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Abstract
Background  Although clinical trials reported a low and comparable rate of central nervous system (CNS)/
neuropsychiatric (NP) disturbances among people with HIV (PWH) receiving integrase strand transfer inhibitors (INSTI) 
or other antiretroviral therapy (ART), higher rates of these disturbances have been reported in clinical practice. Our 
aim was to compare the occurrence of CNS-NP disorders in the different INSTI drugs.

Methods  Using data from the SCOLTA project, a multicenter observational study following PWH who start 
antiretrovirals to identify adverse events (AEs) in real-life, we performed a retrospective analysis (NEURO-INSTI) 
to assess incidence rates (IRs) and 95% confidence intervals (95% CI) of CNS/NP AEs and related interruptions. 
Observation was truncated at the first occurrence of any CNS/NP AEs, even if not causing treatment discontinuation. 
IRs were calculated as number of first occurrences/100 person-years follow-up (PYFU). To identify risk factors for CNS/
NP AEs occurrence, a Cox regression analysis for competing risks was used (hazard ratio, HR, and 95% CI), including 
variables associated with the outcome at a p level < 0.20 in the univariate analysis.

Results  We analyzed a sample of 2,922 PWH (mean age 47.2 years, 74.7% males) enrolled in raltegravir (RAL), 
dolutegravir (DTG), elvitegravir (EVG), and bictegravir (BIC) INSTI-cohorts since 2007. Over a median observation 
time of 28 months (interquartile range 14–45), 126 CNS/NP AEs and 72 related discontinuations occurred; IRs were 
1.59/100 PYFU (95% CI, 1.34–1.90) and 0.91/100 PYFU (95% CI 0.72–1.15), respectively. In multivariate models, 
intravenous drug use history (IVDUh), current abacavir use, RAL use, and psychiatric illnesses were associated with a 
higher risk of CNS/NP AEs. IVDUh and current abacavir use were also associated with treatment discontinuation. Using 
an INSTI as a first-line therapy and starting with CD4 ≥ 350 cell/µL also increased the likelihood of discontinuation. 
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Introduction
Central nervous system (CNS)/Neuro-Psychiatric 
Adverse Events (NP AEs) in people with HIV (PWH) 
have been recognized as a growing issue since the intro-
duction of Integrase Strand Transfer Inhibitors (INS-
TIs), such as dolutegravir (DTG) and bictegravir (BIC). 
Recently, several studies evaluated the adverse effects 
of INSTIs because they are the most widely used class 
of antiretroviral drugs for HIV to date. These studies 
focused on CNS/NP AEs as the most frequent AEs in this 
drug class.

The rate of NP AEs varies according to the single INSTI 
drug and the type of study. In randomized clinical trials 
(RCTs), PWH on DTG showed a prevalence of NP AEs 
less than 1% [1], while rates ranging from 2.3 to 20.6% 
were reported in observational real-life studies [1, 2]. Dis-
continuation rates also varied in a wide range, from 0 to 
13.8% [1, 3].On the other hand, BIC showed a prevalence 
of NP AEs of 0–1% in RCTs [2], while in real-life studies 
rates from 0.8 to 25.6% were observed [4–6]. Observa-
tional studies provide invaluable insights into the intri-
cate interplay between exposures, risk factors, and health 
outcomes within authentic, real-world settings, differing 
significantly from the controlled interventional designs 
of randomized clinical trials [7, 8]. No study described a 
highly significant difference between NP AEs among dif-
ferent INSTI drugs.

Described risk factors for discontinuation both in RCT 
and observational studies were usually age (≥ 50 vs. < 50 
years old), female sex, CD4 < 350 vs. ≥ 350, being anti-
retroviral treatment (ART)-naïve as compared to ART-
experienced, and combination with abacavir (ABC) [1, 3].

Our aim was to evaluate the incidence of CNS/NP AEs 
occurring during the treatment with INSTIs in a real-
life cohort, and the CNS/NP AEs-related INSTI discon-
tinuation, especially as regards BIC- and DTG-based 
regimens.

Methods
NEURO-INSTI Study is a real-life, observational, ret-
rospective analysis using medical record data retrieved 
from the CISAI-SCOLTA Project, a prospective cohort 
database. The SCOLTA project is a multicenter observa-
tional study started in 2002 and following prospectively 

PWH who start to take new antiretroviral drugs, to iden-
tify toxicities and adverse events in a real-life setting [9]. 
The SCOLTA project uses an online pharmacovigilance 
program and involves 25 Italian Infectious Disease Cen-
ters (www.cisai.it).

Briefly, both ART-naïve and ART-experienced PWH 
can be included in SCOLTA, if they are ≥ 18 years old, 
and are able and willing to give their consent to study 
entry. PWH were invited to be enrolled if they were start-
ing for the first time a treatment including a newly mar-
keted antiretroviral drug. Clinical data collected include 
sex, age, ethnicity, weight, height, CDC stage, and pre-
vious ART history. Laboratory data include HIV-RNA, 
CD4 + T cell count, and biochemical data and are pro-
spectively collected anonymously in a central database 
every six months (Fig.  1S). AEs are prospectively col-
lected as soon as they are clinically observed.

Common Terminology Criteria for Adverse Events was 
used to define the severity and only grade 3–4 (moderate 
and/or severe) were considered as clinically significant 
[10].

