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Abstract

Obstructive sleep apnea (OSA) is associated with hypertension, cardiovascular disease, and a
change in the 24 h pattern of adverse cardiovascular events and mortality. Adverse cardiovascular
events occur more frequently in the middle of the night in people with OSA, earlier than the
morning prevalence of these events in the general population. It is unknown if these changes are
associated with a change in the underlying circadian rhythms, independent of behaviors such as
sleep, physical activity, and meal intake. In this exploratory analysis, we studied the endogenous
circadian rhythms of blood pressure, heart rate, melatonin and cortisol in 11 participants (48+4
years; seven with OSA) throughout a 5 day study that was originally designed to examine
circadian characteristics of obstructive apnea events. After a baseline night, participants completed
10 recurring 5 h 20 min behavioral cycles divided evenly into standardized sleep and wake
periods. Blood pressure and heart rate were recorded in a relaxed semirecumbent posture 15
minutes after each scheduled wake time. Salivary melatonin and cortisol concentrations were
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measured at 1-1.5 h intervals during wakefulness. Mixed-model cosinor analyses were performed
to determine the rhythmicity of all variables with respect to external time and separately to
circadian phases (aligned to the dim light melatonin onset). The circadian rhythms of blood
pressure peaked much later in OSA compared to control participants (group x circadian phase,
p<0.05); there was also a trend towards a slightly delayed cortisol rhythm in the OSA group.
Rhythms of heart rate and melatonin did not differ between the groups. In this exploratory
analysis, OSA appears to be associated with a phase change in the endogenous circadian rhythm of
blood pressure during relaxed wakefulness, independent of common daily behaviors.
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sleep disordered breathing; circadian rhythms; circadian clock; blood pressure; adverse
cardiovascular events; non-dipping blood pressure

Introduction

Obstructive sleep apnea (OSA) affects at least 10% of the adult US population, and
depending on age, sex, and body composition can be as high as 90% in some groups
(Senaratna et al. 2017). OSA is associated with hypertension, heart disease, and increased
mortality (Javaheri et al. 2017), but the mechanisms that link the syndrome to its adverse
health outcomes are not well understood. In OSA, the upper airway collapses repeatedly
during sleep causing cycles of asphyxia, arousal and compensatory hyperventilation. Each
apnea/hyperpnea cycle is associated with concomitant cycles of sleep-arousal, hypoxia-
normoxia, hypercapnia-hypocapnia, bradycardia-tachycardia, ischemia-reperfusion,
sympathetic activation-sympathetic withdrawal, and swings in blood pressure (BP) (Somers
et al. 2008). Beyond the acute effects of each respiratory event, OSA has long been known to
disrupt daily patterns of physiologyl. OSA increases both daytime and nighttime BP, but the
increase at night compared to day is proportionately greater, leading to more non-dipping
hypertension (Noda et al. 1993; Young et al. 1997; Seif et al. 2014). Similarly, treatment of
OSA with continuous positive airway pressure (CPAP) improves both daytime and nighttime
BP and reduces the proportion of non-dippers (Akashiba et al. 1999; Martinez-Garcia et al.
2013; Iftikhar et al. 2014; Hu et al. 2015). Other day-night patterns that are altered by OSA
include the elimination or reversal of the ocular pressure rhythm (Pepin et al. 2010), blunted
and disrupted rhythms of circadian clock gene expression in white blood cells (Burioka et al.
2008a; Moreira et al. 2017; Canales et al. 2019; Yang et al. 2019), and increased nocturnal
platelet activity (Barcelo et al. 2012). In the long term, OSA also changes the day-night
pattern of adverse cardiovascular events and mortality. Sudden cardiac death, ventricular
arrhythmias, and myocardial infarctions occur most in the morning in the general population
(Muller et al. 1985; Twidale et al. 1989; Goldberg et al. 1990; Willich et al. 1992), but in
OSA the peak incidence is shifted earlier into the nighttime (Gami et al. 2005; Kuniyoshi et

