
 
 
 
 
                                               

Prevalence, Risk Factors and Residential Variation among HIV/TB co-infected Mortality 

in Amhara Region, Fenote Selam Hospital: Application of Multilevel Logistic Regression 

 

              Auther:        Berhanu Bekele Debelu 

                      Email:          berhanubd70@gmail.com or frabekele@gmail.com 

 Wolkite University, Department of Statistics, Ethiopia 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 January 2022                   

©  2022 by the author(s). Distributed under a Creative Commons CC BY license.

doi:10.20944/preprints202201.0165.v1

mailto:berhanubd70@gmail.com
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.20944/preprints202201.0165.v1


 
 
 
 
Abstract: The purpose of this study was to identify the factors that affect the mortality among 

adult HIV/TB co-infected patients and to see the nutritional difference among mortality in 

residence level. Retrospective cohort studies of 417 patients which fulfill our criteria were 

included. Multilevel logistic regression models were used. MLwiN and SPSS software are used 

to estimate the parameter. The variance of the random factor in the empty model was significant 

which indicates that there were residential differences in TB-HIV co-infected mortality and it 

shows multilevel analysis was an appropriate approach for further analysis. The prevalence of 

HIV/TB co-infected patients' death was 12.9% in study time. Functional status, age of patients, 

WHO clinical stages, nutritional status, CD4 counts, regimen, and BMI were found to be 

significant determinants of HIV/TB co-infected mortality. In our study, patients with the 

bedridden category of functional status, the fourth stages of WHO clinical stages (stage IV), 

patients with higher age, patients whose treatments were second-line regimen and low CD4 cell 

counts were more at risk of death. The study also revealed that; poor nutritional status increased 

the risk of mortality among HIV/TB co-infected patients and it varies among the residence of the 

patients (rural area were more at risk).  

Keywords: HIV/TB co-infected Mortality, Residential Variations, and Multilevel Logistic 

Regression. 
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1.1.Background of the Study 

HIV is the most efficacious factor assignee for the progression of an undercurrent of TB to active 

and the probability of people living with HIV higher risk to develop TB. HIV/TB co-infection is 

thus known as double trouble and a public health threat especially for regions where both 

diseases are endemic [28]. Among the patients of HIV, TB and other infectious diseases increase 

the rate of HIV replication and this acceleration may result in higher viral replication along with 

a more rapid progression to AIDS [24]. In another case, HIV-positive patients are 20 to 30 times 

more likely to develop active TB [21]. In 2017, 1.6 million people died by TB and of which 

300,000 deaths was the TB/HIV co-infection death and around 770,000 deaths were HIV/AIDS-

related death [27, 28].  According to UNAIDS in 2016, the scaling up of antiretroviral therapy 

(ART) has been the main contributor to the 45.0% reduction in global deaths among people 

living with HIV (PLHIV). However, these two diseases have remained raging epidemics, 

especially in developing countries and TB is the leading cause of death among HIV/AIDS 

patients. Globally, 1.3 million estimated persons are living with TB and HIV/AIDS co-infection 

and this burden of TB-HIV co-infection is higher in developing countries [13, 30]. The sub-

Saharan Africa bears the brunt of the dual epidemic, accounting for approximately 84% of all 

death were from HIV- associated TB, in 2018 two out of five TB–HIV patients died within 10 

years after ART initiation [7] 

Ethiopia is one of the sub-Saharan countries in which the dual burden of TB/HIV co-infection 

has severely hit. The Ethiopian Federal HIV and AIDS Prevention and Control Office estimated 

that the single national HIV/AIDS prevalence was 2.4% in 2015, and the country is among the 

top ten high burden counties with an incidence rate of 341/100,000 of which 31% of TB patients 

are living with HIV [13]. Malnutrition further weakens the immune system, leading to greater 

susceptibility to opportunistic infections. In addition, at least one-third of the 36.7 million people 

living with HIV (PLHIV) worldwide are co-infected with tuberculosis (TB), leading to even 

greater metabolic stress and risk of malnutrition [26]. 
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  Data and Methodology 

We used data from a retrospective cohort of all adult patients of  HIV/AIDS under follow-up of 

ART treatment whose ages were greater than 15 years at Fenote Selam General Hospital from  

February 2010 to January 2020.  In this study, Persons diagnosed with HIV disease that 

following the ART treatments that’s their age were less than 15 years and the patients who does 

not experience TB at least once in the study time were not included. 417 patients who full filled 

these criteria were included in this study. 

