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ABSTRACT
Objective  There is limited information regarding the 
incidence of treatment-related adverse events (AE) 
following antiretroviral therapy (ART) in women. So, this 
review aimed to describe the incidence of AE of ART in 
women living with HIV/AIDS.
Design  Systematic review and meta-analysis.
Data sources  Medline, Embase, Cochrane Library, 
Epistemonikos, Lilacs and Who Index, from inception to 9 
April 2023.
Eligibility criteria  We included randomised controlled 
trials with at least 12 weeks of follow-up and evaluated AE 
of ART in women at any age living with HIV/AIDS, without 
restrictions on status, year or language of publication. 
We excluded post hoc or secondary analyses and open-
label extensions without comparator, and trials involving 
pregnant or breastfeeding women or with a focus on 
coinfection with tuberculosis, hepatitis B or C. The primary 
outcomes were the incidence rate of participants with 
any clinical and/or laboratory AE related or not to ART and 
treatment discontinuation.
Data extraction and synthesis  Two independent 
reviewers extracted data and assessed the risk of bias 
using Cochrane’s risk of bias tool 2. We used Bayesian 
random-effects meta-analysis to summarise event 
rates. Results were presented as event rates per 1000 
person-years (95% credibility intervals, 95% CrI). The 
pooled incidence rate per 1000 person-years adjusted 
for duration and loss to follow-up was estimated. We 
assessed the certainty of the evidence using Grading 
of Recommendations, Assessment, Development and 
Evaluation.
Results  A total of 24 339 studies were identified for 
screening, of which 10 studies (2871 women) met the 
eligibility criteria, with 11 different antiretrovirals (ARVs) 
regimens. Seven studies included exclusively women, 
while in the remaining three, the proportion of women 
ranged from 11% to 46%. Nine studies received industry 
funding. The pooled analysis showed a mean incidence 
rate of ART-related clinical and laboratory AE of 341.60 
events per 1000 person-years (95% CrI 133.60–862.70), 

treatment discontinuation of 20.78 events per 1000 
person-years (95% CrI 5.58–57.31) and ART-related 
discontinuation of 4.31 per 1000 person-years (95% 
CrI 0.13–54.72). Summary estimates were subject to 
significant uncertainty due to the limited number of studies 
and sparse data. The certainty of the evidence was graded 
as very low for all outcomes assessed.
Conclusion  Existing randomised trials do not provide 
sufficient evidence on the incidence rates of safety 
outcomes from antiretroviral treatment in women living 
with HIV/AIDS. Large comparative studies in well-
characterised populations are needed to provide a more 
comprehensive landscape of the safety profile of these 
ARV therapies in women with HIV/AIDS.
PROSPERO registration number  CRD42021251051.

INTRODUCTION
It is estimated that 84.2 million people world-
wide have already been infected with HIV. In 
2021, 38.4 million people were still living with 
the virus, 54% of which were women or girls, 
with 650 000 deaths from diseases related to 
AIDS. At the end of that year, 28.7 million 
people worldwide were using antiretroviral 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This study is probably the first to assess the occur-
rence of therapy adverse events (AE) in women with 
HIV/AIDS for all antiretrovirals regimens in use in 
current clinical practice.

	⇒ Women are under-represented in clinical trials on 
antiretroviral therapy, which makes knowledge 
about AE in this population essential for managing 
adherence and ensuring treatment goals.

	⇒ AE are usually reported as secondary outcomes, 
which may reflect a lack of uniformity in their re-
porting by primary studies, limiting the findings of 
this review.
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therapy (ART). Of women aged 15 years or older, 80% 
had access to treatment.1

Currently, HIV/AIDS standard treatment guidelines 
from several countries and the WHO recommend the 
treatment of all people living with HIV/AIDS, regardless 
of whether they have the disease.2–5 All these documents 
reinforce the importance of treatment adherence to 
obtain an undetectable viral load and reduce morbidity 
and mortality from the disease and the risk of transmis-
sion of the virus.

