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Abstract

Objective: The antiretroviral drug efavirenz (EFV) has been linked to disordered sleep and
cognitive abnormalities. We examined sleep and cognitive function and subsequent changes
following switch to an alternative integrase inhibitor-based regimen.

Methods: Thirty-two HIV-infected individuals on EFV, emtricitabine, and tenofovir (EFV/FTC/
TDF) without traditional risk factors for obstructive sleep apnea (OSA) were randomized 2:1 to
switch to elvitegravir/cobicistat/emtricitabine/tenofovir (EVG/COBI/FTC/TDF) or to continue
EFV/FTC/TDF therapy for 12 weeks. Overnight polysomnography and standardized sleep and
neuropsychological assessments were performed at baseline and at 12 weeks.

Results: No significant differences in change over 12 weeks were noted between the two arms in
any sleep or neuropsychological test parameter. At entry, however, the rate of sleep disordered
breathing (SDB) was substantially higher in study subjects compared to published age-matched
norms and resulted in a high assessed OSA rate of 59.4%. Respiratory Disturbance Index (RDI), a
measure of SDB, correlated with age- and education-adjusted global neuropsychological z-score
(NPZ) (r=-0.35, p=0.05). Sleep Maintenance Efficiency, Wake after Sleep Onset, REM Sleep and
RDI correlated with domain-specific NPZ for learning and memory (all p-values < 0.05).

Conclusion: Among HIV-infected individuals on EFV-based therapy and without traditional risk
factors for OSA, sleep and neuropsychological abnormalities do not readily reverse after
discontinuation of EFV. High baseline rates of SDB and abnormalities in sleep architecture exist in
this population correlating with neuropsychological impairment. The role of HIV immuno-
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virologic or lifestyle factors as contributing etiologies should be explored. OSA may be an under-
recognized etiology for cognitive dysfunction during chronic HIV.
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INTRODUCTION

Efavirenz (EFV) is a potent non-nucleoside reverse transcriptase inhibitor used in the
treatment of HIV. The drug is marketed in the US as a fixed dose combination tablet of EFV/
emtricitabine/tenofovir (EFV/FTC/TDF, Atripla®) taken once-daily at bedtime. Integrase
inhibitors have largely replaced EFV as a first line treatment option in developed regions,
but the drug remains heavily utilized in low and middle-income countries (LMIC).

Neuropsychiatric disturbances have been reported in 25 to 70% of patients receiving EFV1.
Many of these disturbances, such as vivid dreams, insomnia and/or frequent awakenings,
suggest that sleep architecture is altered by this drug. While the rates and intensity of the
symptoms are believed to improve within a few weeks post initiation of EFV, the symptoms
persist in up to half of individuals for 6 months or longer?3. Furthermore, concerns have
been raised regarding potential neurotoxic properties of EFV4 and at least two cross-
sectional studies have reported a linkage between EFV and cognitive impairment as assessed
by neuropsychological testing®®.

While a few studies have examined changes in immunologic and various side effect profiles
following a structured switch from an EFV-based to a non-EFV-based regimen, none have
examined both sleep and neuropsychological performance in a controlled prospective
design. The present study addressed this gap using overnight facility-based
polysomnography (PSG) and standardized sleep and neuropsychological assessments at
baseline and again after 12 weeks following randomization to either continue
EFV/FTC/TDF or switch to open-label elvitegravir/cobicistat/emtricitabine/tenofovir (EVG/
COBI/FTC/TDF, Stribild®).

MATERIALS AND METHODS

Subjects and Study Design of the Switch Study

This study, H027 “‘Change in Sleep Architecture and Neuropsychological Performance
Following Switch from Atripla to Stribild’, was approved by the Committee on Human
Subjects of the University of Hawaii (UH). Written informed consents were obtained from
all participants. All study visits were completed at the UH Clinics at Kakaako, John A.
Burns School of Medicine, UH at Manoa.

