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Background: The relationship between sleep disorders (SDs), cardiovascular risk
(CVR), and mood disorders (MDs) has been studied in detail in the general population,
but far less in people with HIV (PWH).

Methods: Cross-sectional analysis in single centre cohort of PWH. Sleep quality was
assessed using by Epworth Sleepiness Scale (ESS), Insomnia Severity Index (ISI), Berlin
Questionnaire (BQ), Pittsburgh Sleep Quality Index (PSQI); anxiety and depression
were evaluated by the Generalized Anxiety Disorder-7 and Patient Health Question-
naire-9. Demographic, clinical and HIV-related data were collected, and Framingham
and Data collection on Adverse effects of anti-HIV Drugs (DAD)-10 scores were
computed in modelling associations with each SDs scale.

Results: Data were collected for 721 PWHon stable combination antiretroviral therapy
(cART) (median age of 53 years, 71.8%males, 96%with undetectable HIV RNA, 50.3%
on cART potentially affecting sleep, and 20.4% on hypno-inducing drugs), 76.9% had
SDs 60.3, 31.3, 31.1, and 7.9% at PSQI, BQ, ISI, and ESS, respectively. Anxiety and
depression were detected in 28.3 and 16.1% participants, respectively. BQ score was
independently associated with high BMI (P<0.001), Framingham risk >10%
(P<0.001), and both DAD-10R and -10F score >10% (P<0.001 and P¼0.031). PSQI
and ISI scores were independently associated with depression and anxiety (P<0.001).
No association between SDs and specific antiretroviral regimens, nor HIV-related
parameters was detected.

Conclusions: In our cohort of PWH on stable ART, despite the alarmingly higher
prevalence, SDs were associated with the same determinants (cardiovascular risk
factors and MDs) observed in the general population.

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.
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Introduction
Sleep is crucial to physiological functions [1–3].
Therefore, sleep disturbances (SDs) affect daytime
functioning, attention, performance, and overall quality
of life, and have consequences on the long-term health
(especially metabolic and cardiovascular) [2–4]. Preva-
lence of SD in the general population ranges from 10 to
30% [5–7], but less than 20% of people who complain
about SD are diagnosed properly [8].

Several studies demonstrated that people with HIV
(PWH) have a higher prevalence of SD (up to 73%) when
compared to the general population [9–11]. Mechanisms
of such correlation have been linked with length of HIV
disease, persistent inflammatory status, and the overrep-
resentation of the traditional risk factors for SD, such as
alcohol use disorder or intravenous drug use (IVDU) [12–
16]. Moreover, some components of antiretroviral therapy
and stigma may have an impact both on sleep quality and
SD onset [17–19]. There are some antiretroviral drugs,
which have been historically recognized as associated with
SD, such as efavirenz [20–22], that has been associated
with insomnia, vivid dreams, and increased daytime
sleepiness [20–23]. Most recently, integrase inhibitors
have shown the effect on sleep and central nervous system
[24–27]. Dolutegravir was associated with nightmares,
anxiety, suicidal thoughts, dizziness, and mood disorders
(MD) [24–27]. Neuropsychiatric adverse effects and SD
were also reported in PWH on bictegravir-based
combination antiretroviral therapy (cART) [24,28].

The two most commonly diagnosed SDs in PWH are
insomnia and sleep apnoea [16,29]. More than 50%
individuals report symptoms of insomnia, which have a
significant impact on quality of life and psychosocial
functioning, but also can lead to lower cART adherence
[30,31]. Insomnia is closely related to psychiatric
disorders such as major depressive disorder, which can
reach a prevalence of up to 42% among PWH [31–33].
Furthermore, insomnia can also be a risk factor for
increased cardiovascular risk and major incidence of
cardiovascular events, because of alterations in immune,
inflammatory and coagulation systems [8,34,35].

Daytime sleepiness and fatigue are commonly reported in
PWH, for which the main underlying condition remains
the depressive disorder [36].

Though breathing-related sleep disturbances (mainly
apnoea), have pulmonary and cardiac consequences, the
correlated factors in PWH have not been fully elucidated.
Several studies have shown that risk factors associated
with sleep apnoea in PWH are younger age, opioid
dependence, lower body mass index (BMI), lipodystro-
phy, large neck circumference, and chronic obstructive
pulmonary disease [37–40]. These risk factors are not in
line with those detected in the general population, which
Copyright © 2023 Wolters Kluwer H
include older age, hypertension, and snoring [41]. By
contrast, other studies reported snoring as the main
symptom in moderate-severe sleep apnoea in PWH, also
showing an association with increased CD4þ T-cell
count, and a long history of HIV disease [38,42–44].

