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Abstract
Background: Central nervous system (CNS) symptoms after efavirenz (EFV) treatment in people living with human
immunodeficiency virus (HIV) could persist and impact their quality of life. We assessed the impact of EFV-based regimen
replacement with elvitegravir/cobicistat/emtricitabine/tenofovir alafenamide (E/C/F/TAF), which is considered an alternative option
for subjects who do not tolerate EFV. Most specifically, we assessed the safety and the efficacy of E/C/F/TAF and its effects on the
participants’ neuropsychiatric toxicity symptoms in a real-life setting.
Methods: A prospective cohort study was conducted among virologic suppressed HIV-positive participants receiving EFV-based
regimens with ongoing CNS toxicity ≥ grade 2. The participants were switched to single-pill combination regimens E/C/F/TAF and
followed up for 48 weeks. The neuropsychiatric toxicity symptoms were measured using a CNS side effects questionnaire, as well as
the Hospital Anxiety and Depression Scale and the Pittsburgh Sleep Quality Index. The primary outcome measure was the
proportion of participants experiencing grade 2 or higher CNS toxicity after EFV switch off at weeks 12, 24, and 48. Secondary
endpoints included virologic and immunological responses and the effect on fasting lipids at week 48 after switch.
Results: One hundred ninety-six participants (96.9% men, median age: 37.5 years, median: 3.7 years on prior EFV-containing
regimens) were included in the study. Significant improvements in anxiety and sleep disturbance symptoms were observed at 12, 24,
and 48 weeks after switching to E/C/F/TAF (P< 0.05). No significant change in depression symptom scores was observed. At
48 weeks after switch, HIV viral load <50 copies/mL was maintained in all of the participants, median fasting lipid levels were
moderately increased (total cholesterol [TC]: 8.2 mg/dL, low-density lipoprotein cholesterol [LDL-C]: 8.5 mg/dL, high-density
lipoprotein cholesterol [HDL-C]: 2.9 mg/dL, and triglyceride (TG): 1.6 mg/dL, and the TC:HDL-C ratio remained stable.
Conclusions: The single-pill combination regimens E/C/F/TAF is safe and well tolerated. This study reveals that switching from EFV
to E/C/F/TAF significantly reduces neuropsychiatric toxicity symptoms in people living with HIV with grade 2 or higher CNS
complaints.
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Introduction

Scaling up of antiretroviral therapy (ART) has dramati-
cally reduced human immunodeficiency virus (HIV)-
related mortality and morbidity worldwide, including
those in resource-limited countries.[1] Since 2003, the
National Free Antiretroviral Treatment Program (NFATP)
was launched in China.[2] It has greatly increased the access
to ART and significantly led to a substantial decline in HIV
incidence and mortality.[3] Consistent with the recommen-
dation of the World Health Organization and the national
acquired immune deficiency syndrome (AIDS) control
programs in several resource-rich countries,[4,5] the
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Chinese NFATP currently recommends tenofovir (TDF) +
lamivudine (3TC) + efavirenz (EFV) as the preferred first-
line antiretroviral regimen due to its efficacy and relative
affordability.[3]

Several evidence reports indicate that 40% to 60%[5] of
individuals treated with EFV, which is a non-nucleoside
reverse transcriptase inhibitor, suffer from its related
central nervous system (CNS) adverse events. Indeed, EFV
administration has been associated with psychiatric
symptoms (e.g., severe depression, anxiety, suicidal
ideation) and CNS symptoms (e.g., dizziness, insomnia,
trouble concentrating, unusual dreams, and feeling drowsy
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during the daytime) early after initiation prompting
regimen switches.[4,5] In addition, there is a growing
awareness that many individuals receiving long-term EFV
treatment may have subtler symptoms that substantially
affect their quality of life albeit they are not strictly related
to EFV. These include subclinical symptoms in mood
disorders and ambiguous performances such as irritability
and hallucinations.[5,6] Before the availability of potent
integrase inhibitors, HIV-positive individuals who do not
tolerate EFV were treated with lopinavir/ritonavir (LPV/r),
which was the only NFATP-sponsored protease inhibitors
(PIs) freely provided by the Chinese government.[3] A
significant number of PI-related dyslipidemias have also
been reported.[7-10] As such, we can note the elevation of
lipid parameters like total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), and triglycerides (TG),
which are recognized risk factors for cardiovascular
disease.[10]

