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Background: Although the goal of ART is to have better health, extend the life of the HIV-infected patient, and decrease HIV-related 
death, there is a continuation of HIV-related mortality with the use of ART. This study aimed to assess the incidence of mortality and 
its predictors among adult HIV/AIDS patients who were on ART follow-up at Wolaita Sodo Comprehensive specialized hospital in 
southern Ethiopia.
Methods: A retrospective follow-up study was conducted from May 1 to June 30, 2021 among adult HIV/AIDS patients with a total 
of 441 adult HIV/AIDS patients in this hospital included. Kaplan–Meier failure curve and Log rank test were fitted, and Cox- 
proportional hazards model was also used to identify the predictors of mortality. Both crude and adjusted hazard ratios (AHR) with 
their 95% confidence interval (CI) were calculated to show the strength of association. The proportional assumption was conducted by 
using a global test based on the Schoenfeld residuals.
Results: Incidence of the mortality rate was 5.61 (95% CI, 4.2–7.3) per 100 person-years observation. In the multivariable analysis, 
HIV/AIDS patients were widowed (aHR; 10.9 (95% CI, 3.13–37.99), poorly drug-adhered (aHR; 5.6 (95% CI, 2.4–13.2) and fair 
adhered (aHR; 3.53 (95% CI, 1.58–7.87), WHO clinical stage IV (aHR; 5.91, (95% CI, 1.41–24.71), history of substance use (aHR; 
2.02 (95% CI, 1.01–4.06) and history of IV drug use (aHR; 2.26 (95% CI, 1.10–4.74) independently predicted the mortality of 
patients.
Conclusion: In this study, incidence of mortality was relatively high. The rate of mortality may be minimized by paying particular 
attention to individuals with widowing, substance use at the baseline, advanced clinical stage IV, history of IV drug use at the baseline, 
and those with adherence problems.
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Background
Human immunodeficiency virus continues to be an important public health problem. Death from HIV/AIDS is highly 
affecting the health of people and development-related problems in many countries around the world. It has taken more 
than 38.0 million lives so far and 32.7 million people have died of HIV cases worldwide after the start of outbreaks.1 

According to the 2020 UNAIDS report, the number of adult new HIV infections increased tremendously up to 62% 
globally.2

According to the World Health Organization report, about 25.6 million people were infected with HIV in Africa, 
accounting for two-thirds of new infections globally in 2016.3 In sub-Saharan African countries, it has been a threatening 
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health issue for more than the last 20 years.4 Ethiopia is one of the sub-Saharan African countries and nearly one million 
people are living with HIV, and more than 114,000 people died due to AIDS. As a result, many parents died of AIDS and 
many children became orphans, increasing the incidence of HIV-related death rates, which indirectly affects a country’s 
growth and development.4,5

Meanwhile, scale-up of early ART accesses and treatment in the last few decades and specially from 2010 onwards, 
nearly 12.1 million AIDS related mortalities were minimized through the escalating ART treatment rolled out by the 
program.6,7 Thus, in 2019, there was a decrement of 39% AIDS related mortality since 2010 and approximately 690,000 
deaths happened worldwide.7–9

The primary goal of ART is the betterment of health, extending the life of the HIV-infected patients, and lowering 
HIV death. However, there is a continuation of HIV related mortality with the use of ART.10 Although a number of 
countries at a national level were working on track to achieve the 90-90-90 target by 2020, there is still 31% and 39% of 
unmet need for ART coverage and viral load suppression respectively in late 2017.11 Although a recent and institutional- 
based survey indicated several individuals were living with HIV, the estimated prevalence of HIV/AIDS in Sodo town 
was more than 0.84% in the last few years which is significant and the town was one of list high burden (geographical 
prioritized) among 100 districts in Ethiopia.9,12 Wolaita Sodo town is unique because of its seven main gets that cross 
Sodo town from other towns such as Hawassa and many mega projects including (GIII and IV) and NGO workers cross 
so as it is a destination for many Ethiopians and is collectively known as a town of diversity. Many studies were done in 
many parts of Ethiopia to come up with time to death and the predictors of mortality in the age group greater than 15 
years among people living with HIV/AIDS who were on ART follow-up. Despite the estimated average death rate of 
HIV/AIDS among patients on following and treatment for ART was ranging from 8.5 to 12% during late 2016, more than 
half of the mortality happened in the first twelve months of treatment.13

Different studies were conducted to predict the death of HIV/AIDS patients who were on follow-up. Some studies 
suggested that ART patients who began follow-up with lower CD4 count were mostly predicted death of patients.9,13,14 

However, the predictors of survival of HIV/AIDS-infected patients who were on ART follow-up were not identified in 
our study area so far. Hence, this study was designed to investigate and summarize the incidence of mortality and its 
predictors among adult HIV infected adults who were on ART follow-up in Wolaita Sodo Comprehensive specialized 
hospital in Southern Ethiopia.

