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CIRCADIAN SYSTEM CONTRIBUTES TO APNEA LENGTHENING ACROSS THE NIGHT
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Study Objective: To test the hypothesis that respiratory event duration exhibits an endogenous circadian rhythm.

Design: Within-subject and between-subjects.

Settings: Inpatient intensive physiologic monitoring unit at the Brigham and Women'’s Hospital.

Participants: Seven subjects with moderate/severe sleep apnea and four controls, age 48 (SD = 12) years, 7 males.

Interventions: Subjects completed a 5-day inpatient protocol in dim light. Polysomnography was recorded during an initial control 8-h night
scheduled at the usual sleep time, then through 10 recurrent cycles of 2 h 40 min sleep and 2 h 40 min wake evenly distributed across all circadian
phases, and finally during another 8-h control sleep period.

Measurements and Results: Event durations, desaturations, and apnea-hypopnea index for each sleep opportunity were assessed according
to circadian phase (derived from salivary melatonin), time into sleep, and sleep stage. Average respiratory event durations in NREM sleep
significantly lengthened across both control nights (21.9 to 28.2 sec and 23.7 to 30.2 sec, respectively). During the circadian protocol, event
duration in NREM increased across the circadian phases that corresponded to the usual sleep period, accounting for > 50% of the increase across
normal 8-h control nights. AHI and desaturations were also rhythmic: AHI was highest in the biological day while desaturations were greatest in
the biological night.

Conclusions: The endogenous circadian system plays an important role in the prolongation of respiratory events across the night, and might
provide a novel therapeutic target for modulating sleep apnea.
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INTRODUCTION

In obstructive sleep apnea (OSA), the upper airway col-
lapses during sleep and prevents respiration. The ensuing as-
phyxia leads to a life-saving arousal, which enables breathing
and gas exchange to temporarily recover, before sleep, apnea,
and arousal cycles recur. Given these significant physiological
challenges every night, it is not surprising that OSA is inde-
pendently associated with serious cardiovascular events and
even death.! OSA severity is described by the average number
of respiratory events per hour of sleep (apnea-hypopnea index,
AHI).** The durations of apneas are also important, as these are
related to the extent of the hypoxemia, hypercapnia, and circu-
latory changes that accompany the asphyxia/arousal cycles.

Descriptive measures of OSA vary with time of night, but
the causes are not known. For example, apnea duration system-
atically increases across the night for the same sleep stage.*”’
Whether AHI also varies with time of day or night for the same
sleep stage is somewhat equivocal. AHI has been reported to
be similar between day and night,®® as well as to differ between
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day and night."™"" Within a night, AHI in NREM sleep has
been reported to increase, but only in those with severe OSA.°

Most daily rhythms in physiology and behavior are coor-
dinated by a central circadian (~24 h) clock in the hypothal-
amus.'>"3 Therefore, we tested whether the nocturnal changes
in apnea/hypopnea duration and/or AHI could be caused by an
effect of the endogenous circadian clock.

METHODS

To test for an endogenous circadian clock influence on
apnea/hypopnea duration and AHI, we studied participants
with and without OSA who slept at all phases of the internal
circadian cycle over 5 days in the laboratory. The protocol was
approved by the Institutional Review Board of Brigham and
Women’s Hospital and Partners Health Care.

Subjects

Men and women between 18 and 70 years of age, with
BMI < 40, and with untreated OSA were recruited by adver-
tisements on internet sources and local newspapers. Subjects
with a high probability of having OSA, based on responses to
the STOP questionnaire,'* also participated. Eleven subjects
completed the study (Table 1). Medical suitability was deter-
mined by clinical history, physical examination, chemistry and
hematology screening, and psychiatric interview. Exclusion
criteria were other sleep disorders including insomnia, other
untreated medical conditions including uncontrolled hyper-
tension, diabetes, and cardiovascular disease, history of night
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Table 1—Anthropometric data for subjects.