Study Variables 

The outcome variable in this study was HIV/TB co-infected mortality. The response variable was 

dichotomized indicating whether patients of HIV/TB co-infected were dead or alive. 

Many explanatory variables were used as predictors of HIV/TB co-infected mortality. These are, 

age of patients, CD4 counts, sex of the patient, weight, BMI, residence, nutritional status, 

functional status, WHO clinical stage, and regimen. 

    Multilevel Logistic Regression Model 

We used multilevel modeling approach which we believd that it is appropriate for heirartchical 

sampling procedure. The main statistical model of multilevel analysis is the hierarchical 

generalized linear model which is an extension of the generalized linear model that includes 

nested random coefficients. Hierarchical modeling explicitly accounts for the clustering of the 

units of analysis, individuals nested within groups. Such data structures are viewed as a 

multistage sample from a hierarchical population. In this data structure, level-1 is the patient’s 

level and level-2 is the residential level. Within each level-2 unit there are jn  HIV/TB co-

infected patients in the 
thj  residence. Let ijY  be the binary response for HIV/TB co-infected 

patients mortality  in  j residence and ijX  be an explanatory variable at the patients level. We 

define the probability of the response equal to one 1),=(= ijij ypr  ijwhere ,  be modeled using 

a logit link function. The standard assumption is that, ijY  has a Bernoulli distribution. Then, the 

two level models are given by:  
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where, 

),...,,(= 21 kijijijij XXXX  represent the first and the second level covariates, for variable k 

 = ),...,,( 10 k  are regression parameter coefficient 

jU0 , jU1 ,..., kjU  are the random effect of the model parameter at level two. 

 We assume that, hjU  follows normal distribution with mean zero and variance 2

u . 

The model decomposes the total variance into residence level and patient’s levels, representing 

the between and within residence variability in the mortality of HIV/TB co-infected patient’s. 

(Hox & Roberts, 2011). The interclass correlation (ICC) measures correlation between 

observations within cluster as:   

σ𝑢
2

 σ
𝑢+σ𝑒

2
2                                                          (3) 

Where σ𝑢
2  is between residence variation and σ𝑒

2  is within patients variation 

            Multilevel Analysis of Empty Models  

The empty two-level model for a binary response variable refers to a population of groups (level 

two units) and specify the probability distribution for group dependent probabilities without 

taking further explanatory variables into account. The logit linear predictor is given as:  
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  and the deviation jU0  are assumed normal distribution with mean zero 

and variance 2

0 .  

Multilevel Analysis of Random Intercept Models 
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 In the random intercept logistic regression model the intercept is the only random effect that the 

groups (residence) differ with respect to the average value of the response variable. But the 

relation between explanatory and response variables can differ between groups (residence). We 

assume that there are variables which potentially explain the observed success and failure. These 

variables are denoted by hX , h=1,2,...,k with their values indicated by hijX . Since some or all of 

those variables could be level one variable, the success probability is not necessarily the same for 

all individual in a given group. The logit of ij  is a sum of linear function of explanatory 

variables and given as: 

Logit( ij ) = log[
ij

1− ij
] =  0j+ 1X1ij +…+ kXijk                                                         (5) 

where the intercept term j0  is assumed to vary randomly and is given by the sum of an average 

intercept 0  and group-dependent deviations jU0 , that is jj U000 = +    

                                   jhijhj

k

h

ij Uxlogit 0

1=

0=)( ++                                                       (6) 

where hijhj

k

h
x + 1=0  is the fixed part of the model and jU0  is the random part. The ij  is given 

as: 
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        Multilevel Analysis of Random Coefficient Models 

 In logistic regression analysis, linear models are constructed for the log-odds. The multilevel 

analogue random coefficient logistic regression is based on linear models for the log odds that 

include random effects for the groups or other higher level units. Consider explanatory variables 

which are potential explanations for the observed outcomes. The values of hX  (h=1,2,3,...,k) are 

indicated in the usual way by hijX , since some or all of these variables could be level one 

variables, the success probability is not necessarily the same for all individuals in a given 

group(region). Therefore, the success probability depends on the individual as well as the group, 

and is denoted by ij  . Now consider a model with group specific regression of logit of the 

success probability logit )( ij  on a single level -one explanatory variables X. 
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The term hijhj

k

h
xU 1=

 can be regarded as a random interaction between group and the explanatory 

variables. The deviation hjU  are assumed normal distribution with mean zero and variance 

