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Abstract

Background—-~Pulse arrival time (PAT) is commonly used to estimate blood pressure response.
We hypothesized that PAT response to obstructive respiratory events would be associated with
increased cardiovascular risk in people with obstructive sleep apnea (OSA).

Methods—PAT, defined as the time interval between electrocardiography R wave and pulse
arrival by photoplethysmography, was measured in the Multi-Ethnic Study of Atherosclerosis
Sleep study participants. The PAT response to apneas/hypopneas was defined as the area under
the PAT waveform following respiratory events. Cardiovascular outcomes included markers of
subclinical cardiovascular disease (CVD): left ventricular mass, carotid plaque burden score,
and coronary artery calcification (CAC) (cross-sectional) and incident composite CVD events
(prospective). Multivariable logistic and Cox proportional hazard regressions were performed.

Corresponding{ﬁuthor: Younghoon Kwon, MD, Division of Cardiology, Department of Medicine University of Washington, Box
359748, 325 9*' Ave, Harborview Medical Center, Phone: 206-744-4121, Fax: 206-744-2224, yhkwon@uw.edu.

Contributions: Conception: YK. EP, SM, SR; Data acquisition: YK, CW, EP, BC, SM, SR, AA; Data analysis: YK, CW, EP, BC, AA,
Drafting and Critical Review: YK, CW, EP, BC, MS, SM, JH, DJ, JS, JL, VK, AW, SR, AA.

Conflicts of Interest: AW works as a consultant for Apnimed, Somnifix, and Nox and he has received grants from Somnifix and
Sanofi. AW has a financial interest in Apnimed, a company developing pharmacologic therapies for sleep apnea. His interests were
reviewed and are managed by Brigham and Women’s Hospital and Partners HealthCare in accordance with their conflict of interest
policies; SR received grant support and consulting fees and grant support from Jazz Pharmaceutical, and consulting fees from Eisai
Pharma and Respicardia; AA serves as consultant for Somnifix and Apnimed and reports grant from Somnifix.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kwon et al. Page 2

Results—A total of 1407 participants (mean age 68.4 years, female 47.5%) were included.
Higher PAT response (per 1 SD increase) was associated with higher left ventricular mass (5.7
g/m? higher in 41 vs. 15t quartile, p<0.007), higher carotid plaque burden score (0.37 higher in 41"
vs. 15t quartile, p=0.02), and trended to greater odds of CAC (1.44 [0.98, 2.15], p=0.06). A total of
65 incident CVD events were observed over the mean of 4.1(2.6) years follow up period. Higher
PAT response was associated with increased future CVD events (HR: 1.20 [1.02, 1.42], p=0.03).

Conclusion—PAT is independently associated with markers of subclinical CVD and incident
CVD events. Respiratory-related PAT response is a novel and promising polysomnography metric
with cardiovascular implications.
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Introduction

Obstructive sleep apnea (OSA) is associated with incident cardiovascular (CV) disease
(CVD) and major adverse CV events among patients with CVD.1~* Obstructive apneas and
hypopneas elicit an immediate CV response, including acute sympathetic surge and blood
pressure (BP) increase.?8 Such CV responses are believed to be an important mediating
mechanism of OSA’s long-term association with adverse CV outcomes.8 However, these
physiological consequences may be overlooked by conventional metrics used in the
diagnosis of OSA. Alternative or additional phenotypic markers are needed to better
characterize the acute CV consequences of OSA and predict its long-term CV risk.
Therefore, information about nocturnal BP may be useful in better understanding the risk
associated with OSA. However, nocturnal BP monitoring, even during sleep studies, is rarely
performed because of the burden and potential sleep-disrupting effects of such monitoring.®

Pulse transit time (PTT) is the time delay of pulse propagation between two points in the
arterial tree, primarily determined by BP in a given arterial stiffness.” Arterial stiffening
resulting from increased BP leads to a rise in pulse wave velocity and a fall in PTT.89 Pulse
arrival time (PAT), a widely used surrogate of PTT, which is known to correlate well with
systolic BP, can be estimated using electrocardiography (ECG) and photoplethysmography
(PPG) waveforms from peripheral pulse oximetry.19Polysomnography (PSG)-derived PAT
has been evaluated for various purposes including characterization of respiratory pattern,
detection of microarousals, and BP estimation in sleep.11-15 For example, acute BP surge
following an obstructive apneic event is manifested as acutely shortened PAT. Nonetheless,
these signals, are not routinely used for monitoring changes in BP during sleep.1® Since
nocturnal sleep BP is an important prognostic marker of CV health,17 PAT assessment
during sleep may provide useful information related to CV health in patients with OSA. 518
In this study, we tested the hypothesis that obstructive respiratory event-related PAT
response as measured by PAT change would be associated with established subclinical
markers of CV risk.

