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Abstract

Background: Nondipping of nocturnal blood pressure (BP) is associated with target organ
damage and cardiovascular disease. Obstructive sleep apnea (OSA) is associated with incident
nondipping. However, the relationship between disordered breathing during rapid eye movement
(REM) sleep and the risk of developing nondipping has not been examined. This study investigates
whether OSA during REM sleep is associated with incident nondipping.

Methods: Our sample included 269 adults enrolled in the Wisconsin Sleep Cohort Study who
completed two or more 24-hour ambulatory BP studies over an average of 6.6 years of follow-up.
After excluding participants with prevalent nondipping BP or antihypertensive use at baseline,
there were 199 and 215 participants available for longitudinal analysis of systolic and diastolic
nondipping, respectively. OSA in REM and non-REM sleep were defined by apnea-hypopnea
index (AHI) from baseline in-laboratory polysomnograms. Systolic and diastolic nondipping were
defined by systolic and diastolic sleep/wake BP ratios > 0.9. Modified Poisson regression models
estimated the relative risks for the relationship between REM AHI and incident nondipping,
adjusting for non-REM AHI and other covariates.
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Results: There was a dose-response greater risk of developing systolic and diastolic non-dipping
BP with greater severity of OSA in REM sleep (p-trend=0.021 for systolic and 0.024 for diastolic
nondipping). Relative to those with REM AHI<1 event/hr, those with REM AHI>15 had higher
relative risk of incident systolic non-dipping (2.84, 95% CI 1.10-7.29) and incident diastolic non-
dipping (4.27, 95% CI 1.20-15.13).

Conclusions: Our findings indicate that in a population-based sample, REM OSA is
independently associated with incident nondipping of BP.
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INTRODUCTION

Blood pressure (BP) follows a diurnal pattern, increasing during the day and dipping during
nocturnal sleep. Ambulatory blood pressure monitoring (ABPM) can measure night-day
patterns of BP over a 24-hour period and provides more useful prognostic information than
clinic measurements of BP.13 In healthy individuals BP normally varies during different
physiologic states and declines by more than 10-20% at nighttime during sleep compared
with daytime waking BP.4 Nondipping is traditionally defined as nocturnal BP decrease less
than 10% of daytime BP.2 Nondipping has important clinical implications because it is a
marker for future development of hypertension in those who are normotensive and, in
hypertensive patients, nocturnal hypertension and nondipping have been associated with
worse cardiovascular prognosis and increased target organ damage including left ventricular
hypertrophy, myocardial infarction, angina, ischemic stroke and cardiovascular death.>8

Obstructive sleep apnea (OSA), a highly prevalent chronic condition,” has been
independently associated with cardiovascular morbidity and mortality,8-19 including
nondipping nocturnal BP.11:12 Increased sympathetic activity is widely considered to be a
major putative mechanism by which OSA increases cardiovascular risk.13:14 It is well
established that compared to non-rapid eye movement (NREM) sleep, rapid eye movement
(REM) sleep is associated with greater sympathetic activity and cardiovascular instability in
healthy humans and in patients with OSA.13:15 Therefore, OSA during REM sleep may have
more serious adverse consequences than OSA during NREM sleep. Indeed, obstructive
apneas and hypopneas during REM sleep are longer in duration and are associated with
significantly greater oxygen desaturation compared to events in NREM sleep.16:17 Wwe
recently reported that OSA during REM sleep was cross-sectionally and longitudinally
associated with hypertension in the Wisconsin Sleep Cohort.18 The higher relative odds of
prevalent and incident hypertension was most evident when the apnea-hypopnea index
(AHI) during REM sleep reached 15 events per hour. The longitudinal association between
REM-related respiratory events and the risk of developing incident nondipping of nocturnal
BP remains largely unexplored. In community-based studies the majority of participants
with REM AHI =15 would be clinically classified as having no OSA (overall AHI<5) or
mild OSA (overall AHI 5 to 14.9).18.19 Although in clinical practice those with mild OSA
are deemed at a low risk of future cardiovascular disease, it is important to ascertain whether
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this low risk also applies to individuals with an overall low AHI but significant OSA during
REM sleep (i.e. REM AHI =15).