Lin this paper, we differentiate between daily rhythms of physiological variables (those measures that are rhythmic when measured
across a normal 24 hour period with typical daily patterns of eating, waking, and nightly sleep) from endogenous circadian rhythms
(those measures that are rhythmic in the absence of external time cues and driven by the internal circadian system). Assuming a simple
additive model, the measured daily pattern in a variable such as blood pressure would be the sum of the basal circadian rhythm in
blood pressure plus the effects on blood pressure of the daily responses to environmental and behavioral changes.
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al. 2008; Zeidan-Shwiri et al. 2011). In a study of all cardiovascular deaths, the predicted
morning peak was observed in controls, but the daily pattern was flattened in those with
OSA (Martins et al. 2017).

Day/night physiological and pathophysiological patterns can be driven by responses to day/
night patterns in behaviors such as the daily fasting/feeding cycle, rest/activity cycle, or
sleep/wake cycle, as well as the apneas and arousals that occur specifically during sleep in
OSA. These day/night patterns would be considered to be evoked patterns, because they
depend on daily responses to changes in behavior or the environment. But rhythms can also
be driven by internal ~24 h circadian clocks in the brain and peripheral organs that
coordinate endogenous rhythms of behavior, physiology, and hormonal milieu (Aschoff
1960; Mohawk et al. 2012; Thosar et al. 2018). However, studies showing that OSA can
alter day/night physiological and pathophysiological patterns have usually been conducted in
normal day-night conditions in which the effects of endogenous versus exogenous factors
cannot be distinguished.

To study endogenous circadian rhythms, it is necessary to study the circadian modulation of
physiology while controlling for the effects of common behaviors such as physical activity,
meal intake, and sleep (Thosar et al. 2018). We previously conducted a forced desynchrony
experiment, which standardizes behaviors evenly across a 24-h period, to measure the
contribution of the endogenous circadian system to characteristics of apnea severity during
sleep (Butler et al. 2015). This dataset presented an opportunity to evaluate whether
internally generated circadian rhythms—not just daily rhythms—of BP and hormone
secretion are altered by OSA. Therefore, we completed a retrospective study of endocrine
and cardiovascular rhythms in participants with and without OSA, and focused on measures
obtained during wakefulness to isolate the systemic effects of OSA on circadian rhythmicity
without the acute effects of the apneas themselves (Butler et al. 2015). Rhythms were
analyzed with respect to internal melatonin phase to measure the degree of internal
synchrony to the central clock. Data were also analyzed with respect to the external time of
day (Eastern Standard Time) to determine whether OSA shifted the rhythms with respect to
the environment.

Materials and Methods

Participants.

Eleven overweight or obese participants (4 women), with untreated OSA (n=7; OSA group)
or without OSA (n=4; Control group) were recruited as described previously (Butler et al.
2015). Participant details are shown in Table 1. Briefly, men and women 18-70 years old
and with BMI<40 were recruited. Exclusion criteria were any cardiovascular and renal
disease, diabetes, uncontrolled hypertension, other sleep disorders besides OSA, history of
night shift work, and travel across time zones in the previous 3 months. Suitability for an
extended in-laboratory stay was evaluated by physical exam and psychiatric interview.
Assignment to the OSA and Control groups were made after the study based on the AHI
during the first night in the laboratory (see Results). The study conforms to international
ethical standards for the study of chronobiology (Portaluppi et al. 2010) and was approved
by the Institutional Review Board of Partners Health Care; all participants provided written
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informed consent. Participants with BP >160/100 mmHg were excluded. One participant
with OSA had medically controlled hypertension (lisinopril 20 mg/day). This participant
continued to take medication during the study, and this participant’s data were removed a
priori from all heart rate (HR) and BP analyses.