covariance matrix   This model implies that the groups are characterized by two random 

effects: their intercepts and their slopes. It assumes that, for different groups the pairs of random 

effects ( 0U , hjU , h= 1,2,...,k) are independent and identically distributed. The random intercept 

variance, 2

00 =)( jUVar , the random slope variance , 2

11 =)( jUVar  and the covariance between 

the random effects, 2

0110 =),( jj UUCov  are called variance components (Snijders and Bosker, 

1999). 
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            Results 

The study included 417 patients with HIV/AIDS who experiences TB at least one time during 

the study time. As we have seen from the following Table 1, among the total HIV/TB co-infected 

patients 417, 54 (12.9%) of them are dead in study time. Of the total patients, 56.5 % were 

female and the rest 43.5% were males. From this result, we have seen that; most of the patients 

(68.1%) were from an urban area and the rest (31.9%) were from rural parts of our study area. 

The functional status of the patients was also summarized in this table. Accordingly, out of the 

total patients of HIV-TB co-infected, 10.3%, 22.7%, and 67% were bedridden, ambulatory, and 

working respectively. Depending on the WHO stage, most patients were found in the first stage 

of WHO which was 51.1% and the least percent of the patients were in the fourth stage of WHO 

which was 6.9%. Among the patients HIV/TB co-infected, most of them (95.9%) were treated by 
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using the first-line regimen, and the rest of the patients (4.1%) were treated by the second-line 

regimen. 

Moreover, we have seen from this table that, the mean age of the HIV-TB patients in this area 

was 35.92 with a standard deviation of 9.43 to be alive and the mean age of HIV/TB co-infected 

patients to be death were 48.87 years with a standard deviation of 6.96. The mean weight of 

death in HIV/TB co-infected patients was 44.32 kg with a standard deviation of 8.18 kg. The 

mean weight for alive of HIV/TB co-infected was 51.93. The mean of the body mass index for 

dead HIV/TB co-infected patients was 17.58 with a standard deviation of 2.199 were as for alive 

patients it was 19.34 with a standard deviation of 3.18. The mean of CD4 counts for patients 

alive and dead for HIV/TB co-infected were 198.78 and 76.66 respectively with their standard 

deviation of 186.3 and 91.16 respectively. 

           Table 1: Descriptive Statistics 

Variables Status chi-square 

 alive 

No(%) 

Death  

No(%) 

 

Sex 

Female 

Male 

 

 

205(56.5) 

158(43.5) 

 

30(55.5) 

24(44.5) 

0.315 

WHO 

WHO1 

WHO2 

WHO3 

WHO4 

 

179(51.1) 

97(27.7) 

50(14.3) 

24(6.9) 

 

5(9.3) 

8(14.8) 

15(27.8) 

26(48.1) 

0.000 

Functional status 

Bed driven 

Ambulatory  

Working 

 

39(10.7) 

81(22.3) 

243(67) 

 

30(55.5) 

15(27.8) 

9(16.7) 

0.000 

Nutritional status 

Under nutrition 

 

80(22) 

 

41(75.9) 

0.000 
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Normal 

Over nutrition 

224(61.7) 

59(16.3) 

11(20.4) 

2(3.7) 

Residence 

Urban 

Rural  

 

246(68.1) 

115(31.9) 

 

30(55.5) 

24(44.5) 

0.000 

Regimen 

First line 

Second line 

 

348(95.9) 

15(4.1) 

 

17(31.5) 

37(68.5) 

 

Age 

Mean+s.deviation 

 

35.92+9.43 

 

48.87+6.96 

0.000 

BMI 

Mean+s.deviation 

 

19.34+3.18 

 

17.58+2.199 

0.017 

CD4 

Mean+s.deviation 

 

198.78+186.3 

 

76.66+91.16 

0.396 

Weight 

Mean+s.deviation 

 

51.93+9.96 

 

44.32+8.18 

0.012 

 

The data set has a two-level hierarchical structure, with 417 TB-HIV patients nested within two 

residences (urban and rural). In this study, we examined determinants of TB-HIV co-infected 

patient mortality with respect to their residence. From Table 2 below, the result showed that 

there was a significant variation among the level two's (residence). From the results, the variance 

of the random factor was significant which indicates that there are residential differences in TB-

HIV co-infected mortality. Thus, multilevel analysis was appropriate to approach for further 

analysis. 

