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Cite this article as: Matsumoto T, Murase K, Tabara Y, et al. Sleep disordered breathing and metabolic
comorbidities across sex and menopausal status in East Asians: the Nagahama Study. Eur Respir J 2020; 56:
1902251 [https://doi.org/10.1183/13993003.02251-2019].

ABSTRACT It is well known that the prevalence of sleep disordered breathing (SDB) is increased in
patients with obesity or metabolic comorbidities. However, the way in which the prevalence of SDB
increases in relation to comorbidities according to the severity of obesity remains unclear.

This cross-sectional study evaluated 7713 community participants using nocturnal oximetry ⩾2 nights.
SDB was assessed by the 3% oxygen desaturation index corrected for sleep duration obtained by wrist
actigraphy (acti-ODI3%). SDB severity was defined by acti-ODI3%. Obesity was defined as body mass
index ⩾25 kg·m−2.

The prevalence of SDB was 41.0% (95% CI 39.9–42.1%), 46.9% (45.8–48.0%), 10.1% (9.5–10.8%) and
2.0% (1.7–2.3%) in normal, mild, moderate and severe SDB, respectively, with notable sex differences
evident (males>post-menopausal females>premenopausal females). Comorbidities such as hypertension,
diabetes and metabolic syndrome were independently associated with the prevalence of moderate-to-severe
SDB, and coincidence of any one of these with obesity was associated with a higher probability of
moderate-to-severe SDB (hypertension OR 8.2, 95% CI 6.6–10.2; diabetes OR 7.8, 95% CI 5.6–10.9;
metabolic syndrome OR 6.7, 95% CI 5.2–8.6). Dyslipidaemia in addition to obesity was not additively
associated with the prevalence of moderate-to-severe SDB. The number of antihypertensive drugs was
associated with SDB (p for trend <0.001). Proportion of a high cumulative percentage of sleep time with
oxygen saturation measured by pulse oximetry <90% increased, even among moderate-to-severe SDB with
increases in obesity.

Metabolic comorbidities contribute to SDB regardless of the degree of obesity. We should recognise the
extremely high prevalence of moderate-to-severe SDB in patients with obesity and metabolic
comorbidities.
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Introduction
Obesity is one of the most important factors related to health, and its prevalence is increasing [1, 2]. Sleep
disordered breathing (SDB) is a major health problem in those with obesity [3]. The prevalence of SDB
has increased in comparison with past decades, and recent studies of general populations showed a
prevalence of SDB as high as 60–80% [4, 5]. One reason for this change is assumed to be the increased
rate of obesity [6, 7].

Although some study results have not been definitive, the associations between SDB and metabolic
comorbidities such as hypertension [8], diabetes [9, 10], dyslipidaemia [11, 12] and metabolic syndrome
[13, 14] are well known. These metabolic comorbidities were reported to be associated with high
percentages of SDB in hospital- or laboratory-based studies [13, 15, 16]; however, the percentage of SDB
in terms of comorbidities is not fully understood, especially in general populations. When we think in
terms of cardiometabolic diseases, it is well accepted that obesity has a strong impact. In addition, obesity
is a definite risk factor for SDB [3, 17]. Therefore, the association between SDB and metabolic
comorbidities should be investigated considering the strong confounding factor of obesity; details of the
associations according to the severity of obesity remain unclear.

The intermittent hypoxaemia caused by SDB is important in inducing systemic inflammation [18].
Recently, the hypoxic burden in patients with SDB was reported to be a factor in inducing cardiovascular
diseases in addition to intermittent hypoxia [19].

Obesity, SDB and metabolic comorbidities are common conditions, and moreover have unignorable effects
on public health; therefore, it is important to investigate the associations among these risk factors and
SDB. Because there are significant sex differences in the prevalence of SDB [20, 21], investigating
differences according to sex as well as menopausal status is important.

We hypothesised that obesity and metabolic comorbidities independently increase the prevalence of SDB.
This study aimed to investigate the relationships among obesity, SDB and metabolic comorbidities
according to sex differences and menopausal status. Using simple measurements of night-time oxygen
desaturation, SDB can be underestimated because data are not based on actual sleep duration, but on the
duration of measurements by oximetry. Therefore, we performed a population-based study (the Nagahama
Study) and examined oxygen saturation during sleep by pulse oximetry, which was adjusted by objective
sleep duration generated from actigraphy in males, premenopausal females, and post-menopausal females.

