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Abstract

The importance of sleep to health and cardiovascular disease has become increasingly apparent.
Sleep disordered breathing (SDB), sleep duration, and sleep architecture may all influence
metabolism and neurohormonal systems, yet no prior study has evaluated these sleep
characteristics concurrently in relation to incident hypertension. Our objective was to determine if
incident hypertension is associated with polysomnography (PSG) measures of SDB, sleep
duration, and sleep architecture in older men. Participants were784 community dwelling,
ambulatory men >65 years (mean age 75.1+4.9 years) from the Outcomes of Sleep Disorders in
Older Men Study (MrOs Sleep Study) who did not have hypertension at the time of their in-home
PSG sleep studies (2003-2005); and who returned for follow-up (2007-2009). Of 784 older men
included in this report, 243 met criteria for incident hypertension after a mean follow-up of 3.4
years. In unadjusted analyses, incident hypertension was associated with increased hypoxemia,
increased sleep stages N1 and N2 and decreased stage N3 (slow wave sleep, SWS). After
adjustment for age, non-white race, study site, and body mass index, the only sleep index to
remain significantly associated with incident HTN was SWS percent (odds ratio for lowest to
highest quartile of SWS: 1.83, 95% CI 1.18, 2.85). No attenuation of this association was seen
after accounting for sleep duration, sleep fragmentation and indices of SDB. Percentage time in
SWS was inversely associated with incident HTN, independent of sleep duration and
fragmentation, and SDB. Selective deprivation of SWS may contribute to adverse blood pressure
in older men.
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Introduction

The importance of sleep to health, including hypertension (HTN) and cardiovascular
disease, continues to be elucidated. HTN is present in over 30% of the US adult population,
with a much higher risk in the elderly: over 65% of Americans over the age of 60 have been
diagnosed with HTNZ. Sleep disturbances and disorders are also exceedingly common in
older adults. Sleep disorders such as sleep disordered breathing (SDB), sleep duration, and
sleep architecture may affect neurohormonal axes, including the sympathetic nervous
system, which contribute to elevated blood pressure and HTN. To our knowledge, a
comprehensive evaluation of sleep characteristics and incident HTN in an elderly cohort has
not been reported.

SDB, which includes obstructive sleep apnea (OSA), is strongly associated with HTNZ. In a
study of veterans, 60% of OSA patients had HTN,3 which is often refractory to treatment*.
Conversely, OSA may be present in at least 30% of adults with HTN®. Previous studies have
suggested that SDB, as determined by the respiratory disturbance index (RDI; number of
respiratory events per hour of sleep), precedes incident HTN, although these associations
may be partly attributable to obesity”.

Epidemiologic studies of self-reported sleep have also found that sleep deprivation and/or
short sleep duration is associated with both prevalent and incident HTN®: 9, and that such
associations may be most pronounced among premenopausal women10. A case-control
polysomnographic study showed that severity of HTN was associated with short sleep
duration, lower sleep efficiency, and less rapid eye movement (REM) sleep!?. Sleep
disruption may also lead to increased blood pressurel2.

Human sleep is divided into REM (rapid eye movement sleep) and NREM (non-REM).
NREM is further divided into the stages of N1 (previously called stage 1), N2 (previously
stage 2), N3 (previously stage 3 and 4; also called slow wave sleep or SWS)13. Both NREM
and REM sleep are assessed by the brain wave activity (frequency and amplitude) recorded
with polysomnography (PSG). SWS is considered to be “restorative” and is the sleep stage
associated with the highest arousal threshold. The importance of SWS continues to be
elucidated; it has been implicated in memory4 and overnight improvements in perceptual
and visuomotor performancel® and learning!®. SWS has also been associated with transient
metabolic, hormonal, and physiologic changes, which affect glucose metabolism and is
associated with decreased sympathetic nervous activity and increased vagal tone.1” These, in
turn, are associated with decreased heart rate and blood pressure, which may influence
nocturnal blood pressure profiles. The disappearance of a nocturnal “dipping” blood
pressure pattern is known to increase the risk of HTN and cardiovascular diseasel8.

We recently reported from the Outcomes of Sleep Disorders in Older Men Study (MrOS
Sleep Study) that decreased percent time in SWS assessed by PSG was related to increased
odds of obesity9. Obesity and high blood pressure are very highly associated conditions
with important public health consequences as major risk factors for both cardiovascular
disease and death20. To our knowledge, assessment of the association between SWS or other
markers of sleep architecture with HTN has not yet been reported in prospective
epidemiological studies.