To stabilize circadian rhythmicity, participants maintained a regular self-selected 8-h sleep
period for at least one week prior to the laboratory study, verified by wrist actigraphy
(Actiwatch, Minimitter, Bend, OR). The selected bed times ranged from 22:30 to 01:00.
Participants abstained from recreational drugs, alcohol, nicotine, caffeine, and other
supplements for the duration of the experiment. Comprehensive toxicology screening of
urine was performed on admission to the laboratory.

Participants stayed in individual laboratory suites for 5 days (Fig. 1) during which they
completed 10 identical cycles of a 2 h 40 min wake period in dim light (<4 lux) followed by
a 2 h 40 min sleep opportunity in darkness. The rationale for this procedure, termed a forced
desynchrony, is that by the end of the protocol, daily routines (identical activities, meals,
BP/HR tests, and sleep opportunities) have occurred evenly spread around all circadian
times (i.e., circadian phases, expressed in degrees). Therefore, this protocol design controls
for daily behaviors and allows circadian rhythms to be detected in the whole dataset.
Rhythms were thus estimated from 10 measurements across ~51 h, corresponding to a
frequency of 9 samples per 24 h, or one sample per ~40° in the 360° circadian phase space
(0° defined by dim light melatonin secretion onset; details below). This is a higher effective
frequency than the 60° resolution obtained in previously published reports from longer
protocols (Shea et al. 2011).

At the beginning of each short wake period, the head of the bed was raised to 45° and
subjects remained semirecumbent for approximately 15 minutes before BP and HR were
measured. BP and HR were recorded as the mean of two measures approximately 5 minutes
apart, obtained on the relaxed upper arm. Trained observers used medium or large Critikon
Sensacuffs, as appropriate, and an automatic oscillometric cuff sphygmomanometer
(Dinamap V100, Critikon Inc., FL). Saliva samples were collected every 60-90 minutes
during wakefulness, therefore allowing endogenous circadian rhythm assessment from an
average of 28 samples (range: 22-31) over ~51 h. These samples were frozen at —80°C and
subsequently thawed and assayed in a single batch for cortisol and melatonin by
radioimmunoassay (Cortisol: Coat-a-count RIA, Siemens, Los Angeles, CA: inter- and intra-
assay coefficients of variation were 4.4-7.9% and 5.4-7.7%, respectively, as reported by the
manufacturer. Melatonin: Buhlmann RK-DSM2, Alpco Diagnostics, Salem, NH: inter- and
intra-assay coefficients of variation at ~3.5 pg/mL were 8.9 and 4.1%, respectively, as
reported by the manufacturer). Full polysomnography was recorded during the baseline
night and scheduled 2h 40 min sleep periods throughout the forced desynchrony protocol
(Butler et al. 2015).
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Phase determination and statistical analyses.

