 0.731, 0.938), patients not disclosed their HIV status (AOR = 1.241, 95%
CI: 1.087, 2.341), rural patients (AOR = 1.135, 95% CI: 1.032, 1.453, patient with no education (AOR = 1.125, 95% CI: 1.056, 1.546),
low adherence patients (AOR = 1.225, 95% CI: 1.191, 2.453), bedridden patients (AOR = 1.223, 95% CI: 1.131, 1.521), ambulatory
patients (AOR = 1.156, 95% CI:1.091, 1.267), non-smoker patients (AOR = 0.854, 95% CI: 0.686, 0.935) significantly affected on the
variable of interest. Similarly, alcohol intake, drug toxicity and baseline clinical WHO stages significantly affected for the development
of tuberculosis in HIV-positive patients under treatment.
Conclusion: In this study, baseline CD4 cell count, female patients, non-opportunistic diseases, and non-smoking status were
negatively associated with the development of TB, whereas age of patients, living without partners, patients with no education,
patients with low adherence, bedridden and ambulatory patients were positively associated to the development of TB in HIV patients.
The findings obtained in this study are important for both service providers and patients. More attention should be given to those
positively associated variables to response variables. The regional health bureau should open TB/HIV co-infection subsections like
ART sections in each hospital.
Keywords: TB development, HIV-positive people, HAART, binary logistic regression model

Introduction
Currently, about 1.1 million HIV-positive people have also developed Tuberculosis (TB).1 Of these, about 80% of them
belong to Sub-Saharan Africa.1 Among the people living with the human immune deficiency virus (HIV), about 380,000 of
them are dying because of the development of TB in addition to HIV.2 On the other hand, an estimated number of 36 million
people lived with HIV globally in 2017.3 Approximately, one-third of these people are being co-infected with TB.3

Ethiopia is one of the Sub-Saharan African countries with the high development of TB among people living with HIV.4

This accounts for the country to be 10th in the world and 4th in Africa, after Nigeria, South Africa, and the Democratic
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Republic of Congo.4 About 85% of the country’s population is living in rural areas with low living standards, where TB is
highly distributed.5

Amhara region, one of the regions in Ethiopia, has about 30% of the people living with HIV, followed by the Oromia
region (26%).6 Research conducted previously declared that TB development is high in areas where there is a great
prevalence of HIV but with poor adherence.7 Hence, people living with the human immune deficiency virus (PLWHIV)
in the region are also extra vulnerable to TB development.8 HIV is the first and TB is the second important reason for
death from infectious illness in the region.9

Even though studies have been conducted on the development of TB in HIV-infected people in Ethiopia, risk factors
for the development of TB in HIV patients with comprehensive data at the regional level are not conducted in the study
area.10 Studies including the large mass of data with many treatment sites may reveal evidence-based information as
compared to data taken from a single treatment site.11

As far as our knowledge is concerned, there is a shortage of regional wide research done recently on factors affecting
the development of TB among HIV-infected adults under HAART in the study area.12 Therefore, this research has been
conducted with the objective to investigate factors affecting the development of TB among HIV patients under treatment
followed in 17 government hospitals in the region. The current investigation also aimed to triangulate whether previously
identified factors in developed countries also worked in the study area (low-income country). It is anticipated that the
finding in this investigation will be used as the source of information for the knowledge that promotes HIV/TB program
planners, decision-makers, and project implementers.

Methods and Materials
Study Population and Study Area
A hospital-based retrospective longitudinal design was conducted in 17 government hospitals on 700 randomly selected
HIV-positive people who had started their treatment in the Amhara region, Ethiopia. The study was conducted in the
period between Oct. 2018 and June 2021. The selection frame comprised 6500 HIV-positive people whose follow-ups
were at each of the 17 government hospitals after the initiation of HAART.

Inclusion and Exclusion Criteria
All HIV-infected adults (age > 15 years) who enrolled for HAART in the 1st five months of 2018, who initiated their
treatment for at least 6 months after the initiation of HAART, having a full record of clinical and socio-demographic
variables were included in this study. On the other hand, those patients under 15 years of age, patients with no full
recorded information were excluded in the current study.

