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Abstract

Introduction In Ethiopia, the use of antiretroviral therapy

(ART) has been scaled up for HIV/AIDS over the past

decade. Adverse drug reactions (ADRs) associated with

ART pose a unique challenge in the treatment of the in-

fection in this resource-limited setting.

Objectives The aims of this study were to examine the

incidence and nature of ADRs, identify the risk factors

associated with the development of ADRs, and assess their

impact on treatment outcomes.

Methods A prospective cohort study was conducted in

adult patients (C18 years of age) with HIV/AIDS who

commenced ART. All ADRs in the first 12 months of

therapy were recorded, and the severity, causality, and

preventability assessed. The impact of severe ADRs on

self-reported adherence, immunological, and body mass

index (BMI) outcomes were assessed.

Results Of the 211 patients included in the analysis, 181

(85.7 %) experienced at least one ADR and 66 (31.3 %)

experienced at least one severe ADR within 12 months of

commencing ART (incidence rates for any ADR and sev-

ere ADR of 14.8 and 3.2 per 100 person-months, respec-

tively). Logistic regression analysis indicated that taking

zidovudine-containing regimens (odds ratio [OR] 4.2,

95 % confidence interval [CI] 2.1–8.4) or being unem-

ployed (OR 2.2, 95 % CI 1.1–4.3) were independent pre-

dictors of experiencing severe ADRs. Patients who

experienced a severe ADR were less likely (OR 0.4, 95 %

CI 0.2–0.9) to be C90 % adherent to ART. The mean gain

in BMI was significantly lower in patients with severe

ADRs after 3 and 12 months of therapy.

Conclusions ADRs were common within the first

3 months in patients initiated on ART. Severe ADRs were

negatively associated with self-reported adherence and

gain in BMI. Measures need to be implemented to rou-

tinely monitor for severe ADRs to improve ART adherence

and treatment outcomes.

Key Points

One-third of patients initiated on ART experienced

severe ADRs over a 1-year period.

Most severe ADRs were reported within the first

3 months and found to have negative impact on

treatment outcomes in patients initiated on ART.

Almost half of the severe ADRs related to ART were

found to be preventable, highlighting the importance

of improving antiretroviral prescribing and

monitoring practices.

1 Introduction

At the end of 2012, 35.3 million people were living with

human immunodeficiency virus (HIV) and 9.7 million peo-

ple (61 % of eligible patients) were receiving antiretroviral
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therapy (ART) worldwide [1]. ART has decreased mortality

and morbidity, and improved the quality of life of patients

with HIV [2]. However, ART can also cause undesirable

adverse drug reactions (ADRs) that are among the most

important reasons for medication nonadherence, treatment

switch or discontinuation, and virologic failure [3–6].

A free ART programme was introduced in Ethiopia in

2005 [7, 8]. Over the past 10 years, decentralisation and

scale-up of the programme has occurred [1] and 743 free

ART centres have been established across the country. A

total of 249,174 adult patients (86 % of eligible patients)

were receiving ART as of 2011 [1, 9].

Detection of ADRs in Ethiopian ART clinics provides

an important assessment of the burden of antiretroviral-

associated morbidity in the HIV care programme. To our

knowledge, only a few retrospective studies have attempted

to identify the type and frequency of ADRs in Ethiopian

adult patients receiving ART [10, 11], and given the poor

documentation of ADRs in patients’ medical charts, ADRs

are underreported. In addition, the impact of ADRs on

treatment outcomes (body mass index [BMI] and CD4

count) has not been evaluated. In resource-limited settings,

BMI and CD4 count are useful surrogate markers of

treatment outcomes [12].

The aim of this study was to prospectively examine the

incidence and nature of ADRs, identify the risk factors

associated with the development of ADRs, and assess their

impact on treatment outcomes in Ethiopian patients with

HIV/acquired immune deficiency syndrome (AIDS) who

commenced ART.

2 Methods

This was a prospective cohort study in which adult patients

(C18 years of age) with HIV/AIDS who commenced ART

were followed from the time of ART commencement

(month 00) to 12 months (month 12) of therapy. The study

was conducted from 18 December 2012 to 18 May 2014 at

Felege-Hiwot and Gondar University Hospitals. Nurses and

research pharmacists recruited patients from the ART

clinics, and all participants provided written informed

consent for their involvement in the study. Details of the

study setting have previously been described [13].

Adult HIV-infected patients were eligible to start ART

when their CD4 count was B350 cells/lL regardless of the

clinical symptoms, or with any symptoms indicating a

WHO clinical stage of 3 or 4, irrespective of CD4 count.

ART initiation was informed by the Ethiopian guidelines

for management of opportunistic infections and antiretro-

viral treatment in adolescents and adults in Ethiopia 2008

and the WHO Antiretroviral therapy for HIV infection in

adults and adolescents: recommendations for a public

health approach 2010 revision [14, 15]. ART-initiated

patients had an appointment every month for the first

6 months and every 3 months thereafter at the ART clinics.

A research pharmacist was assigned to each hospital’s ART

clinic to assess ADRs throughout the study period. Patients

were also asked to report any potential ADRs. ADRs that

continued for subsequent appointments without recovery

were reported once. The research pharmacists, who were

experienced in clinical care in public health facilities, in-

terviewed patients, caregivers and physicians, reviewed

patients’ medical records and documented detailed infor-

mation for each of the potential ADRs that patients expe-

rienced. According to the WHO definition, an ADR was

defined as ‘‘a response to a drug that is noxious and un-

intended and which occurs at doses normally used in man

for the prophylaxis, diagnosis or therapy of disease, or for

modification of physiological function’’ [16]. ADRs were

evaluated based on the clinical signs and symptoms, and

laboratory tests. The severity, causality, and preventability

of ADRs were assessed using the Division of AIDS Ad-

verse Events (DAIDS AE) grading table [17], Naranjo’s

probability scale [18], and the Schumock and Thornton

criteria [19], respectively. The management and outcomes

of ADRs were also recorded. These data were indepen-

dently reviewed by a second research pharmacist, blinded

to the first pharmacist’s assessment, to ensure their accu-

racy and validity. When there was a disagreement in the

assessment of an ADR, the pharmacists resolved their

disagreement through discussion until consensus was

reached.

