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Background: Tuberculosis is one of the commonest coinfections and leading causes of death among people living with HIV in
resource-limited countries. There is limited evidence on the short- and long-term mortality rate in people receiving antiretroviral
therapy and coinfected by tuberculosis in sub-Saharan Africa, where the burden of coinfection is highest.
Purpose: This study aimed to compare mortality among HIV positives with and without tuberculosis coinfection receiving
antiretroviral therapy in Addis Ababa, Ethiopia.
Methods: HIV positives’ medical records were reviewed between 2011 to 2018 and identified 7038 HIV-positive adults enrolled for
antiretroviral therapy in Addis Ababa. The outcome of interest for this study was death. A parametric Gompertz regression model was
applied to compare mortality between HIV with tuberculosis coinfection versus HIV without tuberculosis.
Results: Overall, 1123 (15.96%, 95% CI: 15.11–16.83%) individuals with HIV had tuberculosis coinfection at antiretroviral therapy
enrollment. After adjusting for age, sex, education, marital status, cotrimoxazole therapy, body mass index, baseline CD4 cell count,
and year in ART enrollment, HIV positives with tuberculosis coinfection had more than twice a higher overall mortality risk than HIV
positives without tuberculosis coinfection (AHR: 2.53; 95% CI 1.63–3.91, p < 0.001).
Conclusion: This large retrospective cohort study reveals significantly higher mortality in HIV and tuberculosis coinfected group.
This suggests the need for enhanced utility of integrated HIVand tuberculosis health services in sub-Saharan Africa where tuberculosis
prevalence is highest.
Keywords: antiretroviral therapy, HIV, coinfections, death

Background
Tuberculosis (TB) is a preventable and treatable disease. Yet, it continues to claim millions of lives each year. In 2020, an
estimated 10 million people (127/100,000) were ill of TB, and 1.3 million TB deaths occurred among HIV-negative
people.1 About 8% of all incident cases of TB worldwide occur among people living with HIV (PLHIV), where Africa
stands the highest.1 TB is the leading cause of death in PLHIV, with an estimated 210,000 TB-related deaths in 2019.2

Ethiopia ranks among the high burden TB and TB+HIV coinfection with an estimated TB incidence of 132 (92–178) per
100,100, and HIV+TB incidence of 8.6 (6–12) per 100,000, and 2.2 (1.3–3.2) per 100,000 HIV associated TB deaths in
2020.3 According to the national SPECTRUM estimation the overall AIDS related death in Addis Ababa was 39.89
(29.61–53.69) per 100,000 in 2020.4
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TB and HIV have synergetic effects, where TB increases HIV replication and accelerates HIV progression.5 On the
other hand, HIV lowers the immunity against TB leading, to increased occurrence of active TB infection, reinfection, or
reactivation. HIV also increases the risk of recurrent TB due to the increased risk of reinfection.6,7 TB co-infected HIV
positives maintain high viral load compared with HIV positives without TB coinfection even after curing of TB.8,9 Some
of the associated risk factors that lead to the development of TB in PLHIV are compromised immunity (CD4<200 cell
count at enrollment), poor nutritional status, and lower body mass index (BMI), and bedridden conditions.10–12 In
response to the burden of these two intertwined infectious diseases, the World Health Organization (WHO) has been
promoting integrated TB and HIV interventions including; HIV testing, TB screening, isoniazid preventive therapy (IPT)
initiation, viral load testing, and antiretroviral therapy (ART).13 The three 95ʹs target set by UNAIDS also stipulates; 95%
of PLHIV, including those coinfected with HIV+TB, to know their HIV status, to put 95% of those who know their status
on ART and to achieve 95% viral suppression (viral load below 1000 copies) among those on ART.14 WHO identified 30
priority TB and TB+HIV burden countries including Ethiopia, where sub-Saharan Africa and Asia comprised 88% of the
global HIV+TB associated burden.1

Ethiopia is progressing towards HIV epidemic control to end AIDS by 2030. As part of this strategic move, the
country committed to achieving the new global 95-95-95 target of UNAIDS by 2025.15 However, there is limited recent
evidence of mortality among HIV positives receiving antiretroviral therapy with TB coinfection despite the high burden
of HIV-associated TB in Ethiopia. Most previous studies on HIV+TB coinfection mortality were conducted before ART
policy changes of “Test and Treat” and the scale-up of TB+HIV integrated services.10,16 Therefore, this retrospective
cohort study aimed to compare mortality among coinfected (HIV positives with TB) and HIV positives without TB
coinfection in a retrospective cohort study in Addis Ababa, Ethiopia.