Variables Under Study
The variable of interest under the current investigation was the development/occurrence of TB among HIV-positive
adults under HAART. The response variable is dichotomous in nature, whether HIV- positive adults develop HIV/TB co-
infection or not during their treatment period. The predictor variables under current investigation were the age of patients
in years, gender (male, female), the status of employment (employed, not employed), educational status (educated, non-
educated), marital status (living with partners, living with partners), WHO clinical stages (stage I, stage II, Stage III,
Stage IV), baseline CD4 count, functional status (working, bedridden, ambulatory), smoking status (yes, no), Alcohol
intake (yes, no), adherence to medication status (adherent, non-adherent), disclosure of the disease status to people living
with them (yes, no), opportunistic with other diseases (yes, no), drug toxicity (yes, no) and the existence of mental
depression during initiation of drugs (yes, no). WHO clinical stages stand for the status of the viruses. It can be Stage I,
Stage II, Stage III, and Stage IV. Stage IV is the worst stage in which more attention should be given at this stage. Hence,
the number of viruses at Stage IV is by far more than that of Stage I and stage II.
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Sample Size Estimation
The sample size was determined using Cochran’s formula, considering 95% confidence level, 5% error tolerance for the
proportion of TB development.13 The formula used in this regard was

n ¼
z2pq
e2

where n is the required sample size in the whole target population, z is the selected critical value of the desired
confidence level, p is the estimated proportion of an attribute that is presented in the population, q= 1-p, and e is the
desired level of precision. After calculation of the sample size for the whole population, a proportional random sampling
technique was used in the demonstration of random samples from the study population in each of the governmental
hospitals in the region.

Samples were randomly selected considering the charts in each hospital belonging to each patient. The study
considered all HIV-infected adults fulfilled inclusion criteria, irrespective of their behavioral group in the study time.
Hence, a total of 700 randomly selected patients were considered for this investigation.

Data Collection Procedures
The health staff who worked in the ART section of each of the 17 hospitals were randomly selected to collect related
information from February 2021 to June 2021. Variables included in the current investigation were clearly defined and
given to data collectors.

Molecular Tests of Active TB
Molecular tests were used for TB diagnosis/tests in patients’ follow-up time of their medication adherence. Molecular tests
have the potential to reach in tests of TB who are undiagnosed or not reported each visiting time and to improve the quality of
care among TB patients receive by providing accurate, quick results, including rapid drug-susceptibility testing. Currently,
a wide array of molecular tests for TB detection is being developed and evaluated, and while some tests are intended for
reference laboratory use, others are being aimed at the point-of-care and peripheral health care settings.13 Hence, an
emergence of molecular tests was designed, manufactured, and rolled out in the current investigation in tests of TB.

During their follow-ups, when patients came to hospitals to take pills, the clinical treatment outcomes like CD4 cell
count, viral suppression, WHO stages, weights of patients, and HIV/TB co-infection were tested for each patient at every
visiting time. Similarly, TB status was also tested/detected using molecular tests. This was done by the health staff
(laboratory technicians). All the recorded data on HIV/AIDS patients between October 2018 and May 2021 (a total of 18
visits or assessments) were taken into consideration during data analysis. Hence, laboratory molecular tests, supplemental
forms, TB drugs record forms, and patients’ cards were examined during data collection. The quality of data was pre-
tested using a standard data collection tool and trained data collectors. Two experts were assigned for monitoring and
supervise all activities related to data collection.

Data Analysis
SAS software version 9.4 was used for data analysis. Assessment of normality as well the existence of outliers and
missingness of observation were conducted using descriptive Statistics. A multi covariate regression model was used by
considering all variables with a P-value less than 0.25 in the bivariate analysis. Then, the binary logistic regression model
was used to investigate factors affecting on the development of TB in HIV-positive people. The crude odds ratio (COR)
and adjusted odds ratio (AOR) and its 95% level of confidence were computed in the data analysis.

Result
Baseline Characteristics of Participants
Out of a total of 700 HIV-positive people, 53.6% of them were males, 54.6% of them were living without their partners,
68.6% of them were educated, 63.1% were virally unsuppressed, and 77.3% of them were urban residents. The majority
of them (81.4%) were at working status.
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Among participants included in this investigation, about 32% of them did not disclose their HIV status to family
members. In this investigation, about 35%, 33%, and 16.9% were at WHO clinical stages IV, III, and II respectively, and
about 6% of the patients were HIV/TB co-infected at the enrolment stage (baseline HIV/TB co-infection). About 2.4%,
3.9%, and 4% of the patients were alcohol consumers, smokers, and opportunistic with other diseases respectively. The
baseline characteristics of the participants on categorical variables are indicated in Table 1.

