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Background. Although switching antiretroviral therapy (ART) in people with human immunodeficiency virus experiencing 
insomnia due to dolutegravir-related neurotoxicity is well founded upon evidence, there is a lack of proof in regard to the 
outcome of stopping dolutegravir-based ART in people without insomnia but reporting poor sleep quality.

Methods. This is a randomized, multicenter, open-label study to evaluate the reversibility of patient-reported sleep disturbances in 
patients on dolutegravir/lamivudine/abacavir without insomnia after switching to darunavir/cobicistat/emtricitabine/tenofovir 
alafenamide. The participants were randomized to switch ART at baseline or at week 4 and then completed 8 weeks of darunavir/ 
cobicistat/emtricitabine/tenofovir alafenamide. Our primary objective was to compare changes in sleep quality between arms at week 
4. Secondary objectives were to compare changes in mood and neuropsychiatric symptoms (NS) at week 4 and 4 and 8 weeks after 
switching to darunavir/cobicistat/emtricitabine/tenofovir alafenamide. The participants completed a survey, including the Pittsburgh 
Sleep Quality Index (PSQI), the Hospital Anxiety and Depression scale (HADS), and specific questions to explore NS, at each visit to 
assess those objectives.

Results. We included 72 participants. The results show that study arms were similar at baseline; however, at week 4, PSQI scores 
remained unchanged with dolutegravir/lamivudine/abacavir, whereas patients improved significantly after switching to darunavir/ 
cobicistat/emtricitabine/tenofovir alafenamide. Similar differences between arms were also observed in HADS and NS changes. At 
weeks 4 and 8 after all participants switched to darunavir/cobicistat/emtricitabine/tenofovir alafenamide, we have observed significant 
improvements in PSQI and HAD scores and in NS.

Conclusions. In patients reporting subclinical sleep disturbances without insomnia, switching from dolutegravir/lamivudine/abacavir 
to darunavir/cobicistat/emtricitabine/tenofovir alafenamide was associated with better sleep quality and improvements in mood and NS.
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In some cases, the use of dolutegravir/lamivudine/abacavir 
(DTG/3TC/ABC) seems to be associated with the development 
or worsening of neuropsychiatric symptoms [1]. Several previ-
ous cohorts have reported higher rates of DTG/3TC/ABC dis-
continuation due to neuropsychiatric symptoms [2–6]. A 
meta-analysis of randomized clinical trials reported a higher 
risk of developing insomnia with DTG (6.1%) than with other 
antiretrovirals (4.5%) [7]. In addition, a clinical trial designed 
to evaluate DTG/3TC/ABC neurotoxicity and its reversibility, 
which includes virologically suppress people with human immu-
nodeficiency virus (PWH) reporting neuropsychiatric symptoms 
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after starting DTG/3TC/ABC, revealed improvements in sleep, 
mood, and neuropsychiatric symptoms after switching from 
DTG/3TC/ABC to elvitegravir/cobicistat/emtricitabine/tenofovir 
alafenamide (EVG/COBI/FTC/TAF) [8].

Several studies have explored the pathogenesis behind the 
development or worsening of neuropsychiatric symptoms 
that some PWH have after starting DTG-based therapies. In 
rats, DTG/3TC/ABC seems to increase the excitability of pyra-
midal neurons in the medial prefrontal cortex, a region associ-
ated with sleep, mood, and stress regulation [9]. Regardless of 
whether this or another process could be the underlying mech-
anism of DTG-related neurotoxicity, there are several factors 
that seem to be associated with its development, such as female 
gender, older age, higher dolutegravir concentrations, a 
SLC22A2 gene variant in the organic cation transporter-2 
(OCT-2), or the concomitant use of ABC with DTG [3, 10,11].