Entry inclusion criteria included age 18 to 70, and on EFV/FTC/TDF antiretroviral therapy
(ART) for > 12 months with documented plasma HIV RNA < 50 copies/ml within 3 months
of entry. Self-reported symptoms of sleep or cognitive difficulties were not required for
enrollment. Exclusion criteria included any documented plasma HIV RNA > 100 copies/ml
within the past 6 months, untreated hepatitis C, any uncontrolled chronic illness or acute
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illness within 2 weeks of entry, creatinine clearance (Cockcroft and Gault) < 70 ml/min,
hemoglobin < 9.0 g/dL, absolute neutrophil count < 500/uL, platelet count < 40,000/uL,
AST (SGOT) and ALT (SGPT) > 5x upper limit of normal (ULN), substance use disorder
that would interfere with protocol compliance or data fidelity, pregnancy or breast-feeding,
documented or likely viral resistance or contra-indication to the use of EVG/COBI/FTC/
TDF, major depression based on the Beck Depression Inventory — 11 (BDI-2), or use of any
immunomodulator, HIV vaccine or investigational therapy within 30 days of study entry. In
addition, individuals with a documented history of obstructive sleep apnea (OSA) or
moderate to high risk for OSA were excluded. Moderate to high risk of OSA was defined as
body mass index (BMI) > 30 plus two of the following: history of habitual snoring, gasping/
choking or observed apnea while sleeping, and neck circumference > 17 inches.

Individuals meeting entry criteria were randomized 2:1 to either continue on EFV/FTC/TDF
(EFV continuation arm) or switch to EVG/COBI/FTC/TDF (switch arm) for the 12-week
course of the study. There was no placebo medication utilized in this study, and once
randomized, both investigators and subjects were aware of the arm to which the subject had
been randomized. All participants completed a facility-based PSG and neuropsychological
testing at baseline and at the 12-week follow-up. The Epworth Sleepiness Score’, Pittsburgh
Sleep Quality Index (PSQI)8, and the RAND 36-Item Health Survey (version 1.0) were
obtained at entry and at the end of the 12 week study. The questionnaires were administered
and scored following standardized procedures. Adverse events on study were graded using
the Division of AIDS Table for Grading the Severity of Adult and Pediatric Adverse Events
Version 1.0, December 2004; Clarification August 2009°.

Polysomnography and Diagnosis of OSA

Overnight PSG was conducted at the American Academy of Sleep Medicine (AASM)-
accredited Sleep Center at Queen’s Medical Center, Honolulu, Hawaii. Data acquisition was
performed by a registered polysomnographic technologist. Studies were scored by a blinded
registered polysomnographic technologist and read by a blinded board-certified sleep
specialist (B. Soll) using the rules, terminology, and technical specifications described in the
AASM Manual for the Scoring of Sleep and Associated Events, Version 2.1. The following
parameters were recorded: EEG (F3-M2, F4-M1, C3-M2, C4-M1, 01-M2, 02-M1), E1-M2
and E2-M2, 3 submental EMGs, right and left anterior tibialis EMG, EKG, shore channel,
nasal pressure, oral/nasal airflow, thoracic and abdominal inductive plethysmography, and
oxygen saturation. Sleep disordered breathing (SDB) calculated as the apnea hypopnea
index (AHI) and respiratory disturbance index (RDI) was scored according to AASM
standards. Specifically, apnea was defined as a 90% reduction in airflow lasting 10 seconds
or more. Apneic events were defined as obstructive in nature when accompanied by
continued or increased inspiratory effort and defined as central in nature when accompanied
by absent inspiratory effort. A mixed classification was defined by initial absence of
inspiratory effort followed by resumed effort. Hypopnea was defined by a 30-90% reduction
of nasal pressure lasting 10 seconds or longer with at least 4% desaturation. Respiratory
effort related arousal (RERA) was defined as a sequence of respiratory events lasting 10
seconds or more accompanied by an increased effort to breath and a reduction in flow that
did not meet criteria for apnea or hypopnea, followed by an arousal from sleep. OSA was
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defined using the AASM definition as an RDI>15 or an RDI 5-15 accompanied by
symptoms or comorbidities. Sleep parameters assessed are as listed in Table 1.

