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Abstract
Background: Despite close to two decades of  antiretroviral therapy (ART) in Nigeria, data on late on-onset ART-associated 
adverse drug reactions (ADRs) are sparse.
Objectives: To describe early and late-onset ADRs and compare their incidence in an outpatient HIV positive Cohort on 
ART.
Method: We described the incidence of  clinical ADRs identified and documented in an outpatient clinic cohort of  HIV-pos-
itive patients treated between June 2004 and December 2015 at a tertiary health facility in Nigeria. Incidence rates of  ADRs 
during the first and subsequent years of  ART were compared.
Results: of  the 13,983 patients’ data analyzed, 9317 were females (66%), and those in the age bracket of  25 to 45 years made 
up 78% of  the studied population. During 52,411 person-years (py) of  ART, 1485 incident ADRs were recorded; Incidence 
rate (IR) 28.3 (95% confidence interval [CI] 26.9:29.8) ADRs per 1000 person-years (py) of  ART. The IR of  ADRs was 
about two times higher in the first year of  ART compared to subsequent years of  treatment; crude incidence rate ratio (IRR) 
1.77 (95% CI 1.59:1.97). Anemia, hypersensitivity reactions, and nervous system disorders had 7, 23, and 5 times higher 
incidence, respectively, in the first year of  therapy, compared to subsequent years.
Conclusion: The first year of  ART is the period of  highest risk of  ADRs. Individual and programmatic treatment success 
in resource-limited settings requires strategies for early identification and management of  ADR during the period of  greatest 
risk of  ADRs.
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Introduction
Available data indicate that there is an upsurge in the 
number of  human immune deficiency virus (HIV) in-
fected persons accessing life-saving antiretroviral ther-
apy (ART) globally. As of  December 2018, of  the 37.9 
million people living with HIV worldwide, 23.3 million 
(61%) were on treatment, more than three times as 
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many as in 2010 1. In Nigerian, roughly one million of  
the estimated 1.9 million persons living with HIV were 
on ART in 1500 health facilities across the country 2.
As more patients are commenced on lifelong ART and 
live longer with HIV, none AIDS-related morbidities 
such as adverse drug reactions (ADRs)  are emerging 
concerns 3,4. Adverse drug reactions to ART are com-
mon, with reported prevalence of  30% to 90%5–8. In 
Nigeria, prior studies reported ADR incidences of  
between 4.6% to 10.4% among individuals receiving 
ART9–11. The reported incidence in Nigeria is lower 
than those reported in other settings, probably due to 
poor pharmacovigilance practices 11. Antiretroviral ther-
apy-associated ADRs are risk factors for poor health 
outcomes and mortality in people living with HIV 6,12. 
Therefore, understanding the pattern of  ART-associ-
ated ADR will aid their timely identification and man-
agement, which could result in improved treatment out-
comes.
Antiretroviral therapy-associated  ADRs can occur at 
any time during ART, with some being early in onset, 
while others are late in onset 13,14. Previous studies of  
ADRs in Nigeria 9–11 focused more on early-onset ADRs 
due to a lack of  longitudinal data. This study described 
early and late-onset ADRs in an outpatient clinic co-
hort of  people living with HIV on ART. We compared 
the incidence of  ADRs during the first and subsequent 
years of  treatment. We also modeled the hazard of  de-
veloping any ART-associated ADR during treatment. 
This data will be useful in improving the detection of  
ADRs and focus interventions on the periods of  the 
most considerable risk.

Method
Study design
The study was a retrospective cohort study of  prospec-
tively identified clinical ADR that occurred among pa-
tients on ART at the study site. Analysis of  patients’ 
clinical data was conducted from the time of  ART in-
itiation (baseline) through the last pharmacy ARV dis-
pense date or end of  study period defined as December 
2015.

Study setting and population
The study was conducted at the AIDS Prevention In-
itiative in Nigeria (APIN) supported HIV treatment 
center of  Jos University Teaching (JUTH) in North 
Central Nigeria. The outpatient clinic has over a dec-
ade of  experience in the provision of  comprehensive 
HIV care, treatment, and support services for the city 
of  Jos, and the North Central region of  Nigeria. As 

of  December 2015, over 20,000 HIV-infected patients 
had been cumulatively enrolled in care at the treatment 
center, and 16,000 had received ART.
HIV-infected patients ≥15 years of  age who received 
treatment at the treatment site between January 2004 
and December 2015, and treatment naïve at ART in-
itiation were included in the study. Those excluded 
from the study included pregnant women who received 
short-course ART for the prevention of  mother to 
child transmission of  HIV and those who picked up 
antiretroviral medicines only once from the pharma-
cy. Additionally, patients with insufficient baseline data 
such as missing first ART dispense date were excluded 
from the analysis.

Standard of  care and adverse drug reaction assessment
Eligibility for ART at the treatment facility was based 
on the treatment guidelines in use at the time of  en-
rollment 15,16. The Nigerian National ART guideline 
for adults and adolescents is usually aligned with the 
World Health Organization (WHO) guidelines at the 
time of  patient enrollment17,18. Eligible patients typi-
cally commenced ART that included a non-nucleoside 
reverse transcriptase inhibitor (NNRTI) backbone of  
either nevirapine (NVP) or efavirenz (EFV), in com-
bination with two nucleoside reverse transcriptase in-
hibitors (NRTIs), usually lamivudine (3TC) in com-
bination with zidovudine (AZT), stavudine (d4T),  or 
tenofovir (TDF). Abacavir (ABC) or didanosine (ddI) 
were also used in select cases. Some patients on TDF 
received emtricitabine (FTC) in place of  3TC, depend-
ing on the formulation available to the program at the 
time of  dispensing. In limited cases, patients initiated 
ART with a triple NRTI regimen. Prescription records 
were maintained in an electronic pharmacy database 
developed for use in the Harvard School of  Public 
Health and AIDS Prevention Initiative (HSPH/APIN) 
program in Nigeria19. Routine clinic visits for clinical 
review and drug pick-up occurred monthly in the first 
year of  ART initiation and, subsequently, every other 
month. Patients with complaints had unscheduled visits 
as necessary. The standard clinical evaluation included a 
thorough review of  symptoms, in which the absence of  
symptoms or a description of  symptoms present was 
documented on standardized visit forms. If  clinical or 
laboratory toxicity was identified, clinicians completed a 
program-specific toxicity form, which included detailed 
information about the suspected medication-related 
toxicity, date of  onset, management, and outcome. The 
toxicity form contains an extensive checklist of  symp-
toms categorized by body system. ADRs were classi-
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fied as mild to life-threatening on a four-point scale 
according to the WHO severity grading 20.  Grade one 
was classified as “mild” and with no limitation of  daily 
activities, grade two as “moderate” with mild to mod-
erate limitation of  activities, grade three as “severe” 
with marked limitation of  activities, and grade four as 
“life-threatening” with extreme limitation of  activities 
and significant medical intervention 20. Furthermore, 
ADRs were classified as early-onset and late-onset if  
they occurred within the first year and after one year 
of  ART, respectively. Completed toxicity forms were 
transferred into the electronic database maintained at 
clinic to document all clinical, pharmacy and laboratory 
patient data 19.
CD4+ lymphocyte count was measured by flow cytom-
etry (Partec GmbH, Munster Germany), and HBsAg 
was determined using Enzyme Immunoassay (EIA) 
(MonolisaHBsAg Ultra3; Bio-Rad, Hercules, USA). Pa-
tients were assigned as being TB positive if  it was noted 
as such in the clinical record.