Sociodemographic and clinical information, such as age,

sex, level of education, employment status, comorbidities,

WHO stage of HIV/AIDS, weight and height, and labora-

tory test results performed in the hospitals, including CD4

count, haematocrit, white blood cell (WBC) count, absolute

neutrophil count, platelet count, liver function and renal

function, were recorded from each patient’s medical

record. Similarly, details of the ART regimen and other

concomitant medications were also recorded. An increase

in CD4 counts of more than 50 cells/lL from baseline was

defined as immunological response [20].

Dose adherence to ART was measured using a mod-

ified AIDS Clinical Trial Group (ACTG) self-reported

adherence questionnaire that asks patients how many

doses they missed in the last 7 days. Similarly, time ad-

herence was measured using the four-item Likert-type

modified ACTG questionnaire [21]. Details of multiple

medication adherence measures have previously been re-

ported [13]. Responses to the two questions were trans-

lated into dose and time adherence scores ranging from 0

to 100 % over the 7-day period, and the average of the

two measures was taken as a combined indicator of dose

and time adherence.
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The frequency of ADRs was described using descriptive

statistics. Characteristics of patients who experienced

ADRs and those who did not were compared using Pear-

son’s Chi-square tests for sex, age, level of education,

employment status, immunological response (CD4 count),

WHO HIV stage, history of drug allergy, type of ART

regimen, comorbidities, concomitant medications, and self-

reported adherence. Logistic regression analysis was un-

dertaken to determine the independent predictors of severe

ADRs (grades 3 and 4 using the DAIDS AE grading table),

cutaneous reactions, gastrointestinal complaints, and neu-

ropsychiatric reactions where univariate analyses suggested

association with multiple risk factors. Factors with a

p value B0.2 on univariate analysis were entered into the

logistic regression model after checking multicollinearity.

Results are presented in terms of odds ratio (OR) for each

risk factor followed by a 95 % confidence interval (CI).

Mean changes in BMI after 3 and 12 months of ART were

compared between patient groups with independent sample

t-tests. Data were analysed using SPSS version 21 (IBM

Corporation, Armonk, NY, USA). A p value \0.05 was

considered statistically significant.

Ethical approvals were received from the Tasmanian

Health and Medical Human Research Ethics Committee

(H0012722) and Bahir-Dar University’s Ethics Committee

(RCS/567/2004).

3 Results

During the 4-month recruitment period (18 December

2012–17 March 2013), 337 adults (C18 years of age; 191

females and 146 males) commenced ART at the two sites.

Of these, 246 patients (143 females and 103 males) en-

rolled in this study. The remaining 91 patients did not take

part in this study because of our exclusion criteria (patients

who were initiated on ART in the study clinics but whose

follow-up was in outlying areas were excluded) and not

consenting to participate in the study. There were no sig-

nificant differences in the WHO stage of HIV/AIDS, sex,

age, CD4 count and weight between subjects who did and

did not participate in the study. Thirty-five patients who did

not complete at least 3 months of follow-up (9 lost to

follow-up, 11 withdrawn, 10 died, and 5 transferred to

other clinics) were excluded from this analysis. As shown

in Table 1, of the 211 patients included in the study, 60 %

were female. Their median baseline CD4 count and BMI

were 183 cells/lL and 19.4 kg/m2, respectively.

All patients were receiving an ART regimen containing

three drugs—two nucleoside reverse transcriptase in-

hibitors (NRTIs) [zidovudine plus lamivudine, or tenofovir

plus lamivudine] plus one non-NRTI (NNRTI) [efavirenz

or nevirapine] at baseline. Overall, 112 (53 %) patients

were taking a zidovudine plus lamivudine-containing

regimen, and 109 (52 %) patients were taking an efavirenz-

containing regimen. Self-reported dose adherence in the

study sample was 97.7 % at 3 months. The rate of adher-

ence considering the combined (dose and time) indicator

was 93.8 % at 3 months.

Throughout the study period, 370 ADRs were identified

(Table 2). Twenty-one ADRs were excluded from analysis

as their causal relationship with ART regimens was rated

as doubtful according to Naranjo’s scale; 66.5 and 31.8 %

of ADRs had a possible and probable causal relationship

with the ART regimen, respectively, as shown in Table 3.

Most ADRs were rated as grade 1 (52.7 %) and grade 2

(25.2 %) using the DAIDS AE grading table; 22.1 % were

graded as severe (grades 3 and 4).

ADRs were common; 181 (85.7 %) patients experienced

at least one ADR and 66 (31.3 %) experienced severe

(grade 3 or 4) ADRs. The prevalence of ADRs was similar

in females (86.6 %) and males (84.5 %). Ninety-seven

(45 %) patients reported more than one ADR; 78 (37 %)

patients had two or three ADRs, and 19 (9 %) patients had

four or five ADRs.