Maintaining adherence to therapy, especially consid-
ering the chronic nature of HIV/AIDS, implies monitoring 
and managing possible adverse effects of ART. Although 
women represent just over half of the people living with 
the virus in the world, a systematic review identified that 
their median participation in clinical trials of the therapy 
is only 19%.6 Therefore, treatment recommendations are 
extrapolated from studies in which men predominate. In 
2005, an article drew attention to possible differences in 
the toxicity of antiretrovirals (ARVs) between genders, 
which could be greater in women, due to the higher 
concentration of drugs that they demonstrated in phar-
macokinetic studies.7

Observational studies suggest possible consequences 
of the use of ARV on female sex hormones, which may 
negatively impact women’s reproductive life and bone 
health. A cross-sectional study suggested increased 
menstrual abnormalities,8 which was not confirmed by 
another cohort study.9 A meta-analysis10 of six observa-
tional studies showed an increase in amenorrhoea, which 
may be related to lower bone mineral density (BMD). 
Research is contradictory on the effect of ART or HIV 
infection itself on bone. A systematic review11 with one 
clinical trial and four cross-sectional studies showed that 
women using protease inhibitors, a class of ARV drugs, 
showed a difference of more than 3% in BMD loss at the 
femoral neck. Another review,12 of mainly cross-sectional 
studies, associated a reduction in BMD in women with 
HIV infection, concluding that further research is needed 
to establish the effect of therapy on this issue.

In addition to being scarce, systematic reviews so far do 
not include all ART currently used in clinical practice. 
Understanding the differences in the occurrence of AE 
between genders, especially in women, and the effect 
of ARV on female hormones is essential for manage-
ment and adherence to treatment. This review aimed to 
describe the incidence of AE in women with HIV/AIDS 
using ART in different age groups.

METHODS
Study design
This is a systematic review and meta-analysis, whose objec-
tive was to describe the incidence of AE of ART in women 
living with HIV/AIDS. We previously provided an outline 
of our methods, and the current review pertains to objec-
tive 2 of our protocol.13 Our review was registered on 
PROSPERO, and we followed the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines14 when reporting this systematic review and 
meta-analysis (online supplemental file 1).

Search strategy
We conducted searches in MEDLINE via PubMed, Embase 
via Elsevier, Cochrane Central Register of Controlled 
Trials, Latin American and Caribbean Health Sciences 
Literature (Lilacs) via Virtual Health Library, Epistemon-
ikos and Global Index Medicus from inception to 9 April 
2023. The search was systematised and structured by an 
experienced librarian and will be reviewed by another 
professional librarian. Search strategies are described in 
online supplemental table S1 (online supplemental file 
2).

Eligibility criteria
Type of studies
We included only controlled and randomised clinical 
trials (RCTs) that compared ART with a placebo or a 
different ARV regimen. The study should describe AE 
of interest in women living with HIV/AIDS receiving 
ART. The minimum follow-up duration was 12 weeks 
after randomisation. This cut-off was chosen because the 
studies usually have at least this follow-up duration and to 
identify treatment AE that may only become apparent or 
clinically detectable after prolonged use.

We excluded post hoc or secondary analyses and 
open-label extensions without a comparator. We have 
not imposed restrictions on status, year or language of 
publication. A professional translation service would be 
accessed if required.

Participants
The population of interest included women receiving 
ART for HIV/AIDS, regardless of age group. We excluded 
trials involving pregnant or breastfeeding women or with 
a focus on coinfection with tuberculosis, hepatitis B or C.

Trials that only reported results for both sexes combined 
or investigations that concentrated solely on males were 
excluded.

Interventions
We included all study arms involving ART for HIV/AIDS 
management currently being used in the clinical prac-
tice as described in online supplemental table S2 (online 
supplemental file 3). We excluded placebo groups from 
all analyses.

We also excluded studies on pre-exposure prophylaxis 
or postexposure prophylaxis, and arms of studies that 
allowed the use of multiple ARV regimens, since it would 
be difficult to attribute any reported AE to a specific ART 
regimen.

Outcomes
The outcomes used in this review, considering the 
number of women affected in each arm of the studies, are 
described in online supplemental table S3 (online supple-
mental file 4). We prespecified the primary outcomes to 
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capture the most commonly observed AE in clinical prac-
tice among women taking ART. These provide a compre-
hensive assessment of the safety and tolerability profile 
of ARV drugs. We anticipated that these outcomes could 
have variable definitions across studies. However, our 
approach mitigates the risk of overlooking any key AE 
that is typically observed in this patient population.

The protocol predicted the assessment of the 
frequency of AE in the female reproductive and bone 
systems. These outcomes were not addressed or were 
rarely reported in the studies and we chose to include the 
predicted outcomes for the other objective described in 
our protocol. We also adopted the description of clinical 
(signs and symptoms), laboratory and total (clinical and 
laboratory) AE, since studies used to present results in 
this way. We separated AE into grades 3 or 4, grade 3, 
grade 4, and serious, according to the definition used by 
the authors of the studies.

We chose not to use death related to any AE, as this defi-
nition was not uniform across studies, and could include 
adverse effects of therapy, complications of the disease, 
and even deaths with no defined cause. Therefore, we 
used the number of all-cause deaths and those attributed 
by the study to be ART-related.