Ethical issues
The Jos University Teaching Hospital Institutional re-
view board approved the research protocol, while the 
Harvard School of  Public Health and APIN Public 
Health Initiative approved the use of  secondary data 
(Ref: OHRP IRB# IRB00011406 dated September 15, 
2018). Only patients who had documented consentor 
the use of  their clinical data for research were included 
in this analysis. 

Statistical analysis
We described frequencies and proportions for cate-
gorical variables, while median with interquartile range 
(IQR) was computed for numerical variables based on 
results of  initial exploratory analysis. The incident rate 
of  ADRs was determined by dividing the number of  
incident events by the total observation time contrib-
uted by patients. Each patient contributed observation 
time from the start date of  ART to the date of  the first 
occurrence of  an ADR or date of  last ARV pick up or 

the end of  the observation period, defined as the end 
of  December 2015. For incident rates of  specific ADRs 
type, censoring was done at the first report of  the ADR 
type. The incidence rate of  ADRs during the first year 
of  ART was compared to the incidence rate during 
subsequent years of  therapy to determine the incident 
rate ratio (IRR) and 95% confidence interval (CI) for 
the different ADRs. Cox proportional hazards model 
was used to predict the hazard of  ADR. Baseline char-
acteristics that were significantly associated with ADR 
in the bivariate analysis (p <0.25), as well as those that 
were clinically relevant or had a biological plausibility to 
affect ADRs, were included in a multivariable Cox pro-
portional hazards model. Findings from the model were 
reported as hazard ratios (HR) and 95% confidence in-
terval (CI) of  HR; p-value <0.05 was considered statis-
tically significant. For the multivariate analysis, WHO 
clinical stage and CD4+ cell count were stratified based 
on the result of  the bivariate analysis. Stata version 13 
(College Station, TX) was used for statistical analysis.

Results
Participants’ characteristics
Between January 2004 and December 2015, 16,012 
patients commenced ART at the study site, of  which 
data of  13,983 (85%) patients who met the inclusion 
criteria were analyzed. The baseline characteristics of  
the Cohort summarized in Table 1 indicate that major-
ity of  the study population were females (66%) and in 
the age bracket of  25 to 45 years (78%). The domi-
nant HIV transmission risk was heterosexual sex. At 
the time of  ART initiation, approximately one-third of  
patients had WHO clinical stage three or four disease, 
while the median (interquartile range [IQR]) CD4 cell 
count was 153 (78-251) cell/mm3. A higher proportion 
of  patients commenced ART with zidovudine+lam-
ivudine+nevirapine (39%) regimen followed by teno-
fovir+lamivudine+nevirapine (n=2665, [19%]), and 
tenofovir+lamivudine+efavirenz (12%) (Table 2).  Less 
than 10% of  the patients commenced ART with abaca-
vir or didanosine containing regimen.
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Table 1: Baseline demographic and clinical characteristics of study patients (n=13,983) 

Characteristics  Sub-group Frequency Percent 
Sex Female 9317 66.6 
  Male 4666 33.4 
Age, years 15-24 771 5.51 
  25-45 10865 77.70 
  >45 2292 16.39 
  Missing data 55 0.39 
  Median (IQR) 35 (30-41)   
HIV 
Transmission 
risk 

Heterosexual 13037 93.21 

  Heterosexual/Transfusion 418 3.00 
  Transfusion 35 0.25 
  MSM 5 0.04 
  Heterosexual/ MSM 4 0.03 
  Heterosexual/IVDU/Transfusion 1 0.01 
  IVDU 1 0.01 
  IVDU/Heterosexual 1 0.01 
  Unknown 482 3.40 
Tuberculosis 
status 

Negative 2070 14.8 

  Positive 882 6.3 
  Missing data 11031 78.9 
HBV status Negative 9832 70.3 
  Positive 2502 17.9 
  Missing data 1649 11.8 
WHO disease 
stage 

1 4719 33.7 

  2 4161 29.8 
  3 3483 24.9 
  4 818 5.8 
  Missing data 802 5.7 
CD4 cell count, 
cells/mm3 

≤100 4569 32.7 

  101-200 4337 31.0 
  201-350 3434 24.6 
  >350 1579 11.3 
  missing data 64 .5 
  Median (IQR) 153 (78-251)   
IQR; interquartile range, MSM; men who have sex with men, IVDU; intravenous drug use, HBV; hepatitis B  
virus, WHO; World Health Organization, CD4; cluster of differentiation 4, 
  

Table 2: Antiretroviral regimen used for treatment initiation at Jos University  
Teaching Hospital 
 

 Antiretroviral regime Frequency Percent 
ABC-AZT-NVP 24 0.2 
ABC-3TC-NVP 270 1.9 
ABC-3TC-EFV 29 0.2 
AZT-ddI-NVP 110 0.8 
AZT-3TC-NVP 5434 38.9 
AZT-3TC-EFV 1035 7.4 
AZT-3TC-TDF 172 1.2 
d4T-3TC-EFV 33 0.2 
d4T-3TC-NVP 2234 16.0 
d4T-TDF-FTC 32 0.2 
ddI-3TC-EFV 119 0.9 
ddI-3TC-NVP 153 1.1 
TDF-3TC-EFV 1673 12.0 
TDF-3TC-NVP 2665 19.1 
Total 13983 100.0 