The fixed-dose combination, oral tablet, of elvitegravir/
cobicistat/emtricitabine/tenofovir alafenamide (E/C/F/
TAF) for HIV treatment was first approved by the US
Food and Drug Administration in 2015[11] and then
officially introduced in China for the first time in 2018.[3]

E/C/F/TAF is a single-tablet regimen that contains
elvitegravir (150 mg)/cobicistat (150 mg)/emtricitabine
(200 mg)/tenofovir alafenamide (10 mg). The coformu-
lated E/C/F/TAF is effective in treatment-naive and
virologic suppressed individuals,[12-14] along with a
favorable safety profile. Furthermore, the Chinese Guide-
lines for HIV/AIDS Diagnosis and Treatment (2018)
recommends E/C/F/TAF as the first-line initial ART
regimen for people livingwithHIV (PLWH).[3] In addition,
E/C/F/TAF (once daily dosing) is more convenient for
PLWH when compared with LPV/r (twice daily) and
currently more affordable as it was the only reimbursement
single-tablet HIV drug covered by the Chinese government
since January 2020. However, the reimbursement policy
varies widely between different regions. The low-cost
single-tablet regimen E/C/F/TAF is reasonably selected as
an alternative option for PLWH who do not tolerate EFV.
Therefore, this study aimed to assess CNS effects and
efficacy in Chinese HIV adults experiencing any grade two
or higher neuropsychiatric and CNS toxicity who switched
from an EFV-based regimen to E/C/F/TAF.
Methods

Ethical approval

The study was conducted in accordance with the
Declaration of Helsinki. This study was reviewed and
approved by the Tianjin Second People’s Hospital
Institutional Review Board (No. 2020-03). Written
informed consent was provided by each of the recruited
participants.
Participants and study design

This observational study was conducted prospectively at
Tianjin Second People’s Hospital, a tertiary-care teaching
hospital in Tianjin (China) from January 2020 to June
2021. The inclusion criteria were as listed: (1) age range of
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18 to 65 years; (2) HIV infection confirmed by western
blotting; (3) on TDF/3TC/EFV regimen for at least
12 months before enrollment; (4) undetectable HIV viral
load for at least 6 months; (5) symptomatic CNS-related
toxicity associated with EFV at least grade two using the
Division of AIDS (DAIDS) criteria[15]; and (6) consent
switching to E/C/F/TAF. On the contrary, the exclusion
criteria were as follows: (1) history of CNS opportunistic
infections; (2) active CNS infections; (3) history of chronic
neurological disorders, such as multiple sclerosis, epilepsy,
and structural brain lesions; (4) severe psychiatric
disorders (excluding anxiety and depression); (5) substance
abuse and/or heavy alcohol use (>12 oz/week); (6) co-
infections with hepatitis B and/or hepatitis C; and (7)
pregnant and lactating women.

On day one, eligible individuals were switched from TDF/
3TC/EFV to E/C/F/TAF (Genvoya®) for the duration of the
study period (48 weeks). Participants were followed up at
weeks 12, 24, and 48 after switch.
Study assessments

The laboratory assessments were performed at each
follow-up visit. Laboratory tests included CD4 count,
plasma HIV RNA, biochemical blood index (hepatic and
renal profiles, e.g., alanine aminotransferase, creatinine),
fasting lipid parameters (TC, LDL-C, high-density lipo-
protein cholesterol [HDL-C], and TG), and complete
blood count. Adverse events were monitored at each visit.
Neuropsychiatric symptoms and outcome measures

