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Abstract

Objective: The study aimed to examine the association based on objective estimates of sleep
duration and quality and aortic stiffness while accounting for the potential confounding effect of
SDB.

Method: Participants were part of the Multi-Ethnic Study of Atherosclerosis (MESA) Sleep
study. Sleep duration and quality were assessed by 7-day wrist actigraphy, SDB by home
polysomnography, and aortic stiffness by magnetic resonance imaging (MRI)-based aortic pulse
wave velocity (aPWV), ascending and descending aorta distensibility (AAD and DAD). Aortic
stiffness of participants with ‘normal’ sleep duration (6—8 hours) were compared with those of
‘short’ (<6 hours) and ‘long’ sleep duration (>8 hours) adjusting for common cardiovascular risk
factors and apnea hypopnea index (AHI).

Results: The sample consisted of 908 participants (mean age 68.4+9.1 years, 55.3% female).
There was a significant linear trend of increased aPWYV across short (n=252), normal (n=552), and
long sleep durations (n=104) (p for trend=0.008). Multivariable analysis showed that people with
short sleep duration had 0.94 m/s lower aPWV (95% CI: -1.54, —0.35), compared with those with
normal sleep duration.

Conclusion: In this ethnically diverse community cohort, habitual short sleep duration as
estimated by actigraphy was associated with lower aortic stiffness.

Keywords
Sleep duration; sleep quality; arterial stiffness; pulse wave velocity

Introduction

Avrterial stiffness is an important marker of aging and hypertension (Najjar et al., 2008).
Because of their proximity to the heart, the aorta and the aorto-illiac pathway make the
largest contribution to buffering pulsatile cardiac output (Cavalcante, Lima, Redheuil, & Al-
Mallah, 2011). Tonometry-based carotid-femoral pulse wave velocity (cfPWV) has been
considered the gold standard for arterial stiffness and has been shown to predict future
cardiovascular disease (CVD) and CVD mortality.

Recently, quantification of aortic pulse wave velocity (aPWV) and aortic distensibility (AD)
using magnetic resonance imaging (MRI) became available and these measures have been
reported to be more strongly related to age than several other noninvasive measures of elastic
properties of the aorta, including cfPWV (Redheuil et al., 2010). MRI-based aPWV and AD
have also been shown to be independent predictors of CVD outcomes (Ohyama et al., 2017,
Redheuil et al., 2014).

Poor sleep is being increasingly recognized as a risk to cardiovascular (CV) health. In efforts
to better understand the underlying mechanism by which impaired sleep exerts its adverse
impact on CV health, an increasing number of studies have examined various aspects of
sleep in relation to subclinical markers of CVD. While most of the studies have focused on
sleep disordered breathing (SDB), a limited number of studies have recently addressed other
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aspects of sleep such as sleep duration and quality (Erden et al., 2010; Nagai, Hoshide,
Nishikawa, Shimada, & Kario, 2013; Yamaki, Sato, & Fujii, 2015). In particular, several
studies reported that sleep duration and quality are significantly associated with arterial
stiffness (Cao, Zhou, Yuan, & Chen, 2016a; Niijima et al., 2016; Tsai et al., 2014a; Yoshioka
et al., 2011a). However, in these studies, sleep duration and quality were self-reported. Self-
reported sleep duration is weakly associated with objective sleep duration, and self-reported
sleep quality (vs. objective estimates) are likely to capture different domains of sleep quality
(Landry, Best, & Liu-Ambrose, 2015). No previous studies have used MRI-based aortic
stiffness as an arterial stiffness measure in relation to sleep duration and quality. Further,
limited by the study designs, previous reports have not accounted for SDB which itself is an
independent predictor of increased arterial stiffness (Doonan et al., 2011; Wang et al., 2015).
Therefore, we aimed to examine the association between objective estimates of sleep
duration and quality from actigraphy, and MRI-based aortic stiffness, taking into account
SDB.