Although scientific evidence supports that switching DTG/ 
3TC/ABC to a regimen with a better neurotoxic profile would 
help to improve symptoms in PWH who complain about in-
somnia, mood disorders, or neuropsychiatric symptoms [1–8], 
we do not know whether PWH treated with DTG/3TC/ABC 
and not complaining about neuropsychiatric symptoms would 
improve their quality of sleep, mood, and/or neuropsychiatric 
status if they switched antiretroviral therapy (ART) to a regimen 
with a more favorable neurotoxic profile.

To explore this possibility in virologically suppress PWH not 
complaining of insomnia but with poor quality of sleep, we devel-
oped a randomized, open-label, multisite, clinical trial that eval-
uated whether switching from DTG/3TC/ABC to another ART 
such as darunavir/cobicistat/emtricitabine/tenofovir alafenamide 
(DRV/COBI/FTC/TAF), a regimen with a non-neurotoxic pro-
file, could help to improve the quality of sleep of these patients 
as well as their mood and neuropsychiatric status.

METHODS

Design

The DETOX study included 2 consecutive design phases. In 
phase one, participants who reported poor quality of sleep in 
the Pittsburgh Sleep Quality Index (PSQI) were randomized 
to switch at baseline from DTG/3TC/ABC to DRV/COBI/ 
FTC/TAF (immediate switch arm) or to continue 4 weeks 
with DTG/3TC/ABC and then switch to DRV/COBI/FTC/ 
TAF (deferred switch arm). In phase 2, participants from 
both arms completed 8 weeks of follow-up after their switch 
to DRV/COBI/FTC/TAF.

Patient Consent Statement

Written informed consent was obtained from all study partic-
ipants. Study protocol was approved by the ethics committees 
of each institution and by the Agencia Española de 
Medicamentos y Productos Sanitarios (AEMPS). The protocol 

was registered at https://eudract.ema.europa.eu (identifier 
2018-001158-82).

Participants

Individuals eligible for screening included PWH (1) without 
major neuropsychiatric comorbidities (major depression with 
psychotic symptoms or suicidal ideation, drug abuse/dependence, 
dementia, or psychosis), (2) receiving DTG/3TC/ABC for at 
least 4 weeks, (3) under virological suppression (human immu-
nodeficiency virus [HIV] ribonucleic acid [RNA] <50 copies/ 
mL for >12 weeks), (4) with poor quality of sleep (PSQI score 
>5), and (5) not complaining of insomnia. Of these, we 
enrolled those willing to participate in the study who could re-
ceive DRV/COBI/FTC/TAF and complete all study proce-
dures. We excluded pregnant women, nursing women, or 
women of childbearing age who do not agree to use an adequate 
birth control method, and candidates with active central ner-
vous system (CNS) infections or illnesses that may interfere 
with the study procedures.

Interventions

The study included visits at baseline and weeks 4 and 8 for 
participants assigned to the immediate switch arm and at 
baseline and weeks 4, 8, and 12 for participants assigned to 
the deferred switch arm. In addition to the conventional pro-
cedures of HIV clinical trials, participants completed 3 
patient-reported outcome (PRO) questionnaires at each vis-
it: the PSQI, the Hospital Anxiety and Depression scale 
(HADS), and a neuropsychiatric symptoms score (defined 
as DETOX score) obtained by adding the severity grade (0, 
none; 1, mild; 2, moderate; and 3, severe) reported in the 
11 neurological and psychiatric symptoms included in the 
US Division of AIDS table for grading the severity of adverse 
events [12]. The first 2 questionnaires have been validated 
for their use in PWH and can be widely used for assessing 
sleep and mood disturbances [13–15], whereas the third 
questionnaire has been used as a valid tool in several clinical 
trials to evaluate ART-related neurotoxicity [8, 16].

Objectives

Our primary objective was to compare changes in the quality of 
sleep, measured with the PSQI, from baseline to week 4 be-
tween study arms. Secondary objectives were as follows: (1) 
to compare changes in patient-reported neuropsychiatric 
symptoms detected and quantified, using the HADS and 
DETOX questionnaires, from baseline to week 4 between study 
arms; (2) to evaluate changes in the quality of sleep and in 
patient-reported neuropsychiatric symptoms detected and 
quantified, using the HADS and DETOX questionnaires, 4 
and 8 weeks after switching to DRV/COBI/FTC/TAF (pooled 
data from both arms); and (3) to evaluate the efficacy (propor-
tion of participants who maintain HIV RNA <50 copies/mL) 
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and safety (proportion of participants who develop any adverse 
event) after switching to DRV/COBI/FTC/TAF.

