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Background: The aim of the present study was to assess the incidence and predictors of
severe adverse drug reactions among patients on antiretroviral therapy (ART) in Tigray,
North Ethiopia.
Methods: We employed four years retrospective cohort study using a structured data
extraction sheet. The study populations were HIV patients on ART follow-up from
January 2017 to February 2020 in the study area. Severe adverse drug reaction (ADR) was
an outcome variable and defined as having any one of the complaints related to ARV drug
reaction due to regimen change, discontinuation, and/or in-patient care. Data were collected
using a structured data extraction sheet. A Cox proportional hazard regression model was
used to determine the relationship between the predictors and the outcome variable. The
mean survival time of the cohort was estimated using the Kaplan–Meier method.
Results: The incidence rate of ADRs was 3.6 (95%CI: 2.9–4.35) per 100-person years. HIV
patients with no formal education (adjusted hazard ratio=1.58, 95%CI: 1.03–2.41), with
experience of regimen change (adjusted hazard ratio=1.59, 95%CI: 1.12–2.91), who ever
took other medication (adjusted hazard ratio=1.49, 95%CI: 1.05–2.15) and with lower body
mass index (adjusted hazard ratio=3.24, 95%CI: 1.18–4.91) were more likely to develop
severe adverse drug reaction.
Conclusion: ADRs were diagnosed an inconsiderable number of HIV patients on ART and
factors were patient and drug-related. To minimize it, special attention is sought for patients
with no formal education, previous regime change, whoever took other medication, and who
have lower body mass index levels.
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For people living with HIV and AIDS (PLWHA), the persons with HIV may
continue to live well and productively for many years.1 Worldwide, by the end of
2019, 81% of people living with HIV were aware of their HIV status and 67% of
them were on ART, the same with an estimated 25.4 million of the 38.0 million
people living with HIV—a number that has more than tripled since 2010.2 Women
and girls in sub-Saharan Africa, accounting for 59% of new HIV infections in the
region by 2019.3 Widespread ART blocks approximately 12.1 million AIDS-related
deaths by 2010. The estimated 690,000 lives lost due to AIDS-related illnesses
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worldwide in 2019 is a 39% reduction since 2010, but still,
far too many people are dying unnecessarily.2
The Federal Democratic Republic of Ethiopia has
observed remarkable progress over the past two decades in
reducing the HIV prevalence rate from 3.3% in 2000 to 0.9%
in 2017, and AIDS-related deaths were reduced from 83,000
people in 2000 to 15,600 in 2017. The Joint United Nations
Programmed on HIV/AIDS (UNAIDS) unites the efforts of
11 United Nations organization works closely with global
and national partners towards ending the AIDS epidemic by
2030 as part of the sustainable development goals.3 However,
the gains made so far seem to be challenged by complacency
regarding severe adverse drug reactions (SADRs).4
Adverse drug reactions (ADRs) are defined as “is
a harmful and unintended reaction to the use of humans for
the prevention, diagnosis, or treatment of health or
physiology”.5 The incidence of ADRs is variably reported
from 90% in India,6 4.6% in Nigeria,7 to 9% in Ethiopia.8
There are several predicting variables to ADR including but
not limited to higher CD4 cell count,9 tuberculosis/HIV (Tb/
HIV) co-infection,10,14 alcohol intake, pregnancy, breastfeed
ing, and kidney problems.11 There are, however, limited data
on the incidence and predictors of ADR in Tigray, North
Ethiopia. Therefore, this study assessed the incidence and
predictors of severe adverse drug reactions among patients
on ART in Tigray, North Ethiopia.

Methods and Materials
Study Design and Period
A health facility-based retrospective cohort study was con
ducted among people living with HIV from January 2017 to
February 2020. All adults aged 15 years and older on ART
follow-up having at least one repeated follow-up visit were
included in the study.