Study selection and data extraction
The selection and extraction of data went through an 
initial calibration by the researchers involved. Then they 
were carried out in pairs independently, with disagree-
ments resolved by consensus or by a third researcher, if 
necessary. We selected titles and abstracts on the Covi-
dence15 and Rayyan16 websites, and full text by an Excel 
spreadsheet (https://1drv.ms/x/s!AkzxfYpR4grGgoh2​
zxgXfN_wiYZ6rw?e=Kj474f). Eligible studies that referred 
to the same participants were grouped under a single 
identification number, including registration protocols 
and posted data, when available. Supplementary study 
materials were also consulted. For data extraction, we 
used an Excel spreadsheet (https://1drv.ms/x/s!Akzx​
fYpR4grGgoh9sGFm6ohljhL01g?e=ERjhK4).

Risk of bias
Two investigators independently assessed the risk of bias 
in the included studies using Cochrane’s risk of bias tool 
2 (RoB2).17 Disagreements were resolved by consensus 
and, if necessary, by a third reviewer. Publication bias does 
not apply to the type of analysis performed in our review, 
which describes the incidence rate of AE in the study 
arms and not measures of effect that compare different 
ART. In any case, more details about this are presented in 
online supplemental file.

Statistical analysis
We changed the prespecified measure of outcome 
frequency from incidence risk to incidence rate. This 
adjustment was necessary due to considerable differences 
between trials regarding the length of follow-up and 
the number of participants lost to follow-up. Using the 

incidence rate, we could account for variations in dura-
tion and loss to follow-up across studies.

Data that were not normally distributed were reported 
as median (interquartile range, IQR). Categorical vari-
ables were presented as numbers (percentages). We 
approximated the number of events when required 
based on reported proportions and incidence rates. We 
imputed the mean follow-up (in person-years) using the 
available summary statistics.

When the actual total time at risk was not reported, 
we approximated the total person-years at risk using the 
mean follow-up duration, accounting for the all-cause 
losses to follow-up or withdrawals. We multiplied the 
reported mean follow-up by the number of participants 
analysed, subtracting from it the product of half the mean 
follow-up and the number of participants not included in 
the analyses (all-cause dropouts/withdrawals).

In our systematic review, the unit of analysis was the 
treatment group. Thus, the same trial could contribute to 
one, two or more independent groups. We used Poisson 
95% confidence intervals (95% CIs) to represent the 
uncertainty around point estimates derived for indi-
vidual groups. We summarised estimates across groups 
using Bayesian random-effects meta-analysis models. We 
employed a Poisson likelihood with a log link for inci-
dence rates. Non-informative prior distributions were 
used in all models. We quantified the between-study 
heterogeneity using 95% predictive intervals, which 
describe the expected variation in true incidence rates 
over different settings and populations.18

Summary estimates were presented as events per 1000 
person-years to facilitate interpretation. These estimates 
were obtained via posterior medians and 2.5th and 97.5th 
percentiles. Models were implemented in OpenBUGS 
(V.2.0, Cambridge, UK), and estimates were obtained 
using Markov chain Monte Carlo simulation via 500 000 
iterations (with a burn-in of 50 000 simulations).

We describe the approaches to model diagnostics in 
online supplemental file 5. We used a multilevel frequen-
tist random-effects meta-analysis model to conduct a sensi-
tivity analysis. Specifically, we employed a mixed-effects 
Poisson regression model, as this approach outperforms 
inverse-variance methods in meta-analyses with sparse 
data.

Patient and public involvement
Patients and the public were not involved in this study.

RESULTS
Study selection
The selection process and the reasons for excluding the 
studies are shown in figure  1, prepared according to 
PRISMA,19 and the list of excluded studies is in online 
supplemental table S4 (online supplemental file 6). We 
included 12 publications. The studies by Campbell et al 
and Firnhaber et al20 21 contained the same participants 
and were linked to the same protocol, being grouped 
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under a single identification number. This was similar 
to the studies by Eron et al and Rashbaum et al.22 23 Two 
other studies,24 25 despite having a common protocol, 
assessed different participants and were considered sepa-
rately. Therefore, we had 10 studies included for analysis 
of results.

Study characteristics
The general characteristics of the included studies are 
described in table 1 and the arms of each study used in 
this review are in table  2. In general, they were multi-
centric. Only two took place in a single country, one in 
South Africa26 and one in England.27

The 10 studies had 4716 people randomised, of whom 
4693 received at least one dose of the treatment. Seven 
studies included only women.24–30 In the other three,21 23 31 
their percentage of participation ranged from 11% to 
46%. This review included a total of 2871 women who had 
taken at least one dose of ART.