Table  2: Multilevel Logistic Regression Empty Model  

Model   Estimate S.E   Z-value   P-value  

Fixed Intercept(β0)   0.135 0.02 6.75 0.000* 

Random Intercept 

Var(U0j)=σ2
u0  

 0.02 

 

0.007 

 

 2.86  0.00222* 
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 σe
2

 

ICC 

  

0.094 

0.175 

  

0.008 

 Multilevel Logistic Regression Model Comparison 

From Table 3 below, the deviance-based chi-square with their p-values shows the three models 

(empty model, random intercept, and random slope multilevel model) are significant. From this 

Table, we have seen also the AIC values for each model. Accordingly, the multilevel random 

slope model has small (705.9) relative to the other model and shows that, it better fit our data. 

              Table 3: Deviance χ2 and AIC for each model 

Model    Deviance 

based χ2 

p-value AIC 

Multilevel Empty 

model 

 

 

149.45 

 

0.000* 

 

973.8 

 

Multilevel 

random intercept 

 128.3 0.000* 746.5 

 

Multilevel 

Random slope 

 197.02 0.00* 705.9 

 

From the result of the random coefficient (slope) multilevel logistic model presented in Table 4 

below, the death of adult TB-HIV co-infected who were treated by using the second-line regimen 

was 7.17 times more likely than that of treated by the first line. From this result, we have seen 

that the WHO clinical stage was also significantly associated with the death of HIV/TB co-

infected. Accordingly, the death of patients for the first and second stages of WHO was 91.2% 

and 67.7% less likely as compared with that of the fourth WHO stage. The other significant 

factor of HIV/TB co-infected was their functional status. The odds of ambulatory patients were 

0.535. This implies that the death of HIV/TB co-infected patients was 46.5% less likely as 

compared with the reference category which is bedridden. The death of adult HIV/TB patients 

for working groups was 59% less likely than that of bedridden. Depending on nutritional status, 

odds the death for patients of HIV/TB co-infected who’s their nutritional status was normal were 
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31.1% times less likely than those under nutritional status.  

 

The other significant factors of HIV/TB co-infected death were the age of the patients. For every 

unit change age, the log odds of death of patients were increased by 0.062. Again, for a one-unit 

increase in CD4 of the patients, the log odds of being dead were decreased by 0.934. Moreover, 

the body mass index of the patients was also significantly related to the death of the HIV/TB co-

infected patients. This implies that, for a unit increase in BMI of patients, the log odds of death 

were decreased by 1.04.  

From the output again, the random coefficient estimates for intercepts and the slopes vary 

significantly at a 5% significance level. The residence-wise intercepts and the slope (nutritional 

status) vary significantly. This shows that there was a significant variation in the effects of these 

explanatory variables across the residence. The variance of the interaction between the intercept 

and slopes of the explanatory variables is also significant. The negative sign for the correlation 

between intercepts and slopes implies that residence with lower intercepts tends to have on 

average higher slopes on the corresponding predictors. The covariance between the intercept and 

random slope of nutritional status was -0.0201. This implies that the adult HIV/TB co-infected 

patients' mortality whose functional status was normal was less than those under nutrition 

patients at the residence level. 

Table  4:  Multilevel Logistic Regression of Random Intercept  

 Fixed Effect  Coefficien

t  

 Odds ratio S.E  Z-value  P-value  

Constant       

Sex (ref=male)           

Female  -0.962       

-  

 0.382   0.781      -1.23     0.1097   

WHO (ref= WHO4)          

WHO1 -2.43    0.088 0.603      4.03 0.0003    

WHO2 -1.13    0.323 0.391 -2.89   0.002 

HHO3 1.011 2.75 0.994  1.02 0.1542    
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 fstatus 

(ref=bedridden) 

- - - -  

Ambulatory -0.626   0.535 0.072    -8.69 0.000  

Working -0.89   0.41 0.091     -9.78  0.000 

Nutrition(ref=under)      

Normal -0.372 0.689 0.071 -4.6 0.000 

Over 0.0735 1.08 0.045 1.63 0.0519 

Age 0.062 1.064 0.012 5.17 0.000 

Weight -0.037 0.964 0.0261 -1.42 0.0782 

BMI -1.04 0.353 0.391 -2.66 0.0041 

Regimen(ref=reg1)      

reg2 1.97 7.17 0.59 3.34 0.00046 

CD4 -0.934 0.393 0.172 -5.43 0.000 

Random Effect Estimate  S.E Z-value p-value 

Var(U_0j) 0.008   0.004  2.0 0.0231 

Var(U_5j)  0.010 

 

