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Abstract 

Introduction: Mortality among HIV-infected individuals in sub-Saharan Africa, the 

region most affected by the HIV epidemic, has declined remarkably since the rapid 

scale-up of antiretroviral therapy (ART). Despite encouraging trends, an unacceptably 

high number of people in this region continue to die from HIV disease, accounting for 

nearly 70% of all HIV deaths globally. Although a substantial number of these deaths 

could be averted by further expansion of ART coverage, high rates of mortality for those 

initiated on treatment threaten the success of large-scale ART coverage. A knowledge of 

the predicators of death among individuals on ART could lead to targeted interventions, 

thus reducing excess mortality. In this study, we investigated a cohort of HIV-infected 

individuals on ART in the Coping with HIV/AIDS in Tanzania (CHAT) to describe 

which predictors are associated with the outcome of death. 

Methods: The Coping with HIV/AIDS in Tanzania (CHAT) study was an observational 

cohort study conducted between 2008 and 2012. A cohort of HIV-infected individuals on 

ART are analyzed by Kaplan-Meier models to estimate mortality and Cox proportional 

hazards to identify predictors of mortality.   

Results: There were 24 deaths in 1348 person-years of follow-up.  This overall mortality 

provides an incidence density of 1.8 deaths per 100 person-years. In bivariate analysis, 

the factors associated with mortality were male gender, secondary or higher education, 

and pre-ART CD4 count below 100 cells per milliliter. No such associations were found 

for age, marital status, asset score, underweight status, SF-8 physical health functioning, 
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depressive symptoms, and perceived stigma. In multivariable analysis, significant 

predictors of mortality were gender, secondary or higher education, and pre-ART CD4 

below 100 cells per milliliter.  

Conclusion: A low mortality rate was detected among this cohort of HIV-infected 

individuals on ART in Tanzania. The low mortality likely is secondary to prolonged 

ART exposures at the time of enrollment. These results provide an encouraging picture 

of outcomes of individuals engaged in care in a low resource setting. 
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1. Introduction  

Mortality among people living with HIV (PLWHIV) in sub-Saharan Africa (SSA), 

the region most affected by the HIV epidemic, has declined remarkably since the rapid 

scale-up of antiretroviral therapy (ART) [1]. In this region, ART coverage has increased 

from below 1% in the early 2000s to 54% by 2016, reaching a total of 11 million people 

[2]. During the same period, HIV-related deaths in the region fell by nearly 40%.  

Despite these encouraging trends, an unacceptably high number of people in this region 

continue to die from HIV disease, accounting for nearly 70% of all HIV deaths globally. 

Although a substantial number of these deaths could be averted by further expansion of 

ART coverage, high rates of mortality among individuals on ART threaten the success of 

large-scale ART coverage.   

1.1 Predictors of HIV Mortality 

It well known that patients on ART in SSA have a higher mortality in 

comparison to those in developed countries, particularly within the first year of 

treatment [3], [4]. This difference in mortality likely occurs because patients in SSA tend 

to have more advanced HIV disease at the time of ART initiation than patients in 

developed countries [5], [6]. Expectedly, patient-level determinants indicative of 

advanced HIV at the time of ART initiation such as low body mass index, advanced 

World Health Organization (WHO) clinical stage, and CD4 count below 200 cells per 

milliliter are consistently associated with an increased risk of death among those on ART 
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[7]–[10]. These findings have highlighted the need for earlier diagnosis and initiation of 

ART.  

Although multiple studies have evaluated and found a strong association 

between mortality and advanced HIV among PLWHIV initiating ART, few studies have 

evaluated the impact of factors outside of this domain. An understanding of all factors 

associated with poor outcomes among PLWHIV on ART enables appropriate targeting 

of interventions. Targeted interventions could lead to improvements in quality of care 

and reduction of excess mortality. 