Methods and Materials
Study Design and Setting
A retrospective follow up study was conducted in Wolaita Sodo comprehensive specialized hospital from May 1 to 
June 30, 2021 in Wolaita zone, Sodo town. It is found in Southern part of Ethiopia, located 380 Km away from Addis 
Ababa, the capital city of Ethiopia & 158 km from Hawassa city which is the administrative city of SNNPRS. In zonal 
level, Wolaita Sodo Comprehensive specialized hospital is the only public hospital giving service for greater than 
three million people in different outpatient and inpatient subdivisions with the depiction of different near districts and 
regions. The hospital was accepted as a clinic in Sodo town, Ottona village, in 1928 by missionaries and lived as 
a district general and secured referral hospital status on September 2013 G.C. The hospital has a total of 1563 ART 
follow up patients.12,15

Study Population
All adult HIV/AIDS patients who started ART in WSUCSH were the target population and all adult HIV/AIDS patients 
who started ART in Wolaita Sodo comprehensive specialized hospital from the year 2015–2020 G C was the source 
population but those all selected adult HIV/AIDS patients who started ART during the study period was this study 
population. All adults aged having HIV/AIDS who started ART and were on follow-up at the ART clinic during the study 
period at Wolaita Sodo Comprehensive specialized hospital were included in this study. But, patients with incomplete 
records and transferred in from other facilities were excluded from the study.
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Sample Size and Sampling Technique
The sample size was calculated based on the double population formula by Epi info version 7.2.3.1 considering the 
following assumptions: 95% CI, power 80%, the ratio of unexposed to expose was 2:1, the anticipated proportion of 
mortality rate among patients with WHO clinical stage I and II (unexposed) was 3.5% and anticipated proportion of 
mortality rate among patient WHO clinical stage III and IV was 11.6%.16 Then, the final sample size after the adding of 
10% of contingency for incompleteness; therefore, the sample size of WHO clinical stage I and II (unexposed group) was 
294 and for WHO clinical stages III and IV (exposed group) was 147; which gives a final study population of 441.

After evaluation of all electronic records of patients who initiated ART in facility, those who fulfilled the inclusion 
criteria were selected and put in Excel spreadsheets by using a special ART code to prepare the sampling frame. To 
select study subjects, a simple random sampling (SRS) technique was used to select 441 records using computer- 
generated random number table. Finally, the selected especial ART numbers were helped to dig out data from the 
electronic sheet.

Data Collection Tools and Procedures
Data collection format was prepared in English version by reviewing from the national ART intake and follow-up forms 
and different similarly literatures.9,10,13,16 Socio demographic data (marital status, sex, age, occupation, residence, and 
educational status), baseline data, and laboratory data were collected by reviewing pre-ART registers (like socio- 
demographic data), ART intake forms, laboratory requests, individual patient’s folder and monthly follow-up charts by 
experienced data collectors and daily activities of data collection team evaluated by principal investigators. The most 
recent laboratory test before initiation of ART was used as a baseline data. If there was no pretreatment laboratory test, 
results obtained within two months of ART start were used as baseline. If two results were obtained within a month, their 
mean was used. Death from all AIDS related causes was collected by reviewing patients’ medical records of hospital or 
registrations and individual folders through the medical record numbers reported by trained data collectors. Data was 
collected by three trained data collectors who were having a diploma in nursing and one supervisor who held BSc in 
public health, who was trained on comprehensive HIV care and who has experience in the ART clinic were recruited.

Data Quality Managements
Pretest was done with 5% of study sample size of patient chart in Bale Primary Hospital to check data collection tools for 
necessary modification. The data collectors and the supervisor were trained on the data collection procedures for two 
days. The prober was a head substantially undertaken. All finalized data collection forms were examined for complete-
ness and clarity before and during data management, storage, and analysis.

Definition and Operationalization of the Variable
Survival /Alive: No experience of any recorded death during ART follow up.14 Death: Any death recorded as HIV/AIDS- 
related, including deaths because of opportunistic infections, secondary to delayed ART start and inappropriate intake of 
both ART regimen and prophylactic antibiotics.14 Transferred out: A client who is transferred to another health facility 
for care after the start of treatment and follow up.14 Lost to follow-up: HIV/AIDS Patients who had not been seen at ART 
care and treatment center for ≥1.17 Censored: right censoring, are these cases like alive, transferred out, and lost to 
follow-up patients at the end of follow-up and coded as zero.17 Event: death; primary outcome variable and time variable 
is the time to occurrence of death measured from the date of initiation of ART to date event happen and coded as one.17 

Incidence mortality rate: occurrence of death/outcome after initiation of ART. Survival time: the number of days from the 
date of enrollment of a patient in the HIV-care till one of the events death.17 Person time: a total time at risk that all 
participants contributed to study.17,18 Bedridden: Inability to attain self-care in daily living, ambulatory; clients able to 
perform activities of daily living and working; clients who are able to perform usual work in or out of the house.14 