Neuropsychological Testing

Neuropsychological testing was conducted by trained psychometrists at the UH Clinics at
Kakaako with quality assurance of testing procedures provided by neuropsychologist (R
Paul). Subjects were tested in a quiet room to minimize distractions and provided breaks as
needed. The neuropsychological battery involved a series of tests that were selected to assess
the function of specific domains known to be sensitive to HIV-related cognitive dysfunction.
Raw scores from individual assessments were converted to standardized z-scores using
published norms adjusted for age, sex, and education where applicable1®11, The z-scores of
individual tests were averaged according to domains to obtain domain-specific Z-scores. Z-
scores from all assessments in the neuropsychological battery were aggregated and averaged
to create a global measure of cognitive performance (NPZ-Global). The domains evaluated
and the tests utilized for each domain and for the global score were as follows: Learning and
Memory (CVLT Total, CVLT Long-Delay Free Recall, BVMT Total, BVMT Delayed
Recall); Executive Function (FAS, Stroop, Trail B, Action); Working Memory (WAIS IV
DIGIT Span Backward, CVLT B, WAIS IV Letter Number); Psychomotor Speed (WAIS IV
Digit Symbol, Trail A, Grooved Pegboard Dominant, Grooved Pegboard Non-Dominant);
Global (All components used in domains previously listed plus CalCap Choice, CalCap
Sequential, and Timed Gait). Data on impairment in work or activities of daily living was
not collected in this study, and clinical determination of cognitive impairment was therefore
not possible to ascertain. However, the percentage of individuals who would have at least
met criteria for asymptomatic neurocognitive impairment (ANI) based on the Frascati
criteria was calculated using the criteria of average scores < —1.0 on 2 of the 4 domains?2.

Separate HIV-Infected Comparison Group on Non-EFV Containing Regimens

Following awareness during the study of the high rates of sleep abnormalities noted at
baseline in our study participants, we recruited a separate small cohort of HIV-infected
individuals on non-EFV-containing regimens to preliminarily assess whether the extensive
sleep abnormalities noted were specific to EFV based therapy. These subjects underwent
overnight PSG and standardized sleep and neuropsychological assessments similar to
subjects who entered the switch study but on a one-time basis.

Statistical Analyses

Demographic, clinical, and immunologic information was summarized by median
(interquartile range) values for continuous variables and frequency (percentage) for
categorical variables. Baseline characteristics of participants between the two arms and
between subjects enrolled into the switch study and into the non-EFV comparison group
were compared by Wilcoxon Rank Sum Test. Fisher’s Exact Test was used to compare
categorical variables between groups. Baseline characteristics of the study participants were
compared to age-corrected normative data by Mitterling et al'3 using one-sample Wilcoxon
Signed Rank Test. Normative values from this study were selected because this study was
conducted utilizing the more recent AASM 2012 version 2.0 criteria and, similar to our
study, excluded individuals at high risk of OSA.
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Associations between variables were examined using Pearson correlations. Continuous
variables with skewed distributions were log-10 transformed or square root transformed
prior to analyses. For variables that were log-10 transformed, O values were first converted to
0.01 before transforming. Pearson correlation analyses for stage 3 sleep were performed
utilizing only the data from the subjects who had detectable stage 3 sleep (62.5%). All
statistical analyses were conducted in SPSS (IBM, Version 24). A two-sided p-value < 0.05
was utilized to define statistical significance.

Effect sizes for Wilcoxon Rank Sum and Wilcoxon Signed Rank tests were calculated by
dividing the Z statistic by the square root of the sample size to obtain a pearson r coefficient,
and are denoted ryy. Cramer’s V statistic is reported for the effect size of Fisher’s Exact Test.
The effect sizes ryy and V, as well as Pearson’s correlation coefficient r, are interpreted as
small (effect size < £0.2), medium (0.2 > effect size < £0.5), and large (effect size = £0.5).

Baseline Demographic and Clinical Patient Characteristics and Safety on Study

A study flow diagram is shown in Figure 1. Thirty-two participants entered and completed
the study. These subjects were on EFV-containing regimens for a median (IQR) of 6.7 (5.3,
8.9) years. Baseline demographic and clinical characteristics (shown in Table 1) were similar
between the treatment arms. Subjects were all males, predominately Caucasian with a
median age of 50 years and were all virologically suppressed.

Self-reported history of hypertension, diabetes, and depression were obtained in 34.4%,
6.3%, and 28.1% of subjects, respectively. No subject gave a history of diagnosed dementia
or atherosclerotic disease. Eighteen (56.3%) individuals reported snoring but only 3 (15.8%)
reported nightly or habitual snoring. Five (15.6%) reported regular use of pharmaceutical
sleep aides; and 23 (71.8%) reported one or more awakenings each night, primarily to use
the bathroom. No significant differences were noted in these parameters between the 2 arms
of the study.