Methods
Study Design and Population
A retrospective medical review of adults 15 years or older enrolled in ART care was conducted between 2011 to 2018 in 28
health facilities (11 hospitals and 17 health centers) in Addis Ababa. HIV positives with documented TB test results,
regardless of whether the TB results were positives or negatives were included. Among HIV+TB test results, 553 cases
(49.2%) were diagnosed clinically, 373 cases (33.3%) with Sputum Microscopy, and 197 cases (17.5%) were by Genexpert.

Addis Ababa, the capital city, constitutes one-fourth of the burden of PLHIV in Ethiopia. In 2020, 105,000 PLHIV
received ART in 123 (22 hospitals and 101 health centers).4 Comprehensive HIV care, treatment, and prevention services
including, HIV+TB integrated services, are provided following the national guidelines adopted from the WHO-2016
global guideline.17

The national guideline recommends immediate initiation of anti-TB treatment and co-trimoxazole preventive therapy
(CPT), followed by ART within the first eight weeks of treatment. HIV services provided at TB clinics includes,
counseling, HIV testing, education on HIV prevention, and CPT. The preferred first-line regimen for HIV+TB coinfected
people was TDF + 3TC + DTG (Dolutegravir) or TDF + 3TC + EFV (FDC, Fixed Dose Combination). WHO
recommends the dose of DTG to be increased by 50mg BID for HIV+TB coinfected people to reduce viral replication.18

In the study facilities, in accordance to the national guidelines, TB was clinically diagnosed among HIV positive
person if an individual presents with symptoms or signs consistent with TB including cough (any duration in HIV
positive), fever for more than 2 weeks, drenching night sweats, and unexplained weight loss (more than 1.5 kg in
a month). Additionally, further laboratory test could be done as appropriate and available. The diagnostic tests include
acid-fast bacilli (AFB) microscopy, GeneXpert, chest radiographs and fine needle aspirate.

Sample Size and Procedure
The sample size was determined using STATA11 software. The sample size for the exponential test was calculated using
inputs from the previous study: survival rate for HIV without TB coinfection of survival rate of p1 (0.972, survival rate
of p2 (0.83) HIV with TB coinfection, survival ratio (1.10),19 alpha of 5%, and 80% power were used. The proportion of
exposed group (HIV coinfected with TB) from the total sample increased from 9% in the previous study to 20% in our

https://doi.org/10.2147/HIV.S354436

DovePress

HIV/AIDS - Research and Palliative Care 2022:14144

Seyoum et al Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


study to increase the representation of coinfection in the total sample. Then, a minimum estimated sample size of 6076
(5063 HIV without TB coinfection, nonexposed and 1013 HIV with TB coinfection) was calculated and accounted for
15% missing data (missing data, n=911), which brings the total sample (n=6987) to meet the objective of the study. The
required sample size was proportionally allocated to each hospital and health center based on their client load in previous
months. Then, using the ART register as a sampling frame HIV positives were sampled after stratifying the medical
record by year of entry with the country policy of ART initiation: Strata 1: January 2011-December 2013 (ART treatment
initiated if CD4 count was below 200), Strata 2: January 2014- December 2014 (ART treatment initiated if CD4 count
was below 350), Strata 3: January 2015- December 2016 (ART treatment initiated if CD4 count below <500), and Strata
4: January 2017-December, 2018 (test and treat policy implemented). The sample was allocated proportionally to each
stratum. An electronic medical record was used to generate the random sample for each stratum. Finally, a total of 7192
samples from Addis Ababa health facilities were retrieved.