History of IV drug use: patients who admitted to inpatient and used IV medication for any illness within the first 2 
months of follow-up after initiation of ART.
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Data Process and Analysis
Data was entered into Epi-data software version 4.7.1.2 for clean and check for coding errors, control of missing values, 
and inconsistencies before exporting to STATA software version 14 for analysis. Descriptive analyses of the continuous 
and categorical data summarize socio-demographic data; baseline and laboratory data during follow-up were made. 
Patients were counted as a censor, if lost to follow-up, if transferred to another health facility, or if alive at the end of 
follow-up. The survival time was calculated in months and then changed to years using the time between the date of 
treatment initiation and the date of the event (death) or date of censoring. The outcome of each patient was dialectic into 
censor or dead. Kaplan–Meier failure curve together with Log rank test was fitted to compare failure curves between the 
different categories of explanatory variables. Mortality rate with respect to person-time at risk was calculated.19

Proportional hazard assumption was tested graphically and a global test based on Schoenfeld residuals of the global 
test at the level of p=0.05 was conducted. Multicollinearity regression coefficient based was checked by the help of 
variance inflation factor based on value of VIF <10 that updates no collinearity among independent predictors.20 Variable 
was checked for significant level at P< 0.2 in the bivariate analysis and selection for multivariable Cox-regression 
analysis to identify the independent predictors of mortality was done. Associated variable was tested at 95% of CI and 
summarized by using AHR and any variable with p< 0.05 in the final model was taken as statistically significant. 
Adequacy of the model was checked by Nelson–Aalen cumulative hazard function against Cox–Snell residual.19,20 

Result was presented in a table, figure, and graph.

Ethical Considerations
Ethical approval was obtained from the institutional review board (IRB) of the ethical review committee of the College of 
Health Sciences and Medicine of Wolaita Sodo University with Ref no of CRCSD95/02/13 E.C. Permission letter to conduct 
the study was obtained from Wolaita Sodo Comprehensive Specialized Hospital with Ref no. WSUCSH/270/2013 E.C. 
Confidentiality of information was maintained through avoiding any personal identifiers such as a name of patients on the 
questionnaires during data collection. All methods were carried out in accordance with the principles of the Declaration of 
Helsinki. Informed consent from the subjects and or legal guardians was not sought as the study was fully retrospective review 
of the chart. Wolaita Sodo University IRB waived the informant consent with the Ref no of CRCSD95/02/13 E.C. Finally, 
recorded data was kept safely by locking it in the locker and key of the locker was accessed only by principal investigator.

Results
Socio-Demographic Characteristics of Patients
A total of 441 adult HIV-positive individual records were reviewed with the median age (IQR) of the respondents was 32 
(28–40) years. From the total study participants, more than half (59.86%) were females and nearly two-thirds, 62.36%, of 
the patients lived in urban areas. About 28.34% were housewives and 38.32% were married. More than half (59.41%) of 
the participants were Protestant in religion and about 42.86% had primary education (Table 1).

Baseline Clinical and Laboratory Characteristics of Patients
Of the study participants, a mean weight (±SD) during ART start was 54.05±12.27kg. Around half of the patients 
(45.8%) had CD4 count rate ≤200 cells/μL; majority, 74.37%, had unimpaired functional status and greater than one-half 
of the patients (65.71%) were WHO clinical stage I and II in our study. Our results found from the study participants, 70 
(15.87%) had a history of substance use and among them alcohol intake was commonly used 64 (91.42%); but only 22 
(3.142%) used both chat and alcohol. Our results found the majority 361 (81.85%) of them had no TB comorbidity at the 
time of ART initiation, but 99 (22.44%) patients showed opportunistic infection at the time of enrolment. Our results 
revealed that greater than three-fourths of the study participants, 366 (82.99%), used a drug regimen of 1e combination 
(TDF-3TC-EFV) and 346(78.46%) patients disclosed their HIV status while 304 (68.93%) patients had a history of use 
of isoniazid at start of ART drugs. Great amount of patients, 315 (71.43%) initiated ART with no history of intravenous 
drug use and more than half, 226 (51.24%) had normal range of platelet count rate in their blood cells during the start of 
ART. Two thirds, 281 (63.7%), had a normal range of blood Creatinine level during the start of ART (Table 2).
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Incidence of Death
A total of 441 patients were followed for a minimum of 1 month and a maximum of 71 with mean survival duration of 
follow-up was 25.66 months (95% CI, 1.09–23.51). In an investigation covering period, 53 (12.02%) with (95% CI, 

Table 1 Socio-Demographic Characteristics of the Study Participants of Adult HIV Patients on ART at Wolaita Sodo 
Comprehensive Specialized Hospital, Southern Ethiopia, 2021