Assessment of SD in PWH is complex, required specific
tools and skills, and it is not routinely performed in
clinical practice, and as a result data on correlation
between SD and cardiovascular risk, obesity, and mood
disorders (MD) in PWH remain scarce. Therefore, our
objective was to describe SD and to assess their possible
correlation with cardiovascular risk, obesity, and MD.
Methods

Study design and participants
This prospective cross-sectional study was conducted at
Infectious and Tropical Diseases Unit of Padua University
Hospital (Italy), in accordance with principles of good
clinical practices and Declaration of Helsinki. All
participants were requested to sign an informed consent.
Study protocol received Ethical approval (21.10.2021, no.
2763). Participation was offered to all PWH �18 years of
age attending HIVoutpatient clinic for their routine visits
from 1 November 2021 to 31 March 2022. People with
educational and language barriers, physical or sensory
impairments were provided with appropriate help to
complete the questionnaires (i.e. cultural mediators,
and people able to communicate in sign languages).
Participants with severe neurological or psychiatric
conditions (including PWH with active substance
consumption), and inability to complete the question-
naires were excluded.

Procedures and data collection
Participants were administered eight different self-
assessment questionnaires:
(1) E
eal
pworth Sleepiness Scale (ESS). Excessive daily sleepi-

ness was considered as present whenever the total score

was >10 [45].
(2) I
nsomnia Severity Index (ISI) for the presence and

severity of insomnia. The score was deemed altered

whenever greater than >15 [46].
(3) P
ittsburgh Sleep Quality Index (PSQI) evaluating the

sleep quality and habits. Poor sleep quality was deemed

present when the score was >5 [47–49].
(4) B
erlin Questionnaire (BQ) assessing the risk of sleep

apnoea. When two or more categories were positive,

obstructive sleep apnoea was considered present [50].
(5) F
atigue Severity Scale (FSS) evaluating the presence and

severity of fatigue. A score higher than 36 was suggestive

of fatigue [51].
(6) G
eneralized Anxiety Disorder (GAD-7). For anxiety, a

cut-off �8 is considered positive for anxiety [52].
th, Inc. All rights reserved.
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(7) P
atient Health Questionnaire (PHQ-9) for depression.

The presence of depression is likely when the total score

is >10 [53].
(8) W
ellness Thermometer (Wellness) evaluating the

current state of people well being. The value ranges

from 1 to 10, with a growing degree of well being as the

values increase [54].
The presence of MDs (anxiety and depression) was then
confirmed by a psychiatric consultation.

Cardiovascular risk (CVR) was assessed by the following
validated scores: Framingham score identifies the 10-year
[55] and Data collection on Adverse effects of anti-HIV
Drugs (DAD)-10Risk Score validated in PWH [56]. Two
different variants of this score were calculated: the DAD
full (DAD-F), which includes exposure to different
antiretroviral classes, and DAD restricted (DAD-R) does
not include ART-related variables [56].

Demographics (sex, ethnicity, age), life-style habits,
laboratory, and clinical data (comorbidities, co-medica-
tions) were collected from medical health records. The
presence of regular physical exercise was defined as per
WHO definitions, as well as alcohol use disorder [57,58].
The patient underwent clinical examination, and blood
pressure, heart rate, weight, height, and abdominal
circumference were recorded. Multimorbidity and
polypharmacy were defined as the presence of two or
more non-communicable diseases and by the intake of
five or more non-antiretroviral medications in the same
person, respectively [59,60]. Drugs potentially affecting
sleep quality were classified as follows. Among antire-
trovirals, we considered dolutegravir, efavirenz and
bictegravir, while among non-antiretrovirals we included
corticosteroids, analgesic opioids, and medications for
opioid use disorders (OD/MOUDs). Hypno-inducing
drugs, recreational drugs and other drugs potentially
affecting the sleep-wake cycle were separately considered.

