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Abstract: Rapid eye movement-related obstructive sleep apnea (REM-related OSA) is a polysomno-
graphic phenotype. Nocturnal blood pressure (BP) fluctuations remain unclear in patients with
REM-related OSA. We studied 27 patients with REM-related OSA, categorized as having REM-apnea-
hypopnea index (REM-AHI) ≥ 5/h, REM-AHI/non-REM-AHI ≥ 2, and non-REM-AHI < 15/h.
Beat-to-beat systolic BP (SBP) variability and nocturnal SBP fluctuation patterns using pulse transit
time (PTT) were investigated. The maximum increase and average nocturnal SBP were significantly
higher in males than in females (p = 0.003 and p = 0.008, respectively). The rate of non-dipping
patterns in nocturnal SBP fluctuations was 63% in all patients (males, 70%; females, 50%). Epworth
Sleepiness Scale (ESS) and Self-rating Depression Scale (SDS) scores in females were higher than
those in males (8.4 ± 6.1 vs. 13.4 ± 5.4 points, p = 0.04; 43.8 ± 7.9 vs. 52 ± 11.6 points, p = 0.04,
respectively). A high proportion of patients with REM-related OSA had a non-dipping pattern.
Using PPT, we observed that in patients with REM-related OSA, SBP variability was greater in males.
Despite clinical symptoms being slightly more severe in females, nocturnal SBP fluctuations should
be considered in male patients with REM-related OSA.

Keywords: rapid eye movement-related obstructive sleep apnea; pulse transit time; non-dipping
pattern; systolic blood pressure variability

1. Introduction

Rapid eye movement-related obstructive sleep apnea (REM-related OSA) is a polysomno-
graphic phenotype in OSA that predominantly or exclusively occurs during rapid eye
movement (REM) sleep. REM-related OSA has been observed in approximately 10%
to 37% of patients with OSA, and REM-related OSA is common in females and young
individuals [1–5]. Patients with OSA have more frequent respiratory events, and their car-
diovascular system is likely to be unstable due to respiratory events during REM sleep [6].
Obstructive apnea and hypopnea during REM sleep cause more severe hypoxemia, longer
apnea duration, and higher activated sympathetic nerve activity than respiratory events
during non-rapid eye movement (NREM) sleep [7,8]. It has also been reported that, after
only two weeks, apnea during REM sleep resulted in an increase in blood pressure (BP)
and sympathetic nerve activity in rats [9]. Even in healthy individuals, sympathetic nerve
activity significantly increases during REM sleep [6]. In patients with OSA, sympathetic
nerve activity is high during both awake and sleep periods [6,10].
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The relationship between OSA severity and nocturnal systolic BP (SBP) fluctuation
patterns has been observed in patients with OSA [11,12]. An association has been reported
between REM-related OSA and hypertension, even in males with apnea hypopnea index
(AHI) < 10/h [13]. A significant association has been reported between the exacerbation
of REM-AHI severity and the prevalence of hypertension, diabetes, and metabolic syn-
drome [14–16]. Since respiratory events frequently occur during REM sleep in patients
with REM-related OSA, nocturnal SBP may vary more in these patients than in patients
without REM-related OSA due to activated sympathetic nerve activity during REM sleep.
Furthermore, REM-related OSA has been reported to be associated with insomnia and
depression [17–19]. Insomnia and a lower respiratory arousal threshold are more common
in female patients with REM-related OSA [18,20].

Due to the frequent occurrence of respiratory events during REM sleep in REM-related
OSA, sympathetic nerve activity during REM sleep is likely to increase and nocturnal SBP
may vary more than that in patients without REM-related OSA. However, no studies have
reported undertaking sex-specific examinations concerning nocturnal SBP fluctuations
and beat-to-beat BP variabilities using pulse transit time (PTT) in patients with REM-
related OSA.

Therefore, we investigated nocturnal SBP fluctuations and variabilities in patients
with REM-related OSA who experienced respiratory events more frequently during REM
sleep than during non-REM (NREM) sleep.

2. Materials and Methods
2.1. Patients

In total, 259 patients diagnosed with OSA (AHI ≥ 5/h) were studied using polysomnog-
raphy (PSG) at Hiroshima Minato Clinic from March 2018 to April 2021. Patients with REM-
related OSA were defined as those who fulfilled all of the following criteria: (i) AHI ≥ 5/h,
(ii) REM-AHI/NREM-AHI ≥ 2, and (iii) NREM-AHI < 15/h. Exclusion criteria comprised:
(i) patients aged < 20 and >80 years and (ii) patients treated using continuous positive
airway pressure (CPAP) or oral appliances. Clinical data were collected from patient
medical records. The study protocol was approved by the Institutional Review Board of
Aichi Medical University Hospital (approval number 2021-049), and informed consent was
obtained from all patients prior to participation.

2.2. Questionnaires

All patients completed three questionnaires, namely, the Self-rating Depression Scale
(SDS), the Epworth Sleepiness Scale (ESS), and the Pittsburgh Sleep Quality Index (PSQI).
The SDS was used to screen for the potential presence of depressive disorders. This scale
ranges from 20 to 80 points, and scores > 50 points were considered as indicating depressive
disorders [21]. The ESS consists of eight self-administered items and measures a patient’s
excessive daytime sleepiness [22]. Higher ESS scores indicate severe daytime sleepiness,
and the cutoff value for the ESS in this study was 10/11 points. The PSQI has 19 self-
rated individual items and evaluates sleep quality and disorder over a one-month time
interval [23], with higher PSQI values indicating poor sleep quality and insomnia.