Thorax. Author manuscript; available in PMC 2021 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kwon et al.

Methods

Participants

Page 3

We included participants of the Multi-Ethnic Study of Atherosclerosis (MESA) Sleep study.
MESA is a six-center cohort study of community-dwelling men and women aged 45-84
years recruited between 2000-2002 when they were free of known CVD.19 A subset of
participants were recruited to undergo in-home PSG (full Type Il study) as a part of the
MESA Sleep ancillary study in conjunction with MESA exam 5 (year 2010-2012).20 The
research protocols were approved by the Institutional Review Boards at each participating
institution, and all participants gave written informed consent.

Polysomnography

An overnight in-home sleep study was performed using a 15-channel PSG (Somté PSG,
Compumedics Ltd., Abbotsford, AU) as part of the MESA Sleep Study (year 2010-2013),
applying standard channels recommended by American Academy of Sleep Medicine. PPG
signal was derived from pulse oximetry. The sleep records were electronically transmitted
to a centralized reading center (Brigham and Women’s Hospital, Boston, MA) for manual
scoring by trained polysomnologists, who were blinded to all clinical data. Apnea was
scored as >90% airflow reduction based on a thermocouple signal in reference to the pre
event baseline for at least 10 s, and was further specified as obstructive or central on

the basis of the presence of respiratory effort recorded using inductance plethysmography.
Hypopneas were scored as >30% reduction in nasal pressure-measured airflow in reference
to the pre event baseline for at least 10 s; hypopneas with either >3% desaturation or
accompanying arousal were included in the apnea-hypopnea index (AHI) calculation. The
AHI was defined as the number of total apneas and hypopneas per hour (hr) of sleep. Inter
and intra-scorer intraclass correlation coefficients for the AHI ranged from 0.95 to 0.99.

Pulse Arrival Time (PAT) response as a surrogate measure of BP response to OSA events

Data segments containing movement artifacts were automatically excluded from the
analysis. ECG R-R interval outliers were removed by comparison with a running average
threshold.?! Noisy PPG segments was removed by time-frequency analysis and application
of criteria on the frequency of the maximum peak and power concentration for each time
window. Thereafter, PAT was extracted from the raw synchronously-captured ECG and PPG
signals (Sampling frequency: 1Hz). PAT was defined as the time delay between the ECG
R-wave peak and the onset (foot) of the PPG waveform (Figure 1). The ECG R-wave was
extracted using an adaptation of the single-channel QRS algorithm.22 The PPG foot point
was determined as the maximum of the second derivative of the PPG waveform within a
window of time after the ECG R-wave peak within which a physiologically possible PPG
nadir could exist. The first differential of the PPG signal was filtered using a 0.13 second
moving-average filter. The differential was repeated on the positive values of the filtered
signal, producing spikes in the second derivative signal. Finally, the maximum value of the
spikes was determined as the PPG foot, and the time between the Rwave peak and PPG
foot was defined as PAT. Since our focus was on the PAT response to obstructive respiratory
event, which is typically a decrease (i.e., shorter PAT), we focused on the degree of PAT
decline. To measure the “PAT decline,” the PAT signal was smoothed using a 4-second
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moving average (Figure 2). At each PAT point, the PAT decline (in units of seconds) was
defined as the maximum decrease in PAT over the subsequent 5 seconds (Figure 2). A more
pronounced PAT decline would imply a higher BP increase.