Data Collection Procedure
Data abstraction sheet prepared to extract relevant individual-level information from the medical records. Extracted data
includes a) sociodemographic information: age, sex, marital status, education b) HIV care information at enrollment
including date of confirmed HIV positivity, ART initiation date, and date outcomes occurred; c) HIV care at baseline and
follow-up, including CD4 cells/mL at baseline, at six months, and 12 months; WHO clinical staging; functional status;
hemoglobin; TB status at (baseline and during the follow-up period); and d) outcome variable of death. Six data abstractors
with a qualification of MPH, BSc. Nurse, data managers, and a supervisor (MPH) were trained for a week by the principal
investigator. The training topic includes the objective of the study, ART program procedures, how to abstract data ethically
from medical records, the data abstraction sheet, and the use of tablets for data capturing and uploading to the Research
Electronic Data Capture (REDCap) server. The data abstraction sheet was pretested in two centers and minor modifications
were made. Data abstraction was done using a preloaded data form on a tablet. Each HIV positives folder was accessed to
abstract the relevant information mentioned above. The study nurses abstracted the clinical and laboratory data from the
records. Extracted data were uploaded daily to the REDCap server after a quality check by the supervisor.

Data Analysis
Clinical variables were compared using the chi-square test for categorical variables and the Kruskal–Wallis or Wilcoxon
test for nonnormally distributed continuous variables, as appropriate. Statistical significance was set at p <0.05. The
cumulative TB incidence rate was calculated per 1000 populations at risk. The population at risk includes only those HIV
positives who were free of TB at ART initiation (HIV+Only).

The event of interest for this paper was death. Mortality is a death reported in the ART register and HIV
positives’ follow-up cards at health facilities. In this study, TB is defined as those with TB disease. Death from TB
among HIV-positive people is officially classified as deaths caused by HIV/AIDS in the International Classification
of Diseases.20 Mortality was compared between HIV with TB coinfection (coinfected group) and HIV without TB
coinfection (HIV+Only group). Date ART initiated and the last day of the study, transferred out, loss to follow-up,
and stopped treatment were used as a right-censor to calculate the time to death. Mortality rates were calculated per
100,000 person-time-months by coinfection status.

A parametric regression model was used to adjust for potential confounders. The parametric regression model is less
biased than the cox proportional model when the distribution of the parameter is known.21

Although the hazard ratio of the different models is approximately similar, the Akaike’s information criterion (AIC)
values reported for each model showed that parametric models had a better fit and were more powerful than Cox’s
regression model.22,23 AIC and the Log-likelihood test were used for regression model selection. The Gompertz
parametric regression model with the lowest AIC and highest Log-likelihood value was selected in the final analysis
(Supplementary Table 1). The Global test was used to check for Hazard proportionality for key covariates included in the
analysis and obtained a Global test of Prob>chi2=0.52.

The hazard ratio was adjusted for selected covariates: TB (coinfection versus without coinfection), sex, age at ART
initiation (15–29, 30–44, 45+), education (no education, primary, secondary, and tertiary), marital status, cotrimoxazole
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(taken versus not taken), BMI (<18, 18–25, >25), baseline CD4 cell count (<200 versus ≥200), and year of Strata (2011–
2013, 2014, 2015–2016, 2016–2018). To account for the clustering effect type of health facility (hospital versus health
center) was applied using the shared frailty model. To consider the influence of the potential covariates that might exist and
the assumption of homogeneity realistic, we introduced a random variable that accounts for the neglected covariates
(hidden heterogeneity or frailty covariates designated by theta) (Supplementary Table 2).

Multicollinearity was checked using Variance Inflation Factor (VIF) after stepwise linear regression and there was
a strong correlation between TB and WHO staging and functional status. We excluded functional status and WHO
staging from covariates because of the strong correlation with TB. Sensitivity analysis was carried out by excluding HIV
positives with CD4 cell count<50 where HIV+only group (n=511) and coinfected (n=263) observations were excluded
from the analysis (Supplementary Table 3).

Handling of Missing Data
At the analysis stage, the main exposure variable (TB documented status) had 2.14% missing information and was
excluded from the analysis based on the principle of complete case analysis. However, a background characteristics
check was made between the excluded variables versus those included for potential bias presence and did not find
significant important differences. Of the total records analyzed (N= 7038) on average 98% of selected covariate and
outcome variables were completed (Supplementary Table 4). We assumed the missing rate of 3% or less for the most
important covariates is inconsequential. Viral load and hemoglobin data were excluded from covariate because (>65%) of
the samples have missing values. The study was approved by the Institutional Review Board of the University of Gondar
and Armauer Hansen Research Institute (AHRI), Addis Ababa, Ethiopia and we affirm that all methods were performed
in accordance with the /relevant guidelines.