1.2 Study Aims  

In this thesis, we investigate a cohort of individuals on ART in the Coping with 

HIV/AIDS in Tanzania (CHAT) [11]–[17]. The CHAT study was a prospective cohort 

study with the aim of conceptualizing HIV health outcomes as a result of a complex 

interplay of predisposing factors. In this analysis, we aim to describe which predictors 

are associated with the outcome of death among HIV-infected individuals on ART. 
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2. Methods  

2.1 Setting 

The Coping with HIV/AIDS in Tanzania (CHAT) Study was an observational 

cohort study designed to examine the relationships between psychosocial characteristics, 

HIV medication adherence, and health outcomes among HIV-infected individuals in 

Tanzania. Between November 2008 and October 2009, the study recruited 1197 HIV-

participants to form five distinct cohorts: individuals with established infection 

receiving care at a referral hospital (n=228); individuals with established infection 

receiving care at a public hospital (n=271); individuals newly diagnosed with HIV at 

voluntary counseling and testing (VCT) sites (n=267); individuals testing HIV-negative 

at a VCT site (n=182); and a random sample of adults from the surrounding community 

(n=249). The analyses in this thesis were restricted to individuals with established HIV 

infection on ART at the time of enrollment.   

2.2 Recruitment Procedures  

The cohort of individuals with an established HIV infection was recruited from 

Care and Treatment Clinic (CTC) associated with Kilimanjaro Christian Medical Center 

(KCMC) and Mawenzi Regional Hospital. Any patient 18-65 years old and residing in 

Moshi Urban and Hai district of the Kilimanjaro region with plans to stay in the region 

for the foreseeable future was eligible for enrollment. Participants were selected by a 

random time point system with the probability of selection proportional to the expected 
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number of patients in a given time interval. The selected minutes for each day were 

distributed to clinic nurses and programmed into alarms placed at the nursing triage 

station. After an alarm went off, the next patient in line for triage was screened for 

eligibility and consented if eligible and willing to participate in the study.  

2.3 Measures 

Participants completed in-person interviews every six months for 3.5 years, 

resulting in eight rounds of interviews. All interviews were conducted in Swahili. 

Participants self-reported demographic information at baseline including age, gender, 

highest level of education attained, marital status, and household assets. Depressive 

symptoms were measured using the Patient Health Questionnaire (PHQ-9), a nine-item 

questionnaire validated in African populations with a possible range of 0-27 with higher 

scores indicating greater depressive severity [18], [19]. Overall health-related physical 

functioning was assessed every 6 months with the Short Form (SF)-8, a validated 

shortened version of the SF-36 [20], [21]. Perceived stigma was measured using a 12-item 

scale validated in South Africa [22]. 

HIV-infected participants completed a clinical exam every six month and self-

reported utilization and adherence to HIV regimens and HIV-related symptoms.  If 

possible, self-reported data were complemented with data from pharmacy records and 

clinic charts.  CD4 counts were obtained through abstraction from medical records. Viral 

loads were collected at rounds 1, 3, 5, and 7. In this study, virologic failure is defined as 

viral load above 1000 copies per mL for an individual taking ART for at least 6 months.  
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In the event of death, interviewers surveyed designated family and friends of the 

deceased participant where consent was previously obtained.  A detailed survey was 

completed by the interviewer utilizing information from the informant and information 

abstracted from medical charts at affiliated clinics if available.  

2.4 Analysis 

Data analysis was performed using STATA version 15.0 (StataCorp, College 

Station, TX).  Participant’s characteristics are described using medians with their 

quartiles for continuous variables and frequencies for categorical variables. Baseline 

patient characteristics were compared for males and females using a t test or χ2 test. 

Days of follow-up were calculated between the date of enrollment and the date 

of death or censoring. Participants were right censored at the time of their last follow-up 

interview. Kaplan-Meier models were used to estimate survival after enrollment. Cox 

proportional hazards models were used to determine the relationship between 

independent predictor variables and mortality. Independent predictors variables with a 

p value of less than 0.25 in were entered into a multivariate model. The final model 

included all variables with a p value less than 0.05. 
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3. Results 

3.1 Characteristics of Patients  

Table 1 summarizes participant baseline characteristics. Of the 403 participants, 

126 (31.3%) were male and the median age was 41 years (IQR: 36-48). Clinically, 94 

participants (23.6%) had a history of a WHO stage 4 condition and the median first 

recorded CD4 count after HIV diagnosis was 148 (IQR: 60-235) cells per mL (Table 2). At 

the time of enrollment, 288 participants (71.5%) were on ART for at least 1 year and the 

median duration of ART exposure was 703 days (IQR 306-1187). The proportion of 

participants achieving virologic suppression was above 90% for three of the four rounds 

in which viral loads were collected.  