CNS/NP AEs reported included altered mental status, 
cognitive, behavioral, or attentional disturbances (poor 
concentration, slow thinking), sleep disturbances and 
insomnia, nervousness, restlessness, depression, head-
aches, dizziness, seizures, and muscle-skeletal pain or 
paresthesia. Two CNS/NP AEs-related outcomes were 
considered, distinguishing between any occurrence (lim-
ited to grades 3–4) and causing treatment discontinua-
tion (any grade).

This analysis includes PWH initiating or switching to 
an INSTI-based regimen recorded in the CISAI-SCOLTA 
database from March 2007 to October 2022, with at least 
one follow-up visit or discontinuation of the INSTI-based 
regimen before 6 months of observation. Each patient is 
considered as a different observation if included in a dif-
ferent INSTI cohort, and their baseline information was 
updated at the date of new INSTI initiation.

PWH were enrolled and followed in different cal-
endar periods according to the cohort: 2007–2014 for 
RAL; 2014–2017 for EVG; 2014-ongoing for DTG; and 
2019-ongoing for BIC. As regards the currently ongoing 
cohorts, in this analysis, the enrollment was truncated in 

Compared to DTG, BIC and EVG showed lower risks of CNS/NP AEs (adjusted HR 0.27, 95% CI 0.10–0.74, and 0.51, 95% 
CI 0.22–1.20, respectively), while RAL showed a higher risk (aHR 2.52, 95% CI 1.57–4.05).

Conclusions  Among PWH on INSTI treatment, IVDUh, concurrent psychiatric illness, abacavir and RAL use increased 
the risk of CNS/NP AEs occurrence. PWH on BIC were less likely to experience CNS/NP AEs and related treatment 
discontinuations.

Keywords  CNS adverse events, Neurologic disorders, Psychiatric disorders, HIV, Integrase strand transfer inhibitors, 
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October 2022 and the follow-up continued until August 
2023.

The SCOLTA Project focuses on newly marketed 
drugs, enrolling PWH that start a new treatment in the 
clinical practice and following them over the years until 
they discontinue the drug, or the cohort closed (which 
happens before). A cohort closes when the drug has been 
so widely used that all safety aspects have been plausibly 
investigated, or when a new standard of treatment makes 
the drug out-of-date and its use infrequent (such as was 
the case of RAL). Thus, the timeframe of our INSTI 
cohorts follows the commercialization of each drug in 
Italy. For the same reason, the decision to discontinue 
an INSTI and switch the PWH to another INSTI is also 
likely affected by the availability of such an opportunity. 
For example, RAL treatment was maintained also if caus-
ing AEs because this drug was prescribed to PWH with 
very few treatment options, that explains the higher IR 
for CNS/NP AE and the lower IR for CNS/NP AE-related 
discontinuation.

Statistical analysis
All continuous variables were described using mean, 
standard deviation (SD), median, and interquartile range 
(IQR) as appropriate. Frequency (%) was used for cat-
egorical and ordinal variables. Regarding CNS/NP AE, 
we calculated the incidence rate (IR) for the occurrence 
of any event and for discontinuation due to this type of 
event. In all analyses, observation time for subjects with-
out the given AE was the length of time in the study (i.e., 
from start of INSTI treatment up until the last follow-up 
or treatment discontinuation because of reasons other 
than CNS/NP AE). For subjects with the given AE, the 
time was calculated from the start of INSTI treatment up 
until the first occurrence of the CNS/NP AE.

The IRs and the relative 95% confidence intervals (CI) 
were calculated as the ratio between the number of 
events and the observation time on the total study pop-
ulation, per 100 person-year follow-up (PYFU) and by 
stratifying according to the baseline characteristics (e.g., 
age ≥ 50 years-old, history of psychiatric disorders or cur-
rent use of psychiatric drugs). The Rate Ratio (RR, 95% 
CI) was estimated using the MidP exact method.

A Cox regression model of proportional hazards was 
used to calculate the hazard ratio (HR) and 95% CI asso-
ciated with the exposures: HR > 1.0 indicated a higher risk 
of the outcome, HR < 1.00 a lower risk. The multivariate 
Cox regression analysis included all variables associated 
with the outcome at a p-level < 0.20. No imputation was 
done for missing data, as the missing at random assump-
tion may not hold. A separate category for each covariate 
with missing information was included if data was miss-
ing in more than 1% of subjects.

No sensitivity analyses were conducted or multiple 
imputation strategies performed, since in our sample 
only BMI presented a substantial amount of missing data, 
mainly in patients from centers where height was not 
routinely recorded: missing status was not at random but 
also not linked to the treatment.

Considering that patients are at risk of CNS/NP AEs 
occurrence and ART discontinuation due to CNS/NP 
AEs, as well as to discontinuation due to other reasons 
(other AEs, treatment failure, clinical events), a compet-
ing risk model accounting for competing risk of discon-
tinuation due to any other reasons than CNS/NP AEs 
was generated [11]. This model was preferred to non-
competing risk models (such as the Kaplan-Meier sur-
vival analysis or Cox regression non-competing model), 
that would not account for data censoring due to discon-
tinuations for other reasons.

Regarding the switch group of patients, since any CNS/
NP AEs observed at the onset of the new INSTI-based 
regimen could result from the “tail effect” of the previous 
drug (e.g., in the case of drugs with long half-lives), a sen-
sitivity analysis was performed by comparing the IRs of 
people who switched from a different INSTI (exposed) or 
switched from a non-INSTI drug ART drug (unexposed).