Statistical analysis
All data were collected in a pseudo-anonymized
electronic spreadsheet. Data were reported as median
(interquartile range, IQR) for continuous variables and
absolute number (proportion) for categorical variables.
Unadjusted odds ratio (OR) and the 95% confidence
interval (95% CI) were calculated through logistic
regression for the binary outcome normal/altered per
each assessed SD scale as effect measure of risk association.
For the binary outcome of alteration in the four scales
assessing SD, multivariate logistic regression models
(standard entry method) were eventually run including
age, gender and covariates of significance at univariable
analysis (level of significance was set as P-value < 0.05).
Due to potential co-linearity between MDs and HIV-
related parameters [11,13,21], subgroup analyses were
also performed in participants without MDs; to limit
Copyright © 2023 Wolters Kluwer
multiple testing and collinearity and to consider
multidimensionality and potential cross-domain overlap
of the four SDs scales we also performed dimension
reduction and factor analysis (loading value cut-off of
0.30, and varimax rotation method) to be compared with
the results of regression models. Data were analysed
through SPSS v27 (IBM Stat. Corp., Armonk, New
York, USA).
Results

Study population
During the study period, participation was offered to 734
PWH (five refused to participate, twowere not able to fill
questionnaires for severe neurological/psychiatric issues,
and six did not complete all the questionnaires). Hence,
721 PWH were enrolled and their demographic, clinical
and HIV-related characteristics are reported in Table 1,
section A. Of note, 518 (71.8%) participants were male,
with a median age and duration of HIV infection of 53
(44–59) and 15 years (7–24), respectively. Plasma HIV
RNA was undetectable in 96.1% of participants and the
median CD4þ T-cell count was 638 (474–811) cells/ml;
261 participants (36.2%) were on dual antiretroviral
regimen (dolutegravir plus lamivudine), while the second
most prescribed regimen was emtricitabine/tenofovir
alafenamide plus rilpivirine (28.3%). Multimorbidity and
polypharmacy were detected in 65% and 20.1% of
participants, respectively. The most common comorbid-
ities were hypertension (33.1%), dyslipidaemia (29.7%),
and obesity (22.3%).

Survey prevalence and type of sleep disorders
Overall, 555 (76.9%) PWH reported SDs: 60.3% had
poor sleep quality, 31.3% sleep apnoea, 31.3% insomnia,
and 7.9% high daily sleepiness according toPSQI, BQ,
ISI, and ESS, respectively. Thirteen participants (1.8%)
also complained of other SDs: three cases of parasomnia
(somnambulism in one case and pavor nocturnus in two
cases), seven cases of restless leg syndrome, and three cases
of bruxism. Two hundred and one (27.9%), 77 (11.7%),
and 10 participants (2.09%) had alterations in two, three
and all four analysed SDs scales, respectively. Anxiety and
depression were confirmed to be present in 204 (28.3%)
and 116 (16.1%) PWH, respectively, while 482 partici-
pants (66.8%) had no anxiety nor depression. All sleep
metrics and questionnaire alterations are listed in Table 1,
section B. Four hundred and forty-three participants
(61.4%) were on at least one drug potentially affecting
sleep of which 156 were non-antiretroviral drugs: 62
participants were on either zolpidem, benzodiazepines or
other products prescribed to facilitate sleep (8.6%),
12 were on chronic corticosteroids (1.7%), 32 were on
analgesic opioids (4.4%), and 89 were on drugs potentially
altering the sleep–wake cycle (mainly antidepressant
and antiepileptic drugs, 12.3%). As for antiretrovirals
 Health, Inc. All rights reserved.
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Table 1. Demographics, clinical characteristics, sleep metrics and
results of screening for sleep disturbances.

Section A

Characteristic
Study population

(n¼721)

Demographics
Age, years, median (IQR) 53 (44–59)
Male sex, n (%) 518 (71.8)
Ethnicity, n (%)
Caucasian 613 (85.0)
Black African 74 (10.3)
Others 34 (4.7)

Education and behaviours
Education, years, median (IQR) 13 (8–13)
Smoker, n (%) 338 (46.9)
Regular physical exercise, n (%) 196 (21.2)
Alcohol use disorders, n (%) 64 (8.9)
HIV-related parameters
Acquisition routes, n (%)
MSM 379 (52.6)
Heterosexual 250 (34.7)
IVDU 78 (10.8)
Others 14 (1.9)

Length of HIV infection, years, median (IQR) 15 (7–24)
cART, n (%)
Dual therapy (DTGþ3TC) 261 (36.2)
2NRTI-INI 179 (24.8)
2NRTI-nNRTI 204 (28.3)
2NRTI-PI 72 (10.0)
Others 5 (0.7)