The aim of the present study was to determine the relative contributions of sleep
characteristics, including SDB determined by RDI or hypoxemia, decreased sleep duration,
or indices of sleep architecture (which include overall arousal index, time in each sleep
stage, sleep efficiency, or sleep fragmentation) predict incident HTN among elderly
community dwelling men.
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Methods

Study subjects

Study subjects were participants in the Outcomes of Sleep Disorders in Older Men Study
(MrOS Sleep Study) conducted in 2003-2005, an ancillary study of the parent MrOs study, a
cohort of 5,994 community-dwelling men, aged > 65 years, described previously?l 22, 3,135
participants in the MrOs Sleep Study had full in-home polysomnography (PSG). See online
supplement at http://hyper.ahajournals.org for details of MrOs participants that were
enrolled and excluded.

For the present study, 2,911 older men had PSG data, of whom 1,986 (68.2%) had a history
of HTN, were taking anti-hypertensive medications, or had an elevated systolic blood
pressure (SBP) =140 mmHg, or diastolic blood pressure (DBP) =90 mmHg at the initial
sleep visit and were excluded from the current analyses; 49 participants had missing data for
either history of HTN or SWS and were also excluded. Of the 876 remaining, 784
participants attended the follow-up visit (2007-2009) and had complete HTN data (BP
measurements, response to questionnaires, and anti-hypertensive medication data) and are
included in this report. In general, older men who regularly used mechanical sleep devices
were excluded from the MrOS Sleep Study. However, our analysis sample included one man
who reported intermittent use of a sleep device (but did not use the device on the night of the
PSG measurement). The mean follow-up time was 3.4 (SD 0.45) years. All protocols were
approved by the institutional review boards at the respective enrollment sites, and
participants signed informed consent to participate in the MrOS Sleep Study.

Classification and measurement of hypertension (HTN)

As noted, HTN was defined as those who self-reported HTN (by affirmative answer to the
question “Have you ever had hypertension?”), use of anti-hypertensive medications, or who
had measured SBP>140 mmHg, or DBP>90 mmHg. Pre-hypertension was classified as a
SBP 120-<140 mmHg or DBP 80-<90 mmHg?23. Two seated resting blood pressure
measurements were performed at the time of the initial sleep study using a conventional
mercury sphygmomanometer on the right arm and an appropriate cuff size. Participants
rested with their feet flat on the floor for at least 5 minutes prior to measurements, which
were averaged. SBP was determined by phase | and diastolic as phase V Korotkoff values.
At the follow-up visit, seated blood pressures were measured using the same protocol but a
BP Tru automated blood pressure monitor (model BMP-300) was used, due to prohibition of
mercury sphygmomanometers for safety reasons.

Other measures

Self-administered questionnaires to assess participant demographics, including race, life
style factors such as physical activity, depression, and alcohol and smoking, and
classification of medication use are described in the Online Supplement. Height (cm) was
measured on regularly calibrated Harpenden stadiometers and weight (kg) on calibrated
standard balance beam or digital scales. Body mass index (BMI) was calculated as kg/m?.
Waist, hip, and neck circumferences were measured using a tape measure and standard
techniques.?*

Polysomnography (PSG)

In-home, single night sleep studies using unattended PSG (Safiro, Compumedics, Inc.,
Melbourne, Australia) were performed. See the Online Supplement for more details. Sleep
stages (REM, stages 1-4 NREM, though now N1-N3) were scored using the standard criteria
at the time of the studies?®. SWS was defined as the total sleep time scored as stage 3 plus
stage 4, now N3, and expressed as percentage of total sleep time. RDI, an indication of the
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severity of SDB, was defined as the number of apneas and hypopneas (based on the Sleep
Heart Health Study criteria2%) per hour of sleep, each associated with an oxygen desaturation
of 4% or greater. Hypoxemia was determined by sleep time spent with oxygen desaturation
to less than 80% (Pao2 (partial pressure of oxygen in arterial blood) <80%). Central apnea
index (CAI) was defined as the number of apneas per hour of sleep with no displacement of
either chest or abdominal inductance channels, regardless of oxygen desaturation. Total
sleep duration at night and sleep efficiency, defined as the percentage of the sleep period
(time in bed) spent asleep, were also obtained from PSG. Overall arousal index was
determined as number of arousals per hour of sleep. Wake after sleep onset (WASO; the
minutes awake after having been asleep) was used as a marker of sleep fragmentation.