Results
Since the opening of the first INSTI cohort (RAL, March 
2007) in the SCOLTA Project, 2,922 PWH were enrolled 
until October 2022. The mean age was 47.2 years (SD 
11.6), and the number of women was 738 (25.4%). Six 
hundred and twenty (21.2%) took an INSTI as the first-
line treatment and 2,302 (78.8%) as a switch from a previ-
ous ART regimen, which included another INSTI in 705 
(30.6%) PWH.

As shown in Table 1, PWH on BIC and DTG were usu-
ally older and with higher weight than PWH on EVG and 
RAL. PWH on RAL were usually experienced, with CDC 
stage C, and with lower CD4 cell count. They had also 
been on ART for more years and began their first ART in 
the 1985–2000 period.

The overall IR for any CNS/NP AEs was 1.59/100 PYFU 
(95% CI 1.34–1.90), whereas the IR for discontinuations 
was 0.91/100 PYFU (95% CI 0.72–1.15).

Tables 2 and 3 show the rate of CNS/NP AEs and dis-
continuation, respectively, and their association with 
demographic and clinical characteristics.

CNS/NP AE occurrence
In the competing risk model for CNS/NP AE occurrence, 
sex at birth, age (below or over 50), Intravenous Drug Use 
history (IVDUh), CDC stage, year of first ART, backbone 
including tenofovir alafenamide (TAF) or ABC, NP dis-
turbances at baseline, and cohort of INSTI were all asso-
ciated with p-value < 0.20 at the univariate analysis and 
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were included in the multivariate model. Adjusted HR 
(aHR) of CNS/NP AEs did not significantly differ by age, 
sex, CDC stage, and year of first treatment.

On the contrary, some factors were associated with 
higher risk for CNS/NP AEs: IVDUh (aHR 1.83, 95% CI 
1.17–2.86), ABC-including regimen (aHR 1.72, 95% CI 
1.13–2.72), and psychiatric comorbidity (aHR 1.69, 95% 
CI 1.02–2.80). Using DTG as the reference category, 
BIC and EVG showed a lower risk of CNS/NP AEs and 
RAL a higher risk, with an aHR 2.52 (95% CI 1.57–4.05) 
(Table 2).

CNS/NP AE-related discontinuations
The factors associated with treatment discontinua-
tion were partially different (Table  3). The multivari-
ate model included age at study entry, body mass index 
(BMI), IVDUh, naïve status, CD4 (< 350 or ≥ 350 cells/ 
µL), backbone including TAF or ABC, and cohort of 

INSTI. As observed for the occurrence, IVDUh and 
ABC-containing regimens were associated with a higher 
risk of treatment discontinuation for CNS/NP AEs. On 
the other hand, ART-naïve PWH and CD4 ≥ 350 cells/ 
µL, not associated with CNS/NP AEs occurrence, were 
associated with a higher risk of discontinuation. BIC and 
EVG showed a lower risk of CNS/NP AEs, whereas the 
high incidence of CNS/NP AEs in PWH on RAL did not 
translate into higher treatment interruptions (Table  3; 
Fig.  2S). Although CNS/NP AE occurrence was signifi-
cantly higher in RAL than DTG-treated PWH, the aHR 
for discontinuation was 0.75 (95% CI 0.33–1.69), showing 
no difference.

Preplanned sub-group analysis
To explore the chance that switching from a previous 
INSTI-based treatment could result in a CNS/NP AE due 
to a “tail effect” but erroneously ascribed to the currently 

Table 1  Baseline characteristics of people with HIV enrolled in the SCOLTA project INSTI cohorts (n = 2922)
Bictegravir Dolutegravir Elvitegravir Raltegravir P
N = 735 N = 1339 N = 338 N = 510

Age, years (mean ± SD) 48.4 ± 12.2 47.9 ± 12.1 43.7 ± 10.8 46.0 ± 9.3 < 0.0001
Males (n, %) 560 (76.2%) 1019 (76.1%) 261 (77.2%) 344 (67.4%) 0.0005
Caucasian (n, %) 648 (88.2%) 1204 (89.9%) 305 (90.2%) 474 (92.9%) 0.05
Weight, Kg (mean ± SD) 74.6 ± 14.6 71.4 ± 13.7 71.0 ± 12.3 68.4 ± 14.4 < 0.0001
BMI, Kg/m2 (mean ± SD) 25.3 ± 4.5 24.3 ± 4.1 23.9 ± 3.3 23.7 ± 4.0 < 0.0001
BMI ≤ 30.0 Kg/m2

BMI > 30.0 Kg/m2
515 (70.1%)
78 (10.6%)

1090 (81.4%)
98 (7.3%)

294 (87.0%)
14 (4.1%)

421 (82.6%)
29 (5.7%)

