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Introduction: Adverse drug reactions are a major global public health concern and an important cause of hospitalization,
discontinuation of the drug, morbidity and mortality. Even though the prevalence in Ethiopia was declining at a moderate rate, still,
far too many people are suffering and dying unnecessarily due to adverse drug reactions.
Objective: The aim of this study was to determine the incidence of adverse drug reaction and its predictors among adult patients on
antiretroviral therapy.
Methods: A retrospective follow-up study was conducted at Nigist Elleni Mohamed Memorial Comprehensive Specialized Hospital,
Southern Ethiopia. Data were extracted from patients’ medical records. The Weibull model with gamma frailty distribution was fitted.
Statistical significance was employed at a 5% level of significance and adjusted hazard ratio with 95% confidence interval was used.
Results: Out of the total 376 participants followed for 1988 person years of observations, 96 developed adverse reaction with the incidence
rate of 4.820/100 per (95%CI: 4.102–5.317). The univariate frailty was statistically significant (theta=0.306, 95%CI: 0.102–0.521).
Baseline CD4 count (AHR: 0.997, 95%CI: 0996–0.998), fair adherence (AHR: 2.358, 95%CI: 1.133–4.904), poor adherence (AHR:
3.069, 95%CI: 1.730–5.445), HIV/TB coinfection (AHR: 2.069, 95%CI: 1.115–3.843), WHO stage II (3.128, 95%CI: 1.414–6.916), WHO
stage III (AHR: 2.709, 95%CI: 1.048–7.025) and WHO stage IV (1.516, 10.352) were associated with the incidence adverse reaction.
Conclusion: Most of the ADR cases occurred within two years after initiation of ART. Advanced clinical stage, TB coinfection, CD4
count, and poor adherence were predictors of ADRs. Continuous counseling for clients in advanced clinical stage and patients with TB
coinfection need to get close follow-up to prevent the associated ADRs by the concerned parties.
Keywords: antiretroviral therapy, adverse reaction, HIV/AIDS, frailty model

Background
The human immunodeficiency virus (HIV) targets the immune system and weakens the body’s defense mechanism
against many infections and some types of cancer that people with healthy immune systems can fight off. Acquired
immunodeficiency syndrome (AIDS), the most advanced stage of HIV infection is defined by the development of certain
cancers, infections or other severe long-term clinical manifestations.1 Globally 37.7 million people were living with HIV
in 2020; among those 36 million were adults.2 In Africa almost 26 million people living with HIV, which accounts for
70% of all AIDS-related deaths in the world. East and Southern Africa remain the regions in the world most seriously
affected by the pandemic.1,2 In 2020, HIV prevalence in Ethiopia was 0.9%. Ethiopia is one of the countries hardest hit
by HIV/AIDS, with a prevalence of 1.1% among people of all ages and 59% of those infected receiving highly active
antiretroviral therapy (HAART).3

Even though HIV is not curable, it can be controlled and treated through antiretroviral therapy (ART). ART can keep
patients healthy for many years by reducing the amount of virus (viral load) in the blood and body fluids. It is
recommended for all people diagnosed with HIV, as it not only helps slow its progression, but also reduces the chances
of transmitting the virus to other people.4 However these drugs are associated with adverse effects. Adverse drug
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reactions (ADRs) are harmful and unintended reactions to medicines given at standard doses through a proper route of
administration for the purpose of prophylaxis, diagnosis, or treatment.5 Hepatotoxicity was the most prevalent ADR,
accounting for 29.4% of hospital admissions, followed by acute renal injury (22.7%), skin reactions (6.7%), hypokalemia
(5.7%), and gastrointestinal hemorrhage or gastritis (5.7%).6,7

The incidence of ADRs varies from region to region, with India reporting 32.45%, Malaysia 42.2%, South Africa
44.5%, Nigeria 72%, and Ethiopia reporting 22.1% to 85.7%.8–11 The rate of adverse drug reactions is affected by
a number of factors, but the most important ones were a decrease in CD4 cell count, late WHO clinical stages, not
receiving OIP, a TDF-NVP-containing regimen, being bedridden at the time of treatment initiation, and concurrent
treatment administration.8–11 There is significant evidence that treatment success is associated with adherence to ART.
ADR is the major barrier to antiretroviral therapy adherence for patients living with the virus.12 In European countries
30.4%, Botswana 9%, Ethiopia 7.7% of patients discontinue ART due to ADR.13–15 The occurrence of ADRs associated
with the use of ART is common and leads to non-adherence to ART, poor and inconsistent adherence to ART then lead to
drug resistance and even death.16