To that end, the objective of this prospective study was to determine the longitudinal
association between REM AHI and the risk of developing nondipping nocturnal BP. To
address our objective, we performed longitudinal analysis of 24-hour ambulatory BP
recordings on a sample of Wisconsin Sleep Cohort Study participants, who were nocturnal
BP dippers at baseline, to investigate whether OSA in REM sleep is longitudinally
associated with incident nocturnal nondipping over an average 6.6 years of follow-up.

Study Sample

The University of Wisconsin Health Sciences Institutional Review Board approved the
Wisconsin Sleep Cohort Study (WSCS) protocols and informed consent documents. Details
of the WSCS are provided in the online supplement. Since its inception in 1989 the Cohort
has provided the opportunity for adding ancillary studies. In this study, a protocol for 24-
hour ambulatory BP was added to the protocol in 1991 with sequential enrollment. A total of
817 participants had at least one baseline ambulatory BP study. In our analysis we included
subjects who had a minimum of 30 minutes of REM sleep on the baseline polysomnogram
to ensure meaningful assessments of OSA during REM sleep and at least two ambulatory BP
studies.2? We excluded subjects who used CPAP during the laboratory polysomnogram. We
also excluded participants who were on antihypertensive medications or were nondippers at
their baseline ABPM study (assessed separately for systolic and diastolic analyses) to create
an inception cohort, free of the condition of nocturnal BP nondipping, to follow for the
development of new nondipping (Figure 1). Subjects who were hypertensive at baseline but
were not on any antihypertensive medications and exhibited a normal dipping pattern at
baseline were included in the study.

Polysomnography

Details of the in-laboratory polysomnography technique are provided in the online
supplement.”21 REM AHI categories were examined as the independent variable: REM
AHI<1 (reference category), 1 to 4.9, 5 to 14.9, >15.

Ambulatory blood pressure recordings

Typically, the baseline 24-hour ABPM was performed within 6 weeks following the
overnight sleep study, with the Accutracker Il (SuntechMedical Instruments/Eutectics
Electronics, Raleigh, NC), a 24-hour BP monitoring device that uses a modified auscultatory
method. ABPM readings were obtained at random intervals averaging every 15 to 20
minutes during wakefulness and every 30 minutes during sleep. Activity, posture, bedtime,
and time on awakening from sleep were recorded by participants on diaries. ABPM data
were edited using predetermined established criteria.2? Individual mean blood pressures
were computed by averaging ABPM measurements during sleep and wake defined by
participants’ recorded sleep and wake times, not by preset nighttime and daytime cutoffs.
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Systolic BP nocturnal nondipping, assessed from ABPM, was defined as mean systolic sleep
BP/mean systolic wake BP ratio>0.9. Diastolic nondipping was defined analogously. An
outcome variable was created to represent maintenance of dipping status (no development of
nondipping over observed follow-up) or incident nondipping (development of nondipping
during observed follow-up).

Covariates included in the final models included: age, sex, and race/ethnicity; clinically-
measured body mass index (BMI) and waist-to-hip ratio; and questionnaire-assessed
smoking status and alcohol intake. For models exploring REM AHI categories, we also
adjusted for NREM AHI. For models exploring the association between NREM AHI
categories and incident nondipping we also adjusted for REM AHI. Further detail on
covariates is provided in the online supplement.

