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Abstract

Objectives: To evaluate the agreement between self-reported sleep measures and insomnia with
objectively-measured sleep parameters in people with HIV (PWH) and HIV-negative individuals.

Design: Cross-sectional analysis of PWH and lifestyle-similar HIV-negative individuals.
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Methods: Self-reported measures included time spent in bed, sleep onset latency and a validated
insomnia questionnaire. Objective measures were assessed via 7-days/nights of actigraphy data
to determine average and intra-individual variability of several sleep measures (including time
spent in bed and onset latency). Spearman’s correlation coefficient and Cohen’s x were used to
assess agreement between self-reported and actigraphy-assessed measures. Associations between
insomnia and actigraphy-assessed sleep parameters were evaluated using partial least-square
discriminant analysis (PLS-DA).

Results: We found fair correlation between self-reported and actigraphy-assessed time spent

in bed in 342 PWH (rs=0.46) and 119 HIV-negative individuals (rs=0.48). Among PWH, the
correlation did not differ by age, education, depressive symptoms and self-reported insomnia
(all p>0.05), but was stronger in males (p=0.05) and in those with BMI =25 kg/m? (p<0.001).

Agreement between self-reported and actigraphy-assessed sleep onset latency was poor in both
PWH (x=0.002, p=0.49) and HIV-negative individuals (x=0.009, p=0.65). According to PLS-DA,
self-reported insomnia most strongly correlated with intra-individual variability of sleep duration,
movement index and efficiency.

Conclusions: We report poor-to-fair agreement between self-reported and actigraphy-assessed
sleep measures in PWH. Insomnia symptoms correlated with regularity of sleep duration, quality
and efficiency. These findings highlight the importance of both patient-reported and objective
measures of daily sleep variation, for better understanding sleep disorders in PWH.
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Introduction

People with HIV (PWH) often report poor sleep quality and various sleep disturbances, such
as insomnia, fatigue and daytime sleepiness [1-5]. Factors potentially contributing to poor
sleep in PWH include behavioral and psychosocial factors [4,6], inflammation and neuronal
damage induced by HIV [7], and adverse effects of antiretroviral drugs and concomitant
medications [8]. As poor sleep health has been shown to be associated with many negative
mental and physical outcomes, including depression [9], cardiovascular disease [10], cancer,
cognitive function [11] and mortality [12], sleep has become an increasing concern for
PWH.

Whilst the majority of studies that have investigated sleep disturbances and their
consequences in PWH have relied on self-reported questionnaires, data regarding objective
measures of sleep in populations of PWH are sparse. Objective methods to measure sleep,
such as polysomnography [13] and actigraphy devices, are available. In particular, wrist-
worn actigraphy devices offer an objective way to assess sleep patterns over multiple days.
Although these methods have been increasingly used in sleep research focusing on the
general population [14], similar studies among PWH are lacking. Furthermore, given the
potential implications of a lack of agreement between subjective and objective measures

of sleep in the interpretation of findings from epidemiological studies, few studies have
investigated the agreement between self-reported sleep habits and actigraphy-assessed sleep
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measures in populations of people without HIV [15-22]. Results of these studies have
shown a varying degree of correlation for self-reported and actigraphy-assessed sleep
duration (or time spent in bed) and sleep onset latency. Correlation coefficients for sleep
duration ranged from 0.28 and 0.60 [15,17,19-22], with self-assessed sleep duration often
overestimating the actigraphy-assessed measure [15,17,19-21]. Recently, a study of 52
PWH reported a correlation of 0.66 between self-reported and actigraphy-assessed total
sleep time, with self-report overestimating the actigraphy measure by approximately one
hour [23].

Importantly, recent studies have also shown how the extent of agreement between self-
reported and actigraphy-assessed sleep measures may be affected by socio-demographic
and clinical characteristics such as age [15,19], gender [16,19], ethnicity [15,21], level of
education [15], depressive symptoms [16,21], poor sleep quality and symptoms of insomnia
[15,16,19,21,22]. Populations of PWH in resource-rich settings tend to differ from the
general population with regards to most of these factors; therefore the agreement between
self-reported and actigraphy-assessed sleep measures in PWH may differ substantially from
that reported in studies of people without HIV.

Our aims were to thoroughly evaluate the correlation and agreement between self-reported
and actigraphy-assessed time spent in bed and sleep onset latency in a larger cohort of PWH
and HIV-negative individuals and to investigate the association between actigraphy-assessed
sleep parameters and self-reported symptoms of insomnia in PWH.