Current CD4þ cell count, cells/ml, median (IQR) 638 (474–811)
Nadir CD4þ cell count, cells/ml, median (IQR) 299 (160–459)
Past AIDS episodes, n (%) 130 (18.0)
Detectable plasma HIV-RNA (>50 copies/ml), n 28 (3.9)
CoinfectionsM, n (%)
HBsAg 75 (10.4)
HCV Ab (þ) 126 (17.5)
Positive HCV-RNA, n 34 (4.7)

ComorbiditiesM and polypharmacy
Autoimmune disorders, n (%) 54 (7.5)
Cancer, n (%) 105 (14.6)
Chronic kidney disease, n (%) 57 (7.9)
Chronic obstructive pulmonary disease, n (%) 44 (6,1)
Diabetes, n (%) 68 (9.4)
Dyslipidaemia, n (%) 214 (29.7)
Ischemic heart disease, n (%) 51 (7.1)
Hypertension, n (%) 239 (33.1)
Liver cirrhosis, n (%) 24 (3.3)
Neurological diseases, n (%) 107 (14,8)
Obesity, n (%) 161 (22.3)
Osteoporosis, n (%) 139 (19.3)
Multimorbidity (yes), n (%) 469 (65.0)
N comorbidities/patient, median (IQR) 2 (1–4)
Polypharmacy (yes), n (%) 145 (20.1)
N comedications/patient (excluding
antiretrovirals), median (IQR)

2 (1–4)

MEach patient may have more than one

Section B

Item/parameter
Overall

population ¼ 721

Sleep disordersM

Overall, n (%) 555 (77)
Altered BQ, n (%) 226 (31.3)
Altered ISI, n (%) 224 (31.1)
Altered ESS, n (%) 57 (7.9)
Altered PSQI, n (%) 435 (60.3)
Parasomnia, n (%) 3 (0.4)

Table 1 (continued )

Section B

Item/parameter
Overall

population ¼ 721

Sleep movement disorders, n (%) 7 (1.0)
Bruxism, n (%) 3 (0.4)
MEach patient may have more than one
Self-reported insomnia severity
None, n (%) 258 (35.8)
Mild, n (%) 225 (31.2)
Moderate, n (%) 150 (20.8)
Severe/extremely severe, n (%) 88 (12.2)
Self-reported snoring, n (%) 349 (48,4)
Sleeping hours per night, hours, median (IQR) 7.0 (6.0–7.5)
Time to fall asleep>30min, n (%) 218 (30.2)
Early awakening, n (%) 348 (42.3)
Issues in sleep maintenance, n (%) 391 (54.2)
Issues in falling asleep, n (%) 352 (48.9)
Afternoon nap (yes), n (%) 506 (70.2)
Drugs affecting sleep, n (%)
Antiretrovirals 364 (50.5%)
Corticosteroids 12 (1.7%)
Medical opioids/derivatives 32 (4.4%)
Hypno-inducing drugs 62 (8.2%)
Drugs with effect on the sleep-wake cycle 89 (12.3%)

FSS, altered, n (%) 112 (15.5)
Self-reported wellness (0–10), median (IQR) 7 (6–8)

%, percentage; BIC, bictegravir; BMI, body mass index; BQ, Berlin
Questionnaire; CI, 95% confidence interval; COPD, chronic obstruc-
tive pulmonary disease; DTG, dolutegravir; EFV, efavirenz; GAD-7,
General Anxiety Disorder-7; INI, integrase inhibitors; IQR, interquar-
tile range; IVDU, intra-venous drug use; MSM, men who have sex
with men; n, number; NNRTI, non-nucleos(t)ide reverse transcriptase
inhibitors; OR, odds ratio; PHQ-9, Patient Health Questionnaire-9;
PI, protease inhibitors.

Copyright © 2023 Wolters Kluwer H
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potentially affecting sleep, 261 (36.2%), 101 (14%), and
two (0.3%) were receiving dolutegravir, bictegravir, and
efavirenz, respectively. According to reported CDC
estimated time for sleeping for age groups [61], the
proportions of subjects who spent sleeping an adequate
number of hours was overall decreased (83.4% in the 18–
25 year age group, 51.8% in the 26–64 year age group,
and only 48.7% in the over 65-year group).