ABC, abacavir; AZT, zidovudine; 3TC, lamivudine; NVP, nevirapine; EFV, efavirenz; ddi,  
didanosine; TDF, tenofovir; FTC, entricitabine (often inter changeable with 3TC) 
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Incidence of  ADR and severity
During a median study duration of  3.5 years (IQR 1.4 
–5.9) and 52,411 person-years (py) of  observation, a 
total of  1485 incident ADRs were reported with an in-
cidence rate (IR) of  28.3 (95% confidence interval [CI] 
26.9:29.8 ) ADRs per 1000 person-years (py) of  ART. 
The pattern of  ADRs and severity are summarized in 
Table 3. The most commonly reported ADR was lipod-
ystrophy (n=752) with an incident rate of  14.3 (95% CI 
13.4:15.4) per 1000py, followed by anaemia (n=255) and 
peripheral neuropathy (n=108) with incident rates of  4.9 

(95% CI 4.3:5.5) per 1000 py and 2.1 (95% CI 1.7:2.5) 
per 1000 py respectively. More than half  (818 out of  
1485; 55%) of  the incident ADRs were grade three or 
four in severity with an IR of  15.6 (95% CI 14.6:16.8) 
per 1000 py. Of  the grade 3 or 4 ADRs, Lipodystrophy 
had the highest incidence of  7.1(95% CI 6.4:7.9) per 
1000 py. Most of  the anaemia was grade three or four 
in severity, with an incident rate of  4.1(95% CI 3.6:4.7) 
per 1000 py. Other commonly reported grade 3 or 4 
ADRs included peripheral neuropathy (n=38) and skin 
rash with itching (n=36).

Table 3: Incident rate of antiretroviral therapy-associated ADR according to the severity 
 
ADR type according to 
Organ/system 

Incident rate per 1000 py (95% CI) [number of events] 

All severity grade 1 and 2 Grade 3 & 4 

All ADR 28.33 (26.92:29.81) 
[1485] 

2.75 (1.81:3.75) 
[668] 

15.61 (4.57:16.72) 
[818] 

Metabolic symptoms       

Lipodystrophy 14.34 (13.36:15.41) 
[752] 

7.25 (6.56:8.02) 
[380] 

7.10 (6.41:7.86) 
 [372] 

Gynaecomastia 0.23 (0.13:0.4) [12] 0.17 (0.09:0.33) 
[9] 

0.06 (0.02:0.18) [3] 

Systemic symptoms       

Anaemia 4.87 (4.3:5.5) [255] 0.8 (0.59:1.08) 
[42] 

4.06 (3.55:4.65) [213] 

Hypersensitivity 
reaction 

0.15 (0.08:0.31) [8] 0.07 (0.03:0.2) [4] 0.08 (0.03:0.2) [4] 

Fever 0.04 (0.01:0.15) [2] 0.04 (0.01:0.15) 
[2] 

0 (0:0) [0] 

Headache 0.04 (0.01:0.15) [2] 0 (0:0) [0] 0.04 (0.01:0.15) [2] 

Skin and appendages       

Rash and itching 1.68 (1.37:2.07) [88] 0.99 (0.76:1.3) 
[52] 

0.69 (0.5:0.95) [36] 

SJS 0.4 (0.26:0.61) [21] 0.17 (0.09:0.33) 
[9] 

0.23 (0.13:0.4) [12] 

Erythema multiforme 0.86 (0.64:1.15) [45] 0.17 (0.09:0.33) 
[9] 

0.69 (0.5:0.95) [36] 

Exfoliative skin  lesions 0.1 (0.04:0.23) [5] 0.06 (0.02:0.18) 
[3] 

0.04 (0.01:0.15) [2] 

Hyperpigmentation 
(skin/nail) 

0.25 (0.14:0.43) [13] 0.15 (0.08:0.31) 
[8] 

0.1 (0.04:0.23) [5] 

Photosensitivity 
reaction 

0.02 (0.00269:0.14) [1] 0.02 (0.003:0.14) 
[1] 

0 (0:0) [0] 

Peripheral nervous 
system 

      

Peripheral neuropathy 2.06 (1.71:2.49) [108] 1.34 (10.6:1.69) 
[70] 

0.73 (0.53:1) [38] 
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  Table 3 continues… 

ADR type according 
to Organ/system 

Incident rate per 1000 py (95% CI) [number of events] 
All severity grade 1 and 2 Grade 3 & 4 

Central nervous 
system 

      

Nightmares 0.44 (0.29:0.66) [23] 0.44 (0.29:0.66) [23] 0 (0:0) [0] 
Insomia 0.38 (0.25:0.59) [20] 0.38 (0.24:0.59) [20] 0 (0:0) [0] 
Anxiety/restlessness/ 
loss of concentration 

0.27 (0.16:0.45) [14] 0.06 (0:0.18) [3] 0.21 (0.12:0.38) [11] 

Irrational 
talk/aggression 

0.25 (0.14:0.43) [13] 0.11 (0.05:0.25) [6] 0.13 (0.06:0.28) [7] 

Somnolence 0.15 (0.08:0.31) [8] 0.08 (0.03:0.2) [4] 0.08 (0.03:0.2) [4] 
Hallucination 0.08 (0.03:0.2) [4] 0.02 (0.003:0.14) [1] 0.06 (0.02:0.18) [3] 
Seizures 0.06 (0.02:0.18) [3] 0.02 (0.003:0.14) [1] 0.04 (0.01:0.15) [2] 
Gastro-intestinal       
Nausea and vomiting 0.59 (0.42:0.84) [31] 0.02 (0.11:0.35) [10] 0.4 (0.26:0.61) [21] 
Diarrhoea 0.48 (0.32:0.71) [25] 0.42 (0.28:0.64) [22] 0.06 (0.02:0.18) [3] 
Abdominal pain 0.11 (0.05:0.25) [6] 0.08 (0.03:0.2) [4] 0.04 (0.01:0.15) [2] 
Hepatic symptoms       
Jaundice 0.53 (0.37:0.77) [28] 0.29 (0.17:0.47) [15] 0.25 (0.14:0.43) [13] 
Renal symptoms       
Oliguria/edema 0.25 (0.14:0.43) [13] 0.08 (0.03:0.2) [4] 0.17 (0.09:0.33) [9] 
Others       
Muscle cramps 0.04 (0.01:0.15) [2] 0.04 (0.01:0.15) [2] 0 (0:0) [0] 
Bone pain 0.04 (0.01:0.15) [2] 0 (0:0) [0] 0.02 (0:0.14) [1] 
Deepening of voice 0.02 (0.002:0.14) [1] 0.02 (0.003:0.14) [1] 0 (0:0) [0] 