Variables Category Censored (N=388) Death (N=53) PYO IDR/100

Sex Male 146(82.49) 31(20.18) 385 8.05

Female 242(91.67) 22(8.33) 558.16 3.94

Age 15–24 59 (93.65) 4(6.35) 150.2 2.66

25–34 172(88.66) 22(11.34) 400.9 5.48

35–44 97(87.39) 14(12.61) 227.7 6.14

45+ 60(82.19) 13(6.25) 164.3 7.91

Occupation Housewife 135(93.75) 9(17.60) 321.5 2.79

Daily laborer 103(82.40) 22(17.60) 254 8.64

Farmer 28(87.50) 4(12.5) 68.9 5.80

Government employee 61(87.14) 9(12.86) 138.8 6.48

Merchant 49(87.50) 7(12.50) 107.8 6.49

Student 12(85.71) 2(14.29) 51.6 3.87

Educational status No formal education 37(92.50) 3(7.50) 76.1 3.94

Primary 152(80.42) 37(19.58) 387.9 9.53

Secondary 137(95.13%) 7(4.87%) 347.8 2.01

Tertiary 62(91.18) 6(8.82) 131.3 4.56

Marital status Never married 90(90.00) 10(10.00) 211 4.73

Married 156(92.31) 13(7.69) 408.5 3.18

Separated 32(78.05) 9(21.95) 83.1 10.83

Widowed 29(74.36) 10(25.64) 59.2 16.87

Divorced 81(88.04) 11(11.96) 181.3 6.06

Religion Orthodox 141(90.97) 14(9.03) 325.9 4.29

Muslim 18(94.74) 1(5.26) 75.5 1.32

Protestant 224(85.50) 38(14.50) 529.7 7.17

Other** 5(100) 0 11.9 0

Residence Urban 238(86.55) 37(13.45) 613.6 6.03

Rural 90(90.36) 16(9.64) 329.6 4.85

Total 388(88.98%) 53(12.02%) 943.2 5.61

Note: **Catholic Adventist. 
Abbreviation: PYO, Person year of observation.
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Table 2 Baseline Clinical and Laboratory Characteristics of the Study Participants of Adult HIV/AIDS Patients Receiving ART at 
Wolaita Sodo Comprehensive Specialized Hospital, Southern Ethiopia, 2021

Variable Category Censored (N=388) Death (N=53) PYO IDR/100

Baseline weight (kg) <40 51(85.00) 9(15.00) 114.1 7.88

40.1–50 95(80.15) 23(19.49) 219.4 10.48

50.1–60 137(91.33) 13(8.67) 333.4 3.89

>60 105(92.92) 8(7.08) 276.3 2.89

CD4 count (cells/μL) ≤200 163(80.69) 39(19.31) 404.3 9.64

200–350 125(94.70) 7(5.30) 263.2 2.65

>350 72(93.46) 7(6.54) 275.6 2.53

Functional status Working 309(94.21) 19(5.79) 754.8 2.51

Ambulatory 62(77.50) 18(22.50) 142 12.67

Bedridden 17(51.52) 16(48.48) 46.3 34.53

WHO stage I and II 267(90.02) 14(4.94) 655.7 2.13

III and IV 121(75.63) 39(24.34) 287.5 13.56

Substance use Yes 42 (60.00) 28(40.00) 109.2 25.64

No 346(93.26) 25(6.74) 834 2.99

Alcohol use (n=70) Yes 37(57.81) 27(42.19) 92.7 29.11

No 5(83.33) 1(16.67) 16.4 6.09

Cigarette smoke (n=70) Yes 3(75.00) 1(25.00) 4.6 2.18

No 39(59.09) 27(40.00) 104.6 25.64

Chat use (n=70) Yes 16(61.54) 10(38.46) 56.7 17.64

No 25(59.09) 18(40.91) 52.5 34.28

Presence of Opportunistic infection Yes 69(69.70) 30(30.30) 138 21.73

No 319(93.27) 23(6.73) 705.2 2.85

Body mass index (BMI) Under weight 211(85.77) 35(14.23) 495.92 7.05

Normal 137(88.96) 17(11.04) 316.58 5.03

Over weight 40(97.56) 1(2.44) 130.66 0.76

Disclosure status Yes 309(89.31) 37(10.69) 719 5.14

No 79(83.16) 16(16.84) 205 7.80

History of TB at start Yes 59(73.75) 21(26.25) 103.6 20.27

No 319(91.14) 32(8.86) 839.6 3.81

Drug regimen (*) 1a+1c+1d+1f 12(75.00) 4(25.00) 47.1 8.49

1e 323(88.25) 43(9.75) 873 4.92

1j 53(89.83) 6(10.17) 23.1 25.99

(Continued)
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9.28–15.41) patients died, 249 (56.46%) are alive and continuing their treatment in the health facility, 59 (13.38%) were 
lossed to follow-up and 80 (18.14%) were transferred to other facilities.

The cumulative proportion of survival at the end followed was 81.93% (95% CI, 76.38–8.63) (Figure 1). The 
cumulative proportion of survival at the end 6, 12, 24, 36 and 48 months were 92.2%, 90.64%, 87.09%, 85.58% and 
83.66% respectively. Among patients who died during investigation covering period, 32 (60.37%), 5 (9.43%), 8 
(15.09%), 3 (5.6%), 3 (5.6%) and 2 (2.77%) died during first 6 month, 6–12 month, 13–24month, 25–36month, 37–48 
month and 49–60 months of follow up periods respectively and 31 (58.49%) of death happened among male patients.