The neuropsychiatric toxicity symptoms were measured
using a CNS side effects questionnaire on the EFV label
and graded according to the DAIDS grading scale[15]

(version 2.1). Study subjects were questioned by a doctor at
each visit about any objective neuropsychiatric adverse
events. The survey questionnaires were administered and
scored following a standardized test procedure. The
questionnaire included ten sections ascertaining symptoms
as follows: abnormal dreams, aggression, anxiety, confu-
sion, depression, dizziness, headache, impaired concentra-
tion, insomnia, and somnolence.[16-18] Each symptom
score was calculated as follows: none (0), mild (1),
moderate (2), or severe (3).[17] The total CNS score was
also summed for calculating all grades of the neuropsychi-
atric adverse events. A minimum possible score is 0 (none),
and a maximum possible score is 30 (severe).[17]

Anxiety and depression symptoms were assessed using the
Hospital Anxiety and Depression Scale (HADS), which
includes the HADS Anxiety (HADS-A) subscale and
HADS Depression (HADS-D) subscale.[19] Sleep quality
and disturbances were measured using the Pittsburgh Sleep
Quality Index (PSQI).[20]

The primary outcome measure was the proportion of
participants experiencing grade two or higher CNS
toxicity after EFV switch off at weeks 12, 24, and 48.
The change in neuropsychiatric and CNS toxicity
parameters within the follow-up time point was also
assessed after switching from EFV to E/C/F/TAF.
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Table 1: Demographic and clinical characteristics at baseline.

Parameters Value

Number of participants 196
Age (years) 37.5 (30.3–50.8)
Male gender 190 (96.9)
Years on EFV 3.7 (1.7–5.6)
CD4 cell count (cells/mL) 629 (450–859)
Plasma HIV RNA < 50 copies/mL 196 (100)

Data expressed as median (interquartile range) or number (percentage).
EFV: Efavirenz; HIV: Human immunodeficiency virus.
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Secondary endpoints are the proportion of participants
with HIV RNA <50 copies/mL, the change from baseline
in CD4 cell count, and the effects on fasting lipids (TC,
LDL-C, HDL-C, and TG) which were assessed at week 48
after switch.

Statistical analysis

Categorical variables were reported as frequencies (%);
continuous variables were presented as median (inter-
quartile range [IQR]) or mean (±standard deviation) as
appropriate. At the follow-up time points, changes from
the baseline for the total CNS toxicity score were tested
using theWilcoxon signed-rank test. Besides, changes from
the baseline to weeks 12, 24, and 48 for the proportion of
participants with central CNS toxicities grade two or
higher were tested using the McNemar test. Median
changes from the baseline in fasting lipid profiles (TC,
LDL-C, HDL-C, TG, and TC:HDL-C) and patient self-
reported outcome scores (PSQI, HADS-A, HADS-D) were
analyzed using theWilcoxon signed-rank test. A two-tailed
P value <0.05 was considered statistically significant. All
statistical analyses were performed using SAS, version 9.4,
software (SAS Institute, Cary, NC, USA).
Results

Participants

A total of 196 participants were enrolled and completed
the study. The median age of the study population was
37.5 (IQR: 30.3–50.8) years, and 96.9% (190/196) were
males. At baseline, themedian CD4 count was 629 cells/mL
(IQR: 450–859 cells/mL), and all subjects had an estimated
HIV RNA <50 copies/mL. At the study entry, the median
duration on prior EFV-containing regimens was 3.7 (IQR:
1.7–5.6) years [Table 1].
Change in central nervous symptoms and patient self-
reported outcomes for anxiety, depression, and sleep
disturbance

Rates of CNS symptoms at baseline and weeks 12, 24,
and 48 after switch are shown in Table 2. At baseline, all
subjects had at least one grade two or higher CNS
symptom, including abnormal dreams (65.8%), insomnia
(55.1%), and anxiety (47.5%). The median CNS toxicity
score at baseline was estimated at 13 (IQR: 11–15).
Compared to the baseline CNS toxicity score, the median
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CNS toxicity score at week 12 (which became 10 [IQR: 8–
12]) significantly decreased (compared with baseline,
P< 0.001) and remained stable at weeks 24 (9 [IQR: 7–
12], P< 0.001) and 48 (9 [IQR: 7–11], P< 0.001).