Three27 28 31 of the 10 studies contributed information 
on AE in women in only one arm, totalling 17 arms, 
with 11 different ARV regimens (table 2). The study by 
Naicker et al26 described that zidovudine was used every 
12 hours, without specifying the dose, neither in the 
published study nor in the protocol. As the usual dose of 

this drug, when used in conjunction with efavirenz and 
lamivudine, is usually 300 mg every 12 hours, we assume 
that this should have been adopted.

Seven studies21 23–26 29 31 classified the gravity (grade) 
of AE using the DAIDS Table for Grading the Severity of 
Adult and Pediatric Adverse Events (from the Division 
of AIDS of the US Department of Health and Human 
Services, National Institutes of Health, National Insti-
tute of Allergy and Infectious Diseases). The others did 
not describe which source they used for this classifica-
tion.27 28 30

In one of the three mixed-funded (governmental agen-
cies and pharmaceutical industry) studies, the industry 
only contributed to the supply of drugs.21 In two others, 
participation went further: in one of them, the industry 
participated in the study group, but not in the data anal-
ysis,24 and in another, the industry contributed to the 
protocol and with suggestions about the manuscript (at 
the discretion of the authors), but not with its writing, 
data analysis and decision to publish.25

Risk of bias
We performed the per-protocol quality assessment 
because most studies presented data and results for the 
population that received at least one dose of treatment 
and because the assessment of AE usually includes partic-
ipants who were exposed to the intervention (those who 
took any drug dose).

We preferentially considered the primary outcome 
of ART discontinuation due to any AE, which was eval-
uated by nine of the studies,23–31 rather than discontin-
uation due to AE specifically caused by ART, reported 
by only half.23 25 26 28 31 We considered the impact of the 
lack of blinding of most studies on our other primary 
outcomes: the total number of AE and the total number 
of treatment-related AE. Only in the study by Firnhaber et 
al21 the reference for the analysis was the total number of 
laboratory AE since it only contributed to this review with 
information about this outcome.

Most studies (80%) were not blinded.21 24–29 31 Only two 
were double-blinded,23 30 but although they performed 
the randomisation properly, they did not describe how 
the allocation concealment took place. Four studies had 
follow-up losses that could interfere with their results, 
three21 30 31 were classified as at high risk of bias in this 
domain and one29 with some concern about bias.

Nine studies21 24–31 were at high risk of bias by the 
Cochrane RoB2 tool,17 while only one23 had some concern 
about the risk of bias, as can be seen in figure 2.

Publication bias normally applies to comparative 
studies that use measures of association, which is not 
the case in this review. Despite this, we present funnel 
plots for the outcomes in which there were at least 
10 arms evaluated with the occurrence of at least one 
event, using the incidence rate as a summary estimate, 
although the arms of the studies represent different 
ARV regimens (online supplemental figures S1 and S2; 
online supplemental file 7).

Figure 1  Study selection flowchart according to Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses. 
*Although 12 articles were individually included, they were 
evaluated as 10 studies, as two pairs belonged to the same 
protocol, contributing data on the same participants. ART, 
antiretroviral therapy; RCT, randomised controlled trial.
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Study outcomes
The incidence rate of AE for pooled ART arms is shown in 
table 3. Detailed results for each ART grouped by outcome 
and by ARV regimen are shown in online supplemental 
tables S5 and S6, respectively (online supplemental file 
8). Events whose incidence was zero in all studies that 
evaluated them were not included in the tables but were 
described in the text.

Total AE
The outcome of any clinical and/or laboratory AE had 
a mean incidence rate of 888.20 events per 1000 person-
years (95% credibility interval (95% CrI) 759.90–1045.00) 
for all pooled treatments (online supplemental figure 
S3; online supplemental file 9). In the analyses for each 
ARV regimen separately, the result ranged from 718.40 
with bictegravir/emtricitabine/tenofovir alafenamide 
50/200/25 mg/day to 972.10 with atazanavir 300/day+ri-
tonavir 100 mg/day+emtricitabine/fumarate of tenofovir 
disoproxil 200/300 mg/day, but the CrIs were generally 
very wide, as shown in online supplemental table S5 
(online supplemental file 8). The occurrence of any labo-
ratory AE was evaluated by a single study.21 No articles 
reported the incidence of any clinical AE.

The pooled study arms showed a mean incidence rate 
of ART-related clinical and/or laboratory AE of 341.60 
events per 1000 person-years (95% CrI 133.60–862.70). 
Individually, the ARV regimens had a variation in this 
outcome from 91.31 to 594.80, but also with very wide 
CrIs (online supplemental tables S3 and S5). Clinical AE 
related to ART were reported only in the study by Squires 
et al30 and none described the laboratory AE related to 
ART separately.