OSA
N (males) 7(6)
Age + SD [range] (years) 52.9 + 10.7 [38-65]
BMI + SD [range] (kg/m?) 32.8 £5.2[25.3-40.4]
AHI + SD [range] (events/h) 34.8 +£10.1[20.0-49.8]

Differences tested by t-test. AHI, apnea-hypopnea index; BMI, body mass index; OSA, obstructive sleep apnea; SD, standard deviation.

Controls Statistical Significance
4(1)
40.3 £ 11.0 [26-51] P=0.10
36.8 £ 6.3 [28.0-42.5] P=0.27
35+0.8[2.7-4.3] P <0.001
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Figure 1—Forced desynchrony protocol. After a baseline 8-h control
night, subjects completed 10 alternating 2:40 sleep and wake intervals,
such that sleep opportunities were evenly spaced across the 24-h
day. Before the first short sleep and during subsequent short wake
periods, subjects ate an isocaloric meal beginning 90 min prior to lights-
off. Melatonin onsets are shown for the same subject as in Figure 2
(period = 2417 h).

shift work, or travel across time zones within the preceding 3
months. One subject had used continuous positive airway pres-
sure (CPAP) for treatment of OSA but had stopped 3 months
before participating. One subject had controlled hypertension
(lisinopril 20 mg/day).

Protocol

To stabilize circadian rhythms and sleep timing, subjects
maintained a regular 8-h sleep period for > 1 wk prior to the lab-
oratory study. To determine compliance, subjects completed a
sleep diary at home, telephoned a time-stamped voicemail box
at each bedtime and wake-time, and wore a wrist actigraphy
monitor throughout this pre-laboratory period (Actiwatch,
Minimitter, Bend, OR). Subjects abstained from alcohol, nico-
tine, caffeine, and other medications or supplements (except
for lisinopril, n = 1). Comprehensive toxicology screening of
urine was performed on admission to the laboratory.

After admission, subjects stayed in individual laboratory
suites and were closely monitored for 5 consecutive days and
nights. The protocol consisted of an initial 8-h control night
with sleep scheduled at each subject’s usual time, a period
when subjects slept across all phases of the internal circadian
cycle (accomplished by 10 recurring 5 h 20 min “days” con-
sisting of 2 h 40 min of wake and 2 h 40 min sleep opportu-
nity), and finally, another 8-h control night at the usual time
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(Figure 1)."” This short-day protocol is termed “forced desyn-
chrony” because the sleep/wake cycles are desynchronized
from the endogenous clock.”® Room lights were dim (< 4 lux
at the horizontal angle of gaze) during wake times to prevent
light-induced phase shifts of the circadian clock' and were
off during scheduled sleep periods. In these conditions, the
central circadian clock proceeds with an endogenous period
of ~24.1 h,"® and variables of interest can be measured at all
circadian phases.

To minimize postural changes that can affect AHL" sub-
jects slept in a semi-recumbent position (20° head-up) with
vertical pillows placed snugly on both sides of the head to en-
sure a supine head-up position. During each short wake-period,
subjects completed cognitive tests on a computer and ate one
isocaloric meal representing 22% of the 24-h total.

Measurements

Full polysomnography (PSG) was recorded during all sleep
periods according to guidelines of the American Academy of
Sleep Medicine (AASM),? using a Vitaport 3 recorder (Temec
Instruments, The Netherlands). PSG included electroencepha-
logram derivations F3/4, C3/4, and O1/2, referenced to M2/1,
respectively, bilateral electro-oculogram, and submental and
bilateral anterior tibialis electromyograms (Grass disc elec-
trodes, Grass Technologies, Astro-Med Inc., West Warwick,
RI). Cardiorespiratory data included oro-nasal airflow (Dis-
posable BreathSensor, 4140118, Embla Systems, Buffalo, NY),
intra-nasal pressure (Pro-tech Pro-Flow Plus, P1259, Respi-
ronics, Murrysville, PA), breathing movements by inductive
plethysmography (Respibands, Temec), snoring (M92500,
Temec), arterial oxygen saturation via pulse oximetry (SpO,;
Ohmeda Flex II or Nonin Pulse Oximeter Flex measured on
the non-dominant index finger), and 3-lead electrocardiogram.
Body and head position were monitored with single axis ac-
celerometers (M92600, Temec).