 0.003  3.33 0.00047 

Cov(U_0j,U_5j) 

Variance(Residual) 

Deviance-Based Chi-

Square 

 -0.0201 

0.0409 

104.4 

 0.0041 

0.004 

4.9 

10.23 

 

0.000 

0.000 

0.000 

 

            Discussion 

This study attempts to see the effect of nutritional status and other factors of HIV/TB co-infected 

mortality using the multilevel logistic regression analysis. In our study multilevel logistic 

regression was the best fitted model for our data. From this result we have seen that WHO 

clinical stages were significantly related to mortality among HIV/TB co-infected patients. 

Accordingly, the odds of mortality for the first and second WHO clinical stages were lower than 

that of the reference category (WHO clinical stage four). These results were consistent with the 
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study done by [5, 8, 15, and 31].   

In our study, the Functional status of HIV/TB co-infected patients following ART initiation was 

a significant predictor of patients’ death. According to our results, the odds of death among 

working patients and ambulatory patients was less than that of bedridden patients. This might be 

due to the fact that bedridden patients have been long in bed so that their clinical characteristics 

are deteriorating and the disease progression has been implicated here with low CD4 count. 

These results were similar to the previous study done by [1, 3, and 19]. This study also showed 

that patients with low CD4 have a high risk of mortality and as CD4 of patient’s increases; the 

log odds of mortality among HIV/TB co-infection were decreased. These ideas were supported 

by the study of [5, 9, and 21]. The odds of death among aged patients of HIV/TB co-infected 

increased and this result is consistent with the study [10, 22]. Similarly, this study showed that; 

the body mass index (BMI) has significant negative relationships with the mortality among 

HIV/TB co-infected patients. This implies that, as the BMI increased, the odds of mortality were 

decreased. This finding was similar to the findings of [4, 17, and 32].  

Moreover, HIV/TB co-infected patients who are their treatments were second-line regimen were 

more likely to die than that of first-line treatment regimen and this result was coinciding with the 

findings of [12]. From random coefficient multilevel logistic regression, the nutritional status 

was significantly associated with mortality among HIV/TB co-infected patients. Accordingly, 

patients were their nutritional status, were normal, and were less likely to die as compared with 

under nutritional status patients. This result also shows the effect of nutritional status on 

mortality among HIV/TB patients was significantly different in residential (rural or urban). So, 

poor nutritional status can contribute to poor adherence to both tuberculosis treatment and HIV 

antiretroviral therapy (ART). This finding was consistent with the findings of [11, 14, 16, 18, and 

20].              Conclusion  

The purpose of the study was to identify the determinants of HIV/TB co-infected patient 

mortality and to assess residential variations of pre-natal mortality in Fenote Selam hospital 

using multilevel logistic regression analysis. It was found that multilevel random coefficient 

model is better fits our data as compared to the empty (null) model and random Intercept model. 

From the result of the multilevel empty model, the variation of patient mortality was among 

higher levels (residence level) and the multilevel model was appropriate for our data. CD4, age 
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of patients, BMI, nutritional status, functional status, WHO clinical stages, regimen were 

significant variables as determinants of HIV/TB co-infected. From our data we have seen that the 

prevalence of HIV/TB co-infected mortality was 12.9%. 

The mortality among patients of HIV/TB co-infected was increased as the age of patients was 

increased which shows the age and mortality of HIV/TB co-infected were positively related. The 

mortality of patients was negatively related to CD4 counts and body mass index (BMI) of 

patients. As CD4 and BMI were increased, the mortality of HIV/TB co-infected was decreased. 

The odds of mortality for the first and second WHO clinical stages were lower than that of the 

reference category (WHO clinical stage four). The odds of death among HIV/TB co-infected 

working patients and ambulatory patients were less than that of bedridden patients. HIV/TB co-

patients whose treatments were second-line regimen were more likely died than that of the first-

line treatment regimen.  

The nutritional status was significantly associated with mortality among HIV/TB co-infected 

patients. A patient whose nutritional status was normal was less likely to die as compared with 

under nutritional status patients. The effect of nutritional status on mortality among HIV/TB 

patients was significantly different in residential (rural or urban). Poor nutritional status can 

contribute to poor adherence to both tuberculosis treatment and HIV antiretroviral therapy (ART) 

and in our study, patients from rural areas were experienced poor nutritional status and were 

more at risk of death than urban. 

