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Abstract 
Introduction Adverse drug reactions associated with efavirenz (EFV) therapy are poorly described 

beyond the first year of treatment. We aimed to describe the incidence and predictors of EFV-related 
adverse drug reactions (ADRs) in a cohort of adult Nigerian HIV-infected patients on antiretroviral 
therapy (ART).   

Methods This retrospective cohort study utilized clinical data of HIV-1 infected adults (aged ≥15 
years), commenced on efavirenz containing-regimen between January 2004 and December 2011. The 
time-dependent occurrence of clinical adverse events as defined by the World Health Organization was 
analyzed by Cox regression analysis. 

Results A total of 2920 patients with baseline median (IQR) age of 39 (33-46) years, largely made up 
of men (78%) were included in the study. During 8834 person-years of follow up, 358 adverse drug 
events were reported; the incidence rate was 40.3 ADRs per 1000 person-years of treatment. 
Lipodystrophy and neuropsychiatric disorders were the most common ADRs with incidences of 63 and 
30 per 1000 patients respectively. About one-third of the neuropsychiatric adverse events were within 12 
months of commencement of ART.  The risk of neuropsychiatric ADRs was independently predicted for 
women [adjusted hazard ratio (aHR) 9.05; 95% CI: 5.18-15.82], those aged <40 years (aHR 2.59; 95% CI: 
1.50-4.45), advanced HIV disease (WHO stage 3 or 4) [aHR 2.26; 95% CI: 1.37-3.72], and zidovudine 
[aHR 2.21; 95% CI: 1.27-3.83] or stavudine [aHR 4.22; 95% CI: 1.99-8.92] containing regimen compared 
to tenofovir. 

Conclusion Neuropsychiatric adverse drug events associated with efavirenz-based ART had both 
early and late onset in our clinical cohort of patients on chronic EFV therapy. Continuous 
neuropsychiatric assessment for improved detection and management of neuropsychiatric ADRs is 
recommended in resource-limited settings where the use of efavirenz-based regimens has been scaled up.  
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Introduction 1 
Efavirenz (EFV) has demonstrated high 

antiretroviral efficacy in several clinical trials and 
is currently a first-line drug for treatment of 
human immunodeficiency virus (HIV) infection 
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in several countries.1,2 Despite its reported 
efficacy2,3 and wide acceptance in the 
management of HIV infection, EFV use has been 
associated with an array of adverse effects.1,4,5 
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Neuropsychiatric disorders are the most common 
and significant adverse effects associated with 
EFV therapy. Others include rash, lipodystrophy, 
and gynecomastia.4-6 EFV-associated adverse 
events may compromise adherence to treatment 
and lead to treatment discontinuation. Some 
studies have reported treatment discontinuation 
rates ranging from 4% to 46% related to 
neuropsychiatric side effects of EFV.7-8 

Studies have reported ethnic variability in the 
incidence of neuropsychiatric disorders 
associated with EFV therapy.9,10 In US and 
European cohorts, one-half of patients have 
neuropsychiatric symptoms after initiating EFV 
therapy, but these symptoms usually resolve 
within one month.11 People of African ancestry 
with a variant of hepatic enzyme CYP2B6 may 
experience slower clearance of EFV from plasma 
and increased neurotoxicity.9,10 

Efavirenz plus tenofovir (TDF) and 
lamivudine (3TC) or emtricitabine (FTC) was 
recommended as the preferred first-line regimen 
for the treatment and prevention of HIV in 
adults and adolescents by the World Health 
Organization (WHO) in its 2013 consolidated 
guideline for the management of HIV infection.12 
The implementation of this public health strategy 
for the management of HIV infection is expected 
to result in rapid scale-up in the use of EFV-based 
regimens, especially in resource-limited settings. 
There is, therefore, an overarching need to 
conduct locally-relevant epidemiological studies 
to inform programmatic decisions given the shift 
towards EFV-containing regimens for the 
management of HIV infection.12 Such studies are 
imported against the background of reported 
ethnic variability in the incidence of 
neuropsychiatric disorders associated with EFV 
therapy.9,10 The current study utilizes longitudinal 
data spanning a period of eight years and aims to 

describe the incidence, type and predictors of 
EFV-related adverse drug reactions (ADRs) in a 
clinical cohort of adult Nigerian patients on 
antiretroviral therapy (ART). 