Obstructive sleep apnea-specific PAT response

Outcomes

To obtain the OSA-specific PAT response (reflecting OSA-specific BP response), scored
respiratory events were used for further analysis. First, all “significant” event-related PAT
declines within a search window of +/- 3 seconds from the end of events were determined.
To be considered significant, the maximum decline had to be larger than a subject-specific
threshold equal to the mean plus 2 standard deviations (SD) of all obstructive respiratory
event related PAT declines outside the search window. For each significant event-related PAT
decline, the PAT response was defined as the area under the PAT decline curve between

the later of the actual zero crossing or any local minimum immediately prior to the peak
decline and the earlier of the actual signal zero crossing or first local minimum immediately
after (Figure 3). The OSA-specific PAT response was defined as the average of all individual
areas.?3 Since the distribution of the PAT areas may be skewed, we also derived median
value to use it as an alternative representative aggregate measure for each subject. PAT
analysis was performed using MATLAB (MathWorks, Natick, Massachusetts, USA)

Well-established subclinical CVD markers were chosen a priori. The primary outcome was
left ventricular hypertrophy (LVH), given its established relationship with BP. Secondary
outcomes included coronary artery calcium (CAC) and carotid plaque burden (CPB). LVH
was determined by cardiac magnetic resonance imaging if LV mass indexed to body surface
area was greater than 122 g/m? for women and 149 g/m2 for men.24 CPB was assessed

by carotid ultrasound and was expressed as CPB score (0-12 scale); 1 point per plaque

was allocated for the near and far walls of each segment (common carotid artery, bulb,

and internal carotid artery) of each carotid artery (i.e., total of 12 segments) that was
interrogated. 2> CAC was assessed by cardiac computerized tomography using standardized
protocols. ‘Prevalent” CAC was determined if the CAC (Agatston) score was greater than
0.26 These subclinical CVD markers were all obtained at MESA exam 5. All measures were
calculated by high-quality core laboratories and have undergone rigorous quality control.
Incident CVD events following MESA Sleep ancillary study were identified through regular
telephone interview. Individuals who had an event prior to MESA sleep ancillary study
were excluded. The following events were adjudicated by medical record review by blinded
physicians from the events committee using pre-specified criteria: coronary heart disease,
stroke, and heart failure or composite CVD.19 For this study, we included any of the
following events: myocardial infarction, resuscitated cardiac arrest, angina, stroke, heart
failure, and any death related to CVD. Prevalent CVVD was determined by reported history of
these events prior to MESA exam 5.

Statistical analysis

Average PAT response was modeled using both continuous and categorical (quartiles)
variables. Baseline characteristics were described based on the high vs. low average PAT
response by median value. All continuous variables were described by mean (standard
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deviation [SD]). Outcomes, including LV mass and CPB, were modeled as continuous
variables, whereas prevalent CAC was modeled as a categorical variable. Given that the
CPB score showed non-normal distribution, we repeated analysis using a log-transformed
CPB score.2’ Pearson product-moment correlation (r) was used to describe the correlation
between the average PAT response and AHI. Multiple linear regression analyses were
performed to determine the independent association of average PAT response with LV mass
and CPB. Multivariable logistic regressions were performed for prevalent CAC. Because
of the skewed distribution of PAT response, median PAT response was also tested as an
alternative predictor. To account for potential confounding factors, all models were adjusted
for site, age, sex, race/ethnicity, body mass index (BMI), systolic BP and smoking status.
For incident CVD, after excluding any individuals with prevalent CVD at baseline, we
performed Cox proportional hazard regression to derive the hazard ratio (HR) of incident
CVD per 1 SD increase in average PAT response, adjusting for the same covariates.

For this Cox analysis, we created two additional models; First, additionally adjusting

for AHI to determine whether the association remained when accounting for the most
commonly used OSA severity metric. Finally, we repeated the analyses by including AHI
as an exposure, instead of PAT. Proportional hazards assumption was met based on scaled
Schoenfeld residuals. Statistical analysis was performed using the R software environment
(http://www.r-project.org).

After excluding 628 individuals whose PSG either did not yield adequate-quality PAT
measurement (N=310), or were missing covariates (N=105) or any outcome (N= 213), the
cohort consisted of 1407 participants (mean age 68.4 years, female 47.5%). In participants
included in the final cohort, 73.3% [66.7%-78.0%] (median [IQR]) of the segments per
participant were analyzed after noise/artifact removal. Participants that were included had
similar distributions of demographics and CV risk factors but were more obese compared to
those excluded (BMI: 28.8 kg/m? vs. 28.2, p=0.02) (data not shown).

OSA was common, as evidenced by the mean AHI of 19.5/hr. Nearly all respiratory events
were obstructive (vs. central). The group with high PAT response was older, had higher
BMI, and were likely to be male compared to the low PAT response group (Table 1a).