The onset and distribution of ADRs within the study

period are shown in Fig. 1. Ninety percent of ADRs (314)

Table 1 Baseline patient characteristics (n = 211)

Characteristic N (%) Median IQR

Women 127 (60.2)

Age, years 32 27–38

Education level

Illiterate 115 (54.5)

Literate 96 (45.5)

Employment

Unemployed 116 (55)

Employed 95 (45)

BMI, kg/m2 19.4 18.0–21.9

History of drug allergy 16 (7.6)

Baseline WHO staginga

Stage I and II 97 (46.0)

Stage III and IV 105 (49.8)

ART regimen

Zidovudine-based 112 (53.1)

Tenofovir-based 97 (46.0)

Stavudine-based 2 (0.9)

Efavirenz-based 109 (51.7)

Nevirapine-based 102 (48.3)

Baseline CD4, cells/lLb 183 94–252

IQR interquartile range, BMI body mass index, ART antiretroviral

therapy
a Total does not add up to 211 due to missing data
b One missing value
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Table 2 Frequency of potential adverse drug reactions of antiretroviral therapy

Specific ADR by

organ

No. of cases (%)

[n = 211]

TDF ? 3TC ? EFV

(%) [n = 87]

TDF ? 3TC ? NVP

(%) [n = 10]

ZDV ? 3TC ? EFV

(%) [n = 22]

ZDV ? 3TC ? NVP

(%) [n = 90]

Gastrointestinal 115 (54.5) 28 (32.1) 6 (60.0) 12 (54.5) 66 (73.3)

Nausea 60 (28.4) 11 (12.6) 3 (30) 8 (36.4) 38 (42.2)

Vomiting 30 (14.2) 8 (9.2) 3 (30) 2 (9.1) 16 (17.7)

Anorexia 4 (1.9) 1 (1.1) – 1 (4.5) 3 (3.3)

Diarrhoea 3 (1.4) 1 (1.1) – – 2 (2.2)

Gastric discomfort 12 (5.7) 4 (4.6) – 1 (4.5) 5 (5.5)

Gastritis 6 (2.8) 3 (3.4) – – 2 (2.2)

Neuropsychiatric 113 (53.5) 76 (87.3) 2 (20) 20 (90.9) 14 (15.5)

Headache 37 (17.5) 19 (21.8) 2 (20) 4 (18.2) 10 (11.1)

Nightmare 17 (8.0) 14 (16.1) – 3 (13.6) –

Confusion 9 (4.2) 7 (8.0) – 2 (9.1) –

Somnolence 1 (0.5) – – – 1 (1.1)

Insomnia 10 (4.7) 7 (8.0) – 1 (4.5) 2 (2.2)

Vertigo 23 (10.9) 16 (18.4) – 7 (31.8) –

Anxiety 1 (0.5) – – 1 (4.5) –

Tingling 1 (0.5) 1 (1.1) – – –

Dizziness 5 (2.4) 4 (4.6) – – 1 (1.1)

Numbness 1 (0.5) 1 (1.1) – – –

Hearing loss 1 (0.5) – – 1 (4.5) –

Psychosis 1 (0.5) 1 (1.1) – – –

Hallucination 2 (0.9) 1 (1.1) – 1 (4.5) –

Depression 2 (0.9) 2 (2.3) – – –

Lethargy 1 (0.5) 1 (1.1) – – –

Trouble remembering 1 (0.5) 1 (1.1) – – –

Agitation 1 (0.5) 1 (1.1) – – –

Cutaneous reaction 66 (31.3) 24 (27.6) 4 (40) 9 (40.9) 28 (31.1)

Skin rash 39 (18.5) 17 (19.5) 2 (20) 6 (27.3) 14 (15.5)

Allergic dermatitis 5 (2.4) – – 1 (4.5) 4 (4.4)

Nail pigmentation 3 (1.4) – – – 3 (3.3)

Pruritus 15 (7.1) 7 (8.0) 2 (20) 3 (13.6) 3 (3.3)

Erythema multiforme 1 (0.5) – – – 1 (1.1)

Erythema 1 (0.5) – – – 1 (1.1)

Hepatotoxicity 2 (0.9) 1 (1.1) 1 (10) – –

Nephrotoxicity 2 (0.9) 2 (2.3) – – –

Systemic signs/symptoms 23 (10.9) 4 (4.6) – 3 (13.6) 15 (16.6)

Fever 10 (4.7) 3 (3.4) – 1 (4.5) 6 (6.6)

Fatigue 13 (6.2) 1 (1.1) – 2 (9) 9 (10)

Musculoskeletal 12 (5.7) 3 (3.4) 1 (10) 2 (4.5) 6 (6.6)

Arthralgia 7 (3.3) 2 (2.3) – 2 (4.5) 3 (3.3)

Muscle pain 5 (2.4) 1 (1.1) 1 (10) – 3 (3.3)

Haematological 16 (7.6) 4 (4.7) – 5 (22.7) 7 (7.7)

Anaemia 13 (6.2) 1 (1.1) – 5 (22.7) 7 (7.7)

Thrombocytopenia 3 (1.4) 3 (3.4) – – –

ADR adverse drug reaction, TDF tenofovir, 3TC lamivudine, ZDV zidovudine, EFV efavirenz, NVP nevirapine
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were reported within the first 3 months of ART. Seventy-

seven severe ADRs were reported throughout the study

period, and 69 (89.6 %) of these occurred within the first

3 months. The total duration of follow-up time was 2362

person-months, yielding an incidence rate of patients ex-

periencing ADRs as 14.7 per 100 person-months. The

corresponding incidence rate for severe ADRs was 3.2 per

100 person-months.

Using univariate analyses, unemployment (p = 0.05),

zidovudine-based regimens (p\ 0.001) and nevirapine-

based regimens (p\ 0.001) were associated with the oc-

currence of severe ADRs. Logistic regression analysis

indicated that taking zidovudine-containing regimens (OR

4.2, 95 % CI 2.1–8.4) or being unemployed (OR 2.2, 95 %

CI 1.1–4.3) were independent predictors of experiencing

severe ADRs (Table 4). The most common classes of

ADRs were gastrointestinal complaints (54.5 %) followed

by neuropsychiatric disorders (32.4 %) and skin reactions

(31.3 %). Nausea (28.4 %), followed by skin rash (18.5 %)

and headache (17.5 %), were the most frequently reported

specific ADRs (Table 2). Regimens containing zidovudine

were significantly associated with the development of gas-

trointestinal ADRs (p = 0.001) and anaemia (p\ 0.05).