2.3. Polysomnography

All patients underwent overnight PSG using Somnotouch-RESP (Somnomedics, Ran-
dersacker, Germany). Electroencephalogram, electrooculogram, and electromyogram data
of submental and anterior tibial muscles were recorded, along with electrocardiogram, nasal
flow, thoracic and abdominal movement with respiratory effort, oxygen saturation, snoring,
finger plethysmogram, and body position data. DOMINO light 1.4.0 (Somnomedics, Ran-
dersacker, Germany) was used for recorded data analysis until February 2021, after which
DOMINO light 1.5.0. was used from March to April 2021. PSG scoring was performed
manually, following the American Academy of Sleep Medicine scoring criteria (version
2.3), by a certified sleep technologist who was blinded to patient information. Apnea was
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scored when there was a cessation or a drop in flow signal of ≤90% of airflow for at least
10 s. Hypopnea was defined as a ≥30% reduction in airflow for at least 10 s, associated
with arousal, or ≥3% oxyhemoglobin desaturation. The AHI was calculated as the average
number of apnea and hypopnea events per hour during sleep.

2.4. Blood Pressure Measurement

BP was calculated using pulse transit time (PTT) DOMINO software, based on PSG
data. BP measurement using PTT is an established indirect BP measurement method.
A mutual correlation between oscillometry-based and PTT-based BP measurements has
been reported, and the usefulness of the PTT method has also been reported [24–27].
PTT-BP has certain advantages over 24 h ambulatory BP monitoring, as follows: (i) it
enables a noninvasive cuffless measurement and does not disturb sleep, (ii) it enables the
calculation of beat-to-beat BP and the detection of dynamic changes in SBP, and (iii) it
enables continuous monitoring through recording very short-term BP variability. Therefore,
PTT-BP can non-invasively recognize a remarkable increase in BP with OSA during sleep.

PTT was measured at the same time as PSG and calculated as the interval time between
the R-wave on electrocardiography and the arrival of the corresponding pulse wave using
finger plethysmography. Beat-to-beat SBP and diastolic BP (DBP) values were automatically
determined using DOMINO software, based on the initial BP calibration using oscillometry
on the upper arm [26–28]. Nocturnal BP fluctuation patterns were defined, as follows:
(i) dipping ≥ 10% and (ii) non-dipping < 10% fall in SBP from daytime to nighttime sleep.
The PTT index was defined as the time per hour of SBP elevation ≥ 12 mmHg in a 30 s
interval of sleep.

2.5. Statistical Analysis

All statistical analyses were performed using JMP 15.0.0 software (SAS Institute Japan,
Tokyo, Japan). Continuous variables are expressed as mean ± standard deviation, and
categorical variables are expressed as numbers or percentages. To compare sex differences
in terms of demographic, polysomnographic, and PTT parameters, for the continuous
variables, t-tests and Wilcoxon rank sum tests were conducted for normal distribution and
non-normal distribution, respectively. For binary data, a Fisher’s exact test was used to
test for differences. All comparisons were two-tailed, and a p-value < 0.05 was considered
statistically significant. For univariate regression analysis, we estimated the relevant
Spearman’s rank correlation coefficient or Pearson correlation coefficient.

3. Results
3.1. Demographics, Sleep Quality, and PSG Findings

Of 259 patients, 27 patients who had undergone PSG met the definition of REM-related
OSA (males, 17 (63.0%); females, 10 (37.0%)), as shown in Table 1. All patients with REM-
related OSA slept in a REM sleep for ≥30 min. Of the patients who had undergone PSG,
the rates of REM-related OSA in males and females were 8.1% (17/211 patients) and 20.8%
(10/48 patients), respectively. The rates of REM-related OSA in females were significantly
higher than those in males (p = 0.02). Regarding patients with REM-related OSA, the
mean age and body mass index (BMI) were 46.0 years and 24.4 kg/m2 respectively, and
there were no significant differences in age and BMI between males and females (males:
47.9 years, 24.4 kg/m2; females: 42.6 years, 24.4 kg/m2). Two patients were taking hypnotic
medication (male, n = 1; female, n = 1) and two patients were taking antidepressant
medication (male, n = 1; female, n = 1). Regarding comorbidities, 22.2% of patients with
REM-related OSA had hypertension. No significant differences were found in the PTT
index, maximum increase in nocturnal SBP, average nocturnal SBP, average nocturnal DBP,
and average nocturnal HR, in patients with or without antihypertensive medication.
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Table 1. Patient demographics, questionnaires, and polysomnography.

