n pj D i 9 ita I M Ed iCi n e https://doi.org/10.1038/541746-026-02469-w
Article in Press

Multi night digital assessment of sleep disordered
breathing is associated with accelerated vascular

aging

Received: 15 December 2025 Lucia Pinilla, Kelly Sansom, Philoméne Letzelter, Andrew Vakulin, Ashley Montero,
Accepted: 12 February 2026 Anna Hudson, Pierre Escourrou, Jean-Louis Pepin, Robert Adams, Peter Catcheside,
Bastien Lechat & Danny J. Eckert

Cite this article as: Pinilla, L., Sansom,

K., Letzelter, P. et a/. Multi night We are providing an unedited version of this manuscript to give early access to its
digital assessment of sleep findings. Before final publication, the manuscript will undergo further editing. Please
disordered breathing is associated note there may be errors present which affect the content, and all legal disclaimers
with accelerated vascular aging. npj apply.

Digit. Med. (2026). https://doi.org/

10.1038/541746-026-02469-w If this paper is publishing under a Transparent Peer Review model then Peer

Review reports will publish with the final article.

© The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International
License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not
have permission under this licence to share adapted material derived from this article or parts of it. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.



Multi night digital assessment of sleep disordered breathing is associated with
accelerated vascular aging

Lucia Pinillal#, Kelly Sansom®2, Philoméne Letzelter?, Andrew Vakulin!, Ashley Montero!, Anna
Hudson?, Pierre Escourrou?, Jean-Louis Pepin®, Robert Adams?, Peter Catcheside?, Bastien
Lechat!'*, Danny J Eckert®*

LFlinders University, College of Medicine and Public Health, Flinders Health and Medical Research
Institute: Sleep Health and Adelaide Institute for Sleep Health, Adelaide, South Australia,
Australia

2Centre for Healthy Ageing, Health Futures Institute, Murdoch University, Perth, Western
Australia, Australia

3 Withings, Issy-les-Moulineaux, France / Inria, HeKA, PariSantéCampus, Paris, France

4 Centre Interdisciplinaire du Sommeil, Paris, France

>HP2 Laboratory, Inserm U1300, Grenoble Alpes University, Grenoble, France

*Co-senior authors

#Corresponding author

Lucia Pinilla, PhD

Adelaide Institute for Sleep Health and FHMRI Sleep Health.

Mark Oliphant Building, Level 2A, 5 Laffer Drive, Bedford Park, 5042 SA, Australia
lucia.pinilla@flinders.edu.au

Word counts
Abstract: 149
Manuscript: 2380
References: 73



Abstract

Pulse wave velocity (PWV) is a marker of vascularaging and cardiovascularrisk. Obstructive sleep
apnea (OSA) may accelerate vascular decline, but evidence from single-night assessments is
inconsistent. We examined associations of multi-night OSA severity, night-to-night variability,
and snoring with arterial stiffness in a real-world setting. Adults used two in-home digital devices
over a ~4y period: an under-mattress sleep sensor to quantify nightly OSA severity and snoring,
and a smart scale to measure aortic-leg PWV. Among 29,653 participants from 20 countries
(52+12 years; 84% male; BMI 27.3+4.9 kg/m?), increasing OSA severity was associated with higher
PWV in a dose-response manner, independent of age, sex, and BMI. Participants with mild OSA
but high variability had PWV levels comparable to severe OSA. Higher snoring burden
independently predicted higher PWV across OSA severity categories. Multi-night in-home
assessments of OSA and snoring may better reflect cardiovascular risk with potential to inform
personalized management.

Keywords: Obstructive sleep apnea; night-to-night variability; snoring; arterial stiffness; pulse
wave velocity; digital health; digital phenotyping



Introduction

The vascular system is comprised of a complex network of arteries, veins, microvessels, and
specialized vessels such as arteriovenous anastomoses that play a vital role in oxygen and
nutrient delivery, waste removal, thermoregulation and overall tissue homeostasis. As a natural
consequence of aging, blood vessels accumulate a multifaceted array of morphological and
functional changes that collectively contribute to progressive circulatory dysfunction and the
onset of age-related diseases’?2. Among these changes, arterial stiffening represents a hallmark
of early vascularaging and a key determinant of hypertension, organ damage and cardiovascular
mortality, independent of traditional risk factors34. Carotid-femoral pulse-wave velocity (PWV) is
the current gold-standard measure of aortic stiffness>, as endorsed by the European Society of
Hypertension (ESH) and the European Society of Cardiology (ESC)®’. PWV is a robust predictor of
cardiovascular disease and mortality and independently enhances cardiovascular risk
stratification beyond conventional risk models®!!. Elevated PWV is commonly observed in
chronic diseases whereby accelerated vascular aging may represent a shared etiological pathway

underlying the increased cardiovascular risk observed in chronic disease populations'?14,