The study was well tolerated clinically. All subjects on entry had plasma HIV RNA < 50,
and at the end of the 12 week study, virologic suppression was maintained in all subjects
except for one subject on the continuation arm with a value of 114 copies/ml who admitted
to occasional non-compliance with his antiretroviral therapy. No serious adverse events
(SAES) occurred on study. Two grade Il adverse events (AEs) [both cholesterol elevations]
occurred in the switch arm and 3 grade 11 AE [one an elevation of AST, one LDL cholesterol
elevation and one triglyceride elevation] occurred in the continuation arm.

Baseline Sleep Parameters

The median (IQR) values for sleep parameters at baseline among study subjects by arm are
also shown in Table 1. All baseline sleep parameters were similar between the 2 randomized
arms of the study.

A high rate of SDB was found at baseline in our study subjects. The overall median RDI
(IQR) of the 32 subjects recruited at baseline was 8.3 (2.7, 19.8). Using AASM criteria, 11
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(34%) subjects were classified as normal (RDI<5), 9 (28.1%) as mild (RDI 5 to <15), 9
(28.1%) as moderate (RDI 15 to <30), and 3 (9.4%) as severe (RDI=30). Based on these
RDI values plus symptoms or co-morbidities, 59.4% of the participants met AASM criteria
for OSA.

As possible, baseline sleep parameters were compared to age- and gender-adjusted
normative data as reported by Mitterling et al'3. The median overall sleep efficiency (sleep
time/study time) and sleep latency (lights out to first sleep period) were similar as was the
Wake After Sleep Onset percent (WASO%). SDB was reported by AHI and not RDI in this
publication. The overall median AHI at baseline in our study subjects was 4.0 (1.4, 10.8).
This value was significantly higher than the median value of 2.6 reported for healthy
individuals between the ages of 51-60 by Mitterling et al (ry = 0.41, p=0.018). In addition,
our study subjects spent significantly less time in stage 3 sleep compared to reference norms
(3.7% vs 15.5%, ry = -0.77, p<0.001) with more than one third (37.5%) recording no time
in stage 3 sleep. REM sleep percentage was higher in study participants compared to norms
(18.1% vs 12.2%, ny = 0.53, p=0.002) and REM latency was prolonged (119.3 vs 97.5
minutes, ry = 0.40, p=0.025).

Epworth scores of 11 or greater were observed in 3 (9.4%) individuals at baseline. Scores of
5 or greater indicative of poor sleep quality by PSQI were observed in 59.4% of the cohort.
Neither the Epworth score nor the PSQI total score correlated with AHI, RDI or any sleep
architecture parameters.

CD4 percent correlated positively with Sleep Maintenance Efficacy (r=0.514, p=0.004) and
Sleep Efficacy (r=0.463, p=0.011) and negatively with WASO% (r= -0.532, p=0.003) and
REM latency (r= —0.410, p=0.027).

Baseline Neuropsychological Performance and Correlation to Sleep Parameters

Baseline global and domain-specific z-scores (shown in the first 2 columns in Table 1) were
similar between the 2 randomized arms. Zero of 10 participants (0%) on the continuation
arm and 4 of 22 participants (18%) on the switch arm met the criteria of ANI. Correlations
between neuropsychological test performance and baseline sleep parameters are shown in
Table 2. Poorer NPZ-Global correlated with higher RDI scores. Working Memory correlated
positively with Sleep Maintenance Efficiency and negatively with WASO (%). Learning and
Memory correlated positively with Sleep Efficiency, Sleep Maintenance Efficiency and
REM Sleep, and negatively with WASO (%) and RDI.

Change in Sleep and Neuropsychological Performance over 12 Weeks

Baseline to week 12 changes in sleep and neuropsychological performance by arm are
shown in Table 3. No significant changes between the 2 arms were found for any sleep or
neuropsychological parameter.

Sleep Evaluation in HIV-infected Individuals on Non-EFV-Containing Regimens

Nine virologically suppressed HIV-infected individuals on non-EFV-containing ART were
recruited to preliminarily assess whether the high rates of sleep abnormalities were unique to
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individuals on EFV-based therapy. Their demographic, clinical and immunologic data were
similar to the combined baseline values of subjects on EFV-containing ART enrolled into the
switch study. Sixty-seven percent were on Integrase Inhibitor-based regimens. Three
individuals had a previous history of EFV-based therapy; however, all had discontinued EFV
12 months or more before enrollment.