Overall Males Females p-Value

Number of patients 27 17 10 -
Demographics

Age (year) 46.0 ± 11.7 47.9 ± 13.1 42.6 ± 8.3 0.2587
BMI (kg/m2) 24.4 ± 3.6 24.4 ± 2.6 24.4 ± 5.1 0.7252
Smoking (N) 8 6 2 -

Antihypertensive (N) 6 5 1 -
Hypnotics (N) 2 1 1 -

Antidepressants (N) 2 1 1 -
Questionnaire

ESS (points) 10.2 ± 6.3 8.4 ± 6.1 13.4 ± 5.4 0.04 *
SDS (points) 46.8 ± 10.2 43.8 ± 7.9 52.0 ± 11.6 0.038 *
PSQI (points) 8.3 ± 4.1 7.9 ± 3.9 8.8 ± 4.5 0.6056
PSG findings

Total sleep time (minutes) 395 ± 93 377 ± 111 426 ± 38 0.0926
Sleep efficiency (%) 84.6 ± 8.1 86.0 ± 7.6 82.3 ± 8.8 0.2566

Sleep latency (minutes) 15.0 ± 22.9 8.8 ± 7.5 25.4 ± 35.0 0.0699
REM-sleep latency (minutes) 88.0 ± 47.2 82.3 ± 44.5 97.6 ± 52.4 0.4264

Stage N1 (%) 18.0 ± 6.5 18.7 ± 6.9 16.7 ± 5.8 0.4386
Stage N2 (%) 61.2 ± 7.1 62.0 ± 7.6 59.8 ± 6.2 0.4297
Stage N3 (%) 4.5 ± 5.2 3.0 ± 4.2 7.0 ± 6.0 0.0518

Stage REM (%) 16.3 ± 5.2 16.2 ± 5.1 16.6 ± 5.5 0.8738
AHI (/h) 13.5 ± 4.7 14.7 ± 4.6 11.6 ± 4.4 0.0967

REM-AHI (/h) 31.9 ± 12.1 35.1 ± 12.0 26.4 ± 10.6 0.0687
NREM-AHI (/h) 9.7 ± 3.2 10.5 ± 3.0 8.4 ± 3.1 0.1076

Lowest O2 saturation (%) 86.3 ± 4.5 85.6 ± 4.5 87.4 ± 4.5 0.3405
CT90 (minutes) 3.9 ± 10.5 5.7 ± 13.0 0.8 ± 1.5 0.0922

PLMI (/h) 5.1 ± 7.7 5.1 ± 8.7 5.2 ± 6.0 0.9732
Arousal index (/h) 10.9 ± 4.1 10.9 ± 4.0 10.9 ± 4.6 0.9983

REM-arousal index (/h) 10.2 ± 6.2 11.3 ± 7.1 8.4 ± 4.2 0.252
NREM-arousal index (/h) 12.2 ± 7.2 12.8 ± 8.3 11.3 ± 5.2 0.6147

Continuous variables are expressed as mean ± standard deviation (SD). Comparing males and females, a p-value
of <0.05 was considered statistically significant. Abbreviations: AHI, apnea hypopnea index; BMI, body mass
index; CT90, cumulative time percentage with SpO2 < 90%; ESS, Epworth Sleepiness Scale; NREM-AHI, AHI
during NREM sleep; NREM-arousal index, arousal index during NREM sleep; PLMI, periodic limb movement
index; PSQI, Pittsburgh Sleep Quality Index; REM: rapid eye movement; REM-AHI, AHI during REM sleep;
REM-arousal index: arousal index during REM sleep; SDS, Self-rating Depression Scale, * p < 0.05.

Of the patients with REM-related OSA, the mean ESS and SDS scores were 10.2 and
46.8 points, respectively (males: ESS = 8.4 points, SDS = 43.8 points; females: ESS = 13.4 points,
SDS = 52.0 points, Table 1). The mean ESS and SDS scores in females were higher than the
cutoff value and were significantly higher than those in males (p = 0.04, both). For males,
there were no middle-to-high score (i.e., ≥60 points) groups with SDS, and the average
score was within a normal range. The mean PSQI score was 8.3 points (males, 7.9 points;
females, 8.8 points). There was no significant difference between males and females, but
the mean score in males and females was higher than the cutoff value for PSQI.

Of the patients with REM-related OSA, the mean AHI in males and females was
14.4/h and 11.5/h, respectively (Table 1). NREM-AHI was 10.3/h for males and 8.5/h
for females, whereas the REM-AHI was 34.1/h for males and 26.0/h for females. There
were no patients with severe sleep disordered breathing (i.e., AHI ≥ 30/h), whereas the
REM-AHI was within the severe range, especially for males.

3.2. PTT Index and Blood Pressure Using PTT

The lowest oxygen saturation correlated significantly with the PTT index and max-
imum SBP increase in all included patients (r = −0.55, p = 0.003; r = −0.51, p = 0.006,
respectively). In male patients, the lowest oxygen saturation also significantly correlated with
the PTT index and the maximum SBP increase (r = −0.64, p = 0.006; r = −0.59, p = 0.0013,
respectively). The PTT index and the maximum SBP increase significantly correlated in all
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included male and female patients (r = 0.75, p < 0.0001; r = 0.72, p = 0.001; and r = 0.72, p =
0.019, respectively). The REM-PTT index was significantly higher than the NREM-PTT index
in both male and female groups (p = 0.03 and p = 0.04 respectively, Figure 1). The PTT index,
the REM-PTT index, and the NREM-PTT index did not differ significantly between males
and females (Table 2). The average maximum increase in nocturnal SBP was 25.7 mmHg
for males and 19.3 mmHg for females (p = 0.003). The average nocturnal SBP was 126.9
mmHg for males and 107.1 mmHg for females (p = 0.008). The average nocturnal DBP and
the average heart rate did not differ significantly between males and females.
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Figure 1. A comparison of PTT indexes during REM and NREM sleep. Continuous variables are expressed as mean ± stan-
dard deviation (SD). A comparison of the REM-PTT index and the NREM-PTT index (p < 0.05) was considered statistically
significant. Abbreviations: NREM-PTT index, pulse transit time index during non-rapid eye movement sleep; REM-PTT
index, pulse transit time index during rapid eye movement sleep.