Discontinuation or dropouts/withdrawals due to AE
The incidence rate of treatment discontinuation due to 
any AE ranged from 0 to 126.40 events per 1000 person-
years among the different ART. Bictegravir/emtricit-
abine/tenofovir alafenamide 50/200/25 mg/day and 
efavirenz 600 mg/day+tenofovir disoproxil fumarate 
300 mg/day+lamivudine 300 mg/day were not discon-
tinued, but both were evaluated in single studies26 28 
and the second regimen was used by only 29 women.26 
Darunavir/cobicistat 800/150 mg/day+emtricitabine/
tenofovir disoproxil fumarate 200/300 mg/day, in one 
study,23 n=41, and efavirenz 600 mg/day+lamivudine/
zidovudine 150/300 mg 12/12 hours, in one study,26 n=30, 
showed, respectively, 121.30 (95% CrI 0.21–67 219.50) 
and 126.40 (95% CrI 0.23–69 389.00) discontinuations 
per 1000 person-years. However, both were used by a 
few women and the CrI was very wide. Pooled analysis of 
all ART showed a mean treatment discontinuation inci-
dence rate of 20.78 events per 1000 person-years (95% 
CrI 5.58–57.31; online supplemental figure S4; online 
supplemental file 9).

Discontinuation due to ART-related AE was reported 
by half of the studies23 25 26 28 31 and the incidence rate 
ranged from 0 to 121.30 events per 1000 person-years. A
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All treatments pooled had an average ART-related 
discontinuation of 4.31 per 1000 person-years (95% 
CrI 0.13–54.72; online supplemental figure S5; online 
supplemental file 9).

Grade 3 and/or 4 and serious AE
Grade 3 and/or 4 clinical and/or laboratory AE were 
evaluated in only 284 women, who used four different 
ARV regimens containing efavirenz or darunavir/cobici-
stat associated with two nucleoside and nucleotide reverse 
transcriptase inhibitors (NRTIs). The incidence rate for 
this outcome ranged from 77.39 to 137.80 events per 
1000 person-years, but with wide CrIs (online supple-
mental table S5; online supplemental file 8). The pooled 
analysis of these ART showed 96.34 grade 3 and/or 4 clin-
ical and/or laboratory AE per 1000 person-years (95% 
CrI 55.04–158.90).

The incidence rate of grade 3 and/or 4 clinical AE was 
analysed for four different ARV regimens, ranging from 
45.40 to 117.60 events per 1000 person-years, and the 
mean pooled result for these ART was 59.93 (95% CrI 
33.74–104.60). Grade 3 and/or 4 laboratory AE ranged 
from 71.04 to 703.70 in five different ART, with a pooled 
analysis of 145.10 events per 1000 person-years (95% CrI 
57.71–359.90).

Grade 3 clinical and/or laboratory AE and grade 4 
clinical and/or laboratory AE were evaluated by only one 
study,29 with a mean incidence rate in the pooled analysis 

of the two arms of, respectively, 125.50 (95% CrI 3.51–
4295.00) and 25.05 (95% CrI 0.50–1017.00). The same 
occurred with grade 4 clinical AE, assessed by the study by 
Lockman et al,25 with a pooled result of the two evaluated 
ARV regimens of 9.31 (95% CrI 0.39–216.30).

The occurrence of serious clinical and/or laboratory AE 
was reported for nine of the 11 ARV regimens included in 
this review. The pooled mean incidence rate of all treat-
ments was 49.34 events per 1000 person-years (95% CrI 
31.60–77.10). When looking at ART separately, the event 
incidence rate ranged from 20.74 (95% CrI 0.78–491.70) 
with lopinavir/ritonavir 400/100 mg two times a day+em-
tricitabine/tenofovir disoproxil fumarate 200/300 mg/
day (n=371) to 126.40 per 1000 person-years (95% CrI 
0.23–69 389.00) with efavirenz 600 mg/day+lamivudine/
zidovudine 150/300 mg 12/12 hours (n=30).

The other grade 3 and/or 4 and serious AE described in 
the methods had no data reported in any of the included 
studies. For events of this nature described by the studies 
as related to ART, four outcomes were contemplated: 
(1) grade 3 and/or 4 clinical and/or laboratory AE; (2) 
serious clinical and/or laboratory AE; (3) serious clinical 
AE; (4) serious laboratory AE.