Sleep Efficiency, Sleep Maintenance Efficiency, WASO (%) and Respiratory Effort Related
Arousals (RERA) were worse, rather than better, compared to the baseline sleep parameters
of the switch study participants on EFV (ry > £0.27, p<0.1) while percentage of REM, stage
3 sleep, and RDI values were similar (ry < £0.17, p > 0.2). Comparing the baseline values
between the all EFV subjects and these 9 non-EFV subjects, there were no differences in
NPZglobal, or in the domains of working memory, executive function or psychomotor
speed. There was a significant difference in learning memory (median 0.04 in EFV subjects
vs 0.59 in non-EFV subjects, p=0.035).

DISCUSSION

Our study did not reveal any changes in any sleep or neuropsychological outcome following
switch to a non-EFV containing treatment regimen. The one previously published
interventional study that examined the impact of EFV on sleep using overnight PSG
assessed these parameters in ART-naive individuals with EFV used as part of first time
therapy4. This study did not measure SDB but noted an increase, rather than a decrease, in
stage 4 sleep (now considered part of stage 3 sleep), and a modest increase in REM sleep.
Considering that HIV immuno-virologic changes, such as lower CD4 count, are known to
correlate with sleep disturbances!® as well as with cognitive dysfunctionl®, we reasoned that
the drug effect of EFV could have been confounded by a ‘return to health” phenomenon.
Therefore, a better method for assessing possible outcomes of EFV treatment would be to
determine whether these parameters improved when EFV-based therapy was discontinued in
favor of a non-EFV-containing therapy. In respect to neuropsychological parameters, one
small pilot study of 16 subjects reported that EFV discontinuation was unlikely to modify
neurocognitive functionl’. Our study similarly found a lack of ready reversal with EFV
discontinuation. This may suggest a limited etiologic role for EFV in inducing sleep and
cognitive dysfunction. It is possible that our inability to demonstrate differences may have
been secondary to a small sample size. It is further possible that we may have recruited
subjects more able to tolerate EFV considering their median duration of EFV use of close to
7 years. Finally, it is also possible that a component of irreversibility may exist in the disease
process when continued for a long duration, as has been suggested for OSA-induced
neuronal injuryl8,

Perhaps the most significant findings from this study were the high rates of SDB and OSA
as well as disturbances in sleep architecture found at entry in this cohort of virally
suppressed patients on EFV/FTC/TDF who were specifically selected because they did not
have high traditional risk factors for OSA. The median RDI observed in our study was high
(8.3), and well above the cutoff of < 5 considered normal by AASM criteria. Based on RDI
plus symptoms or co-morbidities, OSA was diagnosed in 59.4% of the subjects. OSA is a
serious medical condition linked not only to excessive day-time sleepiness but to increased
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risk for cardio-metabolic disease including hypertension, myocardial infarction, stroke and
diabetes9-23 as well as to risk of neurocognitive impairment824, It is therefore not
surprising that in our study sleep abnormalities correlated with neuropsychological
performance particularly in tests of learning and memory. Risks associated with OSA may
be partially modifiable with the use of continuous positive airway pressure (CPAP)19:21.25
and consideration for possible CPAP therapy may be warranted as a next step in our
subjects.

The high rate of OSA at baseline was unexpected as the study entry criteria excluded
individuals with moderate to high risk for OSA. This may have important implications for
clinical care. The use of traditional risk factors to screen for OSA may not be an effective
screening strategy in individuals with chronic HIV. Many participants did not have a
sleeping partner, limiting the ability to report snoring, gasping and chocking or observed
apnea to their medical provider. Furthermore, the lack of correlations between PSG-defined
AHI and RDI with the Epworth Sleepiness Scale and the PSQI suggests that these
questionnaires may not be effective screening tools for OSA in a HIV-infected population.
This is consistent with some studies in the general population that have concluded that these
two questionnaires, while important for understanding subjective sleep quality, are not ideal
indicators of OSAZ26:27_ Collectively, our results indicate the importance of careful clinical
attention in the diagnostic process and clinical care of OSA in individuals with chronic HIV.

Patient self-report and/or electronic medical records may be insufficient to determine OSA
in HIV. A Veteran’s Administration study relying on electronic medical records and coded
data found lower prevalence of OSA diagnoses in HIV-infected patients than HIV-uninfected
patients28 while the MACS and the Women’s Interagency HIV Study (WIHS), using
pulmonary questionnaires, found higher reported diagnoses when adjusted for confounders
such as age and BMI2°. Our findings are most consistent with a separate MACS study which
utilized over-night PSG studies. The MACS found a rate of RDI > 5 in 70.7% of their HIV+
subjects on ART30, Their population, unlike our study, however, did not exclude individuals
with traditional risk factors for OSA.