Result
Sociodemographic Characteristics
A total of 7192 adults 15 years and over age were included in the study. Of which, 154 (2.14%) were not tested for TB and
excluded from the analysis. Of the 7038 eligible adults, 1123 (15.96%, with 95%, CI:15.11–16.83%)) had HIV and TB
coinfection at ART enrollment (Figure 1). The median age of the study population was 35 years, and 59.46% were female.
The proportion of males 587 (52.46%, p=0.001) and never married 357 (33.40%, p<0.0001) was higher in the coinfected
group. The median follow-up time for the coinfected group was 3.3 years and 4.5 for HIV+Only group (Table 1).

Clinical Characteristics at ART Enrollment
HIV positives in the coinfected group had a lower median CD4 count of 96 (IQR, 49.5–183) at enrollment compared to
the median CD4 cell count of 199 (IQR, 109–310) in the HIV+Only group (p<0.05). Similarly, most (91.24%) of the
coinfected group were in WHO III or IV clinical stages, at ART initiation versus 30.26% in the HIV+Only group
(p=0.001). Regarding cotrimoxazole, 89.35% of the coinfected group and 73.68% of HIV+Only group received
cotrimoxazole at enrollment. The proportion of HIV positives who switched drug from First-line regimen to Second-
line regimen at 6, 12, and 60 months in coinfected group were 0.87% (n=9), 0.85% (n=7), 2.37% (n=9), respectively,
versus 0.66% (n=38), 9=0.87% (n=44), and 2.73 (n=69) respectively in the HIV+Only group (Table 2).

TB Incidence Rate
The overall TB incidence density was 2.65 per 1000 person-time-months (95% CI: 2.50–2.83). TB incidence density was
3.67 per 1000 person-time-months (95%: CI 3.41–3.95) in immune-compromised HIV positives with CD4 <200 compare to
1.37 per 1000 person -time-months (95%: CI 1.20–1.57) with HIV positives who had initiated CD4 cell count ≥200. Similarly,
the overall TB incidence density was higher in male sex 3.51 per 1000 person-time-months (95% CI:3.22–3.83) compare to
2.10 per 1000 person-time-months (95% CI: 1.92–2.30) in female sexes (data not shown). The equality Log rank test shows
that overall TB incidence was significantly high in immune-suppressed HIV positives with CD4 <200 and male HIV positives
with chi2 (3)=182.97 and Pr>chi2=0.001 (Figure 2).
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The Proportion of Death by Coinfection Status and Sex Distribution
During the entire follow-up time a total of 142 death occurred. The proportion of death at the 6, 12, and 60-month follow-up in
coinfected group were 2.85% [95% CI:2.0–4.0], 3.65% [95% CI:2.69–4.92], and 4.39% [95% CI: 3.33–5.73] respectively,
versus 0.71% [95% CI: 0.52–0.95%], 0.89%[95% CI: 0.68–1.17], and 1.38%[95% CI:1.12–1.72] respectively in HIV+Only
group, respectively. Proportion of death at six months was higher (3.24%, 95% CI:2.07–5.03%) in the male coinfected
subgroup than in female coinfected subgroup, (2.45%, 95% CI:1.4–4.1%, p-value=0.7036) (Supplementary Table 5).

Short and Long-Term Mortality Rates per 100,000 by Coinfection Status
The overall mortality rate in HIV-positive people enrolled on ART was 38.96 (95% CI: 33.0,45.9) per 100,000 person-
time-months. Mortality was higher 99.89 (95% CI: 75.7–131.7) per 100,000 person-time-months in the coinfected group
compared with 29.26 (95% CI: 23.8, 35.9) per 100,000, p= 0.0001) in HIV+Only group. In the coinfected group, 60% of
death occurred in the first three months compared to 39% in the HIV+Only group. In both coinfected and the HIV+Only
groups, mortality shows a declining trend as the follow-up period increases (Table 3).