Sample Size

To calculate the sample size for this study, we used unpublished 
estimations obtained from PWH enrolled in La Paz Hospital 
cohort who completed a PSQI questionnaire before and after 
switching from DTG/3TC/ABC to another ART, due to the 
lack of pre-existing data published estimating the presence 
and reversibility of sleep disturbances in PWH treated with 
DTG/3TC/ABC. Based on those observations, we estimated 
that change of the PSQI score will be >15% after switching 
DTG/3TC/ABC to DRV/COBI/FTC/TAF. Therefore, we calcu-
lated that a sample size of 55 participants per arm would be 
enough to demonstrate differences between study arms, assum-
ing that study discontinuations would be ≤8%, with type I and 
II errors of 0.05 and 0.2.

Statistical Methods

Absolute frequencies or percentages displayed qualitative variables, 
quantitative variables with normal distribution as means, standard 
deviations (SDs) or standard errors (SEs), and quantitative vari-
ables without normal distribution as medians and interquartile 
ranges. Comparisons among baseline demographic and clinical 
characteristics between the 2 arms were done using Student t 
(for independent samples), χ2, and Mann-Whitney U tests.

Primary Analyses
The primary analysis was calculated using the Student t test for 
independent samples, after converting raw results on the PSQI 
scores to a normalized (0–100) scale, for the intent-to-treat 
(ITT) and on-treatment (OT) populations. The ITT analyses 
included all participants who provided PSQI outcome data at 
baseline and week 4, whereas the OT analyses included all par-
ticipants who remained on the regimen to which they had been 
randomized through week 4.

Secondary Analyses
Secondary analyses were performed on the ITT subset. Generalized 
estimated equation (GEE) models were used to estimate the effect 
of switching ART on changes observed in normalized results of the 
PSQI, HADS, and DETOX scores and in the proportion of partic-
ipants reporting (1) moderate-severe adverse events versus none- 
mild adverse events and (2) any adverse event versus asymptomatic 
in each neuropsychiatric item included in the DETOX question-
naire over time (weeks 4 and 8). Results from GEE models were 
adjusted for multiple comparisons using Bonferroni.

RESULTS

Accrual to the study began at 6 sites in January 2019. Accrual 
was slower than planned, mainly because several potential can-
didates simplified to other therapies or refused to enroll in the 

study due to an increase in scheduled visits compared with their 
usual clinical routine. In March 2020, the safety monitoring 
board recommended stopping the accrual before it was reached, 
due to the coronavirus disease 2019 (COVID-19) pandemic.

As shown in the CONSORT diagram (Supplementary 
Figure 1), 78 individuals were screened. Of these, 72 (92.3%) 
met criteria and were randomized: 37 to the immediate switch 
arm and 35 to the deferred switch arm. At week 4, all continued 
in the trial, except 3 participants from the immediate switch 
arm who abandoned the trial (COVID-19 pneumonia, consent 
withdrawal, and loss of follow-up), contributing to primary 
ITT analyses. After switching to DRV/COBI/FTC/TAF, 3 par-
ticipants abandoned the study before the end of follow-up (2 
due to loss of follow-up and 1 due to gastrointestinal intoler-
ance). Therefore, 66 participants contributed to the secondary 
ITT analyses.

Baseline Characteristic

Table 1 provides entry characteristics of the 72 participants en-
rolled in the trial. Both arms were well balanced across demo-
graphic and disease variables, except for the higher proportions 
of illicit drug use observed in the immediate switch arm (40.5% 
vs 17.1%; P = .023).