 
Methods 
Study setting 
The study was carried out at the HIV clinic at 

the Jos University Teaching Hospital (JUTH), 
Jos, Nigeria. The clinic provides comprehensive 
HIV treatment; care and support services to 
HIV-infected persons within Jos and the 
neighboring states (provinces). Since 2004, the 
clinic has been supported by the U.S. President’s 
Emergency Plan for AIDS Relief (PEPFAR). 
During the period covered by the study, the 
clinic had about 14,000 patients in care and 
over 9000 on ART. 

 
Study design 
A retrospective cohort study was conducted 

utilizing clinical data of HIV-1 infected adults 
(aged ≥15 years), who received EFV as part of 
their initial antiretroviral therapy between 
January 2004 and December 2011. Patients’ data 
up to December 31, 2012 were included in the 
study to allow for at least one year of follow-up. 
Based on the Nigerian National ART 
guidelines,13 HIV-positive patients were initiated 
on ART at a CD4 T-cell count <200 cells/cmm 
or a CD4 count of 200-350 cells/cmm with 
HIV-related symptoms. First-line ART 
combinations were non-nucleoside reverse-
transcriptase inhibitors (NNRTI) (nevirapine 
[NVP] or efavirenz [EFV]) plus 2 nucleoside 
reverse-transcriptase inhibitors (NRTIs), often 
stavudine (d4T), didanosine (DDI), zidovudine 
(AZT), tenofovir (TDF), or abacavir (ABC) plus 
lamivudine (3TC). The ART guideline used 
during the study period did not recommend 
EFV-based therapy for women of childbearing 
age because of the risk of teratogenicity.13 
Patients on a non-EFV-based regimen were 
excluded from the study. Patients’ demographic, 
clinical, pharmacy and laboratory data were 
captured in an electronic database (FileMaker 
Pro, v10; File Maker, Inc, Santa Clara, 
California, USA)  designed by the Harvard 
PEPFAR/APIN program and utilized in the 
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clinic. Dispensing of antiretroviral drugs (ARVs) 
as well as monitoring of ART efficacy and 
toxicity was done monthly and at scheduled 
clinical visits and documented in real time in the 
electronic database. Monitoring of ART efficacy 
and toxicity was performed based on standard 
clinical procedures. However, most ADR reports 
were based on spontaneous reports by patients. 
The definition and grading of ADRs were 
according to WHO severity classification and 
pharmacovigilance definitions.14 Grade 1 ADRs 
were defined as “mild” events, with no 
limitation of daily activities; Grade 2,  
“moderate” ADRs with mild to moderate 
limitation of activities; Grade 3,  “severe” ADR 
with marked limitation of activities and Grade 4, 
“life-threatening” ADR with extreme limitation 
of activities and significant medical intervention. 
Hepatitis B serum antigen (HBsAg) was 
determined using Enzyme immunoassay (EIA) 
(Monolisa HBsAg Ultra3; BioRad, Hercules, 
CA, USA), while flow cytometry was used to 
determine CD4+ T-cell counts (Partec, GmbH, 
Munster, Germany). 

All patients included in the study provided 
written informed consent for the use of their 
data for research as approved by the institutional 
review board at the Jos University Teaching 
Hospital. The use of secondary data was 
approved by the Harvard School of Public 
Health.  

 
Study endpoints 
Patient’s data were analyzed from the time of 

ART initiation (baseline) up to the date of an 
ADR or the end of the study period, which was 
pre-defined as December 31, 2012. Patients were 
censored at the date of their last ARV pick-up, 
transfer to other treatment facilities, withdrawal 
from treatment, or death. The incidence rate of 
ADR was expressed as the number of patients 
with at least one occurrence of the given event 
per 1000 person-years. 

 
Statistical analysis 
Descriptive analyses including median 

[interquartile range (IQR)] for numerical 
variables, frequencies and proportions for 
categorical variables were performed. Bivariate 

analyses to assess factors associated with ADRs 
were performed using Pearson Chi-square test. 
Variables that were significantly associated with 
ADR (p-value < .10) in the bivariate analysis were 
fitted into a Cox regression model and those 
with a p-value < .05 were considered significant 
in the multivariable analysis, calculating hazard 
ratios (HR) and 95% confidence intervals (CI). 
Missing data were assumed to be missing at 
random and were not included in the bivariate 
and multivariable analysis. IBM SPSS Statistics 
for Windows, Version 20 (IBM Corp, Armonk, 
New York, USA) was used for the statistical 
analysis. 

