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Abstract
Few studies have reported the relationship between reduced sleep efficiency and the prevalence of hypertension independent
of sleep duration in Japan. This study aimed to evaluate whether reduced sleep efficiency, measured using an objective
device for >1 week, was related to an increased prevalence of hypertension independent of sleep duration in the general
Japanese population. We conducted a cross-sectional study of 904 participants aged ≥20 years who lived in Miyagi
Prefecture, Japan. Sleep efficiency was measured using a contactless biomotion sleep sensor for 10 continuous days. The
participants were classified into two groups according to their sleep efficiency: reduced (<90%) or not reduced (≥90%).
Hypertension was defined as morning home blood pressure ≥135/85 mmHg or self-reported treatment for hypertension.
Multivariable logistic regression models were used to obtain odds ratios (ORs) and 95% confidence intervals (CIs) to assess
the relationship between sleep efficiency and hypertension adjusted for potential confounders. The results showed that two
hundred and ninety-four individuals (32.5%) had reduced sleep efficiency, and 331 (36.6%) had hypertension. Individuals
with reduced sleep efficiency had a higher body mass index and shorter sleep duration. In the multivariable analysis, reduced
sleep efficiency was significantly related to an increased prevalence of hypertension (OR, 1.62; 95% CI, 1.15–2.28). In
conclusion, reduced sleep efficiency was significantly related to an increased prevalence of hypertension in Japanese adults.
Improvements in sleep efficiency may be important to reduce blood pressure in Japanese adults.
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Introduction

Short sleep duration is related to an increased prevalence or
incidence of hypertension [1–3]. In most of these studies,
sleep duration was measured using self-reported ques-
tionnaires. However, self-reported sleep duration does not
accurately reflect actual sleep duration because studies have
shown inadequate correlations between self-reported sleep
duration and actigraphy-measured sleep duration [4, 5]. A
few recent epidemiological studies in a Japanese population
have reported the relationships among actigraphy-measured
sleep duration, an objective indicator, and health outcomes
[6, 7]. In these studies, however, the relationship between
objectively measured sleep duration and hypertension was
insufficiently examined.

Recently, some studies in the United States have reported
that reduced sleep efficiency and short sleep duration were
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related to an increased prevalence of hypertension [8, 9].
Reduced sleep efficiency, but not sleep duration, was par-
ticularly related to an increased prevalence of hypertension
independent of sleep-disordered breathing in a large sample
of Hispanic/Latino adults [8]. The findings suggest that
sleep efficiency, but not sleep duration, is an important
target to maintain good cardiovascular health. In Japan, one
study revealed that reduced sleep efficiency measured using
actigraphy had higher nighttime blood pressure in elderly
participants [10]; however, these researchers did not eval-
uate whether the relationship between reduced sleep effi-
ciency and prevalent hypertension was independent of sleep
duration. In addition, no previous reports have revealed the
relationship between hypertension and sleep efficiency
measured for >1 week.

Therefore, this study aimed to evaluate whether reduced
sleep efficiency measured using an objective sleep mon-
itoring device for >1 week was related to an increased
prevalence of hypertension independent of sleep duration in
the general Japanese population.

Methods

Participants

This cross-sectional study was conducted to clarify the
relationship between sleep efficiency and hypertension.
Participants fulfilling the following criteria were included
in this study: (1) participants receiving the follow-up
survey from the Tohoku Medical Megabank Project
Cohort Study (TMM Cohort Study), (2) participants aged
≥20 years living in Miyagi Prefecture during the baseline
survey from May 2013 to March 2016, and (3) partici-
pants who visited one community support center (located
in Tagajo City in Miyagi Prefecture). The TMM Cohort
Study was a population-based prospective cohort study
that has been ongoing since 2013. All participants were
recruited from June 2017 to March 2018. Written
informed consent was obtained from each participant.
This study was approved by the Institutional Review
Board of the Tohoku Medical Megabank Organization
(approval number: 2017-4-007).