There was a significant association between regimens

containing efavirenz or zidovudine and neuropsychiatric

reactions (p\ 0.001). Female sex (p\ 0.05) and a previ-

ous history of allergy to any medications (p\ 0.05) were

risk factors for cutaneous reactions. History of allergy (OR

5.3, 95 % CI 1.7–16.3) was more strongly associated with

the occurrence of skin reactions in a logistic regression

Fig. 1 Distribution and time of

onset of adverse drug reactions

Table 4 Risk factors for adverse drug reactions

Adverse drug reactions Variables associated with ADR Chi-square test Logistic regression

OR (95 % CI) p value OR (95 % CI) p value

Severe ADR Zidovudine-based regimens 3.5 (2.0–6.9) \0.001 4.2 (2.1–8.4) \0.001

Nevirapine-based regimens 3.5 (1.9–6.4) \0.001 – –

Unemployed 1.9 (1.0–3.5) 0.050 2.2 (1.1–4.3) 0.024

WHO stage III and IV 0.6 (0.3–1.1) 0.123 0.6 (0.3–1.2) 0.163

Eating once per day 1.6 (0.8–3.3) 0.194 1.6 (0.7–3.5) 0.266

Gastrointestinal Zidovudine-based regimens 2.6 (1.5–4.6) 0.001 2.5 (1.4–4.5) 0.002

Education: no 0.7 (0.4–1.1) 0.153 0.7 (0.4–1.3) 0.316

Neuropsychiatric Efavirenz-based regimens 7.24 (3.8–13.7) \0.001 8.0 (4.0–15.9) \0.001

Tenfovir-based regimens 3.7 (2–5) \0.001 – –

Female sex 1.5 (0.9–2.7) 0.190 0.7 (0.4–1.5) 0.394

BMI B19.5 kg/m2 1.5 (0.8–2.5) 0.220 1.3 (0.6–2.5) 0.535

Age B30 years 1.6 (0.9–2.7) 0.124 1.5 (0.8–3.0) 0.237

Eating once a day 1.70 (0.8–3.5) 0.200 1.8 (0.8–4.1) 0.165

Skin reactions Female sex 2.0 (1.1–3.8) 0.0413 2.0 (1.1–3.9) 0.034

History of drug allergy 5.3 (1.7–16.2) 0.003 5.3 (1.7–16.3) 0.004

Haematological Zidovudine-based regimens 4.0 (1.1–14.5) 0.050 – –

ADR adverse drug reaction, OR odds ratio, CI confidence interval, BMI body mass index
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model than was female sex (OR 2.0, 95 % CI 1.1–3.9)

(Table 4).

Fifty-seven (16.3 %), and 38 (47.5 %) ADRs and severe

ADRs, respectively, were preventable based on the Schu-

mock and Thornton criteria (Table 3). Symptomatic treat-

ments and substitution of the offending antiretroviral agents

were reported for 41 (11.7 %) and 22 (6.3 %) ADRs, re-

spectively. Alteration of the ART regimen occurred in 28

(13.3 %) patients throughout the study period and, of these,

22 (78 %) were due to the development of severe ADRs.

Twenty (35 %) preventable severe ADRs were gastroin-

testinal complaints associated with zidovudine-containing

regimens; of these, only three patients received symp-

tomatic treatment. Nineteen (33 %) preventable ADRs were

due to inadequate laboratory monitoring of drug toxicities;

of these, 12 (63 %) ADRs were anaemia associated with

zidovudine-containing regimens. Skin reactions were the

third most important class of preventable ADRs in this

study, behind gastrointestinal complaints and anaemia.

Among 34 female patients who had a baseline CD4 count

more than 250 cells/lL, 21 (60 %) were inappropriately

taking a nevirapine-based regimen according to Ethiopian

guidelines [14]. Of these, seven patients developed skin

reactions, three of which were severe.

The potential influence of severe ADRs on treatment

outcomes was evaluated with consideration of the com-

bined self-reported 7-day recall dose and time adherence to

ART and increased absolute CD4 count and BMI. Patients

who experienced a severe ADR within the first 3 months

were significantly less likely (OR 0.4, 95 % CI 0.2–0.9;

p\ 0.05) to be adherent when using combined dose and

time (C90 %) adherence to ART within the first 3 months

of treatment. However, after 3 months of ART, there was

no significant association between severe ADRs and

adherence.

Themean BMI at baseline was 20.0 ± 3.1 kg/m2 in those

who experienced severe ADRs, and 20.0 ± 3.4 kg/m2 in

those who did not experience severe ADRs. There were

significant differences between these patient groups in terms

of mean change in BMI at 3 and 12 months of therapy

(p B 0.05).Among thosewho experienced severeADRs, the

mean change in BMI increased by 0.6 ± 2.7 kg/m2 over

12 months, and among those who did not experience severe

ADRs, themeanBMI increased by 1.5 ± 2.2 kg/m2 over the

study period. However, there were no significant differences

in immunological response (CD4 count) in these patient

groups at different time points (Table 5).

4 Discussion

This is the first prospective cohort study assessing the in-

cidence, type, severity, causality, preventability, predictors,

and treatment outcomes of ADRs in patients who were

initiated on ART in Ethiopia. The study revealed that the

incidence rate of severe ADRs over 1 year was 3.2 per 100

person-months, with 89.6 % of severe ADRs reported

within the first 3 months of ART. Most of the severe ADRs

were gastrointestinal complaints, haematological, and skin

reactions. Taking zidovudine-based regimens and being

unemployed were shown to be independent risk factors for

severe ADRs. The findings of this study regarding patient

groups at risk of ADRs are especially important in that they

suggest a number of practical interventions that could be

readily implemented in clinical practice to minimise pa-

tients’ risk of developing ADRs. This would represent a

significant advance in HIV/AIDS management in Ethiopia

as our study demonstrated that severe ADRs were associ-

ated with not only self-reported non-adherence with ther-

apy (the importance of optimal adherence to ART in

Table 5 Clinical outcomes and adverse drug reactions

Adherence or gain in BMI or CD4 cells Severe ADR [n (%)] No severe ADR [n (%)] Chi-square test