  
Results  
Cohort description 
A total of 2920 patients made up of mostly 

men (78%) were followed for a median (IQR) 
duration of 2.9 (1-5) years. Cohort characteristics 
are shown in Table 1. At treatment initiation, the 
median (IQR) age was 39 (33-46) years, CD4 cell 
count was 154 (76-259) cells/cmm, and about 
68% were at WHO clinical stage 1 and 2. 

 
Incidence and severity of adverse drug 

reactions 
A total of 358 adverse drug events were 

reported during 8834 person-years of follow-up, 
with an incidence rate (IR) of 40.5 ADRs per 
1000 person-years (py) on EFV-based regimens. In 
terms of onset, 195 out of 358 (55%) ADRs were 
reported within 12 months of treatment 
initiation, while 50 (14%), 36 (10.1%), and 77 
(21.5%) were within 13 to 24, 25 to 36 and 
greater than 36 months of commencement of 
treatment. The majority (55%) of the ADRs were 
Grade 3 in terms of severity while Grade 2 and 
Grade 1 ADRs accounted for 31.3% and 12.3% 
respectively. The proportion of life-threatening 
(Grade 4) ADRs was 1.4%. The incidence of 
ADRs varied across the NRTIs, and was 151 (31 
events), 51.7 (6 events), 40.2 (176 events), 34.7 
(128 events) and 33.8 (15 events) per 1000 py for 
d4T, ABC, TDF, AZT and DDI containing 
regimens respectively. Of those that experienced 
an ADR, 48.9% (n=175) had EFV substituted 
with nevirapine (NVP). 
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Table 1. Baseline and clinical characteristics of patients on efavirenz-containing regimen and bivariate 
association with occurrence of adverse drug reactions 

 

Variable 
All patients 

(%) 

Number of 
patients with 
any ADR (%) 

p 
value 

Number of 
patients with 
NS ADR (%) 

p value 

 N (%) 2920 358 (12.3)  88 (3.0)  

Sex 
Male 2279 (78) 229 (10) < .001 27 (1.2) < .001 

Female 641(22) 129 (20) 
 

61 (9.5)  

Age, years 

Median (IQR) 35 (30-42)     

<30 354 (12) 40 (11) .480 21 (5.9) < .001 

30-39 1212 (42) 161 (13) 
 

43 (3.5)  

40-49 943 (32) 113 (12) 
 

18 (1.5)  

≥50 411 (14) 44 (11) 
 

6 (1.5)  

HIV 
transmission 

risk 

Heterosexual 2703 (96) 326 (12) .007 79 (2.9) .670* 

Transfusion 86 (3) 20 (23)  2 (5.3)  

Others 38 (1.3) 6 (16)  3 (3.5)  

HBsAg 
serology 

Negative 2016 (80) 279 (14) .003 59 (2.9) .930 

Positive 499 (20) 44 (9) 
 

15 (3.0)  

Missing data 405     

TB status 

Negative 372 (71) 132 (36) .320 6 (1.6) .750 

Positive 149 (29) 46 (31) 
 

3 (2.0)  

Missing data 2399     

WHO 
clinical Stage 

1 & 2 1812 (67.8) 228 (12.6) .320 39 (2.2) < .001 

3 & 4 859 (32.2) 120 (14.0)  45 (5.2)  

Missing data 249     

CD4+ cell 
count 

cells/cmm 

Median (IQR) 154 (76-259)     

≤50 404 (14) 48 (12) .330 18 (4.5) .130 

51-100 468 (16) 51 (11) 
 

12 (2.6)  

101-200 862 (30) 99 (12) 
 

30 (3.5)  

>200 1156 (40) 158 (14) 
 

27 (2.3)  

Missing data 30     

NRTI 

ABC/3TC 32 (1) 6 (19) < .001 3 (9.4) < .001* 

AZT/3TC 1064 (36) 129 (12) 
 

42 (3.9)  

d4T/3TC 56 (2) 31 (55) 
 

17 (30.4)  

DDI/3TC 118 (4) 15 (13 ) 
 

2 (1.7)  

TDF/3TC or FTC 1650 (57) 177 (11) 
 

24 (1.5)  