Study Setting
The study was conducted in Aksum St Mary general
hospital in Tigray regional state, northern Ethiopia.
Aksum is the capital of the central zone of Tigray which
is located 1024 km north of Addis Ababa and 247 km
from Mekele, the capital city of Tigray. Axum city has one
referral and teaching hospital, one general hospital, two
health centers, four health posts, and 10 different level
private clinics.
Aksum St Mary general hospital, the other study setting
in Axum, was established in 1961 and has 368 health-care
workers including 17 general practitioners (GPs) and five
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specialists. The hospital provides emergency, in-patient,
and outpatient services at different departments. It provides
comprehensive HIV/AIDS care and support services
including voluntary counseling and testing (VCT), preven
tion of mother-to-child transmission (PMTCT), providerinitiated HIV testing and counseling (PITC), ART, and
treatment for opportunistic infections (OIs) since 2003.
Since the end of 2016, Ethiopia has started the “test
and treat” strategy where every HIV-positive person who
starts the treatment was eligible for ART and both hospi
tals in the study setting also started the program.12

Study Participants and Sampling
The populations included in the current study were HIV
patients who are on ART follow-up for a minimum of 36
months enrolled in the study setting. The list of all eligible
participants on ART follow-ups was obtained from the ART
clinic in each hospital. A total of 452 HIV-positive adoles
cents and adults were recruited using a computer-generated
simple random sampling method using unique ART numbers
as a sampling frame. The data extraction sheet was prepared
in English and then translated into the local language
(Tigrigna) and back into English by a professional person.
To establish face validity and translation quality the question
naire was tested on 5% of the total sample size determined for
this study participant outside of the study site by data collec
tors and supervisors during training. Data were collected from
the ART registry logbook and patients charts. The data were
collected by health professionals who were trained on ART.

Variables in the Study
The outcome variable in the study was severe adverse drug
reaction “Yes” if any one of the following features recorded
as ARV drug reaction complaints about seeking care and
resulted in either regimen change, discontinuation, and/or inpatient care (including all available laboratory test results):
diarrhea, hepatotoxicity, peripheral neuropathy, Severe skin
rash and hypersensitivity reaction (Stevens–Johnson syn
drome), anemia, pancreatitis, abdominal pain, jaundice, fat
changes, anxiety, depression, vomiting, and other rare con
ditions; and “No” if none of the above complaints were
recorded. The exposure variables included: age, gender, mar
ital status, educational status, previous diagnosis of opportu
nistic infection, the experience of regimen change, history of
antituberculosis prophylaxis taking, ever taking of one or
more medications other than ART, and body mass index
(BMI). BMI was defined as “underweight” if <18.5 kg/m2;
“normal” if 18.5–24.99 kg/m2; and “overweight” ≥25 kg/m2.
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Data Extraction and Analysis
Data were extracted from the ART registry logbook and
electronic medical record (EMR) system in Aksum St
Mary general hospital designed in 2018. Four trained
ART nurses and data clerks extracted the data and were
supervised by one GP. Data were initially checked manu
ally for completeness and consistency by the supervisor
and principal investigator during the fieldwork and
rechecked before data entry. Data were then coded,
entered, and cleaned using Epi Info version 7 to exported
to Stata version 14.0 software for analysis and interpreta
tion. The mean survival time was estimated using the
Kaplan–Meier method. To model the relationship between
exposure variables and the outcome variable, the Cox
proportional hazard regression model was implemented.

Result
Sociodemographic Characteristics
In this study, 452 participants were included for analysis of
which 233 (51.5%) were women and one out of five
participants were youths. Nearly half of the participants
46% were married, one third (28.5%) of participants had
no formal education, and about 59% lived within the
catchment area of the study settings (Table 1).

Baseline Clinical Characteristics and
Follow-up Measurements
Of the total, four in five patients (81.6%) had a CD4 count
≤200; half (49.8%) of the participants’ BMI were under
weight and one third (32.1%) of participants were diag
nosed clinical stage III and IV. Table 2 demonstrates the

Table 1 Sociodemographic Characteristics of Patients on ART
Characteristics

Frequency (N)

Percent (%)