Study participants and procedures

PWH and HIV-negative individuals were recruited into a nested sub-study to investigate
sleep patterns from the Pharmacokinetic and Clinical Observations in People Over Fifty
(POPPY) study [24,25]. Briefly, a group of PWH aged =50 years were recruited from eight
HIV outpatient clinics in UK and Ireland into the POPPY study. An additional group of
PWH aged between 18 and 50 years and a group of HIV-negative individuals aged =50
years were recruited from the same HIV clinics and affiliated sexual health centres and
were frequency matched on gender, ethnicity, sexual orientation and location (in or out of
London) to the group of PWH aged =50 years.

A subset of POPPY participants from each study group was recruited to take part in this
sub-study and underwent a single study visit between March 2017 and July 2018 followed
by in-home procedures including a daily sleep diary and actigraph measurements, and an
additional visit to return the devices and the completed diaries [26]. Additional inclusion
criteria for this sub-study were: ability to wear a wrist actigraph for a week and to adhere

to study procedures (according to the investigator’s judgement). All participants provided
written informed consent and the study was approved by the UK Health Research Authority
& Research Ethics Committee (number 16/L.0O/2175) and local ethics committee and/or
institutional review boards.

AIDS. Author manuscript; available in PMC 2022 July 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

De Francesco et al.

Page 4

At the study visit, information regarding antiretroviral therapy, sleep patterns, use of sleep
medication, and sleep questionnaires to evaluate insomnia, fatigue and sleep-related quality
of life were collected via self-report. Depressive symptoms were evaluated using the Patient
Health Questionnaire-9 (PHQ-9) and scores =10 were considered indicative of moderate/
severe depressive symptoms [27].

For the present analysis, only participants with at least 5 days/nights’ worth of valid
actigraphy data and with completed sleep questionnaire data were included.

Sleep questionnaires

Self-reported time spent in bed and sleep onset latency were collected via questionnaire
at the study visit. Participants were asked when they usually go to bed and wake up on
weekdays and weekends separately, and how long it usually takes them to fall asleep
(possible options: <5 minutes, 5 to 20 minutes, 20 to 60 minutes, >60 minutes). Weekday
and weekend time spent in bed was calculated from reported bed and wake up times.
Average self-reported time spent in bed was calculated as a weighted average of weekday
and weekend time spent in bed (2/7xweekend + 5/7xweekday).

Participants also completed the Insomnia Severity Index questionnaire [28] to evaluate
insomnia [29]. Scores range from 0 (no symptoms) to 28 (severe symptoms) and self-
reported insomnia was defined as a score =15, as recommended by the developers [28].

Actigraphy measurements

A wrist-worn actigraph device (ActiGraph wGT3X-BT®, ActiGraph Corporation) was used
to record high resolution movement data, used to estimate physical activity and sleep/wake
periods. Participants were instructed to wear the device continuously from the end of study
visit until the time of return (at least 7 days later) unless contraindicated in order to

avoid damage to the device. In addition, daily sleep diaries were completed at home by
study participants describing timing of sleep, nocturnal awakenings, daytime napping and
interruptions in the use of the actigraph device.

Actigraphy data were scored centrally, blinded to HIV status, after review of the raw
actigraphy data and data obtained from sleep diaries. Daily sleep measures described in
Supplementary Table were obtained and, for each participant, the average (i.e. mean) and the
intra-individual variability (i.e. standard deviation: SD) of these measures across the 7-day
observation period were obtained.

Statistical analysis

Spearman’s correlation coefficient (rg) was used to evaluate the correlation between self-
reported and actigraphy-assessed time spent in bed, separately in PWH and HIV-negative
individuals and, within PWH, separately according to groups defined by age, gender,
ethnicity, education, BMI, depressive symptoms, current alcohol consumption, recreational
drug use, work schedule, use of antiretroviral drugs with potential adverse effects impacting
on sleep according to current European guidelines (i.e. efavirenz, rilpivirine or integrase
strand transfer inhibitors) [30], use of sleep medication and self-reported clinical diagnosis
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of insomnia. Correlations in different groups were compared using the z-test after Fisher’s
transformation [31]. Agreement between self-reported and actigraphy-assessed time spent in
bed was assessed using the Bland—Altman plot [32]. The agreement between self-reported
and actigraphy-assessed sleep onset latency was evaluated, separately in PWH and HIV-
negative individuals, using the weighted Cohen’s «x statistics [33] and interpreted following
Landis and Koch [34] guidelines.