Concerning each of the specific grade two or higher CNS
symptoms, at week 12, the proportion of patients
experiencing abnormal dreams, headache, dizziness,
insomnia, and anxiety has significantly decreased (com-
pared to baseline, P< 0.001) by 34.7%, 12.3%, 22.4%,
21.9%, and 7.7%, respectively [Table 2]. The trend
remained similar at weeks 24 and 48. On the contrary, at
weeks 12, 24, and 48, there were no significant changes in
the proportion of individuals experiencing CNS symptoms
such as aggression, depression, impaired concentration,
and somnolence (compared to baseline, P> 0.050)
[Table 2].

Furthermore, PSQI and HADS-A scores steadily and
significantly decreased at weeks 12 and 24 compared with
baseline levels (all P � 0.050). At week 48, we noted that
the PSQI score remained significantly different compared
with the baseline level, while the HADS-A score was not
[Figure 1A and 1C].We did not observe significant changes
with depression scores from baseline to weeks 12, 24, or 48
[Figure 1B].
Efficacy

At week 48 after switch, 100% of participants in the study
maintained virologic suppression (HIV RNA <50 copies/
mL). Not a single virologic failure was observed during the
follow-up period. Median CD4 counts did not show any
statistical change at week 48 after switch (P> 0.1).
Safety

During this study, no grade 2 to 4 adverse reactions were
reported. Median values for hematologic and biochemical
parameters were generally within normal reference ranges
(data not shown).
Lipid profiles

Increases from before switch to 48 weeks after switch
were observed in median TC (difference, 8.2 mg/dL; 95%
confidence interval [CI], 5.0–9.9; P< 0.001), LDL-C
(difference, 8.5 mg/dL; 95% CI, 7.0–10.1; P< 0.001),
HDL-C (difference, 2.9 mg/dL; 95% CI, 2.3–3.4;
P< 0.001), and TG (difference, 1.6 mg/dL; 95% CI,
�0.5 to 3.8; P= 0.049), and the changes were all
statistically significant [Figure 2A]. At week 48, no
significant difference was found from the baseline in
median TC:HDL-C ratio (difference, �0.01; 95% CI,
�0.12 to 0.08; P= 0.285) [Figure 2B].
Discussion

This study suggests that switching from EFV-based
regimens to E/C/F/TAF, in virologically suppressed
PLWH, significantly reduces the CNS symptoms. The
most remarkable improvement was observed in anxiety,
dizziness, and sleep-associated symptoms when looking at
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Figure 1: The trend of changes in patient self-reported outcomes for anxiety, depression, and sleep quality at different time points. The participants’ level of anxiety (A) and quality of sleep
(C) have been improving over the time as the reported index scores were decreasing. On the contrary, the level of depression (B) remained stable. Point estimates show the median; error
bars are IQR changes using the Wilcoxon signed-rank test. All P-values were obtained when comparing each median obtained at 12, 24, and 48 weeks to the one from the baseline. HADS:
Hospital Anxiety and Depression Scale; HADS-A: Hospital Anxiety and Depression Scale-Anxiety subscale; HADS-D: Hospital Anxiety and Depression Scale-Depression subscale; IQR:
Interquartile range; PSQI: Pittsburgh Sleep Quality Index.

Table 2: Proportion of participants with CNS toxicities grade 2 or higher at baseline and weeks 12, 24 and 48.