*Fishers exact test 
Missing data were omitted in the Chi-square and Fisher’s exact test 
ABC abacavir; ADR adverse drug reaction; AZT zidovudine; DDI didanosine; D4T stavudine; HBsAg 
hepatitis B surface antigen; NRTI nucleoside/nucleotide reverse-transcriptase inhibitor; NS 
neuropsychiatric; TDF tenofovir; WHO World Health Organization; 3TC lamivudine. 
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The most common ADR was lipodystrophy, 
with an incidence of 63.1 per 1000 py (184 
events) followed by neuropsychiatric symptoms 
with an incidence of 29.9 per 1000 py (88 
events). A little above one-third (33 out of 88) of 
the neuropsychiatric adverse events occurred 
within 12 months of commencement of ART, 
while 12 (13.6%), 13 (14.8%) and 30 (34.1%) 
were within 13 to 24, 25 to 36 and greater than 
36 months of treatment. The profiles of reported 
ADRs for different NRTIs are summarized in 
Table 2. Lipoaccumulation was the most 
common lipodystrophy syndrome reported, while 
nightmares were the most frequently reported 
neuropsychiatric symptom (incidence of 6.8 per 
1000). Twenty-four incidents of gynecomastia 
were recorded, mainly in patients who received 
regimens containing d4T (incidence 107 per 
1000 py), while seizures were rare, with only two 
incidents reported among patients on AZT-based 
NRTI.  

 
Predictors of adverse drug reaction 
In the bivariate analysis (Table 1), the 

proportion of females with reported ADRs was 
higher than males (20% versus 10%, p < .001). 
Also neuropsychiatric symptoms were more 
common in females (9.5% versus 1.2%, p < .001). 
Across the different age groups, the percentage of 
reported neuropsychiatric ADRs declined with 
increasing age and was 5.9, 3.5, 1.5 and 1.5% for 
age groups <30, 30-39, 40-49, and ≥50 years 
respectively (p < .001). A higher proportion of 
neuropsychiatric ADRs were reported among 
those who initiated treatment at WHO clinical 
stage 3 or 4 compared to those who commenced 
treatment at WHO clinical stage 1 or 2, (p < 
.001). A significantly higher proportion of 
patients on ARV regimen containing d4T 
reported adverse drug events compared to those 
on the other NRTI backbones. After adjustment 
for confounders in the Cox multivariable analysis 
(Table 3), the risk of neuropsychiatric ADRs was 
about nine times higher in females compared to 
males [adjusted hazard ratio (aHR) 9.05; 95% 
CI:5.18-15.82], three-fold higher in patients aged 
<40 years, and double in advanced HIV disease 
(WHO stage 3 or 4) (aHR 2.26; 95% CI: 1.37-

3.72). Across the NRTIs, the risk of 
neuropsychiatric ADRs increased about 2- and 4-
fold in patients on AZT and stavudine (d4T) 
containing NRTIs respectively compared to those 
on TDF. 

  
Discussion  
This study observed early and late onset 

neuropsychiatric symptoms among patients on 
chronic efavirenz-based ART. EFV-related ADRs 
were significantly associated with female gender, 
younger age, advanced HIV disease, and use of 
AZT or d4T. 

The incidence of neuropsychiatric symptoms 
observed in this study was lower than those 
reported in previous studies where between 40 
to 70% of patients on chronic EFV therapy had 
at least one neuropsychiatric adverse effect 
within four weeks of treatment initiation.15,16 

ADRs reported in our study were based on 
spontaneous self-reporting and may under-report 
ADRs or increase the likelihood of more 
clinically significant ADRs being reported. 
Secondly, lack of active screening using 
assessment tools that are suitable for detecting 
EFV treatment-associated complications at a 
subclinical level could potentially result in 
under-reporting of the incidence of EFV central 
nervous system (CNS) symptoms in this study. 
In terms of time of onset of adverse events, early 
and late onset CNS symptoms were observed in 
this study. This finding is consistent with other 
studies where the most severe toxicity effects of 
EFV treatment have been consistently reported 
within the first 2–4 weeks after treatment 
initiation and symptoms generally cease after 6–
8 weeks.17,18 There are also reports suggesting 
that as many as half of patients may develop 
delayed neuropsychiatric disorders with EFV.19,20 

Although the incidence of EFV-associated ADRs 
was low in this study, they were severe enough to 
result in the substitution of EFV in almost half 
of the patients with reported ADR. The 
proportion of patients who discontinued EFV 
due to ADRs in this study was higher than 
findings from Haiti and Côte d’Ivoire where 
only 4 to 10% of patients discontinued EFV as a 
result of toxicity.21,22 
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Table 2. Incidence of adverse drug reactions per 1000 patient-years on efavirenz-based antiretroviral 
therapy in Jos, 2004-2012 