Adjusted Hazard Ratios of Mortality
The adjusted hazard ratio showed that PLHIV who had coinfection with TB at enrollment were more likely to die than
those with HIV+Only group. HIV positives with TB coinfection had more than twice a higher overall mortality risk than
HIV positives without TB coinfection (AHR: 2.53; 95% CI:1.63–3.91, p<0.001). Mortality risk at 6, 12, and 60 months
after ART initiation, were higher in the coinfected group with an adjusted hazard ratio (AHR) of 3.03 (95% CI: 1.58–5.80
p<0.001), 3.20 (95% CI:1.83–5.61 p<0.001), and 2.83 (95% CI: 1.79–4.46, p<0.001) respectively (Table 4).

Figure 1 Selection procedure for the study population of adult HIV positives with and without TB coinfection enrolled on antiretroviral therapy at Addis Ababa from
September 2011 to December 2018, n=7038.
Abbreviations: TB, tuberculosis; ART, antiretroviral therapy.
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Discussion
We compared the mortality of HIV-infected individuals with and without the TB using a retrospective cohort study in
Addis Ababa, Ethiopia. Our finding revealed a significantly higher 99.89[75.7–131.7] per 100,000 overall mortality in
HIV+TB coinfected group compared to 29.26[23.8–35.9] per 100,000 in HIV positives without TB group. Mortality was
three times higher in the coinfected group in the first year of the follow-up period at 6 and 12 months.

Table 1 Baseline Characteristics of HIV Positives Individuals Enrolled for ART Care Between 2011 and 2018 in Addis
Ababa, Stratified by Tuberculosis Coinfection Status, n=7038

Characteristics n (%) of Participants

HIV+Only (n=5915) HIV+TB Coinfection (n=1123, 15.96%)

aSex, n=7032

Male 2264(38.29) 587(52.46)

Female 3649(61.71) 532(47.49)

Age group, n=7038

Median age (IQR) 35(29–41) 35(30–41)

15–29 1608(27.19) 255(22.68)

30–44 3143(53.14) 657(58.48)

45≥ 1164(19.68) 211(18.84)

aMarital status, n=6650

Never married 1312(23.51) 357(33.40)

Married 2650(47.48) 397(37.17)

Divorced/Separated 1048(18.78) 227(21.25)

Widowed 571(10.23) 88(8.15)

Education, n=6623

No education 873(15.68) 178(16.86)

Primary 1848(33.20) 380(35.96)

Secondary 1982(35.60) 381(36.05)

Tertiary 864(15.52) 117(11.10)

Person-time-in months 1356297.25 50211.48

Median follow up time: (years)
IQR

4.5(2–6.6) 3.3(0.91–6.25)

Year (n=7038)

2011–2015 3304(55.86) 588(52.36)

2016–2018 2611(44.14) 535(47.64)

Facility type, n=7038

Hospital 4144(70.06) 807(71.86)

Health center 1771(29.94) 316(28.14)

Notes: aP-value <0.05, HIV+Only=without TB coinfection, HIV+TB coinfection= HIV positives coinfected with TB.
Abbreviations: TB, tuberculosis; ART, antiretroviral therapy.
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Early mortality in the coinfected group may be due to delayed TB diagnoses in HIV positives, nearly 50% of the TB
cases were diagnosed clinically after developing signs and symptoms. Early ART initiation significantly reduces all-cause
mortality in HIV-positive with TB.24 In this study, three fourth of the coinfected HIV positives-initiated ART with CD4
less than 200 cell count and one-fourth of the TB coinfection had CD4 cell count less than 50 at enrollment, 75% of the
coinfected group were at an advanced stage of AIDS as opposed to 30% in those without TB coinfection, and 91% of
them were at clinical stage (III or IV). WHO defines advanced stage AIDS disease when CD4 cell count is below 200 cell
counts.18 The fact that 31% of HIV positives in the coinfected group were bedridden at enrollment in our study may
explain the higher early mortality in coinfected HIV positives. Being bedridden at enrollment is a risk factor for higher
mortality in TB+HIV people on ART.25 In this study a significant proportion of HIV+TB people were underweight (36%
<18 BMI). Poor nutritional status and lower BMI is risk factors for mortality in HIV positives.26 The overall high

Table 2 Baseline Clinical and Health Factors of HIV Positives Initiating ART by Coinfection Status in Addis Ababa, Ethiopia
(September 2011 to December 2018), n=7038

Characteristics n (%) of Participants P-value

HIV+Only, n=5915 HIV+TB Coinfection, n=1123

CD4 cell count/mm, (n= 6429) 0.0001

Median (IQR) 199(109–310) 96(49.5–183)