In total, 1500 participants were initially included. How-
ever, 235 participants were excluded for the following
reasons: (1) home blood pressure was measured for <3 days
(n= 75); (2) sleep efficiency or sleep duration was mea-
sured for <7 days (n= 375); (3) urinary sodium/potassium
ratio was measured for <10 days (n= 130); (4) daily steps
were measured for <3 days (n= 12); and (5) data on sex,
age, body weight, height, alcohol drinking status, and
smoking status were missing (n= 4). Finally, we analyzed
the data for 904 participants.

Measurements

All participants completed a self-reported questionnaire to
assess demographic characteristics, smoking status, alcohol
drinking status, information on treatment for hypertension
and diabetes, and history of cardiovascular diseases. Height
and weight were measured with all participants wearing
light clothing. The body mass index (BMI) was calculated
as the weight (kg) divided by the square of the height (m).
Obesity was defined as BMI ≥ 25 kg/m2 based on the
Western Pacific Region of WHO criteria for Japanese
individuals [11]. Blood samples were obtained from non-
fasting participants. Plasma glucose concentrations and
HbA1c levels were measured using an enzymatic method.
The presence of diabetes was defined as plasma glucose
≥200 mg/dL and/or HbA1c ≥6.5% and/or receiving treat-
ment for diabetes.

Home blood pressure was assessed using a cuff-
oscillometric device (HEM-7080IC; Omron Healthcare
Co., Ltd, Kyoto, Japan). Home blood pressure was recorded
for 10 days in a sitting position after at least 5 min of rest in
the morning within 1 h after awakening, maintaining the
arm-cuff position at heart level during resting, and if
applicable, before taking medications for hypertension,
eating breakfast, and after urination. We defined morning
home blood pressure as the mean of the first measurement
performed every morning. Hypertension, the primary out-
come of the study, was defined as morning home blood
pressure ≥135/85 mmHg or receiving treatment for hyper-
tension [12].

Sleep efficiency (main exposure) and sleep duration were
measured using a contactless biomotion sleep sensor (HSL-
102 M; Omron Healthcare Co., Ltd) for 10 days. The details
of measurement using a sleep sensor have been described
elsewhere [13–15]. The definition of sleep efficiency was
the ratio of the sleep duration (min) to the time spent in bed
(min) multiplied by 100 [16]. We used the average of the
data for all measurements in the analysis. All participants
were classified into two groups according to their sleep
efficiency (reduced; <90%/not reduced; ≥90%).

The urinary sodium to potassium ratio was measured
using a hand-sized urinary Na/K ratio monitor (HEU-001F;
Omron Healthcare Co., Ltd.) for 10 continuous days. The
urinary sodium to potassium ratio was measured twice
per day (in the morning after awakening and at night before
going to bed). We used the average of the data for all
measurements in the analysis.

The daily steps were counted using an activity monitor
(HJA-750C; Omron Healthcare Co., Ltd). The activity
monitor was positioned at the waist of each participant and
was attached throughout the day, except while bathing and
sleeping for 11 continuous days. Of the 11 days, the data
from the 1st day were excluded. In addition, we excluded
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the data when the daily total measurement duration was
<8 h. We used the average of the data for all measurements
for this analysis.

Statistical analysis

The data were presented as the means (standard deviations)
or medians (interquartile ranges) for continuous variables or
numbers (percentages) for categorical variables. We used an
unpaired t-test or the Wilcoxon rank-sum test for continuous
variables and the chi-square test or Fisher’s exact test for
categorical variables to compare the characteristics between
the two groups. Multivariable logistic regression models
were used to obtain odds ratios (ORs) and 95% confidence
intervals (CIs) to assess the relationship between sleep
efficiency and hypertension. The models were adjusted for
sex, age, BMI, alcohol drinking status, smoking status,
average daily steps, urinary sodium/potassium ratio, pre-
sence of cardiovascular diseases, presence of diabetes, and
sleep duration. Similarly, we analyzed the relationship
between sleep efficiency and hypertension if the definition
of reduced sleep efficiency was <85%. We also used mul-
tivariable regression analysis to assess the relationship
between sleep efficiency and home blood pressure. In
addition, we analyzed the impact of sleep duration and
obesity on the relationship between sleep efficiency and the
prevalence of hypertension. We divided all participants into
four groups according to the presence of reduced sleep
efficiency and shorter sleep duration or obesity. Thereafter,
we used a multivariable logistic regression model to assess
the relationship between each combination and the

prevalence of hypertension. Two-tailed P values of <0.05
were considered statistically significant. All analyses were
performed using STATA SE 13 data analysis and statistical
software (Stata Corp LP, College Station, TX, USA).