Obstructive sleep apnea (OSA) is the most prevalent form of sleep-disordered breathing (SDB),
affecting nearly one billion adults globally'®>16. This chronic condition is characterized by
recurrent interruptions of breathing during sleep, resulting in repetitive cycles of intermittent
hypoxia and sleep fragmentation. OSA generates a state of oxidative and endothelial stress and
dysfunction, metabolic dysregulation, and chronic low-grade inflammation”-18, all of which are

key hallmarks of biological aging and predispose to vascular decline®29, Despite growing interest



in the potential link between OSA and accelerated vascular aging, existing evidence remains
inconsistent?12>, Prior studies have relied on single-night assessments of OSA severity, typically
measured using the apnea-hypopnea index (AHI), which quantifies the average number of
breathing pauses per hour of sleep. However, AHI and other OSA severity metrics have
substantial night to night variability which leads to diagnosis incertitude in a high proportion of
patients 2628, Emerging literature indicates that such physiological variability may impose
additional strain on the cardiovascular system?°31, Marked variability could therefore also
contribute to accelerated vascular deterioration. Yet, this hypothesis has not been investigated.
Additionally, habitual snoring, a major feature of SDB independently associated with
hypertension32, may further exacerbate vascular aging by adding mechanical and inflammatory
stress on the upper airway during sleep. However, data on the potential association between

arterial stiffening and snoring is scarce and mainly limited to self-report33.

Recent advances in smart health technologies now enable continuous, unobtrusive objective
monitoring of sleep, breathing, and cardiovascular function in naturalistic settings. These tools
allow for digital phenotyping of physiological processes over extended periods, and capture
dynamic fluctuations that traditional, single timepoint assessments overlook343°, In this study,
we leverage a unique multi-country consumer dataset of longitudinal SDB metrics derived from
an under-mattress sleep sensor and repeated PWV measurements obtained from a smart
bathroom scale. By examining data over multiple years in real-time, we sought to explore the
strength of longitudinal associations between multi-night OSA severity, night-to-night variability,

and snoring with arterial stiffness.



Results

A total of 29,653 participants from 19 countries with more than 300 participants were included
(mean+SD age 52 +12 years; 84% male; mean BMI 27.3 +4.9 kg/m?) (Table 1). Most participants
were from Germany (27.2%), the US (16.9%), France (16.3%), the UK (7.0%), and Switzerland (5.
6%). The mean PWV was 7.56 +1. 02 m/s, derived from a median [IQR] of 38 [64] measurements
per participant per year. There was a progressive increase in PWV with advancing age and
increasing BMI. Males had higher PWV values than females (Figure 1). Participants had a median
[IQR] of 252 [103] nights of sleep data per year. Basedon the average AHI across the study period,
40% had no OSA, 35% had mild OSA, 17% had moderate OSA, and 8% had severe OSA. No
significant differences in the number of sleep recordings or PWV measurements across OSA

severity categories were observed (Table 1).

Multi-night OSA severity and PWV

Compared to the non-OSA group, participants with mild OSA had a mean (95% CI) PWV difference
of +0.08 (0.06 to 0.10) m/s; those with moderate OSA had +0.14 (0.12 to 0.16) m/s; and those
with severe OSA had +0.16 (0.13 to 0.19) m/s (Figure 2). There was no evidence of an effect
modification by sex (p-for-interaction = 0.34; Supplement Figure S1a). However, associations
were stronger among younger participants (p-for-interaction <0.001; Figure S1b) and those with
lower BMI (p-for-interaction < 0.001; Figure S1c). Removing potential outliers did not change the

association between OSA severity and PWV (Figure S2).

