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Abstract

Purpose Sleep disturbances are prevalent among patients with human immunodeficiency virus (HIV), even those who are being
treated on antiretroviral therapy. It is important to understand the metabolomic mechanisms underlying sleep disturbances
among people living with HIV (PLWH).

Methods A review of recent literature was performed to explore the use of metabolomics in understanding sleep among PLWH.
Results We found only two studies that used metabolomics to explore sleep health among PLWH.

Conclusion This paper reviews common sleep disorders in HIV, the existing metabolomic studies that may explain the relation-
ship, and implications for future research. The use of metabolomics in exploring sleep disorders among PLWH will help to
elucidate mechanistic links to improve patient outcomes.

Keywords Sleep disorders - Sleep disturbances - Human immunodeficiency virus (HIV) - Metabolomics - Antiretroviral therapy -

Inflammation

Introduction

Metabolomics is defined as the “comprehensive analysis of all
metabolites and low molecular weight molecules in a biolog-
ical specimen” [1]. It has been estimated that there is an excess
of 40,000 (expected and detected) metabolites in the human
body [2]. As metabolomics has the ability to integrate meta-
bolic changes at the gene, transcript, and protein levels, all
while accounting for environmental interactions [3], metabo-
lomics analysis gives important insight into the metabolic un-
derpinnings of chronic illnesses such as HIV. Metabolomics
may be particularly useful in the study of disordered sleep, as
poor sleep health is a comorbidity of great concern among
PLWH [4-7].

The sleep-wake cycle is determined by a complex interplay
between circadian clock and behavioral and environmental
influences, which direct numerous metabolic pathways in-
cluding carbohydrate, protein and amino acid, lipid, and ade-
nine dinucleotide (NAD+) metabolism [8]. Chronic sleep
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restriction (5.5 h of sleep over 8 nights) has been associated
with 16 biochemical changes with the biggest changes asso-
ciated with amino acid and peptide, followed by lipid metab-
olism [9]. There is also a known association between amino
acid metabolism and sleep timing. Habitually, late sleep
timing is associated with higher levels of branched chain ami-
no acids and systematic changes in several other amino acid
pathways [10]. Chronic sleep deprivation and late sleep timing
have also been found to be associated with alterations to fatty
acid and lipid metabolism [10]. This review will provide an
overview of sleep disorders in HIV and explore existing
metabolomic studies in the context of HIV and sleep, mecha-
nisms for the relationship, and future research directions.

Sleep disorders in adults with HIV

Poor sleep health is a comorbid condition of particular con-
cern among PLWH. Up to 73% of the HIV-infected individ-
uals in the United States experience sleep disturbances of
some kind, as compared to only 10-35% of the general popu-
lation [11-13]. Sleep disturbances are defined as difficulty
initiating sleep, difficulty maintaining sleep, or early morning
awakening. Sleep disturbances (insomnia and daytime sleep-
iness) are among the most prevalent and distressing symptoms
experienced by people diagnosed with HIV even when their
disease is well managed [5, 13, 14]. Daytime sleepiness can
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lead to difficulties with concentrating, poor cognitive func-
tioning, depressive symptoms, and reduced overall productiv-
ity [14]. Poor sleep quality contributes to HIV-related fatigue
[15]. Poor sleep has been linked to disease progression, med-
ication therapy, employment status, and a lack of good sleep
promotion skills in HIV-infected people [16—-19]. The conse-
quences of poor sleep among PLWH are significant and have
been associated with lower CD4+ T-lymphocyte counts which
is a strong predictor of AIDS-related mortality, [20] and in-
creased cardiovascular mortality [21], which is now one of the
leading causes of death among PLWH [22].

Methods

Publications were identified via PubMed. Additional refer-
ences that were included within the identified articles were
also considered for inclusion in the review. Search terms in-
cluded: sleep, HIV, and metabolites. Studies were chosen
based on relevancy, being published in the last 10 years, and
primary data collection methods.

Results
Sleep and inflammation

Sleep and the immune system share regulator molecules called
cytokines [23]. HIV and other viral infections trigger the pro-
duction of both anti- and pro-inflammatory cytokines which
affect both the immune response and metabolism [24].
Cytokines are involved in both physiological sleep and the
disrupted sleep that occurs in response to infection or chronic
inflammation [23]. It is posited that sleep influences the im-
mune system through the action of cytokines that are regulated
during sleep [23]. Sleep loss results in increased secretion of
pro-inflammatory cytokines interleukin 6 (IL-6) and tumor
necrosis factor alpha (TNFa) [25] and has been associated
with a decrease in natural killer cell, T lymphocyte cell, and
monocyte function [26]. HIV infection and its comorbidities
such as encephalitis have been found to alter cytokine levels
[27]. As sleep disturbances are linked to changes in inflam-
mation, sleep-regulating hormones, and cytokine levels, it will
be important to clarify the metabolomic mechanisms underly-
ing these changes to guide novel treatments for sleep distur-
bances among PLWH.

Psychosocial factors and sleep disturbances
Stressful life events are strong predictors of the intensity of
HIV-related fatigue and impaired function [28]. A recent study

found HIV infection to not be systematically associated with
greater sleep disturbances among women. This suggests that
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HIV-related sleep disturbances may be secondary to concom-
itant psychosocial factors [29]. Women living with HIV who
report symptoms of insomnia are more likely to be depressed
[30]. Symptoms of HIV likely to be associated with sleep, and
particularly with insomnia, include pain, anxiety, fatigue and
depressive symptoms [13, 30]. Thus, the consequences of
insomnia (fatigue, mood disturbances, etc.) are also
compounded by the HIV infection [6]. Accordingly, research
studies should consider and control for common HIV symp-
toms that might contribute to sleep disorders in order to better
discern the underlying mechanisms associated with this rela-
tionship among this population.