Results

The clinical characteristics of all participants according to
sleep efficiency are presented in Table 1. Two hundred
ninety-four participants (32.5% of all participants)
had reduced sleep efficiency, and 331 participants (36.6%)
had hypertension. The distribution of sleep efficiency
among all participants is depicted in Fig. 1. The prevalence
of reduced sleep efficiency was significantly higher in men
(40.9% in men vs. 28.8% in women), and participants with

Table 1 Clinical characteristics
of all participants according to
sleep efficiency

Sleep efficiency P-value

Reduced (<90%) Not reduced (≥90%)

Participants, n 294 610

Sleep efficiency (%) 83.9 (5.9) 94.6 (2.4) <0.001

Sex, male 114 (38.8%) 165 (27.1%) <0.001

Age (years) 58.1 (14.7) 60.4 (12.3) 0.173

Body mass index (kg/m2) 23.4 (3.5) 22.3 (3.0) <0.001

Current drinker, yes 157 (53.4%) 307 (50.3%) 0.386

Current smoker, yes 20 (6.8%) 39 (6.4%) 0.815

Urinary Na/K ratio 4.4 (1.5) 4.2 (1.6) 0.045

Sleep duration (h/day) 5.9 (1.1) 6.4 (1.1) <0.001

Steps (103 steps/day) 6.0 (4.5–7.8) 6.1 (4.4–7.8) 0.904

Cardiovascular disease, yes 19 (6.5%) 31 (5.1%) 0.395

Diabetes, yes 25 (8.5%) 38 (6.2%) 0.208

Hypertension, yes 132 (44.9%) 199 (32.6%) <0.001

Home systolic BP (mmHg) 127.7 (17.2) 123.0 (15.3) <0.001

Home diastolic BP (mmHg) 76.1 (10.2) 73.6 (9.4) <0.001

Treatment for hypertension, yes 66 (22.5%) 97 (15.9%) 0.016

Na/K sodium/potassium, BP blood pressure

Fig. 1 Distribution of sleep efficiency among all participants
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reduced sleep efficiency had significantly higher BMI (23.4
vs. 22.3 kg/m2), shorter sleep duration (5.9 vs. 6.4 h/day), a
higher urinary sodium/potassium ratio (4.4 vs. 4.2), and
higher prevalence of hypertension (44.9% vs. 32.6%)
compared with those without reduced sleep efficiency.

The results of the relationship between sleep efficiency and
the prevalence of hypertension are presented in Table 2. In the
univariate analysis, reduced sleep efficiency was significantly
related to an increased prevalence of hypertension (OR, 1.68;
95% CI, 1.27–2.24). In addition, male sex, older age, higher
BMI, current alcohol drinking, lower average daily steps,
presence of cardiovascular disease, and presence of diabetes
were significantly related to an increased prevalence of
hypertension. In multivariable analysis, reduced sleep effi-
ciency was still significantly related to an increased pre-
valence of hypertension (OR, 1.62; 95% CI, 1.15–2.28)
adjusted for all potential confounders, including sleep dura-
tion. When we excluded sleep duration from the multivariable
model, the relationship between reduced sleep efficiency and
the prevalence of hypertension remained unchanged (OR,
1.65; 95% CI, 1.18–2.31). When we defined reduced sleep
efficiency <85%, the OR (95% CI) of participants with
reduced sleep efficiency was 1.92 (1.21–3.04) in multi-
variable analysis. In addition, log-transformed sleep efficiency
was significantly inversely related to home systolic blood
pressure (β=−27.39, p < 0.001) or home diastolic blood
pressure (β=−12.91, p= 0.007) adjusted for potential con-
founders in participants who did not receive treatment for
hypertension.