Table 2. Characteristics of the PTT index, PTT-BP, and nocturnal SBP fluctuation patterns.

Overall Male Female p-Value

PTT index
PTT index (/h) 6.5 ± 5.6 7.9 ± 6.4 4.2 ± 3.0 0.183

REM-PTT index (/h) 10.4 ± 7.7 12.3 ± 8.9 7.1 ± 3.3 0.1385
NREM-PTT index (/h) 5.6 ± 5.0 6.7 ± 5.5 3.8 ± 3.3 0.3397

Blood pressure using PTT
Maximum increase in nocturnal SBP (mmHg) 23.3 ± 7.8 25.7 ± 8.9 19.3 ± 2.4 0.0032 *

Average nocturnal SBP (mmHg) 119.6 ± 19.5 126.9 ± 16.4 107.1 ± 18.7 0.0082 *
Average nocturnal DBP (mmHg) 76.3 ± 12.1 79.2 ± 12.4 71.3 ± 10.2 0.0999

Average nocturnal heart rate (beat/min) 67.4 ± 9.3 65.6 ± 7.4 70.6 ± 11.5 0.1798
Blood pressure fluctuation pattern (N)

Dipping 8 5 3
Non-dipping 19 12 7

Continuous variables are expressed as mean ± standard deviation (SD). When comparing males and females, a p-value < 0.05 was
considered statistically significant. Abbreviations: DBP, diastolic blood pressure; NREM, non-rapid eye movement; PTT, pulse transit time;
REM, rapid eye movement; REM-PTT index, PTT index during REM sleep; SBP, systolic blood pressure; NREM-PPT, PTT index during
NREM sleep, * p < 0.05.
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3.3. Nocturnal Blood Pressure Fluctuations

In patients with REM-related OSA, the most observed nocturnal SBP fluctuation
pattern was a non-dipping pattern (n = 19, 70.4%), followed by a dipping one (n = 8,
29.6%) (Table 2). In particular, a non-dipping pattern was observed in 70% of male patients.
Although rising and extreme dipping patterns were not observed in males, rising and
extreme dipping patterns were observed in females (20% and 10%, respectively).

4. Discussion

This study is the first to report a highly non-dipping pattern in nocturnal SBP fluctua-
tions and greater beat-to-beat SBP variability in patients with REM-related OSA. In addition,
females with REM-related OSA might experience more excessive daytime sleepiness and
subjective depression than males.

A previous study reported that patients with OSA had a low arousal threshold [29].
REM-related OSA has also been reported to be associated with insomnia and depressive
symptoms, especially in females [5,17–19,30]. The findings in this study showed that the
rate of REM-related OSA in females was significantly higher than that in males, and that
females had significantly higher mean ESS and SDS scores than males. This result suggests
that female patients with REM-related OSA may have excessive daytime sleepiness and
subjective depression. In addition to sex differences, our study findings showed a signif-
icant correlation between lowest oxygen saturation and fluctuating BP (i.e., PTT index
and maximum SBP increases) in males only. The mechanism of sex differences in terms
of elevation of BP due to OSA is unclear; however, previous studies have shown that the
prevalence of hypertension increases with the severity of SDB in males, but this trend was
not observed in females [31,32]. In a European-based epidemiological study, a significant
relationship was found between AHI and the prevalence of hypertension in males only [33],
which is consistent with the results of this study.

The PTT index indicates the frequency of beat-to-beat SBP variability within a short
time. The PTT index and the maximum SBP increase were significantly correlated. More-
over, the maximum SBP increase was significantly higher in males than in females. Beat-to-
beat SBP variability tends to fluctuate largely in severe OSA, with 76% of SBP elevations
of >10 mmHg above baseline reported to occur during REM sleep [26]. Although there
was no significant difference between males and females in the REM-PTT index and the
NREM-PTT index observed in our study, the REM-PTT index was significantly higher than
the NREM-PTT index in both males and females. In other words, this suggests that in
patients with REM-related OSA, SBP variabilities occur more frequently during REM sleep
than during NREM sleep in both males and females. Since increased SBP variability affects
various organs, regardless of the BP value [34], patients with REM-related OSA would
need to reduce SBP variability.