To assess endogenous circadian phases, saliva samples were
collected approximately once every 60—90 min during wake
periods. Salivary melatonin was assessed by radioimmuno-
assay (Buhlmann RK-DSM2, Alpco Diagnostics, Salem, NH:
inter-assay and intra-assay coefficients of variation at ~3.5
pg/mL were 8.9% and 4.1%, respectively, as reported by the
manufacturer).

Analyses

Sleep Scoring
Sleep stages and sleep disordered breathing events (hypop-
neas, plus obstructive, central, and mixed apneas) were scored
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Figure 2—Salivary melatonin (sample concentrations and best fit curve) and sleep efficiency for an example subject. Dim light melatonin onset is defined
by the point at which the fitted melatonin curve crosses 25% of the trough-to-peak amplitude (dotted line). Sleep periods are shaded in gray; open

rectangles demarcate the time of habitual sleep (23:00-07:00).

according to AASM criteria>?® by one registered polysomno-
graphic technician who was blind to circadian time and who
scored all of the records together at the conclusion of the study
(Sleep Strategies, Ontario, Canada). Special emphasis was
placed on accurate measurement of respiratory event dura-
tions. Apneas were defined by > 90% loss of airflow as mea-
sured by the oro-nasal thermistor for > 10 seconds. Duration
was defined as the period between the end-expiratory trough
preceding the absent or ineffective inhalation to the beginning
of the first unobstructed inhalation. Hypopneas were defined
by >30% reduction in nasal pressure with > 4% desaturation,*
or with an EEG identified arousal® in cases when oxygen sat-
uration data were unreliable (19% of hypopneas). Hypopnea
duration was defined as the period between the end-expiratory
trough preceding the first breath with > 30% diminished in-
halation to the beginning of the first unobstructed inhalation.
Events associated with and without arousals were not scored
separately.

Circadian Phase Marker

Circadian phase (0-359°) was derived for each subject from
the salivary melatonin concentrations.”’ Melatonin data were
fit by nonorthogonal spectral analysis (NOSA) with 3 har-
monics (Figure 2).?> Dim light melatonin onset was used as the
0° reference: it was calculated as the interpolated time point
when melatonin levels exceeded 25% of the fitted trough-to-
peak amplitude.?***

Statistics

To account for differences between subjects, all respiratory
event durations were normalized within-subject and within-
event type (hypopneas, obstructive apneas, central apneas, and
mixed apneas) to the mean duration observed during the first
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control 8-h sleep period. Thus, these variables are reported as
percentages of the mean.

Each respiratory event had an associated circadian phase,
sleep stage, time-into-experiment, and time-into-sleep oppor-
tunity. Data were analyzed by mixed model cosinor analysis, in-
cluding circadian time (4-term 2-harmonic parametrization),
time-into-experiment, time-into-sleep opportunity, sleep stage,
and subject as a random factor (JMP Pro 11, SAS Institute, Cary,
NC). Adjusting for age, sex, and BMI did not alter the conclu-
sions or significance of model terms, so these were not included.
Sleep measures and melatonin data were also assigned to 60°
(~4 h) or 30° (~2 h) circadian bins, and analyzed with repeated
measures ANOVA or Student’s t-test (Statview 5.0, SAS Insti-
tute, Cary, NC). For illustration purposes, means and standard
errors for each 60° circadian bin were obtained by normalizing
and binning within each subject, and then averaging across sub-
jects (i.e., in these cases, standard errors are calculated with
n = 7 for subjects with apnea or n = 4 for control subjects). Un-
less otherwise noted, data are reported as mean + SE. Best-fit
curves are plotted with 95% confidence intervals.