The total risk time of the total participants was 943.2 person-years with an incidence of 5.61 (95% CI, 4.29–7.35) per 
100 person-years of observation. Among the died patients during ART follow-up, 39 (73.58%) patients were WHO stage 
III and VI that gives a total risk time of 287.5 person-years with an incidence of 13.56 (95% of CI, 9.91–18.56) per 
100 person-years of observation and the rest 14 (26.41%) with total death during follow up were WHO I and II that yield 
a total risk time of 655.7 person-years with an incidence of 2.13 (95% of CI, 1.26–3.60) per 100 person-years of 
observation. The graph showed that the survival time of STAGE III and IV is less than WHO stages I and II (Figure 2). 
At the end of 6, 12, 24, and 72 months of follow-up, the probability of survival among STAGE III and IV were 84.67%, 
82%, 73.27%, and 62.12% and the probability of survival among STAGE I and II were 96.47%, 95.49%, 94.89% and 
93.01% respectively.

Table 2 (Continued). 

Variable Category Censored (N=388) Death (N=53) PYO IDR/100

Drug adherence Poor 15(51.72) 14(48.28) 49.8 28.09

Fair 43(75.44) 14(24.56) 101.3 13.81

Good 330(92.96) 25(7.04) 792 3.15

History of use of INH Yes 279(91.78) 25(8.22) 650 3.84

No 109(79.56) 28(20.44) 293.2 9.55

Hemoglobin level (gm/dL) Severe anemia 4(57.14) 3(42.86) 6.5 46.15

Moderate anemia 26(55.32) 21(44.68) 54.5 38.53

Mild anemia 127(88.81) 16(11.19) 350.1 4.57

No anemia 231(94.67) 13(5.33) 532.1 2.44

History of intravenous drug use Yes 91(72.22) 35(27.78) 215.5 16.24

No 297(94.29) 18(5.71) 727.7 2.47

Blood Creatinine level (Mg/dl) Low 105(82.03) 23(17.97) 279.3 8.23

Normal 254(90.39) 27(9.61) 590.2 4.57

Raised 29(90.62) 3(9.38) 73.6 4.07

T-CD4 lymphocyte (CD4%) ≤25% 307(86.48) 48(13.52) 7739.2 6.66

> 25% 81(94.18) 5(5.81) 204.0 2.48

Platelets count rate (per McL of blood) <150,000 125(75.30) 41(24.70) 333.3 12.3

150,000–450,000 216(95.58) 10(4.42) 500.5 1.99

>450,000 47(95.92) 2(4.08) 109.3 1.82

Total 388(87.98%) 53(12.02%) 943.2 5.61

Notes: *(1a=D4T-3TC-NVP; 1c=AZT-3TC-NVP; 1d=AZT-3TC-EFV; 1e=TDF-3TC-EFV; 1f=TDF+3TC+NVP; 1j= TDF + 3TC+ DTG). 
Abbreviations: PYO, Person Years Of Observation; IDR, Incidence Death Rate.
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Comparison of the Survival Probability
From the Log rank test, there was a significant difference between sex (P=0.01), baseline functional status (p=0.001), 
baseline WHO stage (P=0.00), history of substance use (P<0.001), baseline drug adherence (p<0.001), baseline OI 
(p<0.0001), presence of Tuberculosis at baseline (p<0.001), history of use of ionized prophylaxis use at baseline 

Figure 2 KM survival estimate for WHO stage among adult HIV patients receiving ART at WSUCSH, Southern Ethiopia, 2021.

Figure 1 Overall survival probability of HIV/ADIS patients who started antiretroviral therapy at WSUCSH, Southern Ethiopia, 2021.
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(p=0.002), and history of intravenous drug use at baseline (p=0.001). From the Kaplan–Meier survival estimate, being 
female, the last known WHO stage III/IV (Figure 2), ambulatory and bedridden functional status, fair and poor drug 
adherence, having a history of substance use, having OI at baseline, having Tuberculosis at baseline, having a history of 
use of ionized prophylaxis use at baseline (p=0.002) and having a history of intravenous drug use at baseline had lower 
survival rate/were at higher risk of death (Table 3).

Proportional Hazard Assumption and Model Fitness
The p-value of the Schoenfeld residual test was insignificant (p>0.05) and there was no evidence for violation of the null- 
hypothesis. Global test of proportionality of hazards derived from Schoenfeld residuals of significant variables was not 
significant (df = 14.10, ch2 = 11, p = 0.2278) that shows the model was fit. The model fitness was checked by plotting 
Nelson-Aalen cumulative hazard with Cox-Snell residual and the Cox-Snell residual is almost in line with the Nelson- 
Aalen cumulative hazard (the hazard function follows the 45° line very closely showing the model was fit) (Figure 3).

Table 3 Baseline Characteristics and Probability of Survival During 6-Year of Follow-Up (Kaplan-Meier Method) of Adult 
HIV/AIDS Patients Receiving ART at Wolaita Sodo Comprehensive Specialized Hospital, Southern Ethiopia, 2021

Variables Mean Survival Time in  
Months (95% CI)

Log-Rank,X2 Log Rank P-value

Sex Male 57.19 (52.89–61.49) 6.64 0.01

Female 64.44 (61.80–67.07)

Residence Urban 60.55(57.44–63.65) 1.42 0.232

Rural 62.51(58.56–66.45)

Functional status Working 66.44(64.45–68.43) 71.13 <0.001

Ambulatory 52.17(44.67–59.68)

Bedridden 28.16(19.81–36.22)