  

The onset of  adverse drug reactions
The IR of  ADRs was almost two times higher in the 
first year of  ART compared to subsequent years; 42.51 
(95% CI 39.0:46.3) per 1000 py for ≤1year of  ART 
versus 24 (95% CI 22.5:25.5) per 1000 py for >1 year 
of  ART, crude incidence rate ratio (IRR) 1.77 (95% CI 
1.59:1.97) (Table 4). For specific ADRs, the incidence 
of  metabolic symptoms, lipodystrophy, and gynecomas-
tia, unlike other ADRs, were lower by about 82% and 
35%, respectively, during the first year of  therapy com-
pared to subsequent years.  Anemia had almost seven 

times higher incidence, while hypersensitivity reactions 
were higher by about 23 times in the first year com-
pared to subsequent years. Adverse reactions involving 
skin and appendages such skin rash with itching, Ste-
venson Johnsons syndrome, and hyperpigmentation 
were higher by 21, 31, and 8 times respectively, during 
the first year of  therapy compared to subsequent years. 
Similarly, Nervous system disorders such as peripheral 
neuropathy, nightmares, insomnia, anxiety/restlessness, 
and hallucination had about 5, 3, 8, 12, 3 times higher 
incidence respectively during the first year of  therapy.
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Table 4: Comparative Incidence of ADRs during the first and subsequent years of 
antiretroviral treatment at Jos University Teaching Hospital 
 
ADR type 
according to 
Organ/system 

Incident rate per 1000py (95% CI) 
[number of events] 

Incident rate 
ratio 
(95% CI) 
a versus b 

Overall Treatment period ≤1 
year (a) 

Treatment period 
>1 year (b) 

All events 28.33 (26.92-29.81) 
[1485] 

42.51 (39.02:46.31) 
[524] 

23.98 (22.51:25.54) 
[961] 

1.77 
(1.59:1.97) 

Metabolic 
symptoms 

        

Lipodystrophy 14.34 (13.36-15.41) 
[752] 

3.24 (2.38:4.42) [40] 17.76 (16.51:19.12) 
[712] 

0.18 
(0.13:0.25) 

Gynaecomastia 0.23 (0.13-0.4) [12] 0.16 (0.04:0.65) 
[2] 

0.25 (0.13:0.46) 
[10] 

0.65 
(0.07:3.05) 

Systemic 
symptoms 

        

Anaemia 4.87 (4.3-5.5) [255] 13.79 (11.87:16.03) 
[170] 

2.12 (1.71:2.62) 
[85] 

6.5 
(4.98:8.54) 

Hypersensitivity 
reaction 

0.15 (0.08-0.31) [8] 0.57 (0.27:1.19) [7] 0.02 (0:0.18) [1] 22.76 
(2.92:1025.8) 

Fever 0.04 (0.01-0.15) [2] 0.16 (0.04:0.65) [2] 0 (0:0) [0]   
Headache 0.04 (0.01-0.15) [2] 0.08 (0.01:0.58) [1] 0.02 (0:0.18) [1]   
Skin and 
appendages 

        

Rash and itching 1.68 (1.37-2.07) [88] 6.17 (4.92:7.72) [76] 0.3 (0.17:0.53) [12] 20.59 
(11.13:41.6) 

SJS 0.4 (0.26-0.61) [21] 1.54 (0.98:2.42) [19] 0.05 (0.01:0.2) [2] 30.89 
(7.45:273.49) 

Erythema multif
orme 

0.86 (0.64-1.15) [45] 3.24 (2.38:4.42) [40] 0.12 (0.05:0.3) [5] 26.01 
(10.27:84.45) 

Exfoliative skin 
 lesions 

0.1 (0.04-0.23) [5] 0.24 (0.08:0.75) [3] 0.05 (0.01:0.2) [2] 4.88 
(0.56:58.39) 

Hyperpigmentati
on (skin/nail) 

0.25 (0.14-0.43) [13] 0.57 (0.27:1.19) [7] 0.15 (0.07:0.33) [6] 7.59 
(1.73:45.47) 

Photosensitivity 0.02 (0.00269-0.14) 
[1] 

0.08 (0.01:0.58) [1] 0 (0:0) [0]   

Peripheral 
nervous system 

        

Peripheral 
neuropathy 

2.06 (1.71-2.49) 
[108] 

5.11 (3.99:6.54) [63] 1.12 (0.84:1.5) [45] 4.55 
(3.06:6.83) 
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ADR type 
according to 
Organ/system 

Incident rate per 1000py (95% CI) 
[number of events] 

Incident rate ratio 
(95% CI) 
a versus b Overall Treatment period ≤1 

year (a) 
Treatment period >1 

year (b) 
Central 
nervous system 

        

Nightmares 0.44 (0.29-0.66) [23] 0.89 (0.49:1.61) [11] 0.3 (0.17:0.53) [12] 2.98 (1.19:7.38) 
Insomia 0.38 (0.25-0.59) [20] 1.14 (0.67:1.92) [14] 0.15 (0.07:0.33) [6] 7.59 (2.74:24.09) 
Anxiety/ 
restlessness 

0.27 (0.16-0.45) [14] 0.89 (0.49:1.61) [11] 0.07 (0.02:0.23) [3] 11.92 (3.15:66.55) 

Irrational 
talk/aggression 

0.25 (0.14-0.43) [13] 0.81 (0.44:1.51) [10] 0.07 (0.02:0.23) [3] 10.84 (2.79:61.29) 

Somnolence 0.15 (0.08-0.31) [8] 0.41 (0.17:0.97) [5] 0.07 (0.02:0.23) [3] 5.42 (1.05:34.9) 
Hallucination 0.08 (0.03-0.2) [4] 0.16 (0.04:0.65) [2] 0.05 (0.01:0.2) [2] 3.25 (0.24:44.86) 
Seizures 0.06 (0.02-0.18) [3] 0.08 (0.01:0.58) [1] 0.05 (0.01:0.2) [2] 1.63 (0.03:31.23) 
GI symptoms         
Nausea and 
vomiting 

0.59 (0.42-0.84) [31] 1.95 (1.3:2.9) [24] 0.17 (0.08:0.37) [7] 11.15 (4.66:30.64) 