The high PAT group had greater LV mass and CPB, and an increased prevalence of CAC
(Table 1b). Overall, PAT response showed right-skewed distribution (Mean PAT response
was 33.6 [31.2-35.9] % larger than the median PAT response). Mean PAT response was
highly variable across the different severity groups of OSA by AHI (Figure 4). There was a
weak relationship between PAT response and AHI (r=0.1, p<0.001).

Average PAT response vs. Subclinical CVD

In the multivariable analysis (Table 2), a 1 SD increase in average PAT response was
associated with 1.5 g/m? higher LV mass (p=0.038). When participants were divided into
quartile based on their average PAT response time, those in the 4™ quartile had 5.7 g/m?
higher LV mass as compared with those in the 15t quartile. The results remained similar
when height (vs. BMI) was included in the model (data not shown). Using the median
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PAT response as a predictor yielded similar results (6.7 g/m? higher LV mass in 4t vs 15t
quartile). The CPB score increased by 0.13 for every 1 SD increase in average PAT response
(p=0.036). Individuals in the 4" quartile of average PAT response had 0.41 higher CPB
score. The results remained similar when log-transformed CPB was used (data not shown).
Similarly, every 1 SD increase in average PAT response was associated with prevalent CAC
(OR: 1.19 [1.02, 1.41], p=0.03). In the categorical-based analysis, subjects in the 4" quartile
of average PAT response had a trend of higher odds of having prevalent CAC as compared
with those in the 15t quartile (OR: 1.44 [0.98, 2.15, p=0.06].

Average PAT response vs. Incident CVD

There was a total of 65 incident CVD events over the mean of 4.1(2.6) years follow up
period. As shown in Table 3, a 1 SD increase in average PAT response was associated with
18% higher risk of incident CVD. A model that additionally controlled for AHI (Model 2)
attenuated the significance.

Discussion

We found that in ethnically diverse community dwelling adults with OSA, PSG-based
respiratory event-related PAT response was associated with key subclinical CVD markers
as well as with incident CVD. These findings were independent of potential confounding
factors, and the association remained significant after controlling for AHI, the conventional
metric most commonly used in the diagnosis and severity assessment of OSA. Specifically,
higher average PAT response to respiratory events was associated with higher likelihood

of having increased LV mass, CPB, and CAC, all of which are well-established and
clinically important subclinical CVD markers predictive of CVD and mortality. Moreover,
PAT response to obstructive respiratory events was predictive of future composite CVD
events consisting of acute coronary events, angina, stroke and CVD related deaths.

OSA, and to a lesser degree central sleep apnea, produce sympathetic surges in association
with arousal or transient hypoxemia. Such acute physiological responses lead to an abrupt
response in heart rate, BP, and arterial stiffness. Our presumption was that PAT responses
can be used to quantify such CV responses and that it would more strongly associate with
CV outcomes than the standard and less physiologically informative PSG metrics currently
used. Prior studies have shown the association of OSA with overall increased baseline
arterial stiffness as measured by standard pulse wave velocity or estimated by ‘static’ single
PAT measurement using the ECG R wave to pulse wave peripheral PPG. 2928 |n this study,
we were interested in whether the ‘dynamic PAT change’, which may be reflective of
dynamic sympathetic activity, would be predictive of adverse CV outcomes. Although PAT
from PSG has been examined as a tool to detect autonomic arousal (so called “subcortical
arousal”) and to estimate BP change across the sleep period, it has not been examined in
the context of clinical outcomes.10111629-31 The higher LV mass occurring with shorter
PAT responses may reflect greater event-related sympathetic surges, leading to unfavorable
nocturnal BP resulting in higher afterload and subsequently to structural remodeling of

the LV. LVH is a potent predictor of stroke, coronary heart disease, and heart failure.3233,
Association with higher CPB or CAC may be explained by the well-known impact of
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sympathetic activity on the progression of atherosclerosis.3# Both CPB and CAC are strong
predictors of future CVD and mortality.35-38 Increased CVD events can be explained by the
aforementioned mechanisms. Due to small number of composite CVD events, we did not
have power to look into the individual components of CVD.