Table 1. Baseline Characteristics

Variable

Delayed Switcha 

Arm 
n = 35

Immediate 
Switcha Arm 

n = 37
P 

Value

Age, mean (SD) 46.1 (10.5) 48.4 (11.5) .379

Gender: male, n (%) 29 (82.9) 32 (86.5) .669

Ethnicity: Caucasian, n (%) 26 (74.3) 28 (75.7) .915

Toxic habitsb, n (%) 20 (57.1) 24 (64.9) .502

Illicit drug use, n (%) 6 (17.1) 15 (40.5) .023c

Years since HIV diagnosis, 
mean (SD)

12.2 (10.3) 13.1 (10.3) .720

Years of HIV 
undetectability, mean 
(SD)

5.3 (5.0) 5.56 (4.0) .798

Years on DTG/3TC/ABC, 
mean (SD)

3.1 (1.6) 2.7 (1.25) .205

CD4 nadir, mean (SD) 358 (232.5) 230 (215) .482

Previous AIDS diagnosis, 
n (%)

5 (14.3) 7 (18.9) .598

Current CD4 cell count, 
mean (SD)

727.4 (315.7) 611.1 (190.9) .067

Positive anxiety screen: 
HADs, n (%)

21 (60) 19 (51.4) .424

Positive depression 
screen: HADs, n (%)

10 (28.6) 7 (18.9) .307

Abbreviations: ABC,abacavir; AIDS, acquired immune deficiency syndrome; DTG, 
dolutegravir; HAD, Hospital Anxiety and Depression scale; HIV, human immunodeficiency 
virus; SD, standard deviation; 3TC, lamivudine.  
aSwitch from dolutegravir/lamivudine/abacavir to darunavir/cobicistat/emtricitabine/ 
tenofovir alafenamide.  
bToxic habits: tobacco, daily alcohol, or illicit drug consumption.  
cBold text: Statistically significant result.
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Five participants reported neuropsychiatric concomitant med-
ication at baseline: 1 took benzodiazepines as treatment for anx-
iety (lorazepam 1 mg), 2 took antidepressants for depression 
(mirtazapine 30 mg and paroxetine 20 mg), and another 2 took 
antidepressants and benzodiazepines in combination for anxiety 
depressive disorders (bromazepam 1.5 mg with escitalopram 
10 mg and lorazepam 1 mg with mirtazapine 15 mg). Thirteen 
participants were treated with lipid-lowering agents at baseline 
(10 atorvastatin, 1 pitavastatin, 1 pravastatin, and 1 gemfibrozil).

Quality of Sleep

Figure 1 includes the results of the PSQI scores in each study 
arm at baseline and at week 4 for the ITT population. From 
baseline to week 4, participants who switched to DRV/COBI/ 
FTC/TAF experienced significant improvements in the PSQI 
score compared with participants continuing on DTG/3TC/ 
ABC (mean ± SD change: −18.0 ± 16.2 vs −3.3 ± 11.4; P < 
.001). Similar results were observed in the OT population and 
after adjusting by the proportion of illicit drug use in each study 
arm (P = .004).

Figure 2 includes the proportion of participants reporting 
moderate or severe disturbances in the PSQI components in 

each study arm at baseline and at week 4 (ITT population). 
From baseline to week 4, participants who switched to 
DRV/COBI/FTC/TAF experienced a significant decrease in 
the proportion of moderate to severe disturbances in the fol-
lowing PSQI components compared with participants who 
continued on DTG/3TC/ABC: sleep quality (%decrease: 
64.6% vs 7.1%; P = .007), sleep latency (36.6% vs 0.0%, P = 
.045), and habitual sleep efficiency (59.8% vs 16.5%, P = 
.034). A trend was also observed in the sleep duration PSQI 
component (58.3% vs 21.8%, P = .055). A nonstatistical signif-
icant decrease, but of a magnitude clinically relevant, was also 
observed in the use of medication for sleep component (21.4% 
decrease in the DRV/COBI/FTC/TAF arm vs 15.6% increase 
in the DTG/3TC/ABC arm; P = .131). Similar results were ob-
served for the OT population.