The cost of a preventive adverse drug reaction (including direct and indirect costs) is enormous. ADR-related
expenditure, including hospitalization, surgery, and lost productivity, in certain countries outweighs the cost of
drugs.17 The expenditure of preventable ADRs (per hospitalization) varied from €2851 to €9015 in an in-patient
environment, with an excess length of stay ranging from 4.2 to 13.0 days. In outpatient trials, however, expenses
attributable to preventable ADRs ranged from €174 to €8515 (mean hospital cost per admission) with a duration of stay
ranging from 7.0 to 9.3 days.18

ADRs are one of the leading causes of hospital admissions, morbidity and mortality in the world. The median (with
interquartile range; IQR) prevalence of ADR-related hospitalization in developed and developing countries was 6.3%
(3.3–11.0) and 5.5% (1.1–16.9), respectively.6 Evidence from previous studies showed that the rates of readmission due
to ADRs varied from 3% to 64% (median: 21%, IQR: 14–23%). Readmissions were deemed preventable in 5% to 87%
of cases (median: 69%, IQR: 19–84%).19

Even though the prevalence in Ethiopia was declining at a moderating rate from 2.4% in 2001 to 0.9% in 2020, still,
far too many people are suffering and dying unnecessarily due to both HIV/AIDS and adverse drug reactions.20 Few
studies in the region have shown that ARV drug toxicity is a common occurrence and major reason for ART regimen
change, modification and non-adherence.21,22 In resource limited setting including Ethiopia, where treatment options are
limited; information about the development of adverse reaction to ART is vital for monitoring the risks. However, there
was limited information on the subject area in Ethiopia. The aim of this study is to assess the incidence and predictors of
ADRs in adult patients on ART at Nigist Elleni Mohamed Memorial Comprehensive Specialized Hospital, Southern
Ethiopia using frailty model which reduces bias in parameter estimates by capturing variability between individuals. It
will also be profitable for the health care planners to develop successful evidence based targeted preventive strategies.

Materials and Methods
Study Setting, Study Design and Period
A retrospective follow-up study was conducted in Nigist Elleni Mohamed Memorial Comprehensive Specialized
Hospital which is found in Hosanna Town, Hadiya Zone, Southern Ethiopia from March 1, 2017 to April 30, 2021. It
is located 235 km from Addis Ababa, the capital city of Ethiopia and 194 km from Hawassa, the capital city of SNNPR.
The Hospital provides general and specialty health care services along with teaching and research activities. It also
renders comprehensive HIV/AIDS-related services including, voluntary counseling and testing (VCT), provider initiated
testing and counseling (PITC), prevention of mother to child transmission (PMTCT) and ART program. ART clinic is
one of the former clinics of the hospital where care and follow-ups are given for patients with HIV/AIDS.

Populations
All adult patients above the age of 15 years on ART at the ART clinic of Nigist Elleni Mohamed Memorial Hospital were
the source population. Study populations were all adult patients above the age of 15 years on ART at the ART clinic of
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Nigist Elleni Mohamed Memorial Hospital between March 1, 2017 and April 30, 2021. All adult patients above the age
of 15 years on ART who initiated first-line ART from March 1, 2017 to April 30, 2021 at the ART clinic of Nigist Elleni
Mohamed Memorial Hospital were included in the study.

Sample Size and Sampling Procedure
The sample size was determined using Schoenfeld formula23 using STATA 14.1 based on the power approach under the
following assumptions: Cox proportional hazard model, 95% confidence level, 80% power, 10% withdrawal probability.
By taking a hazard ratio for three predictors significantly associated with ADRs in a study conducted in Bahir Dar,11 the
sample size calculation is summarized in Table 1.

Accordingly, a final sample size of 376 was obtained. The study subjects were selected by simple random sampling
technique using computer generated random numbers by R software version 3.6.1. Sampling frame was prepared by
collecting the identification number of from the registration book.