Given the consistent finding across several key measures of subclinical CVD as well as with
incident CVD, it is plausible that PAT response may be a novel physiological measurement
that may provide additional physiological information and better predict a subgroup of
OSA patients who are at a higher risk of CVVD. One of the most challenging aspects of
contemporary sleep apnea management relates to risk stratification and therapeutic decision
making. Additional information, such as OSA-specific hypoxic burden?? and pulse rate
response,3? directly available from a sleep study, either alone or in combination, could
provide clinically useful information beyond the ‘diagnosis’ of OSA. Better utilization of
PSG or other aspects of the sleep study to characterize sleep apnea and personalization

of care is an area of unmet need and deserves additional investigation.*? We propose that

if confirmed by additional studies, the described respiratory event-related average PAT
response has the potential to be a clinically useful physiological marker to guide clinicians to
better characterize sleep apnea and help with therapeutic decision-making.

We focused on respiratory event-related PAT responses that were a priori defined as
significant and computed the average integral of those responses to capture the exposure
across the sleep period. However, there are other simpler measurements that may be
worthy of evaluation, such as maximum PAT response or an index using a set threshold
PAT response. Since there are multiple respiratory events and the related PAT responses
in a given subject, an optimal method to best represent the PAT response needs to be
explored. Moreover, although not assessed in our study, PAT response in association with
periodic limb movements, spontaneous arousals, or during sleep-wake transition could
also contribute to CVD and deserves investigation. Therefore, future investigation may
consider entire PAT in sleep. We also recognize that to be more applicable in clinical
practice, measurement methods need to be better refined and night-to-night stability of the
measurement should be examined.

PAT is a proxy estimator of the PTT as it includes a short, but highly variable, pre-ejection
period (PEP) that consists of electromechanical delay, isovolumetric contraction and the
opening of the aortic valve.” Therefore, theoretically, PTT is a superior metric than PAT.
However, measuring PTT is technically challenging as it requires two pulse detection sites
and PAT is a reasonable surrogate to PTT and is easier to extract from commonly acquired
continuous physiological signals. Even so, it is important to note that manual measurement
of PAT is not possible. In our study, we employed a fiducial point-based algorithm that
automatically calculates the time interval between ECG R wave and the foot of the rise

in PPG signal from marked annotated respiratory events. Thus, automated program is
necessary to edit frequent artifacts. Moreover, PPG signal can be easily lost due to improper
contact of pulse oximeter. In this study, about 18% of participants were not included because
of overall inadequate quality of PPG signal, and thus PAT measurement. Lastly, there can be
inherent measurement bias when devices with different sampling rate or filtering techniques
are used.
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Several strengths of our study are noteworthy. Our study cohort consisted of an ethnically-
diverse unselected population and thus, selection bias is minimized. The design of the

study allowed us to temporally link PSG data to subclinical CVD measures obtained at

a similar timing by state-of-the-art and clinically relevant imaging techniques including,
cardiac magnetic resonance imaging, cardiac computerized tomography, and carotid duplex
ultrasound. Although PAT was associated with LV mass, the effect size was small and the
clinical significance of this finding warrants further investigation. While, the cross-sectional
associations with subclinical CVD measures limit causal inference, the prospective findings
with CV outcomes supports PAT response as a predictor of later C\VD. However, the number
of CVD outcomes were small.

In conclusion, we found that the higher average PAT response to respiratory events
manifested in PSG is predictive of markers of subclinical CVD and future CVD.
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. What is the key question?

Does sleep study-derived pulse arrival time indicate high cardiovascular risk in patients
with sleep apnea?

. What is the bottom line?

Sleep apnea-specific pulse arrival time change is associated with subclinical
cardiovascular disease and an increased risk of cardiovascular events in patients with
sleep apnea.

. Why read on?

This study offers a new insight into how novel sleep study-derived physiological markers
may improve risk stratification of patients with sleep apnea.
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Figure 1.
An example of an individual PAT measure. ECG, electrocardiography; PPG,

photoplethysmography; PAT, pulse arrival time was defined as the time interval between
ECG R-wave peak and the foot of PPG signal.
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An example of the PAT decline measure. After the PAT signal was obtained (top panel, see
Figure 1 for more details), it was filtered using a 4-second moving average filter (middle
panel). The PAT decline was defined as the maximum decrease in PAT within the subsequent

5 seconds from the current PAT value (bottom panel). PAT, pulse arrival time.
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Figure 3.
An example of PAT response to a respiratory event (top panel). ‘1’ denotes ongoing an

apneic or hypopneic event. “0” denotes termination of an apneic or hypopneic event.