Statistical analysis

All data were analyzed with SAS software, version 9.3 (SAS Institute Inc, Cary, NC) and
two-sided p-values of <0.05 were considered to indicate statistical significance. Longitudinal
change in nocturnal blood pressure dipping status was modeled using modified Poisson
regression to estimate relative risks and 95% confidence intervals (Cl) for the relationship
between REM AHI severity categories and incident nondipping over an average of 6.6 years
follow-up, for systolic nondipping and diastolic nondipping separately.23 We chose to use
modified Poisson regression model given that in our cohort the specific time of onset of the
binary outcome (i.e. onset of nondipping) was unknown but was known to occur in a broad
follow-up interval. Thus we assess risks (probabilities) of outcome, but not rates. The
sample for this analysis included those who experienced normal nocturnal dipping (sleep/
wake blood pressure <0.9) and were not taking antihypertensive medications at baseline
(thus defined, 199 subjects were available to be followed for incident systolic nondipping
and 215 for incident diastolic nondipping). These models included REM AHI categories:
REM AHI<1 (reference category), 1 to 4.9, 5 to 14.9, 215 and were adjusted for
logo(NREM AHI+1), age, sex, race/ethnicity, BMI, waist-to-hip ratio, smoking status, and
alcohol use based on data from baseline visit. Log,(NREM AHI + 1) allows for the
coefficients to be interpreted as the “effect” of a 2-fold increase in NREM AHI (1 was added
to NREM AHI in the argument of the logarithm to allow for analysis of zero values). We
also constructed models in which individual measures of sleep quality or duration were
added to the above-mentioned covariates one at a time to assess the impact on the
association between REM AHI categories and incident nondipping. These covariates
included self-reported habitual sleep time or several variables from the baseline
polysomnogram such as sleep efficiency, wake after sleep onset (WASO) and minutes of
slow wave sleep (stage NREM 3). We also explored whether BMI at follow-up, presence of
excessive daytime sleepiness, having been started on an antihypertensive medication, or
having received treatment for OSA (i.e. CPAP) had any impact on the relationship between
REM AHI categories and incident nondipping. Similar analyses were performed using total
AHI categories: AHI<1 (reference category), 1to 4.9, 5 to 14.9, 215 and NREM AHI
categories: NREM AHI<1 (reference category), 1 to 4.9, 5 to 14.9, =15. In the NREM AHI
model we also adjusted for Logo(REM AHI+1).
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The flow of subjects included in the analytic sample is illustrated in Figure 1. In Table 1 we
compare the baseline characteristics of the cohort who had = 30 minutes of REM sleep
during the baseline polysomnogram and underwent at least 2 measurements of ABPM
(n=269) versus all subjects who had = 30 minutes of REM sleep during the baseline
polysomnogram and had at least one measurement of ABPM (n=741). There were no
systematic differences between the two groups. The baseline characteristics of the analytic
cohort are summarized in Table 2 (systolic nondipping) and Table 3 (diastolic nondipping).
In both groups, the mean age was 48 years, mean BMI was 28 kg/m?2, 59-60% were men,
and 98% were white. The mean scores on the Epworth Sleepiness Scale was 9. The mean
total sleep time was 390 minutes and REM sleep represented 19% of total sleep time. As
expected, there was an increase in total AHI and NREM AHI across increasing REM AHI
severity categories. Participants in the highest REM AHI category had a higher BMI, a
higher prevalence of hypertension, and were more likely to be men.

During the follow-up period, 34 subjects (17%) developed systolic nondipping and 20
subjects (9%) developed diastolic nondipping. REM AHI severity at baseline was
significantly associated with the onset of nondipping systolic and diastolic BP. Table 4
summarizes the adjusted relative risks for incident systolic and diastolic nondipping based
on REM AHI categories. After adjusting for age, sex, race, BMI, waist-to-hip ratio, smoking
status, alcohol intake, and NREM AHI, there was a dose-response increased risk of
developing systolic and diastolic nondipping with increasing severity of OSA in REM sleep
(p-trend 0.021 for systolic and 0.024 for diastolic nondipping) (Figure 2A and 2B). Those
with REM AHI > 15 had higher relative risk of incident systolic non-dipping BP (2.84, 95%
Cl 1.10-7.29) and incident diastolic non-dipping (4.27, 95% CI 1.20-15.13) than subjects
with REM AHI < 1. We also assessed the relative risk of incident nondipping by NREM
AHI categories and total AHI categories (Figure 2). After adjusting for REM AHI and other
covariates, higher NREM AHI categories were not associated with incident systolic or
diastolic nondipping (Figure 2C and 2D). In contrast, higher total AHI categories were
independently associated with systolic nondipping, but not diastolic nondipping (Figure 2E
and 2F).