Study Sample

The aims and design of the Multi-Ethnic Study of Atherosclerosis (MESA) have been
previously published (Bild et al., 2002). In brief, the MESA is a multi-center cohort study of
White, African American, Hispanic, and Chinese adults living in six US cities (Winston-
Salem, New York, Baltimore, Minneapolis, Chicago, and Los Angeles). At baseline, 6814
men and women 45-84 years of age without known CVD were recruited between 2000 and
2002. All MESA participants other than those reporting regular use of oral devices,
nocturnal oxygen, or nightly continuous positive airway pressure were invited to participate
in the MESA Sleep study at MESA Exam 5 (2010-2013). We included a subset of
participants who underwent sleep assessments mainly wrist actigraphy and
polysomnography (PSG) along with a cardiac MRI. Compared with the entire MESA group,
the subjects of this study were slightly younger (mean difference =1.8 years, p=<.0001) and
there was no difference in gender distribution between two groups (p=.18). All participants
provided written informed consent for study participation, which was approved by the
institutional review boards (IRBs) of all MESA field centers. This secondary analysis of the
MESA data was approved by the University of Virginia IRB.

Assessment of Sleep Parameters

Estimates of sleep duration and quality were derived from wrist actigraphy. Details of
actigraphy methodology in MESA have been published previously (Ogilvie et al., 2016).
Study participants wore the Actiwatch Spectrum (Philips Respironics, Murrysville, PA) on
the dominant wrist for seven consecutive days. Participants with wrist actigraphy data
containing at least four weekdays and one weekend day were included. Actigraphy data
were analyzed by using Actiware-Sleep version 5.59 software and scored in 30-sec epochs.
Estimates of sleep start and end time were determined by decreased and increased activity
count, using the Cole-Kripke algorithm (Cole, Kripke, Gruen, Mullaney, & Gillin, 1992).
Sleep duration was defined as the duration of main sleep periods between sleep start and end
time, averaged across all nights. These times were compared with the event marker, sleep
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journal bed and wake times, and light level changes.Based on the previously reported U-
shaped relationship of self-reported sleep duration with metabolic, cardiovascular, and all-
cause mortality (Cao, Zhou, Yuan, & Chen, 2016b; Cappuccio, D’Elia, Strazzullo, & Miller,
2010; Niijima et al., 2016; Qureshi, Giles, Croft, & Bliwise, 1997), sleep duration as
estimated by actigraphy was categorized as short (less than 6 hours per night), normal (6 to 8
hours per night), or long (more than 8 hours per night). Estimates of sleep quality included
sleep efficiency and wake after sleep onset (WASO). Estimated sleep efficiency (%) was
defined as the average proportion of time spent asleep during the in bed time, and was
calculated by taking the sum of all sleep time divided by the sum of all in bed time during
main sleep intervals across the actigraphy recording. WASO (minutes) was estimated as the
average time spent awake between waking up after falling asleep and falling asleep again,
and was calculated by dividing the sum of all wake after sleep onset values across the
recording by the total number of main sleep periods. The apnea-hypopnea index (AHI), a
measure of SDB severity, was assessed by 15-channel home-PSG during the MESA Sleep
study as has been described previously (Kwon et al., 2015). Apneas were defined as a
greater than or equal to 90% reduction in the thermocouple signal for more than or equal to
10 seconds. Hypopnea was defined as more than or equal to 50% reduction in airflow
coupled with 3% oxygen desaturation or an arousal as measured by pulse oximetry.

Aortic Stiffness and Covariate Data

Aortic stiffness was measured by the cardiac MRI using 1.5-T whole-body MRI scanners as
described elsewhere (Ohyama et al., 2016). Participants were scanned in a supine position
with the following imaging parameters: repetition time, 10 ms; echo time, 1.9 ms; field of
view, 34 cm; section thickness, 8 mm; matrix size, 256x224; 2 signal averages; temporal
resolution, 20 ms; velocity encoding gradient, 150 cm/s in the superior-to-inferior direction;
and receiver bandwidth, £32 kHz. By using ARTFUN software (INSERM U678), the flow
wave transit time between ascending and descending aorta was calculated as the average
time difference among all data points on the systolic upslope of the ascending and
descending aortic flow curves after peak flow normalization. The distance between
ascending and descending aorta was precisely measured at locations where velocities were
measured using the oblique sagittal image (perpendicular to the aortic lumen) at the level of
the right pulmonary artery during breath hold. aPWV (m/s) was determined by dividing the
distance (mm) by the transit time between ascending to descending aorta (ms).