Missing value 142 (19.3%) 151 (11.3%) 30 (8.9%) 60 (11.8%) < 0.0001
Risk factor for HIV acquisition (n, %)
Heterosexual 285 (38.8%) 497 (37.1%) 125 (37.0%) 178 (34.9%)
IDU 94 (12.8%) 211 (15.8%) 56 (16.6%) 183 (35.9%)
MSM 201 (27.4%) 484 (36.2%) 125 (37.0%) 104 (20.4%)
other 155 (21.1%) 147 (11.0%) 32 (9.5%) 45 (8.8%) < 0.0001
Naive (n, %) 156 (21.2%) 335 (25.0%) 101 (29.9%) 28 (5.5%) < 0.0001
CDC stage (n, %)
A 388 (52.8%) 726 (54.2%) 172 (50.9%) 157 (30.8%)
B 186 (25.3%) 323 (24.1%) 88 (26.0%) 157 (30.8%)
C 151 (20.5%) 287 (21.4%) 78 (23.1%) 196 (38.4%) < 0.0001
CD4 (cells/µL) (median, IQR) 546 (337–786) 577 (347–825) 472 (256–730) 340 (190–536) < 0.0001
CD4 < 350 cells/µL 192 (26.1%) 350 (26.1%) 122 (36.1%) 265 (52.0%)
CD4 ≥ 350 cells/µL 593 (73.9%) 989 (73.9%) 216 (63.9%) 245 (48.0%) < 0.0001
Detectable HIV RNA (ART-experienced) (n, %) 93 (16.1%) 155 (15.4%) 64 (27.0%) 269 (55.8%) < 0.0001
Years of ART (ART-experienced) (n, %) (median, IQR) 8.0 (3.3–16.2) 10.5 (5.0-17.9) 8.0 (2.8–16.3) 11.8 (6.8–14.1) < 0.0001
Year of first treatment (n, %)
1985–2000
2001–2010

104 (14.2%)
143 (19.5%)

302 (22.6%)
342 (25.5%)

71 (21.0%)
88 (26.0%)

344 (67.4%)
160 (31.4%)

2011-today 488 (66.4%) 694 (51.8%) 178 (52.7%) 6 (1.2%) < 0.0001
ABC-including regimen (n, %) 0 451 (33.7%) 0 40 (7.8%) < 0.0001
TAF-including regimen (n, %) 735 (100) 151 (11.3%) 0 0 < 0.0001
Switched from a previous INSTI (n, %) 399 (54.3%) 270 (20.2%) 36 (10.6%) 0 < 0.0001
Psychiatric comorbidity (n, %) 62 (8.4%) 101 (7.5%) 25 (7.4%) 51 (10.0%) 0.34
ABC: abacavir; ART: antiretroviral treatment; BMI: body mass index; IDU: intravenous drug use; INSTI: integrase strand transferase inhibitor; IQR: interquartile range; 
MSM: men having sex with men; SD: standard deviation; TAF: tenofovir alafenamide



Page 5 of 10Squillace et al. BMC Infectious Diseases          (2025) 25:763 

prescribed INSTI, we compared PWH by groups of pre-
vious ART-regimen. As regards any CNS/NP AEs, the 
IR in PWH exposed or unexposed to INSTI in the pre-
vious regimen did not support the hypothesis of a “tail 
effect” of previous INSTI exposure, since the IRs were 
1.00/100 PYFU (95% CI 0.62–1.61) in INSTI-exposed 
PWH, and 1.76/100 PYFU (95% CI 1.46–2.12) in INSTI-
unexposed ones, with an RR of 0.57 (95% CI 0.34–0.95, 
p = 0.03). This suggested a lower incidence of CNS/NP 

AEs in previously INSTI-exposed PWH. The result could 
be due to the higher tolerance to INSTI in PWH experi-
enced to this class of drugs, possibly because they did not 
change treatment for moderate/severe adverse events. 
On the other hand, a possible explanation may also be 
that INSTI-exposed PWH who discontinued for AE were 
prescribed a different drug class after the switch, exclud-
ing PWH prone to any type of AEs.

Table 2  Number of any CNS adverse events: incidence rates, rate ratios and crude and adjusted hazard risks in PWH starting a new 
INSTI-based treatment, by characteristics at baseline

N (%) PYFU
N = 7902.66

Any 
CNS 
AEs
N = 126

IR
AEs / 100 PYFU
(95% CI)

RR
(95% CI)

Crude HR
(95% CI)

Adjusted HR
(95% CI)

Female 738 (25.3) 1964.52 38 1.93 (1.41–2.66) Ref. M
Male 2184 (74.7) 5938.14 88 1.48 (1.20–1.83) 1.30 (0.89–1.91) 1.28 (0.87–1.87) 1.23 (0.83–1.81)
Age < 50 years 1655 (56.6) 4422.71 68 1.54 (1.21–1.95) Ref. <50
Age ≥ 50 years 1267 (43.4) 3479.95 58 1.67 (1.29–2.16) 1.08 (0.76–1.54) 1.12 (0.79–1.59) 1.29 (0.89–1.88)
Caucasian 2631 (90.0) 7270.06 117 1.61 (1.34–1.93) Ref. Caucasian
Other 291 (10.0) 632.6 9 1.42 (0.74–2.73) 0.88 (0.45–1.74) 0.73 (0.37–1.43) -
BMI ≤ 30.0 Kg/m2 2320 (79.4) 6315.32 107 1.69 (1.40–2.05) Ref. BMI ≤ 30
BMI > 30.0 Kg/m2 219 (7.5) 582.13 7 1.20 (0.57–2.52) 0.71 (0.33–1.52) 0.71 (0.33–1.53) -
Missing value 383 (13.1) 1005.21 12 1.19 (0.68–2.10) 0.70 (0.39–1.28) 0.69 (0.38–1.26) -
Intravenous drug use history no 2378 (81.4) 6382.17 81 1.27 (1.02–1.58) Ref. No IDU
Intravenous drug use history yes 544 (18.6) 1520.48 45 2.96 (2.21–3.96) 2.33 (1.62–3.36) 2.42 (1.68–3.49) 1.83 