Results were essentially unchanged in models that also adjusted for BMI at follow-up or
whether an individual was initiated on antihypertensive medication during the follow-up
time period. We also explored whether initiation of home CPAP therapy could alter this
relationship. Only 4 subjects in the systolic group and 5 subjects in the diastolic group were
initiated on home CPAP therapy during the course of the study. Models that also adjusted for
home CPAP therapy were essentially unchanged. Moreover, models that adjusted for various
measures of sleep, such as self-reported habitual sleep duration, or several variables from the
baseline polysomnogram, including sleep efficiency, wake after sleep onset (WASO) and
minutes of slow wave sleep (stage NREM 3), did not substantially change the relationship
between and did not change the statistical significance of the AHI categories (REM, NREM
and total AHI) and incident nondipping (data not shown). We did not find any significant
interaction between REM AHI categories and reported sleepiness (interaction coefficient p-
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values=0.53 and p=0.75 for systolic and diastolic nondipping outcomes, respectively) or
baseline hypertension status (p=0.38 and p=0.65 for systolic and diastolic, respectively).

DISCUSSION

In this longitudinal analysis of a population-based sample, we found that OSA in REM
sleep, independent of NREM OSA, is associated with the development of nocturnal systolic
and diastolic nondipping of BP over an average follow-up period of 6.6 years among
participants who initially were normal nocturnal BP dippers. The association showed a dose
response-gradient: individuals with a baseline REM AHI = 15 had an approximately 3 fold
greater relative risk of developing systolic nondipping and a 4 fold greater relative risk of
developing diastolic nondipping compared to those with REM AHI < 1. To our knowledge,
this is the first study to evaluate the association of REM-related OSA and nondipping in a
sample selected without regard to the presence of OSA symptoms or other related
morbidities. These unique findings suggest a role for OSA in REM sleep in the development
of nondipping of nocturnal BP.

The current study demonstrates that REM AHI, but not NREM or total AHI, is significantly
associated with nocturnal diastolic BP dipping. Although several cross-sectional studies
have reported a higher prevalence of nondipping in moderate to severe OSA,1224 only one
longitudinal population-based study has reported an association between OSA and incident
nondipping of systolic BP.11 The direction of causality is further strengthened by studies that
have shown CPAP therapy to lower nighttime BP more than daytime BP,13:25-27 particularly
in patients with resistant hypertension who are adherent to CPAP therapy.28:29 We
previously reported that in the Wisconsin Sleep Cohort, total AHI severity was associated
with nocturnal systolic, but not diastolic, dipping; however, that study did not attempt to
differentiate between REM and NREM AHI.11 Accordingly, our current findings of a
longitudinal association between REM AHI, but not NREM AHI, and diastolic nondipping
provides novel insight regarding the potential impact of REM OSA on diastolic BP, an
important predictor of cardiovascular risk in middle age.3 This is highly relevant given the
mean age of our subjects (i.e., < 50 years).