Similar to the categorical variables, continuous variables were also summarized in this investigation. In this regard,
the average (median) weight of the patients was 58kg (IQR: 52, 64), and the average age in years of all patients was
35.67 years (st.dev= 10.7 years). The average (median) baseline CD4 cell count for all patients was 134 cells /mm3 (IQR:
113,180).

Clinical Variables During HAART
The clinical outcome variables during treatment (follow-ups) were also recorded at each visiting time. The clinical
outcome variables recorded at the end of the study time are indicated in Table 2. As it is indicated in Table 2, about
67.3% of the patients were virally unsuppressed, 77.3% of the patients were at working status, 60.7% of the patients
under treatment were non-adherent, 23% of the patients did not disclose to people living with them, 56% of them faced
opportunistic with other infectious diseases and 55.5% of the patients faced drug toxicity. Among the participants under
this investigation, about 39.6% of the HIV patients developed HIV/TB co-infection at the end of the study period.
Hence, the baseline HIV/TB co-infection (6%) was increased to be 39.6% at the last visits (end of the study period).
Different factors played a significant role in the increase of HIV/TB co-infection and these factors are discussed in
Table 3.

Among those patients who disclosed their disease status, a considerable number of them (65%) declared social
support was given to them by families and communities around them. Similarly, an incidence of mental depression
among the participants was also inventoried using Beck’s depression inventory scale at each visit and the result showed
that 27 (3.7%) of them were mentally depressed.

The nature of the missingness pattern in the current investigation was tested using a logistic regression model which
is known to be monotone (dropouts). The pattern indicates that there were no missing observations in the first two visits
and the number of dropouts increased linearly as follow-up times/visits increased. The result, in this regard, revealed that
dropouts were not affected by the previous outcomes (β = 0.5017, p = 0.862). Hence, the missingness pattern was Missed
Completely at Random (MCAR).

In data analysis, missed values were handled using multiple imputation techniques. The association between
covariates and the variable of interest was assessed using the Chi-square test of association.

The potential predictor variables from univariate analysis were selected using stepwise selection criteria for multi-
variate analysis considering p-values less than 0.25 for variables to be significant. The result of multivariate data analysis
for this investigation was indicated in Table 3. The significant predictors of the variable of interest under multivariate
analysis are interpreted as follows.

Age had a significant effect on the development of TB among HIV-infected patients. As age enlarged by one year, the
average odds of TB development was also increased by 12.2%, keeping the other covariates constant (AOR= 1.122, 95%
CI: 1.013, 2.234, p-value< 0.001).

As, baseline CD4 cell count of HIV-positive people rise up by one cell/mm3, the expected/average odds of
developing TB on HIV-positive people was decreased by 11.2%, considering the other covariates the same (AOR=
0.888, 95% CI: 0.714, 0.945, p-value< 0.001).

Marital status had a significant effect on the development of TB in HIV-positive patients. Hence, the expected odds of
developing TB for HIV patients living without partners was increased by 21.2% than patients living with partners, given
the other covariates constant (AOR=1.212, 95% CI: 1.051, 1.323, p-value= 0.021).

The sex of patients also significantly affected the variable of interest. Comparing female patients with males, the
expected odds of developing TB for female HIV-patients was decreased by 21.4% as compared to males (AOR= 0.786,
95% CI: 0.564, 0.845, p-value= 0.021), keeping the others constant.
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Opportunistic with other diseases significantly affected the development of HIV/TB co-infection status. The expected odds
of developing TB for patients not opportunistic with other diseases was reduced by 13.5% than patients who were
unscrupulous with other diseases, keeping the other covariates constant (AOR= 0.865, 95% CI: 0.731, 0.938, p-value= 0.031).

Table 1 Baseline Socio-Demographic, Economic and Clinical Variables (n=700)

Name of Variable Categories Frequency Percentage (%)