Among PWH, Wilcoxon rank-sum test was used to test the univariable association between
self-reported insomnia (1S1=15) and actigraphy-assessed sleep measures one-at-the-time.
Partial least-square discriminant analysis (PLS-DA) was used to explore these associations
simultaneously. PLS-DA identifies linear combinations of an input set of variables (i.e.
actigraphy-assessed sleep measures) that best discriminate individuals based on an outcome
variable (i.e. self-reported insomnia vs. no self-reported insomnia). Weights assigned to each
sleep measure to define this linear combination were used to identify those sleep measures
with the strongest association with self-reported insomnia whilst simultaneously considering
all sleep measures.

All analyses were performed using R v3.5.1, with p-values <0.05 considered as statistically
significant.

Participant characteristics

A total of 342 PWH and 119 HIV-negative individuals completed sleep questionnaires and
had at least 5 days/nights’ worth of actigraphy data (Table 1). PWH were predominantly
males (86.6%), of white ethnicity (88.6%) with a median (interquartile range: IQR) age of
57 (52, 62) years. Most PWH were on antiretroviral therapy (91.8%) with an HIV-RNA <40
copies/mL (97.1%). Compared to PWH, HIV-negative individuals were older (p<0.001, as
expected due to study design) and less likely to be male (67.2%, p<0.001) and men having
sex with men (52.9%, p<0.001).

The prevalence of self-reported insomnia was significantly higher in PWH (22.9%)
compared to HIV-negative individuals (5.9%, p<0.001). Moderate/severe depressive
symptoms and use of sleep medication were also more prevalent among PWH (12.4%

and 9.1%, respectively) compared to HIV-negative individuals (3.4% and 1.7%, respectively,
both p’s=0.006). Among PWH, median (IQR) self-reported and actigraphy-assessed time
spent in bed was 8.0 (7.1, 8.8) and 8.1 (7.4, 8.7) hours, respectively, and did not differ
significantly from those observed among HIV-negative individuals [7.9 (7.2, 8.5) and 8.1
(7.5, 8.7) hours, respectively; p=0.19 and p=0.75]. Median (IQR) actigraphy-assessed sleep
duration was 7.0 (6.3, 7.6) and 7.2 (6.7, 7.6) hours in PWH and HIV-negative individuals,
respectively (p=0.12).

Time spent in bed

The correlation between self-reported and actigraphy-assessed time spent in bed was fair
in both PWH [rs (95% CI) = 0.46 (0.37, 0.54)] and HIV-negative individuals [rs (95% CI)
=0.48 (0.33, 0.61)], and did not differ between the two groups (p=0.79). Bland-Altman
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plots of the differences between self-reported and actigraphy assessed time spent in bed

and their average, separately in PWH and HIV-negative individuals, are presented in Figure
1. Among PWH, the mean (95% CI) difference was —0.1 (-0.2, 0.1) hours indicating no
systematic overestimation or underestimation of self-report compared to actigraphy-assessed
time spent in bed (p=0.22). The correlation of the difference between the two measures

of time spent in bed with their average was poor [rs (95%) = 0.18 (0.08, 0.28)] but
significant (p<0.001), suggesting self-report may modestly underestimate time in bed in
PWH with shorter sleep duration but overestimate it in those with longer sleep durations.
The magnitude of disagreement did not vary by average time spent in bed (p-value of the F
test for heteroscedasticity=0.67).

Among HIV-negative individuals, the mean (95% CI) difference between self-reported and
actigraphy-assessed time spent in bed was negative, —0.3 (=0.5, —0.1) hours, suggesting
self-reported time in bed was systematically shorter than actigraphy-assessed time in bed
(p<0.001). There was a fair and significant correlation between the difference between
self-reported and actigraphy-assessed time spent in bed and their average [rs (95%) = 0.21
(0.03, 0.37), p=0.03], with no evidence of heteroscedasticity (p=0.44).

Of note, the correlation between self-reported time spent in bed and actigraphy-assessed
sleep duration was 0.36 (0.27, 0.45) in PWH and 0.39 (0.23, 0.54) in HIV-negative
individuals, and did not differ between groups (p=0.74). Self-reported time spent in bed was
longer than actigraphy-assessed sleep duration in both PWH and HIV-negative individuals
by a mean (95% CI) of 1.0 (0.9, 1.2) and 0.7 (0.5, 0.9) hours (Supplementary Material).