Findings from the present study as well as prior studies linking OSA to nondipping are
clinically relevant because of established associations between nondipping and poor
cardiovascular prognosis.>® OSA has been independently associated with cardiovascular
morbidity and mortality and nondipping may be one of several possible mechanisms by
which such outcomes may be initiated or exacerbated in OSA.8-10 The acute and recurrent
episodes of complete (apnea) or partial (hypopnea) obstruction of the upper airway in
patients with OSA can lead to significant swings in intrathoracic pressure, intermittent
hypoxemia and hypercapnia, cortical microarousals, increased oxidative stress, and sleep
fragmentation. Moreover, apneas and hypopneas cause temporary and significant elevations
of BP (i.e. up to 30-40 mm Hg lasting 20-30 seconds), likely via pathways initiated by
sympathetic activation.13 It is possible that these repeated bouts of sympathetic activation
prevent complete normalization of BP in the time between apneas and hypopneas,
preventing the normal BP dip from occurring.
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REM OSA may have a greater impact on sympathetic activation and nondipping of
nocturnal BP than NREM OSA.. Using beat-to-beat BP measurements and recordings of
sympathetic nerve activity via microneurography in patients with OSA, Somers et a/found
an increase in mean BP from 92+4.5 mm Hg during quiet wakefulness to 1165 mm Hg in
NREM sleep and 127+7 mm Hg during REM sleep. Moreover, sympathetic activity was
highest during REM sleep.12 In another study of 16 patients with OSA and untreated
hypertension, beat-to-beat BP measured invasively revealed a higher systolic BP in REM
sleep compared to NREM sleep (148+29 mm Hg vs. 134+24 mm Hg, respectively).3! The
higher BP seen during REM sleep in individuals with OSA may be related to the fact that
compared to events in NREM, obstructive apneas and hypopneas during REM sleep last
longer and are associated with significantly larger degrees of oxygen desaturation.16:17
Moreover, REM sleep is associated with increased sympathetic activation and reduced vagal
tone compared to NREM sleep in hormal subjects and even more so in patients with OSA.
13,15 Therefore, obstructive respiratory events in REM sleep, a state of sleep that is already
under increased sympathetic dominance, could increase the risk for nondipping compared to
NREM sleep.

Our findings may have important clinical implications for the duration of CPAP use that is
needed to reverse or decrease the risk of nocturnal BP nondipping. In a recent randomized
controlled trial of patients with OSA and resistant hypertension, there was a significant
positive correlation between hours of CPAP use and the decrease in 24-hour mean and
nocturnal blood pressure.32 This positive correlation between hours of CPAP use and the
decrease in 24-hour blood pressure was also observed in a meta-analysis.28 Grimaldi et a/
reported that 3 and 4 hours of CPAP use after lights are turned off would leave the vast
majority of obstructive events during REM sleep untreated while 7 hours of CPAP therapy
would cover most of REM sleep.33 Indeed, it is plausible that reduced CPAP adherence and
the predominantly untreated OSA during REM sleep (which prevails during the latter hours
of normal nocturnal sleep) may explain the negative or modest effects of CPAP therapy on
BP control in randomized clinical trials. Further research is needed to establish the optimal
duration of CPAP use to decrease the risk of developing nondipping and to reverse an
already established nondipping pattern in patients with OSA. Moreover, nonintrusive
technologies enabling frequent and accurate assessments of vascular function during
different stages of sleep can significantly enhance our understanding of the impact of OSA
in REM vs. NREM sleep.

Our study has some limitations. First, even though we included NREM AHI as a covariate in
our models, there may be residual confounding effects of OSA events not occurring during
REM sleep. However, we have previously reported a persistent association between REM
AHI and hypertension after excluding subjects with NREM AHI>5.18 Second, in our study
hypopneas were classified using >4% oxygen desaturation. We do not have data on REM
and NREM microarousals for a substantial portion of the cohort. We therefore cannot
ascertain whether the observed adverse effect of REM OSA on nondipping would still be
detected using hypopnea definitions incorporating >3% oxygen desaturation or
microarousals. Third, oxygen saturation metrics such as oxygen desaturation index and
percent of sleep time below 90% oxygen saturation were not available for the majority of
polysomnograms prior to year 2000, when fully digitalized data collection was initiated in
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the Wisconsin Sleep Cohort Study. Therefore, for the present analyses, we rely only on AHI
as the metric of OSA severity. Fourth, our findings may not be generalizable to African
Americans or Hispanics since 98% of the subjects included in our cohort were non-Hispanic
whites. Lastly, our REM AHI categories were arbitrary and similar to cutoffs used in clinical
practice. However, models that used REM AHI categories based on REM AHI quartiles (<
0-0.6, 0.6-2.9, 3.0-12.2, > 12.2) led to very similar results.