Night-to-night OSA variability and PWV



The interaction p value for OSA severity and night-to-night variability for the association with
PWV was 0.05. The association between OSA variability and PWV was more pronounced among
participants with no, mild, or moderate OSA, but was not significant for severe OSA (Figure 3a).
Within each OSA severity group, high night-to-night variability in AHI, comparing the 90" to the
10th percentile of OSA variability within that group, was associated with higher PWV values.
Specifically, PWV was higher by +0.11 m/s (5.6 vs. 1.3 events/h; 95%Cl 0.09 to 0.13) in
participants with no OSA, +0.12 m/s (10.1 vs. 5.2 events/h; 95%Cl 0.10 to 0.14) in mild OSA, and
+0.06 m/s (15.6 vs. 8.2 events/h; 95%Cl 0.03 to 0.08) in moderate OSA (Figure 3b). Conversely,
there was no significant difference in PWV between high and low night-to-night variability
percentiles (90™ vs. 10th, 22 vs. 12.2 events/h) among participants with severe OSA (mean
[95%CI] = 0.01 [-0.03 to 0.04] m/s). Participants with mild OSA and high night-to-night variability
(above the 90t percentile; ~10 events/h) had a predicted PWV of 7.72 (7.70 to 7.74) m/s,
comparable to those with severe OSA but low variability (below the 10t percentile; ~12 events/h,
7.77 (7.73 to 7.80 m/s). In sensitivity analyses, a model investigating the association between
OSA variability and PWV without adjustment for OSA severity showed that high night-to-night
variability in AHI, comparing the 90t to the 10t percentile of OSA variability across all
participants, was associated with a 0.24 m/s increase in PWV (13.7 vs. 2.4 events/h; 95%Cl 0.22

to 0.27; Figure S3). Findings did not change after removing outliers (Figure S4).

Snoring burden and PWV

The interaction between OSA severity categories and snoring burden was not significant (p-for

interaction = 0.17; Figure 4a). Higher percentage of time spent snoring (90t vs. 10t") was



consistently associated with elevated PWV across all OSA severity categories: no OSA +0.11 m/s
(0.1 vs. 12.1%; 95%CI 0.09 to 0.13), mild OSA +0.12 m/s (0.3 vs. 22.1%; 95%Cl 0.10 to 0.14),
moderate OSA +0.06 m/s (0.6 vs. 33.7%; 95%Cl 0.03 to 0.08), and severe OSA +0.14 m/s (1.2 vs.
46.3%; 95%CI1 0.10 to 0.18) (Figure 4b). Participants with no OSA but a high snoring burden (above
the 90t percentile; ~12%), had a predicted PWV of 7.68 (7.66 to 7.70) m/s, similar to those with
severe OSA but minimal snoring (below the 10" percentile; ~1%, 7.66 (7.62 to 7.71) m/s). In
sensitivity analyses without adjustment for OSA, higher snoring burden, comparing the 90" to
the 10t across all participants, was associated with a 0.24 m/s higher PWV (24.1 vs. 0.1%; 95%Cl
0.22 to 0.26; Figure S5). Effect estimates were slightly larger when removing outliers, but overall

interpretation remained consistent (Figure S6).

Discussion

This large, digital technology-enabled, multi-national, real-world study of nearly 30,000
participants monitored at home for ~4 years reveals that SDB is associated with elevated arterial
stiffness, a hallmark of vascular decline and an established precursor of cardiovascular disease.
Multi-night OSA severity shows a dose-response relationship with PWV, independent of age, sex,
and BMI. Beyond average OSA severity, greater night-to-night variability in OSA severity and
higher snoring burden are both independently associated with increased arterial stiffness. These
findings highlight the importance of multi-night sleep assessments to capture the cumulative and
fluctuating burden of disturbed breathing during sleep to better inform personalized

cardiovascularrisk stratification and clinical management of OSA and CVD.



The mechanical properties of the arterial system are fundamental to circulatory physiology and
cardiovascular health. Arterial stiffening often precedes the onset of clinically significant systemic
hypertension and independently predicts premature coronary artery disease, atherosclerosis,
and cardiovascular mortality*®. PWV, a well-established proxy of arterial stiffness, ranks among
the strongest predictors of cardiovascular disease, independent traditional risk factors such as
blood pressure and BMI®%11, Arecent meta-analysis reported a 15% increase in mortality for each
1 m/s increase in PWV10, Despite its strong prognostic value, the clinical use of PWV has been
limited by the need for specialized equipment and expertise. Recent advances in consumer-grade
smart bathroom scales now enable longitudinal, self-administered PWV measurements with
clinically validated accuracy*! and high user acceptability*2. Together with the growing adoption
of home-based sleep sensors, these technologies create an unprecedented opportunity to
characterize the long-term interplay between multi-night digital SDB phenotypes and vascular
aging inreal-world environments, which, to our knowledge, is explored in this study for the first

time.