15–24
25–34

85
133

18.8
29.4

35–44
≥45

133
101

29.4
22.3

Gender

Male
Female

219
233

48.5
51.5

Marital status

Never married
Divorced

130
71

28.8
15.7

Married
Widowed

208
43

46
9.5

Residence

Within catchment area
Without catchment area

266
186

58.8
41.2

Educational status

No formal education
Primary education
Secondary education

129
139
144

28.5
30.8
31.9

Tertiary education

40

8.8

Sex worker
Driver

25
32

5.5
7.1

Daily laborer
Merchant

64
34

14.2
7.5

Farmer

49

10.8

Government employee
Private employee

43
28

9.5
6.2

Student

22

4.9

Housewife
No job

63
92

13.9
20.4

Orthodox
Muslim

416
32

92
7.1

Protestant

4

0.9

Age in years

Occupation

Religion
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Characteristics

Percent (%)

CD4 count in cells/μL

≤200
≥200

369
83

81.6
18.4

BMI

Underweight
Normal

222
216

49.8
48.5

Overweight obese

14

1.8

WHO clinical stage

Stage I and II
Stage III and IV

307
145

67.9
32.1

Baseline regimen

1e=TDF-3TC-EFV
1j=TDF-3TC-DTG

423
23

93.6
5.1

Other

6

1.3

Experience of TB infection

Yes
No

78
374

17.3
82.7

Experience of other OIs

Yes
No

83
369

18.4
81.6

Poor ART adherence before ADR

Yes
No

50
402

11.1
88.9

Experience of regimen change

Yes
No

329
133

71.2
28.8

If there is regiment change

Toxicity/SE
New drug available
No change

15
128
309

3.3
28.3
68.4

History of CPT

Yes
No

340
112

75.2
24.8

Poor adherence in CPT

Yes
No

47
405

10.4
89.6

Anti-TB prophylaxis

Yes
No

336
116

74.3
25.7

Other medication/nutritional supplement

Yes

133

31.6

No

319

68.4

Note: Other: 1a=d4t-3TC-NVP, 1b=d4t-3TC-EFV, 1c=AZT-3TC-NVP, 1d=AZT-3TC-EFV
Abbreviations: 3TC, lamivudine; ART, antiretroviral therapy; ADR, adverse drug reaction; BMI, body mass index; CD4, cluster for differentiation 4; CPT, cotrimoxazol
preventive therapy; DTG, dolutegravir; EFV, efavirenz; TB, tuberculosis; TDF, tenofovir; d4t, stavudine, NVP, nevirapine, EFV, efavirenz, AZT, zidovudine.

clinical characteristics of the study participants included in
the study.

Incidence Rates of Adverse Drug
Reactions
Out of the total 452 participants, 151 (17.8%; 95%CI:
15.2%, 20.9%) had experienced severe adverse drug reac
tions (ADRs). Anemia was the common complaint of
ADRs. The incidence rate of ADR was 3.6 (95%CI: 2.9–
4.35) per 100-person years. The incidence rates in males
and females were 18.9 and 16.7 per 1000-person years of

644

Powered by TCPDF (www.tcpdf.org)

Frequency (N)

https://doi.org/10.2147/HIV.S310419

DovePress

follow-up respectively. The incidence rate in underweight,
normal weight and overweight were 15.9, 18.7, and
57.5 per 1000-person years of follow-up, respectively.
The patients were followed for a median time of 18
months (a minimum of one and a maximum of 43 months
of the follow-up). Figures 1 and 2, respectively demon
strate the ADR status of study participants by the experi
ence of regimen change and diagnosis of OIs using
Kaplan–Meier graphs. The hazard distribution of experi
ence of regimen change was found to be statistically sig
nificant but not for the OIs.
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Figure 1 Kaplan–Meier curves for time to the development of ADRs among HIV patients on ART by the experience of regimen change, St Mary Hospital.

Figure 2 Kaplan–Meier curves for time to the development of ADRs among HIV patients on ART by the experience of opportunistic infection, St Mary Hospital.