Results

This retrospective exploratory analysis was carried out on the data from a study that was
originally designed and powered to detect differences in circadian rhythms of sleep apnea
severity between people with OSA and healthy controls (Butler et al. 2015). Here,
independent sample t-tests were used to compare anthropometric data between groups.
Period and phase for each participant were estimated from salivary melatonin concentrations
using non-orthogonal spectral analysis (NOSA) with three harmonics (Czeisler et al. 1999).
Circadian phase for each individual was defined by degrees relative to dim light melatonin
onset (DLMO = 0°), calculated as the interpolated time-point when melatonin levels
exceeded 25% of the fitted trough-to-peak amplitude (Lewy et al. 1987; Lewy and Sack
1989). Time of day was recorded in EST. Endocrine, BP and HR data were then analyzed by
time of day (without respect to habitual sleep time) and by circadian phase (relative to
DLMO). These data were analyzed by mixed model cosinor analysis with factors of group
(Control or OSA), time-into-protocol, circadian phase or time, and group x phase or group x
time interactions. A linear parametrization of time of day or circadian phase allows the
cosinor regression and prevents the discontinuity in the circularity of time variables (359° to
0° or 23:59 to 00:00) (Nelson et al. 1979; Hu et al. 2011; Cornelissen 2014). Participant was
included as a random factor. Because we were interested in changes in the circadian pattern,
our primary outcome of interest was the interaction effect (group x phase or group x time).
Mixed model population cosinor analysis allows group-wise comparison of the waveforms
by considering the inter- and intra-individual variability in a time series analysis (Van
Dongen et al. 2003). For cardiovascular endpoints, a two-harmonic model (360°/180° or 24
h/12 h) was implemented as this has been extensively used to analyze daily and circadian BP
rhythms (Scheer et al. 2010; Cornelissen 2014; Thosar et al. 2019). A third harmonic (120°
or 8 h) was included in the regression models for endocrine variables as more samples were
available and this improved the fit. In the analyses, the time-into-protocol term was never
significant, thus the data could be stacked by cycle for better estimation of the waveform
(Cornelissen 2014). For illustration purposes, means and standard errors for each 60°
circadian bin or 4 h time bin were obtained by normalizing and binning data within each
participant, and then averaging across participants (i.e., in these cases, standard errors are
calculated with n=6-7 for participants with OSA or n=4 for Controls). Unless otherwise
noted, data are reported as mean = standard error of the mean. Analyses were conducted in
JMP Pro 11 (SAS Institute, Cary, NC)

Participant characteristics.

OSA severity was determined by AHI during the first night in the laboratory (Table 1). Thus,
AHI was significantly higher in the OSA group (34.8 (SD 10.1) events/h; range 20.0-49.8)
than in the Control group (3.5 (SD 0.9), range 2.7-4.3). Though not significant, participants
with OSA tended to be older and were more likely to be male. Body mass index (BMI) and
habitual self-selected 8 h sleep periods did not differ significantly between the groups.
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Endocrine measures.

Because melatonin was the marker of central clock phases, we first tested whether OSA
altered melatonin rhythms with respect to time of day. DLMO ranged from 19:13 to 23:21
EST; mean DLMO was earlier in participants with OSA by 47 min but this was not
statistically significant (p>0.05; Table 1). There was also no evidence for a group effect on
the rhythmic pattern of melatonin secretion with respect to time of day (Fig. 2: cosinor
analysis, group x time of day interaction effect: Fq 56 = 1.11, p=0.29).

Given heterogeneous findings with respect to cortisol patterns in OSA (Tomfohr et al. 2012),
we next examined the effect of OSA on cortisol rhythms. Though there was no difference in
mean level (group effect: F1 9=0.44, p=0.52), there were significant main effects of circadian
phase (F1 284=257, p<0.001) and a circadian phase x group interaction (F1 2g4=5.4,
p=0.021). The significant interaction indicates a change in phase or amplitude that depends
on group: inspection of the curves revealed a higher peak concentration and a small delay in
the circadian phase of cortisol in the OSA group compared to non-OSA group (Fig. 2).
Similar results were obtained when analyzing by external clock time, though there was only
a trend towards a significant interaction (group effect, F1 g=0.32, p=0.58; time effect,

F1 284=140, p<0.001, time x group effect, F1 234=3.7, p=0.057).

Cardiovascular measures.

Repeated measures during relaxed wakefulness of systolic BP (SBP), diastolic BP (DBP),
mean arterial pressure (MAP), and HR were assessed against circadian time and external
time of day (EST). SBP rhythms differed between groups in both analyses (circadian phase
x group interaction, Fq g4=6.1, p=0.016; time x group interaction, F1 g4=9.5, p=0.003;
inspection of the curves showed reversed rhythms between groups, with the circadian peaks
in controls almost coinciding with the circadian troughs in OSA in both the circadian and
time of day plots (Figure 2). Similar results were observed in the analysis of MAP (phase
and time x group interactions, both F1 g4=7.0, p<0.01). DBP circadian rhythms also differed
between groups, as revealed by the significant interaction of phase x group (F1, g4=4.6,
p=0.035). This was not significant, however, in the clock time analysis (p=0.12). DBP
exhibited two peaks in controls (150° and 345°), but a single peak in OSA (260°). There was
a trend towards higher mean DBP in the OSA group (p<0.07). HR displayed a significant
circadian and time of day rhythm (main effects of phase and time, Fq g1=10.7, p<0.002).
Nevertheless, there were no effects of group (F1 g<0.11, p=0.75), and no significant
interaction effects (Fq g1<0.11, p=0.74) in either analysis.