Baseline to week 12 Baseline to week 24 Baseline to week 48

Variable Baseline Week 12 P value Week 24 P value Week 48 P value

Total CNS toxicity score 13 (11–15) 10 (8–12) <0.001 9 (7–12) <0.001 9 (7–11) <0.001
Abnormal dreams 129 (65.8) 61 (31.1) <0.001 57 (29.1) <0.001 53 (27.0) <0.001
Aggression 37 (18.9) 42 (21.3) 0.492 38 (19.4) 0.869 29 (14.8) 0.276
Anxiety 93 (47.5) 78 (39.8) <0.001 67 (34.4) 0.006 81 (41.3) 0.040
Confusion 30 (15.3) 23 (11.7) 0.127 26 (13.3) 0.433 19 (9.7) 0.012
Depression 87 (44.4) 82 (41.8) 0.398 76 (38.8) 0.101 85 (43.4) 0.763
Dizziness 79 (40.3) 35 (17.9) <0.001 28 (14.3) <0.001 33 (16.8) <0.001
Headache 65 (33.2) 41 (20.9) 0.001 35 (17.9) <0.001 36 (18.4) 0.001
Impaired concentration 71 (36.2) 58 (29.6) 0.085 56 (28.6) 0.051 61 (31.1) 0.114
Insomnia 108 (55.1) 65 (33.2) <0.001 56 (28.6) <0.001 63 (32.1) <0.001
Somnolence 77 (39.3) 62 (31.6) 0.096 79 (40.3) 0.825 74 (37.8) 0.742

Data are expressed as median (interquartile range) or number (percentage). CNS: Central nervous system.

Figure 2: Fasting lipids changes from baseline to week 48. Error bars represent IQR. HDL-C: High-density lipoprotein cholesterol; IQR: Interquartile range; LDL-C: Low-density lipoprotein
cholesterol.
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individual CNS symptoms. EFV is still widely used inmany
resource-limited settings as a first-line ART regimen.[21]

Currently, in China, the EFV-based regimen is freely
provided by the government to most PLWH through the
NFATP. Only a fraction of individuals can afford newer
generation ART drugs. Neuropsychiatric side effects in
PLWH taking EFV are clinically meaningful, can poten-
tially impact adherence to ART medications, the quality of
life, and may weaken their immune system.[21] These
results may provide valuable suggestions for recommen-
dations regarding appropriate regimens for PLWH who
had suffered chronic CNS side effects from EFV in China.

Several studies have reported significant improvement in
PLWH experiencing ongoing CNS symptoms when switch-
ing from EFV-containing regimens to alternative ART
regimens; the mean duration of previous EFV-based
treatment was up to 2 years.[5,18,22] Most EFV-induced
CNS adverse events appear early and usually disappear or
diminish within the first month of treatment.[4,5] However,
in a significant portion of cases (up to 40% in some studies),
effects such as anxiety, depression, abnormal dreams, and
sleep difficulties persist for much more extended periods,
even months or years after exposure to EFV.[4,23] The
underlying mechanisms responsible for long-term EFV-
associated symptoms remainunclear. Several in vitro studies
reported that short-term therapy with clinically relevant
concentrations of EFV impair cellular proliferation and/or
cell viability;[4] however, short-term treatment and obser-
vation cannot reflect the actual situation over a long time
in PLWH under chronic treatment. Other studies showed
that EFV-induced neuronal mitochondrial inhibition and
autophagy may lead to CNS toxicity-related neuropsychi-
atric adverse events.[24,25]

Our study found that severity of depression did not change
significantly after EFV switch. This observation is
supported by a recent observational cohort study (n= 270)
involving participants on EFV-based regimen for>2 years,
in which depression scores were not affected by EFV
discontinuation.[26] In another study, 41 subjects who
received an EFV-based regimen for 5 years (median) were
switched to rilpivirine.[18] We did not report significant
improvements in depression score after 24 weeks. In an
early randomized study by Tiraboschi et al[27] switching
from EFV-containing regimens to darunavir/ritonavir
improved anxiety symptoms and sleep quality, but it does
not show significant changes in depression after 48 weeks
of follow-up. These findings are consistent with our study,
indicating that treatment switch may not be effective in
resolving all those neuropsychiatric disturbances. There-
fore, we believe that further studies on the prevalence of
depressive symptoms in PLWH treated with EFV-based
regimens are needed.