Our study has several noteworthy strengths. First, we believe that our conservative inclusion
criterion of at least 30 minutes of REM sleep reduces the possibility of exaggerating the
effects of REM OSA in individuals with short REM duration. Second, we used actual sleep
and wake times recorded by participants and not arbitrary preset times during the 24-hour
ABPM. This approach provides additional accuracy in defining sleep and wake BP. Third,
ABPM was performed at home and not on the same night of in-laboratory polysomnography
thus eliminating the possibility of artificially induced reduction of sleep efficiency and
quality related to the discomfort of ABPM measuring BP every 30 minutes. Fourth, our
study was performed in a population-based working cohort, enabling us to prospectively
determine the association of REM OSA and nondipping in a non-clinical population with
occult or undiagnosed OSA. Fifth, with our sample size we were able to account for the
confounding effects of several important covariates on the relationship of REM OSA and
nondipping. Lastly, our longitudinal analytic approach has the advantage of having the
correct temporal sequence and therefore strengthens the evidence that OSA in REM sleep
may have a causal role in the development of nocturnal nondipping of BP.

In summary, our findings of a strong longitudinal association of REM OSA with nocturnal
nondipping of BP has clinical and public health relevance. Additional studies are needed to
establish mechanisms and pathways by which events during REM sleep lead to increased
risk of nocturnal nondipping of BP and to explore whether effective treatment that covers
most of REM sleep can reduce the risk of nondipping.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is the key question: Does obstructive sleep apnea during rapid eye movement
sleep increase the risk of developing nondipping of nocturnal blood pressure?

What is the bottom line: Obstructive sleep apnea in rapid eye movement sleep is
longitudinally associated with incident nondipping of systolic and diastolic blood
pressure.

Why read on: Since rapid eye movement sleep predominates in the early morning hours
before typical awakening, the cardiovascular benefits of CPAP therapy may not be
achieved with the typical CPAP use of 3-4 hours per night.
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817 completed at least one 24-h
ABPM 49 with less than 30 minutes of
REM sleep on baseline PSG
15 with poor quality ABPM data
2 with baseline 24-h ABPM and
Y PSG more than 3 years apart
751 with more than 30
minutes of REM sleep
on baseline PSG

Y

10 wore CPAP during in-lab
PSG and could not assess REM
and non-REM AHI

| 3 472 did not have repeat 24-h

ABPM

Y

A 4

741 with complete
ABPM and PSG

Y
269 had repeat ABPM and
PSG 68 were systolic nondippers
at baseline and/or on
antihypertensive medication
2 fluctuating between
dipping-nondipping-dipping

51 were diastolic nondippers
at baseline and/or on
antihypertensive medication [«
3 fluctuating between
dipping-nondipping-dipping

Y

Y Y

199 available for incident
systolic nondipping

215 available for incident
diastolic nondipping

Y Y

157 had one follow up visit 144 had one follow up visit

53 had 2 follow up visits 53 had 2 follow up visits

5 had 3 follow up visits 2 had 3 follow up visits

Range of follow up 3.5-12.6 years Range of follow up 3.5-12.6 years

Figure 1. Flow chart of the study
ABPM: Ambulatory blood pressure monitoring, PSG: polysomnogram, REM: rapid eye

movement, AHI: apnea-hypopnea index, CPAP: continuous positive airway pressure
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Figure 2.