In this study, the average nocturnal SBP in all patients with REM-related OSA was
119.6 mmHg, which was not high. A previous study reported that as OSA became more
severe, the risk of a non-dipping pattern increased in males [11,35–37], and that the rate
of systolic non-dipping was 33.3% in patients with AHI ≥ 30/h [11,35–37]. Another
study showed that 48% of patients with OSA had a systolic non-dipping pattern [38].
Furthermore, in a meta-analysis, a non-dipping pattern was found in 59% of patients with
OSA, and patients with OSA had a 1.5-fold increased risk of a non-dipping pattern [12].
REM-AHI ≥ 15 has been reported to be significantly associated with non-dipping patterns
during REM sleep [35]. In our study, of the patients with REM-related OSA, 70.4% had a
non-dipping pattern, which was higher than previously reported for patients with OSA.
Furthermore, in males, 94.4% of patients with a non-dipping pattern had REM-AHI ≥ 15/h,
and 83.3% of patients had REM-AHI ≥ 30/h. Moreover, the proportion of those with a
non-dipping pattern was approximately 2.4-fold higher than that of those with a dipping
pattern among the patients with REM-related OSA. These results indicate that a non-
dipping pattern occurred in patients with REM-related OSA at a rate equal to or higher
than that in patients with OSA who had an already identified non-dipping pattern. AHI in
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REM-related OSA patients in this study was mild to moderate, less severe than in the severe
OSA patients with AHI ≥ 30 previously reported for non-dipping patterns. Nevertheless,
the frequency of non-dipping patterns in REM-related OSA patients was higher than that in
severe OSA patients. Regarding the frequency of non-dipping patterns, it may be necessary
to consider the effects of OSA severity. Moreover, OSA and non-dipping patterns have
also been associated with higher risks of hypertension and cardiovascular events [11,12].
Therefore, patients with REM-related OSA and a high non-dipping rate can be expected to
have a higher risk of hypertension and cardiovascular events than patients with OSA.

Obstructive apnea and hypopnea during REM sleep result in more severe hypoxemia,
longer apnea duration, and greater sympathetic nerve activity than NREM sleep-related
respiratory events [7,8]. Mean oxygen desaturation during REM sleep has been reported to
be significantly associated with the prevalence of hypertension [12]. Severe OSA with an
AHI ≥ 30/h is related to higher SBP and drastic nocturnal BP fluctuations during sleep [26],
which may increase the risk of cardiovascular events. Among our patients, the mean
AHI was 13.3/h with mild OSA levels, and there was no severe OSA (i.e., AHI ≥ 30/h).
However, there were patients with a REM-AHI ≥ 30/h, of whom 85.7% were males. REM-
OSA has been significantly and independently associated with the prevalence and incidence
of hypertension [12,13]. Compared with patients with a REM-AHI < 5/h, patients with
a REM-AHI > 30/h have been reported to have an approximate 2.6 times greater risk of
cardiovascular events [39]. Furthermore, the proportion of patients without cardiovascular
events, including the presence of hypertension and their survival rate, have been reported
to decrease, in line with higher REM-AHI values [39]. Therefore, male patients with a
REM-AHI ≥ 30/h are more likely to activate sympathetic nerves and could be considered
at high-risk for developing hypertension and cardiovascular events due to a very short-
term increase in SBP, a non-dipping pattern of SBP fluctuation, and a lowering of oxygen
desaturation. Although the prevalence of REM-related OSA has been reported to decrease
with age in females, the prevalence did not change with age in males [4,17]. Thus, the
REM-AHI and non-dipping patterns might affect the progression to hypertension and
cardiovascular events, especially in male patients with REM-related OSA.

As mentioned above, REM-related OSA might be a high-risk factor for hypertension
and cardiovascular events in terms of nocturnal beat-to-beat SBP variabilities, maximum
SBP increases, the pattern of SBP fluctuations, and the REM-AHI. Since no correlation was
found between beat-to-beat SBP variabilities and patterns of BP fluctuations, this must be
considered as another risk factor. Therefore, it is important to evaluate SBP fluctuations
as well as high SBP values. In clinical practice, patient follow-up is necessary, with an
emphasis on these risk factors.

This study had several limitations. The study sample number was small, and only
Japanese patients were included. Due to the small number of patients, multivariate analysis
was not performed. When assessing PTT-BP, clinicians need to be aware that postural
position, snoring, and arrhythmia during sleep affect PTT-BPs. As a consequence of limiting
the study to patients with REM-related OSA, those with severe OSA were not included.
Calculating PTT-BP involved only a one-time calibration, although using PTT-BP may
enable better assessment of BP variability than an absolute BP value. In addition, we did
not compare the results of the questionnaires and nocturnal BP fluctuation data in the
patients with non-REM-related OSA because of varied OSA phenotypes (i.e., predominantly
central type apnea or predominantly hypopnea). Further careful observation is required to
determine whether cardiovascular events are more likely to be induced in patients with
REM-related OSA with a non-dipping pattern.

5. Conclusions

This is the first study to compare males and females using PTT in patients with REM-
related OSA, and we showed that SBP variability was greater in males than in females.
A high proportion of non-dipping patterns regarding nocturnal SBP and greater beat-to-
beat SBP fluctuations in patients with REM-related OSA was also observed. Therefore,
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as a feature of REM-related OSA, nocturnal BP fluctuations should be considered in
clinical settings.