The CNS toxicity scoring questionnaire has been similarly
used in several recent studies.[16-18]Although there is
clinical heterogeneity across the studies, the change of
CNS scores showed significant improvement for the EFV
switch-off participants. This scoring tool is self-reported,
self-graded, and shows somewhat subjective symptoms
such as dizziness, headache, and abnormal dreams.
Researchers generally characterized the psychiatric events
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by asking participants to self-report mood swings instead
of using scales, which are beneficial to identify anxiety,
depression, and sleep quality and disturbances more
exactly than self-reporting. Consequently, we also assessed
the symptoms of anxiety/depression and sleep quality
using the HADS and PSQI, respectively. The PSQI includes
a self-rated 19-item questionnaire that evaluates sleep
quality and disturbances and has already been used to
evaluate neuropsychiatric adverse events in Chinese
PLWH.[28] The HADS is the most commonly used clinical
measure of anxiety and depression in psychiatric studies
and has solid psychometric validity and reliability. Thus, in
this study, we assessed anxiety, depression, and sleep
quality using HADS and PSQI. We found that HADS-A
and PSQI scores significantly decreased over time after
switching to E/C/F/TAF. This finding was consistent with a
previous EFV switching to rilpivirine study,[18] indicating
that EFV switch off could improve participants’ long-term
tolerance and CNS effect.

In our study, the elevation of lipid profiles such as LDL-C
was observed to have significance. Previous studies have
also shown significantly increased LDL-C and TG levels
after switch to TAF, but the degree of elevation depended
on the characteristics of the participants and the follow-up
time.[29-31] One significant risk for dyslipidemia after
switching to TAF was the elevation in baseline TG or
LDL-C levels.[32] The risk population which needs lipid-
lowering drugs after switching to TAF should be
extensively studied in the future. The adaptation of
long-term ART and longer life expectancy have raised
concerns about metabolic complications such as lipid
abnormality, which is related to cardiovascular risk.
Routine surveillance and evaluation of metabolic param-
eters, monitoring of ART drug side effects, and behavioral
interventions are required to optimize the prevention and
management of metabolic disorders in PLWH.

This study has several limitations. First, cognitive function
was not assessed in our study. The impact of EFV on
cognitive function remains controversial, as several studies
show a deterioration of cognitive profile related to EFV
use,[5,33] while others do not present any improvement in
cognitive performances after EFV withdrawal.[22,34] The
evaluation of the effect of EFV switch off on neurocognitive
disorderwith a larger sample size and longer follow-up time
should be performed in the future. Second, our open-label
study design and the subjective measurement of the CNS
toxicity grading/scoring questionnaire may introduce bias.
In addition, participants’ baseline mental states were not
evaluated in our study. A high rate of depression, anxiety,
and sleep disturbance among treatment-naïve PLWH was
previously reported in China[28]; chronic HIV infection can
directly impair CNS functions.[5,21] However, beneficial
effects regarding CNS toxicity were observed in our
switching therapy, which indicates that the impaired CNS
function in our studymay probably be EFV related. Finally,
the relatively small sample size, the absence of a control arm,
and the fact that most subjects were male limit the
generalizability of our results.

To conclude, we found that switching from EFV-based
regimens to E/C/F/TAF was associated with improvements
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in CNS symptoms, maintenance of viral suppression, and a
moderate worsening lipid profile. Although these findings
support the use of E/C/F/TAF as an alternative ART
medication for virologic suppressed PLWH with EFV-
induced complaints, long-term follow-up is expected to
further evaluate the benefit of the switch.
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