Survival Probability
Due to the smaller proportion of the event in the cohort,
the median survival time was not estimable. So, we used
the survival mean to estimate the mean survival time. In
this regard, the survival mean will be estimated better

HIV/AIDS - Research and Palliative Care 2021:13

considering the maximum event time, which is reported
as restricted mean survival time. The estimated mean
survival time using the restricted mean was 66.5 (95%CI:
62.4–70.5) months. The overall survival history of the
cohort is displayed in Figure 3.
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Figure 3 Cumulative survival Kaplan–Meier curve for time to the development of ADRs among HIV patients on ART St Mary Hospital.

Predictors of Severe ADRs Among
Patients on ART
Age, marital status, education status, the experience of OI,
the experience of regime change, ever took anti-TB pro
phylaxis, ever took other medication or nutrition and BMI
were the candidate variables for the multivariable Cox
proportional model. Finally, education status, the experi
ence of regime change, ever took other medication, and
BMI were found predictors of severe ADRs.
Those patients with no formal education were about
two times (AHR=1.58, 95%CI: 1.03–2.41) at higher risk
of developing ADR compared to those with tertiary edu
cation. The risk of ADRs among patients with experience
of regimen change was double (AHR=1.59 95%CI: 1.12–
2.91) compared to those patients with no experience of
regimen change. Patients who ever took other medication
were 50% (AHR=1.49 95%CI: 1.05–2.15) more likely to
develop ADR than those with no such experience. Patients
with BMI underweight were three times (AHR=3.24 95%
CI: 1.18–4.91) at higher risk of developing ADR at any
time. Table 3 shows the predictors of ADR among patients
on ART (Table 3).

Discussion
The present study determined the incidence and predictors
of severe adverse drug reactions among patients on ART in
Central Tigray, Ethiopia.
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Most patients in the present study are women and between
the ages of 25 and 44, implying the concentration of HIV
among women and the youth. We found that the incidence of
severe adverse drug reaction was 3.6 per 100-person years of
follow-up, a finding consistent with studies in Debre Markos
Referral Hospital, Northwest Ethiopia (3.0/100 PY).13 But this
finding was different from studies conducted in Nigeria report
ing 4.6/100 PY and 4.05/100 PY,7,14 and Bahir Dar, Ethiopia
reporting 4.3/100 PY.15 This may be attributed to some rea
sons. First, the level of adherence in these facilities may be
different. Previous studies showed that poor adherence deter
mined the incidence of ADR.11,16 Second, the capacity and
commitment of prescribers also determine the incidence of
ADR. For example, a health worker assessing careful medica
tion history could assist in identifying the previous history of
ADRs that may preclude re-exposure to the drug.17 Third, the
presence of incomplete laboratory data could also underesti
mate the incidence of ADR.18
There are several predictive variables for the occurrence
of ADRs in the present setting. Those patients with no
formal education were two times at higher risk of develop
ing ADR compared to those with tertiary education, which
is consistent with the studies conducted in Bahir Dar City,15
Northwest Ethiopia, Northern Nigeria,14 and JodhpurIndia.19 A good understanding of ARV compliance, good
nutrition, and caring for them can be thought to have pro
vided some protection against drug reactions.15
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Table 3 Cox Regression Analysis of the Relationship Between Explanatory Variables and the Time to ADR Development
Variables

CHR (95%CI)

AHR (95%CI)

Event

Censored

15–24
25–34

24 (15.9%)
37 (24.5%)

60 (19.9%)
97 (32.2%)

1
0.93 (0.55–1.55)

1
0.97 (0.57–1.67)

35–44

45 (29.8%)

88 (29.2%)

0.96 (0.58–1.58)

1.03 (0.59–1.76)

≥45

45 (29.8%)

56 (18.6%)

1.38 (0.84–2.27)

1.62 (0.98–2.69)

Never married
Divorced
Married

43 (28.5%)
28 (18.5%)
66 (43.7%)

87 (28.9%)
43 (14.3%)
142 (47.2%)

1
0.77 (0.47–1.24)
0.96 (0.65–1.41)

1
0.63 (0.36–1.12)
0.78 (0.49–1.25)

Widowed

14 (9.3%)

29 (9.6%)

0.98 (0.54–1.79)

0.78 (0.39–1.56)

No formal education
Primary education
Secondary education

36 (23.8%)
56 (37.1%)
48 (31.8%)