Sleep disorders and associated factors
Univariate and multivariable analyses for the factors that
were associated with the likelihood of ranking below
normative reference scores at the BQ, ISI, PSQI and ESS
are reported in supplementary material (see Tables 1–4,
Supplemental Digital Content, http://links.lww.com/
QAD/C799). Specifically, for BQ univariate analysis
detected associations with several cardiovascular risk factors
and all the three CVR scores; considering the collinearity
of CVR scores and the variables computed to calculate
these scores, multiple multivariable models were run. The
first model included univariate relevant covariates without
composite CVR scores and observed an independent
association between abnormal BQ results and age (2%
increase of risk per year more: aOR¼1.02, P¼ 0.041),
altered PHQ-9 (aOR¼1.75, P¼ 0.048), hypertension
(aOR¼2.83, p<0.001), and BMI (aOR¼1.12, P< 0.001;
ealth, Inc. All rights reserved.

http://links.lww.com/QAD/C799
http://links.lww.com/QAD/C799
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Fig. 1. Comparison of the scores at the four questionnaires
assessing sleep disorders between participants on DTG/EFV-
based regimens versus BIC-based regimens versus any other
antiretroviral regimen, in the whole study population (panel
a) and in the subgroup of participants without mood dis-
orders (panel b).
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Table 1, Supplemental Digital Content, http://links.lww.
com/QAD/C799). The further models included one
specific composite CVR score each plus univariate-
significant variables without those computed to calculate
the respective score: the likelihood of ranking below
normative threshold at BQwas independently predicted by
BMI (adjusted odds ratio [aOR] ¼ 1.25, P< 0.001), and
either by an intermediate and high Framingham score
(aOR ¼ 1.82, P¼ 0.024 and aOR ¼ 2.12, P¼ 0.022), by
DAD-R score >10% (aOR ¼ 2.20, P¼ 0.020) and by
DAD-F score >10% (aOR ¼ 2.24, P¼ 0.024; Table 1,
Supplemental Digital Content, http://links.lww.com/
QAD/C799).

ISI, ESS, and PSQI did not observe significant
associations with CVR scores and single cardiovascular
risk factors, thereby one model per each scale was run.
Depression (aOR ¼ 6.69, P< 0.001), anxiety (aOR ¼
2.40, P< 0.001) and being on drugs with potential side
effects on sleep-wake cycle (aOR ¼ 2.06, P¼ 0.015)
were the only factors independently associated with
increased likelihood of alterations at ISI (Table 2,
Supplemental Digital Content, http://links.lww.com/
QAD/C799). Similarly, depression (aOR ¼ 7.61,
P< 0.001) and anxiety (aOR ¼ 2.22, P< 0.001), and
other routes of HIV acquisition (different from sexual
intercourse and intravenous drug use; aOR ¼ 0.19,
P¼ 0.030) were the only factors independently associated
with PSQI results (Table 3, Supplemental Digital
Content, http://links.lww.com/QAD/C799). Lastly,
higher likelihood of altered ESS results independently
associated with increasing number of non-antiretroviral
drugs (aOR ¼ 1.12, P¼ 0.037) and OD/MOUDs use
only (aOR ¼ 2.56, P¼ 0.042; Table 4, Supplemental
Digital Content, http://links.lww.com/QAD/C799).

Subgroup analyses according to mood disorders
and type of antiretroviral regimens
After restricting the unadjusted and adjusted ORs
calculation for SDs to participants without MDs only
(n¼ 482), similar findings were observed for ISI and
PSQI questionnaires (data not shown). Similarly, the
factors that associated with BQ outcome in the whole
study population were confirmed in this subgroup, but
for Framingham risk at 10 years (aOR 1.79 [0.94–3.42],
P¼ 0.078 and aOR 2.13 [0.97–4.72], P¼ 0.061 for
medium and high risk versus low risk, respectively) and
DAD-10F that did no more independently associate with
BQ outcome (aOR 1.53 [0.80–2.94], P¼ 0.198 and
aOR 1.73 [0.79–3.80], P¼ 0.175 for medium and high
risk versus low, respectively) (data not shown). No
subgroup analysis was performed for participants with
altered ESS and no MDs (n¼ 35).

As confirmation of the null association between SDs and
antiretroviral classes observed in the previous analyses, we
also compared the median scores of SDs scales according to
different classification of ART regimens (DTG/EFV-based
Copyright © 2023 Wolters Kluwer
vs. BIC-based vs. others, as shown in Fig. 1; DTG/EFV-
based vs. others; dual regimens vs. protease inhibitorsþ
nucleos(t)ide reverse transcriptase inhibitors (PI-NRTIs) vs.
integrase inhibitorsþNRTIs (INI-NRTIs) vs. non-nucleos
(t)ide reverse transcriptase inhibitorþNRTIs (NNRTI-
NRTIs) vs. four or more drugs regimens) in the whole
study population as well as in the subgroup of participants
without MDs: no difference in SDs score were observed in
any comparison (data not shown).