<200 2711(50.24) 804(77.83)

≥200 2685 (49.76) 229(22.17)

WHO staging (n=7011) 0.0001

I & II 4109 (69.74) 98(8.76)

III & IV 1783(30.26) 1021(91.24)

Functional status (n=6924) 0.0001

Bedridden 540(9.27) 344(31.39)

Ambulatory 141(2.42) 132(12.04)

Working 5147(88.32) 620(56.57)

Hemoglobin (median) 13(12–14.6) 12(10.4–13.5) 0.0001

Median BMI 21.3(18.8–24.4) 19(17.2–22.0) 0.0001

<18 953(17.30) 370(36.9)

18–25 3343(60.68) 507(50.6)

>25 1213(22.02) 125(12.48)

Cotrimoxazole, n=7032 0.0001

Yes 4344(73.68) 998(89.35)

No 1671(23.83) 119(10.65)

On 2nd line Regimen at

6 months 38(0.66) 9(0.87) 0.9229

12 months 44(0.87) 7(0.85) 0.9798

At 60 months 69(2.73) 9(2.37)

Notes: HIV+Only=without TB coinfection, HIV+TB coinfection= HIV patients coinfected with TB.
Abbreviations: IQR, interquartile range; WHO, World Health Organization; ART, antiretroviral therapy.
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mortality rate in the coinfected group may be due to TB treatment, as concurrent TB treatment is associated with
virologic failure.27 WHO recommended the increase of dose in Rifampicin (RF) by 50 with Dolutegravir (DTG) in order
to reduce the viral load in HIV+TB coinfected people after TB treatments.13 The appropriate implementation of the
WHO recommendation is warranted to reduce virological failure in HIV+TB coinfected people in the long-term ART
provision in TB+HIV integrated services.

The high early mortality rate observed at 6 and 12 months in the coinfected group in our study is consistent with other
studies in Ethiopia and elsewhere.7,16,28 Our finding of the overall mortality rate for the HIV+TB coinfected group was
higher than the WHO global estimates of mortality rate, 2.2 (1.3–3.2) per 100,000 in HIV+TB coinfection for Ethiopia.3

Ethiopia targeted to reduce AIDS-related mortality to 6 per 100,000 at the national level and 24 per 100,000 for Addis
Ababa by the end of 2025.4 As more than half of the deaths in this study are contributed by HIV+TB coinfected group
and among advanced stage of AIDS diseases in HIV positives without TB group, a slow pace of reduction in mortality in
the coinfected group could negatively affect the HIV mortality targets of Ethiopia in general and Addis Ababa in
particular.

A similar finding was reported from a large national study in Tanzania, where 40% higher overall mortality was found
in coinfected individuals,28 and also in Myanmar, India, and England.7,19,25 We found a lower overall mortality rate in
HIV+TB coinfection compared with a previous study in Addis Ababa conducted in 2012. Some of the explanations for
the difference can be the timing of the study and improved ART interventions. Death among HIV+TB has reduced since
2010.1 The scale-up of IPT has increased survival among HIV+TB.29 Ethiopia has adopted and scaled up the use of IPT
as part of HIV+TB integrated services.18 The GenExpert TB diagnosis technology has increased early diagnosis of TB in
HIV positives and increased survival in HIV+TB coinfection.30 Ethiopia adopted and scaled up GenExpert diagnosis
technology since 2014.31

To our best knowledge, this study is among the few studies that compared mortality between HIV+TB coinfection
and HIV without TB coinfection groups in large sample sizes, multicenter sites, account for CD4 initiation policy
changes, and accounting for setting heterogeneity using the shared frailty model. We believe that our study findings

Figure 2 TB incidence in HIV positives enrolled in ART care between 2011–2018, Addis Ababa, Ethiopia, total person-time-month at risk population= 373,564. At risk, the
population includes only those HIV positives without tuberculosis at antiretroviral therapy enrolment.
Abbreviations: TB, tuberculosis; ART, antiretroviral therapy.
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Table 3 Mortality per 100,000 Person-Time-Months in Adult’s HIV Positives Enrolled in ART Care by Coinfection Status in Addis
Ababa, Between September 2011 to December 2018, n=7038