Operational Definitions
Adverse drug reaction: a new case of unfavorable condition reported at least once on HIV-infected adult patients after
enrolment on ART. The major ADRs included anemia, skin rash, pain (tingling) of extremities, vomiting, hepatotoxicity,
and jaundice.
Censored: the event of interest may not be observed at the follow-up period, death before the occurrence of ADRs, and
lost to follow-up before the occurrence of ADRs.
Event: the outcome of interest (the occurrence of ADRs), which occurs during the follow-up time.
Time to adverse reaction: the time interval between initiations of ART to occurrence of first episode of adverse
reaction.
BMI: based on the WHO classification, normal weight is between 18.5 and 24.9 kg/m2, BMI less than 18.5 and greater
than 25 are underweight and overweight, respectively.
Adherence: adherence was classified as good, fair, or poor, according to the percentage of drug dosage calculated from
a monthly total dose of ART drugs. Therefore, good was reported if equal to or greater than 95% or ≤3 doses were missed
per month, fair if 85–94% or 4–8 doses were missed per month, or poor if less than 85% or ≥9 doses were missed per
month.
Comorbidities: diabetes mellitus, chronic kidney diseases, hypertension, asthma, heart disease.
Normal hemoglobin level: indicates free of anemia with an interval of ≥11.9 g/dL.

Data Collection Procedure and Quality Assurance
Secondary data were collected from patient intake form and follow-up, which are recorded routinely by the hospitals for
follow-up, monitoring and evaluation of patients. Before actual data collection, a preliminary review was conducted
among 5% of the sample size to evaluate the adequacy of the checklist. Variables such as residence and income level are
not available in the record and not considered in this study. Data were collected using ODK which was prepared with
relevant restrictions and necessary commands, by health officers and nurses working in the hospital. The completed
checklist was checked for consistency and completeness before entry. Then data entry was cross-checked and we clarified
the missing data.

Table 1 Minimum Sample Size Calculated for Predictors Significantly Associated with ADRs

Variables AHR Event Probability of Event Sample Size

Occupation 2.5 38 0.101 376
WHO stages 4 17 0.101 198

OIP 3.2 24 0.101 257
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Data Management and Statistical Analysis
After data collection by ODK version 1.25.2, each completed forms were checked for completeness, inconsistencies, coding
error and missing values and were exported to STATA 14 and R statistical software version 3.6.1 for further analysis.
Descriptive measures such as mean with standard deviation, median with interquartile range (IQR), percentages and
frequencies were used to characterize the data. Besides, graphical methods and charts were used for descriptive data. The
median follow-up time to ADRs was estimated using the life table and the log rank test was used to compare survival time
between groups of categorical variables. Proportional hazard assumption was checked using the Kaplan–Meier survival plot
graphically and Schoenfeld residual test statistically before fitting the survival model.

Different survival analysis models were fitted and compared to select best fitted model. The conventional Cox propor-
tional hazard model may not fit the data well all the time, and may leads to incorrect inferences when all levels of relevant
covariates have not been observed or included. The good fitted model was selected for multivariable analysis, by comparing
parametric and semi-parametric model. Even though individuals are similar on the basis of the observed variables some
individuals are frailer than others, since there are random variables that varies over the population frailty model was carried
out to examine predictors of ADRs. The factors significantly associated with ADRs in the univariable analysis at P-values
less than 0.25 were included in the multivariable survival model. To examine random variables that vary over the population
univariate frailty model was carried out. Statistical significance was employed at level of significance of 5%, and adjusted
hazard ratio with 95% confidence interval was used to present estimates of the strength of the association.

Result
Sociodemographic Characteristics of the Participants
A total of 376 patients who were on ART between 2017 and 2021 were collected. The mean baseline age (±SD) of study
participants was 34.8 (±10) years. Half (50.27%) were females and nearly half of the participants (52.39%) were married.
Among the study participants, 106 (28.19%) attended college and above followed by secondary 103 (27.39)(Table 2).

Baseline Clinical and Behavioral Characteristics
Among study participants, 329 (87.5%) of the study participants had a baseline CD4 count greater than 200 cells/mm3

and 196 (52.41%) were in the first WHO stage at the baseline. The predominant HAART regimen initially prescribed for
the patients was a combination of tenofovir, lamivudine and efavirenz (TDF-3TC-EFV) 199 (53.07%) followed by
zidovudine, lamivudine and nevirapine (AZT-3TC-NVP) 82 (21.87%). In this study, while 31.97% of the study
participants had ever smoked tobacco products, nearly 38.00% had ever drunk alcoholic drinks. Among the study
participants, 96 (25.53%) of the study subjects had developed ADRs (Table 3).