Methods
Study participants
Participants in the Nagahama study were recruited between 2013 and 2016 from the general population
of Nagahama, a rural city of 125000 inhabitants located in central Japan. Community residents aged
34–80 years and living independently without any physical impairments or dysfunctions were eligible to
participate. A total of 9850 individuals participated in the investigation [5]. Menopausal status was
surveyed by a questionnaire and we categorised females according to premenopausal (questionnaire answer
“no”) and post-menopausal (questionnaire answer “yes”, for whatever reasons) status. The ethics
committee of Kyoto University Graduate School of Medicine approved this study, and we obtained written
informed consent from all participants.

Assessments of SDB
A pulse oximeter (PULSOX-Me300; Konica Minolta, Tokyo, Japan) was put on the nondominant wrist
during 4 nights of sleep. Data without oxygen-saturation signals or incomprehensible recordings were
excluded from analysis. For selected data, we decided the onset and completion of sleep based on the
results of actigraphy (Actiwatch 2 or the Actiwatch Spectrum Plus; Philips Respironics, Murrysville, PA,
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USA) and used the actual sleep duration for calculations [5]. We used averaged data from a minimum of
2 days for analysis.

A 3% oxygen desaturation index (ODI) was constructed based on increments of ⩾3% of drops in oxygen
saturation from baseline per hour during measured sleep time by actigraphy. We used the
actigraphy-modified ODI3% (acti-ODI3%) as an indicator of SDB that mimicked sleep apnoea, and
defined the severity of SDB by acti-ODI3% levels as follows: normal <5 events·h−1; mild 5–<15 events·h−1;
moderate 15–<30 events·h−1; and severe ⩾30 events·h−1. In addition, we measured the actigraphy-modified
cumulative percentage of sleep time with oxygen saturation measured by pulse oximetry (SpO2

) <90%
(acti-CT90) as a surrogate marker for continuous hypoxia, mean SpO2

and minimum SpO2
during sleep. In

our preliminary data, acti-ODI3% was more comparable to the apnoea/hypopnoea index (AHI) derived
from attended polysomnography in 32 patients (r=0.99, p <0.001; AHI=acti-ODI3%×1.04+1.45) than
simply measured ODI3% without actigraphy modification (r=0.92, p<0.001; AHI=usual ODI3%×1.27
+2.06) (supplementary figure S1).

Assessment of obesity
We assessed three parameters of obesity: body mass index (BMI) [22], waist circumference [23] and body
fat percentage [24]. BMI was calculated using the obtained height and weight data. Waist circumference
was measured at the umbilical point in the standing position. Body fat percentage was calculated by
bioelectrical impedance analysis.

Definition of comorbidities
Hypertension was defined as follows: ongoing treatment with antihypertensive agents or systolic blood
pressure ⩾140 mmHg or diastolic blood pressure ⩾90 mmHg. Data on the number of antihypertensive
drugs were obtained by the following item on the questionnaire: “How many kinds of antihypertensive
drugs do you take for hypertension?”. Resistant hypertension was defined as systolic blood pressure
⩾140 mmHg or diastolic blood pressure ⩾90 mmHg with the use of three or more antihypertensive
medications or the use of four or more antihypertensive medications regardless of blood pressure level.
Otherwise, hypertension was defined as nonresistant hypertension. Diabetes was defined as follows:
ongoing treatment with oral antihyperglycaemic agents and/or insulin or haemoglobin A1c ⩾6.5%.

The analysis of dyslipidaemia and metabolic syndrome was performed in participants in a fasting state
(⩾10 h). Dyslipidaemia was defined as follows: ongoing treatment with antihyperlipidaemic agents or
low-density lipoprotein ⩾140 mg·dL−1, high-density lipoprotein <40 mg·dL−1 or triglycerides
⩾150 mg·dL−1. Metabolic syndrome was defined according to the Japanese Committee for the Diagnostic
Criteria of Metabolic Syndrome [25], as follows: waist circumference ⩾85 cm in males or ⩾90 cm in
females and at least two of: 1) systolic blood pressure ⩾130 mmHg or diastolic blood pressure ⩾85 mmHg
or the use of antihypertensive drugs; 2) fasting plasma glucose ⩾110 mg·dL−1 or the use of drugs for
diabetes; and 3) high-density lipoprotein <40 mg·dL−1 or triglycerides ⩾150 mg·dL−1 or the use of
antihyperlipidaemic drugs.