Discussion

Epidemiological evidence suggests that patients with OSA experience more adverse
cardiovascular events during the night than in the general population, which has a population
peak later in the morning (Willich et al. 1992; Gami et al. 2005; Kuniyoshi et al. 2008;
Zeidan-Shwiri et al. 2011). A nocturnal peak in incidence of adverse cardiovascular events
could reflect additional nocturnal triggers (such as the acute effects of apneas), a change in
endogenous rhythms of cardiovascular risk, or a combination of these (Thosar et al. 2018).
Therefore, to begin to explore how OSA alters daily rhythms of physiology, we completed a
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retrospective data analysis to determine whether circadian rhythms in physiology are shifted
in OSA. We discovered that OSA did not appreciably affect circadian waveforms of
melatonin, HR, or cortisol with respect to external time, but did alter the circadian rhythm of
BP.

Changes in rhythm phase can occur in two ways. First, all internal rhythms can be shifted in
synchrony relative to external time. To detect this, rhythms were analyzed with respect to
external clock time. Second, different internal rhythms can be shifted to different phases, a
state termed internal misalignment. To detect this, rhythms were analyzed with respect to
internal circadian time as defined by melatonin secretion. We found that the time of day of
DLMO did not differ appreciably between the groups, so there was little difference between
the two analyses. Melatonin rhythms are directly controlled by the central circadian clock in
the brain, and are generally used as a surrogate marker for central circadian phase (Klerman
et al. 2002; Morris et al. 2016) in misalignment protocols. Therefore, in OSA as compared to
controls, the similar times of DLMO relative to external time of day (Table 1), and the
similar melatonin circadian waveforms (Figure 2) suggest no effect of OSA on the central
pacemaker in the suprachiasmatic nucleus.

OSA slightly but significantly delayed the circadian rhythm of cortisol secretion, though
there was no effect when analyzed against time of day (the latter nonsignificance may be a
Type 2 error due to low statistical power). By inspection, there is a slight delay in the peak in
circadian time but not in clock time and a small increase in peak concentration (n.s.).
Nevertheless, the similarity in circadian waveforms between groups is consistent with prior
work showing no effect of OSA on daily patterns (not necessarily circadian, see earlier
footnote) of cortisol secretion (Entzian et al. 1996; Burioka et al. 2008a).

OSA altered the circadian rhythm of BP, as indicated by the significant phase x group and
time x group interaction effects. This suggests a circadian clock contribution to the altered
daily patterns of BP that are observed in people with OSA (Akashiba et al. 1999; Iftikhar et
al. 2014; Seif et al. 2014; Hu et al. 2015). Though this is the first report of endogenous
circadian hemodynamic rhythms in OSA, endogenous circadian BP rhythms for control
participants have been reported. The peak in the BP circadian rhythm in the OSA
participants here is earlier than in young (26x1 years) non-obese controls (Shea et al. 2011)
but is similar to the peak time in middle-aged (51+2 years) non-obese controls without OSA
(Thosar et al. 2019). Other than age, three other differences could affect comparisons across
these experiments: location of study, type of circadian protocol, and body composition. In
sum, the current results suggest that OSA alters hemodynamic rhythms. However, the true
extent of how OSA affects cardiovascular rhythms must wait for an adequately powered
study design with age, sex, and BMI matched participants.