3.2 Follow-up   

There were 24 deaths in 1348 person-years of follow-up. Ninety-seven percent of 

individuals were present for the final interview of the study and the mean follow-up 

time was 3.36 years. This overall mortality rate provides an incidence density of 1.8 

deaths per 100 person-years. Figure 1 displays the survival pattern of the cohort. 

3.3 Predictors of Mortality 

In bivariate analysis, predictors of mortality were male gender, receiving 

treatment at a public hospital, and attainment of secondary or higher education. No such 

associations were found for age, marital status, asset score, BMI, ART adherence, first 

CD4 count after HIV diagnosis., SF-8 physical scale, depression, perceived stigma, or 
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duration of ART. In multivariable analysis, significant predictors of mortality were male 

gender, receiving treatment at a public hospital, and attainment of secondary or higher 

education. 
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Table 1: Baseline demographic characteristics 

Baseline Characteristics   
Full Cohort 

 (n=403) 

Female  

(n=277) 

Male 

(n=126) 

P 

Value 

     

Age (continuous), median [IQR] 42 [36-48] 41 [36-47] 43 [36-49] 0.056 

Age (categorical), n [%]    0.086 

<30 35 [4.7] 17 [6.1] 2 [1.6]  

30-44 230 [57.1] 160 [57.8] 70 [55.6]  

>45 154 [38.2] 100 [36.1] 54 [42.9]  

Treatment Location, n [%]    0.712 

Referral Hospital CTC 196 [48.6] 133 [48.0] 63 [50]  

Public Hospital CTC 207 [51.4] 144 [52.0] 63 [50]  

Education, n [%]    0.007 

Primary or less 313 [78.8] 227 [82.5] 86 [70.5]  

Secondary or higher  84 [21.2] 48 [17.5] 36 [29.5]  

Marital Status, n [%]    0.000 

Married or Cohabitating 149 [37.5] 74 [26.9] 75 [61.5]  

Divorced 81 [20.4] 63 [22.9] 18 [14.8]  

Widowed 108 [27.2] 91 [33.1] 17 [13.9]  

Never Married  59 [14.8] 47 [17.1] 12 [9.8]  

Household Asset Score*, n [%]    0.054 

0 186 [47.0] 138 [50.2] 48 [39.7]  

1-3 210 [53.0] 137 [49.8] 73 [60.3]  

*Possible household assets included access to running water, television, and/or flush 

toilet. 
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Table 2: Summary of Clinical Parameters 

Clinical Parameters* 
Full Cohort 

 (n=403) 

Female  

(n=277) 

Male  

(n=126) 

P Value 

BMI, n [%] 
 

  0.260 

>18.5  351 [11.8] 245 [89.4] 106 [85.5]  

<18.5 (Underweight) 47 [88.2] 29 [10.6] 18 [14.5]  

First CD4 count after 

diagnosis (cells/mm3), 

median (IQR) 

148 [60-235] 156 [65-265] 131 [53-209] 0.014 

First CD4 count after 

diagnosis (cells/mm3), n, (%) 

 
  0.205 

>100 258 [64.0] 183 [66.1] 75 [59.5]  

<100 145 [36.0] 94 [33.9] 51 [40.5]  

ART Adherence**, n [%] 
 

  0.920 

Adherent 352 [91.7] 245 [91.8] 107 [91.5]  

Non-adherent 32 [8.3] 22 [8.2] 10 [8.6]  

WHO Stage, n [%]     

Stage 1-3 304 [76.4] 210 [76.6] 94 [75.8]  

Stage 4 94 [23.6] 64 [23.4] 30 [24.2]  

SF-8 physical functioning 

(range: 0–100), median (IQR) 

54 [43-57] 54 [43-55] 54 [45-55] 0.183 

Depressive Symptoms***, n 

[%] 

 
  0.885 

None or mild  358 [88.8] 249 [90.5] 109 [90.1]  

Moderate or severe 38 [9.4] 26 [9.5] 12 [9.9]  

Stigma perceived, (0-12); 

median (IQR),  

7 [3-10] 7 [2-10] 7 [3-10] 0.178 

Duration of ART, days, n [%] 
703 [306-

1187] 

719 [330-

1211] 

672 [330-

1141] 

0.165 

Duration of ART at 

enrollment, n [%] 

   0.150 

<1 year 115 [28.5] 73 [26.3] 42 [33.3]  

>1 year 288 [71.5] 204 [73.7] 84 [66.7]  

*All clinical parameters, except first CD4 count and virologic failure, are from either 

round 1 interviews or the first clinical visit interview. The first CD4 count was chart 

abstracted. 