The Occurrence of ADRs
Out of 376 study participants followed retrospectively for the last five years; a total of 96 (25.5%) of them had developed
adverse drug reactions in 1988 person years (PY) of observations. Of 96 events of ADRs, the most common were rash 38
(40.8%) followed by anemia 22 (23.6%) (Figure 1). The incidence rate was 4.820 per 100 person-year observation with
95%CI of (4.102–5.317).

Survival Probability of Patients on ART
About 69 (71.9%) adverse drug reactions were occurred within the first two years of the initiation of ART. The
cumulative probability of survival without developing ADRs at the end of two years and the end of the follow-up period
was 0.66 and 0.022 years respectively. Due to the smaller proportion of the event in the cohort, the median survival time
was not estimable (Table 4).

Predictors for the Incidence of ADRs
Before trying to fit the data with any of the models, the proportional hazard assumption was checked for each of the
covariates using the Kaplan–Meier survival plot, and the results were not satisfactory to assume the lines were parallel
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for some covariates. However looking at the Kaplan–Meier survival plot is not enough to be certain of proportionality.
Therefore, we checked the proportionality assumptions using Schoenfeld residual test. Schoenfeld residual test for all
covariates was insignificant with (P>0.05) implied that the proportional hazards assumption has been fulfilled and also
the global test was insignificant, which indicated that the PH assumptions holds (Figure 2).

Different techniques of survival analysis were tried to find a model that best fits the data. First, the proportional
hazard model was fitted; then, the Weibull, exponential, log-logistic, Gompertz and log-normal parametric survival
models were fitted. Finally, these parametric models with the gamma and inverse Gaussian univariate frailty models were
fitted. Out of which the one that gave the best fit was selected based on AIC and BIC.

Accordingly, a model with a baseline hazard of Weibull distribution with a univariate frailty of gamma distribution
was selected as the best fit to the data. Thus, four variables including sex, baseline CD4 count, WHO-stage, and TB/HIV
coinfection were found to be statistically significantly associated with the hazard of getting adverse drug reactions.

For instance, the hazard of experiencing ADRs was two times higher among patients with HIV/TB coinfection as
compared to those without TB coinfection (AHR=2.069, 95%CI: 1.115–3.843). For each additional cell/mm3, the hazard
of experiencing ADRs decreased by 0.003% (AHR=0.997, 95%CI: 0.996–0.998). Baseline CD4 count was negatively
associated with the risk of developing ADRs for adult patients on ART.

The shape parameter, P, was estimated to be 1.481 (95%CI: 1.254–1.748). The variability among individuals was also
captured by parameter “theta” and estimated to be 0.306 (95%CI: 0.102–0.521) (Table 5).

Discussion
In the current study, we included 376 participants who were on ART since 2017 and were followed until mid-2021.
Adverse reaction is an increasingly important issue in the management of HIV-infected patients. Therefore, we estimated

Table 2 Sociodemographic Characteristics of Patients
on ART Follow-up at Nigist Elleni Mohamed Memorial
Hospital, Hossana, Ethiopia, 2021

Characteristics (n=376) Frequency (%)

Sex
Male 187 (49.73)
Female 189 (50.27)

Marital status
Single 79 (21.01)

Married 197 (52.39)
Divorced 80 (21.28)

Widowed 19 (5.05)

Separated 1 (0.27)

Educational status
No formal education 86 (22.87)
Primary 81 (21.54)

Secondary 103 (27.39)

College and above 106 (28.19)

Occupation
Government employed 102 (27.13)
Non-government employed 74 (19.68)

Farmer 17 (4.52)

Student 29 (7.71)
Housewife 79 (21.01)

Other 75 (19.95)

Note: Others: daily laborer, homemaker, self-employed.
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Table 3 Baseline Clinical and Behavioral Characteristics of Patients on ART on
Follow-up at Nigist Elleni Mohamed Memorial Comprehensive Specialized Hospital,
Hossana, Ethiopia, 2021

Characteristics Frequency/%

CD4 count (376)
≤200 47 (12.5)
>200 329 (87.5)

WHO stage (374)
Stage I 196 (52.41)

Stage II 111 (29.68)
Stage III 35 (9.36)

Stage IV 32 (8.56)

BMI (376)
Underweight 56 (14.89)

Normal 303 (80.59)
Overweight 17 (4.52)

Past OI (376)
Yes 28 (7.45)

No 348 (92.55)

Functional status (375)
Working 282 (75.20)