Grade 3 and/or 4 clinical and/or laboratory AE related 
to ART were evaluated in two studies, with 225 women, 
who used two ARV regimens containing darunavir/cobici-
stat+emtricitabine associated with tenofovir alafenamide 
or tenofovir disoproxil fumarate. The pooled mean inci-
dence rate for these treatments was 22.75 events per 1000 
person-years (95% CrI 2.56–272.90).

The incidence rate of serious clinical and/or laboratory 
AE related to ART ranged from no events with three treat-
ment regimens to 68.36 per 1000 person-years. However, 
for the two regimens in which an event was reported, the 
CrI was quite wide, as shown in online supplemental table 
S5 (online supplemental file 8).

Serious clinical AE related to ART were absent with 
three regimens, while two others had 10.21 and 18.85 
per 1000 person-years, also with wide CrIs (online 
supplemental table S5; online supplemental file 8). 
Three ARV regimens (dolutegravir/abacavir/lamivu-
dine 50/600/300 mg/day; darunavir/cobicistat/emtric-
itabine/tenofovir alafenamide 800/150/200/10 mg/
day; bictegravir/emtricitabine/tenofovir alafenamide 
50/200/25 mg/day) were evaluated for serious labora-
tory AE related to ART, with no events recorded.

AE of the female reproductive system
None of the studies evaluated AE in the female repro-
ductive system. The total or ART-related occurrence of 
delayed puberty, amenorrhoea, menstrual irregularity, 
early menopause, full hot flushes, and severe, moderate 
and mild hot flashes could not be extracted from 
randomised controlled trials.

Osteopenia, osteoporosis and osteoporotic fractures
Only one study27 analysed the occurrence of osteopo-
rosis, whose incidence rate was 6.15 events per 1000 

Figure 2  Assessment of the risk of bias by the Cochrane 
RoB2 tool. D1, randomisation process; D2, deviations from 
the intended interventions; D3, missing outcome data; D4, 
measurement of the outcome; D5, selection of the reported 
result. AE, adverse events; ART, antiretroviral therapy.
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person-years (CrI 0.01–4037.00). There were no data on 
osteopenia and only two studies23 31 reported that there 
were no fractures due to osteoporosis.

Death
All-cause death was assessed in 2388 women for ten 
different ARV regimens. The pooled mean incidence rate 
for all these treatments was 4.47 events per 1000 person-
years (95% CrI 1.42–7.91; online supplemental figure S6; 
online supplemental file 9). Four of the ten ARTs had 

no deaths in their treatment groups, as shown in online 
supplemental table S5 (online supplemental file 8).

Eight of these ten ARV regimens had no deaths from 
ART-related AE, with the pooled mean incidence rate 
being 0.2 events per 1000 person-years (95% CrI 0.00–
1.60; online supplemental figure S7; online supple-
mental file 9). The two treatments with the occurrence 
of events were nevirapine 200 mg 12/12 hours+emtric-
itabine/tenofovir disoproxil fumarate 200/300 mg/
day (one death) and lopinavir/ritonavir 400/100 mg 

Table 3  Incidence rate of adverse events for pooled ART arms

Adverse event
Number of 
different ART

Number of 
study arms

Number of 
women

Incidence rate (number of 
events/1000 person-years)

Credibility interval 
(95%)