Statistical analyses

Results

Initial associations of sleep variables with incident hypertension were examined using
ANOVA, Kruskal-Wallis, or chi square tests. Sleep variables considered included indices of
SDB (by RDI and percent sleep time with oxygen saturation less than 80%), nighttime sleep
duration, and sleep architecture (sleep stage distributions, WASO, sleep efficiency and
overall arousal index). Descriptive and inferential statistics were performed using SAS
version 9.2 (SAS Institute, Inc., Cary, NC). In order to account for multiple endpoints which
are highly correlated, we utilized the Dubey and Armitage-Parmar procedure?’.

Potential confounders were identified a priori. Summary statistics for variables believed to
be related to the polysomnographic variables and/or incident HTN were performed.
ANOVA, Kruskal-Wallis, or chi square tests were employed to examine associations with
the sleep characteristics and incident HTN for normal, non-parametric, and categorized
variables, respectively. Variables that were significant at p<.10 for both outcomes were
included in a multi-variable model. A list of potential confounders and sleep variables
considered are shown in Tables 1 and 2, respectively.

To account for non-linear associations, sleep variables were categorized as quartiles.
Parameters with a high number of zero values (central apnea index and hypoxemia (percent
time with Pa02<80%)) were expressed as present or absent. Logistic regression was used to
determine the odds of incident HTN for each quartile of sleep exposure compared to the
highest quartile. Unadjusted models were run first, followed by models which accounted for
age and non-Caucasian race, and then study site and BMI were added.

In adjusted analyses, incident HTN was only associated with SWS. Additional models were
developed to better assess the influence of SWS after considering other sleep exposures.
This included adjustment for RDI, percent time with oxygen saturation Pao2<80%, total
sleep duration, sleep efficiency and the overall arousal index.

In a subgroup analysis (shown in the Online Supplement), we determined whether the
association between SWS and incident HTN persisted after excluding men who were pre-
hypertensive at baseline.

Baseline characteristics and univariate analyses

The 784 men included in this report had a mean age of 75.1 (SD 4.9) years and mean BMI
of 26.4 kg/m? (SD 3.4); nearly 90% were Caucasian. Demographic characteristics are shown
in Table 1. The mean baseline SBP was 121.0 mmHg (SD 10.6) and DBP was 67.5 (SD 7.7)
mmHg. A majority of the participants (61%) were pre-hypertensive, classified as a SBP 120-
<140 mmHg or DBP 80-<90 mmHg?23; 19.7% reported a history of cardiovascular disease,
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and 5.7% reported a history of diabetes. Almost all (92.3%) rated their health as “excellent”
or “good.”

At baseline participants had a mean RDI of 10.0 (SD 12.0; median of 5.7) but 54.0% of men
had an RDI>5, indicating at least mild SDB, shown with other sleep characteristics in Table
2. On average, the total sleep duration was 364 minutes (SD 66.4) or 6.1 hours. Average
percent time in REM was 20.2% (SD 6.2), stage 1 (N1) 6.5% (SD 4.2), stage 2 (N2) 62.0%
(SD 9.2), and SWS (stages 3 and 4, N3) 11.2% (SD 8.5).

Incident hypertension was associated with sleep architecture

Over the 3.4 year follow-up interval, 243 men developed incident HTN; 59 (24.3%) were
diagnosed by blood pressure criteria alone, 9 (3.7%) by self-report of HTN alone, 5 (2.1%)
had both self-reported HTN and met blood pressure criteria, and 170 (70%) were taking at
least one anti-hypertensive medication. Those with incident HTN were older (75.7 versus
74.9 years, P=0.03) and were more likely to report cardiovascular disease (24.1% versus
17.7%, P=0.04), shown in Table 1.

There was a nonsignificant trend toward higher mean RDI with incident HTN, shown in
Table 2. Percent time in sleep stages 1 (N1), 2 (N2) and SWS (N3) were associated with
incident HTN, shown in Table 2. Those with incident HTN had poorer sleep architecture as
evidenced by significantly less SWS (mean 9.8% versus 11.2%, P=0.002) and
correspondingly more stage 1 (N1) and stage 2 (N2) sleep (P=0.013, and P=0.033
respectively). After adjusting for age, race, BMI, and study site, only the association
between SWS and incident HTN remained statistically significant (Online Supplemental
Table S1).