Factor analysis
The four SDs scales presented fair-to-moderate reciprocal
correlations, therefore we proceeded with factor analysis
that identified two components: factor 1 clustered ISI and
PSQI score, whereas factor 2 identified as cluster BQ and
ESS scores, as shown in Table 2.

We thereby run univariate linear regression models for
the regression coefficients resulting by the identified
 Health, Inc. All rights reserved.
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Table 2. Correlations among the scores of PSQI, ISI, BQ and ESS scale and components identified by factor analysis.

ISI BQ PSQI

ESS r 0.111 P¼0.001 r 0.215 P<0.001 r 0.082 P¼0.014
ISI – r 0.120 P¼0.001 r 0.716 P<0.001
BQ – – r 0.099 P¼0.004
Factors Scores of the sleep disorders scales and corresponding loading valuea

Factor 1 ISI score 0.92 þ PSQI score 0.93
Factor 2 BQ score 0.77 þ ESS score 0.78

BQ, Berlin Questionnaire; ESS, Epworth Sleepiness Scale; ISI, Insomnia Severity Index.
aThe loading value represents magnitude of correlation of variables with the factor.
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factors, and the results are shown in Table 5,
Supplemental Digital Content, http://links.lww.com/
QAD/C799. Multivariable linear regression models for
factor one and factor two are shown in Table 3.
Specifically, after dimension reduction, the variables that
were independently associated with increasing (worse)
scores at both ISI and PSQI were increasing (worse) score
at PHQ-9 (depression, ab 0.105, P< 0.001) and at GAD-
7 (anxiety, ab 0.031, P< 0.001) only. Conversely, the
variables that were independently associated with
increasing (worse) scores at both BQ and ESS were
increasing score at PHQ-9 (ab 0.026, P¼ 0.014), higher
BMI values (ab 0.046, P< 0.001) and hypertension (ab
0.38, P< 0.001).

Further models for factor 2 included CVR scores:
Framingham score instead of age, dyslipidaemia,
Table 3. Multivariable linear regression models for factor one (ISI and P

Covariate

Factor 1 (ISI and PSQI scores)
Age, per year more
GAD-7 score, per unit more
PHQ-9 score, per unit more
Positive HCV-RNA (ref. none)
Smoking (ref. none)
Physical activity (ref. none)
Alcohol use disorders (ref. none)
COPD (ref. none)
Number of comorbidities per patient, per unit more
OUD/MOUDs use (ref. none)
Drugs affecting sleep�wake cycle (ref. none)
Number of non-antiretroviral drugs, per unit more

Factor 2 (BQ and ESS scores)
Age, per year more
GAD-7 score, per unit more
PHQ-9 score, per unit more
Length of HIV infection, per year more
Dyslipidaemia (ref. none)
Alcohol use disorders (ref. none)
Cardiovascular events (ref. none)
Hypertension (ref. none)
Cirrhosis (ref. none)
Diabetes mellitus (ref. none)
BMI, per unit more
Number of comorbidities per patient, per unit more
Number of non-antiretroviral drugs, per unit more

BMI, body mass index; BQ, Berlin Questionnaire; COPD, chronic obstructiv
Anxiety Disorder-7; ISI, Insomnia Severity Index; OUD/MOUDs, medicatio

Copyright © 2023 Wolters Kluwer H
hypertension, cardiovascular events and diabetes; DAD-
10 R or F instead of age, diabetes, dyslipidaemia, and
hypertension. The first model confirmed the indepen-
dent association of depression, BMI, and of Framingham
score [ab 0.008 (0.001;0.017), P¼ 0.048], the second and
the third models observed an independent association of
depression and BMI, but not with DAD-10 scores (data
not shown).
Discussion

The present study highlighted that sleep disorders are a
very common problem in PWH, with an overall
prevalence of 77%. Over 60% of participant reported
low sleep quality and over 30% of patients suffered from
insomnia or obstructive sleep apnoea.
SQI scores) and factor two (BQ and ESS scores).

ab (95%CI) P value

0.002 (�0.004; 0.009) 0.440
0.031 (0.015; 0.047) <0.001
0.105 (0.087; 0.122) <0.001
0.199 (�0.086; 0.485) 0.171
0.095 (�0.028; 0.217) 0.129

�0.118 (�0.253; 0.018) 0.090
0.086 (�0.131: 0.303) 0.438
0.069 (�0.204; 0.343) 0.619