Stratified analyses among PWH showed no difference in the overestimation or
underestimation of self-reported compared to actigraphy-assessed time spent in bed
according to gender, age, BMI, alcohol consumption, recreational drug use, efavirenz,
rilpivirine or integrase strand transfer inhibitors use, use of sleep medication and self-
reported insomnia (Table 2). Self-report appeared to overestimate time spent in bed in
PWH with <12 years of education (difference=0.3 hours) but underestimate in those
with =12 years of education (difference=—0.2 hours, p=0.03). Similarly, overestimation/
underestimation patterns seemed to differ according to ethnicity (p=0.11), depressive
symptoms (p=0.08) and work schedule (p=0.04).

The correlation between self-reported and actigraphy-assessed time spent in bed did not
differ by age, education, depressive symptoms, alcohol consumption, work schedule, use
of efavirenz, rilpivirine or integrase strand transfer inhibitors, and self-reported insomnia
(Table 2). The correlation appeared stronger in males compared to females (rs= 0.50 vs.
0.18, p=0.05), in those with low compared to high BMI (rs= 0.65 vs. 0.29, p<0.001), and in
those not reporting use of recreation drugs compared to those reporting it (rs= 0.51 vs. 0.28,
p=0.04).

Sleep onset latency

Self-reported sleep onset latency was <5 minutes for 61 (17.8%) PWH, 5-20 minutes for
145 (42.4%) PWH, 20-60 minutes for 93 (27.2%) PWH and >60 minutes for 43 (12.6%)
PWH. On the other hand, actigraphy-assessed onset latency was 5-20 minutes for the
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majority of PWH (n=330, 96.5%), with only 3 (0.9%) PWH with 20-60 minutes onset
latency and none (0.0%) with onset latency >60 minutes. Agreement between self-reported
and actigraphy-assessed onset latency was poor [weighted x (95% CI1)=0.002 (-0.02, 0.03)]
and was no better than chance (p=0.88, Table 3).

Compared to PWH, HIV-negative individuals had shorter self-reported but not actigraphy-
assessed onset latency (p<0.001 and p=0.49, respectively). Similarly to PWH, the agreement
between self-reported and actigraphy-assessed onset latency was no better than chance
[weighted x (95% C1)=0.009 (-0.03, 0.05), p=0.65].

Associations between actigraphy-assessed measures and self-reported insomnia

According to univariable analysis, PWH with self-reported insomnia had later average
sleep onset (p=0.04), mid-point (p=0.05) and out-of-bed time (p=0.03), lower maintenance
efficiency (p=0.06), greater movement index (p=0.04), and longer nocturnal awakenings
(p=0.05) than PWH without insomnia (Table 4). The night-to-night variability of several
actigraphy-assessed measures appeared to be greater in PWH with insomnia compared to
those without insomnia; these include sleep mid-point (p=0.03), out-of-bed time (p=0.003),
sleep duration (p<0.001), WASO (p=0.003), maintenance efficiency (p=0.002), movement
index (p=0.001) and mean length of nocturnal awakenings (p=0.009).

According to PLS-DA, the actigraphy measures with the greatest ability to discriminate
between PWH with and without insomnia were the night-to-night variability of sleep
duration (PLS-DA coefficient=0.41), movement index (0.40), maintenance efficiency (0.35),
mean length of nocturnal awakenings (0.28) and WASO (0.27), and the average out-of-bed
time (0.24).

Discussion

We found a fair correlation between self-reported and actigraphy-assessed time spent in bed
in PWH, similar to that observed in HIV-negative individuals with similar lifestyles. On

the other hand, the agreement between self-reported and actigraphy-assessed sleep onset
latency was poor and no better than chance in both PWH and HIV-negative individuals. Self-
reported symptoms of insomnia were more prevalent in PWH compared to HIV-negative
individuals. While differences in sleep timing were observed, the factors that appeared to
most strongly discriminate those with and without insomnia related to actigraphy measures
relating to regularity of sleep, rather than sleep duration or efficiency.