Author Contributions: Conceptualization, H.K. and T.S.; methodology, H.K., H.S. and T.S.; valida-
tion, H.K., H.S., T.H. and T.S.; formal analysis, H.K. and H.S.; investigation, H.K., Y.K. and K.K.;
resources, H.K.; data curation, H.K. and N.K.; writing—original draft preparation, H.K.; writing—
review and editing, H.K., H.S., T.H., H.T., Y.H. and T.S.; visualization, H.K.; supervision, H.K., T.H.,
R.S. and T.S.; project administration, H.K. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of Aichi Medical University
Hospital (protocol code 2021-049 and approval date: 6 July 2021).

Informed Consent Statement: Informed consent was obtained from all patients involved in the study.

Data Availability Statement: Not applicable.

Acknowledgments: The authors would like to thank the patients who participated in this study and
the sleep technicians who manually scored the PSG data.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Conwell, W.; Patel, B.; Doeing, D.; Pamidi, S.; Knutson, K.L.; Ghods, F.; Mokhlesi, B. Prevalence, clinical features, and CPAP

adherence in REM-related sleep-disordered breathing: A cross-sectional analysis of a large clinical population. Sleep Breath 2012,
16, 519–526. [CrossRef] [PubMed]

2. O’Connor, C.; Thornley, K.S.; Hanly, P.J. Gender differences in the polysomnographic features of obstructive sleep apnea. Am. J.
Respir. Crit. Care Med. 2000, 161, 1465–1472. [CrossRef]

3. Haba-Rubio, J.; Janssens, J.P.; Rochat, T.; Sforza, E. Rapid eye movement-related disordered breathing: Clinical and polysomno-
graphic features. Chest 2005, 128, 3350–3357. [CrossRef]

4. Koo, B.B.; Patel, S.R.; Strohl, K.; Hoffstein, V. Rapid eye movement-related sleep-disordered breathing: Influence of age and
gender. Chest 2008, 134, 1156–1161. [CrossRef]

5. Mano, M.; Hoshino, T.; Sasanabe, R.; Murotani, K.; Nomura, A.; Hori, R.; Konishi, N.; Baku, M.; Shiomi, T. Impact of gender and
age on rapid eye movement-related obstructive sleep apnea: A clinical study of 3234 Japanese OSA patients. Int. J. Environ. Res.
Public Health 2019, 16, 1068. [CrossRef] [PubMed]

6. Somers, V.K.; Dyken, M.E.; Mark, A.L.; Abboud, F.M. Sympathetic-nerve activity during sleep in normal subjects. N. Engl. J. Med.
1993, 328, 303–307. [CrossRef]

7. Findley, L.J.; Wilhoit, S.C.; Suratt, P.M. Apnea duration and hypoxemia during REM sleep in patients with obstructive sleep
apnea. Chest 1985, 87, 432–436. [CrossRef]

8. Peppard, P.E.; Ward, N.R.; Morrell, M.J. The impact of obesity on oxygen desaturation during sleep-disordered breathing. Am. J.
Respir. Crit. Care Med. 2009, 180, 788–793. [CrossRef] [PubMed]

9. Pansani, A.P.; Schoorlemmer, G.H.; Ferreira, C.B.; Rossi, M.V.; Angheben, J.M.M.; Ghazale, P.P.; Gomes, K.P.; Cravo, S.L. Chronic
apnea during REM sleep increases arterial pressure and sympathetic modulation in rats. Sleep 2021, 44, zsaa249. [CrossRef]
[PubMed]

10. Somers, V.K.; Dyken, M.E.; Clary, M.P.; Abboud, F.M. Sympathetic neural mechanisms in obstructive sleep apnea. J. Clin. Investig.
1995, 96, 1897–1904. [CrossRef]

11. Cuspidi, C.; Tadic, M.; Sala, C.; Gherbesi, E.; Grassi, G.; Mancia, G. Blood pressure non-dipping and obstructive sleep apnea
syndrome: A meta-analysis. J. Clin. Med. 2019, 8, 1367. [CrossRef]

12. Mokhlesi, B.; Finn, L.A.; Hagen, E.W.; Young, T.; Hla, K.M.; Van Cauter, E.; Peppard, P.E. Obstructive sleep apnea during REM
sleep and hypertension. results of the Wisconsin Sleep Cohort. Am. J. Respir. Crit. Care Med. 2014, 190, 1158–1167. [CrossRef]

13. Appleton, S.L.; Vakulin, A.; Martin, S.A.; Lang, C.J.; Wittert, G.A.; Taylor, A.W.; McEvoy, R.D.; Antic, N.A.; Catcheside, P.G.;
Adams, R.J. Hypertension is associated with undiagnosed OSA during rapid eye movement sleep. Chest 2016, 150, 495–505.
[CrossRef]

14. Acosta-Castro, P.; Hirotsu, C.; Marti-Soler, H.; Marques-Vidal, P.; Tobback, N.; Andries, D.; Waeber, G.; Preisig, M.; Vollenweider,
P.; Haba-Rubio, J.; et al. REM-associated sleep apnoea: Prevalence and clinical significance in the HypnoLaus cohort. Eur. Respir.
J. 2018, 52, 1702484. [CrossRef] [PubMed]