Aortic distensibility was calculated by using the following formula:

aortic distensibility = [(maximum aortic area - minimum aortic area)/ minimum aortic area] /
(systolic BP - diastolic BP)

Covariates were based on information obtained from the exam 5 visit and included the
following: age, gender, race/ethnicity, body mass index (BMI), smoking status, anti-
hypertensive medication use, fasting glucose, HDL-c, LDL-c, triglycerides, lipid lowering
medication use, AHI, left ventricular ejection fraction (Ohyama, Ambale-Venkatesh, et al.,
2016), and systolic blood pressure (SBP) measured at MRI exam. SBP was based on the
average of two SBP measures at the time of MRI session.
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Statistical Analysis

Results

Characteristics of study participants across the three estimated sleep duration groups were
compared using one-way ANOVA for continuous variables and )(2 test for categorical
variables. Multivariable linear regression models were used to model aortic stiffness as a
function of actigraphy based estimates of sleep duration (reference group: 6-8 hours),
adjusting for all the covariates with and without AHI. Effect modifications by age, gender,
race/ethnicity, sleep efficiency, and WASO were tested by including each cross product term
in the model. Estimated sleep quality measures [sleep efficiency (%) and WASO (minutes)
as a continuous variable] were also tested as predictors using the same model. Sensitivity
analysis included exclusion of participants with extreme sleep hours (< 4 hours and/or > 9
hours), using different sleep duration cut-off values (< 5 hours vs. 5-7 vs. > 7 hours) and,
modeling sleep duration (minutes) as a continuous measure. All statistical analyses were
performed using SAS version 14.1 (SAS Institute, Cary, NC, USA). All reported tests were
two-tailed and a threshold of 0.05 was used to define statistical significance.

A total of 908 participants with usable actigraphy data were included. Baseline
characteristics are summarized in Table 1. Mean (SD) age was 68.4(9.1) years old and
55.3% of participants were female. The actigraphy estimated mean sleep duration for the
study sample was 6 hours 34 minutes. A total of 252 (27.75%) participants were classified
as having habitually short sleep duration, 552 (60.79%) with normal sleep duration, and 104
(11.45%) with long sleep duration.

Aortic stiffness measures as a function of actigraphy based sleep duration categories are
depicted in Figure 1. There were significant differences in aPWV among the three sleep
duration categories (p=0.008). Participants with habitually long sleep duration had
significantly higher aPWV than participants with habitually normal sleep duration
(9.91£4.86 m/s vs. 8.68 +4.22 m/s, p=0.006). No significant differences were observed in
aPWV between participants with habitually short versus normal sleep duration (8.44+3.60
m/s vs. 8.68+ 4.22 m/s, p=0.442). Ascending AD (AAD) and descending AD (DAD) were
not significantly different among the three categories of sleep duration.

In adjusted analyses (Table 2 and Figure 2), participants with short duration had 0.94 m/s
(95% CI: [-1.54, —0.35]; p=0.002) lower aPWV compared with participants with normal
duration. No significant difference in aPWV was found between participants with normal
and long sleep duration (A = 0.82 m/s [-0.02, 1.65]; p=0.055). No noticeable association of
sleep duration with AAD and DAD was noted (AAD: A = 0.13 %/mmHg [-0.07, 0.32];
p=0.197 and DAD: A = 0.22 %/mmHg [-0.00, 0.45]; p=0.049, respectively for short vs.
normal sleep duration, and AAD: A = -0.07 %/mmHg [-0.19, 0.34]; p=0.583 and DAD: A =
-0.05 %/mmHg [-0.26, 0.35]; p=0.772, respectively for normal vs. long sleep duration).
Excluding AHI from the model did not meaningfully change the results. No significant
effect modifications were found in sleep duration by age, gender, race, sleep efficiency, and
WASO (data not shown).
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Because of the unanticipated findings of an association between habitually short sleep
duration and favorable aortic stiffness profiles (i.e., low aPWV), various sensitivity analyses
were conducted. Excluding participants with extreme sleep duration (less than 4 hours
and/or greater than 9 hours) did not meaningfully change the results (data not shown). When
different cut-points were used to categorize the estimated sleep duration from actigraphy (<
5 hr vs. 5-7 hours vs. > 7 hours), neither short nor long sleep duration (vs. normal) were
associated with aPWV and DAD (data not shown). When absolute sleepy duration was
modeled as a continuous measure, a significant linear relationship was found with aPWV
(p<0.001), but not with AAD (p=0.404) or DAD (p=0.632).