In the second phase of the study, 8 weeks after all participants 
switched to DRV/COBI/FTC/TAF, we observed progressive 
improvements in the PSQI score (Figure 3) and a significant de-
crease in moderate to severe disturbances in the following PSQI 
components: subjective sleep quality, sleep latency, sleep dura-
tion, habitual sleep efficiency, and daytime disfunction 
(Table 2).

Figure 1. Baseline and week 4 results of the Pittsburgh Sleep Quality Index (PSQI), the Hospital Anxiety and Depression scale (HADS) anxiety and depression subscales, 
and the central nervous system (CNS) symptoms scores in each study arm, for the intention-to-treat population. ABC, abacavir; COBI, cobicistat; DRV, darunavir; DTG, do-
lutegravir; FTC, emtricitabine; TAF, tenofovir alafenamide; 3TC, lamivudine.
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Mood and Neuropsychiatric Symptoms

Figure 1 includes the results of the HADS and DETOX scores in 
each study arm at baseline and at week 4. From baseline to week 
4, participants who switched to DRV/COBI/FTC/TAF experi-
enced significant improvements in self-reported scores 
of neuropsychiatric symptoms and anxiety compared with 

participants continuing on DTG/3TC/ABC (DETOX changes: 
−13.7 ± 13.3 vs −1.3 ± 8.6, P < .001; HAD anxiety subscale 
changes: −14 ± 16.9 vs −1.9 ± 15.6, P = .003). No differences 
were observed in the self-reported score of depression 
(HAD depression subscale changes: −5.8 ± 11.1 vs 1.8 ± 10.8, 
P = .041).

Figure 2. Proportion of participants reporting moderate-severe disturbances in the Pittsburgh Sleep Quality Index components in each study arm at baseline and at week 4 
for the intention-to-treat population. ABC, abacavir; COBI, cobicistat; DRV, darunavir; DTG, dolutegravir; FTC, emtricitabine; TAF, tenofovir alafenamide; 3TC, lamivudine.

Figure 3. Changes at weeks 4 and 8 of the Pittsburgh Sleep Quality Index (PSQI), the Hospital Anxiety and Depression scale (HADs) anxiety and depression subscales, and 
the central nervous system (CNS) symptoms scores after all participants for the intention-to-treat population switched to darunavir/cobicistat/emtricitabine/tenofovir ala-
fenamide. CI, confidence interval.
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Eight weeks after all participants switched to DRV/COBI/ 
FTC/TAF, we observed progressive improvements in the 
DETOX score and in HADS scores of anxiety and depression 
(Figure 3). We also observed significant improvements in the 
proportion of participants reporting sleep disturbances, abnor-
mal dreams, asthenia or fatigue, and impaired concentration in 
the DETOX questionnaire at week 4 and in all the items of the 
questionnaire, except hallucinations and suicidality, at week 8 
after all participants switched to DRV/COBI/FTC/TAF 
(Table 3). Longitudinal GEE models confirmed that all these 
changes were associated with the effect of switching from 
DTG/3TC/ABC to DRV/COBI/FTC/TAF.

Efficacy and Safety

At the end of follow-up, 61 of 66 participants (92.4%) main-
tained HIV RNA suppression below 50 copies/mL on DRV/ 

COBI/FTC/TAF and 5 participants experienced blips. We did 
not detect any case of virologic failure during the trial.

After switching to DRV/COBI/FTC/TAF, 26 participants ex-
perienced approximately 46 adverse events (36 grade 1 and 10 
grade 2). Of those adverse events, 11 were CNS adverse events 
(5 headaches, 2 anxiety, 2 insomnia, 1 depression, and 1 dizzi-
ness) and 10 were ART related (4 dyslipidaemia, 3 gastrointes-
tinal intolerance, 2 headaches, and 1 facial edema). One 
ART-related adverse event (nausea) lead to DRV/COBI/FTC/ 
TAF discontinuation. An additional participant experienced 
an unrelated serious adverse event (radius and ulna open 
fracture).