OR (95 % CI) p value

Adherent (C90 %) patients at month 3 43 (27.2) 115 (72.8) 0.4 (0.2–0.9) 0.046

Adherent (C90 %) patients at month 6 49 (31.6) 106 (80.9) 1.1 (0.5–2.6) 0.882

Adherent (C90 %) patients at month 9 45 (28.8) 111 (84.8) 0.7 (0.3–1.5) 0.448

Adherent (C90 %) patients at month 12 39 (27.9) 101 (72.1) 0.7 (0.3–1.4) 0.385

Gain CD4 C?50 cells/lL within 6 months 38 (31.4) 83 (68.6) 1.0 (0.4–2.4) 1.000

Gain CD4 C?50 cells/lL within 12 months 41 (31.8) 88 (68.2) 1.2 (0.5–3.0) 0.826

t test

BMI (kg/m2) change within 3 months ?0.29 ± 1.52 ?0.88 ± 1.59 0.017

BMI (kg/m2) change within 12 months ?0.61 ± 2.73 ?1.50 ± 2.22 0.027

BMI body mass index, ADR adverse drug reaction, OR odds ratio, CI confidence interval
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optimising patient outcomes is well-recognised [22, 23])

but also a poorer patient outcome in terms of gain in BMI.

In the study period, 86 % of patients reported at least

one ADR and more than one-third experienced a severe

ADR. The high prevalence of ADRs in this study might be

associated with intensive prospective data collection,

which assisted to identify mild ADRs that might be unre-

ported in other studies. Studies that followed a similar

methodology in Iranian and Indian patients who com-

menced ART had also reported a high prevalence of

ADRs—88 and 90 %, respectively, over 2-year study pe-

riods [24, 25].

Zidovudine-containing regimens were a risk factor for

gastrointestinal, haematological, and severe ADRs. Other

studies had also reported NRTIs as a risk factor for the

occurrence of gastrointestinal problems [26]. The overall

prevalence of gastrointestinal complaints (54.5 %) was

lower than reported in a cohort of Iranian patients

(67.3 %), where 81 % of patients were taking a zi-

dovudine-based regimen [24]. However, the prevalence in

this sample was higher than reported in Nigerian patients

(34 %), of whom 57.7 % were taking zidovudine-con-

taining regimens [27]. Although most of the gastrointesti-

nal problems were mild and self-limiting; they were

typically observed in the first 8 weeks of therapy and

therefore had the potential to strongly influence patients’

perceptions of their treatment. Perhaps because of this,

gastrointestinal ADRs are one of the documented reasons

for medication non-adherence [28].

The prevalence of anaemia in this study was low

(6.2 %) and was similar to that in studies reported in

Nigeria (4 %), India (3.1 %), and Haiti (4.7 %) [29–31].

Given that many patients with HIV/AIDS in Ethiopia have

coexisting malnutrition and chronic diseases, and 60 % of

study participants were female, the relatively low preva-

lence of anaemia was unexpected. Prospective cohort

studies in Iranian and Indian patients reported higher in-

cidences of anaemia (22 and 10.3 %, respectively),

although more than 94 % of patients who developed

anaemia in these studies were receiving zidovudine-based

ART regimens [24, 25]. One possible explanation for the

relatively lower prevalence of anaemia in the current study

is the lower rate of use of zidovudine-based regimens

compared with these previous studies.

Neuropsychiatric ADRs generally appeared within the

first few days of treatment and resolved after 4–8 weeks of

therapy. However, this short-term ADR may be intolerable

and may be the cause of patient dropout, as reported in our

previous study [32]; thus, patient education and regimen

switch may improve adherence to ART and retention in

care.

The prevalence of cutaneous reactions reported in this

study (31.3 %) was similar to that reported in Nigeria

(26.2 %) [27], and higher than reported in Côte d’Ivoire

(14 %) [33] and India (9.2 %) [34]. There was no sig-

nificant difference in rates of skin reactions between

nevirapine- and efavirenz-containing regimens in this

sample, unlike studies reported elsewhere [4, 35]. In our

logistic regression analysis, female sex and a previous

history of allergy were implicated as risk factors for ex-

periencing cutaneous reactions. Hormonal and metabolic

factors may play a role in the observed sex disparity in the

development of NNRTI-associated rash [36–38]. Our data

suggest the need for close monitoring when nevirapine or

efavirenz is initiated in patients with these risk factors.

Most severe ADRs were reported within the first

3 months. Patients who experienced severe ADRs were

non-adherent, as reported in other studies [25, 39], and

experienced a lower increase in BMI. Early non-adherence

to first-line regimens is associated with emergence of early

and late regimen failure [22, 40] and increasing treatment

costs [41]. To our knowledge, no previous studies have

reported that severe ADRs were associated with a de-

creased gain in BMI. ADRs such as nausea reduce food

intake and, subsequently, a gain in BMI. In addition, pa-

tients who took zidovudine-containing regimens, as re-

ported elsewhere [26], as well as the unemployed, were

more likely to develop severe ADRs in this sample. Studies

in sub-Saharan patients [42], including our previous study

[32], reported that eating insufficient food, which is more

likely related with unemployment, exacerbated ADRs with

ART. The relationship between severe ADRs and unem-

ployment may be mediated by the diagnosis of advanced

HIV/AIDS. A previous study reported that diagnosis of

advanced HIV/AIDS, which decreases labour productivity

and the chance of employment [43], increased the severity

of ADRs with ART [44]. In other studies, the complexities

of ART regimens (e.g. number of doses per day, number of

pills per dose) are related with poor adherence [45]. In our

unpublished data, we found no association between dosing

frequency and adherence.

In this study, we found that severe ADRs were more

likely to be preventable than less severe ADRs, as reported

elsewhere [46]. Almost half of the severe ADRs in patients

initiated on ART were preventable, which is considerably

less than a preventability rate (82.7 %) reported in a similar

study in India [31]. In this study, medication errors related

to preventable ADRs occurred more frequently at the

prescribing and monitoring stages of therapy than at the

dispensing stage. Nevirapine was prescribed in more than

60 % of female patients who had baseline CD4 count

[250 cells/lL, although treatment guidelines recommend

the use of abacavir or efavirenz in these patients [14]; this

increased these patients’ risk for developing skin reactions.