Mean sleep efficiency and WASO were 89.99 (3.64) (%) and 39.32 (16.75) (minutes),
respectively. Actigraphy estimates of sleep quality (sleep efficiency or WASO) were not
associated with any aortic stiffness measures (Table 3).

Discussion

In this study of an ethnically diverse cohort, actigraphybased habitually short sleep duration
was associated with lower aortic stiffness compared with those with normal sleep duration.
Specifically, people with shorter average sleep (less than 6 hours) as estimated by one week
of actigraphy exhibited 0.94 m/s lower MRI-based aPWV compared with participants with 6
to 8 hours of sleep duration. Given that aPWV had 1.4 m/s increase over 10 years (Ohyama,
Teixido- Tura, et al., 2016), the difference of aPWV between short and normal sleep
duration is considered clinically significant. This finding was independent of SDB severity
and was not influenced by demographic characteristics or other sleep quality measures. No
independent associations were found between actigraphybased sleep quality measures and
aortic stiffness.

Previous studies linking self-reported sleep duration to arterial stiffness have revealed mixed
results. For example, short sleep duration was associated with higher arterial stiffness in
middle aged Chinese population with nonalcoholic fatty liver (Cao et al., 2016a), children
(Morita et al., 2016), and an elderly population (Zonoozi et al., 2017). On the other hand,
several population- based studies have reported associations between long sleep duration and
increased arterial stiffness measured by brachial-ankle PWV (baPWV) in middle aged
Japanese civil servants (Yoshioka et al., 2011b), Taiwanese males (Tsai et al., 2014b) and
elderly in Japan (Niijima et al., 2016). One large study conducted among 18,106 Koreans
demonstrated a U-shape association between sleep duration and arterial stiffness supporting
both short and long sleep duration are associated with increased arterial stiffness (Kim et al.,
2015). Only one study reported no association in ethnic minority groups in the Netherlands
(Anujuo et al., 2016).

In contrast with sleep duration, fewer studies have examined sleep quality in relation to
arterial stiffness. Self-reported poor sleep quality correlated with higher arterial stiffness as
measured by baPWYV in Japanese patients with type 2 diabetes mellitus (Osonoi et al., 2015)
and middle-aged healthy men and women (Kim et al., 2015). Another study of middle-aged
older women also found that self-reported poor sleep (vs. good) was associated with higher
arterial stiffness based on cfPWYV and femoral-ankle PWV (Choi et al., 2013). Interestingly
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in that study, while objectively estimated sleep duration was similar between the two groups,
subjective sleep duration was longer and actigraphy-based sleep quality such as sleep
efficiency and WASO were more abnormal in the poor sleep group compared with the good
sleep group. This reinforces the importance of objectively quantifying sleep quality in
addition to sleep duration in relation to arterial stiffness. Notably, sleep duration and quality
measures from these studies were largely based on self-reported data. In addition, the
findings of these studies are partly limited by the lack of SDB measurement. Given the high
prevalence of SDB in the community and strong evidence that links SDB to arterial stiffness,
results from aforementioned studies need to be carefully interpreted. Our study sought to
overcome this limitation by utilizing data from both actigraphy and PSG. Our use of
actigraphy data to estimate habitual sleep duration and quality over multiple nights may
provide more consistent data on these sleep measures than a single night PSG. Actigraphy
based estimation of total sleep time, sleep efficiency and WASO have been shown to
correspond reasonably well to PSG in various populations (Blackwell et al., 2008; Jean-
Louis, Kripke, Cole, Assmus, & Langer, 2001; Kushida et al., 2001; Pollak, Tryon,
Nagaraja, & Dzwonczyk, 2001). The most striking and unexpected finding of our study was
the association between short sleep duration and lower aortic stiffness measured by MRI-
based aPWV. In contrast, we did not observe any association between long sleep duration
and aortic stiffness. Further analyses uncovered a linear association between absolute sleep
duration and aortic stiffness measures. A previous study has reported that objective estimates
of sleep duration were about one hour shorter than self-reported sleep duration. However,
there was no significant difference observed when different sleep duration cut-off values (5
and 7 hours) were used. Excluding participants with extreme sleep duration did not change
the study finding, and this association was not influenced by severity of SDB, sleep quality
or demographic factors such as age, gender and race/ethnicity. We did not find any
meaningful association between sleep quality measures and aortic stiffness.