Alterations in sleep architecture consisting of a decrease in stage 3 also known as slow wave
sleep (SWS) and an increase in REM sleep were seen in our study subjects. These
parameters may be related to OSA as it has been reported that OSA severity is associated
with less time in deep sleep3L. The percent of stage 3 sleep in our cohort (median of 3.7%)
was extremely low, with a surprising 37.5% of subjects having zero stage 3 sleep. Decreased
SWS has been similarly described in a cross-sectional study of HIV-infected patients on
EFV32, and in HIV-uninfected individuals with histories of alcohol and illicit drug use33. It
has also been described in conjunction with increased REM sleep duration that is
characteristic of depression34. The significance of these sleep architecture alterations is
unclear. Both REM and SWS have been implicated in memory consolidation. It has been
proposed that SWS facilitates consolidation of declarative and spatial memories, whereas
REM sleep facilitates consolidation of nondeclarative memories®. It has been recently
reported that SWS disruption increases CSF amyloid-p levels3®, further suggesting a
potential connection between sleep and cognitive problems.
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Because of the high rates of sleep disturbances on entry in our subjects on EFV/FTC/TDF,
we undertook sleep evaluations in a small cohort of individuals not on EFV-containing
regimens and found similar rates of sleep disturbances in these individuals as well. This,
together with the lack of traditional risk factors for OSA at entry in our study subjects and
the lack of response to discontinuation of EFV, may indicate that factors other than EFV
such as HIVV immuno-virologic changes or other yet to be identified risks in individuals with
chronic HIV may at least partially account for some of the sleep abnormalities found in our
study. In our study, lower CD4 percent was associated with poorer sleep efficiency and sleep
maintenance efficacy as well as increased sleep fragmentation as reflected by higher WASO
%. SDB in untreated HIV has been reported to be associated with higher HIV viral loads as
well as high CRP, TNFa, TNFRII and IL-6 levels37-38. Even with the use of potent
combination ART, HIV-associated immune activation may result in OSA via blunted
neuromuscular control of the upper airway3. It is also possible that lifestyle factors such as
tobacco, alcohol and substance use may be partially responsible?9-42. Supportive of this
hypothesis, the MACS sleep study found sleep abnormalities including RDI to be highly
prevalent and increased not only in their HIV-infected subjects but also in their sero-negative
subjects, concluding that their sample was not representative of the general population and
may be at higher risk for sleep disordered breathing3°.

Our study results may have been influenced by the small sample size, and the groups may
have included individuals who were more capable of tolerating EFV as we did not recruit
based on symptoms. Subjects in this study had a relatively long duration of use of EFV-
based therapy prior to enrollment, and it is possible that a 12-week period was insufficient to
detect change. Furthermore, we cannot address the potential interaction with sex, as the
cohort included only males. The strengths of this study include the use of formal facility-
based over-night PSG and concomitant evaluation of neuropsychological performance. Our
study raises important questions about sleep and cognition that will require further
investigation.

In summary, our study found that discontinuation of EFV in virally suppressed HIV-infected
subjects on EFV/FTC/TDF therapy for 12 weeks did not readily reverse sleep or
neuropsychological abnormalities. We found however surprisingly high rates of OSA,
decreased stage 3 sleep, and increased REM sleep at entry in this group specifically selected
to be without high traditional risk factors for OSA. Further studies are warranted to define
the prevalence, risks, and diagnostic as well as treatment strategies for OSA among
individuals with chronic HIV.
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Study Design
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Table 1:

Baseline Characteristics of Switch Study by Arms
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Switch Study Baseline Values

EFV/FTC/TDF Continuation
Arm (N =10)

EVG/COBI/FTC/TDF
Switch Arm (n=22)