(1.17–2.86)*
ART experienced 2302 (78.8) 6416.23 102 1.59 (1.31–1.93) Ref. ART exp.
ART naïve 620 (21.2) 1486.43 24 1.62 (1.08–2.41) 1.02 (0.55–1.58) 0.89 (0.57–1.38) -
CDC stage
A 1443 (49.4) 3856 44 1.14 (0.85–1.53) Ref. A
B 754 (25.8) 2110.38 39 1.85 (1.35–2.53) 1.62 (1.05–2.49) 1.70 (1.11–2.61) 1.30 (0.82–2.06)
C 712 (24.4) 1913.11 43 2.25 (1.67–3.03) 1.97 (1.29-3.00) 1.99 (1.31–3.03) 1.40 (0.89–2.19)
CD4 < 350 cells/mL 929 (31.8) 2325.77 43 1.85 (1.37–2.49) Ref < 350
CD4 ≥ 350 cells/mL 1993 (68.2) 5393.05 83 1.54 (1.24–1.91) 0.83 (0.58–1.20) 0.89 (0.61–1.28) -
Year of first treatment
1985–2000 821 (28.1) 2493.39 52 2.09 (1.59–2.74) Ref. 1985–2000
2001–2010 733 (25.1) 2075.56 37 1.78 (1.29–2.46) 0.85 (0.56–1.30) 0.80 (0.53–1.23) 1.29 (0.80–2.10)
2011-today 1366 (46.7) 3325.88 37 1.11 (0.81–1.54) 0.53 (0.35–0.81) 0.44 (0.29–0.68) 1.29 (0.74–2.26)
Regimen without ABC and TAF 1545 4360.19 76 1.74 (1.39–2.18) Ref. no
Regimen with ABC 491 1922.58 35 1.82 (1.31–2.54) 1.04 (0.70–1.56) 1.38 (0.93–2.06) 1.72 (1.13–2.72)
Regimen with TAF 886 1619.89 15 0.93 (0.56–1.54) 0.53 (0.30–0.92) 0.37 (0.22–0.65) 1.27 (0.56–2.89)
Treatment cohort
Bictegravir 735 (25.2) 1302.38 8 0.61 (0.31–1.23) 0.44 (0.21–0.92) 0.26 (0.12–0.54) 0.27 (0.10–0.74)
Dolutegravir 1339 (45.8) 4516.86 63 1.40 (1.09–1.78) Ref. DTG
Elvitegravir 338 (11.6) 776.21 6 0.77 (0.35–1.72) 0.55 (0.24–1.28) 0.38 (0.16–0.88) 0.51 (0.22–1.20)
Raltegravir 510 (17.5) 1307.2 49 3.75 (2.83–4.96) 2.69 (1.85–3.90) 2.15 (1.48–3.11) 2.52 

(1.57–4.05)*
PWH without psychiatric 
comorbidity

2683 (91.8) 7256.28 107 1.48 (1.22–1.78) Ref. No

PWH with psychiatric comorbidity 239 (8.2) 646.37 19 2.94 (1.88–4.61) 1.99 (1.22–3.25) 2.04 (1.25–3.32) 1.69 (1.02–2.80)
ABC: abacavir; ART: antiretroviral treatment; BMI: body mass index; CI: confidence interval; CNS: central nervous system; HR: hazard ratio; IDU: intravenous drug use; 
IR: incidence rate; PWH: people with HIV; PYFU: person-year follow-up; RR: rate ratio; TAF: tenofovir alafenamide

Cox multivariate model for CNS AE occurrence includes sex at birth, age < 50 or ≥ 50 at study entry, IDU history, CDC stage, year of first ART, backbone including TAF 
or ABC, NP disturbances at baseline, and cohort of INSTI (all associated with p-value < 0.20 at the univariate analysis). Bold results are associated to the outcome with 
p < 0.05. *an asterisk states that the results are associated to the outcome with p < 0.01
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Excluding ART-naïve people, the IR for INSTI-unex-
posed was 1.80 / 100 PYFU (95% CI 1.46–2.23) and the 
RR 0.56 (95% CI 0.33–0.94). However, considering that 
PWH on RAL were all in the INSTI-unexposed group 
(because they were enrolled when RAL was marketed 
first and no one could have been exposed to other INS-
TIs), we also calculated the IR for unexposed to INSTI 
excluding the RAL group. The IR for INSTI-unexposed 
ART-experienced PWH was 1.04 (95% CI 0.75–1.44) for 
an RR of 0.96 (95% CI 0.54–1.72, p = 0.90).

As regards discontinuations, the IRs were 0.82/100 
PYFU (95% CI 0.49–1.39) in INSTI-exposed and 

0.93/100 PYFU (95% CI 0.72–1.21) in INSTI-unexposed, 
with no significant difference (RR 0.88, 95% CI 0.49–1.58, 
p = 0.68). Excluding ART-naïve people, the IR in INSTI-
unexposed PWH was 0.76 (95% CI 0.55–1.76) with a 
corresponding RR of 1.08 (95% CI 0.58-2.00, p = 0.80); 
excluding all people in the RAL cohort, IR for interrup-
tions was 0.80 (95% CI 0.56–1.17) and the corresponding 
RR 1.02 (95% CI 0.54–1.94, p = 0.95).