In previous studies, both short and long sleep duration have generally been considered a risk
to cardiovascular health. The underlying mechanisms of the association between abnormal
sleep duration and arterial stiffness remain unclear but we speculate it would involve other
mediating pathways such as neurohormonal, autonomic or endothelial dysfunction. Previous
studies have suggested short sleep duration is associated with elevated BP (Gangwisch et al.,
2006), altered cortisol levels (Vgontzas et al., 1999), endothelial dysfunction (Calvin et al.,
2014), and increased levels of endothelin-1 (Weil et al., 2010), which may contribute to
increased arterial stiffness. VVgontzas et al. (2004) demonstrated that even modest sleep
restriction (from 8 hours to 6 hours) were associated with increased secretion of
inflammatory cytokines (VVgontzas et al., 2004). On the other hand, increased arterial
stiffness related to long sleep duration has been attributed to poor sleep quality such as sleep
fragmentation and low sleep efficiency which may cause increased sympathetic activity
(Zhang et al., 2011) and endothelial dysfunction (Cooper et al., 2014). Increased
inflammatory markers were also observed as risk factors of increased arterial stiffness in
those with long sleep duration (Irwin, Olmstead, & Carroll, 2016). These studies raise the
possibility that the association of sleep duration with subclinical markers such as arterial
stiffness may be confounded by other aspects of sleep such as SDB and sleep quality.
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Our finding of lower aortic stiffness in people with shorter sleep duration is unexpected and
physiological mechanisms that underlie this association is not clear. While we tried to
exclude as many alternative explanations as possible through our sensitivity analyses, this
association may have in part resulted from residual confounding due to unmeasured factors.
On the other hand, it raises an important question about the possible bidirectional and
dynamic relationship between sleep and cardiovascular health. Just as longer sleep duration
can be a marker of poor cardiovascular health (Stamatakis & Punjabi, 2007), modestly short
sleep duration may be a marker of favorable cardiovascular health. Existing evidence
suggests that shorter sleep duration is reflective of favorable neurocognitive function. For
example, a study on healthy young adults reported that shorter sleep duration was associated
with better executive functioning and lower mean diffusivity (which reflects greater tissue
density) of the brain in 1201 healthy young adults (Takeuchi et al., 2018). Future studies
using objectively estimated sleep duration (vs. self-eport) and vascular health may provide
more insights into this question.

It is unknown whether the inconsistent findings of our study from those of the previous
studies are attributable to the difference between subjective vs. objective measure of sleep
duration. Subjective reports of sleep may reflect self-perceived adequacy of sleep duration
and can be inherently different from objectively assessed sleep. Given the discrepancy
between two methods reported in previous studies (Guedes et al., 2016; Palesh et al., 2017),
further studies are required to investigate the differences between subjective and objective
measures of sleep parameters and their effects on aortic stiffness within the same subjects.

The difference between our results and those of previous studies may be also attributed to
the method we used to measure aortic stiffness. To the best of our knowledge, this study is
the first to use MRI-based aPWV and AD in relation to sleep duration and quality. The
simultaneous comparison of aPWV and aortic distensibility in 111 subjects without acute or
chronic disease in MESA demonstrated aPWV was a more sensitive marker of vascular
aging in older individuals (=50 years of age), while AAD was a better predictor of vascular
aging in younger individuals (<50 years of age) (Redheuil et al., 2010). Since our study
cohort included older participants, aPWV may be more pertinent arterial stiffness marker.
The current study findings, which reflect participants primarily above age 50, showed that
short sleep duration was associated with low aPWV (i.e., lower aortic stiffness), but not with
AAD. For that reason, aPWV may represent the most sensitive marker for subclinical large
artery stiffening among this population.