RESULTS

Control Nights

Sleep apnea classification was based on the AHI on the
first control night: 7 of 11 subjects had moderate to severe
OSA (Table 1, AHI > 15), while 4 subjects did not have OSA
(AHI < 5) and served as controls. During this first control
night, across 56 h of scheduled sleep in the 7 subjects with
OSA, there were only 16 respiratory events in stage N3 sleep.
These 16 events were not consistently distributed across sub-
jects or times, so we excluded N3 sleep events from subsequent
analyses of event durations.

Circadian Rhythms in Sleep Apnea—Butler et al.



During the first 8-h control night, event duration length-
ened significantly with time into the sleep opportunity (ef-
fect of time from lights-off: F\,,, = 6.9, P < 0.01; NREM
versus REM: F| 4, = 31.3, P < 0.001; interaction: F ;5 = 17.2,
P < 0.001). On average, REM events were 14 % longer. The
pattern was similar during the final 8-h control night (effect of
time from lights off: | ;,,=9.5, P <0.01; NREM versus REM:
F155s=10.4, P <0.001; interaction: F ;5; = 5.5, P < 0.05; REM
events 9% longer than NREM events). Stratifying by night and
by sleep stage (NREM versus REM) revealed that event du-
ration lengthened significantly within NREM on both nights
(P < 0.001) but not during REM sleep on either night (P > 0.6
for both) (Figure 3).

The mean duration of all NREM respiratory events was 25.5
sec. Therefore, the increase of 25 percentage points over the
baseline night in the fitted model from hours 1 to 8 was equiva-
lent to 6.3 sec. This corresponded well to the 20 percentage
point increase (5.1 sec) in the binned observations. The pre-
dicted change in the model for NREM was 6.6 sec over the last
night, while predicted changes in REM were —0.9 sec and —0.3
sec for the first and last nights, respectively.

During the 8-h control nights, there were significant effects
of time in bed on the pre-event saturation, the post-event min-
imum saturation, and the overall desaturation (Figure 3: effect
of time from lights-off: First night [F, ;40> 17.6, P <0.001]; Last
night, [F, 4,5 > 11.1, P <0.001]). Nevertheless, the trend was for
desaturations to lessen from the beginning to the end of the
night, opposite the expectation based on the lengthening of the
event, implying that oxygen consumption declined across the
night. Others have reported no time of night effect on desatura-
tion during respiratory events.*>"%

Forced Desynchrony Protocol

Melatonin Rhythms

Salivary melatonin concentrations displayed robust circa-
dian rhythms (Figure 2). Those with and without OSA did not
differ in their circadian period (OSA, 23.93 + 0.09 h; Control,
23.78 + 0.22 h; t-test, P = 0.50). Similarly, dim light melatonin
onset relative to the first control night did not differ (OSA:
2.50 = 0.36 h prior to habitual bedtime; Control: 2.04 + 0.41 h
prior to habitual bedtime; t-test, P = 0.44). These melatonin
phase markers were equivalent to 20:30 for OSA and 21:00 for
controls, given a 23:00 bedtime.

Sleep

Subjects were able to sleep in most of the 10 scheduled short
sleep opportunities, though sleep efficiency was lower during
the daytime (Figures 2, 4). Expected circadian rhythms of
NREM and REM sleep duration occurred in this short forced
desynchrony protocol (Figure 4), as have been observed in
longer protocols.”” By cosinor analysis, significant main ef-
fects of circadian time were detected for total sleep time (TST),
NREM duration, and REM duration (for each test, ', > 11.0,
P <0.01). TST, NREM, and REM duration, shortened by 15.4,
12, and 3.4 min/day, respectively (F,, > 4.4, P < 0.05), sug-
gesting that the subjects may have been carrying a slight sleep
“debt” before entry into the laboratory and that the increased
sleep opportunity in the circadian protocol (50% of time
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devoted to sleep versus 33.3% when at home and on the con-
trol nights) was sufficient to meet the subjects’ need for sleep.
Also, as expected,?®? sleep latency to stage 1 also varied with
circadian phase with a peak around 0° (F, o5 = 17.0, P < 0.001).
There was neither a group effect (OSA versus control) nor a
circadian time % group effect on TST, NREM and REM dura-
tion, or sleep latency.