**A subject was adherent if they reported never missing a dose of ART. 

***Depressive symptoms are measured using the Patient Health Questionnaire (PHQ-9). 
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Table 3: Virologic Failure among HIV-infected individuals on ART in Tanzania 

Characteristic Full Cohort Female Male P Value 

Round 1, n [%]    0.009 

Suppressed 322 [88.5] 232 [91.3] 90 [82.8]  

Not suppressed* 42 [11.5] 22 [8.7] 20 [18.2]  

Round 3, n [%]    0.972 

Suppressed 326 [94.2] 227 [94.2] 99 [94.3]  

Not suppressed 20 [5.8] 14 [5.8] 6 [5.7]  

Round 5, n [%]    0.318 

Suppressed 321 [91.5] 231 [92.4] 90 [89.1]  

Not suppressed 30 [8.5] 19 [7.6] 11 [10.9]  

Round 7, n [%]    0.111 

Suppressed 325 [95.2] 233 [95.5] 92 [91.1]  

Not suppressed 20 [5.8] 11 [4.5] 9 [8.9]  

* Viral load not suppressed is defined as viral load above 1000 copies per mL for an 

individual taking ART for at least 6 months.  

 

Figure 1: Kaplan-Meier survival curve for HIV-infected individuals on ART in Tanzania 
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Table 4: Bivariate Analysis – Hazard ratios of mortality among HIV-infected individuals 

on ART in Tanzania 

Predictor Variables Unadjusted HR [95% CI] P value 

Age (years) 1.00 [0.96-1.06] 0.764 

Gender   

Female 1.00  

Male 3.18 [1.41-7.16] 0.005 

Treatment Location   

Referral Hospital CTC 1.00  

Public Hospital CTC 2.92 [1.16-7.37] 0.023 

Education   

Primary or less 1.00  

Secondary or higher  4.09 [1.83-9.11] 0.001 

Marital Status   

Married or cohabitating 1.00  

Never married 1.88 [0.70-5.00] 0.695 

Widowed 0.68 [0.20-2.25] 0.528 

Divorced 1.88 [0.70-5.00] 0.208 

Asset Score   

0 1.00  

1-3 2.08 [0.86-5.05] 0.106 

BMI    

>=18.5 1.00  

<18.5 (Underweight) 1.48 [0.51-4.32] 0.476 

ART Adherence     

Adherent 1.00  

Non-adherent 1.11 [0.26-4.75] 0.888 

First CD4 count (cells/mm3) after diagnosis   

>= 100 1.00  

< 100  1.83 [0.82-4.08] 0.138 

WHO Stage   

Stage 1-3 1.00  

Stage 4 0.85 [0.32-2.28] 0.745 

SF-8 physical functioning (range: 0–100) 1.00 [0.95-1.05] 0.981 

Depressive Symptoms   

None or mild  1.00  

Moderate or severe 2.07 [0.70-6.08] 0.187 

Stigma perceived, (0-12), median (IQR) 0.93 [0.84-1.03] 0.181 

Duration of ART at enrollment   

<1 year 1.00  

>1 year 0.96 [0.40-2.32] 0.930 
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Table 5: Multivariate Analysis – Hazard ratios of mortality among HIV-infected 

individuals on ART in Tanzania 

Predictor Variables Adjusted HR [95% CI] P value 

Gender   

Female 1.00  

Male 2.57 [1.11-5.90] 0.026 

Education, n (%)   

Primary or less 1.00  

Secondary or higher  4.34 [1.89-9.95] 0.001 

Treatment Location   

Referral Hospital CTC 1.00  

Public Hospital CTC 3.73 [1.46-9.51] 0.020 

 

 

 

 

Figure 2: CD4 trends from the time of ART initiation 
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4. Discussion 

4.1 General 

In this study, we reported the mortality outcomes for a cohort of 403 HIV-

infected individual on ART.  There were 24 deaths in 1348 years of prospective follow-

up, providing an incidence density of 1.8 deaths per 100 person-years. In multivariate 

analysis, male gender, receiving treatment at a public hospital, and attainment of 

secondary or higher education were significant predictors of deaths.  