Diarrhoea 0.48 (0.32-0.71) [25] 0.24 (0.08:0.75) [3] 0.55 (0.36:0.83) [22] 0.44 (0.08:1.48) 
Abdominal pain 0.11 (0.05-0.25) [6] 0.16 (0.04:0.65) [2] 0.1 (0.04:0.27) [4] 1.63 (0.15:11.34) 
Hepatic 
symptoms 

        

Jaundice 0.53 (0.37-0.77) [28] 1.46 (0.92:2.32) [18] 0.25 (0.13:0.46) [10] 5.85 (2.56:14.19) 
Renal 
symptoms 

        

Oliguria/body 
swelling 

0.25 (0.14-0.43) [13] 0.57 (0.27:1.19) [7] 0.15 (0.07:0.33) [6] 3.79 (1.09:13.66) 

Others         
Muscle cramps 0.04 (0.01-0.15) [2] 0.04 (0.01-0.15) [2]     
Bone pain 0.04 (0.01-0.15) [2]   0.04 (0.01-0.15) [2]   
Deepening of 
voice 

0.02 (0.002-0.14) [1]   0.02 (0.002-0.14) [1]   

 

Table 4 continues… 

Predictors of  ADR
Cox proportional hazard analysis (Table 5) revealed 
several baseline patient and regimen factors predictive 
of  ADRs. The hazard of  ADRs was 17% higher in fe-
males compared to males; adjusted hazard ratio (aHR) 
1.17; 95% confidence interval (CI):1.03-1.33. However, 
when the hazard of  ADRs was limited to grade 3 or 4 
ADRs, gender was not a significant risk factor. There 
was a 2% increase in the hazard of  all ADRs and grade 
3 or 4 ADRs for every year increase in age. Patients 
with HIV/HBV co-infection at treatment initiation had 
a 24% lower hazard of  ADRs compared to those who 
were  HBV negative. Compared to those with pre-treat-

ment WHO clinical stage 3 or 4 diseases, patients with 
WHO clinical stage 1 or 2 diseases had a 14% great-
er hazard of  ADRs. However, when the ADRs were 
restricted to grade 3 or 4 ADRs, WHO clinical stage 
did not predict the risk of  ADRs. Considering the ART 
regimen at treatment initiation, there was no significant 
difference between efavirenz and nevirapine in the haz-
ard of  ADR. For the nucleoside reverse transcriptase 
inhibitors, compared with tenofovir, the hazard of  
ADR was increased by 81%, 72%, and 93% in patients 
who initiated ART containing the abacavir, zidovudine, 
and didanosine respectively, while stavudine increased 
the hazard of  ADRs 11-fold.
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Table 5: Baseline patient and regimen characteristics and adjusted hazard of adverse drug 
reactions among patients on ART January 2004 - December 2015 

Characteristics Any ADR Severe (grade 3 or 4) ADR 
  aHR (95% CI) P value aHR (95% CI) P-value 
Female 1.17 (1.03 -1.33) .014 1.12 (0.95 - 1.34) 0.188 
Age, years 1.02 (1.02 -1.03) <0.001 1.02 (1.01 - 1.03) <0.001 
HBsAg positive 0.76 (0.35 - 0.89) .001 0.79 (0.64 - 0.97) 0.028 
TB positive 0.97 (0.84 - 1.13) .701 1.01 (0.81 - 1.24) 0.986 
WHO clinical stage 1 or 2 1.14 (1.01 - 1.30) .042 0.89 (0.75 - 1.07) 0.228 
CD4 count ≤100 cells/mm3 1.07 (0.95 - 1.21) .276 0.90 (0.76 - 1.06) 0.214 
Efavirenze versus nevirapine 0.83 (0.66 1.02 ) .074 0.88 (0.66 - 1.16) 0.356 
Abacavir* 1.81 (1.11 - 2.95) .018 1.95 (0.99 - 3.84) 0.054 
Zidovudine* 1.72 (1.39 -2.14) <0.001 2.54 (1.89 - 3.43) <0.001 
Stavudine* 10.39  (8.34 - 

12.87) 
<0.001 10.29 (7.61 - 13.92) <0.001 

Didanosine* 1.93 (1.17 -3.18) .010 2.71 (1.45 - 5.07) 0.002 
ADR; adverse drug reaction, aHR; adjusted hazard ratio, HBsAg; hepatitis B serum antigen, TB; pulmonary tuberculosis, 
WHO; World Health Organization 
Males compared with females, HBsAg positive patients compared with HBsAg negative patients, PTB positive patients 
compared with PTB negative, CD4 ≥100 cell/mm3 compared with CD4 cell count >100 cells/mm3, Efavirenz compared with 
nevirapine, * compared with tenofovir 

Discussion
This study found that, apart from metabolic syndromes 
such as lipodystrophy, the incidence of  different types 
of  adverse drug reactions associated with first-line 
ARVs were significantly higher in the first year of  treat-
ment compared to succeeding years of  therapy. Gener-
ally, the Incidence of  ADRs was almost double in the 
first year of  therapy compared to subsequent years.
The finding of  higher Incidence of  ADRs during the 
first year of  ART in our study is consistent with the 
finding of  other studies. A Brazilian study found that 
most of  the adverse reactions occurred before the 4th 
month of  treatment 21, while a report from Nigeria sug-
gested that ADRs are more likely during the first six 
months of  therapy 9.  The higher incidence during the 
first year of  ART might be the expression of  a mecha-
nism of  intrinsic intolerance 22 as well as suggestive of  
a higher prevalence of  early-onset ADRs. Also, auto-in-
duction associated non-nucleoside reverse transcriptase 
inhibitors such nevirapine may result in an initial drug 
overexposure in the initial 2–4 weeks of  therapy 23. The 
higher plasma concentrations during the first weeks of  
therapy because of  auto-induction could, in part, ex-
plain the high Incidence of  certain ADRs within the 
first year. These data highlight the need for closer mon-
itoring of  patients during the first year of  ART, as it 
represents the period of  greatest risk for most ADRs.