People with OSA tend to have higher BP compared to healthy controls (Nieto et al. 2000)
and both nighttime and daytime BP increase with AHI (Lavie et al. 1993). OSA increases
24-h BP values by sympathetic overactivity (Smolensky et al. 2007) and increasing the
baroreflex setpoint (Brooks et al. 1999); OSA also attenuates nocturnal BP dipping through
direct arousal-related BP surges and increased sympathetic tone (Somers et al. 1995). In this
sample we observed this same trend in elevated mean BP in the OSA group over the
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circadian protocol (SBP, p=0.18; DBP, p=0.07). Nocturnal non-dipping and rising BP are
risk factors for heart disease and the reason why ambulatory blood pressure monitoring is
the recommended standard for assessing risk (Hermida et al. 2015). Part of OSA’s
contribution to cardiovascular risk, therefore, may be in reducing dipping as this depends on
the severity of OSA (Baguet et al. 2005; Mokhlesi et al. 2015). Because all of our measures
were taken during relaxed wakefulness, we were not able to measure the nocturnal dipping
that is generally associated with sleep (Mansoor 2002; Huang et al. 2011). The nadir of the
circadian rhythms of SBP and DBP occurred during the biological night though the value of
the drop would not in itself constitute dipping. In future studies, it will be of interest to
determine how sleep modulates the circadian rhythms of cardiovascular function.

The circadian profiles of BP of healthy controls in our dataset (Fig. 2) differ from previously
published circadian profiles of BP (Shea et al. 2011; Thosar et al. 2019). The SBP amplitude
was small and DBP exhibited a striking bimodal pattern. These may be artifacts of the small
sample size or may be due to experimental or demographic differences as detailed above.

Potential links between OSA and circadian timing have been reviewed recently (von Allmen
et al. 2018). Respiratory disturbances elicit surges of glucocorticoids and catecholamines,
two cues that are known to phase shift circadian clocks in peripheral tissues (Ueyama et al.
1999; Balsalobre et al. 2000; Cuesta et al. 2015). Some other peripheral day-night rhythms
have been reported to be altered by OSA, including a reversal of the intraocular pressure
rhythm in some patients (Pepin et al. 2010). Tissue necrosis factor-alpha (TNF-a.), an
inflammatory cytokine exhibited a blunted nocturnal profile and a daytime peak in OSA
which is absent in healthy controls (Entzian et al. 1996). Day-night oscillation of
interleukin-6 (IL-6) is also absent in subjects with OSA and is restored by CPAP (Burioka et
al. 2008b). A direct link with the circadian clocks is suggested by the observation that OSA
alters the daily expression patterns of some clock genes in white blood cells (Burioka et al.
2008a; Moreira et al. 2017; Canales et al. 2019; Yang et al. 2019). Not all circadian clocks in
the body are equally sensitive to time-resetting cues which can lead to internal misalignment
of peripheral and central clocks (Damiola et al. 2000; Cuesta et al. 2015; Morris et al. 2016).
OSA may therefore contribute to pathology by creating a state of circadian misalignment
between shifted peripheral clocks and the non-shifted central clock (e.g. as observed in the
melatonin rhythm).

Strengths and Limitations.

The protocol was designed prospectively to study rhythms in the pathophysiology of
obstructive events. The rigorous controlled conditions of a forced desynchrony are a strength
and allow us to measure effects of the endogenous circadian clock. Additionally, through
careful screening, we studied participants with OSA but without comorbid cardiometabolic
disease with the exception of the one participant with controlled hypertension (whose
cardiovascular data were excluded from analyses). Nevertheless, the rigor and duration of
the experiment precluded recruitment of a large sample; future elaboration of OSA’s effect
on central versus peripheral rhythms as well as OSA’s effect on day-night rhythms versus
circadian rhythms is warranted. Additionally, there is a possibility that demographic
differences in our groups could contribute to the differences in BP rhythms. Though both
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groups were middle-aged, the control group was relatively younger and included more
women.