93 (30.9%)
8 3(27.6%)
96 (31.9%)

1.04 (1.01–2.41)
1.78 (0.78–1.85)
1.32 (0.57–2.20)

1.58 (1.03–2.41)*
1.29 (0.83–2.04)
1.19 (0.58–2.45)

Tertiary education

11 (7.3%)

29 (9.6%)

1

1

Experience of OI

Yes
No

25 (16.6%)
126 (83.4%)

58 (19.3%)
243 (80.7%)

0.73 (0.47–1.12)
1

0.72 (0.45–1.14)
1

Experience of regimen changed

Yes
No

60 (39.7%)
91 (60.3%)

70 (23.3%)
231 (76.7%)

2.18 (1.92–2.89
1

1.59 (1.12–2.91)**
1

Ever took anti-TB prophylaxis

Yes
No

114 (75.5%)
37 (24.5%)

222 (73.8%)
79 (26.2%)

1
0.81 (0.56–1.18)

1
0.81 (0.54–1.21)

Ever took other medication

Yes
No

48 (31.8%)
103 (68.2%)

85 (28.2%)
216 (71.7%)

1.18 (1.01–1.84)
1

1.49 (1.05–2.15)*
1

BMI

Underweight
Normal

151 (65.9%)
72 (31.4%)

71 (31.8%)
144 (64.6%)

2.84 (1.12–3.51)
1.29 (0.14–1.61)

3.24 (1.18–4.91)**
1.37 (0.14–1.39)

Overweight

6 (2.7%)

8 (3.6%)

1

1

Age
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Survival Status

Marital status

Education status

Note: *P-value <0.05, **P-value <0.001.
Abbreviations: BMI, body mass index; TB, tuberculosis; OI, opportunistic infection.

The risk of ADRs among patients with experience of
regimen change was two times higher at any time com
pared to those with a patient with no experience of regi
men change. This finding is in line with a study done in
Debre Markos Referral Hospital, Gondar Referral
Hospital,20 Jimma Southwest Ethiopia,21 and Kenya.22
Patients who ever took other medication were 1.5 times
more likely to develop adverse drug reactions at any time
in the follow-up compared to those with no such experi
ence. This is in line with previous literature revealing HIVinfected patients receiving TB treatment commonly
experience drug toxicity,23,24 some findings even recom
mended deferring of ARVs during the intensive phase of
TB treatment.24,25 Patients with BMI underweight were
three times at higher risk of developing ADR at any
time. Thie is supported by a prospective cohort study
conduct in Ethiopia which shows severe ADRs were asso
ciated with a decreased gain in BMI.26 Studies indicated

HIV/AIDS - Research and Palliative Care 2021:13

that patients with lower BMI (underweight) have a high
rate of hospitalization, and exposure to opportunistic infec
tions and subsequent pill burden to treat them, and these
may lead to ADR.27
The current study put effort into comprehensively
assessing the incidence of ADRs and related factors.
However, there are some limitations. First, there was
data incompleteness (with incomplete information, loss
of patient cards, and illegible handwriting on patients’
cards) given the record based nature of the source of
data. We were, therefore, unable to assess the details of
sociodemographic variables and some important variables.
Second, we have not been able to describe and discuss the
details of each specific type of adverse drug reaction.

Conclusions
The incidence of ADRs seems lower than the studies con
ducted in other parts of Ethiopia and some developing
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countries but the burden was still considerable. HIV-patients
with a lower level of educational status, the experience of
regime change, ever took other medication and low BMI
attributed to an adverse drug reaction. This group of HIV
patients should seek special attention to minimize the adverse
drug reaction. We also recommend improving the data hand
ling of hospitals. The health-care providers should document
detailed patients’ information clearly on their cards.

Abbreviations
3TC, lamivudine; ART/ARV, antiretroviral therapy; AZT/
ZDV, zidovudine; BMI, body mass index; CD4, cluster of
differentiation 4; CPT, co-trimoxazole preventive therapy;
D4T, stavudine; IPT, ionized preventive therapy; LMM, linear
mixed model; PLHIV, people living with HIV; TDF, tenofovir.
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