Sex Male 375 53.6

Female 325 46.4

Marital status Living with partner 318 45.4

Living without partner 382 54.6

Level of education Not educated 220 31.4

Educated 480 68.6

Viral suppression Suppressed 258 36.9

Unsuppressed 442 63.1

Baseline Clinical WHO stages Stage I 106 15.1

Stage II 118 16.9

Stage III 231 33

Stage IV 245 35

Residence area In rural area 159 22.7

In Urban area 541 77.3

Partner HIV status Negative 81 11.6

Not Applicable 139 19.9

Positive 230 32.9

Unknown 250 35.7

Functional status Ambulatory 107 15.3

Bed ridden 23 3.3

Working 570 81.4

HIV/TB co-infection at

enrollment

Negative 658 94

Positive 42 6

Alcohol intake No 683 97.6

Yes 17 2.4

HIV disclosure Status Disclosed 476 68

Not disclosed 224 32

Smoking Status No 673 96.1

Yes 79 3.9

Opportunistic status No 672 96

Yes 80 4
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The expected odds of developing TB for patients who did not disclose their disease status to people living with them
was increased by 24% as compared to patients who disclosed their disease status (AOR=1.241, 95% CI: 1.087, 1.341,
p-value= 0.002).

The expected odds of developing TB for HIV-patients living in rural areas was increased by 13.5% as compared to
urban HIV patients, keeping the other variables constant (AOR=1.135, 95% CI: 1.056, 1.246, p-value= 0.048).

Education significantly affected the variable of interest under investigation. The expected odds of developing TB for
non-educated patients was increased by 12.5% as compared to educated patients, keeping the other covariates constant
(AOR=1.125, 95% CI: 1.056, 1.546, p-value= 0.012).

Medication adherence played a significant for the development of TB in HIV-positive adults. Hence, the expected
odds of developing TB for medication non-adherent patients was increased by 22.5% as compared to medication
adherent patients (AOR=1.225, 95% CI: 1.191, 2.453, p-value= 0.014).

Table 2 Clinical Outcome Variables After HAART (End of Study Period)

Name of Variable Categories Frequency Percentage (%)

Viral suppression Suppressed 189 32.7

Unsuppressed 389 67.3

Clinical WHO stages Stage I 118 20.4

Stage II 120 20.8

Stage III 186 32.2

Stage IV 154 26.6

Partner HIV status Negative 54 9.3

Not Applicable 120 20.8

Positive 189 32.7

Unknown 215 37.2

Functional status Ambulatory 96 16.6

Bed ridden 35 6.1

Working 447 77.3

HIV/TB co-infection at enrollment Negative 349 60.4

Positive 229 39.6

Adherence status Adherent 227 39.3

Non-adherent 351 60.7

HIV disclosure Status Disclosed 445 77

Not disclosed 133 23

Opportunistic status No 254 43.9

Yes 324 56.1

Drug toxicity No 257 44.7

Yes 321 55.5
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Table 3 Multivariate Data Analysis for TB/HIV Co-Infection

Parameter COR 95% COR COR p-value AOR 95% for COR p-value for AOR

Age 1.022 (1.011, 1.231) 0.003* 1.122 (1.013,2.234) 0.01*
Baseline CD4 cell count 0.011 (0.013, 0.213) <0.001* 0.888 (0.714, 0.945) 0.01*

Marital status (Ref. =With partner)

Without partners 1.96 (1.15, 3.35) 0.005* 1.212 (1.051,1.123) 0.021*
Sex (Ref.=Male)

Female 0.015 (0.013,0.234) < 0.101 0.786 (0.564, 0.845) 0.021*

Opportunistic with other diseases (Ref.=yes)
No 0.131 (0.063, 0.235) 0.002* 0.865 (0.731, 0.938) 0.031*

Existence of mental depression/stress (Ref.= yes)

No 0.021 (0.003, 1.457) 0.063 1.021 (0.231. 1.782) 0.073
Disclosure of the HIV status to people living together (Ref.=yes)

No 1.230 (1.002,0.351) 0.003 1.241 (1.087, 2.341) 0.002*

Residence area (Ref.=Urban)
Rural 1.116 (1.021, 1.236) 0.046* 1.135 (1.032, 1.453) 0.048*

Level of education (Ref.=educated)

Non-educated 1.024 (1.014,1.210) <0.021* 1.125 (1.056,1.546) 0.012*
Adherence to AART (Ref.= adherent)

Non-adherent 1.035 (1.006, 1.654) < 0.018* 1.225 (1.191, 2.453) 0.014*

Functional status (Ref.= working)
Bed ridden 1.424 (1.193, 1.561) 0.024* 1.223 (1.131, 1.521) 0.023*

Ambulatory 1.013 (1.932, 1.462) 0.001* 1.156 (1.091, 1.267) 0.001*

Smoking status (Ref. =yes)
No 0.223 (0.023,0.432) <0.001* 0.854 (0.686, 0.935) 0.001*