Finally, we present the impact of sleep duration and
obesity on the relationship between sleep efficiency and the

prevalence of hypertension in Table 3. Short sleepers with
reduced sleep efficiency were significantly related to an
increased prevalence of hypertension compared with non-
short sleepers without reduced sleep efficiency adjusted for
potential confounders (OR, 1.96; 95% CI, 1.23–3.13;
Table 3a). In addition, obesity and a reduction in sleep
efficiency were additively related to an increased prevalence
of hypertension. The ORs (95% CIs) of obese participants
without reduced sleep efficiency, nonobese participants
with reduced sleep efficiency, and obese participants with
reduced sleep efficiency were 2.67 (1.65–4.31), 1.64
(1.11–2.42), and 5.28 (2.95–9.45), respectively (Table 3b).

Discussion

We showed that reduced sleep efficiency (<90%) measured
using a contactless biomotion sleep sensor was significantly
related to an increased prevalence of hypertension inde-
pendent of sleep duration in Japanese adults in the present
study. In particular, short sleep duration with poor sleep
efficiency was significantly related to an increased pre-
valence of hypertension. In addition, reduced sleep effi-
ciency was significantly related to hypertension in both
obese and nonobese participants.

Reduced sleep efficiency or reduced sleep continuity, but
not sleep duration, was related to an increased prevalence of
hypertension in several previous studies in the United States
of America [8, 17], and our findings were consistent with
these studies. The mechanism of the relationship between
sleep efficiency and hypertension may be explained by an

Table 2 Association between sleep efficiency and hypertension

Univariable model Multivariable model

OR 95% CI OR 95% CI

Reduced sleep efficiency (<90%) 1.68 (1.27, 2.24) 1.62 (1.15, 2.28)

Sex, male 3.19 (2.38, 4.28) 1.33 (0.92, 1.94)

Age (per year) 1.07 (1.06, 1.09) 1.07 (1.05, 1.09)

BMI (per kg/m2) 1.20 (1.15, 1.26) 1.16 (1.10, 1.22)

Current drinker, yes 1.59 (1.21, 2.09) 1.50 (1.07, 2.09)

Current smoker, yes 1.20 (0.70, 2.06) 1.62 (0.86, 3.05)

Urinary Na/K ratio 1.08 (0.99, 1.17) 1.13 (1.02, 1.24)

Steps per daya 0.68 (0.50, 0.91) 0.79 (0.56, 1.11)

Cardiovascular disease, yes 2.52 (1.41, 4.50) 1.23 (0.64, 2.33)

Diabetes, yes 2.84 (1.68, 4.80) 1.41 (0.80, 2.51)

Sleep duration (per hour) 1.10 (0.98, 1.25) 0.95 (0.82, 1.11)

Multivariable model was adjusted for sex, age, body mass index, alcohol drinking status, smoking status, average daily steps, urinary sodium/
potassium ratio, cardiovascular disease, diabetes, and sleep duration

OR odds ratio, CI confidence interval, PAF population attributable fraction, BMI body mass index, Na/K sodium/potassium
alog-transformed
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increased sympathetic tone. Sleep deprivation increases
sympathetic tone [18–20]. Similarly, poor sleep quality is
related to the lack of nocturnal dip in blood pressure due to
increasing nocturnal sympathetic activity [21, 22]. Thus,
our findings suggest that sleep efficiency is an important
target to maintain good control of blood pressure.

In the additional analyses of the impact of obesity on the
relationship between sleep efficiency and the prevalence of
hypertension, we showed that obesity and reduced sleep
efficiency were additively related to an increased prevalence
of hypertension. Reduced sleep efficiency was significantly
related to cardiovascular-related diseases, including hyper-
tension among obese Asian patients with obstructive sleep
apnea [23]. However, in the present study, reduced sleep
efficiency was significantly related to an increased pre-
valence of hypertension, even in participants who were not
obese. Our findings indicate that improved sleep efficiency
might be important to achieve good blood pressure control,
regardless of obesity.