15. Grimaldi, D.; Beccuti, G.; Touma, C.; Van Cauter, E.; Mokhlesi, B. Association of obstructive sleep apnea in rapid eye movement
sleep with reduced glycemic control in type 2 diabetes: Therapeutic implications. Diabetes Care 2014, 37, 355–363. [CrossRef]
[PubMed]

http://doi.org/10.1007/s11325-011-0537-6
http://www.ncbi.nlm.nih.gov/pubmed/21614575
http://doi.org/10.1164/ajrccm.161.5.9904121
http://doi.org/10.1378/chest.128.5.3350
http://doi.org/10.1378/chest.08-1311
http://doi.org/10.3390/ijerph16061068
http://www.ncbi.nlm.nih.gov/pubmed/30934646
http://doi.org/10.1056/NEJM199302043280502
http://doi.org/10.1378/chest.87.4.432
http://doi.org/10.1164/rccm.200905-0773OC
http://www.ncbi.nlm.nih.gov/pubmed/19644043
http://doi.org/10.1093/sleep/zsaa249
http://www.ncbi.nlm.nih.gov/pubmed/33231257
http://doi.org/10.1172/JCI118235
http://doi.org/10.3390/jcm8091367
http://doi.org/10.1164/rccm.201406-1136OC
http://doi.org/10.1016/j.chest.2016.03.010
http://doi.org/10.1183/13993003.02484-2017
http://www.ncbi.nlm.nih.gov/pubmed/29976653
http://doi.org/10.2337/dc13-0933
http://www.ncbi.nlm.nih.gov/pubmed/24101701


J. Clin. Med. 2021, 10, 5023 9 of 9

16. Chami, H.A.; Gottlieb, D.J.; Redline, S.; Punjabi, N.M. Association between glucose metabolism and sleep-disordered breathing
during REM sleep. Am. J. Respir. Crit. Care Med. 2015, 192, 1118–1126. [CrossRef]

17. Koo, B.B.; Dostal, J.; Ioachimescu, O.; Budur, K. The effects of gender and age on REM-related sleep-disordered breathing. Sleep
Breath 2008, 12, 259–264. [CrossRef]

18. Hoshino, T.; Sasanabe, R.; Murotani, K.; Hori, R.; Mano, M.; Nomura, A.; Konishi, N.; Baku, M.; Arita, A.; Kuczynski, W.; et al.
Insomnia as a symptom of rapid eye movement-related obstructive sleep apnea. J. Clin. Med. 2020, 9, 1821. [CrossRef]

19. Geckil, A.A.; Ermis, H. The relationship between anxiety, depression, daytime sleepiness in the REM-related mild OSAS and the
NREM-related mild OSAS. Sleep Breath 2020, 24, 71–75. [CrossRef]

20. Hoshino, T.; Sasanabe, R.; Murotani, K.; Hori, R.; Mano, M.; Nomura, A.; Konishi, N.; Baku, M.; Nishio, Y.; Kato, C.; et al.
Estimated respiratory arousal threshold in patients with rapid eye movement obstructive sleep apnea. Sleep Breath 2021. [CrossRef]

21. Zung, W.W. A SELF-RATING DEPRESSION SCALE. Arch. Gen. Psychiatry 1965, 12, 63–70. [CrossRef] [PubMed]
22. Johns, M.W. Reliability and factor analysis of the Epworth Sleepiness Scale. Sleep 1992, 15, 376–381. [CrossRef]
23. Buysse, D.J.; Reynolds, C.F., 3rd; Monk, T.H.; Berman, S.R.; Kupfer, D.J. The Pittsburgh Sleep Quality Index: A new instrument

for psychiatric practice and research. Psychiatry Res. 1989, 28, 193–213. [CrossRef]
24. Bilo, G.; Zorzi, C.; Ochoa Munera, J.E.; Torlasco, C.; Giuli, V.; Parati, G. Validation of the Somnotouch-NIBP noninvasive

continuous blood pressure monitor according to the European Society of Hypertension International Protocol revision 2010. Blood
Press. Monit. 2015, 20, 291–294. [CrossRef]

25. Pitson, D.J.; Stradling, J.R. Value of beat-to-beat blood pressure changes, detected by pulse transit time, in the management of the
obstructive sleep apnoea/hypopnoea syndrome. Eur. Respir. J. 1998, 12, 685–692. [CrossRef]

26. Gehring, J.; Gesche, H.; Drewniok, G.; Küchler, G.; Patzak, A. Nocturnal blood pressure fluctuations measured by using pulse
transit time in patients with severe obstructive sleep apnea syndrome. Sleep Breath 2018, 22, 337–343. [CrossRef] [PubMed]

27. Patzak, A.; Mendoza, Y.; Gesche, H.; Konermann, M. Continuous blood pressure measurement using the pulse transit time:
Comparison to intra-arterial measurement. Blood Press 2015, 24, 217–221. [CrossRef] [PubMed]

28. Gesche, H.; Grosskurth, D.; Küchler, G.; Patzak, A. Continuous blood pressure measurement by using the pulse transit time:
Comparison to a cuff-based method. Eur. J. Appl. Physiol. 2012, 112, 309–315. [CrossRef]

29. Eckert, D.J. Phenotypic approaches to obstructive sleep apnoea—New pathways for targeted therapy. Sleep Med. Rev. 2018, 37,
45–59. [CrossRef]

30. Pamidi, S.; Knutson, K.L.; Ghods, F.; Mokhlesi, B. Depressive symptoms and obesity as predictors of sleepiness and quality of life
in patients with REM-related obstructive sleep apnea: Cross-sectional analysis of a large clinical population. Sleep Med. 2011, 12,
827–831. [CrossRef]