Interventions (e.g. dietary modification, patient reassur-

ance) to manage gastrointestinal complaints associated
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with zidovudine-containing regimens were rarely imple-

mented, which potentially increased the severity of these

ADRs. Similarly, inadequate laboratory monitoring for

zidovudine-related toxicities may have increased the risk of

developing severe anaemia in this study.

Immunologic outcomes throughout the study period

were not different in patients with and without severe

ADRs. Non-adherence associated with short-term ADRs

may not prevent patients making gains in CD4 count.

Messou et al. [47] reported that patients who had detectable

viral load achieved comparable CD4 counts at 6 months

with those with undetectable viral load. Outcomes of ART

in patients who experience short-term severe ADRs may be

better monitored using viral-load measurement.

The strengths of our study include its prospective nature,

which permitted more precise recording of symptoms and

assessment of severity, causality, and preventability ofADRs.

To minimise the occurrence of a Hawthorne effect, data were

collected through research pharmacists working for our study

project only. Staff members working in the ART clinics were

neither involved in data collection nor received feedback

about the results of the study before its completion.

This study has several limitations. Laboratory ADRs were

underreported in our findings due to the limited number of

laboratory tests being performed for monitoring ADRs in these

resource-limited hospitals. In addition, there was a lack of

continuity with healthcare providers in ordering the recom-

mended laboratory tests, according to treatment guidelines.

The majority of severe ADRs were associated with er-

rors in prescribing and monitoring of regimens that con-

tained zidovudine and/or nevirapine. This study highlights

the significance of improving prescribing and monitoring

practices in Ethiopian ART clinics to decrease the risk of

severe ADRs. Changing the paper-based prescribing prac-

tice in the ART clinics to a computer-based prescribing

practice has the potential to decrease errors by providing

feedback and suggestions to providers to select the rec-

ommended antiretrovirals, and to order laboratory tests for

monitoring ADRs in time. Future implementation of the

WHO 2013 ART guideline [48], which downgrades zi-

dovudine from a preferred first-line agent, may improve the

success of the ART scale-up programme in Ethiopia by

reducing the incidence of anaemia and severe ADRs.

5 Conclusions

We found that the majority of severe ADRs were reported

within the first 3 months of ART. Taking zidovudine-based

regimens and being unemployed were significant risk fac-

tors for the development of severe ADRs. We observed that

severe ADRs were negatively associated with self-reported

adherence and gain in BMI within the first 3 months.

Future studies should focus on prescribing and monitoring

of ART, particularly in treatment-naı̈ve patients who are

vulnerable to severe ADRs, to improve ART adherence and

treatment outcomes.

Funding This study was financially supported by the Division of

Pharmacy, School of Medicine, University of Tasmania, Hobart,

TAS, Australia.

Conflict of interest Woldesellassie M. Bezabhe, Luke R. Berez-

nicki, Leanne Chalmers, Peter Gee, Desalew M. Kassie, Mekides A.

Bimirew, and Gregory M. Peterson have no conflicts of interest to

declare that are directly relevant to the content of this study. Gregory

M. Peterson is the principal investigator in the Ethiopian HIV Eval-

uation (EHIVE) Project.

Acknowledgments The authors are grateful to Mr. Adane Mi-

nayehu, Mr. Zemene Demelash, and Mr. Dawit Demelash who

worked as research pharmacists. We are also grateful to the study

participants who volunteered for this study, and healthcare providers

in the ART clinics who assisted in the recruitment process.

References

1. World Health Organization. Global update on HIV treatment: re-

sults, impacts and opportunities. 2013. Available at: http://www.

who.int/hiv/data/global treatment report presentation. Accessed 20

Mar 2013.

2. Michaels SH, Clark R, Kissinger P. Declining morbidity and

mortality among patients with advanced human immunodefi-

ciency virus infection. N Engl J Med. 1998;339(6):405–6.

3. Ammassari A, Murri R, Pezzotti P, Trotta MP, Ravasio L, De

Longis P, et al. Self-reported symptoms and medication side ef-

fects influence adherence to highly active antiretroviral therapy in

persons with HIV infection. J Acquir Immune Defic Syndr.

2001;28(5):445–9.

4. Shubber Z, CalmyA, Andrieux-Meyer I, VitoriaM, Renaud-Thery

F, Shaffer N, et al. Adverse events associated with nevirapine and

efavirenz-based first-line antiretroviral therapy: a systematic re-

view and meta-analysis. AIDS. 2013;27(9):1403–12.

5. Cespedes MS, Aberg JA. Neuropsychiatric complications of an-

tiretroviral therapy. Drug Saf. 2006;29(10):865–74.

6. Sagwa E, Ruswa N, Musasa JP, Mantel-Teeuwisse AK. Adverse

events during treatment of drug-resistant tuberculosis: a com-

parison between patients with or without human immunodefi-

ciency virus co-infection. Drug Saf. 2013;36(11):1087–96.

7. Ethiopian Federal Ministry of Health HIV/AIDS Prevention and

Control Office. Multi-sectoral HIV/AIDS response monitoring

and evaluation report. 2011. Available at: http://www.etharc.org/

resources. Accessed 13 July 2012.

8. Reniers G, Araya T, Davey G, Nagelkerke N, Berhane Y,

Coutinho R, et al. Steep declines in population-level AIDS

mortality following the introduction of antiretroviral therapy in

Addis Ababa, Ethiopia. AIDS. 2009;23(4):511–8.

9. Ethiopian Federal Ministry of Health HIV/ AIDS Prevention and

Control office (HAPCO). Country progress report in HIV/AIDS

response. Addis Ababa: Ethiopian Federal Ministry of Health

HIV/ AIDS Prevention and Control office. 2012. Available at:

http://www.unaids.org. Accessed 13 Mar 2013.