This study had several strengths. First, our investigation
of the relationship between objective sleep efficiency and
the prevalence of hypertension persisted for >1 week.
Several epidemiological studies have shown a relationship
between objective sleep efficiency and hypertension using
actigraphy or polysomnography; however, the measurement
period was <1 week in most of the studies. Second, we used
a blood pressure of ≥135/85 mmHg measured at home as
the definition of hypertension. Participants with masked
hypertension, which is an important risk factor for cardio-
vascular disease, could be identified by home blood pres-
sure monitoring. We showed for the first time that sleep
efficiency made a substantial contribution to prevalent
hypertension.

In contrast, this study had several limitations. First, the
study was cross-sectional, and thus inferences regarding the
direction of relationships and/or causality were not possible.
Therefore, prospective cohort studies are required to clarify
the causal relationship. Second, the impact of sleep-
disordered breathing, including insomnia and sleep apnea,
could not be evaluated because we could not monitor sleep-
disordered breathing. Sleep-disorder breathing has been
shown to be related to hypertension [21, 24] or blood
pressure variability [25], and a nondipping pattern in nor-
motensive patients with obstructive sleep apnea may pro-
gress to carotid atherosclerosis [26]. Our findings may
partially represent the relationship between sleep-disordered
breathing and hypertension. Third, we could not measure
several comorbidities, including restless leg syndrome, and
thus, the impact of these comorbidities on the relationship
could not be evaluated. Finally, we defined hypertension
based on home BP, not office BP, in the present study
because home BP is superior to office measurement as a
predictor of cardiovascular risk in previous studies [27, 28].
However, the impact on office BP, including masked
hypertension, should be shown, and thus, we will examine
the impact on office BP in the future.

In conclusion, reduced sleep efficiency was significantly
related to an increased prevalence of hypertension inde-
pendent of sleep duration and BMI in Japanese adults in the
present study. Sleep efficiency could be improved by the
maintenance of the living environment related to sleep and
improvements in lifestyle, including exercise habits. We
suggest that sleep efficiency may be an important target to
prevent hypertension in the Japanese population, and we
anticipate the development of an effective method for
improving sleep efficiency in the future.

Table 3 The impact of short
sleeping duration and
overweight on the association
between sleep efficiency and
hypertension

OR 95% CI

A. Presence of short sleep duration (<6 h)

Not reduced sleep efficiency and nonshort sleeper (n= 410) Ref.

Not reduced sleep efficiency and short sleeper (n= 200) 1.02 (0.67, 1.56)

Reduced sleep efficiency and nonshort sleeper (n= 141) 1.43 (0.92, 2.23)

Reduced sleep efficiency and short sleeper (n= 153) 1.96 (1.23, 3.13)

B. Presence of obesity (BMI ≥25 kg/m2)

Not reduced sleep efficiency and nonobese (n= 505) Ref.

Not reduced sleep efficiency and obese (n= 105) 2.67 (1.65, 4.31)

Reduced sleep efficiency and nonobese (n= 212) 1.64 (1.11, 2.42)

Reduced sleep efficiency and obese (n= 82) 5.28 (2.95, 9.45)

Reduced sleep efficiency defined as sleep efficiency 90%

Model A was adjusted for sex, age, BMI, alcohol drinking status, smoking status, average daily steps,
urinary sodium/potassium ratio, cardiovascular disease, and diabetes

Model B was adjusted for sex, age, alcohol drinking status, smoking status, average daily steps, urinary
sodium/potassium ratio, cardiovascular disease, diabetes, and sleep duration

OR odds ratio, CI confidence interval, BMI body mass index

Reduced sleep efficiency, measured using an objective device, was related to an increased prevalence of. . . 27



Acknowledgements The authors would like to thank the members of
the Tohoku Medical Megabank Organization, including GMRCs
(Genome Medical Research Coordinators), and office and adminis-
trative personnel for assistance. We borrowed sleep sensors, urinary
sodium/potassium monitors, and home blood pressure monitors from
Omron Healthcare Co., Ltd.