Antiretroviral therapy and sleep disturbances

Sleep disturbances are a known side effect of certain combi-
nation antiretroviral therapies (cART), specifically non-
nucleoside reverse transcriptase inhibitors (NNRTI) [31]. In
particular, PLWH taking efavirenz were observed to have lon-
ger sleep latencies and shorter duration of deep sleep in the
first weeks of treatment [32]. A study by Shikuma et al.
showed that the discontinuation of efavirenz after 12 weeks
of therapy did not reverse sleep abnormalities [33]. Recent
findings from Payne et al. suggest that although withdrawal
from efavirenz did result in improved self-reported sleep qual-
ity among PLWH, it will not readily result in significant
changes in neurocognitive function [34]. Another study found
that men with HIV treated with cART for at least 6 months
were less likely to be diagnosed with obstructive sleep apnea
[35]. Case studies have observed OSA accompanying HIV-
associated lipodystrophy and fat redistribution after antiretro-
viral therapy [36, 37].

Lack of studies exploring metabolomics, sleep,
and HIV

Only two studies have explored metabolomics, sleep, and
HIV [38, 20]. One prior study involving 139 subjects explored
self-reported sleep disturbance, CD4 count, and 24 h urinary
dopamine levels in ethnic minority women living with HIV
[20]. They found that increased sleep disturbance was corre-
lated with significantly reduced CD4 count and significantly
decreased levels of dopamine. Poorer overall sleep quality
was minimally associated with lower CD4 count and was
not associated with dopamine. This study was limited by its
cross-sectional design and subjective measure of sleep distur-
bance. These results suggest the possibility that metabolic
differences may drive sleep disturbances and poorer outcomes
in PLWH.

A study by Zhao et al., 2019, [38] illustrated that elevated
ceramide levels were more closely associated with PLWH than
those living without HIV when exploring the link to carotid
atherosclerosis. Moreover, results showed that increased
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Table 1

Author and year Metabolite/biomarker Population

Comments

Seay et al. 2013 CD4 and 24

h urinary dopamine living with HIV

Zhao et al. 2019 Ceramides (C16:0 and C24:1) 398 women (73% HIV+)
and 339 men (68% HIV+)

139 ethnic minority women

Increased self-reported sleep disturbance was correlated with
significantly reduced CD4 count and decreased levels of dopamine

C16:0 and C24:1 correlated with specific markers of immune
activation and inflammation associated with progression
of carotid artery atherosclerosis

ceramide levels were linked with cART use among participants
living with HIV. Specifically, C16:0 (palmitoyl ceramide) and
C24:1 (lignoceric ceramide) were found to be closely associ-
ated with specific monocyte activation, inflammation markers,
and surface markers of CD4+ T cell activation. This study
suggests that specific ceramides (C16:0 and C24:1 ceramides)
correlating with specific markers of immune activation and
inflammation are significantly associated with progression of
carotid artery atherosclerosis. Prior findings from Pak et al.,
2018 [39] showed that lower levels of ceramide species, main-
ly C16, C18:1 (N- Stearoylsphingosine), and C14 (N-
myristoylsphingosine) were associated with sleepiness in sub-
jects with suspected sleep apnea. Thus, it is possible that
ceramides linked to inflammation are also linked to sleep dis-
orders. These results will need to be replicated in a population
of PLWH. See Table 1 for details. A total of two studies (Zhao
et al., 2019, [38]; Seay et al., 2013 [20] were selected that met
our search criteria (Table 1).

Conclusion

Overall, there is a need to clarify the mechanistic link between
HIV and sleep disorders as they may share metabolic path-
ways. A review of the literature on the mechanistic link of
metabolomics and sleep disorders in HIV has shown a lack
of studies examining this association, with searches only
yielding 2 studies. A study by Seay et al. found that sleep
disturbance is independently related to immune status and do-
pamine levels in ethnic minority women living with HIV.
Another study by Zhao et al. found that ceramides C16:0
and C24:1 were positively associated with inflammation and
immune activation markers in PLWH. It is interesting to note
that a study by Pak et al. showed that lower ceramides C16,
C18:1, and C14 were associated with sleepiness in subjects
with suspected sleep apnea. This suggests that ceramides war-
rant further exploration in this population in the context of
sleep disturbance. Although the direction of the associations
appears different in the two studies (the ceramides were
increased among PLWH and decreased in sleepy suspected
sleep apneic subjects), evaluating this link in a population of
PLWH with sleep disturbances will help in elucidating an
accurate hypothesis about the role of ceramides in

PLWH with sleep disturbances. It will be important to assess
metabolites as they relate to sleepiness symptoms and sleep
duration subjectively and objectively among PLWH.
Additionally, the role of cART (particularly NNRTI use) and
alterations in plasma levels of ceramides and other metabolites
and clarifying the relationship to inflammation and sleep will
be important for future studies. Understanding the role of
metabolomics and sleep disorders in HIV will help to identify
potential targets and elucidate a mechanistic link to improve
patient outcomes in this susceptible population. If we can de-
termine a metabolomic link underlying the mechanism of
sleep disorders in HIV, such as the role of ceramides, then
we can improve sleep disorders by targeting specific metabolic
pathways which could improve both symptoms and disease.
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