Substance use Yes 36.91(28.93–44.89) 75.58 <0.001

No 65.59(63.52–67.63)

WHO stage I and II 67.03(65.00–69.05) 40.74 0.001

III and IV 50.95(45.65–56.24)

Presence of OIs Yes 44.80(37.25–52.35) 51.54 <0.0001

No 65.64(63.53–67.74)

Presence of Tuberculosis Yes 41.57(34.10–49.05) 28.27 <0.001

No 64.14(61.88–66.40)

Drug adherence Poor 35.39(23.00–47.78) 2.07 <0.001

Fair 48.83(40.82–56.84)

Good 65.22(63.04–67.40)

History of isoniazid use Yes 64.29(61.75–66.80) 14.34 0.002

No 55.02(49.84–60.20)

History of intravenous drug use Yes 48.04(41.79–53.30) 48.22 <0.001

No 66.35(64.27–68.43)
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Predictors of Mortality
Assessment of the proportional hazard assumption although the graphical (-ln (-ln) survival probabilities that parallel to 
each other and statistically scaled Schoenfeld residual global test for which was non-significant; (p>0.05) for each 
covariate indicated that the proportional hazard assumption was not violated and it indicated supporting proportional 
hazard modeling. Multi-collinearity regression coefficient based mean VIF was 1.37 which is a less <10 cutoff point that 
updates no collinearity among independent predictors and no variable dropped in case of collinearity.

To select independent predictors of mortality, multivariate regression was done for all predictors that recorded as 
significantly associated in the bivariate analysis at p<0.2. Based on the bivariate analysis of Cox survival regression 
model, sex of the patient, marital status, CD4 count, body mass index (BMI), functional status, CLINICAL stage, 
substance use, opportunistic infection, disclosure status, TB comorbidity, drug adherence, history of use of isoniazid, 
anemia, history of intravenous drug use, creatinine level and platelets count rate were associated with mortality of the 
patient and selected for multivariate analysis but only marital status, WHO clinical stage, substance use, history of 
intravenous drug use and drug adherence were found to be strong predictors of mortality in the multivariate analysis.

The hazard of death among widowed patients was 10.9 times higher than other marital status with a confidence 
interval of 95% (CI, 3.13–37.99), the hazard of death among poorly drug-adhered patients was 5.61 (95% CI, 2.4–13.2) 
times higher and faired adhered was 3.53 (95% CI, 1.58–7.87) times higher when compared to good drug adhered 
patients. The hazard of death was 5.91 times (95% CI, 1.41–24.71) higher in patients with WHO clinical stage IV disease 
compared to the rest STAGES. The hazard of death among history of substance use was 2.02 times (95% CI, 1.01–4.06) 
more likely than their counter parts. The hazard of death was 2.26 times (95% CI, 1.10–4.74) times greater than in the 
patient with intravenous drug users when compared to counter parts that were statistically significant (Table 4).

Discussion
This study sought to assess the incidence of HIV/AIDS patients who were on ART follow-up and determine the risk 
factors associated among HIV/AIDS patients. The study demonstrated various issues that contribute to the knowledge 

Figure 3 Nelson-Aalen cumulative hazard graph with Cox-Snell residual in adult ART patients at WSUCSH, Southern Ethiopia, 2021.
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Table 4 Results of the Bivariate and Multivariate Cox Regression Analysis of HIV Patients Receiving Antiretroviral 
Treatment at Wolaita Sodo Comprehensive Specialized Hospital, Southern Ethiopia, 2021

Variables Category CHR (95% CI) AHR (95% CI) p-value

Sex Male 1.00 (reference) 1.00 (reference)

Female 0.48 (0.28 −0.83) 0.50 (0.22–1.14) 0.100

Marital status Never married 1.00 (reference) 1.00 (reference)

Married 0.67(0.30–1.50) 0.90(0.31–2.55) 0.847

Separated 1.87(0.77–4.51) 0.98(0.27–3.53) 0.984

Widowed 2.61(1.08–6.32) 10.9(3.13–37.99) 0.001

Divorced 1.11(0.48–2.57) 2.54(0.81–7.91) 0.108

Drug adherence Good 1.00 (reference) 1.00 (reference)

Fair 4.03(2.09–7.75) 3.53(1.58–7.87) 0.002

Poor 7.62(3.96–14.68) 5.6(2.4–13.28) <0.001

Baseline CD4 count (cells/μL) ≤200 3.39(1.52–7.60) 1.08(0.39–3.02) 0.869

200–350 0.95(0.33–2.72) 0.75(0.23–2.46) 0.724

>350 1.00 (reference) 1.00 (reference)

WHO stage I 1.00 (reference) 1.00 (reference)

II 2.36(0.74–7.43) 1.86(0.49–7.05) 0.361

III 6.94(2.62–18.43) 1.80(0.49–6.59) 0.371

IV 22.83(8.5–60.95) 5.91(1.41–24.71) 0.015

Functional status Working 1.00 (reference) 1.00 (reference)