Four participants (36.4%) of those reporting CNS adverse 
events experienced resolution of their symptoms during the 
study (3 headaches and 1 dizziness), and in 7 the adverse event 
continued at the end of follow-up. Three participants started 
CNS medication after switching to DRV/COBI/FTC/TAF (1 
started vortioxetine 5 mg once a day at day 18 due to depres-
sion, 1 started on demand lorazepam 1 mg at day 26 due to in-
somnia, and 1 started bromazepam 1.5 mg twice a day at day 15 
due to anxiety). Nobody had to start or intensify their 
lipid-lowering therapy after switching to DRV/COBI/FTC/ 
TAF.

Weight and the CD4+ cell count remained stable during all 
follow-up periods (weight change [kg] at week 8 [mean ± SE]: 
0.1 ± 0.34, P = 1; CD4+ cell count change: 36.8 ± 18.5, P = 
.14). Significant increases in total cholesterol (before switching 
[mean ± SE]: 181.2 ± 3.5 mg/dL; week 4 after switching: 200.7 
± 4.2 mg/dL; week 8 after switching: 203.8 ± 4 mg/dL; P < 
.001 [changes from baseline to week 8]), low-density lipopro-
tein cholesterol (before switching: 109.4 ± 2.7 mg/dL; week 4 
after switching: 124.2 ± 3.6 mg/dL; week 8 after switching: 
125.4 ± 3.3 mg/dL; P < .001 [changes from baseline to week 
8]), and triglycerides (before switching: 132.9 ± 10.5 mg/dL; 
week 4 after switching: 160.9 ± 10.5 mg/dL; week 8 after 
switching: 157.8 ± 9.6 mg/dL; P = .021 [changes from baseline 
to week 8]) were observed. Levels of HDL cholesterol remained 
stable during follow-up (before switching [mean ± SE]: 47.1 ± 
1.5 mg/dL; week 4 after switching: 47.4 ± 1.5 mg/dL; week 8 af-
ter switching: 47.4 ± 1.4 mg/dL; P = 1 [changes from baseline to 
week 8]).

DISCUSSION

The DETOX trial demonstrated that switching DTG/3TC/ABC 
to DRV/COBI/FTC/TAF, in PWH describing poor quality of 
sleep without insomnia complaints, was associated with better 
sleep quality. Specifically, we observed a significative reduction 
in moderate to severe symptoms in the following sleep compo-
nents: subjective quality of sleep, sleep latency, sleep duration, 
habitual sleep efficiency, and daytime dysfunction. A reduction, 
without achieving statistical significance but of a magnitude 

Table 2. Changes in the Proportion of Participants Reporting 
Moderate-Severe Disturbances in the PSQI 4 and 8 Weeks After All 
Participants Switched to DRV/COBI/FTC/TAF

PSQI component scores
Baseline 
(n = 69)

Week 4 
(n = 66)

Week 8 
(n = 66)

Subjective sleep quality, n (%)a 54 (78.3) 15 (22.2)b 13 (19.7)b

Sleep latency, n (%)a 56 (81.2) 33 (50)b 25 (37.9)b

Sleep duration, n (%)a 37 (53.6) 19 (28.8)b 11 (16.7)b

Habitual sleep efficiency, n (%)a 36 (52.2) 17 (25.8)b 17 (25.8)b

Sleep disturbances, n (%) 17 (24.6) 10 (15.2) 7 (11.1)

Use of medication for sleep, n (%) 26 (37.7) 21 (31.8) 14 (21.2)

Day disfunction due to sleepiness, n (%)a 22 (31.9) 12 (18.2) 4 (6.1)b

Abbreviations: COBI, cobicistat; DRV, darunavir; FTC, emtricitabine; PSQI, Pittsburgh Sleep 
Quality Index; TAF, tenofovir alafenamide.  
aSignificant changes were observer in the linear model.  
bSignificant change from baseline to that setpoint.