Alcohol intake (Ref.= yes)

No 0.124 (0.013,0.332) 0.003* 0.874 (0.735, 0.972) 0.002*
Drug toxicity (Reference=no)

Yes 1.062 (1.032,1.231) 0.001* 1.076 (1.064, 1.145) 0.001*

Baseline clinical stages (Ref.=Stage IV)
Stage I 0.234 (0.015, 0.563) 0.034* 0.254 (0.043, 0.342) 0.013*

Stage II 0.136 (0.034, 0.214) 0.032* 0.123 (0.091, 0.342) 0.002*

Stage III 0.103 (0.023, 1.231) 0.031* 0.091 (0.018, 0.143) 0.001*

Note: *Stands for statistically significant variable.
Abbreviations: COR, crude odds ratio; AOR, adjusted odds ratio.
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The functional status of HIV patients played a significant contribution to the possibility of developing TB in HIV-
positive people. Hence, the expected odds of developing TB for bedridden functional status of HIV patients was
increased by 22.3% as compared to working status, keeping the other variables constant (AOR= 1.223, 95% CI:
1.131, 1.521, p-value= 0.023). Similarly, the expected odds of developing TB for ambulatory functional status of HIV
patients was increased by 15.6% as compared to working status, keeping the other variables constant (AOR= 1.156, 95%
CI: 1.091, 1.267, p-value= 0.001).

The expected odds of developing TB for non-smoker HIV patients was reduced by 14.6% than smokers, considering
the others the same (AOR= 0.854, 95% CI: 0.686, 0.935, p-value= 0.001). Similarly, the expected odds of developing TB
for patients who did not drink alcohol was reduced by 12.6% than patients who drank alcohol, considering the others the
same (AOR= 0.874, 95% CI: 0.735, 0.972, p-value= 0.002).

Similar to the above significant variables, WHO stages and drug toxicity also affected significantly for the develop-
ment of TB on HIV-positive patients in this investigation.

Discussions
As the age of patients increased, the possibility of being HIV/TB co-infection for HIV patients is also increased. The
potential reason for this result might be the fact that aged people are less likely to be medication adherent and this leads
to drug-resistant co-infection by the other diseases and TB is one of such occasions. This is supported by previous
research.14 The increasing stage of the age of patients also leads to decreasing rate of CD4 cell count which further leads
to being exposed to other infectious diseases. The result obtained in this study is also supported by one of the previous
researches.15

Patients who started their medication with a large number of baseline CD4 cell count are less likely to be exposed to
other infectious diseases, because of the reason that they may have a large number of white blood cells, and this further
leads to the destruction of the viral loads. Hence, patients who started their treatment with a large number of CD4 cell
counts are less likely to be exposed to TB in HIV-positive people. As CD4 cell count reduced, the body’s defense device
for various opportunistic infections also reduced. Another previous study states that patients with at most CD4 cell count
of 200 cells/mL were twice more likely to develop TB than those patients who started their treatment with at least 200
cells/mL.16 The result in this regard is also supported by previous research17 and contradicted with other research.17 The
possible reason for contradicted results may be the sample size, study area, the medication adherence status, and the other
unexplained factors. Hence, this result needs further investigation.

Marital status significantly affected the development of TB status in HIV-positive people. HIV patients living with
their partners are more likely to be medication adherent and this leads to less likelihood of being exposed to other co-
infections. Patients living together might help each other to take medication on time and this helps to take the prescribed
medication on time. This further leads to be less likelihood for TB development in HIV-positive adults. This result is
similar to another research17 and contradicted with other previously conducted studies.18 The contradicted result states
that patients living with their partner make sexual intercourse frequently and this leads the patient to be exposed to
another infectious disease. In this regard, the result needs further investigation.

The sex of patients significantly affected the development of TB in HIV-positive people in this investigation. Hence,
female HIV patients are less likely to be exposed to the development of TB. This result is supported by previously
conducted research.18 The potential reason might be that female HIV patients are more likely to be medication adherents
because of their experience on pills taken for family planning as compared to males.