All analyses were conducted on measures obtained during relaxed wakefulness. This was
done to eliminate any possible acute effects of the sleep-related respiratory events, and
isolate the systemic long term effects that OSA may have on circadian rhythms. Any effects
of OSA on circadian rhythms of BP during sleep are unknown. Future investigations which
include ambulatory BP monitoring would be valuable to understand the acute effects of
sleep and activity on BP within the context of a circadian protocol. We lack measures of
potential mechanistic pathways, such as circulating catecholamines or aldosterone, which
may be informative. If OSA is indeed responsible for disrupting hemodynamic circadian
rhythms, then treatment of OSA would be predicted to normalize this.

Conclusions.

OSA has been observed to alter daily patterns of physiology, but the contributions of the
nightly apneas themselves versus potential changes in endogenous rhythms had not
previously been explored. Using an innovative experimental design to separate circadian
rhythms from exogenously produced day/night patterns, we found a significant difference
between the endogenous circadian rhythms of BP in people with OSA compared to controls.
On the other hand, HR, cortisol, and melatonin secretion patterns were minimally affected
by OSA. If our findings hold in studies with adequately powered sample size, it would
suggest an impairment in peripherally driven physiological rhythms in OSA.
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Fig. 1.

Five day in-lab protocol. Participants remained in bed during dark sleep opportunities (<0.5
lux), and were awake and out of bed during dim light wake periods (<4 lux). Blood pressure
was measured 15 min after each wake time. The free-running rhythm of dim light melatonin

onset (DLMO) is shown for one participant.
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Fig. 2.
Rt?ythms with respect to circadian phase and external time: melatonin, cortisol, systolic
blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP) and
heart rate (HR). Raw observed values are first binned by circadian phase (60° bins starting at
0°) or time-of-day (4 h bins starting at 8pm) within participant. These data are then averaged
within group, and plotted as mean + SEM (OSA, n=7 for endocrine variables, otherwise
n=6; Control, n=4). Grey shading indicates the average self-selected sleep time across both
groups (33°-153° on the left with 0° at DLMO, and 11:20pm-7:20am on the right). The
cosinor model fits are also shown for each variable and group; p values for the fixed effects
are shown in each panel.
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Participant characteristics. Baseline blood pressure was measured after admission to the laboratory. Habitual
bed and wake time were the self-selected stable 8 h sleep periods maintained by participants for at least 1

week prior to the in-lab study. For bed times after midnight, the data were coded as bed time + 24 h.

Differences tested by t-test for each OSA subset against Controls.

Controls OSA OSA (No medication)

N (male) 4(1) 7(6) 6 (5)

Age (years) 40.3(SD11.0) | 52.9(SD 10.7) 53.4 (SD 11.7)

BMI (kg/m?) 36.8 (SD 6.3) 32.8(SD5.2) 33.0 (SD 5.6)

AHI (events/h) 3.5(SD0.9) 34.8 (SD 10.1) ¥ | 35.5(SD 10.9)***

Habitual bed time 23:37 (SD 1:06) | 23:08 (SD 0:22) 23:10 (SD 0:24)

Habitual wake time | 7:37 (SD 1:06) 7:08 (SD 0:22) 7:10 (SD 0:24)

DLMO (EST) 21:34 (SD 1:44) | 20:47 (SD 0:42) 20:35 (SD 0:33)

SBP (mm Hg) 129.0 (SD9.4) | 132.0 (SD 11.1) 131.7 (SD 12.1)

DBP (mm Hg) 75.0 (SD 2.9) 71.8 (SD 11.6) 69.1 (SD 10.1)

HR (bpm) 76.8(SD19.2) | 69.1(SD 7.3) 70.2 (SD 7.5)
***p<0.001
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