Funding This work was supported by grants from the Reconstruction
Agency, the Ministry of Education, Culture, Sports, Science and
Technology (MEXT), and the Japan Agency for Medical Research and
Development (AMED). The present study was also funded by Omron
Healthcare Co., Ltd.

Author contributions AH contributed to the study design. TN, MK,
NT, AN, AU, NN, HM, MK, JS, SK, and AH collected the data. TH
performed the statistical analysis and prepared the first draft of the
paper. All authors contributed intellectually to the revision of the
article and approved the final version.

Compliance with ethical standards

Conflict of interest TH, TN, MK, NT, AN, AU, NN, HM, MK, JS,
SK, and AH received research grants from Omron Healthcare Co., Ltd.
KM is an employee of Omron Healthcare Co., Ltd. Other authors have
no conflicts of interest in this article.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Wang Q, Xi B, Liu M, Zhang Y, Fu M. Short sleep duration is
associated with hypertension risk among adults: a systematic
review and meta-analysis. Hypertens Res. 2012;35:1012–8.

2. Gottlieb DJ, Redline S, Nieto FJ, Baldwin CM, Newman AB,
Resnick HE, et al. Association of usual sleep duration with
hypertension: the sleep heart health study. Sleep.
2006;29:1009–14.

3. Gangwisch JE, Heymsfield SB, Boden-Albala B, Buijs RM,
Kreier F, Pickering TG, et al. Short sleep duration as a risk factor
for hypertension: analyses of the first National Health and Nutri-
tion Examination Survey. Hypertension. 2006;47:833–9.

4. Lauderdale DS, Knutson KL, Yan LL, Liu K, Rathouz PJ. Self-
reported and measured sleep duration: how similar are they?
Epidemiology. 2008;19:838–45.

5. Girschik J, Fritschi L, Heyworth J, Waters F. Validation of self-
reported sleep against actigraphy. J Epidemiol. 2012;22:462–8.

6. Chin K, Oga T, Takahashi K, Takegami M, Nakayama-Ashida Y,
Wakamura T, et al. Associations between objective sleep apnea,
metabolic syndrome, and sleep duration, as measured with an
actigraph, in an urban male working population in Japan. Sleep.
2010;33:89–95.

7. Kadoya M, Koyama H, Kurajoh M, Naka M, Miyoshi A, Kanzaki
A, et al. Associations of sleep quality and awake physical activity
with fluctuations in nocturnal blood pressure in patients with
cardiovascular risk factors. PLoS ONE. 2016;11:e0155116.

8. Ramos AR, Weng J, Wallace DM, Petrov MR, Wohlgemuth WK,
Sotres-Alvarez D, et al. Sleep patterns and hypertension using
actigraphy in the Hispanic Community Health Study/Study of
Latinos. Chest. 2018;153:87–93.

9. Friedman O, Bradley TD, Ruttanaumpawan P, Alexander G,
Logan AG. Independent association of drug-resistant hypertension
to reduced sleep duration and efficiency. Am J Hypertens.
2010;23:174–9.

10. Oume M, Obayashi K, Asai Y, Ogura M, Takeuchi K, Tai Y, et al.
Objective sleep quality and night-time blood pressure in the
general elderly population: a cross-sectional study of the HEIJO-
KYO cohort. J Hypertens. 2018;36:601–7.

11. WHO/IASO/IOTF. The Asia-Pacific perspective: redefining obe-
sity and its treatment. Australia: Health Communications Australia
Pty Ltd.: 2000.

12. Asayama K, Satoh M, Kikuya M. Diurnal blood pressure changes.
Hypertens Res. 2018;41:669–78.

13. De Chazal P, Fox N, O’Hare E, Heneghan C, Zaffaroni A, Boyle
P, et al. Sleep/wake measurement using a non-contact biomotion
sensor. J Sleep Res. 2011;20:356–66.