HIV-positive patients with other opportunistic diseases accelerate the development of TB as compared to HIV
patients with no other opportunistic disease. Dual infection of opportunistic disease with TB has an important impact
on HIV disease. Opportunistic disease accelerates the progression of HIV/TB co-infection by increasing viral replication
and reducing CD4 cell counts further. This finding is similar to another research.19

Patients disclosing their disease to their family members may help to be medication adherent (to take pills on time).
Disclosed the disease also important to take pills at a prescribed time without fear of the others living together. This
further leads to the patients not being exposed to the other infectious diseases. Hence, patients who disclosed their HIV
disease status are less likely to be HIV/TB co-infection. The result is similar to other previous investigations.20
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The residence area of patients is also played significant role for the development of TB in HIV patients. Most of the
time, rural patients started their HIV medication after the destruction of CD4 cell count and they cannot be easily
recovered their HIV status; rather they are exposed to other infectious diseases. One such infectious disease is TB and
this further leads to HIV/TB co-infection. This result is similar to findings obtained from previously conducted
research.21

The current study revealed that education is one of the predictors for the development of TB in HIV patients.
Educated HIV patients might have better knowledge on how HIV patients have long lived with the virus and they have
good knowledge about how to use medication. Hence, educated HIV patients are less likely to be exposed to the
development of TB as compared to non-educated patients. The current result with regard is the same as another study
done in South-west Ethiopia.21 However, it is contradicted by the other study done in Eastern Ethiopia.22 This could need
further investigation in the future.

Non-adherence to HAART poses a challenge to TB treatment since it increases the risk of drug resistance, death,
relapse, and prolonged infectiousness. The result is consistent with another research.23

Patients who are ambulatory at the commencement of HAART are more likely to develop TB as compared to those
who are at working status during the initial stages of HAART. Hence, this study indicated that bedridden and ambulatory
status patients were more exposed to the development of TB as compared to working status. This result is also supported
by the previous study.23

Smoking cigarettes and drinking alcohol significantly affected the development of TB status in this investigation.
Research conducted previously obtained the same result and states that cigarette smoking and alcohol consumption are
the risk factors for the development of TB among HIV patients.23

Drug toxicity has a significant effect on the development of TB among HIV patients. Patients who faced drug toxicity
may not have progressive treatment outcomes or improvements due to treatment. This further leads for the patients to be
exposed to other drug-resistant infectious diseases like TB.24 The extent of drug toxicity significantly differs between
developed and developing countries due to various reasons. One of the reasons for drug toxicities related to HAART in
the developing country, in sub-Saharan Africa in particular, is the regimens contain older and more toxic agents like
Stavudine (d4t), Zidovudine (AZT), and Nevirapine (NVP).24 A patient who faced drug toxicity may be forced to stop
medication adherence and this further leads to exposure to other infectious diseases like TB.

The other significant variable under current investigation was the status of the HIV WHO clinical stages. Patients at
the 1st and 2nd WHO clinical stages are less likely to develop TB as compared with those patients at the 4th WHO
clinical stages. Consistent findings have been declared in previous research.25 It is known that the development of TB in
HIV-positive people is one of the indications for the stage of HIV to be the worst (4th WHO clinical stage).26

Conclusions
Among the predictors included in the current investigation, age of patients, baseline CD4 cell count, marital status, sex of
patients, the existence of other opportunistic diseases, disclosure status of HIV, residence area, level of education, level of
adherence, functional status of the patients, smoking and drinking status and HIV WHO clinical stages were significantly
affected for the development of TB in HIV-patients. This study revealed that CD4 cell count was negatively associated
with the development of TB in HIV-positive adults under treatment. Similarly, the level of medication adherence and
disclosing the HIV disease statuses were negatively associated with the development of TB. However, the age of patients,
alcohol intake, smoking cigarettes, and the existence of other opportunistic diseases were positively associated with the
development of TB in HIV-positive people. Under current investigation, the HIV/TB co-infection was increased from 6%
at the baseline to 39.6% at the last visiting time (at the end of the study period).

As a recommendation, counseling and guidance shall be delivered to patients with low adherence status, aged
patients, patients who came from rural areas, HIV-positive people with other opportunistic diseases, and non-educated
patients. A counseling service should be given to smokers and patients who are taking alcohol. More attention should be
also given to patients with WHO clinical stage IV, patients not disclosed the disease status, and ambulatory and bedridden
functional statuses.
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This study was not without limitations; secondary data obtained from charts of patients in each hospital had limited
variables there. Including more variables like diabetes, rheumatoid diseases, environmental factors, and concomitant
immunosuppressive therapy may give additional information about HIV/TB co-infection. Hence, research can be
conducted in the future, including such variables, considering this as one research gap.
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