Outcomes Coinfection Status Months on ART Person-Time-Months Deaths Death Rate per 100,000
(95% CI)

Mortality: Primary Outcome HIV+Only (0 6] 33737.7 42 124.49(92.0,168.4)

(6 12] 31467.3 11 34.96(19.3,63.1)

(12 24] 57745.6 15 25.98(15.6,43.0)

(24 36] 49252.7 7 14.21(6.7,29.8)

(36 48] 41918.6 4 9.54(3.5,25.4)

(48 60] 35669.6 3 8.41(2.7,26.0)

>60 64612.4 10 15.48(8.3,28.7)

HIV+Only Overall 314404.1 92 29.26(23.8,35.9)

Coinfection (0 6] 6054.3 32 528.5(373.7,747.4)

(6 12] 5223.5 9 172.3(89.6,331.1)

(12 24] 9131.5 4 43.8(16.4,116.7)

(24 36] 7728.5 1 12.94(1.8,91.8)

(36 48] 6492.1 2 30.81 (7.7,123.1)

(48 60] 5329.3 1 18.76(2.6,133.2)

>60 10096.6 1 9.90(1.4,70.3)

Coinfection Overall 50056.1 50 99.89(75.7,131.7)

Overall Mortality 364460.3 142 38.96(33.0,45.9)

Notes: HIV+Only=without TB coinfection; HIV+TB coinfection= HIV positives coinfected with TB.
Abbreviations: ART, antiretroviral therapy; TB, tuberculosis.

Table 4 Adjusted and Unadjusted Hazard Ratio of Outcomes in Coinfection with Use of Parametric Gompertz Regression Model, in
Addis Ababa, Ethiopia, (September 2011 to December 2018)

Outcome Crude Hazard Ratio bAdjusted Hazard Ratio

Haz. Ratio
[95% CI]

Standard Error p-value Haz. Ratio
[95% CI]

Standard Error p-value

Primary outcome: Mortality

At 6 months 4.11(2.59–6.51) 0.965 <0.001 3.03(1.58–5.80) 1.006 <0.001

At 12 months 4.27(2.84–6.42) 0.889 <0.001 3.20(1.83–5.61 0.915 <0.001

At 60 months 3.52(2.47–5.01) 0.636 <0.001 2.83(1.79–4.46) 0.659 <0.001

Overall death 3.27(2.32–4.62) 0.575 <0.001 2.53(1.63–3.91) 0.561 <0.001

Notes: bThe model was adjusted for age, sex, marital status, education, cotrimoxazole, baseline CD4 cell count, strata (year antiretroviral enrollment), and clustered for
facility type (hospital versus health center).
Abbreviation: BMI, body mass index.
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provide recent evidence on TB mortality rates on ART between HIV+TB coinfection and without TB coinfection groups
for Addis Ababa.

Strengthen and Limitation
To mention a few limitations of the study, there might be a differential misclassification bias because of missing
diagnosis of TB among HIV positives with advanced stage of diseases. The differential misclassification may affect the
result in the under-estimation of mortality in coinfected groups. The misclassification bias does not alter the direction
of our finding. However, the magnitude of mortality in the coinfected group may be slightly greater than the one
estimated in this study. This highlights the importance of early TB diagnosis using the Lipoarabinomannan (LAM)
urine test in advanced stage AIDS diseases at the health facilities as recommended by WHO. Urine LAM testing is
beneficial among HIV positives with functional impairment, elevated inflammatory markers, or greater
immunosuppression.32

Though the interpretation of this finding needs to consider the above-mentioned limitation, the mortality rate obtained
from this study can reasonably be used to estimate Addis Ababa mortality rate at a population level for both HIV+TB
coinfection and without TB coinfection by adjusting for the underdiagnosis of TB among advanced stage of AIDS in the
HIV+Only group.

Conclusions
This large retrospective cohort study reveals significantly higher mortality in HIV and TB coinfected groups. This
suggests the need for the enhanced utility of integrated HIV and TB health services in sub-Saharan Africa where TB
prevalence is highest.

Abbreviation
ART, Antiretroviral Therapy; PLHIV, People Living with HIV; WHO, World Health Organization; IQR, Inter-quartile
Range; CI, Confidence Interval; TB, tuberculosis.
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