Drug-drug interactions
We explored the potential drug-drug interactions in 
PWH on concurrent antiepileptic drugs (n = 88, 3.0%), 

Table 3  Number of CNS adverse events leading to treatment discontinuation: incidence rates, rate ratios and crude and adjusted 
hazard ratios for competing risks, in PWH starting a new INSTI-based treatment, by characteristics at baseline

N (%) PYFU
N = 7902.66

CNS AEs
N = 72

IR
AEs / 100 PYFU
(95% CI)

RR
(95% CI)

Crude HR
(95% CI)

Adjusted HR
(95% CI)

Female 738 (25.3) 1964.52 20 1.02 (0.66–1.58) Ref. M
Male 2184 (74.7) 5938.14 52 0.87 (0.67–1.15) 1.16 (0.69–1.95) 1.13 (0.68–1.90) -
Age < 50 years 1655 (56.6) 4422.71 31 0.70 (0.49-1.00) Ref. <50
Age ≥ 50 years 1267 (43.4) 3479.95 41 1.18 (0.87–1.60) 1.68 (1.05–2.68) 1.74 (1.09–2.78) 1.66 (0.99–2.80)
Caucasian 2631 (90.0) 7270.06 68 0.94 (0.74–1.19) Ref. Caucasian
Other 291 (10.0) 632.6 4 0.63 (0.24–1.68) 0.68 (0.25–1.85) 0.56 (0.20–1.53) -
BMI ≤ 30.0 Kg/m2 2320 (79.4) 6315.32 64 1.01 (0.79–1.30) Ref. BMI ≤ 30
BMI > 30.0 Kg/m2 219 (7.5) 582.13 2 0.34 (0.09–1.37) 0.34 (0.08–1.38) 0.34 (0.08–1.38) 0.40 (0.10–1.61)
Missing value 383 (13.1) 1005.21 6 0.60 (0.27–1.33) 0.59 (0.26–1.56) 0.58 (0.25–1.34) 0.72 (0.30–1.78)
Intravenous drug use history no 2378 (81.4) 6382.17 48 0.77 (0.58–1.02) Ref. No IDU
Intravenous drug use history yes 544 (18.6) 1520.48 23 1.51 (1.00-2.58) 1.97 (1.20–3.23) 2.02 (1.23–3.32) 2.39 (1.41–4.05)*
ART experienced 2302 (78.8) 6416.23 50 0.78 (0.59–1.03) Ref. ART exp.
ART naïve 620 (21.2) 1486.43 22 1.48 (0.97–1.25) 1.90 (1.13–3.11) 1.67 (1.01–2.75) 2.42 (1.39–4.23)*
CDC stage
A 1443 (49.4) 3856 35 0.91 (0.65–1.26) Ref. A
B 754 (25.8) 2110.38 20 0.95 (0.61–1.47) 1.04 (0.60–1.81) 1.09 (0.63–1.88) -
C 712 (24.4) 1913.11 17 0.89 (0.55–1.43) 0.98 (0.55–1.75) 0.98 (0.55–1.75)
CD4 < 350 cells/mL 909 (31.1) 2325.77 16 0.69 (0.42–1.12) Ref < 350
CD4 ≥ 350 cells/mL 1979 (67.7) 5393.05 56 1.04 (0.80–1.35) 1.51 0.87–2.63) 1.62 (0.93–2.82) 1.86 (1.03–3.34)
Year of first treatment
1985–2000 821 (28.1) 2493.39 20 0.80 (0.52–1.24) Ref. 1985–2000
2001–2010 733 (25.1) 2075.56 18 0.87 (0.55–1.38) 1.08 (0.57–2.04) 1.03 (0.54–1.94) -
2011-today 1366 (46.7) 3325.88 34 1.02 (0.73–1.43) 1.27 (0.73–2.21) 1.08 (0.62–1.88)
Regimen without ABC and TAF 1545 4360.19 28 0.64 (0.44–0.93) Ref. no
Regimen with ABC 491 1922.58 29 1.51 (1.05–2.17) 2.35 (1.40–3.95) 3.09 (1.85–5.15) 2.38 (1.40–4.07)*
Regimen with TAF 886 1619.89 15 0.93 (0.56–1.54) 1.44 (0.77–2.70) 1.04 (0.55–1.94) 1.56 (0.64–3.81)
Treatment cohort
Bictegravir 735 (25.2) 1302.38 8 0.61 (0.31–1.23) 0.52 (0.25–1.10) 0.32 (0.15–0.66) 0.34 (0.12–0.94)
Dolutegravir 1339 (45.8) 4516.86 53 1.17 (0.90–1.54) Ref. DTG
Elvitegravir 338 (11.6) 776.21 3 0.39 (0.12–1.20) 0.33 (0.10–1.05) 0.23 (0.07–0.73) 0.37 (0.11–1.22)
Raltegravir 510 (17.5) 1307.2 8 0.61 (0.31–1.22) 0.52 (0.25–1.10) 0.41 (0.20–0.87) 0.75 (0.33–1.69)
PWH without psychiatric comorbidity 2683 (91.8) 7256.28 65 0.90 (0.70–1.14) Ref. No
PWH with psychiatric comorbidity 239 (8.2) 646.37 7 1.08 (0.52–2.27) 1.21 (0.55–2.64) 1.22 (0.56–2.67) -
ABC: abacavir; ART: antiretroviral treatment; BMI: body mass index; CI: confidence interval; CNS: central nervous system; HR: hazard ratio; IDU: intravenous drug use; 
IR: incidence rate; PWH: people with HIV; PYFU: person-year follow-up; RR: rate ratio; TAF: tenofovir alafenamide