With an incident rate ratio of  over 20, the risk of  skin 
rash and other hypersensitivity reactions was greatest 
in the first years of  therapy compared to subsequent 
years. Although we did not evaluate the risk factors for 
specific ADRs in this study, the early onset of  skin rash 

and hypersensitivity reactions observed in the study is 
not unconnected with the use of  nevirapine in 78% of  
the study participants (Table 2). The association of  nev-
irapine with early onset of  drug rash with eosinophilia 
and systemic symptoms (DRESS) has been document-
ed in the literature 24–28. Other adverse drug reactions 
with a comparatively higher incidence during the first 
year of  ART included anemia, central nervous system 
symptoms, and gastrointestinal disturbances. Our find-
ing of  a higher incidence of  anaemia is in the first year 
of  therapy is consistent with several other reports29–31. 
In agreement with our study findings, previous studies 
reported that central nervous system disorders, particu-
larly those associated with the use of  efavirenz, which 
was used in 21% of  our study patients, are more com-
mon in the first year of  ART 32–35. Neuropsychiatric 
ADRs are risk factors for poor medication adherence 
and treatment discontinuation. To mitigating the neg-
ative consequences of  ART-related neuropsychiatric 
ADRs on treatment success, it is recommended that 
neuropsychiatric screening should form part of  the 
routine care, particularly in the first year ART.

Unlike other ADRs observed in this study, morpho-
logical changes involving the redistribution of  body fat 
(lipodystrophy) was delayed in onset with about 85% 
lower incidence during the first year of  ART compared 
to subsequent years of  treatment in a univariate anal-
ysis. This result agrees with others, which found that 
lipodystrophy was associated with the duration of  
ART36 with patients on ART for greater than two years 
at a greater risk of  lipodystrophy37. Adverse drug re-
actions with delayed onset are particularly important 
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as they may compromise the success of  therapy in pa-
tients who are already stable on ART 5. Monitoring of  
patients for ADRs throughout antiretroviral therapy is, 
therefore, imperative to support early identification and 
treatment ADRs.
Some patients’ and regimen characteristics increased 
the risk of  ADRs to NNRT-based ART regimen in our 
study sample. A higher rate of  ADRs was observed 
in females compared to males. In agreement with our 
study finding, an earlier review of  gender differences 
in ADRs reported higher rates of  ADRs in females on 
ART compared to males 38. The reason for the higher 
rates of  ADRs in females compared to males merits 
further investigation in our study setting, particularly, 
that females account for the majority of  patients on 
ART in this setting. Also, it is important to prioritize 
monitoring of  females initiated on ART and provide 
timely interventions to mitigate the negative impact 
of  drug toxicity such as poor adherence to treatment, 
treatment discontinuation, poor health outcomes, and 
reduction in the quality of  life.  

Consistent with the finding of  other African studies 39,40, 
the risk of  ART-related ADRs increased with advancing 
age. The finding of  this study and that of  similar stud-
ies highlights the challenge of  drug-related morbidity 
among older patients initiating ART. Thus, strategies to 
improve the safety of  ARV medicines should be care-
fully considered when initiating older patients on ART.
Commencing ART at WHO clinical stage 1 or 2 disease 
was associated with a greater hazard of  ADRs com-
pared to treatment initiation at WHO clinical stage 3 
or 4. There is the heterogeneity of  findings regarding 
the association of  disease stage at ART initiation with 
ADRs rates. Consistent with our study results, some ev-
idence suggests that patients who initiate treatment at 
an early HIV disease stage are at higher risk of  certain 
ADRs 41. For instance, a greater risk of  NNRTI-related 
rash was reported in persons with earlier HIV disease 
after starting therapy 27. Another possible explanation 
for the higher incidence of  ADRs in asymptomatic pa-
tients (WHO clinical stage 1 or) observed in this study 
is the fact that our study focused on clinical ADRs. 
Because of  the focus on clinical ADRs, some clinical 
adverse drug events which overlapped with symptoms 
of  HIV/AIDS in symptomatic patients (WHO stage 
3 or 4) may have been missed, potentially resulting in 
under-reporting of  ADRs in symptomatic patients. In 
contrast to our study finding, the HIV disease stage was 
not predictive of  ADRs in a multicentre randomized 
controlled study 42. With the adoption of  WHO test and 

treat strategy 43, ARV regimen should be carefully se-
lected for asymptomatic patients initiating ART bearing 
in mind the possibility of  greater risk of  ADRs.
The association of  the type of  ARV regimen with the 
incidence of  ADRs was studied, providing useful infor-
mation for the management of  antiretroviral therapy. 
Although the cumulative incidence of  ADRs was high-
er in patients who initiated ART containing NVP com-
pared to EFV (119 per 1000 compared to 58 per 1000), 
the multivariate Cox regression analysis did not reveal a 
difference in hazard of  ADRs between the two drugs. 
Our study result is consistent with a previous study re-
port that suggested that the short- and long-term tox-
icity and withdrawal rates of  the two drugs were com-
parable 44.  When the NRTIs were compared, the use 
of  stavudine (11 times higher hazard) and didanosine 
(93% greater hazard) was associated with a significant 
risk of  ADRs compared to tenofovir. However, stavu-
dine and didanosine are no longer recommended for 
first-line therapy because of  their greater potential for 
toxicity 45, and their use has been discontinued at the 
study site. In line with findings in the literature 46,47, the 
risk of  ADRs was also significantly higher in patients 
exposed to AZT compared to TDF.

Strengths and Limitations of  the study
The retrospective cohort study design made it possi-
ble to examine a large longitudinal data of  over 13,000 
patients, spanning over a decade in a resource-limited 
setting.  The electronic documentation with dates of  
occurrence of  ADRs made it possible to describe the 
incidence rate and profile of  ADRs in the studied pop-
ulation. Despite the strengths of  the study, the follow-
ing limitations should be considered in interpreting our 
results. 1) The study was conducted at one site; hence 
cautious generalization of  the study results is advised, 
as individuals may exhibit variable responses to drugs. 
2) The study may have under-reported the incidence of  
ADRs in the studied population as it focused more on 
clinical ADRs and did not analyze laboratory markers 
of  certain ADRs. 3) Furthermore, we observed a trend 
toward documenting the first ADRs reported by pa-
tients. The report of  subsequent ADRs was very sparse 
and could not be addressed due to the retrospective na-
ture of  the study.

Conclusion
Although ART-related ADRs may occur at any time 
during therapy, the first year of  ART is the period of  
greatest risk of  ADRs. For NNRTI-based ART, the 
most significant ADRs during the first year of  therapy 
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include hypersensitivity reactions, anemia, and CNS dis-
turbances. Strategies for early identification and man-
agement of  ADR during this period are required for 
individual and programmatic treatment success in re-
source-limited settings.