Respiratory Event Duration

During the forced desynchrony, only 74 respiratory events
occurred in 205.3 person-hours of N3 sleep. Thus, as for the
control night, we excluded N3 sleep events from subsequent
analyses of event durations. Because event durations in REM
did not change across 8-h nights, and because REM sleep is
heavily dependent on circadian phase,”” REM events also were
not analyzed further. The final data set included 68 central ap-
neas, 1,527 hypopneas, 250 mixed apneas, and 882 obstruc-
tive apneas that occurred in stages N1 or N2 sleep. In all sleep
stages, as well as in NREM only, the relative proportion of
apneas compared to hypopneas did not vary with sleep period
(All sleep, Fig36 = 0.7, P=0.7; NREM, F},4, = 0.7, P =0.7).

There was a highly significant circadian rhythm of respi-
ratory event duration (first harmonic (~24h): F,,;s = 16.9,
P < 0.001; second harmonic (~12h): F; ;s = 22.5, P < 0.001).
Additionally, there were significant main effects of time in
bed (F),79 = 23.0, P < 0.001), and sleep stage (F),;5 = 24.0,
P <0.001), but not of time into experiment (¥, ,,;5=2.0, P>0.1).
The circadian components of the model are plotted in Figure 5.
The circadian rhythm had a peak-to-trough amplitude of 15.1%
(3.9 sec); duration was shortest at 30° and longest at 135°, cor-
responding to times of 22:30 and 05:30 for a subject with a
23:00 bedtime (Figure 5).

Oxygen Desaturation

There were 2,442 events in stages N1 and N2 sleep during
the forced desynchrony for which desaturations were obtained.
Here, longer duration events were associated with greater de-
saturation (P < 0.001). Oxygen saturation measures exhibited
significant circadian rhythms (Figure 6: pre-event, F| 5., =24.6,
P < 0.001; event-related minimum, F,,s = 19.0, P < 0.001).
Event-related desaturation was also rhythmic (), = 11.0,
P < 0.001, not plotted). The peak-to-trough amplitude of the
desaturation rhythm was 17% of the mean, though only 1% in
absolute saturation %. Unlike during the baseline night, the
greatest desaturations occurred at the same phase as the lon-
gest events. Desaturation was greatest during the biological
night when events were longest (95° ~02:50) and least during
the day (210° ~10:30).

Apnea-Hypopnea Index

To test whether respiratory event incidence varied with cir-
cadian phase, AHI was assessed for each sleep period during
the forced desynchrony. Each sleep period was assigned a
circadian phase according to its midpoint. Across all sleep
stages, there was a significant effect of circadian phase on AHI
(Fis6 = 4.2, P <0.05) (Figure 7). This was due to a significant
circadian rhythm in the NREM AHI (F, ss= 5.8, P <0.05; stages
1-3); in contrast, there was no rhythm in REM AHI (F ;; =2.3,
P > 0.1). Neither time-into-experiment nor any interaction was
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significant. NREM AHI had a peak to trough amplitude of 19.3
events/h (61% of mean), with an afternoon peak (315° ~17:30),
and a nighttime trough (70° ~01:20).

DISCUSSION

In this forced desynchrony protocol, we observed rhythms
in NREM respiratory event duration and incidence (AHI),
while controlling experimentally for time in bed, wake-time
behaviors, posture, and food intake. These data suggest that
the circadian system plays an important role in apnea/hy-
popnea initiation and termination mechanisms. At a circadian
phase corresponding to early morning, apnea and hypopnea
durations were longest and AHI was low. In contrast, at circa-
dian phases corresponding to late afternoon and early evening,
event durations were shortest and AHI was high.