P-Valuejr Effect SizeH

Demographic and Clinical Parameters

Age, years 48 (44, 57) 50 (39, 58) 0.82 -0.03
Male, n (%) 10 (100%) 20 (90%) 1.00 0.17
Body Mass Index, kg/m? 27.1(25.1,28.8) 26.7 (24.5, 30.8) 0.95 0.01
Neck Circumference, inches 15.6 (15.2, 16.2) 15.6 (15.0, 15.8) 0.87 0.02
Caucasian, n (%) 6 (60%) 10 (46%) 0.70 -0.13
Nadir CD4+ T-Cells, ceIIS/uLA 298 (130, 429) 255 (124, 422) 0.74 0.06
CD4+ T-Cells, cells/pL 672 (566, 935) 610 (444, 768) 0.50 0.11
CD4+ T-Cell Percent 39 (33, 49) 39 (28, 44) 1.00 0
CD4/CD8 Ratio 1.1(0.8,1.4) 1.1(0.8,1.6) 0.82 -0.04
Sleep Parameters
Sleep Efficiency 81.9 (75.6, 88.8) 81.9 (75.5, 86.9) 0.88 -0.02
Sleep Maintenance Efficiency 86.7 (77.2,91.6) 86.1(81.5,92.9) 0.64 -0.08
Sleep Latency, minutes 7.7 (3.5, 13.0) 12.7 (9.5, 20.0) 0.11 -0.27
Wake after Sleep Onset (WASO), 13.3(7.4,24.8) 13.9 (6.8, 19.2) 0.66 0.07
percent
Spontaneous Arousal Index (SAI) 5.7(45,7.7) 6.9 (4.4,9.9) 0.48 -0.12
REM Latency, minutes 126 (99, 179) 113 (76, 159) 0.58 0.09
REM Sleep, percent 15.2 (13.2, 20.6) 18.9 (12.3, 22.4) 0.74 -0.05
Stage 3 Sleep, percent 24(11,6.2) 4.5 (0, 9.6) 0.88 -0.02
Apnea-Hypopnea Index (AHI) 2.7(1.5,5.5) 6.3 (1.3, 12.9) 0.25 -0.20
Respiratory Effort Related Arousals 1.1(0.9,6.4) 4.7 (1.4,12.7) 0.09 -0.29
(RERA)
Respiratory Disturbance Index (RDI) 6.9 (2.6, 10.0) 14.4 (3.6, 21.3) 0.16 -0.24
Obstructive Sleep Apnea, n (%) based 6 (60%) 13 (59%) 0.98 -0.01
on RDI
Epworth Sleepiness Scale 5.5(3.0,8.0) 6.5 (5.0, 8.0) 0.63 -0.08
PSQI Total Score 8.5 (5.0, 12.0) 6.0 (4.0, 8.0) 0.12 0.27
Neuropsychological Z-scores
NPZ Global -0.06 (-0.17, 0.15) 0.05 (-0.47, 0.55) 0.91 -0.01
NPZ Learning and Memory 0.09 (-0.76, 0.40) 0.02 (-0.98, 0.58) 0.95 0.01
NPZ Executive Function 0.17 (0.01, 0.43) 0.35 (-0.80, 0.69) 0.47 -0.12
NPZ Working Memory -0.52 (-0.66, —0.11) 0.05 (-0.72, 0.50) 0.15 -0.25
NPZ Psychomotor Speed 0.50 (0.35, 0.87) 0.43 (-0.10, 0.89) 0.64 0.08

Median (quartile 1, quartile 3) presented for continuous variables; n (%) presented for categorical variables.

PSQI = Pittsburgh Sleep Quality Index. REM = Rapid Eye Movement.
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N

By patient report. All parameters were comparable between the 2 arms.
£ . . . . .
Wilcoxon Rank Sum test used to compare continuous variables, Fisher’s exact test used to compare categorical variables.

H - .
Wilcoxon Z statistic transformed to effect size ryy, ny = ZAWVN.
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Table 2:

Page 15

Correlations between Sleep and Neuropsychological Performance Parameters in Switch Study Subjects at
Baseline. Baseline values from both arms were combined for analyses.

NPZ Global18 NPZ Psychomotor NPZ Working NPZ Learning and NPZ Executive
memory Memory Function

Sleep Efficiency (%) r=0.15, p=0.39 r=-0.02, p=0.87 r=0.19, p=0.28 r=043" p=0.01 r=-0.01, p=0.92
Sleep Maintenance r=0.26, p=0.14 r=0.01, p=0.94 r=0.36" p=0.03 r=0.49"" p=0.004 r=0.10, p=0.58
Efficiency (%) ' '

Wake After Sleep Onset r=-0.26, p=0.15 r=-0.01, p=0.95 r=-037" p=0.04 r=-0.50"* r=-0.10, p=0.59
(WASO) (%) p=0.004

Spontaneous Arousal r=-0.07, p=0.66 r=-0.07, p=0.66 r=0.11, p=0.53 r=-0.32, p=0.07 r=-0.02, p=0.91
Index (SAI)}