 

ADR type Incident events (incidence per 1000 patient-years) 
  

 
 

All patients 
ABC 
n=32 

AZT 
n=1064 

d4T 
n=56 

DDI 
n=118 

TDF 
n=1650 

Lipodystrophy 
N=184 (63.1) 

Lipoaccumulation 113 (38.7) 1 (31.3) 39 (36.6) 1(17.9) 10 (84.7) 62 (37.6) 

Lipoatrophy 47 (16.09) 1 (31.3) 11(10.3) 1 (17.9) 1(8.5) 34 (20.6) 

Gynecomastia 24 (8.2) 1 (31.3) 7 (6.5) 6 (107.1) - 10 (6.1) 

Neuropsychiatric 
disorder 
88 (29.9) 

Nightmares 20 (6.8) 2 (62.5) 8 (7.5) 5 (89.3) - 5 (3.3) 

Dizziness 13 (4.5) 1 (31.5) 5 (4.7) 1 (17.8) - 6 (3.6) 

Insomnia 15 (5.1) - 10 (9.4) 1 (17.8) - 4 (2.4) 
Irrational 
talk/aggression 

12 (4.1) - 6 (5.6) 4 (71.4) - 2 (1.2) 

Impaired 
concentration 

12 (4.1) - 6 (5.6) 3 (53.6) 1 (8.4) 2 (1.2) 

Somnolence 6 (2.1) - 1 (0.9) 2 (35.7) 1 (8.4) 2 (1.2) 

Hallucination 5 (1.7) - 2 (1.9) 1 (17.9) - 2 (1.2) 

Restlessness 3 (1.0) - 2 (1.9) - - 1 (0.6) 

Seizures 2 (0.7) - 2 (1.9) - - - 
PNS 

24 (8.2) 
Pain/tingling/ 
numbness 

24 (8.2) - 8 (7.5) 3 (53.6) - 13 (7.9) 

Systemic signs 
and symptoms 

41 (14.0) 

Fatigue 39 (13.4) - 16 (15.0) 1 (17.9) 1 (8.4) 2 (1.2) 

Headache 1 (0.3) - 1 (0.9) - - - 
Hypersensitivity 
reaction 

1 (0.3) - 1 (0.9) - - - 

Musculoskeletal, 
skin and 

appendages 
11 (3.8) 

Skin rash/SJS 5 (1.7) - - 1 (17.9) - 4 (2.4) 
Hyperpigmentatio
n (skin/nail) 

5 (1.7) - 1 (0.9) 1 (17.9) 1 (8.4) 2 (1.2) 

Myalgia 1 (0.3) - - - - 1 (0.6) 

Gastrointestinal 
system 
10 (3.1) 

Abdominal pain 2 (0.7) - 2 (1.9) - - - 

Diarrhea 1 (0.3) - - - - 1 (0.6) 

Nausea/vomiting 6 (2.1) - 2 (1.9) - - 4 (2.4) 

Jaundice 1 (0.3) - - 1 (17.9) - - 

ABC abacavir; ADR adverse drug reaction; AZT zidovudine; CNS central nervous system; DDI 
didanosine; d4T stavudine; n number of persons on exposed; NRTI nucleoside reverse-transcriptase 
inhibitor; PNS peripheral nervous system; SJS Stevens-Johnson Syndrome; TDF tenofovir. 

We found an increased risk of 
neuropsychiatric ADRs in women compared to 
men. Increased risk of neuropsychiatric 
symptoms in women has been documented in 
earlier studies.23,24 The reason for this trend has 
not been completely elucidated, but gender-
specific toxicity might occur because EFV dosing 
is not based on body weight.24 Other studies of 
HIV-infected women have also reported greater 

tendency of women to perceive side effects.25,26 
The significance of this finding is magnified by 
the fact that EFV-containing regimens are widely 
used in the prevention of mother-to-child 
transmission (PMTCT) of HIV in resource-
limited settings.14 It is therefore important to 
intensify monitoring of women initiated on 
EFV-containing regimens and provide timely 
interventions to mitigate the negative impact of 
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Table 3. Multivariate Cox regression analysis for predictors of adverse drug reactions among patients 
on efavirenz-based ART in Jos, Nigeria 