SWS and incident hypertension

To further explore the associations between SWS and incident HTN, we first assessed the
associations of covariates and other sleep variables with quartiles of time in SWS (Table 3).
The lowest quartile of percentage sleep time in SWS (<4.1%) was associated with increasing
age (P<0.001), BMI (P=0.015) and neck circumference (P=0.012), but not baseline SBP and
DBP. In those in the lowest quartile of SWS, we observed a higher mean RDI (P<0.001), a
higher mean overall arousal index (P<0.001), lower mean total sleep duration (P=0.009) and
lower mean sleep efficiency (P<0.001). Those in the lowest quartile of percent sleep time in
SWS were also more likely to have any SDB (RDI=5) or moderate-severe SDB (RDI=15;
P=0.048 and P=0.0005 respectively). Central apnea index was not associated with quartile
of SWS. Men taking either an angiotensin converting enzyme inhibitor (ACEI) or
angiotensin Il receptor blocker (ARB) at follow-up (9.6% total) were more likely to be in
the lowest quartile of SWS (P=0.034).

In unadjusted analyses, 41% of those in Quartile 1 of SWS (Q1; least SWS) developed
incident HTN, compared with less than 30% in each of the other quartiles (Figure 1). We
further examined the association of SWS and incident HTN in multivariate models (Table
4). After adjusting for age and BMI, those in Q1 of SWS experienced an approximate 80%
increase in risk of incident HTN as compared to those in Q4 (OR 1.81 with 95% confidence
interval 1.18-2.80). These results were unchanged after further adjustment for study site,
race, history of CVD, the polysomnographic sleep variables of overall arousal index, sleep
time with Pa02<80% saturation, RDI, sleep efficiency, total sleep duration, and smoking
history and alcohol use. After adjusting for multiple correlated comparisons using the Dubey
and Armitage-Parmar procedure?’, results were not significantly changed. Additionally,
substituting height and weight, waist circumference, hip circumference, or hip: waist ratio
for BMI did not significantly change the results.
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Subgroup analysis of sleep architecture in normotensive men who progressed to
prehypertension or hypertension, described in the Online Supplement and Figure S1,
revealed an association with decreased percent time in SWS (P=0.004) and percent
increased time in stage 2 (N2; P=0.042) sleep as subjects either stayed normotensive, or
progressed to pre-hypertension or HTN.

Discussion

Sleep disturbances are exceedingly common in older adults and may contribute to a number
of adverse health outcomes, including HTN and cardiovascular disease through
perturbations in a number of physiological systems. Most prior research on the relationship
between incident HTN and sleep disturbances has focused on SDB, with some studies also
addressing sleep duration. To our knowledge, this is the first large-scale analysis of
comprehensive PSG data that assesses the association of indices of three key sleep domains:
SDB, sleep duration, and sleep architecture, to incident HTN in an elderly cohort. In these
community-dwelling older men, we found that men with SWS in the lowest quartile had an
approximately 1.8-fold increased incidence of HTN, compared to men with the highest
levels of SWS. This association persisted after adjusting for several covariates, and after
considering other sleep exposures, such as RDI, the arousal index, and total sleep duration.
This study adds to the growing important body of literature regarding sleep and
cardiovascular risks. Rather than noting associations alone, it describes more detailed
associations of incident disease with sleep in particular stages.

Decreased SWS is increasingly recognized as a marker, possibly etiologically associated
with several adverse health outcomes. Sleep architecture, particularly SWS, has been
implicated in neurocognition14-16 and more recently, in influencing endocrine functionl’.
Human metabolism is affected by changes in circadian rhythm, which includes the sleep-
wake cycle?8. Low sleep quality and reduced SWS have been associated with insulin
resistancel” and associated with the presence of diabetes?, findings that may relate to the
close interactions between the hypothalamic-pituitary-adrenal axis and sleep homeostasis.
SWS may potentially be associated with the metabolic syndrome, a notion consistent with
our prior observations of an inverse association of SWS with obesity? in this cohort. The
findings in this study provide new evidence that decreased SWS is associated with the
development of HTN. Whether decreased SWS is also associated with altered glucose
metabolism or to other components of metabolic syndrome could not be assessed due to the
unavailability of biochemical measures. A limitation of this study is the lack of fasting
glucose or insulin or hemoglobin A1C measurements to investigate these relationships
further. However, this sample included only a few diabetics (5.7%) and adjusting for
diabetes history did not attenuate the association.