31. Hedner, J.; Bengtsson-Boström, K.; Peker, Y.; Grote, L.; Råstam, L.; Lindblad, U. Hypertension prevalence in obstructive sleep
apnoea and sex: A population-based case–control study. Eur. Respir. J. 2006, 27, 564–570. [CrossRef]

32. Yu, Q.; Yin, G.; Zhang, P.; Song, Z.; Chen, Y.; Zhang, D.; Hu, W. Distinct associations between hypertension and obstructive sleep
apnea in male and female patients. PLoS ONE 2014, 9, e113076. [CrossRef] [PubMed]

33. Sawatari, H.; Chishaki, A.; Ando, S. The epidemiology of sleep disordered breathing and hypertension in various populations.
Curr. Hypertens. Rev. 2016, 12, 12–17. [CrossRef] [PubMed]

34. Leoncini, G.; Viazzi, F.; Storace, G.; Deferrari, G.; Pontremoli, R. Blood pressure variability and multiple organ damage in primary
hypertension. J. Hum. Hypertens. 2013, 27, 663–670. [CrossRef] [PubMed]

35. Mokhlesi, B.; Hagen, E.W.; Finn, L.A.; Hla, K.M.; Carter, J.R.; Peppard, P.E. Obstructive sleep apnoea during REM sleep and
incident non-dipping of nocturnal blood pressure: A longitudinal analysis of the Wisconsin Sleep Cohort. Thorax 2015, 70,
1062–1069. [CrossRef] [PubMed]

36. Seif, F.; Patel, S.R.; Walia, H.K.; Rueschman, M.; Bhatt, D.L.; Blumenthal, R.S.; Quan, S.F.; Gottlieb, D.J.; Lewis, E.F.; Patil, S.P.; et al.
Obstructive sleep apnea and diurnal nondipping hemodynamic indices in patients at increased cardiovascular risk. J. Hypertens.
2014, 32, 267–275. [CrossRef]

37. Hla, K.M.; Young, T.; Finn, L.; Peppard, P.E.; Szklo-Coxe, M.; Stubbs, M. Longitudinal association of sleep-disordered breathing
and nondipping of nocturnal blood pressure in the Wisconsin Sleep Cohort Study. Sleep 2008, 31, 795–800. [CrossRef]

38. Suzuki, M.; Guilleminault, C.; Otsuka, K.; Shiomi, T. Blood pressure “dipping” and “non-dipping” in obstructive sleep apnea
syndrome patients. Sleep 1996, 19, 382–387. [CrossRef]

39. Aurora, R.N.; Crainiceanu, C.; Gottlieb, D.J.; Kim, J.S.; Punjabi, N.M. Obstructive Sleep Apnea during REM Sleep and Cardiovas-
cular Disease. Am. J. Respir. Crit. Care Med. 2018, 197, 653–660. [CrossRef]

http://doi.org/10.1164/rccm.201501-0046OC
http://doi.org/10.1007/s11325-007-0161-7
http://doi.org/10.3390/jcm9061821
http://doi.org/10.1007/s11325-019-01838-y
http://doi.org/10.1007/s11325-021-02399-9
http://doi.org/10.1001/archpsyc.1965.01720310065008
http://www.ncbi.nlm.nih.gov/pubmed/14221692
http://doi.org/10.1093/sleep/15.4.376
http://doi.org/10.1016/0165-1781(89)90047-4
http://doi.org/10.1097/MBP.0000000000000124
http://doi.org/10.1183/09031936.98.12030685
http://doi.org/10.1007/s11325-017-1555-9
http://www.ncbi.nlm.nih.gov/pubmed/28828627
http://doi.org/10.3109/08037051.2015.1030901
http://www.ncbi.nlm.nih.gov/pubmed/25857601
http://doi.org/10.1007/s00421-011-1983-3
http://doi.org/10.1016/j.smrv.2016.12.003
http://doi.org/10.1016/j.sleep.2011.08.003
http://doi.org/10.1183/09031936.06.00042105
http://doi.org/10.1371/journal.pone.0113076
http://www.ncbi.nlm.nih.gov/pubmed/25402499
http://doi.org/10.2174/1573402112666160114093307
http://www.ncbi.nlm.nih.gov/pubmed/26778203
http://doi.org/10.1038/jhh.2013.45
http://www.ncbi.nlm.nih.gov/pubmed/23739158
http://doi.org/10.1136/thoraxjnl-2015-207231
http://www.ncbi.nlm.nih.gov/pubmed/26307037
http://doi.org/10.1097/HJH.0000000000000011
http://doi.org/10.1093/sleep/31.6.795
http://doi.org/10.1093/sleep/19.5.382
http://doi.org/10.1164/rccm.201706-1112OC

	Introduction 
	Materials and Methods 
	Patients 
	Questionnaires 
	Polysomnography 
	Blood Pressure Measurement 
	Statistical Analysis 

	Results 
	Demographics, Sleep Quality, and PSG Findings 
	PTT Index and Blood Pressure Using PTT 
	Nocturnal Blood Pressure Fluctuations 

	Discussion 
	Conclusions 
	References