The strength of the present study includes the cohort size and ethnic diversity, the use of
robust objective estimates of sleep, and controlling for SDB, as well as state-of-the-art
cardiac MRI- based aortic stiffness measurement. Several limitations should be also noted.
While SDB was taken into account in the analyses, other potentially important PSG-metrics
beyond AHI, such as measures of intermittent hypoxemia severity, were not considered.
However, AHI is the most commonly used metric for SDB and is a reasonably good
indicator of overall SDB severity. The lack of representation of younger-aged populations
may limit the generalizability of the study.
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In addition, our cross-sectional nature of the study suffers from inherent limitations
including inability to infer direction and residual confounding due to unmeasured inadequate
adjustment.

In conclusion, we found that actigraphy based short sleep duration was associated with
lower aortic stiffness independent of SDB. Since sleep duration is an important modifiable
risk factor for CVD, further elucidation of the causal relationship between sleep duration
and arterial stiffness likely has important clinical implications.
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Highlights

. Objectively estimated sleep duration had a positive linear relationship with
aortic stiffness measured by MRI-based pulse wave velocity in the
community-dwelling elderly population.

. People with short sleep duration (< 6 hours) had 10.6% lower MRI-based
pulse wave velocity compared to those with normal sleep duration (6-8
hours).

. No statistically significant associations were found between objectively
measured sleep quality measures and aortic stiffness.
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Figure 1. comparison of unadjusted mean of aPWV, AAD, DAD among subjects with different
sleep durations by Fisher’s Least Significant Difference (LSD) test

aPWV, aortic pulse wave velocity; AAD, ascending aortic distensibility; DAD, descending
aortic distensibility.
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Figure 2. Comparison of adjusted mean of aPWV among subjects with different sleep durations
by Fisher’s Least Significant Difference (LSD) test

Adjusted for age, gender, race, body mass index, smoking, anti-hypertensive medication use,
systolic blood pressure measured at MRI exam, fasting glucose, high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol, triglycerides, lipid lowering medicine use,
left ventricular ejection fraction, and Apnea-Hypopnea index. aPWYV, aortic pulse wave
velocity; AAD, ascending aortic distensibility; DAD, descending aortic distensibility
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Table 1.

Characteristics of study subjects and group comparisons by sleep duration

Sleep duration

(Cg\lﬁ:ﬁl!% ) <6 hrs 6-8 hrs >8 hrs P value”

N 908 (100) 252 (27.8) 552(60.8) 104 (11.5) -
Age, years 68.4+9.1 68.5+9.5 67.63+8.8 72.6+8.5 <0.001
Gender

Men 406 (44.7)  139(55.2)  236(42.8)  31(29.81)  <0.001

Women 502(55.3) 113(44.8)  316(57.2)  73(70.19)
Race

White 307 (33.8) 56(22.2) 206(37.3) 45(43.3) <0.001

Chinese 129 (14.2) 39(15.5) 81(14.7) 9(8.7)

Black 255 (28.1) 90(35.7)  144(26.1)  21(20.2)

Hispanic 217 (23.9) 67(26.6)  121(21.9)  29(27.9)
BMI, kg/m2 28.0+5.1 28.845.3 27.7+4.9 27.9+£5.5 0.029
Smoking

Never smoking 483(53.3)  129(51.2)  294(53.4)  60(57.7) 0.146

Previous smoking 374 (41.2) 102(40.5) 234(42.5) 38(36.5)