Overall, among PWH, there was no systematic overestimation or underestimation of self-
report compared to objective actigraphy with regards to time spent in bed. Within HIV-
negative individuals, self-report appeared to underestimate time spent in bed determined

by actigraphy by approximately 20 minutes. Prior studies have generally found that self-
assessed sleep duration overestimates actigraphy-assessed sleep duration [15,17,19-21],
including among PWH [23]. Differences in findings may be due to the different questions
used to determine self-assessed sleep duration or time spent in bed. In fact, self-reported
time spent in bed was significantly longer than actigraphy-assessed sleep duration. This has
also been demonstrated by Jackson et al. [22] where questions about the habitual number
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of hours of sleep or about the habitual bed and wake times (as used in our study) yielded
different patterns of underestimation or overestimation of self-report versus objective sleep
measures.

Yet, the correlation between self-reported and actigraphy-assessed time spent in bed
observed in both PWH and HIV-negative individuals is in line with that reported by previous
studies conducted in diverse populations of people with and without HIV [15,17,19-23], and
we found no difference between the two groups.

A few factors appeared to influence the concordance and/or correlation between self-
reported and actigraphy-assessed time spent in bed in PWH. The correlation between self-
reported and actigraphy-assessed time spent in bed was stronger in males, in PWH of white
ethnicity, in those with a BMI =25 kg/m? and in those not reporting use of recreational drugs
or sleep medication, compared to their respective counterparts. Moreover, overestimation by
self-report was seen in PWH of black-African ethnicity, those with fewer years of formal
education and those reporting depressive symptoms as opposed to the underestimation seen
in the respective counterparts of PWH. Similar findings have been previously reported for
ethnicity [15,21], depressive symptoms [21], education [15], BMI [15] and sleep medication
use [16]. Differences in agreement between objective and subjective sleep measures may

be explained by different extents of sleep misperception and ability in estimating habitual
sleep times (potentially due to greater night-to-night sleep irregularity and difficulties in
estimating sleep latency), tiredness and fatigue experienced as a consequence of depressive
symptoms or obesity and leading to underestimation of sleep, negative reporting style or
heightened somatic sensitivity. The potential implications of this differential agreement
between sleep measures may be important: if associations between sleep duration and health
among PWH are investigated using self-reported sleep duration, conclusions may not be
entirely due to actual sleep duration depending on the socio-demographic characteristics and
prevalence of depressive symptoms in the population under study.

Agreement between self-reported and actigraphy-assessed sleep onset latency was poor,
regardless of HIV-status. In line with previous studies in HIV-negative populations
[20,35,36], self-report overestimated objectively-measured latency especially in PWH, for
whom self-assessed, but not actigraphy-assessed, sleep onset latency was significantly
longer than in HIV-negative individuals. Actigraphy has been shown to underestimate
sleep onset latency compared to polysomnography, the ‘gold standard’ for measuring
sleep [37,38], and may be subject to low accuracy in discriminating between wakefulness
and sleep when there is lack of movement [39]. On the other hand, self-report often
overestimates sleep onset latency also when compared to polysomnography [40,41],
suggesting a genuine tendency for individuals to over-report sleep onset latency.

Whilst PWH appear more likely to report more severe symptoms of insomnia compared

to HIV-negative individuals, the most traditional sleep parameters such as sleep duration,
onset latency, efficiency and wake after sleep onset, as objectively measured by actigraphy,
poorly correlate with subjective symptoms of insomnia in PWH. This finding is consistent
with previous studies [36,42], suggesting perceived sleep quality poorly reflect aspects of
sleep that are traditionally thought to be the most important. Adding to previous studies, we
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report self-assessed symptoms of insomnia among PWH are more strongly correlated with
objectively-measured regularity of sleep duration and quality. Night-to-night regularity of
sleep patterns has traditionally been overlooked when investigating the associations between
sleep and health outcomes. Only more recently, studies have started to shed light on the

role of sleep regularity on different health outcomes [43-45]. In particular, irregular sleep
patterns and consequent circadian disruptions have been shown to be associated with higher
incidence of multiple metabolic disturbances [43-45]. As cardiometabolic diseases represent
an important focus of care for PWH, our findings highlight the importance of regular night-
to-night sleep patterns with respects to the perceived quality of sleep and health of PWH,
supporting the development of sleep hygiene interventions that promote sleep regularity.