14. Hashizaki M, Nakajima H, Tsutsumi M, Shiga T, Chiba S, Yagi
T, et al. Accuracy validation of sleep measurements by a con-
tactless biomotion sensor on subjects with suspected sleep apnea.
Sleep Biol Rhythms. 2014;12:106–15.

15. O’Hare E, Flanagan D, Penzel T, Garcia C, Frohberg D, Hene-
ghan C. A comparison of radio-frequency biomotion sensors and
actigraphy versus polysomnography for the assessment of sleep in
normal subjects. Sleep Breath. 2015;19:91–8.

16. Hashizaki M, Nakajima H, Kume K. Monitoring of weekly sleep
pattern variations at home with a contactless biomotion sensor.
Sensors. 2015;15:18950–64.

17. Rasmussen-Torvik LJ, De Chavez PJD, Kershaw KN, Montag SE,
Knutson KL, Kim KA, et al. The mediation of racial differences in
hypertension by sleep characteristics: Chicago Area Sleep Study.
Am J Hypertens. 2016;29:1353–7.

18. Dettoni JL, Consolim-Colombo FM, Drager LF, Rubira MC,
Souza SB, Irigoyen MC, et al. Cardiovascular effects of partial
sleep deprivation in healthy volunteers. J Appl Physiol.
2012;113:232–6.

19. Lusardi P, Zoppi A, Preti P, Pesce RM, Piazza E, Fogari R. Effect
of insufficient sleep on blood pressure in hypertensive patients: a
24-h study. Am J Hypertens. 1999;12:63–8.

20. Tochikubo O, Ikeda A, Miyajima E, Ishii M. Effect of insufficient
sleep on blood pressure monitored by a new multibiomedical
recorder. Hypertension. 1996;27:1318–24.

21. Thomas SJ, Calhoun D. Sleep, insomnia, and hypertension: cur-
rent findings and future directions. J Am Soc Hypertens.
2017;11:122–9.

22. Loredo JS, Nelesen R, Ancoli-Israel S, Dimsdale JE. Sleep quality
and blood pressure dipping in normal adults. Sleep.
2004;27:1097–103.

23. Chirakalwasan N, Teerapraipruk B, Simon R, Hirunwiwatkul P,
Jaimchariyatam N, Desudchit T, et al. Comparison of polysomno-
graphic and clinical presentations and predictors for cardiovascular-
related diseases between non-obese and obese obstructive sleep
apnea from Asians. J Clin Sleep Med. 2013;9:553–7.

28 T. Hirata et al.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


24. Pepin JL, Borel AL, Tamisier R, Baguet JP, Levy P, Dauvilliers
Y. Hypertension and sleep: overview of a tight relationship. Sleep
Med Rev. 2014;18:509–19.

25. Kansui Y, Matsumura K, Morinaga Y, Inoue M, Sakata S, Oishi
E, et al. Impact of obstructive sleep apnea on long-term blood
pressure variability in Japanese men: a cross-sectional study of a
work-site population. Hypertens Res. 2018;41:957–64.

26. Somuncu MU, Karakurt ST, Karakurt H, Serbest NG, Cetin MS,
Bulut U. The assistive effects of OSA and nondipping status on
early markers of subclinical atherosclerosis in normotensive

patients: a cross-sectional study. Hypertens Res.
2019;42:195–203.

27. Niiranen TJ, Hȁnninen MR, Johansson J, Reunanen A, Jula AM.
Home-measured blood pressure is a stronger predictor of cardio-
vascular risk than office blood pressure: the Finn-Home study.
Hypertension. 2010;55:1346–51.

28. Bliziotis IA, Destounis A, Stergiou GS. Home versus ambulatory
and office blood pressure in predict target organ damage in
hypertension: a systematic review and meta-analysis. J Hypertens.
2012;30:1289–99.

Reduced sleep efficiency, measured using an objective device, was related to an increased prevalence of. . . 29


	Reduced sleep efficiency, measured using an objective device, was related to an increased prevalence of home hypertension in Japanese adults
	Abstract
	Introduction
	Methods
	Participants
	Measurements
	Statistical analysis

	Results
	Discussion
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