10. Abdissa SG, Fekade D, Feleke Y, Seboxa T, Diro E. Adverse

drug reactions associated with antiretroviral treatment among

adult Ethiopian patients in a tertiary hospital. Ethiop Med J.

2012;50(2):107–13.

Adverse Drug Reactions and Clinical Outcomes in Patients Initiated on ART 637

http://www.who.int/hiv/data/global
http://www.who.int/hiv/data/global
http://www.etharc.org/resources
http://www.etharc.org/resources
http://www.unaids.org


11. Tadesse WT, Mekonnen AB, Hailu W, Tadesse YT. Self-reported

adverse drug reactions and their influence on highly active an-

tiretroviral therapy in HIV infected patients: a cross sectional

study. BMC Pharmacol Toxicol. 2014;15(1):32.

12. Fowler MG, Owor M. Monitoring HIV treatment in resource-

limited settings: reassuring news on the usefulness of CD4(?)

cell counts. J Infect Dis. 2009;199(9):1255–7.

13. Bezabhe WM, Peterson GM, Bereznicki L, Chalmers L, Gee P.

Adherence to antiretroviral drug therapy in adult patients who are

HIV-positive in Northwest Ethiopia: a study protocol. BMJ Open.

2013;3(10):e003559.

14. Ethiopian Federal Ministry of Health HIV/ AIDS Prevention

and Control Office (HAPCO). Guidelines for management of

opportunistic infections and antiretroviral treatment in adoles-

cents and adults in Ethiopia. 2008. Available at: http://www.

who.int/hiv/pub/guidelines/ethiopia_art.pdf. Accessed 24 Mar

2015.

15. World Health Organization. Antiretroviral therapy for HIV in-

fection in adults and adolescents: recommendations for a public

health approach 2010 revision. 2010. Available at: http://

whqlibdoc.who.int/publications/2010/9789241599764_eng.pdf.

Accessed 2 Apr 2015.

16. Edwards IR, Biriell C. Harmonisation in pharmacovigilance.

Drug Saf. 1994;10(2):93–102.

17. National Institute of Allergy and Infectious Diseases. Division of

AIDS table for grading the severity of adult and paediatric ad-

verse events (DAIDS AE Grading Table). December 2004, with

clarification published on August 2009. Available at: http://rsc.

tech-res.com/Document/safetyandpharmacovigilance/Tablefor

gradingseverityofadultpediatricadverseevents.pdf. Accessed 29

Mar 2012.

18. Naranjo CA, Busto U, Sellers EM, Sandor P, Ruiz I, Roberts E,

et al. A method for estimating the probability of adverse drug

reactions. Clin Pharmacol Ther. 1981;30(2):239–45.

19. Schumock GT, Thornton JP. Focusing on the preventability of

adverse drug reactions. Hosp Pharm. 1992;27(6):538.

20. Grabar S, Le Moing V, Goujard C, Leport C, Kazatchkine MD,

Costagliola D, et al. Clinical outcome of patients with HIV-1

infection according to immunologic and virologic response after

6 months of highly active antiretroviral therapy. Ann Intern Med.

2000;133(6):401–10.

21. Chesney MA, Ickovics JR, Chambers DB, Gifford AL, Neidig J,

Zwickl B, et al. Self-reported adherence to antiretroviral

medications among participants in HIV clinical trials: the

AACTG adherence instruments. Patient Care Committee and

Adherence Working Group of the Outcomes Committee of the

Adult AIDS Clinical Trials Group (AACTG). AIDS Care.

2000;12(3):255–66.

22. Meresse M, March L, Kouanfack C, Bonono RC, Boyer S,

Laborde-Balen G, et al. Patterns of adherence to antiretroviral

therapy and HIV drug resistance over time in the Stratall ANRS

12110/ESTHER trial in Cameroon. HIVMed. 2014;15(8):478–87.

23. Sethi AK, Celentano DD, Gange SJ, Moore RD, Gallant JE.

Association between adherence to antiretroviral therapy and hu-

man immunodeficiency virus drug resistance. Clin Infect Dis.

2003;37(8):1112–8.

24. Khalili H, Dashti-Khavidaki S, Mohraz M, Etghani A, Almasi F.

Antiretroviral induced adverse drug reactions in Iranian human

immunodeficiency virus positive patients. Pharmacoepidemiol

Drug Saf. 2009;18(9):848–57.

25. Shet A, Antony J, Arumugam K, Kumar Dodderi S, Rodrigues R,

DeCosta A. Influence of adverse drug reactions on treatment

success: prospective cohort analysis of HIV-infected individuals

initiating first-line antiretroviral therapy in India. PloS One.

2014;9(3):e91028.

26. Rudorf DC, Krikorian SA. Adverse effects associated with an-

tiretroviral therapy and potential management strategies. J Pharm

Pract. 2005;18(4):258–77.

27. Reginald OO, Haruna MM, Sani GB, Eric T-A, Adebola OT,

Mathew I, et al. Adverse reactions associated with antiretroviral

regimens in adult patients of a university teaching Hospital HIV

Program in Zaria, Northern Nigeria: an observational cohort

study. J Antivir Antiretrovir. 2012;4(1):6–13.

28. Cooper CL, Breau C, Laroche A, Lee C, Garber G. Clinical

outcomes of first antiretroviral regimen in HIV/hepatitis C virus

co-infection. HIV Med. 2006;7(1):32–7.

29. Eluwa GI, Badru T, Akpoigbe KJ. Adverse drug reactions to

antiretroviral therapy (ARVs): incidence, type and risk factors in

Nigeria. BMC Clin Pharmacol. 2012;12:7.

30. Severe P, Leger P, Charles M, Noel F, Bonhomme G, Bois G,

et al. Antiretroviral therapy in a thousand patients with AIDS in

Haiti. N Engl J Med. 2005;353(22):2325–34.