Ambulatory 74 (19.73)
Bedridden 19 (5.07)

TB coinfection (370)
Yes 55 (14.86)

No 315 (85.14)

Initial ART regimen (376)
AZT, 3TC, NVP 82 (21.87)

AZT, 3TC, EFZ 70 (18.67)
TDF, 3TC, NVP 24 (6.40)

TDF, 3TC, EFZ 199 (53.07)

Adherence (371)
Good 274 (73.85)

Fair 72 (19.41)
Poor 25 (6.74)

ADRs
Yes 93 (24.73)

No 283 (75.27)

Comorbidity (376)
Yes 40 (10.64)

No 336 (89.36)

Alcohol consumption (365)
Yes 138 (37.81)
No 227 (62.19)

Smoking cigarette (366)
Yes 117 (31.97)

No 249 (68.03)

Abbreviations: AZT, zidovudine; 3TC, lamivudine; TDF, tenofovir; EFV, efavirenz; NVP, nevirapine.
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the incidence and identified important predictors of ADRs. Baseline CD4 count, adherence, WHO-stage, and TB/HIV
coinfection were found to be predictors of ADRs.

The baseline hazard (the effect of time when all categorical variables are at a reference category and when all
continuous covariates are at zero) of experiencing ADRs was fitted with Weibull distribution with a shape parameter (P)
greater than one (P=1.481, 95%CI: 1.254–1.748). The Weibull shape parameter greater than one implies that the hazard
of experiencing ADRs increases with time of treatment. The univariate frailty was estimated to be significantly different
from zero (theta: 0.306, 95%CI: 0.102–0.521). This shows that there are unmeasured confounders which have
a significant effect on the time to the occurrence of ADRs, and the distribution of these unmeasured variables is different
between individuals.

In this study, the incidence rate of ADRs was found to be 4.8 per 100 PY with 95%CI of (4.102–5.317). This finding
was similar with the study conducted in northern Ethiopia and South Africa where the incidence rate of ADRs was 4.3/
100 PY7 and 4.2/100 PY24 respectively. This similarity might be due to similarity in the follow-up period. However, our
finding is lower than a study conducted in Northwest Ethiopia25 and Southern India26 where the rate was 10.11/100 PY
and 15/100 PY respectively. This discordance might be due to the difference in follow-up time, in our case the follow-up
time was five years, however, the study in India was a two years follow-up, which is less than half our study period, this
might have contributed to large rates of ADRs as most of ADRs are likely to occur in the first one to two years of the
follow-up period. Besides, the finding was higher than the study conducted in Northwest Ethiopia27 where the incidence
rate was 3/100 PY. This difference might be due to the difference in the definition of ADRs, in our case ADRs was

Figure 1 Type of ADRs of patients on ART at Nigist Elleni Mohamed Memorial Comprehensive Specialized Hospital, Hossana, Ethiopia, 2021.

Table 4 Life Table for Adverse Drug Reaction of Patients on ART at Nigist Elleni Mohamed Memorial Comprehensive Specialized
Hospital, Hossana, Ethiopia, 2021

Interval Beg. Total Deaths Lost Survival Std Error 95%CI

12 18 376 22 128 0.9295 0.0145 0.8949–0.9530

18 24 226 47 126 0.6615 0.0346 0.5889–0.7243

24 30 53 17 23 0.3905 0.0545 0.2844–0.4950

30 36 13 6 2 0.1953 0.0626 0.0907–0.3290

36 42 5 4 1 0.0217 0.0298 0.0004–0.1497
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defined as anemia, skin rash, pain (tingling) of extremities, vomiting, hepatotoxicity, jaundice; However, the study in
Northwest Ethiopia defined ADRs as at least one of the following events: hospitalization, or switch/discontinuation of
drug because of adverse drug reaction, this tight definition might contributed to lower rates of ADRs.

From sociodemographic characteristics, only sex was identified as an independent predictor of ADRs among patients
on ART. According to the findings of the current study, females were more likely to experience adverse reaction. This is
concordant with the research conducted in Southern Ethiopia10 and Tanzania28 where females were found to be more
prone to ADRs than males. The difference in ADRs between males and females could be due to differences in body mass
index and fat content.