To our knowledge, this is the first study to report results of both self-reported sleep
questionnaires and objective measures of sleep over several days among PWH, with a
sample size allowing us to stratify by several factors. Nevertheless, the number of HIV-
negative individuals with self-reported insomnia was too small to conduct meaningful
analysis to determine whether objective measures of sleep associated with self-reported
insomnia varied from those observed in PWH. Moreover, our study has some limitations.
First, although our actigraphy measures were assessed by research-grade devices with
standardized central scoring supplemented by nightly sleep logs, it is still subject to potential
misinterpretations of periods of activity and inactivity so that movement during sleep

may be detected as wake time and lack of movement in the absence of sleep may be
recorded as sleep. However, compared to the usual ‘gold standard’ of polysomnography,
actigraphy allows recording of habitual sleep in one’s usual environment, over several days/
nights. Secondly, we administered a single retrospective question about sleep time, then
recorded actigraphy over the subsequent seven days and nights. Although we think it is
unlikely that sleep patterns would have changed abruptly, we cannot eliminate the possibility
that sleep patterns changed between the questionnaire administration and the actigraphy
data collection. Thirdly, age differences between PWH and HIV-negative individuals may
have introduced bias when comparing the agreement between self-reported and actigraphy-
assessed measures across the two groups. However, we found no difference across age
groups in the concordance and correlation between self-reported and actigraphy-assessed
measures among PWH. Finally, our study was not able to determine how agreement between
self-reported and actigraphy-assessed sleep might be affected by other unmeasured factors.
We accounted for use of alcohol and recreational drugs and shift work, but did not have
measures of other lifestyle factors such as physical activity or dietary behaviors.

Conclusions

In this large study investigating sleep quality in PWH using both subjective and objective
measures of sleep, we found fair correlations between self-reported and actigraphy-assessed
sleep duration, but poor agreement when it comes to estimate sleep onset latency. The
associations between subjective and objective measures of sleep in PWH did not appear

to differ to those seen in HIV-negative individuals with similar lifestyles. Importantly,
subjective symptoms of insomnia reported by PWH seem to reflect high night-to-night
variability in sleep duration, quality and efficiency. Variability in nightly sleep patterns

has not been previously studied in PWH and should be a priority for future insomnia
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research in PWH. Our findings highlight the importance of both patient-reported symptoms
and objective sleep measures for better understanding the psychological and physiological
determinants of sleep disturbances in PWH.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:
Bland-Altman plot of self-reported and actigraphy-assessed time spent in bed among PWH

(n=342) and HIV-negative individuals (n=119). Lower and upper limits of agreement (95%
Cl) among PWH were -2.8 (2.5, —=3.0) and 2.6 (2.3, 2.8) hours, respectively. Limits of
agreement (95% CI) among HIV-negative individuals were —2.3 (-2.0, -2.6) and 1.7 (1.4,
2.0) hours.
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Socio-demographic, lifestyle, clinical and HIV-related characteristics of study participants at study visit.

Table 1:

Median (IQR) or n (%) PWH (n=342) HIV-negative (n=119) p-value
Male gender 296 (86.6%) 80 (67.2%)  <0.001
Age [years] 57 (52, 62) 61 (57,66)  <0.001
White ethnicity 303 (88.6%) 109 (91.6%) 0.36
MSM/homosexual 271 (79.2%) 63 (52.9%) <0.001
Years of education 16 (12, 18) 16 (13, 18) 0.82
BMI [Kg/cm?] 25.4 (23.5,28.7) 25.8 (23.6, 29.7) 0.17
Work schedule 0.007
Day shift 121 (35.4%) 60 (51.7%)
Other/Irregular shift 57 (16.7%) 13 (11.2%)
Retired/Don’t work 164 (48.0%) 43 (37.1%)
Current alcohol use 279 (81.6%) 109 (91.6%) 0.01
Current smoking 91 (26.7%) 18 (15.1%) 0.01
Current recreational drugs 92 (26.9%) 17 (14.3%) 0.005
Ever injected drugs 32 (9.4%) 2 (1.7%) 0.004
Depressive symptoms 39 (12.4%) 4 (3.4%) 0.006
Use of sleep medication 31 (9.1%) 2 (1.7%) 0.006
Clinical insomnia 76 (22.9%) 7(5.9%) <0.001
Current CD4" count [cells/uL] 630 (483, 831) N/A N/A
Nadir CD4+ count [cells/uL] 190 (87, 290) N/A N/A
Years since HIV diagnosis 17.7 (10.8, 24.5) N/A N/A
On antiretroviral treatment 314 (91.8%) N/A N/A
On Efavirenz 53 (16.9%) N/A N/A
On Rilpivirine 35 (11.2%) N/A N/A
on INSTI 72 (22.9%) N/A N/A
HIV RNA <40 copies/mL 330 (97.1%) N/A N/A
Sleep duration (actigraphy) [h] 7.0(6.3,7.6) 7.2(6.7,7.6) 0.12
Time spent in bed
Self-report [h] 8.0 (7.1,8.8) 7.9 (7.2, 8.5) 0.19
Actigraphy [h] 8.1(7.4,8.7) 8.1(7.5,8.7) 0.75