31. Modayil RR, Harugeri A, Parthasarathi G, Ramesh M, Prasad R,

Naik V, et al. Adverse drug reactions to antiretroviral therapy

(ART): an experience of spontaneous reporting and intensive

monitoring from ART centre in India. Pharmacoepidemiol Drug

Saf. 2010;19(3):247–55.

32. Bezabhe WM, Chalmers L, Bereznicki LR, Peterson GM,

Bimirew MA, Kassie DM. Barriers and facilitators of adherence

to antiretroviral drug therapy and retention in care among adult

HIV-positive patients: a qualitative study from Ethiopia. PloS

One. 2014;9(5):e97353.

33. Jena A, Sachdeva RK, Sharma A, Wanchu A. Adverse drug re-

actions to nonnucleoside reverse transcriptase inhibitor-based

antiretroviral regimen: a 24-week prospective study. J Int Assoc

Physicians AIDS Care (Chic). 2009;8(5):318–22.

34. Nagpal M, Tayal V, Kumar S, Gupta U. Adverse drug reactions

to antiretroviral therapy in AIDS patients at a tertiary care hos-

pital in India: a prospective observational study. Indian J Med

Sci. 2010;64(6):245–52.

35. Kumarasamy N, Venkatesh KK, Cecelia AJ, Devaleenal B, Lai

AR, Saghayam S, et al. Spectrum of adverse events after generic

HAART in southern Indian HIV-infected patients. AIDS Patient

Care STDS. 2008;22(4):337–44.

36. Clark R. Sex differences in antiretroviral therapy-associated in-

tolerance and adverse events. Drug Saf. 2005;28(12):1075–83.

37. Bersoff-Matcha SJ, Miller WC, Aberg JA, van Der Horst C,

Hamrick HJ Jr, Powderly WG, et al. Sex differences in nevirapine

rash. Clin Infect Dis. 2001;32(1):124–9.

38. Omer HM, Hodson J, Thomas SK, Coleman JJ. Multiple drug

intolerance syndrome: a large-scale retrospective study. Drug Saf.

2014;37(12):1037–45.

39. d’Arminio Monforte A, Lepri AC, Rezza G, Pezzotti P, Antinori

A, Phillips AN, et al. Insights into the reasons for discontinuation

of the first highly active antiretroviral therapy (HAART) regimen

in a cohort of antiretroviral naive patients. I.CO.N.A. Study

Group. Italian Cohort of Antiretroviral-Naive Patients. AIDS.

2000;14(5):499–507.

40. von Wyl V, Klimkait T, Yerly S, Nicca D, Furrer H, Cavassini M,

et al. Adherence as a predictor of the development of class-

specific resistance mutations: the Swiss HIV Cohort Study. PloS

One. 2013;8(10):e77691.

41. Simpson K, Chen SY, Wu A, Boulanger L, Chambers R, Nedrow

K, et al. Costs of adverse events among patients with HIV in-

fection treated with nonnucleoside reverse transcriptase in-

hibitors. HIV Med. 2014;15(8):488–98.

42. Weiser SD, Tuller DM, Frongillo EA, Senkungu J, Mukiibi N,

Bangsberg DR. Food insecurity as a barrier to sustained an-

tiretroviral therapy adherence in Uganda. PloS One.

2010;5(4):e10340.

638 W. M. Bezabhe et al.

http://www.who.int/hiv/pub/guidelines/ethiopia_art.pdf
http://www.who.int/hiv/pub/guidelines/ethiopia_art.pdf
http://whqlibdoc.who.int/publications/2010/9789241599764_eng.pdf
http://whqlibdoc.who.int/publications/2010/9789241599764_eng.pdf
http://rsc.tech-res.com/Document/safetyandpharmacovigilance/Tableforgradingseverityofadultpediatricadverseevents.pdf
http://rsc.tech-res.com/Document/safetyandpharmacovigilance/Tableforgradingseverityofadultpediatricadverseevents.pdf
http://rsc.tech-res.com/Document/safetyandpharmacovigilance/Tableforgradingseverityofadultpediatricadverseevents.pdf


43. Fox MP, Rosen S, MacLeod WB, Wasunna M, Bii M, Foglia G,

et al. The impact of HIV/AIDS on labour productivity in Kenya.

Trop Med Int Health. 2004;9(3):318–24.

44. Reisler RB, Han C, Burman WJ, Tedaldi EM, Neaton JD. Grade

4 events are as important as AIDS events in the era of HAART.

J Acquir Immune Defic Syndr. 2003;34(4):379–86.

45. Stone VE, Hogan JW, Schuman P, Rompalo AM, Howard AA,

Korkontzelou C, et al. Antiretroviral regimen complexity, self-

reported adherence, and HIV patients’ understanding of their

regimens: survey of women in the her study. J Acquir Immune

Defic Syndr. 2001;28(2):124–31.

46. Gurwitz JH, Field TS, Avorn J, McCormick D, Jain S, Eckler M,

et al. Incidence and preventability of adverse drug events in

nursing homes. Am J Med. 2000;109(2):87–94.

47. Messou E, Gabillard D, Moh R, Inwoley A, Sorho S, Eholie S,

et al. Anthropometric and immunological success of antiretroviral

therapy and prediction of virological success in west African

adults. Bull World Health Organ. 2008;86(6):435–42.

48. World Health Organization. Consolidated guidelines on the use

of antiretroviral drugs for treating and preventing HIV infection:

recommendations for a public health approach (2013). Report

No.: 978 92 4 1505727. Available at: http://www.who.int/hiv/

pub/guidelines. Accessed 3 July 2014.

Adverse Drug Reactions and Clinical Outcomes in Patients Initiated on ART 639

http://www.who.int/hiv/pub/guidelines
http://www.who.int/hiv/pub/guidelines

	Adverse Drug Reactions and Clinical Outcomes in Patients Initiated on Antiretroviral Therapy: A Prospective Cohort Study From Ethiopia
	Abstract
	Introduction
	Objectives
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Results
	Discussion
	Conclusions
	Funding
	References