Sleep Latency{(min) r=0.25, p=0.17 r=0.11, p=0.55 r=0.29, p=0.11 r=0.18, p=0.32 r=0.34, p=0.06
REM Latency (min) r=-0.08, p=0.62 r=0.03, p=0.84 r=-0.22, p=0.21 r=-0.18, p=0.30 r=-0.10, p=0.58
REM Sleep (%) r=0.32, p=0.06 r=0.04, p=0.80 r=0.33, p=0.06 r=050"" p=0.003 r=0.32, p=0.07
Stage 3 Sleep¢(%) r=0.27, p=0.12 r=0.10, p=0.55 r=0.27, p=0.12 r=0.30, p=0.09 r=0.09, p=0.60
Apnea Hypopnea Index r=-0.07, p=0.71 r=-0.08, p=0.64 r=-0.19, p=0.29 r=-0.10, p=0.58 r=-0.01, p=0.91
(AHDT
Respiratory Disturbance (= _035% p=0.05 = ~0.31,p=0.09 r=-0.28, p=0.10 r=-0.35" p=0.05 r=-0.24, p=0.17
Index (RDI)¢

*

p<0.05.

Ak
p<0.01.

£ . .
Variable was Log-transformed, 0 values were converted to 0.01 to allow for transformation.

.
Variable was square root transformed.
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Page 16

Change in Sleep and Neuropsychological Performance Parameters over 12 Weeks in Switch Study Subjects by

Arm
EFV/FTC/TDF (Atripla) EVG/COBI/FTC/TDF P-vValue® Effect
Continuation Arm (N = 10)* (Stribild) Switch Arm (N = 22)lt SizeH
Baseline to Week 12 Change: Sleep Parameters
Sleep Efficiency -0.2(-18.1, 8.6) 0(-6.0,3.7) 0.92 0.01
Sleep Maintenance Efficiency 1.5(-5.8,7.6) -0.8(-1.9,3.8) 0.76 0.05
Sleep Latency, minutes 0.5 (-1.0, 28.0) -2.5(-10.0, 12.3) 0.36 0.17
Sleep Arousal Index (SAI) -1.2(-1.7,-0.5) -0.3(-4.6,1.6) 0.51 -0.12
Wake After Sleep Onset (WASO), -1.4(-12.3,8.4) 0.8(-4.2,1.9) 0.74 -0.05
percent
REM Sleep, percent 1.9 (-3.8,3.6) 0.1(-3.8,4.9) 1.00 0
Stage 3 Sleep, percent -1.6 (-2.4,2.6) 0(-3.7,1.6) 0.98 0
Apnea-Hypopnea Index 2.9(0.6,4.0) 0.9(-1.7,4.3) 0.13 0.28
Respiratory Disturbance Index 43(26,9.1) 3.0(-2.7,5.2) 0.20 0.24
Epworth Sleepiness Scale -0.5(-2.0, 4.0) 0(-3.0,2.0) 0.67 0.07
PSQI Total Score 0(-1.0, 1.0) -1.0 (-2.0, 1.0) 0.54 0.11
Baseline to Week 12 Change: Neuropsychological Z-Scores

NPZ Global 0.2 (-0.04, 0.35) 0.08 (-0.16, 0.34) 0.50 0.12
NPZ Learning and Memory 0.46 (-0.03, 1.03) 0.27 (-0.04, 0.77) 0.52 0.11
NPZ Executive Function 0.08 (-0.03, 0.63) 0.15 (0.02, 0.54) 0.52 -0.11
NPZ Working Memory 0.08 (-0.05, 0.55) 0.16 (-0.47, 0.63) 0.54 0.11
NPZ Psychomotor Speed 0.02 (-0.13, 0.24) -0.06 (-0.28, 0.34) 0.68 0.07

Median change (quartile 1, quartile 3) presented. Wilcoxon Rank Sum test used to assess changes between groups. PSQI = Pittsburgh Sleep Quality

Index. REM = Rapid Eye Movement.

[Stribild Arm: N = 20 with available entry and week 12 neuropsychological data; N = 20 with available entry and week 12 sleep data.

#Atripla Arm: N = 10 with available entry and week 12 neuropsychological data; N = 9 with available entry and week 12 sleep data.

*
Wilcoxon rank sum test used to compare continuous variables.

H . _ .
Wilcoxon Z statistic transformed to effect size ryy, ny = ZAWVN.
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