 

 

Abbreviation 
AIC         Akaike Information Criterion  
AIDS     Acquired Immune Deficiency Syndrome 

ART       Anti-retroviral Treatment  

HIV        Human Immune Deficiency Virus 

SPSS       Statistical Package for Social Science 

TB          Tuberculosis   

UNAIDS United Nations HIV/AIDS 

UNICEF  United Nations Children's Fund 

WHO      World Health Organization. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 January 2022                   doi:10.20944/preprints202201.0165.v1

https://doi.org/10.20944/preprints202201.0165.v1


 
 
 
 
 

 

                            Declarations 

Acknowledgments 

The authors would like to thanks Fenote Selam General Hospital for providing us with all the 

relevant secondary data used in this study.  

  

Funding 

No funding was obtained for this study. 

 

Ethics approval and consent to participate  

This study has been done by individual and ethical approval and consent to participate is not 

applicable   

 

Authors’ contributions 

All activities on this paper were done by Berhanu Bekele.  

 

Availability of data and material  

All data supporting the study belongs to Fenote Selam General Hospital. The data is available 

upon request. 

 

Authors’ Information 

Statistics Department, Under Natural and Computational Science College, at Wolkite University. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 January 2022                   doi:10.20944/preprints202201.0165.v1

https://doi.org/10.20944/preprints202201.0165.v1


 
 
 
 
 

            Reference 

1. Abebe, N., et al. (2014). "Survival status of hiv positive adults on antiretroviral treatment in 

Debre Markos Referral Hospital, Northwest Ethiopia: retrospective cohort study." The Pan 

African Medical Journal 17. 

2. Aliyu, G.; El-Kamary, S.S.; Abimiku, A.; Blattner, W.; Charurat, M. Demography and the 

Dual Epidemics of Tuberculosis and HIV: Analysis of Cross-Sectional Data from Sub-

Saharan Africa. PLoS ONE 2018, 13, e0191387. [CrossRef] [PubMed]  

3. Amuron, B., et al. (2011). "Mortality in an antiretroviral therapy programme in Jinja, 

south-east Uganda: a prospective cohort study." AIDS research and therapy 8(1): 1-8. 

4. Anjali, Sh., et al (2015). Relationship between Body Mass Index and Mortality in HIV-

Infected HAART Users in the Women's Interagency HIV Study 

5. Ataro, Z., et al. (2018). "Magnitude and associated factors of diabetes mellitus and 

hypertension among adult HIV-positive individuals receiving highly active antiretroviral 

therapy at Jugal Hospital, Harar, Ethiopia." Hiv/aids (Auckland, NZ) 10: 181. 

6. Aturinde, A., et al. (2019). "Spatial analysis of HIV-TB co-clustering in Uganda." BMC 

infectious diseases 19(1): 1-10. 

7. Aung, Z. Z., et al. (2019). "Survival rate and mortality risk factors among TB–HIV co-

infected patients at an HIV-specialist hospital in Myanmar: A 12-year retrospective follow-

up study." International Journal of Infectious Diseases 80: 10-15. 

8. Aweke Abebaw.(2016). Prevalence and associated factors of TB/HIV co-infection among 

HIV Infected patients in Amhara region, Ethiopia 

9. Baheda, Z. (2015). Modeling Time-To-Death Of HIV Positive Patients Under Highly 

Active Antiretroviral Therapy: A Case Of Jimma University Specialized Hospital. 

10. Bello EJM, Correia AF, Marins JRP, Merchan-Hamann E, Kanzaki LIB. Predictors of 

virologic failure in HIV/AIDS patients treated with highly active antiretroviral therapy in 

Brasília, Brazil during 2002–2008. Drug Target Insights. 2011;5(DTI):S7527. 

doi:10.4137/DTI.S7527 

11. Biset AM. Mortality and its predictors among HIV infected patients taking antiretroviral 

treatment in Ethiopia: a systematic review. AIDS Res Treat. 2017;2017:5415298 PubMed 

PMID: 29214077; PubMed Central PMCID: PMCPMC5682904 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 January 2022                   doi:10.20944/preprints202201.0165.v1

https://doi.org/10.20944/preprints202201.0165.v1


 
 
 
 

12. Brinkhof, M. W., et al. (2009). "Mortality of HIV-infected patients starting antiretroviral 

therapy in sub-Saharan Africa: comparison with HIV-unrelated mortality." PLoS Med 6(4): 

e1000066. 