�0.028 (�0.068; 0.012) 0.167
0.070 (�0.245; 0.386) 0.662
0.152 (�0.058; 0.361) 0.155
0.007 (�0.027; 0.042) 0.670

0.000 (�0.008; 0.008) 0.955
0.008 (�0.011; 0.027) 0.423
0.026 (0.005; 0.047) 0.014
0.004 (�0.004; 0.012) 0.308
0.003 (�0.176; 0.182) 0.974
0.231 (�0.015; 0.477) 0.065
0.088 (�0.227; 0.402) 0.583
0.385 (0.207; 0.564) <0.001
0.325 (�0.078; 0.729) 0.114
0.060 (�0.198; 0.319) 0.648
0.046 (0.030; 0.061) <0.001

�0.006 (�0.061; 0.049) 0.826
�0.001 (�0.040; 0.038) 0.963

e pulmonary disease; ESS, Epworth Sleepiness Scale; GAD-7, General
ns for opioid use disorders; PHQ-9, Patient Health Questionnaire-9.

ealth, Inc. All rights reserved.
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Results of our study confirmed associations between BQ
and elevated cardiovascular risk. Although insomnia and
poor sleep quality have not been associated with increased
cardiovascular risk in our cohort.

ISI and PSQI results are instead more sleep focused.
Indeed, the first one includes both a psychological and a
pharmacological component, while the second one seems
more psychologically driven. ESS in our population
seemed to be more like an iatrogenic problem rather
than a manifestation of mood disorders or anything else
since our analyses showed a significant correlation with
polypharmacy.

Despite an excellent viro-immunological profile and
excellent tolerance to antiretrovirals, which were not
associatedwith sleep disturbances, our population reaching
the 95–95–95 UNAIDS target still maintain a very high
prevalence of sleep disturbances, greater than the general
population (as shown by literature), and with a potential
significant effect on quality of life. The main drivers of the
problem remain mood disorders, and the iatrogenic effects
of drugs other than antiretroviral ones (warning onopioids,
methadone/buprenorphine and all drugs with psychotro-
pic effects that could identify pop targets to be screened for
sleep disorders). Possible underlying mechanisms such as
inflammation/chronic immune activation and microbial
translocation could play a role, even if our study design is
not able to clear this query.

Our data, compared to what has been previously reported
in PWH, showed some similarities and discrepancies. They
appeared to be fairly in line with the prevalence studies of
SD. A meta-analysis from 2015 (including 9246 patients),
found an overall prevalence of self-reported poor-quality
sleep of 58% [62]. This prevalence appeared to be slightly
lower in a French study involving 1354 patients, in which
poor sleep qualitywas reported by 47% of participants [63].
Similarly, an English study [12], conducted on a population
of about 250MSM, found a low quality of sleep in a similar
measure to that found in the French study by Allavena et al.
[63], but lower than that found in our study.

By contrast, in the study conducted by Milinkovic et al.
[12], the prevalence of insomnia was lower than that
detected in our cohort (22% vs. 31.3%) and excessive
daytime sleepiness was significantly higher (21% vs.
7.9%). These discrepancies can be attributed in the first
instance to a substantial difference in the demographic
and clinical characteristics of the two populations. Indeed,
PWH recruited by Milinkovic et al. [12] were almost all
MSM with a high prevalence of chemsex use, a practice
which is correlated with excessive daytime sleepiness. In
our cohort instead we had 30% of women and use of
drugs was reported by 10% participants.

Our analyses showed a correlation between sleep
breathing disorders (in particular obstructive apnoea)
Copyright © 2023 Wolters Kluwer
with age, BMI, hypertension, depression and with higher
cardiovascular risk. This is in line with what has been
demonstrated in the general population. An Indian study
conducted on 182 patients has shown that there is a
correlation between BMI, depressive symptoms, and
sleep apnoea, especially in women [64]. In our study, we
did not detect any correlations between SD and gender,
this might be due to the small number of women
recruited (about 30%). Sleep disorders and sleep
irregularity in timing and duration have been also
associated with a high cardiometabolic risk and myocar-
dial infarction [65–68]. Moreover, SD affects the
individual capability of performing regular exercise and
a healthy diet [69,70]. This may further increase the
cardiovascular risk.

Interestingly, in our cohort nearly 50% of people who
reported insomnia also reported eating meals or snacks
overnight. This may contribute to increase the risk of
weight gain and cardiometabolic complications.