Page 14

Note: MSM: men who have sex with men; INSTI: integrase strand transfer inhibitor; p-values obtained were obtained from x 2, Fisher’s exact and
Wilcoxon rank-sum tests as appropriate.

*
29, 30 and 13 PWH were on raltegravir, dolutegravir and elvitegravir, respectively.
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Difference and correlation (rs) between self-reported and actigraphy-assessed time spent in bed (hours),

Table 2:

Page 15

according to participant characteristics of PWH. P-values to test whether differences and correlations varied
according to participant characteristics are also reported.

Variable Diffezrgzgze([:rll]) p-vaJuel rs(95% CI) p-value2 Interaction p-value

Gender 0.21 0.05
Male 0.2 (-0.3,0.7) 0.50 (0.41,0.58)  <0.001
Female -0.1(-0.3, 0.0) 0.18 (-0.11, 0.45) 0.22

Age 0.54 0.73
18-50 years -0.1(-0.3, 0.1) 0.45 (0.34,055)  <0.001
>50 years 0.0 (-0.3,0.2) 0.48(0.31,0.62)  <0.001

Ethnicity 0.11 0.11
Black-African 0.4 (0.3, 1.0) 0.26 (-0.07, 0.53) 0.12
White -0.1(-0.3, 0.0) 0.50 (0.41,052)  <0.001

Years of education 0.03 0.43
<12 years 0.3(-0.1,0.7) 0.59 (0.37,0.74)  <0.001
>12 years -0.2 (0.3, 0.0) 0.42(0.32,051)  <0.001

BMI 0.42 <0.001
<25 kg/m? -0.2(-0.3,0.0) 0.65 (0.55, 0.73) <0.001
225 kg/m? 0.0(-0.3,0.2) 0.29 (0.15, 0.42) <0.001

Depressive symptoms 0.08 0.15
No -0.2(-0.3, 0.0) 0.48 (0.38,0.56)  <0.001
Yes 0.3(-0.2,0.9) 0.38 (0.07, 0.62) 0.02

Alcohol consumption 0.22 0.16
No 0.1(-0.3,0.5) 0.32 (0.08, 0.53) 0.01
Yes -0.1(-0.3, 0.0) 0.48 (0.39,057)  <0.001

Recreational drug use 0.40 0.04
No -0.1(-0.2, 0.1) 051 (0.41,059)  <0.001
Yes -0.2(-0.5, 0.1) 0.28 (0.08, 0.46) 0.007

Work schedule 0.04
Other/Irregular shift -0.4 (-0.8,0.0) 0.48 (0.24, 0.66) <0.001 *0.89
Retired/Don’t work 0.1(-0.1,0.3) 0.42 (0.29, 0.54) <0.001 *0.42
Day shift -0.4 (0.2, 0.0) 0.50 (0.35,0.62)  <0.001

Use of sleep medication 0.24 0.13
No -0.1(-0.2, 0.1) 0.48 (0.39,057)  <0.001
Yes -0.4 (0.9, 0.2) 0.22 (-0.14, 0.53) 0.22

On EFV, RPV or INSTI 0.69 0.20
No -0.1(-0.3, 0.1) 0.53 (0.40,0.63)  <0.001
Yes -0.1(-0.3,0.2) 0.41(0.27,053)  <0.001

Self-reported insomnia 0.80 0.99
No -0.1(-0.2, 0.1) 0.44 (0.33,0.53)  <0.001
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Variable Difference[h 1 rs(95% ClI 2 Interaction p-value
(95% ([ZI]) p-value s(95% ClI) p-value P
Yes -0.1(-0.5,0.3) 0.47 (0.27, 0.63) <0.001
Note:

p-valuel: testing whether the difference between self-reported and actigraphy-assessed time spent in bed varied according to the characteristic
(from t-test or ANOVA, as appropriate)

p-valuezz testing the significance of the correlation between self-reported and actigraphy-assessed time spent in bed; Interaction p-value: testing
whether the correlation varied according to the characteristic.