An early study more than two decades ago suggested that people with severe OSA (n = 16) had
higher PWV and other signs of early vascularaging compared with age-, sex-, and BMI-matched
controls (n = 12)*3. Subsequent studies have yielded inconsistent results?3:24, A meta-analysis of
five studies (n =282) reported significantly higher carotid-femoral PWV in OSA compared to
controls (standardized mean difference [95% Cl] = 0.45 [0.21 to 0.69)] m/s??, yet heterogeneity
in study populations and PWV assessment methods was considerable. In contrast, a later
individual patient data meta-analysis of nine studies (n=893) using standardized PWV technique

found no significant association between PWV and AHI or OSA severity categories?!. A key



limitation of prior studies was their reliance on single time-point assessments of OSA and PWV,
which overlooked nightly variability of OSA severity and the temporal evolution of vascular
remodeling. In the present study, long-term, technology-enabled, longitudinal measures with
nightly monitoring of OSA (median >250 nights per participant per year) and repeated PWV
assessments (median ~40 per participant per year), revealed a robust dose-response association
between OSA severity and arterial stiffness. Accumulating evidence supports OSA as a potent
accelerator of biological aging**4, particularly in younger individuals#’. Consistent with this, we

observed stronger associations between OSA and arterial stiffness among younger participants.

Beyond mean OSA severity, we found that night-to-night variability in OSA severity is associated
with arterial stiffening, particularly among people with mild OSA (based on average multi-night
AHI). Participants with mild OSA but high nightly variability have PWV values comparable to those
with severe OSA and low variability. This observation is clinically relevant, given that people with
mild OSA are often not considered for treatment despite growing evidence supporting that
fluctuating nightly exposure to respiratory disturbance increases the risk of adverse
cardiovascular outcomes, including hypertension?®31, atrial fibrillation*®, and major
cardiovascular and cerebrovascular events. A variety of factors can influence AHI variability,
including body and head position, variations in nasal resistance, ambient environmental
conditions, and behavioral and lifestyle factors#°->3. Our findings reinforce the need to move
beyond current single-night diagnostic tests towards multi-night sleep assessments, which more
accurately capture real-world patterns of disease risk exposure. Given the importance of

selecting effective long-term treatment and ensuring sustained adherence, multi-night testing



with posture detection may better inform individualized therapeutic decisions, as positional OSA

and posture-related variability in disease severity can be missed with single-night assessments.

Few studies have investigated the relationship between snoring and arterial stiffness. In the
Brisighella Heart Study, self-reported snoring, both with and without concomitant self-reported
OSA, was associated with higher PWV compared to non-snorers33. Conversely, another study
using objective measures of snoring frequency found no significant association with PWV after
adjusting for measured confounders>*. However, single-night snoring assessments may not
reliably reflect typical snoring, as snoring duration and intensity may change from night to night
due to different factors such as sleep position or alcohol consumption. Our analysis, leveraging
measurements over multiple years to capture cumulative snoring burden, showed that habitual
snoring was associated with increased arterial stiffness independent of the presence and severity
of OSA. This finding adds to the growing literature linking snoring, independently of OSA severity,
with cardiovascularrisk32:°57, and highlights the importance of considering snoring within clinical

sleep care.

Several pathophysiological pathways may explain the observed associations between SDB and
arterial stiffening, including oxidative stress, systemic inflammation, hypercoagulability, and
endothelial disfunction, which are established mediators of vascular remodeling>®. Respiratory
event-triggered heart rate surges during sleep may play a key role in this relationship, as
suggested by a recent mediation analysis in a large Japanese cohort of OSA patients®°. Highly
variable OSA severity from night to night may prevent potential compensatory mechanisms,

potentially further contributing to progressive cardiovascular function decline. However, this



hypothesis needs further investigation. Additionally, the persistent mechanical stress of snoring
vibrations caninduce local inflammation and microvascular damage in upper airway tissues®5%1,
which may contribute to systemic vascular decline. In a rabbit model, reduced baroreflex
sensitivity with external upper airway compression-induced snoring, but not peri-carotid tissue
vibration, supports that chronic partial upper airway obstruction and exposure to more negative
intrathoracic pressures may also play an important role in chronic arterial stiffening and
hypertension®2. Further mechanistic studies are needed to better understand these pathways

and identify potential therapeutic targets.