An American study found that obstructive sleep apnoea
syndrome is due to the concomitance of several factors,
such as depression and obesity, rather than the presence of
a single alteration [71]. The authors also demonstrate how
the presence of daytime sleepiness (detected in our sample
in 7.9% of participants) is a predictor of depressive
syndrome in patients with obstructive sleep apnoea
(OSA), regardless of the apnoea/hypopnea index and
peripheral saturation values detected during polysomno-
graphy [71]. Furthermore, in the same study, the
observation that obesity correlates with depression, also
through the interaction of psychobiological mechanisms,
and that excessive daytime sleepiness can be both an effect
of apnoea, but also a symptom of onset of depression.
Regarding the apnoea-hypertension association, a meta-
analysis somewhat dated [72], has highlighted howOSA is
a secondary cause of hypertension, since the same episodes
of apnoea produce, through the stimulation of the system
sympathetic, blood pressure peaks during the night. This
effect persists in patients even during the day time, when
breathing ‘normalizes’ [73]. These phenomena inevitably
lead to progressive increase in cardiovascular risk over
time. In the literature, there are not many data that clearly
demonstrate these correlations in people with HIV, as the
phenomenon is little and only recently being studied. An
American study conducted in 2015, showed that although
patients with HIVmore frequently complain of symptoms
associated with apnoea, such as fatigue and chronic
fatigue, they are less likely to be diagnosed with OSA [44].
Furthermore, compared to the general population, people
with HIVappear to develop OSA earlier, with lower BMI
values and less frequent hypertension.

Our data confirmed the correlation of insomnia to ISI
and poor sleep quality to PSQI both with the presence of
depressive disorder at PHQ9 and with the presence of
anxiety disorder at GAD-7, similarly to what has already
 Health, Inc. All rights reserved.
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been demonstrated by numerous studies in about it and,
more recently, by Milinkovic et al. [12]. Furthermore, the
use of intravenous drugs, compared to other risk factors
for acquiring HIV infection, correlates with the presence
of these disorders. In the general population, sleep
disturbances are frequently reported among recreational
drug users and alcohol disorder users in 25–72% of cases
[15,75–77]. In this category, the persistence of sleep
disturbances after cessation of alcohol and recreational
drug use is the main risk factor for relapse, particularly for
alcohol and opioids [78,79].

Surprisingly, we found no significant correlation between
sleep disturbances and antiretroviral drug choice,
differently to data reported for dolutegravir and efavirenz,
nor for specific HIV related factors, except for current
CD4þ T-cell count which were found to be a relevant
parameter for the quality of sleep. The reasons for this
correlation remain to be explored, although it can be
hypothesized that a good maintenance of immunological
functions contributes to generating a good quality of
sleep. In the general population the link between sleep
and immunity has been established. In a systematic
review, Besedovsky et al. [80] summarized the mecha-
nisms by which changes in the immune system alter sleep
and vice versa. The stimulation of the immune system by
various inflammatory triggers such as insults against the
intestinal microbiota, can cause important sleep dis-
turbances. Alterations of the intestinal microbiota are
always present in patients with HIV infection and are at
the basis of the mechanisms that perpetrate the state of
chronic inflammation [81].

There are no correlations with specific factors related to
HIV, except for the increased CD4þ T-cell count in the
altered quality of sleep. This somewhat unexpected
finding is confirmed in a study conducted on 139 South
African PWHs, where the same association emerges: it
was assumed that this may be related to an underlying
immune activation, which affects the quality of sleep [82].

Our study limitations are the lack of follow-up and the
lack of supportive evaluations with objective techniques
to better define the presence of sleep disorders (e.g.,
actigraphy and polysomnography).

In conclusion, our study highlighted the high prevalence
of SD in PWH, and their close association with
psychiatric disorders such as depression and anxiety, as
well as an increased cardiovascular risk. In order not
to underestimate SD, psychiatric disorders, and other
related issues, with the aim of improving the quality of
life of PWH, we suggest that the assessment of both sleep
and mood disorders in this population should be
investigated once a year (for mood disorder, the screening
is already suggested by guidelines, but unfortunately
poorly applied in clinical practice). Moreover, sleep
health and SD assessment should be included as factors
Copyright © 2023 Wolters Kluwer H
significantly contributing to maintain cardiovascular and
metabolic health. We believe that, in the light of these
results, it would be advisable to consider the possibility
of setting up a dedicated service, with a multidimen-
sional medical (including sleep experts) and psycholog-
ical support [74].
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