Acknowledgment
The Fogarty International Center and National Insti-
tute of  Mental Health, of  the National Institutes of  
Health under Award Number D43 TW010543, sup-
ported research reported in this publication. The US 
Department of  Health and Human Services, Health 
Resources and Services Administration (U51HA02522), 
and the Centers for Disease Control and Prevention 
(CDC) through a cooperative agreement with APIN 
(PS 001058) funded patient care, in part. The African 
Centre of  Excellence in Phytomedicine Research and 
Development, University of  Jos, provided additional re-
search support. The contents are solely the responsibili-
ty of  the authors and do not represent the official views 
of  the funding institutions. The authors are thankful 
to the staff  and patients of  the APIN-supported HIV 
center, Jos, Nigeria.

Conflict of  interest
None delcared.

References
1. UNAIDS. Global AIDS update 2019 — Com-
munities at the centre. Accessed September 2, 2020. 
https://www.unaids.org/sites/default/files/media_as-
set/2019-global-AIDS-update_en.pdf
2. National agency for the control of  AIDS (NACA).
National-HIV-and-AIDS-strategic-framework-1.
Pdf.;2019.https://naca.gov.ng/wp-content/up-
loads/2019/03/National-HIV-and-aids-strate-
gic-framework-1.pdf
3.  Mehta UC. Pharmacovigilance : the devastating con-
sequences of  not thinking about adverse drug reactions. 
CME. 2011; 29 (6):247-251.
4.  World Health Organization (WHO). Section VIII: 
Appendices Monitoring and Reporting Adverse Events. 
Published 2003. Accessed August 15, 2015. http://
www.icssc.org/Documents/Resources/AEManual-
2003AppendicesFebruary_06_2003 final.pdf
5.  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.
6.  Syed IA, Sulaiman SAS, Hassali MA, Lee CKC. Ad-
verse drug reactions and quality of  life in HIV/AIDS 
patients: Advocacy on valuation and role of  pharma-
covigilance in developing countries. HIV AIDS Rev. 
2015; 14 (1):28-30.
7.  Lartey M, Essel A, Asante-Quarshie A, Kenu E, 
Ganu V, Neequaye A. Dverse drug reactions to antiret-
roviral therapy during the early art period at a tertiary 
hospital in Ghana. Pan Afr Med J. 2014; 18:1-6.
8.  Subbaraman R, Chaguturu SK, Mayer KH, Flanigan 
TP, Kumarasamy N. Adverse effects of  highly active 
antiretroviral therapy in developing countries. Clin Infect 
Dis. 2007; 45 (8):1093-1101.
9.  Eluwa GI, Badru T, Akpoigbe KJ. Adverse drug re-
actions to antiretroviral therapy (ARVs): incidence, type 
and risk factors in Nigeria. BMC Clin Pharmacol. 2012; 
12 (1):7.
10.  Reginald OO, Haruna MM, Sani GB, 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 Antivirals Antiretrovir. 2012; 4 (1):006-013.
11.  Agu KA, Isah MA, Oqua D, et al. Incidence of  ad-
verse drug reactions in patietnt on antiretroviral therapy: 
A study of  pharmaceutical care in HIV interventions in 
Nigeria. West African J Pharm. 2013; 24 (1):30-42.
12.  Keiser O, Fellay J, Opravil M, et al. Adverse events 
to antiretrovirals in the Swiss HIV Cohort Study: Effect 
on mortality and treatment modification. Antivir Ther. 
2007; 12 (8):1157-1164.
13.  Carr A, Cooper DA. Adverse effects of  antiretrovi-
ral therapy. Lancet. 2000; 356 (9239):1423-1430.
14.  Calmy A, Hirschel B, Cooper DA, Carr A. A new 
era of  antiretroviral drug toxicity. Antivir Ther. 2009; 14 
(2):165-179.
15.  Federal Ministry of  Health (FMoH) Nigeria. Na-
tional Guidelines for HIV and AIDS Treatment and 
Care in Adolescents and Adults. Published 2007. Ac-
cessed August 15, 2015. http://www.who.int/hiv/
amds/Nigeria_adult_2007.pdf
16. Federal Ministry of  Health (FMoH) Nigeria. Na-
tional Guidelines for HIV and AIDS Treatment and 
Care in Adolescents and Adults. Published 2010. Ac-
cessed August 15, 2015. http://www.who.int/hiv/pub/
guidelines/nigeria_art.pdf
17. World Health Organization. Scaling up Antiret-
roviral Therapy in Resource-Limited Settings: Treat-

African Health Sciences, Vol 21 Issue 3, September, 20211037



ment Guidelines for a Public Health Approach.; 2004. 
http://scholar.google.com/scholar?hl=en&btnG=-
Search&q=intitle: Scaling+up+antiretroviral+therapy-
+in+resource-limited+settings+:+treatment+guide-
lines+for+public+health+approach#0
18.  World Health Organization (WHO). Antiretroviral 
Therapy for HIV Infection in Adults and Adolescents : 
Recommendations for a Public Health Approach. – 
2006 Revision.; 2006. https://www.who.int/hiv/pub/
guidelines/artadultguidelines.pdf
19.  Chaplin B, Meloni S, Eisen G, et al. Scale-up of  
networked HIV treatment in Nigeria: Creation of  an 
integrated electronic medical records system. Int J Med 
Inform. 2015; 84 (1):58-68.
20.  World Health Organization (WHO). The Use 
of  the WHO-UMC System for Standardized Case 
Causality Assessment.; 2005. http://scholar.goog-
le.com/scholar?hl=en&btnG=Search&q=inti-
tle:The+use+of+the+WHO-UMC+system+for+-
standardised+case+causality+assessment#0
21.  Menezes de Pádua CA, César CC, Bonolo PF, 
Acurcio FA, Guimarães MDC. High incidence of  ad-
verse reactions to initial antiretroviral therapy in Brazil. 
Brazilian J Med Biol Res. 2006; 39 (4):495-505.
22.  Shelburne S a, Hamill RJ, Rodriguez-Barradas MC, 
et al. Immune reconstitution inflammatory syndrome: 
emergence of  a unique syndrome during highly active 
antiretroviral therapy. Med (Baltimore). 2002; 81 (3):213-
227.
23.  Gopalan BP, Mehta K, D’souza RR, et al. Sub-ther-
apeutic nevirapine concentration during antiretroviral 
treatment initiation among children living with HIV: 
Implications for therapeutic drug monitoring. Char-
pentier C, ed. PLoS One. 2017; 12 (8):e0183080.
24.  Gill S, Sagar A, Shankar S, Nair V. Nevirapine-in-
duced rash with eosinophilia and systemic symptoms 
(DRESS). Indian J Pharmacol. 2013; 45 (4):401-402.
25.  Sarfo FS, Sarfo MA, Norman B, Phillips R, Chad-
wick D. Incidence and Determinants of  Nevirapine 
and Efavirenz-Related Skin Rashes in West Africans: 
Nevirapine’s Epitaph? Atashili J, ed. PLoS One. 2014; 9 
(4):e94854.
26.  Pott Junior H, Gosuen GC, Gales AC. DRESS Syn-
drome due to Nevirapine Treated with Methylpredniso-
lone. Case Rep Med. 2013; 2013:1-4.
27.  Ananworanich J, Moor Z, Siangphoe U, et al. In-
cidence and risk factors for rash in Thai patients rand-
omized to regimens with nevirapine, efavirenz or both 
drugs. AIDS. 2005; 19 (2):185-192.
28.  Manosuthi W, Thongyen S, Chumpathat N, Muang-
chana K, Sungkanuparph S. Incidence and risk factors 