To what degree does the circadian rhythm explain normal
nocturnal increases in NREM event duration? On the first
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control night from 23:30 to 06:30, event durations increased
on average by 5.1 sec in the binned observations or by 6.3
sec in the model fit (Figure 3). The peak-to-trough circadian
amplitude was 3.9 sec (Figure 5): of this, 3.5 sec mapped to
the same 23:30—06:30 interval (45—150°). Thus, the endoge-
nous circadian effect explains much of the increase observed
during normal nights, as is evident in Figure 5 with these ef-
fects superimposed. The circadian rhythm, peaking late in the
biological night, may explain the early lengthening and later
plateau in event durations that we observed in this study, and
that others have reported.”*

Nocturnal changes in duration have been attributed to a
number of potential factors; principal among these are: (1) an
increase in arousal threshold to respiratory stimuli such as hy-
poxemia, hypercapnia, and mechanoreceptive cues related to
respiratory effort; (2) slowing of metabolism over the night;
and (3) factors associated with time in bed and prior apneas

Circadian Rhythms in Sleep Apnea—Butler et al.



Corresponding Clock Time (h)
23:00 07:00 15:00

Time in Bed, Total
Sleep Time (min)

NREM and REM
duration (min)

— Control (n=4)

---- OSA (n=7)

Melatonin (pg/mL)

0 120 240 360
Circadian Bin (degrees)

Figure 4—Circadian patterns of sleep in forced desynchrony conditions.
Sleep measures were organized into 60° bins according to their
midpoints. Corresponding clock time shown above assumes a bedtime
of 23:00. Sleep duration is longest during the time of habitual sleep
period (open bar) and early morning. Circadian rhythms of salivary
melatonin secretion (30° bins) exhibited a peak during the biological
night in both OSA (gray symbols, dotted lines) and control groups (black
symbols, solid lines).

including inflammation and edema of the airway.>"263%3! The
influence of the endogenous clock on these factors will be con-
sidered in turn.

Apnea duration correlates well with the end-apnea max-
imum respiratory effort; late in the night, arousal occurs at
greater inspiratory pressures, suggesting a higher threshold
for arousal.>”?!' Circadian rhythms of elements of arousal have
been documented in vigilance, sleep inertia of cognitive per-
formance and sleep propensity.?®*32* Circadian rhythms
in arousability from sleep on the other hand have not been
studied. Louder tones are necessary to wake subjects late in the
night compared to early in the night, suggesting rhythmicity.*
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to the circadian system, the mean durations during NREM sleep on the
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circadian model fit. DLMOn, dim light melatonin onset.
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However, these results may be confounded by the effect of
prior time asleep, and so the conclusions could be impacted by
homeostatic sleep pressure and dissipation.

Late night apneas are associated with greater hypoxia and
hypercapnia.”®' Nevertheless, chemosensory pathways prob-
ably play an indirect role in the night-time changes in duration.
Experimentally altering oxygen and carbon dioxide concen-
trations can change apnea duration, but in these conditions,
arousal remains tied closely to measures of effort, e.g., dia-
phragmatic tension-time index.*' Hypoxia and hypercapnia can
increase effort, and these may slow late in the night because of
reduced metabolic rate, inferred from the slower desaturation
rates during apneas.* Finally, although the hypercapnic ventila-
tory response exhibits a circadian rhythm,*® this would predict
gradually increasing responsiveness at the end of the night, op-
posite what we observed.

For both mechanosensory and chemosensory pathways, it
is not known whether the circadian system acts on periph-
eral receptor sensitivity or central sensitivity to those affer-
ents. The arousal-promoting ascending reticular formation
receives sensory input, and is also a target of the brain’s clock
in the suprachiasmatic nucleus. The locus coeruleus receives
projections from the suprachiasmatic nucleus and in turn
modulates arousal state,’™*® indicating a potential central site
of action.
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Our data shed no light on the portion of variation not ex-
plained by the circadian clock. Other factors that could be
sensitive to time in bed and that could explain longer apneas
include airway edema (from snoring vibration and repetitive
airway closure) that can blunt airway sensory responsiveness,*
fatigue of the respiratory muscles which could lengthen the
time to achieve a threshold** and rostral fluid shift.** It will be
important to delineate how factors that are sensitive to circa-
dian time and to time in bed interact.