The WHO clinical stage of the patients was an important predictor of ADRs, where patients in the advanced clinical
stage at the initiation of HAART were at higher risk of developing ADRs at any time compared to patients in clinical
stage I. The finding is supported by the study conducted in Bahir Dar, Northwest Ethiopia7 Debre Markos, Northwest
Ethiopia27 and India.26 This could be because individuals in advanced clinical stages of the disease may be unable to
withstand drug adverse effects, resulting in drug modifications or hospitalizations, thereby finding themselves at higher
risk of drug reactions.29 Furthermore, patients with advanced clinical stages of the disease are more likely to be on other
medications, which could lead to drug interactions and overlapping toxicities between ART therapies and other
medications. Another possibility is that poor adherence due to pill burden resulted in poor treatment efficacy, requiring
a medicine change or hospital admission.

The other predictor independently associated with ADRs was HIV/TB coinfection, where patients with TB were at
higher risk of experiencing adverse reaction at any time compared to patients without TB. This finding is similar with the
study conducted at Southern Ethiopia30 and Canada31 where HIV/TB coinfected patients experience a higher rate of
adverse drug reactions to treatment than those without TB. This may be due to the fact that patient on ART with TB
coinfection are more likely to be taking antiTB drugs, which could result in drug interactions and overlapping toxicities
between ART and antiTB medications.

Likewise, CD4 at initiation of treatment was identified as one of the independent predictor contributing to the develop-
ment of adverse reaction among patients on ART. For each additional CD4 count in cell/mm3, the hazard of experiencing
ADRs decreased by 0.003%. The finding is supported by the fact that patients on ART having a higher CD4 count indicated a
stronger immune system. People living with HIV who have a low CD4 cell count are at high risk of developing adverse
reaction. A low CD4 count means that HIV has weakened your immune system and may be making you ill.

Conclusion
Most of the ADR cases occurred within two years after initiation of ART. Adverse drug reactions were not as common as
they had been in other parts of Ethiopia and other African countries. Advanced clinical stage, HIV/TB coinfection, CD4
count, and sex were identified as predictors ADRs. Conversely, age, marital status, occupational status, body mass index,

Figure 2 (A) Kaplan–Meier survival plot by baselineWHO stage for patients on ART, at Nigist Elleni Mohamed Memorial Comprehensive Specialized Hospital, Hossana, Ethiopia,
2021. (B) Kaplan–Meier survival plot by adherence for patients on ART, at Nigist Elleni Mohamed Memorial Comprehensive Specialized Hospital, Hossana, Ethiopia, 2021.
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Table 5 The Predictors of the Incidence of ADRs Among Patients
on ART, at Nigist Elleni Mohamed Memorial Comprehensive
Specialized Hospital, Hossana, Ethiopia, 2021

Characteristics Adjusted Hazard Ratio (95%CI)

Sex

Male 1.0

Female 1.612 (1.024–2.535)*

WHO stage

Stage I 1.0

Stage II 3.128 (1.414–6.916)*

Stage III 2.709 (1.045–7.025)*

Stage IV 3.961 (1.516–10.352)*

Baseline CD4 count 0.997 (0.996–0.998)*

Functional status

Working 1.0

Ambulatory 1.295 (0.717–2.339)

Bedridden 1.491 (0.673–3.302)

TB coinfection

No 1.0

Yes 2.069 (1.115–3.843)*

ART regimen

TDF, 3TC, EFV 1

AZT, 3TC, NVP 2.152 (0.915–4.574)

TDF, 3TC, NVP 0.981 (0.413–2.331)

AZT, 3TC, EFZ 1.695 (0.869–3.319)

Adherence

Good 1.0

Fair 1.278 (0.687–2.348)

Poor 1.129 (0.474–2.651)

Alcohol

No 1.0

Yes 2.675 (1.058–6.764)

Smoking

No 1.0

Yes 1.387 (0.590–3.261)

P 1.481 (1.254–1.748)*

Theta 0.306 (0.102–0.521)*

Notes: P is the shape parameter of Weibull distribution; Theta is the parameter for the
frailty *Significant variables.
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hemoglobin level, comorbidity, adherence to ART, functional status, ART regimen, alcohol consumption, and smoking
were not associated with the incidence of adverse reaction.

Abbreviations
ADR, adverse drug reaction; AHR, adjusted hazard ratio; AIDS, acquired immune deficiency syndrome; ART, antire-
troviral therapy; CI, confidence interval; HAART, highly active antiretroviral therapy; HIV, human immunodeficiency
virus; IQR, interquartile range; MRP, medical related problem; OR, odds ratio; WHO, World Health Organization.
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