Osteoporosis from adverse 
events

1 1 59 6.15 0.01–4037.00

Discontinuation or dropouts/
withdrawals due to adverse 
events

10 15 2388 20.78 5.58–57.31

Discontinuation or dropouts/
withdrawals due to ART-
related adverse events

6 7 988 4.31 0.13–54.72

Clinical and/or laboratory 
adverse events

5 6 954 888.20 759.90–1045.00

Clinical and/or laboratory 
adverse events related to ART

5 6 954 341.60 133.60–862.70

Clinical adverse events 
related to ART

2 2 575 431.50 13.84–13630.00

Grade 3 and/or 4 clinical and/
or laboratory adverse events

4 5 284 96.34 55.04–158.90

Grade 3 and/or 4 clinical 
adverse events

4 6 1316 59.93 33.74–104.60

Grade 3 and/or 4 laboratory 
adverse events

5 7 1550 145.10 57.71–359.90

Grade 3 clinical and/or 
laboratory adverse events

2 2 495 125.50 3.51–4295.00

Grade 4 clinical and/or 
laboratory adverse events

2 2 495 25.05 0.50–1017.00

Grade 4 clinical adverse 
events

2 2 500 9.31 0.39–216.30

Serious clinical and/or 
laboratory adverse events

9 13 1813 49.34 31.60–77.10

Grade 3 and/or 4 clinical and/
or laboratory adverse events 
related to ART

2 3 225 27.75 2.56–272.90

Serious clinical and/or 
laboratory adverse events 
related to ART

5 6 954 1.09 0.01–21.47

Serious clinical adverse 
events related to ART

5 5 1197 1.53 0.01–21.29

Death from all causes 10 15 2388 4.47 1.42–7.91

Death from adverse events 
related to ART

10 15 2388 0.18 0.00–1.56

ART, antiretroviral therapy.
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12/12 hours+emtricitabine/tenofovir disoproxil fuma-
rate 200/300 mg/day (three deaths), both in the 
Lockman et al study.25 In the other study24 in which these 
two regimens were evaluated, there were no ART-related 
deaths. The mean incidence rate was, respectively, 0.29 
(95% CrI 0.00–20.77) and 0.94 (95% CrI 0.00–60.39).

Heterogeneity, subgroup analysis and assessment of evidence 
certainty
These analyses are available in online supplemental tables 
S7 and S8 (online supplemental file 10).

DISCUSSION
Summary of main results
The pooled analysis showed a mean incidence rate of ART-
related clinical and laboratory AE of 341.60 events per 
1000 person-years (95% CrI 133.60–862.70), treatment 
discontinuation of 20.78 events per 1000 person-years 
(95% CrI 5.58–57.31) and ART-related discontinuation 
of 4.31 per 1000 person-years (95% CrI 0.13–54.72). The 
certainty of the evidence was graded as very low for all 
outcomes assessed. Despite the extensive literature search 
performed, few studies specifically analysed the occur-
rence of AE in women with HIV/AIDS. Most of the studies 
included in this review were published between 2015 and 
2020. Despite being recent studies, we still noticed a lack 
of standardisation between studies in the collection and 
analysis of AE, as already reported by Pitrou et al.32 We 
could not establish recommendations on a preferential 
ARV regimen for use in women with HIV/AIDS, aiming 
to minimise the risk of AE and improve treatment adher-
ence. Less than half of the ARV drugs used in current 
clinical practice comprised the evaluated treatment regi-
mens. We found few data on elderly women and none of 
the studies included children.

Comparison with other reviews
A systematic review33 that evaluated the bone safety of 
ART, not specifically in women, and included 11 clinical 
trials with the efavirenz+emtricitabine+tenofovir diso-
proxil fumarate regimen, did not identify treatment-
related bone fractures. The only study in our review that 
evaluated this ARV regimen21 did not address bone health 
outcomes. Another systematic review11 analysed osteo-
penia, osteoporosis and fractures due to osteoporosis 
in women with HIV/AIDS using ARVs and found only 
cross-sectional studies. It demonstrated 40% osteopenia 
in the proximal femur (one study) and 22% in the prox-
imal femur and lumbar spine (one study). Osteoporosis 
was described in the lumbar spine in 42.8% (one study of 
postmenopausal women), in the proximal femur in 5% 
(one study) and at both sites in 7.3% (one study). There 
was only one case of vertebral fracture in a postmeno-
pausal woman. Despite the concern about the effect of 
ART on the risk of osteoporosis and bone fractures, espe-
cially in women, these outcomes are still little discussed 
in the literature, especially in RCTs. In our review, only 

one trial reported the occurrence of osteoporosis and 
two studies evaluated fractures related to this condition, 
but without any events. However, the follow-up duration 
for both was only 48 weeks, which is insufficient for an 
adequate assessment of this outcome.

Discontinuation of ARVs due to AE compromises the 
current goal of treating all people with HIV/AIDS. A 
systematic review,34 which included 64 clinical trials and 
15 cohorts with both sexes, found that the most common 
cause of treatment interruption was the occurrence of 
AE (9%). In our review, discontinuation varied greatly 
between different ARV regimens. The result found for 
the two regimens with the highest risk of discontinu-
ation due to AE should be considered with caution, 
as the number of women evaluated was very small. A 
meta-analysis35 sought to assess the safety of regimens 
containing lopinavir/ritonavir in women with HIV/AIDS. 
Discontinuation due to AE occurred in 6.8% of women. 
In our review, lopinavir/ritonavir was evaluated in two 
studies,24 25 linked to the same protocol, associated with 
emtricitabine/tenofovir disoproxil fumarate, with similar 
results. The mean incidence rate of discontinuation due 
to AE with this regimen was 0.31 per 1000 person-years, 
corresponding to 6.2% of women evaluated for this 
outcome.