Cox multivariate model for discontinuations CNS AE-related includes age < 50 or ≥ 50 at study entry, BMI ≤ 30.0 or > 30.0 kg/m2, IDU history, naïve status, CD4 < 350 or 
≥ 350 cells/mm3, backbone including TAF or ABC, and cohort of INSTI (all associated with p-value < 0.20 at the univariate analysis). Bold results are associated to the 
outcome with p < 0.05. *an asterisk states that the results are associated to the outcome with p < 0.01
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metformin (n = 57, 2.0%) and beta-blockers (n = 173, 
5.9%). The distribution of these concurrent treatments 
(Table  2S) was not significantly different across INSTI 
cohorts as regards metformin and beta-blockers, whereas 
use of antiepileptic drugs was significantly more frequent 
in the RAL cohort (6.1%). CNS/NP AE were also more 
frequent in PWH on these drugs at the univariate analy-
sis (HR 2.65, 95% CI 1.34–5.25) but they did not lead to 
discontinuation (HR 0.49, 95% CI 0.07–3.51) and lost 
their statistical significance if included in the adjusted 
model (any CNS/NP AE aHR 1.50, 95% CI 0.75–1.98; dis-
continuation due to CNS/NP AE aHR 0.41, 95% CI 0.05–
3.20) (Table 1S).

Overall discontinuations
As regards discontinuations due to other reasons, overall 
AEs represented the most frequent cause (n = 196, 6.7%), 
followed by simplification (n = 188, 6.4%). Virologic fail-
ures were: 31/510 (6.1%), 16/338 (4.7%), 16/1339 (1.1%) 
and 4/735 (0.5%) for RAL, EVG, DTG and BIC, respec-
tively. Discontinuations due to pregnancy were low: 
women with HIV who discontinued for pregnancy were: 
0/166 on RAL, 3/77 (3.9%) on EVG, 7/320 (2.2%) on DTG 
and 2/175 (1.1%) on BIC. Treatment interruptions due to 
any reasons are reported in Table  2S of supplementary 
materials and the overall durability is shown in Fig. 3S.

Discussion
In this sample of PWH treated with INSTI-based regi-
mens, we found an overall low incidence of grade 3–4 
CNS/NP AEs.

The incidence of CNS/NP AEs was associated with 
IVDUh, use of ABC in the backbone, and psychiatric 
comorbidity. The IVDUh and current ABC use were also 
associated with higher likelihood of treatment discontin-
uation. Risk factors for discontinuation were also being 
on the first-line ART treatment and entering the study 
with a CD4 level ≥ 350 cell/µL.

As regards IVDUh, the relationship could be due to 
the known higher prevalence of mental disorders in 
PWH with IVDUh [12, 13] or to the higher probability of 
stopping /switching ART in general in PWH that have a 
IVDUh [14, 15]. The development of new CNS/NP AEs 
in patients with previous drug dependence diagnosis 
could probably trigger the physician’s decision to switch.

We also observed a higher percentage of interrup-
tion for CNS/NP AEs in naïve vs. experienced PWH as 
described in the literature [14, 16, 17]. This effect could 
not be related to INSTIs but only to the first regimen 
effect, independent from drug class. In a recent paper on 
479 PWH in USA by Byrne ME et al. [17] to be an ART-
naïve woman and to begin therapy with Protease Inhibi-
tors vs. INSTI were risk factors for stopping treatment.

In our study, CD4 cell ≥ 350 cell/µL was associated with 
a higher probability of discontinuation. This is probably 
due to the fact that it is more frequent to switch therapy 
in PWH with a good immune status and undetectable 
viral load than in people with multiple virological failures 
and/or severe immune depression, who may have limited 
treatment options.

In presence of psychiatric comorbidity, PWH enrolled 
in this study showed more frequently CNS/NP AEs, but 
not discontinuations. A meta-analysis [2] summarizing 
the results of eighteen studies estimated that underlying 
psychiatric conditions were not associated with higher 
risk of CNS/NP AE occurrence nor related discontinua-
tion. In a recent publication on women with post-trau-
matic stress disorders, starting but not switching to DTG 
or RAL was associated with a worsening of symptoms 
[18]. We cannot exclude that the “first therapy” effect 
could impact on reported CNS/NP AEs in people (not 
only women) with psychiatric comorbidity.

The development of CNS/NP AEs in ABC-containing 
regimens is described in the literature [3, 19] and our 
findings are consistently showing that both occurrence 
and discontinuation were more frequent in PWH on 
INSTI regimens including ABC. In vitro, a higher neu-
rotoxicity of ABC vs. TDF was demonstrated, that could 
explain these results [20].

We found a high prevalence of RAL-associated CNS/
NP AEs, but a very low rate of discontinuation in this 
group, probably because in this study PWH on RAL 
treatment were enrolled when RAL was first marketed 
and assigned to people with scarce therapeutic options. 
In fact, PWH on RAL were in CDC stage C, had lower 
CD4 levels and longer ART exposure, suggesting that in 
this subset few other therapeutic options were available.