Arterial stiffness is considered a modifiable process and therefore represents a promising clinical
target for therapeutic intervention for reducing cardiovascular risk®3. Continuous positive airway
pressure (CPAP) therapy lowers PWV in people with OSA in a recent meta-analysis of randomized
trials (9 studies; n = 685; mean change [95%Cl] -0.44 m/s [-0.76 to -0.12]) 4, consistent with
findings from an earlier meta-analysis of randomized and observational data (15 studies; n =615)
65 These results suggest that the vascular consequences of OSA may at least be partially
reversible, aligning with previous evidence that epigenetic aging-related accelerationin OSA can
be reversed with adherent CPAP treatment®®. Similarly, the detrimental vascular effects of
snoring, independent of OSA, may also be reversible, although evidence from interventional
studies is lacking. Lifestyle modifications have demonstrated clinical efficacy in preventing and
treating arterial stiffening®®, which is particularly relevant given the high prevalence of obesity
and sedentarismin SDB populations. Remote monitoring of PWV may therefore serve as a useful
tool to assess treatment effects to mitigate cardiovascular risk and promote healthier longevity

in people with SDB®>,



This study has several unique strengths, including its unprecedented scale, multi-year follow-up,
and use of novel validated, consumer-grade digital tools to enable objective, repeated
measurements of SDB and PWV in naturalistic home environments. However, there are several
potential limitations. First, participation was self-selected, resulting in overrepresentation of
male sex and likely people of higher socio-economic status and those more conscious about their
health. Second, OSA and snoring metrics were derived from a consumer sleep monitor,
precluding analysis of other physiological measures such as oxygen desaturation, arousals, or
snoring intensity. Nevertheless, multi-night home-based measures and robust relationships with
PWV support their utility and may better capture cumulative exposure than single-night
laboratory settings. Similarly, arterial stiffness was estimated using a smart scale without clinical
assessments of PWV or other measures of vascular function and structure. Third, data on
potential confounders or effect mediators, such as alcohol intake, smoking, diet, exercise,
comorbidities, medications and treatments including continuous positive airway pressure (CPAP)
were unavailable, which may result in residual confounding. Fourth, although annual averaging
of exposures and outcomes was used to mitigate potential short-term and seasonal variability,
some seasonal factors such as temperature, changes in physical activity, or respiratory infections

may have influenced the observed associations.

In this large, multi-national, real-world study involving nearly 30,000 participants monitored
longitudinally at home, multi-night OSA severity, night-to-night variability, and snoring burden
were each independently associated with a significantincrease in arterial stiffness. These novel
findings suggest that accelerated vascular system decline may represent a key mechanistic

pathway linking SDB with cardiovascular pathology and emphasize the clinical importance of



multi-night sleep assessments to enhance cardiovascular risk stratification and inform

personalized management of SDB.

Methods

Study population

Data were acquired from adults who used two FDA-cleared connected health devices: an under-
mattress sleep sensor and a smart bathroom scale, between January 2021 and November 2024.
Participants self-reported their sex and age at the time of device setup. All participants provided
written consent for the use of their deidentified data for research. The study performed in
accordance with the Declaration of Helsinki and was approved by the Flinders University Human

Research Ethics Committee (Project number: 4291). Clinical trial number: not applicable.

SDB assessments

Nightly SDB metrics, including OSA severity (AHI) and snoring time, were derived from the under-
mattress sleep sensor (Withings Sleep Analyser/Sleep Rx). This nearable integrates a built-in
microphone to record sound with a high-sensitivity pressure sensor to assess
ballistocardiographic signals of body movement, heart rate, and respiratory motion. These
signals are processedvia Al-based proprietary algorithms to estimate sleep parameters, including
total sleep time, AHI, and total snoring time. Nights with total sleep time <5 hours were excluded
from AHI computation. Independent validation studies comparing this device against gold-
standard polysomnography (PSG) have shown minimal systemic bias and high accuracy for OSA

classification: mild (sensitivity = 89%, specificity = 75%), moderate-to-severe (88%, 88%), and



severe (86%, 91%)2%%7. These performance metrics are comparable to other wearable and
nearable devices that have received regulatory clearance for home-based OSA monitoring®8.
Validation of snoring duration estimated from the under-mattress sensor have alsoshown a close

agreement with PSG (r? =0.76)°°.