Ambulatory 4.81(2.5–9.17) 2.05(0.78–5.450) 0.143

Bedridden 10.39(5.31–20.3) 1.06 (0.34–3.33) 0.910

Baseline BMI Under weight 7.8(1.06–57.01) 2.96(0.37 −23.31) 0.301

Normal 5.84(0.77–43.96) 3.76(0.45–31.25) 0.219

Over weight 1.00 (reference) 1.00 (reference)

TB co-morbidity Yes 4.0(2.29–6.98) 1.36(0.62–2.99) 0.432

No 1.00 (reference) 1.00 (reference)

HIV disclosure status Yes 1.00 (reference) 1.00 (reference)

No 1.52(0.85–2.74) 0.60(0.27–1.34) 0.219

Substance use Yes 7.59(4.41–13.05) 2.02(1.01–4.06) 0.047

No 1.00 (reference) 1.00 (reference)

History of use INH Yes 1.00 (reference) 1.00 (reference)

No 2.7(1.57–4.63) 0.80(0.41–1.53) 0.503

History of IV drug use Yes 5.85(3.31–10.34) 2.26(1.08–4.74) 0.03

No 1.00 (reference) 1.00 (reference)

(Continued)
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base in understanding the root cause as to why a patient with HIV/AIDS on ART survival deceased despite being on 
follow-up and treatment.

In our study, the overall survival probability of HIV/AIDS patients who were on ART was found to be 81.93% (95% 
CI, 76.3–86.30) at a total of 72 months follow-up. This result was consistent with a study conducted at Debre-berhan 
Referral Hospital, Ethiopia, in which the survival probability was 81.7%21 and in South Gondar, Northwest Ethiopia, in 
which the survival probability was 86.33%.22 Similarly, our study result also concedes with a study carried out across six 
Asia-Pacific countries, that the survival probability of 84%23 and India was indicated 78.3%.24 However, our study 
finding is higher than the study conducted in Jinka (South Omo), Ethiopia, where the mean survival probability was 64% 
(95% CI, 61.85 to 66.21%).13 In contrast, it is low when compared to a study carried out in Illubabor and Buno-bedele 
Zones, Ethiopia which was 94.5%.8 This might be due to differences in care, awareness, and support of patients in 
Ilibabur and Buno-bedele area health facilities.

Our study also indicated that the mean survival following time of a patient under ART at WSUTRH was 25.66 
months (95% of CI, 23.51–27.82). This result was low when compared with the finding done at Attat Referral Hospital of 
Gurage Zone which was 46 months10 and 34.9 months in Southeastern Ethiopia.14 This could be due to the large number 
of patients in this study showed that early death and the effect of transfer to other facilities and a number patient lossed to 
follow-up before the end of the study highly appreciated during our study.

Our study revealed that an overall proportion of 53 (12.02% (95% CI, 9.28–15.41)) patients died while they were on 
ART follow-up for the last six years. Among the total deaths, thirty-two (63.9%) died within the first 6 months of starting 
ART. This is comparable with the study conducted in Jinka, South Omo (10.0%),13 Aksum (8.85%)25 and at Hiwot Fana 
Specialized University Hospital, Eastern Ethiopia (11.9%).26 Regarding death, our study result agrees with 
a collaborative study conducted in North America that reported 15.3% death rate.27 In contrast to this, our study finding 
was higher than the study conducted from six Asia-Pacific countries that reported lower death rate of 5.3%,23 in India of 
2%28 and in Europe of 4.7%.27 However, our study finding is lower than a collaborative follow-up study conducted in 
South Africa which revealed 16.6%27 and 29.7% death rate was reported at Attat Referral Hospitals, Gurage Zone, 
Ethiopia10 as well as 16% in Illubabor and Buno-bedele zone.8 This might be due to an improved care of opportunistic 
infections at facilities and the way of lifestyle that directly or indirectly affect the health seeking behavior of the patients.

Table 4 (Continued). 

Variables Category CHR (95% CI) AHR (95% CI) p-value

Presence of OIs Yes 5.83(3.37–10.08) 0.93(0.40–2.15) 0.883

No 1.00 (reference) 1.00 (reference)

Anemia No anemia 1.00 (reference) 1.00 (reference)

Mild anemia 1.95(0.93–4.06) 0.46(0.18–1.88) 0.110

Moderate anemia 11.4(5.69–22.97) 1.62(0.59–4.44) 0.346

Severe anemia 13.1(3.71–46.25) 1.02(0.18–5.61) 0.974

Platelets count rates (per McL of blood) <150,000 6.42(1.55–26.56) 2.37(0.52–10.97) 0.259

150,000–450,000 1.14(0.24–5.20) 0.57 (0.10–3.02) 0.510

>450,000 1.00 (reference) 1.00 (reference)

Creatinine level (Mg/dl) Low 1.00 (reference) 1.00 (reference)