We found less incident CNS/NP AEs in people treated 
with BIC than DTG showing a protective role of BIC vs. 
DTG. This result confirms data from real-life BIC use, 
that reported a low percentage of discontinuations due to 
CNS/NP AEs [3]. In this regard, a recent meta-analysis 
[3] split the effect of DTG in dual regimens (with rilpi-
virine or lamivudine, 3TC) and DTG in triple regimen 
with ABC, showing that the former still presented higher 
NP AE-related discontinuation rates than BIC with 
emtricitabine (FTC) and tenofovir alafenamide (TAF). 
Excluding ABC from DTG-based regimens seemed insuf-
ficient to reduce discontinuation rates due to CNS/NP 
AEs to the levels observed with BIC. On the contrary, it 
also appeared that discontinuation rates increase with 
follow-up time, and BIC treatments have in general a 
shorter time of observation [3]. Thus, it is possible that 
CNS/NP AEs accumulate over time and new ones appear 
during the treatment with BIC, as well as it happens in 
DTG-based regimens.
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Both DTG and BIC demonstrated in vitro and in vivo 
a dysregulation of blood brain barrier (BBB) such as Efa-
virenz, with a significant higher Blood Brain Barrier per-
meability was observed in DTG vs. BIC [21]. In another 
in vivo study a higher proinflammatory role of DTG vs. 
BIC was demonstrated [22].

On the other hand, a higher concentration of DTG, due 
to polymorphism in the SLC22A2 gene [23] or for inter-
actions with drugs that inhibits UDP glucuronosyltrans-
ferase [24], could contribute to the higher prevalence 
of CNS/NP AEs in PWH on DTG vs. BIC determining 
a higher concentration and, consequently, an increased 
Blood Brain Barrier permeability of DTG. These patho-
genetic studies could explain the protective role of BIC 
vs. DTG.

In our study, CNS/NP AEs were infrequent in PWH 
treated with EVG/cobicistat (COBI), in line with an RCT 
demonstrating a complete reversibility of neurotoxicity 
of ABC + 3TC + DTG switching to EVG/COBI/FTC/TAF 
[25] and, thus, suggesting a neutral effect of EVG/COBI.

Regarding demographic characteristics of PWH in our 
study, we found higher IR of CNS/NP AEs and CNS/
NP AE-related discontinuations in women and PWH 
aged ≥ 50 years. However, these associations were not 
significant, except for discontinuation in PWH aged ≥ 50 
years, that showed a borderline increased risk. This is 
inconsistent with some data of literature [26–29]. How-
ever, we have to consider that, in this analysis, we have 
only taken in account the CNS/NP AE-related treat-
ment discontinuation, whereas in the paper by Bonfanti 
et al., discontinuation for any reasons was analyzed [26]. 
Another possible explanation could be that the median 
age of all the cohorts was less than 50 years with most 
PWH younger than 60 years.

Pregnancy has certainly had an impact in the last years 
for stopping DTG, lacking data for neonatal safety. In 
a recent study of Italian Cohort Naïve to Antiretrovi-
rals (ICONA) a higher risk of discontinuation was also 
observed excluding drug interruptions for pregnancy 
[30]. In this cohort, however, female sex was associated 
to be migrant, late presenters and with an older age that 
are known risk factors for poor adherence. We can affirm 
that female sex in Italian cohorts is often associated with 
other risk factors for switching or stop therapy indepen-
dently of drug regimen.

Older age could be associated with a higher rate of 
comorbidities and consequent drug-drug interactions 
(DDI), that could have been difficult to manage in the 
first years of INSTI commercialization. In recent years, 
much data on safety and Drug-Drug-Interactions of 
INSTI became available, making the management of 
complex situations easier.

Study limitations
This study has some potential limitations. First, the Infec-
tious Diseases Clinics involved in the SCOLTA study do 
not formally represent the Italian Clinics at the national 
level, because they are only the centers that decided to 
participate in this study, even if they were well distrib-
uted on the national territory and included centers of 
different size. Second, the study participants were repre-
sentative of PWH in need of initiating a new ART drug 
in the considered periods with a possible time-bias due 
to different decades of starting ART, instead of all PWH 
followed in the participating Infectious Diseases Clinics. 
Third, PWH enrolled in the INSTI cohorts had different 
baseline characteristics: even if we accounted for the sig-
nificantly different variables, we cannot exclude a resid-
ual effect on the outcome. Lastly, we cannot exclude the 
potentially confounding effect of unmeasured variables, 
such as socio-economic status and unreported active 
drugs use. Despite these limits, our study has the strength 
to describe a large, real-life cohort of PWH consecutive 
enrolled on INSTI-based regimens, followed up prospec-
tively in multiple centers across Italy, in a research net-
work specifically designed to improve post-marketing 
surveillance of adverse reactions to antiretrovirals.

Conclusions
In our study, the risk of CNS/NP AEs development was 
significantly higher in PWH on RAL and was associated 
with IVDUh, ABC use and psychiatric comorbidities. 
However, CNS/NP AE incidence is low, and even lower 
INSTI therapy discontinuation due to CNS/NP AEs. 
The low incidence of interruptions confirms that PWH 
change ART only for moderate/severe events promoting 
the clinical relevance of our findings.

The risk factors associated with treatment interrup-
tions are previous IVDUh ABC use, being naïve to ART 
and CD4 > 350 cell/µL. BIC might be associated with a 
lower risk of CNS/NP AEs and related discontinuations 
and could be considered a preferred option in PWH with 
risk factors for CNS/NP AEs occurrence. Further data is 
needed to confirm the protective role of BIC, in particu-
lar at the light of shorter observation time in this cohort.
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