Table 3. Changes in the Proportion of Participants Reporting any Symptom 
in the Neuropsychiatric Items Conforming the DETOX Questionnaire, 4 and 8 
Weeks After All Participants Switched to DRV/COBI/FTC/TAF

Neuropsychiatric items
Baseline 
(n = 69)

Week 4/8 
(n = 66)

Week 8/12 
(n = 66)

Sleep disturbancesa, n (%)b 65 (94.2) 32 (48.5)c 26 (39.4)c

Abnormal dreams, n (%)b 45 (65.2) 14 (21.2)c 13 (19.7)c

Dizziness, n (%)b 23 (33.3) 12 (18.2) 6 (9.1)c

Headache, n (%)b 30 (43.5) 17 (25.8) 15 (22.7)c

Impaired concentration, n (%)b 37 (53.6) 20 (30.3)c 14 (21.2)c

Nervousness or irritability, n (%)b 45 (65.2) 32 (48.5) 28 (42.4)c

Asthenia or fatigue, n (%)b 52 (75.4) 32 (49.2)c 24 (36.4)c

Symptoms of anxiety, n (%)b 43 (62.3) 29 (43.9) 22 (33.3)a

Symptoms of depression, n (%)b 32 (46.4) 21 (31.8) 12 (18.2)a

Hallucinations, n (%) 4 (5.8) 3 (4.6) 1 (1.6)

Suicidality, n (%) 4 (5.8) 3 (6.1) 1 (3.0)

Abbreviations: COBI, cobicistat; DRV, darunavir; FTC, emtricitabine; TAF, tenofovir 
alafenamide.  
aDefinition: sleep abnormalities not fulfilling the diagnostic criteria for insomnia.  
bSignificant change over time associated with antiretroviral therapy switch (linear 
generalized estimated equation [GEE] model).  
cSignificant change from baseline to the setpoint (adjusted GEE model).
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clinically relevant, was also observed in the use of medication 
for sleep component. In addition, we also detected significative 
improvements in self-reported mood and neuropsychiatric 
symptomatology.

Our results reinforced the association between the use of 
DTG and the presence of sleep disturbances and insomnia 
seen by Hill et al [7] in their metanalysis of DTG phase 3 clinical 
trials. In PWH reporting insomnia and neuropsychiatric ad-
verse events, we confirmed the partial reversibility of those ad-
verse events observed in several cohorts and in the DREAM 
trial after switching DTG/3TC/ABC to another regimen [2–6, 
8]. In addition, in people without insomnia, we show for the 
first time that switching DTG/3TC/ABC to another ART 
(DRV/COBI/FTC/TAF) was associated with a reduction in 
sleep disturbances, with an improvement in the quality of sleep.

Our study is significant because it is the first clinical trial de-
signed to evaluate subclinical ART-related neurotoxicity that 
provides benefits in the CNS-related subclinical symptomatol-
ogy after switching from a higher neurotoxic regimen to a lower 
neurotoxic regimen. Previous clinical trials, such as the 
strategy-nonucleoside reverse-transcriptase inhibitor [17] or 
the GS-US-380-1844 [18], show improvements in self-reported 
neuropsychiatric symptoms after switching from regimens, in-
cluding neurotoxic drugs (efavirenz [EFV]/FTC/tenofovir dis-
oproxil fumarate [TDF] or DTG/3TC/ABC) to a lower 
neurotoxic regimen (EVG/COBI/FTC/TDF or bictegravir/ 
FTC/TAF). The main findings of our study is that all of our par-
ticipants had subclinical neurotoxicity (sleep disturbances) but 
not clinical neurotoxicity (insomnia).

Based on previous evidence, some HIV clinical guidelines 
recommend a switch to neurotoxic drugs (EFV and DTG) in 
PWH who complain of neuropsychiatric adverse events, but 
not in PWH who report subclinical CNS disturbances, such 
as poor quality of sleep, due to a lack of evidence [19,20]. We 
believe our study adds new evidence that would lead to changes 
in clinical guideline recommendations about the role of neuro-
toxic ART in PWH reporting subclinical CNS disturbances.