The overall mortality rate in this cohort is low in comparison to other studies 

previously reported in Tanzania or other countries in SSA [9], [23]. One explanation for 

this low mortality rate is that the majority of subjects in this cohort had prolonged 

exposure to ART at the time of enrollment. At the time of enrollment, 288 (71.5%) of 

patients were on ART for at least 1 year and the median exposure to ART was 703 days. 

Various studies in SSA have shown that mortality is highest during the first year of 

therapy with the majority of deaths occurring in the first few months. In addition, some 

studies indicate that mortality rates among treatment experienced individuals can 

approach that of HIV-negative individuals in the setting of immune recovery and 

continuous viral suppression [24], [25]. This cohort had remarkable immune recovery 

from the time of ART initiation (Figure 2) and achieved high levels of virologic 

suppression during the duration of the study (Table 3).  

Patients receiving care at a CTC in a public hospital were found to have a higher 

risk of death in comparison to those receiving care at a CTC in a referral hospital. It is 
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difficult to know which specific facility-level characteristics influenced the risk of death 

at these two CTCs. Prior studies indicate facility-level characteristics such as availability 

of supplies, turnaround time of lab results, staffing characteristics, and hours of 

operation can influence HIV behaviors such as entry and engagement in care [26], [27]. 

Delayed care entry and poor care engagement are associated with increased mortality 

[5], [28]. Further research to identify modifiable facility-level characteristics that 

influence HIV behaviors among PLWHIV could lead to further optimization of HIV 

care.   

In this study, male gender was found to be a significant predictor of death. In 

addition, men had had poorer immune recovery (Figure 2) albeit comparable levels of 

virologic suppression in comparison to women (Table 3). This gender difference in 

mortality is consistent with several other studies in SSA which have revealed higher 

mortality among men on ART in comparison to women. Gender differences in disease 

stage at diagnosis and ART initiation, ART adherence, and health seeking behaviors are 

reasons often given for this mortality difference [29]–[31]. In addition, biological 

differences between men and women may shape immunologic and virologic response to 

ART and mortality risk [31].  

In contrast to other studies in SSA, secondary education was found to be a 

significant predictor of mortality in this study. In most studies in SSA, low education 

attainment is associated with poorer HIV outcomes [10], [28]. Patients with secondary or 
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higher educations have been found to have lower odds of advanced HIV at the time of 

diagnosis. The reasons for the discrepant finding in this study are unclear.  

Several studies in sub-Saharan Africa have shown that patients starting 

treatment with CD4 cell count below 100 or 200 cells/mm3 are at significantly increased 

risk of death [5]. In this analysis, the first CD4 count was not significantly associated 

with mortality despite a median first CD4 count of 148. This result is consistent with 

some studies which show the influence of advance immunosuppression on mortality 

decreases over time among PLWHIV on ART [32], [33]. Expectedly, other predictors 

associated with advance immunosuppression such as BMI less than 18.5 and history of 

WHO Stage IV condition did not have a significant association with mortality in this 

cohort.  

4.2 Strengths and Limitations  

The main strength of this study is the low rate of loss to follow-up. Loss to 

follow-up is an issue common in many similar studies [34]. Substantial loss to follow-up 

limits accurate estimation of deaths. In this study, nearly 97% of individuals were 

present for the final round of interviews. Another strength of this study is the 

prospective assessment of viral loads. Viral loads are not typically reported in many 

studies in sub-Saharan. This study revealed encouragingly low rates of virologic failure 

which is consistent with the low mortality. One limitation of this study is the low 

number of deaths events, which limited the stability of multivariable models [35]. Lastly, 

the results of this study should be interpreted with caution given the prolonged 
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exposure of the cohort ART at the time of enrollment. With increased exposure time to 

ART, the influence of predictor variables associated with increased risk of mortality 

among PLWHIV on ART may decrease.  

5. Conclusion 

Mortalities rates in this cohort of HIV-infected individuals on ART in Tanzania 

were low in comparison to similar studies in sub-Saharan Africa. The low mortality 

likely is secondary to prolonged ART exposures at the time of enrollment.  Despite the 

limitations of this study, these results provide an encouraging picture of outcomes of 

individuals engaged in care in a low resource setting.   Further optimization of care 

could be achieved by understanding which interventions could lead to improved 

outcome among high risk groups such as men. In addition, this study highlights the 

need to understand the facility-level factor that affect outcome.  
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