Relative risks and 95% confidence intervals from modified Poisson regression models
quantifying the independent association between REM apnea-hypopnea index (AHI)
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severity categories and incident systolic and diastolic nondipping (panels A and B) over an
average follow-up of 6.6 years. Models are adjusted for age, sex, race, body mass index,
waist-to-hip ratio, current smoking, alcohol consumption, and Log,(NREM AHI + 1) which
allows for the coefficients to be interpreted as the “effect” of a 2-fold increase in NREM
AHI (1 was added to NREM AHI in the argument of the logarithm to allow for analysis of
zero values). NREM AHI was not significant in these two models. Panels C and D explore
the association between NREM AHI severity categories and incident nondipping adjusted

for age, sex, race, body mass index, waist-to-hip ratio, current smoking, alcohol

consumption, and Logo(REM AHI + 1). NREM AHI categories were not associated with
incident systolic or diastolic nondipping. In contrast, doubling of REM AHI had a relative
risk of 1.37 (95% CI 1.13-1.65; p=0.0011) for incident systolic nondipping and 1.50 (95%
Cl 1.17-1.93; p=0.0015) for incident diastolic nondipping. Panels E and F illustrate the
association between incident nondipping and total AHI categories adjusted for age, sex,

race, body mass index, waist-to-hip ratio, current smoking, and alcohol consumption.
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Increasing total AHI categories was independently associated with incident systolic
nondipping, but not diastolic.
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Comparison of baseline characteristics of participants who had repeat 24-h ABPM studies and follow up PSG

(n=269) vs. those participants with just one 24-h ABPM study (n=741)

With follow up | Only one ABPM
ABPM data recording
(n=269) (n=741)
Male, % 62 59
Age, years, mean (sd) 49 (8) 50 (8)
Body mass index, kg/m2, mean (sd) 29 (5) 30 (6)
Race/Ethnicity, White, % 97 94
Current smoker, % 17 19
Alcohol, number of drinks/wk, (sd) 4 (5) 4 (6)
Prevalent hypertension, % 30 35
Antihypertensive medication users, % 13 16
Type 2 diabetes, % 2 4
Apnea Hypopnea Index, mean (sd) 5(9) 5(10)
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Sample characteristics by REM AHI severity category for incident systolic nondipping (n=199)

Table 2.

REM AHI Severity Category TOTAL
<1 1-4.9 5-14.9 215

N 73 60 38 28 199
Male, % 47 63 66 82 60
Age, years, mean (sd) 46 (8) 49 (7) 50 (7) 49 (9) 48 (8)
Body mass index, kg/m2, mean (sd) 27 (4) 27 (4) 30 (4) 31(5) 28 (4)
Race/Ethnicity, White, % 99 98 95 100 98
Current smoking, % 16 17 18 21 17
Alcohol, number of drinks/wk, (sd) 4 (5) 3(5) 5 (6) 5 (6) 4 (6)
Prevalent hypertension, % 4 23 13 57 19
Type 2 diabetes, % 0 0 0 0 0
Waist-to-hip ratio, mean (sd) 09(0.1) | 09(0.1) | 09(0.1) | 1.0(0.1) | 0.9(0.2)
Apnea Hypopnea Index, mean (sd) 0.6 (1) 3(5) 4(3) 18 (19) 4(9)
NREM Apnea Hypopnea Index, mean (sd) 0.7 (1) 3(6) 3(3) 15 (20) 4(9)
REM Apnea Hypopnea Index, mean (sd) 0.2 (0.3) 3(1) 8(2) 30(13) 7(11)
Minutes total sleep time, mean (sd) 393 (55) | 393(54) | 371 (69) | 404 (66) | 391 (60)
Minutes REM sleep, mean (sd) 76(27) | 77(28) | 70(25) | 66(25) | 74(27)
Percent REM sleep, mean (sd) 19 (6) 19 (6) 19 (5) 16 (5) 19 (6)
Minutes slow wave sleep, mean (sd) 43 (29) 45 (37) 37 (31) 36 (35) 41 (33)
Percent slow wave sleep, mean (sd) 11(7) 12 (9) 9(7) 9(9) 11 (8)
Epworth sleepiness scale *, mean (sd) 9(4) 9(4) 9(3) 12(4) 9(4)
Excessive daytime sleepiness, % 26 12 29 21 22

Only available on a subset of studies (n=110)
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Sample characteristics by REM AHI severity category for incident diastolic nondipping (n=215)

Table 3.