 

Variable Group 
Any ADR Neuropsychiatric ADR 

aHR (95% CI) p value aHR (95% CI) p value 

Sex 
 

Male Reference 
 

Reference 
 

Female 1.99 (1.56-2.54) < .001 9.05 (5.18-15.82) < .001 

Age, years 
≥40 Reference 

 
Reference 

 
<40 1.14 (0.91-1.42) .250 2.59 (1.50-4.45) .010 

NRTI 

TDF Reference  Reference  

ABC 0.98 (0.31-3.08) .970 3.46 (0.46-26.3) .230 

AZT 0.90 (0.71-1.15) .400 2.21 (1.27-3.83) .010 

D4T 2.28 (1.44-3.62) < .001 4.22 (1.99-8.92) < .001 

DDI 1.04(0.59-1.80) .890 1.82 (0.42-8.01) .430 

HBsAg serology 
Positive Reference 

 
Reference 

 
Negative 1.59 (1.09-2.09) .010 1.03 (0.58-1.84) .900 

WHO clinical 
Stage 

1 & 2 Reference  Reference 
 

3 & 4 1.09 (0.86-1.39) .460 2.26 (1.37-3.72) .010 

CD4 count 
(cells/cmm) 

>100 Reference 
 

Reference  

≤100 0.81(0.62-1.04) .100 0.89 (0.52-1.49) .650 

CI confidence interval; ABC abacavir; ADR adverse drug reaction; aHR adjusted hazard ratio; ART 
antiretroviral therapy; AZT zidovudine; DDI didanosine; D4T stavudine; HBsAg hepatitis B surface 
antigen; NNRTI non-nucleoside reverse-transcriptase inhibitor; NRTI, nucleoside reverse-transcriptase 
inhibitor; TDF tenofovir. 
 

drug toxicity such as poor adherence to 
treatment, treatment discontinuation, poor 
health outcomes, and reduction in the quality of 
life. 

Although a weak association was observed 
between the age of patients and the overall 
reporting of ADRs in our cohort, we found that 
patients younger than 40 years had a higher risk 
of CNS symptoms. This finding is important as 
the majority of our patient cohort fell within this 
age bracket. We suggest that EFV should be 
avoided in patients younger than 40 years where 
there are alternatives, and those that receive EFV 
should receive adequate counseling and 
monitoring.  

An important finding of this study is the 
modifying effect of NRTIs on the ADR profile 
of EFV. The risk of neuropsychiatric symptoms 
was higher with AZT and d4T containing 
regimens compared to TDF. While reports of 
psychiatric symptoms associated with d4T are 
not typical,27 there are anecdotal reports of 

psychiatric symptoms, including mania and 
depression, in patients with no previous 
psychiatric history treated with AZT.28,29 The 
mechanisms involved in AZT-associated 
psychiatric effects are not clear. However, its 
CNS penetration may explain the confusion, 
agitation, and insomnia reported in up to 5% of 
people who took AZT for one year.30 

The higher risk of CNS ADRs observed in 
patients with advanced HIV disease (WHO stage 
3 or 4) in this study might be related to the 
pathology of HIV. In a minority of patients, 
CNS HIV-1 infection progresses to encephalitis 
during the late stages of systemic infection, 
which compromises brain function and presents 
clinically as acquired immunodeficiency 
syndrome dementia complex (ADC).31 CNS 
symptoms in advanced HIV disease could be 
amplified by EFV-related ADRs as observed in 
this study. 

A limitation of this study was the fact that 
neuropsychiatric assessment was not performed 
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at the time of ART initiation and within the first 
month of treatment which has been suggested by 
most studies as the period of greatest risk of 
CNS adverse effects.18,19 Spontaneous reporting, 
which was the primary method of ADR 
reporting, may also have underestimated the 
burden of ADRs in our patients on EFV-
containing ART.  However, the data may reflect 
the experience of many ART treatment centers 
in resource-limited settings implementing these 
ART regimens. 

 
Conclusion   
Neuropsychiatric adverse drug events 

associated with efavirenz-based ART had both 
early and late onset in our clinical cohort of 
patients on chronic EFV therapy. Continuous 
ADR monitoring in females, in patients younger 
than 40 years and in those with advanced HIV 
disease initiated on EFV-based ART is 
recommended in resource-limited settings where 
the use of EFV has been scaled up. 
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