Multi-night OSA severity was calculated as the yearly mean AHI for each participant, excluding
years with <52 nights of data. Standard clinical thresholds were used to categorize OSA severity:
<5 (no OSA), 5-15 (mild), 15-30 (moderate), and >30 events/h (severe)’%’1. Night-to-night
variability in OSA severity was quantified annually as the root mean square of successive nightly
AHI differences?®. Snoring burden was defined as the percentage of total sleep time spent

snoring, averaged yearly across the monitoring period32.

PWV and weight assessments

Aortic-leg PWV measurements were obtained using the smart bathroom scale (Withings Body
Cardio), with recordings performed in the standing position. This device employs impedance
plethysmography and ballistocardiography to estimate the pulse transit time between the onset
of systolic ejection and pulse arrival at the foot. PWV is derived using proprietary Al-based
algorithms that incorporate user height and BMI. Validation against carotid-femoral PWV
assessed via applanation tonometry (SphygmoCor) using three independent datasets has shown
good agreement with the clinical gold standard*!l. Repeated weight measurements were

obtained from the same scale, from which the yearly mean BMI per user was calculated.



The primary outcome was yearly mean PWV, selected to minimize seasonal variation’?. Years

with <12 PWV recordings per participant were excluded from analysis.

Statistical analysis

Multivariable linear mixed-effect models were used to examine associations between SDB
metrics and PWV, adjusting for age, sex, and BMI (time-varying). Participant ID and country of
residence were included as random intercepts. The primary model investigated associations
between OSA severity (categorical) and mean PWV. Two additional models assessed interactions
between OSA severity (categorical) and OSA variability (continuous; modelled using a cubic spline
with 4 degrees of freedom), and between OSA severity (categorical) and snoring burden
(continuous; modelled similarly). Interactions with sex, age, and BMI were also explored.
Estimated marginal means were used to summarize the model-predicted PWV values across
exposure percentiles (10t, 25th, 50t 75th and 90" percentile)’3. For contextual interpretation,
associations of age (5-year bins), sex, and BMI (3-kg/m? bins) with PWV were alsoevaluated. Data
are presented as meantSD unless specified otherwise. For each of the main analyses, sensitivity
analyses were conducted excluding potential outliers, defined as values above the 99t" percentile
for exposures (mean OSA severity, OSA variability, snoring burden) and outcome (PWV), as well
as values below the 15t percentile for PWV. This resulted in the exclusion of ~4.7% of data points.

p<0.05 was considered statistically significant.



Data Availability: The dataset associated with this study is stored in a proprietary repository
(Withings) and cannot be shared publicly due to concern for privacy, ethical, and legal reasons.
The investigator team accessed the data through an application process to Withings, and a formal
data sharing agreement designed to safeguard user confidentiality, as outlined in the terms and
conditions and privacy policy documentation. Queries for data access canbe directed to Withings
(data_compliance@withings.com) with a timeframe for response of four weeks. Specific de-
identified raw data that support the findings of this study, including individual data, are available
from the corresponding author (lucia.pinilla@flinders.edu.au) upon request subject to ethical
and data custodian (Withings) approval described above. The timeframe for response to requests

will be up to four weeks.

Code Availability: The underlying code for this study is not publicly available but may be made
available to qualified researchers on reasonable request from the corresponding author

(lucia.pinilla@flinders.edu.au).
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FIGURES

Figure 1. Distribution of yearly mean pulse wave velocity (PWV) values across the study population and
across demographic categories. a) Histogram and density plot showing the distribution of PWV values
across the overall study population. The red line represents the density estimate and the dashed red line
indicates the median PWV. b) Yearly mean PWV according to age (5-year bins). c¢) Yearly mean PWV
accordingto sex (male/female). d) Yearly mean PWV according to body mass index (BMI) (3-kg/m? bins).
Results are presented as estimated marginal means and 95%Cls from multivariable linear mixed-effect

modelsincluding participant ID and country of residence as random intercepts.

Figure 2. Association between obstructive sleep apnea (OSA) severity categories and yearly mean pulse
wave velocity (PWV). OSA severitywas categorized according to the yearly mean apnea-hypopneaindex
(AHI) using standard clinical thresholds: <5 (no OSA), 5-15 (mild), 15-30 (moderate), and =30 events/h
(severe). Results are presented as estimated marginal means and 95%Cls from multivariable linear mixed-
effect models adjusted for age, sex, and time-varying body massindex (BMI) and including participant ID

and country of residence asrandom intercepts.