After determining “significant” PAT declines, an individual event-related PAT response was

defined as the area under the PAT decline curve from the later of the immediate local

minimum or zero crossing before the peak to the sooner of the immediate local minimum
or zero crossing after the peak (bottom panel). The PAT response was defined as the mean

value of all significant areas in each participant. PAT, pulse arrival time.
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Figure 4.
Relationship between pulse arrival time (PAT, sec) change and apnea hypopnea index

(AHI, /hn).

Thorax. Author manuscript; available in PMC 2021 November 01.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Kwon et al.

Characteristics of the study participants

Table 1.

Table 1a
ALL Mean PAT response
[ALL] <median >median P value
N 1407 704 703
Age (years) 68.4 (9.09) 67.8 (8.92) 69.1 (9.22) 0.007
Race/Ethnicity: 0.001
1: White 506 (36.0%) 267 (37.9%) 239 (34.0%)
2: Chinese American 180 (12.8%) 107 (15.2%) 73 (10.4%)
3: African American 392 (27.9%) 168 (23.9%) 224 (31.9%)
4: Hispanic 329 (23.4%) 162 (23.0%) 167 (23.8%)
Sex (Male) 668 (47.5%) 294 (41.8%) 374 (53.2%) <0.001
BMI (kg/m?) 28.8 (5.47) 28.4 (5.38) 29.2 (5.53) 0.012
Height (m2) 166 (10.1) 164 (9.75) 167 (10.4) <0.001
Current smoking 93 (6.64%) 34 (4.86%) 59 (8.43%) 0.019
Diabetes 162 (11.5%) 74 (10.5%) 88 (12.5%) 0.182
Hypertension 811 (57.6%) 389 (55.3%) 422 (60.0%) 0.079
Hypertension Medication 769 (54.7%) 360 (51.1%) 409 (58.2%) 0.009
SBP (mmHg) 123 (19.9) 123 (20.0) 123 (19.9) 0.776
Lipid lowering medication 531 (37.7%) 255 (36.2%) 276 (39.3%) 0.262
Baseline CVD 90 (6.42%) 35 (4.99%) 55 (7.86%) 0.038
HDL (mg/dL) 54.8 (15.8) 55.3 (15.6) 54.3 (16.0) 0.264
LDL 107 (31.9) 109 (31.7) 105 (32.0) 0.028
AHI (/hr) | Median [IQR] | 19.5[10.8;34.0] | 16.9[8.76;31.2] | 22.0[12.8;36.3] | <0.001
Mean (SD) 25.0 (19.4) 22.8(19.2) 27.2 (19.4) <0.001
OAI (/hr) | Median [IQR] | 1.1[0.2:4.7] 1.0 [0.2:4.0] 1.3[0.2;5.4] 0.003
Mean (SD) 4.3 (8.5) 3.8(8.3) 4.8(8.7) 0.026
Table 1b
ALL Mean PAT response
[ALL] <median >median P value
N=1407 N=704 N=703
LV mass (g/m?) 148 (35.4) 143 (31.6) 154 (38.4) <0.001
CPB Score 2.18 (2.35) 1.98 (2.22) 2.37 (2.46) 0.004
Presence of CAC 820 (67.2%) 381 (62.4%) 439 (72.1%) <0.001
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BMI, body mass index; CVD, cardiovascular disease; HDL, high density lipoprotein; LDL, low density lipoprotein; AHI, apnea hypopnea index;

OAl, obstructive apnea index; PAT, pulse arrival time. ‘Average PAT response’ denotes mean area under the PAT response curve following

obstructive respiratory events that are associated with significant PAT decline.

LV, left ventricle; CPB, carotid plaque burden; CAC, coronary artery calcium
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‘Average PAT response’ denotes mean area under the PAT response curve following obstructive respiratory events that are associated with
significant PAT decline.

Values expressed as mean (SD) or N (%)
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Table 3.

Incident cardiovascular event by average PAT response (per 1 SD)

HR | low CI | highCl | Pvalue

Model 1 | per 1 SD average PAT response | 1.20 | 1.02 1.42 0.03

Model 2 | per 1 SD average PAT response | 1.18 | 0.99 1.40 0.06

Model 1 adjusted for site, age, sex, race/ethnicity, body mass index, systolic blood pressure and smoking status. Model 2 additionally adjusted for
apnea hypopnea index.

‘Average PAT response’ denotes mean area under the PAT response curve following obstructive respiratory events that are associated with
significant PAT decline.
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