13. B Tesfaye, A Alebel, A Gebrie, A Zegeye, C Tesema, et al. (2018) The twin epidemics: 

Prevalence of TB/HIV co-infection and its associated factors in Ethiopia; A systematic 

review and meta-analysis. PLoS One 13: e0203986.  

14. Edson, W.,et al(2020). MolleEffect of tuberculosis infection on mortality of HIV-infected 

patients in Northern Tanzania 

15. Iliyasu Z, Babashani M: Prevalence and prediction of TB co-infection among HIV 

seropostitive patients attending Aminu Kano Teaching Hospital, Northern Nigeria. J. Epid. 

2009, 19: 81-87 PubMed, doi.org/10.2188/ iea.J20080026. 

16. Johannessen A, Naman E, Ngowi BJ, et al. Predictors of mortality in HIV infected patients 

starting antiretroviral therapy in a rural hospital in Tanzania. BMC Infect Dis. 2008;8:52. 

https://doi.org/10.1186/1471-2334-8-52. 

17. Kogieleum, N., et al. (2018). A retrospective cohort study of body mass index and survival 

in HIV infected patients with and without TB co-infection 

18. Liu E, Spiegelman D, Semu H, Hawkins C, Chalamilla G, Aveika A, Nyamsangia S, Mehta 

S, Mtasiwa D, Fawzi W. Nutritional Status and Mortality Among HIV-Infected Patients 

Receiving Antiretroviral Therapy in Tanzania. J Infect Dis. 2011;204(2):282–90 

https://doi.org/10.1093/infdis/ jir246. 

19. Mageda, K., et al. (2012). "High initial HIV/AIDS-Related mortality and-its predictors 

among patients on antiretroviral therapy in the kagera region of Tanzania: a five-year 

retrospective cohort study." AIDS Research and Treatment 2012. 

20. Munthali, T., Jacobs, C., Sitali, L., Dambe, R., and Michelo, C. (2015). Mortality and 

Morbidity Patterns in Under-five Children with Severe Acute Malnutrition (SAM) in 

Zambia: A Five-year Retrospective Review of Hospital-based Records (2009-2013). Arch 

Public Health 73, 23. 

21. Setegn,B., et al.(2021). Joint Modeling in Detecting Predictors of CD4 Cell Count and 

Status of Tuberculosis Among People Living with HIV/AIDS Under HAART at Felege 

Hiwot Teaching and Specialized Hospital, North-West Ethiopia 

22. Shamu, S.; Kuwanda, L.; Farirai, T.; Guloba, G.; Slabbert, J.; Nkhwashu, N. Study on 

Knowledge about Associated Factors of Tuberculosis (TB) and TB/HIV Co-Infection 

among Young Adults in Two Districts of South Africa. PLoS ONE 2019, 14, e0217836. 

[CrossRef] 

23. Sharma S, Mohan A, Kadhiravan T. HIV-TB co-infection: epidemiology, diagnosis & 

management. Indian J Med Res. 2005;121 (4):550–567 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 January 2022                   doi:10.20944/preprints202201.0165.v1

https://doi.org/10.20944/preprints202201.0165.v1


 
 
 
 

24. Snijders, T. A. B. and Roel J. Bosker (1999). An Introduction to Basic and Advanced 

Multilevel Modeling,First ed. Department of Statistics, University of Poone. 

25. UNAIDS Food and Nutrition Guidance Note, Geneva 2015. 

26. UNAIDS (2016). UNAIDS DATA 2016 

27. UNAIDS (2019). UNAIDS DATA 2019 

28. WHO. Global Tuberculosis Report 2018: World Health Organization; 2018. 

29. WHO (2019) TB and HIV and other co-morbidities.  

30. Wondimeneh Y, Muluye D and Belyhun Y: Prevalence of Pulmonary tuberculosis and 

immunological profile of HIV co-infected patients in Northwest Ethiopia. BMC Research 

Notes 2012 5:331, DOI:10.1186/1756-0500-5- 331. 

31. Yen. et al(2016). Association of Body Mass Index with Tuberculosis Mortality: A 

Population-Based Follow-Up Study 

 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 January 2022                   doi:10.20944/preprints202201.0165.v1

https://doi.org/10.20944/preprints202201.0165.v1