Deaths from AE related to ART occurred with only two 
treatment regimens out of ten evaluated for this outcome. 
One with nevirapine+emtricitabine/tenofovir disoproxil 
fumarate (0.27% of women receiving this regimen) and 
three with lopinavir/ritonavir+emtricitabine/tenofovir 
disoproxil fumarate (0.81%). This last finding was similar 
to ART discontinuation due to death in the meta-analysis 
by Hermes et al,35 who evaluated regimens containing 
lopinavir/ritonavir in women with HIV/AIDS, in which 
five women died (0.8%).

Strengths and weaknesses
As far as we know, our review was the first that sought 
to gather the existing scientific knowledge about AE in 
women with HIV/AIDS of all ART in use in current clin-
ical practice. Previously, published reviews on women 
have focused on specific AE, such as bone health, or the 
comparative evaluation of no more than two regimens 
containing certain ARVs. We highlight the broad search 
we carried out in the literature, with a large number of 
studies screened in the selection stage, without limitation 
of publication date or language.

Summary estimates were subject to significant uncer-
tainty due to the limited number of studies and sparse 
data. We assessed whether we could carry out a network 
meta-analysis with studies that included 100% women, but 
this was not possible.

The level of treatment adherence may influence the 
incidence of AE reported by studies as they may be less 
prominent if participants take fewer doses of the medi-
cation than recommended. Three of the studies did not 
describe treatment adherence.21 27 29 The others consid-
ered adherence by counting the difference between the 

https://dx.doi.org/10.1136/bmjopen-2023-079292
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total number of pills supplied and the number of pills 
not taken (returned), divided by the total number of pills 
delivered. A high level of adherence was usually consid-
ered when at least 95% of expected doses were taken. One 
of the studies reported adherence by region in which the 
study was conducted, ranging from 61% to 92%.30 In the 
others, adherence varied from 81% to 99.7%. However, 
none of the studies presented the results of AE according 
to percentage or level of treatment adherence.

Since HIV/AIDS has become a chronic condition that 
requires lifelong treatment, it is important to recognise 
the AE that therapy can cause in the long term. In our 
review, the study with the longest follow-up lasted 184 
weeks and contributed data for only one of the outcomes 
we sought to evaluate. Half of the studies lasted just under 
1 year (48 weeks). This follow-up duration is insufficient to 
analyse the incidence of long-term AE of ART in women.

We chose to select only randomised controlled clin-
ical trials, mainly due to the other objective foreseen in 
our protocol, which intends to evaluate the difference 
between genders in the occurrence of AE, comparing 
the different ART. However, for the description of the 
frequency of AE specifically in women, we used data from 
only one arm of some studies, since the comparator had 
multiple ARV regimens. Thus, results from single-arm 
experimental studies reporting AE in women could have 
been included. Future research may expand the search 
for this type of study to update the findings of our review.

Implications for research
Our review demonstrates the need for more research to 
assess the AE of ART in women, especially with ARV who 
did not appear in any of the studies. Research should 
compare isolated ARV regimens instead of allowing 
multiple ARV regimens in any of the arms of the study, or 
describe AE separately for each of the regimens used, to 
enable the assessment of safety for each specific regimen. 
As knowledge and management of the adverse effects 
of ART have a direct implication on adherence to treat-
ment, it is necessary to consider carrying out pragmatic 
clinical trials, which allow the incorporation of the indi-
vidual needs of the participants, evaluating the results in 
conditions that are close to everyday clinical practice.36

Clinical implications
The scarcity of information on AE of ART specifically in 
women, combined with the high risk of bias in almost 
all existing studies, do not allow the establishment of 
recommendations for clinical practice guidelines or 
for approaches aimed at minimising the risk of AE and 
improving the adherence to ARVs in this population.

The Brazilian and WHO clinical practice guidelines2 5 
recommend the use of tenofovir disoproxil fumarate in 
the ARV regimen for the initial treatment of people with 
HIV/AIDS. One of the adverse effects of this drug is the 
possibility of reducing BMD, with a consequent increase 
in the risk of pathological fractures.2 An American guide-
line4 recommends that this drug be avoided in those with 

osteoporosis. However, tenofovir disoproxil fumarate was 
evaluated for the risk of fractures due to osteoporosis in 
only one study.23

CONCLUSION
Existing randomised trials do not provide sufficient 
evidence on the incidence rates of safety outcomes from 
ART in women living with HIV/AIDS. Large comparative 
studies in well-characterised populations are needed to 
provide a more comprehensive landscape of the safety 
profile of these ARV therapies in women with HIV/AIDS. 
In this sense, pragmatic clinical trials can contribute to 
the evaluation of the effectiveness of currently available 
therapies, by generating results that are closer to the 
reality faced in daily clinical practice.
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