In our study, all of the participants received DTG/3TC/ABC 
and switched all the regimens. Therefore, we cannot determine 
whether the observed clinical and subclinical improvements 
were due to discontinuation of DTG, 3TC/ABC, or both. 
Considering that 3TC/ABC has demonstrated a worse neuro-
toxic profile in vitro than FTC/TDF [21], and in some studies 
this has been identified as an independent risk factor for 
DTG-based ART discontinuation [3], it is likely that the bene-
fits observed in our study were the result of switching all of the 
regimens and not only DTG.

Chronic sleep abnormalities are risk factors for mood disor-
ders and cognitive complaints, whereas disturbed sleep seems 
to be a key symptom of mental disturbances [22]. Therefore, 
due to the bidirectional flow between sleep and psychiatric dis-
orders, we cannot establish whether switching from DTG/3TC/ 

ABC to DRV/COBI/FTC/TAF has a direct impact on sleep, 
mood, or neuropsychiatric symptoms. The fact that sleep dis-
turbances improved faster than mood disturbances after 
switching ART could suggest a direct effect on sleep.

In concordance with previous reports [3, 5, 8], we observed 
significant improvements but not complete reversibility of all 
the neuropsychiatric symptoms detected. This could be ex-
plained due to a relatively short period of observation (8 weeks) 
or due to the possibility that some of these disturbances, which 
are common among PWH and in the general population, could 
be unrelated to the medications; however, the chance of contin-
ued neurotoxicity from the new regimen cannot be completely 
ruled out. Another potential explanation could be that part of 
DTG/3TC/ABC-related neurotoxicity was irreversible. It is un-
fortunate that the current evidence is unable to confirm or re-
ject this possibility.

No virologic failures occurred in the study after switching to 
DRV/COBI/FTC/TAF, and only 1 participant had to discon-
tinue the study due to adverse events. Our clinical trial is the 
first that has evaluated the efficacy and safety of switching 
from an integrase inhibitor-based ART to DRV/COBI/FTC/ 
TAF. The sample size of our study does not allow us to draw 
definitive conclusions about efficacy or safety; however, it 
seems that switching from DTG/3TC/ABC to DRV/COBI/ 
FTC/TAF could be effective and safe.

Our study has important limitations. First, accrual was not 
completed. We believe this had no influence on our results be-
cause the post hoc power calculated for our study to demon-
strate differences in score changes between study arms was 
99.8%. Second, the study had an open-label design. We cannot 
exclude the possibility that some improvements in sleep quality 
were due to a placebo effect resulting from a positive expecta-
tion of the switch. However, this seems unlikely considering 
that participants were not reporting insomnia when entering 
the trial. Third, the study had a shorter follow-up than previous 
studies evaluating ART-related neurotoxicity. We do not know 
the long-term evolution of symptomatic changes observed 
after switching to DRV/COBI/FTC/TAF, and, based on the re-
sults of studies with a similar design but with a larger follow up 
[8, 16–18], we do not expect long-term changes of tendency in 
symptomatic results.

CONCLUSIONS

In conclusion, we observed that PWH not complaining of in-
somnia could improve their quality of sleep, mood, and other 
neuropsychiatric disturbances after switching from DTG/ 
3TC/ABC to DRV/COBI/FTC/TAF. These results suggest a po-
tential benefit of switching regimens with a documented neuro-
toxic profile, such as DTG/3TC/ABC, to other regimens with a 
safer neurotoxic profile, such as DRV/COBI/FTC/TAF, even in 
PWH not complaining of neuropsychiatric disorders or 
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adverse events. Our findings may be helpful for establishing 
clinical recommendations about the management of subclinical 
neurotoxicity in PWH.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the 
authors, so questions or comments should be addressed to the correspond-
ing author.
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