Our results are consistent with a positive effect of SWS on blood pressure regulation.
Studies of cardiac hemodynamics during sleep have noted decreased blood pressure and
heart rate during NREM, particularly SWS20, suggesting that the decline in blood pressure is
attributable to a decline in cardiac output, as peripheral vascular resistance and stroke
volume are unaffected. These adaptations are primarily mediated by the autonomic nervous
system with decreased sympathetic nervous system (SNS) activity and increased
parasympathetic activity30. SNS activity continuously decreases with the deepening of
NREM toward SWS, coinciding with the increase of the sympathovagal baroreflex. This
baroreflex may account for the benefits of “dipping” of blood pressure on cardiovascular
disease, which is impaired in hypertensive subjects who have increased SNS activity3L. This
“non-dipping” nocturnal blood pressure is a better predictor of all-cause and cardiovascular
mortality, coronary heart disease, and stroke, than daytime pressurel®. Experimental SWS
deprivation in healthy subjects resulted in an attenuation of the dipping of blood pressure
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during SWS32, Several studies have demonstrated that SWS is lower in older men than
women, and declines with age33. Our data suggest that reduced SWS with aging may
contribute to the high rates of HTN in older men. Our study found no independent
associations between incident HTN and RDI, as a marker of SDB, arousal index (a marker
for both SDB and disturbed sleep), and total sleep duration.

Two previous studies have evaluated whether SDB predicts incident HTN. First, the
Wisconsin Sleep Cohort Study, with a younger mean age of 47 years, reported a dose—
response association between SDB at baseline and incident HTN four years later which was
independent of known confounding factors®. The Sleep Heart Health Study, with a mean age
of 60 years, found that much of the longitudinal association was accounted for by obesity’.
The disparate results may be due to the difference in mean ages or exclusions, given that the
incidence of HTN increases with age® and at our baseline sleep visit, 68% of the subjects
were excluded at baseline due to prevalent HTN.

Consistent with some previous studies, total sleep duration measured by PSG was not
associated with incident HTN in this older cohort34 35, The literature on incident HTN and
sleep duration examined this association in younger populations® 3¢ or with use of self-
reported sleep duration.? Our study suggests differences across the age span in the
associations between sleep characteristics and health outcomes.

Poor sleep quality may be measured by several different metrics, including an increased
arousal index and increased WASO, decreased sleep efficiency, and increased stages 1 and 2
(N1 and N2) sleep. Prior studies have focused on the arousal index as a metric for increased
sympathetic activation and as a potential predictor of HTN. Our study suggests that a
specific reduction of SWS, rather than non-specific sleep disruption, may be a more critical
factor that influences blood pressure.

The strengths of this study include the use of PSG for objectively measuring sleep
characteristics and assessment in a large community-dwelling cohort of older men.
However, given that the parent study (MrOs) was originally designed to evaluate the risks of
fractures in older men, this study must be considered exploratory in nature. We acknowledge
that this observational study is challenged by many factors that influence both blood
pressure and sleep, and which also change over time. Additional study to confirm this
association is necessary and to determine the direction of the association after longer follow
up. Other limitations include the lack of 24 hour ambulatory blood pressure monitoring for
HTN and the precise time of the blood pressure readings. Almost a quarter of those with
incident hypertension (24.3%) were classified based on a single blood pressure
measurement, however, sensitivity analysis that excluded these participants showed similar
results (data not shown).

In an exploratory study, we evaluated eleven sleep variables (Online Supplemental Table 1)
that raise questions about multiple comparisons. Since many of these indices are highly
correlated (Pearson’s coefficients range from -0.86 to 0.64) between sleep efficiency and
WASO, we used the Dubey and Armitage-Parmar procedure?’ to address the influence of
testing for multiple correlated outcomes, and the results were not appreciably changed.
These results in older men may not be generalizable to women or younger adults. It is
uncertain whether there is a true association between the use of ACEI or ARB and SWS
(Table 3) but less than 10% of participants were taking these medications at follow-up (and
none at baseline). Residual confounding due to other medications, activity, or comorbid
conditions were not captured in this study. Also, use of PSG to determine sleep duration
may not be optimal, as PSG monitoring with possible disruptions of leads and electrodes
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may not represent typical sleep patterns. However, prior work has shown that SWS has high
night to night reproducibility2®.