Statistics
Values are expressed as mean±SD, frequency (95% confidence interval) or median (interquartile range).
Multiple logistic regression analyses were performed to assess the relationships among SDB and obesity
parameters and/or comorbidities. The models were adjusted by age, sex, alcohol status and smoking status.
The Cochran–Armitage test was used as a trend test. A two-tailed p-value <0.05 was deemed statistically
significant. We conducted statistical analyses using JMP Pro 13.0.0 (SAS Institute, Cary, NC, USA).

Results
Study participants
Supplementary figure S2 is a flowchart of study enrolment. The total sample for the analysis was
comprised of 7713 individuals from the 9850 initial participants. Table 1 summarises the clinical
characteristics of study participants. The differences between included and not-included participants were
as follows: age (57.9±12.1 years versus 58.5±13.5 years, p=0.03), sex (32.5%/23.4%/44.2% versus 33.7%/
23.6%/42.8% in males/premenopausal females/post-menopausal females, respectively, p=0.40) and BMI
(22.3±3.3 kg·m−2 versus 22.2±3.4 kg·m−2, p=0.59). Mean BMI was in descending order:
males>post-menopausal females>premenopausal females. A similar tendency was seen in waist
circumference, while the order of body fat percentage was post-menopausal females>premenopausal
females>males. As to complications, males had the highest percentages of hypertension, diabetes and
metabolic syndrome, while post-menopausal females had the highest percentage of dyslipidaemia. The
associations among obesity parameters are shown for males, premenopausal females and post-menopausal
females in supplementary table S1. As shown in supplementary table S1, significant correlations were seen
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among BMI and waist circumference, waist circumference and body fat percentage, and BMI and body fat
percentage.

SDB prevalence
SDB parameters in males (n=2491) and females according to menopausal status (n=1794 premenopausal
females, n=3388 post-menopausal females) are shown in table 2. The prevalence of SDB was 41.0% (95%
CI 39.9–42.1%), 46.9% (45.8–48.0%), 10.1% (9.5–10.8%) and 2.0% (1.7–2.3%) in normal, mild, moderate
and severe SDB, respectively. There was a notable sex difference in prevalence: males>post-menopausal
females>premenopausal females. The prevalence of SDB in East Asians was not very different from that
reported in studies of Caucasian or Hispanic/Latino participants [4, 26, 27] (supplementary figure S3). For
the sensitivity analysis, we included continuous positive airway pressure (CPAP) users (n=41) into the
moderate-to-severe SDB group and then calculated the prevalence of SDB. The prevalence of SDB then
changed to be 40.8% (95% CI 39.7–41.9%), 46.6% (45.5–47.8%) and 12.6% (11.9–13.3%) in normal, mild
and moderate-to-severe SDB, respectively. A slight increase in the prevalence of moderate-to-severe SDB
was then noted.

Association between obesity parameters and SDB
The prevalence of moderate-to-severe SDB according to age and BMI categories is shown in figure 1.
Increased age and BMI were both related to a greater presence of moderate-to-severe SDB. Those aged
<40 years were much more susceptible to SDB when they were obese (BMI ⩾25 kg·m−2; unadjusted OR
40.6, 95% CI 14.9–110.5), compared to nonobese patients. When the impact of specific obesity parameters
was investigated, a significant association was seen for each obesity parameter (supplementary table S2).
Given the values of point estimation of odds ratio, in all obesity parameters, the association between the
obesity parameter and SDB was the strongest in premenopausal females, followed by males and
post-menopausal females.

TABLE 1 Baseline characteristics of study participants

All# Males Premenopausal females Post-menopausal females p-value

Subjects 7713 (100) 2491 (32.5) 1794 (23.4) 3388 (44.2)
Descriptive information
Age years 57.9±12.1 59.9±12.5 43.7±5.1* 63.8±7.6*,ƒƒ <0.001
Male 32.3
BMI kg·m−2 22.3±3.3 23.3±3.1 21.3±3.3* 22.0±3.2*,ƒƒ <0.001
Waist circumference cm 81.8±9.4 85.1±8.7 77.5±9.0* 81.8±9.2*,ƒƒ <0.001
Current smoker 9.7 22.3 6.4 2.3 <0.001
Alcohol intake¶ Go per week 0.28 (0–3.89) 4.55 (0.28–12.73) 0.23 (0–1.36)* 0 (0–0.57)*,ƒƒ <0.001§§