REM AHI Severity Category TOTAL
<1 1-4.9 5-14.9 215

N 83 61 40 31 215
Male, % 48 61 63 7 59
Age, years, mean (sd) 46 (8) 49 (7) 51 (7) 49 (9) 48 (8)
Body mass index, kg/m2, mean (sd) 27 (4) 28 (4) 29 (4) 32 (5) 28 (5)
Race/Ethnicity, White, % 99 98 95 100 98
Current smoking, % 16 16 20 23 18
Alcohol, number of drinks/wk, (sd) 3(5) 3(4) 5 (6) 5 (6) 4 (5)
Prevalent hypertension, % 7 20 15 52 19
Type 2 diabetes, % 0 0 0 0 0
Waist-to-hip ratio, mean (sd) 09(0.1) | 0.9(0.1) | 0.9(0.1) | 0.9(0.1) | 0.9(0.1)
Apnea Hypopnea Index, mean (sd) 0.9 (3) 3(5) 4(3) 17 (17) 4(9)
NREM Apnea Hypopnea Index, mean (sd) 1(3) 3(6) 3(3) 14 (19) 4(9)
REM Apnea Hypopnea Index, mean (sd) 0.2 (0.3) 2(1) 8(3) 30(13) 7(11)
Minutes total sleep time, mean (sd) 390 (54) | 392 (54) | 373 (66) | 399 (68) | 389 (59)
Minutes REM sleep, mean (sd) 75 (27) 79 (29) 70 (26) 65 (25) 74 (27)
Percent REM sleep, mean (sd) 19 (6) 20 (6) 19 (6) 16 (5) 19 (6)
Minutes slow wave sleep, mean (sd) 42 (30) 45 (36) 39 (32) 33(35) 41 (33)
Percent slow wave sleep, mean (sd) 11(8) 10 (8) 10 (8) 8(9) 11 (8)
Epworth sleepiness scale *, mean (sd) 9(4) 9(4) 9(4) 11(5) 9(4)
Excessive daytime sleepiness, % 24 10 33 19 21

Only available on a subset of studies (n=117)
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The association of REM AHI severity category with incident *systolic and diastolic nondipping over an
average of 6.6 years of follow up period using modified Poisson regression.

Table 4.

REM AHI | Total Sample | Incident Non-dipping Adjusted Relative Risk
Category Overall N N (%) (95% Confidence Interval)
Systolic nondipping (n=199)
<1 73 8 (11) 1.0 (reference)
1-4.9 60 8 (13) 1.27 (0.52, 3.09)
5-14.9 38 8 (21) 2.00 (0.77, 5.19)
>15 28 10 (36) 2.84 (1.10, 7.29)
Diastolic nondipping (n=215)
<1 83 6(7) 1.0 (reference)
1-4.9 61 2(3) 0.48 (0.10, 2.39)
5-14.9 40 5 (13) 1.62 (0.46, 5.76)
215 31 7(23) 4.27 (1.20, 15.13)

Page 18

*
Among participants with baseline normal blood pressure dipping and no use of antihypertensive medication, followed over an average of 6.6
years. All models adjusted for age, sex, race, body mass index, waist-to-hip ratio, current smoking, alcohol consumption, and NREM AHI. P-trend

for incident systolic and diastolic nondipping with increasing REM AHI categories were 0.021 and 0.024, respectively.
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