*
: p-value comparing the correlation to the one in PWH on ‘Day shift” work schedule

EFV: Efavirenz; RPV: Rilpivirine; INSTI: integrase strand transfer inhibitor
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Table 3:

Agreement between self-reported and actigraphy-assessed sleep onset latency in PWH and HIV-negative
individuals.

PWH (n=342) - x (95% CI) = 0.002 (~0.02, 0.03)

Self-assessed onset latency Actigraphy-assessed onset latency

<5 minutes 5-20 minutes  20-60 minutes  >60 minutes

<5 minutes 2(06%) 58 (17.0%) 1(0.3%) 0 (0.0%)
5-20 minutes 4(12%) 140 (40.9%) 1(0.3%) 0 (0.0%)
20-60 minutes 2(0.6%) 90 (26.3%) 1(0.3%) 0 (0.0%)
>60 minutes 1(03%) 42 (12.3%) 0 (0.0%) 0 (0.0%)

HIV-negative individuals (n=119) - x (95% CI) = 0.009 (-0.03, 0.05)

Self-assessed onset latency Actigraphy-assessed onset latency

<5 minutes  5-20 minutes  20-60 minutes  >60 minutes

<5 minutes 1(08%) 40 (33.6%) 0 (0.0%) 0 (0.0%)
5-20 minutes 1(0.8%) 54 (45.4%) 0 (0.0%) 0 (0.0%)
20-60 minutes 0(0.0%) 19 (16.0%) 0 (0.0%) 0 (0.0%)
>60 minutes 0 (0.0%) 4 (3.4%) 0 (0.0%) 0 (0.0%)
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Table 4:

Median (IQR) of each sleep measure in PWH with and without insomnia with the PLS-DA coefficient to
predict self-reported clinical insomnia.
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Median (IQR) PWH without insomnia (n=256) PWH with insomnia (n=76) p-value PLS-DA coeff.
Average sleep onset time [clock time] 23:03 (21:21, 00:52) 23:28 (21:53, 1:33) 0.04 0.21
SD of sleep onset time [minutes] 48 (30, 77) 56 (34, 86) 0.09 0.05
Average sleep mid-point [clock time] 3:54 (3:02, 4:40) 4:02 (3:26, 4:59) 0.05 0.17
SD of sleep mid-point [minutes] 41 (28, 63) 50 (37, 65) 0.03 0.04
Average out-of-bed time [clock time] 7:52 (7:00, 8:42) 8:02 (7:25, 9:22) 0.03 0.24
SD of out-of-bed time [minutes] 52 (36, 77) 65 (44, 92) 0.003 0.20
Average onset latency [minutes] 7(6,9) 7(6,9) 0.40 0.14
SD of onset latency [minutes] 3(2,5) 4(2,7) 0.10 0.17
Average duration [hours] 7.1(6.4,7.6) 6.9 (6.2, 7.7) 0.44 -0.12
SD of duration [minutes] 54 (38, 75) 81 (45,96)  <0.001 0.41
Average WASO [minutes] 53 (39, 74) 59 (46, 78) 0.15 0.14
SD of WASO [minutes] 18 (13, 28) 24 (16, 36) 0.003 0.27
Average maintenance efficiency [%] 89.0 (84.8, 91.6) 87.3(82.9, 90.5) 0.06 -0.19
SD of maintenance efficiency [%] 3.6 (2.4,4.7) 4.2(2.8,6.3) 0.002 0.35
Average movement index [%] 17.1 (14.0, 22.3) 18.8 (16.0, 23.5) 0.04 0.16
SD of movement index [%] 3.4(2.5,4.9) 4.3(3.1,6.8) 0.001 0.40
Average fragmentation index [%] 12.7(9.7,16.1) 13.1 (8.9, 16.5) 0.73 0.13
SD of fragmentation index [%] 8.2 (6.4,10.1) 7.9(6.8,9.7) 0.74 0.20
Average number of awakenings 19 (14, 23) 19 (14, 23) 0.81 -0.01
SD of number of awakenings 54,7) 6(4,8) 0.24 0.05
Average mean length of awakenings [min] 3.0(2.4,3.7) 3.3(2.6,3.7) 0.05 0.15
SD of mean length of awakenings [min] 0.8 (0.6,1.1) 1.0 (0.6, 1.4) 0.009 0.28
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