Normal 0.55(0.31–0.95) 0.51(0.25–1.02) 0.06

Raised 0.51(0.15–1.72) 0.47(0.10–2.23) 0.344

Note: Statistical Significance was declared at p-value<0.05 and in bold. 
Abbreviations: CHR, crude hazard ratio; CI, confidence interval; AHR, adjusted hazard ratio; WHO, World Health Organization; IV, intravenous.
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Our study showed that the incidence of mortality rate was 5.61 (95% CI, 4.29–7.35) per 100 person-years. This study 
finding is higher than studies conducted in different parts of Ethiopia such as; Axum (2.03/100PYs),25 Zewditu Memorial 
Hospital (3.8 deaths per 100PYs),29 Jinka South Omo (1.75 deaths per 100PYs),13 Southern Ethiopia (4.2/100PYs),16 

Goba (Oromiya) (2.5/100 PYs),14 Debre-berhan Referral Hospital (4.18 per 100 person years),21 HiwotFana specialized 
University Hospital, Eastern Ethiopia (2.8 per 100 PYs)26 and South Gondar, Northwest Ethiopia (2.59 per 100 PYs).22 It 
was also higher than the study reported from India 0.56/100 PYs28 and Uganda (2.5 deaths per 100PYs).30 This marked 
variation in death rates might be due to the inequality in a number of participants, time extent of the study period, and the 
period of each cohort supported.

In our study, widowing was independently predicted mortality compared to the other marital status which agrees with 
the study conducted at Debre-berhan Referral Hospital, Ethiopia21 and contrary to this, being married could reduce 10% 
risk of death among HIV/AIDS patients who were on ART follow-up (aHR: 0.90; 95% of CI, 0.31–2.55) that was not 
statistically significant. This might be due to married individuals having better social assistance, more titanic family 
affairs, and minimize suffering and worry. Correspondingly, widowed individuals may have damaging health impacts 
related with worry and painful in the different situation. This might lead to a great number risk of mortality in widows 
than in those who have married ones.

According to substance use, substance use and mortality were significantly associated. This study finding is consistent 
with conducted in Jinka South Omo, Ethiopia.13 This could be due to the missing of ART drugs due to substance use as 
they stay longer with the use of substance intake may alter the decision making capacity to have daily drug intake which 
may also further expose them to many other chronic co-morbidities.

According to the World Health Organization clinical stage, stage IV patients were more likely to die 5.91 times (95% 
CI, 1.41–24.71, P=0.015) higher than the rest WHO clinical stages. This is supported by the findings from different 
studies conducted in different parts of Ethiopia. One study from southern Ethiopia indicated that the risk of death in 
advanced STAGE IV was 7.36 times higher when compared to the rest of WHO clinical stages.31 However, another 
similar report from Systematic Review and Meta-Analysis conducted in Ethiopia revealed that an advanced stage of the 
disease (stage IV) was strongly associated with ART follow up patients mortality.32 The study from Jinka (South Omo, 
Ethiopia) and elsewhere indicated that independent predict death were in line with that of WHO clinical stage 
IV.25,29,31,33

Mortality of HIV/AIDS patients who were on ART follow-up was highly predicted with patients having a history of 
intravenous drug use during the start of ART. This statement is in line with similar study conducted in Asia.28 This might 
be due to patients with history of intravenous drug use, who had decreased immune system and patients might be 
exposed to too many disease causing agents.

In our study, fair drug adherence and poor drug adherent patients had higher risk of death than patients with good 
drug adherence. This study is consistent with studies conducted in Jinka (South Omo), Ethiopia, and with the study done 
in Southern Ethiopia where poor ART drug adherence is a high risk of death than good adherence13,16 and comparable 
with report on Systematic Review conducted in Ethiopia where poor treatment adherence was a risk factor for mortality 
than good adherence.32 Likewise a study conducted in Southern Ethiopia public health facility-based study revealed that 
poor ART drug adherence was a higher risk of death than good adherence.13,16 This could be due to the lack of good 
adherence to ART, mostly related with clinical failure and failure to suppress viral duplication, and thus could increase 
the possibility of advancement of HIV alteration leading to the unfolding of drug-resistant viral strains. Adherence to 
ART is essential to the durability of HIV/AIDS infected people because lack of good adherence is the fundamental cause 
for poor treatment outcome among those who receiving antiretroviral therapy.34,35 Even though we pulled secondary data 
of patients to assess the status of adherence, it is better that HIV patient’s need great attention during follow-up, advice 
and counseling during each follow-up on how they properly and appropriately take their drugs.

Limitation of Study
Even though this study used double-checking of electronic database excel data with different official medical folders and 
registration book reports of each patient at the time of data collection for not clear and incomplete data, this study has 
some limitations. Firstly, due to its retrospectiveness, some variables were missed in the record which could predict the 
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death of the patient. Secondly, deadliness might be underrated due to patients that lost to follow up and transfer out to 
other facilities before the end of the study; supposable to include furthermore individuals dying at home and other 
facilities without being revealed. Furthermore, there might be selection bias introduced due to the removal of incomplete 
records and unknown follow-up status.

Conclusion
In this study incidence mortality rate was relatively high. The independent predictors of mortality were widowing, 
substance use, advanced clinical stage IV, history of intravenous drug use, and fair and poor drug adherence. 
Policymakers, as well as governmental and non-governmental organizations, should pay more attention to patients 
widowing, substance use, advanced clinical stage IV, history of intravenous drug use at baseline, and adherence issues to 
decrease the incidence of mortality.
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