Perspectives

This prospective study suggests that older community dwelling men with lower percentage
of sleep time in SWS have an increased risk of incident HTN. In contrast, indices of
breathing disturbances, level of hypoxemia, sleep duration and arousal index were not
independently associated with an increased risk of HTN after considering confounders. This
paper adds to the growing body of literature that associates sleep architecture with metabolic
and physiologic changes which may reflect altered neurohormones and inflammatory
markers. Further studies are necessary to confirm these observations, elucidate the causal
pathways, and determine whether modifications in SWS improve HTN.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Percent participants in each quartile of slow wave sleep (SWS) that developed incident
hypertension.
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Demographic characteristics of the study cohort: overall and by follow-up hypertension (HTN) status.

Characteristic Overall Incident HTN ~ No incident HTN P value
Mean+SD (N=784) (N=243) (N=541)
Age (years) 75.1+49 75.7+5.0 749+48 0.032
BMI (kg/m?) 26.4+ 3.4 26.7 +3.7 26.3+ 3.3 0.088
Neck circumference (cm) 39.0+2.7 39.1+238 389+26 0.209
Waist circumference (cm) 97.3+10.0 98.3+10.3 96.9+9.8 0.060
Hip circumference (cm) 101.9+8.3 102.1+8.0 101.8+84 0.593
PASE score 160.8 +71.3 159.6 +72.3 161.4+70.9 0.75
Baseline SBP 121.0+10.6 1254+ 9.6 119.0+ 104 <0.0001
Baseline DBP 67.5+7.7 68.7+7.5 66.9+7.8 0.003
Follow-up SBP 118.7 +16.3 125.0+21.2 116.0 £ 12.7 <0.0001
Follow-up DBP 68.1 £9.7 69.2+11.6 67.6 £8.8 0.064
Percentages N (%)
Non-Caucasian race 68 (8.7) 20(8.2) 48 (8.9) 0.768
Self-rating of overall health “Excellent or Good” 501 (92.8) 222 (92.3) 723(92.2) 0.19
Current smoker 22 (2.8) 4(1.6) 18 (3.3) 0.188
Has >1 alcoholic drink/week™ 432 (55.4) 127 (52.9) 305 (56.5) 0.355
Diabetes mellitus 45 (5.7) 19(7.8) 26 (4.8) 0.094
History of cardiovascular disease 154 (19.7) 58 (24.1) 96 (17.7) 0.040
GDS Score >6 34 (4.3) 9(3.7) 25(4.6) 0.560
Prehypertensive at baseline 477 (60.8) 190(78.2) 287(53.1) <0.0001

BMI: body mass index, PASE: physical activity score in the elderly, SBP: systolic blood pressure, DBP: diastolic blood pressure, GDS: geriatric
depression scale. Prehypertension: SBP 120-139 mmHg or DBP 80-89mmHg. P value compares those with and without incident hypertension.

Further categorization of alcoholic drinks per week 0, <1, 1-2, 3-5, 6-13, or 14+ did not significantly change results
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Table 2

Sleep characteristics of study cohort: overall and by follow-up hypertension (HTN) status.

Characteristic Overall Incident HTN ~ Noincident HTN P value
(N=784) (N=243) (N=541)
Sleep disordered breathing (Mean + standard deviation)

Respiratory disturbance index (RDI) 10.0+12.0 10.8+ 13.5 9.7+ 11.3 0.256"
Hypoxemia (% sleep time Pao2 <80%)  0.05+0.3 0.09+0.4 0.03+0.2 0.025*
Central apnea index 15+45 1.7+56 1440 0.835%

RDI>15, N (%) 164 (20.9) 51 (21.0) 113 (20.9) 0.975

RDI>5, N (%) 423 (54.0) 133 (54.7) 290 (53.6) 0.770

Sleep duration (Mean + standard deviation)
Total sleep duration (minutes) 364.1+66.4 365.5+ 72.3 363.5+63.7 0.715
Sleep architecture (Mean + standard deviation)

Overall arousal index 229+113 231+123 22.8+10.8 0.724*

Sleep efficiency 759+11.7 749+12.8 76.4+11.2 0.116

Wake after sleep onset (minutes) 106.3 +63.0 112.2 +63.7 103.6 + 62.6 0.079
% time in stage 1 (N1) sleep 6.5+4.2 72+53 6.2+3.6 0.013%

% time in stage 2 (N2) sleep 62.0+9.2 63.1+9.2 61.6+9.2 0.033

% time in slow wave (N3) sleep 11.2+85 9.8+8.1 11.8+85 0.002*

% time in REM 20.2+6.2 200+6.4 20.3+6.1 0.479

REM: rapid eye movement sleep.

*
denotes use of Kruskal-Wallis statistic due to non-normal distributions. Bold P values denote P<0.05.
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