of  rash associated with efavirenz in HIV-infected pa-
tients with preceding nevirapine-associated rash. HIV 
Med. 2006; 7 (6):378-382.
29.  Santiago-Rodríguez EJ, Mayor AM, Fernández-San-
tos DM, Ruiz-Candelaria Y, Hunter-Mellado RF. Ane-
mia in a cohort of  HIV-infected Hispanics: prevalence, 
associated factors and impact on one-year mortality. 
BMC Res Notes. 2014; 7:439.
30.  Akilimali PZ, Kashala-Abotnes E, Musumari PM, 
Kayembe PK, Tylleskar T, Mapatano MA. Predictors of  
Persistent Anaemia in the First Year of  Antiretroviral 
Therapy: A Retrospective Cohort Study from Goma, 
the Democratic Republic of  Congo. Roques P, ed. PLoS 
One. 2015; 10 (10):e0140240.
31. Takuva S, Maskew M, Brennan AT, Sanne I, 
Macphail AP, Fox MP. Anemia among HIV-Infected 
Patients Initiating Antiretroviral Therapy in South Afri-
ca: Improvement in Hemoglobin regardless of  Degree 
of  Immunosuppression and the Initiating ART Regi-
men. J Trop Med. 2013; 2013:162950.
32.  Abah IO, Akanbi M, Abah ME, et al. Incidence and 
predictors of  adverse drug events in an African cohort 
of  HIV-infected adults treated with efavirenz. Germs. 
2015; 5 (3):83-91.
33.  Cespedes MS, Aberg J a. Neuropsychiatric com-
plications of  antiretroviral therapy. Drug Saf. 2006; 29 
(10):865-874.
34.  Hawkins T, Geist C, Young B, et al. Comparison of  
neuropsychiatric side effects in an observational cohort 
of  efavirenz- and protease inhibitor-treated patients. 
HIV Clin Trials. 2005; 6 (4):187-196.
35.  Sütterlin S, Vögele C, Gauggel S. Neuropsychiatric 
complications of  efavirenz therapy: suggestions for a 
new research paradigm. J Neuropsychiatry Clin Neurosci. 
2010; 22 (4):361-369.
36.  Heath K V, Hogg RS, Chan KJ, et al. Lipodystro-
phy-associated morphological, cholesterol and triglyc-
eride abnormalities in a population-based HIV/AIDS 
treatment database. AIDS, London. 2001; 15 (2):231-
239.
37.  Han SH, Zhou J, Saghayam S, et al. Prevalence of  
and risk factors for lipodystrophy among HIV-infected 
patients receiving combined antiretroviral treatment in 
the Asia-Pacific region: results from the TREAT Asia 
HIV Observational Database (TAHOD). Endocr J. 
2011; 58 (6):475-484.
38.  Ofotokun I, Pomeroy C. Sex differences in ad-
verse reactions to antiretroviral drugs. Top HIV Med. 
2003; 11 (2):55-59. http://www.ncbi.nlm.nih.gov/pu-
bmed/12717043
39.  Masenyetse LJ, Manda SO, Mwambi HG. An as-

African Health Sciences, Vol 21 Issue 3, September, 2021 1038



sessment of  adverse drug reactions among HIV posi-
tive patients receiving antiretroviral treatment in South 
Africa. AIDS Res Ther. 2015; 12:6.
40.  Schwenk A, Breuer JP, Kremer G, et al. Risk factors 
for the HIV-associated lipodystrophy syndrome in a 
cross-sectional single-centre study. Eur J Med Res. 2000; 
5 (10):443-448.
41. Centers for Disease Control and Prevention (CDC). 
Serious adverse events attributed to nevirapine regi-
mens for postexposure prophylaxis after HIV expo-
sures--worldwide, 1997-2000. Morb Mortal Wkly Rep. 
2001; 49 (51-52):1153-1156.
42.  The INSIGHT START Study Group. Initiation of  
Antiretroviral Therapy in Early Asymptomatic HIV In-
fection. N Engl J Med. 2015; 373 (9):795-807.
43.  World Health Organization (WHO). Consolidat-
ed Guideline on the Use of  Antiretroviral Drugs for 
Treating and Preventing HIV Infection. 2nd ed. World 
Health Organization; 2016. http://apps.who.int/iris/

bitstream/10665/208825/1/9789241549684_eng.pd-
f ?ua=1
44.  Manfredi R, Calza L, Chiodo F. Efavirenz Versus 
Nevirapine in Current Clinical Practice: J Acquir Immune 
Defic Syndr. 2004; 35 (5):492-502.
45.  World Health Organization (WHO). WHO | Con-
solidated guidelines on the use of  antiretroviral drugs 
for treating and preventing HIV infection. Published 
2013. Accessed August 18, 2015. http://www.who.int/
hiv/pub/guidelines/arv2013/download/en/
46.  Gallant JE, DeJesus E, Arribas JR, et al. Tenofovir 
DF, emtricitabine, and efavirenz vs. zidovudine, lami-
vudine, and efavirenz for HIV. N Engl J Med. 2006; 354 
(3):251-260.
47.  Mudzviti T, Mudzongo NT, Gavi S, Chimbetete C, 
Maponga CC, Morse GD. A Time to Event Analysis of  
Adverse Drug Reactions Due to Tenofovir, Zidovudine 
and Stavudine in a Cohort of  Patients Receiving An-
tiretroviral Treatment at an Outpatient Clinic in Zimba-
bwe. Pharmacol Pharm. 2015; 06 (03):201-206.

African Health Sciences, Vol 21 Issue 3, September, 20211039