Figure 3. Association between night-to-night variability in obstructive sleep apnea (OSA) severity and
yearly mean pulse wave velocity (PWV) across OSA severity categories. a) Night-to-night variability was
quantified as the yearly root mean square of successive nightly differences (RMSSD) in the apnea-
hypopneaindex (AHI). OSA severity was categorized according to the yearly mean AHI using standard
clinical thresholds: <5 (no OSA; green), 5-15 (mild; orange), 15-30 (moderate; purple), and 230 events/h
(severe; pink). Solid lines represent fitted regression curves, and shaded areas indicate 95% Cls. Markers
(triangle, square, and circle) correspond to the 10", 50, and 90" percentiles of night-to-night variability,
respectively. b) Mean PWV and 95%Cl at the 10", 50", and 90" percentiles of night-to-night variability in
AHI for each OSA severity category, estimated from multivariable linear mixed-effect models adjusted for
age, sex, and time-varying body massindex(BMI) and includingparticipant ID and country of residence as

random intercepts.

Figure 4: Association between snoring burden and yearly mean pulse wave velocity (PWV) across
obstructive sleep apnea (OSA) severity categories. a) Snoring burden was quantified as the yearly
percentage of total sleep time (TST) spentsnoring. OSA severity was categorized according to the yearly
mean apnea-hypopneaindex (AHI) using standard clinical thresholds: <5 (no OSA; green), 5-15 (mild;

orange), 15-30 (moderate; purple), and 230 events/h (severe; pink). Solidlines represent fitted regression



curves, and shaded areas indicate 95%Cls. Markers (triangle, square, and circle) correspond to the 10,
50%, and 90*" percentiles of snoring burden, respectively. b) Mean PWV and 95%Cl at the 10%", 50*", and
90" percentiles of snoring burden for each OSA severity category, estimated from multivariable linear
mixed-effect models adjusted for age, sex, and time-varying body mass index (BMI) and including

participant IDand country of residence as randomintercepts.



TABLES

Table 1. Participant characteristics by categories of obstructive sleep apnea (OSA) severity, categorized

accordingtothe yearly mean apnea-hypopneaindex (AHI)using standardclinical thresholds: <5 (no OSA),

5-15 (mild), 15-30 (moderate), and =30 events/h (severe). Data are presented as mean (SD) or median

[p2s; p7s] unless otherwise specified. For participants with multiple years of data, the last year of datawas

used to generate the table.

OSA severity category

Overall No OSA Mild OSA Moderate OSA Severe OSA
n, (%) 29653 11850 (40) 10284 (35) 5143 (17) 2376 (8)
Age, years 52.3(12.0) 47.3(11.3) 53.3(11.1) 58.1(10.8) 59.6 (10.7)
Females, n (%) 4842 (16.3) 2659 (22.4) 1508 (14.7) 538 (10.5) 137 (5.8)
Body mass index, kg/m? 27.3(4.9) 25.8 (4.5) 27.5(4.6) 28.8(4.8) 31.0(5.3)

Pulse wave velocity
measurements, n/year

Pulse wave velocity mean, m/s
Sleep recordings, n/year

AHI mean, events/h

AHI root mean square of
successive nightly differences,

events/h

Snoring mean, % of TST

38.0[20.0,84.0]

7.6(1.0)
252.0 [189.0, 292.0]

7.0[2.6,15.2]

7.4(4.8)

4.1[1.0,124]

37.0[21.0,84.0]

7.2(0.9)
252.0[189.0,2920]

1.9[0.8,3.3]

3.6 (1.7)

1.9[0.4,5.9]

38.0[21.0,85.0]

7.7 (1.0)
252.0[190.0,290.0]

8.8[6.7,11.5]

7.5(2.2)

4.9[1.4,125]

38.0[20.0,87.0]

8.0(1.0)
252.0[187.0, 292.0]

20.1[17.3,23.9]

11.7(3.3)

9.0[2.7,20.6]

35.0[19.8,74.0]

8.1(1.0)
249.0 [186.8, 294 0]

40.0[34.2,50.5]

16.9 (4.5)

17.1[5.6, 33.2]
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