We observed a circadian rhythm of AHI suggesting that the
airway is more prone to collapse in the biological day. Patency
of the airway depends critically on the dynamic balance be-
tween activation of respiratory pump muscles (diaphragm and
intercostals) and upper airway dilator muscles.**> Rhythms
in AHI could be caused by circadian rthythms in the dynamic
balance of these muscle groups. Such considerations may be
of value to those interested in stimulating the upper airway
dilator muscles as a therapy for sleep apnea.®

The efficacy of daytime naps for the diagnosis of OSA has
been examined in several contexts. The specificity and sensi-
tivity of these tests vary with nap duration, predominance of
REM-related events, and prior sleep deprivation.®!'#* In the
current protocol, daytime naps had a consistent history of prior
wakefulness and food intake: the data show that the circadian
system also contributes to day-night differences by elevating
NREM AHI during the day. Daytime PSG may therefore be a
sensitive test for OSA based on NREM events. Our data sug-
gest that REM AHI does not vary with time of day, but the
sparse presentation of REM during the day, itself attributable
to the circadian clock, continues to hinder daytime estimates
of REM-dependent OSA in this and other protocols.

Strengths and Weaknesses of Our Protocol
Strengths of the current protocol are the use of a highly
controlled forced desynchrony protocol to assess circadian
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Figure 7—AHI is highest in NREM during the biological day. The
circadian pattern and means of the observed AHI are plotted for all sleep
stages (A), NREM sleep alone (B), and REM sleep alone (C). There was
no significant rhythm in REM AHI. Open bar indicates habitual sleep
time. Significance of the fundamental circadian frequency in the fit is
shown for each panel.

rhythms that are independent of 24-h cycles of waking/sleeping
and of eating/fasting. To minimize positional effects on AHI,
we controlled body position during sleep. Though some small
changes in neck position are unavoidable, these are unlikely to
influence the primary duration results, because event length-
ening is independent of position.*” Weaknesses of the current
protocol include the small sample size, inability to separately
measure the 8-h evolution of respiratory event duration at all
circadian phases, lack of esophageal or intrathoracic pressure
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measures to gauge inspiratory effort, and heterogeneous pre-
sentation of apneas and hypopneas. The confirmation of event
duration lengthening across the night reported by others nev-
ertheless provides reassurance that we were measuring bio-
logically and clinically relevant parameters. The experiment
was not powered to detect differences between those with and
without OSA. The lack of group differences that we report
for sleep parameters are therefore susceptible to type II error.
They are presented here as secondary measures to illustrate
the general similarity in sleep in forced desynchrony condi-
tions between the groups. It will be important to replicate and
confirm these results in future studies.

Clinical Perspective

Longer duration events have recently been linked to mor-
tality in a case-control study.*® Duration also has effects on
the event-associated arterial blood pressure rise.”” We are
currently assessing the effects of apnea duration using the
National Sleep Research Resource.***’ Apnea duration holds
important information regarding arousability and individual
event severity, both of which may have health consequences.

CONCLUSIONS

As we learn more about the mechanisms that modify initia-
tion and termination of respiratory events, novel therapeutic
targets for sleep-related breathing disorders, such as the cir-
cadian system, may emerge. Our findings suggest an impor-
tant contribution of the circadian system in determining the
duration of apneas and hypopneas, potentially accounting
for over half of the lengthening observed during normal
overnight sleeps. Circadian oscillation is observed in all tis-
sues throughout the body, and these influence organ function
throughout the day. Our data show that circadian processes,
both central and peripheral, must be considered in the mecha-
nisms underlying the initiation and termination of apneas, and
thus their severity.

ABBREVIATIONS
AHI, apnea-hypopnea index
NREM, non-rapid eye movements
CPAP, continuous positive airway pressure
DLMOn, dim light melatonin onset
NOSA, nonorthagonal spectral analysis
OSA, obstructive sleep apnea
PSG, polysomnography
REM, rapid eye movements
TST, total sleep time
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