Current smoking 50 (5.5) 21(8.3) 23(4.2) 6(5.8)
HTN

No 383 (42.2) 93(36.9)  257(46.6)  33(3L7) 0.003

Yes 525 (57.8) 159(63.1)  295(53.4)  71(68.3)
HTN med. use

No 420 (46.3) 101(40.1)  282(51.1)  37(35.6) 0.001

Yes 488 (53.7) 151(59.9)  270(48.9)  67(64.4)
Lipid lowering med. Use

No 574(63.2) 165(65.5)  351(63.6)  58(55.8) 0.216

Yes 334 (36.8) 87(345)  201(36.4)  46(44.2)
Total cholesterol (mg/dL) 185.8436.1  181.4+354 187.6+36.0 187.4+37.7 0.073
HDL (mg/dL) 55.6+15.9 53.9£15.1 55.6+15.7 59.6+17.8 0.009
LDL (mg/dL) 108.5+32.0  106.2+30.4 109.8+32.3 107.2+34.6 0.294
Triglycerides (mg/dL) 109.5457.2  108.6+62.7 110.8+54.6 104.3%56.8  0.544
Fasting glucose (mg/dL) 100.6+27.1  103.5+28.8  99.5+27.1 98.9+21.8 0.125
AHI (/hr) 23+18.7 25.9+20.1  21.8%18.1  22.4+179 0.018
SBP (mmHg) 127.9+17.6  128.9+18.6 127.4+169 128.1+18.4 0.509
DBP (mmHg) 71.9+11.3 73.9+11.4 71.2+10.8 70.8+12.8 0.003
LVEF(%) 62.0£7.3 60.9+£7.8 62.2+7.0 63.7£7.2 0.004
Ascending AD (%/mmHg) 1.6+1.2 1.7+1.2 1.6x1.2 1.6+0.9 0.508
Descending AD (%/mmHg) 21+13 2.1+14 2.0£1.3 2.1+15 0.490
aPWV (m/s) 88+4.2 8.4+3.6 8.7+42 9.9+49 0.008

Values are mean + SD or N (Percentage). All percentages are raw percentages except otherwise noted.
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BMI, body mass index; HTN, hypertension; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; AHI, apnea
hypopnea index; SBP, systolic blood pressure; DBP, diastolic blood pressure; LVEF, left ventricular ejection fraction; AD, aorta distensibility;
aPWV, aortic pulse wave velocity

*
p- values were obtained from one-way analysis of variance for continuous variables and chi-square tests for categorical variables.
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Table 2.

Adjusted differences ™ in mean aPWV, AAD, and DAD levels for short and long sleep durations compared to
normal sleep duration (N = 908)

aPWV (m/s) AAD (%/mmHg) DAD (%/mmHg)
Mean Mean Mean
difference 95%Cl P difference 95%Cl P difference 95%Cl P
Sleep duration (h)
<6 -0.94 -1.54t0-0.35 0.002 0.13 -0.07t00.32 0.197 0.22 0.00t00.45 0.049
6-8 Ref Ref Ref Ref Ref Ref Ref Ref Ref
>8 0.82 -0.02t01.65 0.055 0.07 -0.19t00.34 0.583 0.05 -0.26t00.35 0.772

aPWV, aortic pulse wave velocity; AAD, ascending aortic distensibility; DAD, descending aortic distensibility.
*
Adjusted for age, gender, race, body mass index, smoking, anti-hypertensive medication use, systolic blood pressure measured at MRI exam,

fasting glucose, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, triglycerides, lipid lowering medicine use, left ventricular
ejection fraction, and Apnea-Hypopnea index.
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Table 3.

Multiple linear regression model * of sleep quality on aPWV, AAD, and DAD levels (N = 908)

aPWV (m/s) AAD (%/mmHg) DAD (%/mmHg)

B 95% CI P B 95% ClI P B 95% CI P

Sleep efficiency (%) 0.01 -0.06t00.09 0.703 -0.01 -0.03t00.02 0.553 -0.00 -0.03t00.02 0.785
WASO (minutes) 0.01 -0.00t00.03 0.135 -0.00 -0.01t00.00 0968 0.00 -0.01t00.01 0.942

aPWV, aortic pulse wave velocity; AAD, ascending aortic distensibility; DAD, descending aortic distensibility; WASO, wake after sleep onset.
*
Adjusted for age, gender, race, body mass index, smoking, anti-hypertensive medication use, systolic blood pressure measured at MRI exam,

fasting glucose, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, triglycerides, lipid lowering medicine use, left ventricular
ejection fraction, and Apnea-Hypopnea index.

JAm Soc Hypertens. Author manuscript; available in PMC 2019 December 01.



	Abstract
	Introduction
	Method
	Study Sample
	Assessment of Sleep Parameters
	Aortic Stiffness and Covariate Data
	Statistical Analysis

	Results
	Discussion
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.
	Table 3.