Fasting status+ 78.5 77.8 79.3 78.7 0.477
BIA data
Body fat percentage % 25.3±7.4 21.0±6.1 25.8±6.8* 28.3±7.0*,ƒƒ <0.001

Comorbidities
Hypertension§ 34.6 46.0 8.3 40.1 <0.001
Diabetesƒ 6.4 11.0 1.2 5.8 <0.001
Dyslipidaemia## 45.9 49.4 18.7 57.7 <0.001
Metabolic syndrome## 9.6 19.3 1.5 7.0 <0.001

Sleep questionnaire
Epworth Sleepiness Scale 6.2±4.1 5.8±4.1 7.1±4.4* 6.1±3.8*,ƒƒ <0.001
Excessive daytime sleepiness¶¶ 14.2 12.6 19.6 12.5 <0.001
Pittsburgh Sleep Quality Index 5.0±2.8 4.8±2.8 4.6±2.4* 5.4±3.0*,ƒƒ <0.001
Poor sleep quality++ 35.5 34.0 29.0 40.1 <0.001

Data are presented as n (%), mean±SD, % or median (interquartile range), unless otherwise stated. Continuous variables were calculated by ANOVA,
unless otherwise stated. BMI: body mass index; Go: Japanese traditional units of alcohol (1 Go corresponds to 22 g ethanol); BIA: bioelectrical
impedance analysis. #: data on menopause were unavailable for n=40 females; data on hypertension, diabetes, dyslipidaemia and metabolic
syndrome were unavailable for n=1, n=3, n=3 and n=1, respectively; ¶: alcohol consumption was calculated by multiplying the amount consumed in
a single day and number of drinking days per week; +: last meal ⩾10 h prior; §: hypertension was considered present when the patient was treated
for systemic hypertension or systolic blood pressure ⩾140 mmHg or diastolic blood pressure ⩾90 mmHg; ƒ: diabetes was considered present when
the patient was treated for diabetes or haemoglobin A1c ⩾6.5%; ##: data were analysed for 6051 participants: 1937 males, 1422 premenopausal
females, and 2665 post-menopausal females (data on menopause were unavailable for n=27 females) in fasting status; ¶¶: those with an Epworth
Sleepiness Score >10 were defined as having excessive daytime sleepiness; ++: those with a Pittsburgh Sleep Quality Index ⩾6 were defined as
having poor sleep quality; §§: Kruskal–Wallis test. *: p<0.05 versus males; ƒƒ: p<0.05 versus premenopausal females.
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Association between comorbidities and SDB according to severity of obesity
Prevalence of moderate-to-severe SDB according to BMI and the presence of hypertension or diabetes in
the whole cohort, and in male, premenopausal female and post-menopausal female subgroups is shown in
figure 2. In the whole cohort and all subgroups, moderate-to-severe SDB was found in those with
comorbidities, and the presence of diabetes rather than hypertension was more closely related to the

TABLE 2 Sleep disordered breathing (SDB) parameters in males and females according to menopausal status

All Males Premenopausal
females

Post-menopausal
females

p-values

Subjects 7713 (100) 2491 (32.5) 1794 (23.4) 3388 (44.2)
SDB category % (95% CI)
Normal 41.0 (39.9–42.1) 19.0 (17.5–20.6) 73.6 (71.5–75.6) 39.8 (38.2–41.4) <0.001
Mild 46.9 (45.8–48.0) 57.5 (55.6–59.5) 24.8 (22.9–26.9) 50.8 (49.1–52.5)
Moderate 10.1 (9.5–10.8) 18.9 (17.4–20.5) 1.6 (1.1–2.2) 8.2 (7.4–9.2)
Severe 2.0 (1.7–2.3) 4.5 (3.8–5.4) 0 1.2 (0.9–1.6)

Actigraphy-modified ODI3% events·h−1 5.9 (3.6–10.1) 9.0 (5.7–14.4) 3.5 (2.5–5.1)* 6.0 (3.8–9.5)*,# <0.001
Actigraphy-modified CT90 % 0.18 (0.05–0.75) 0.44 (0.11–1.54) 0.05 (0.02–0.15)* 0.19 (0.06–0.69)*,# <0.001
Mean SpO2

% 96.8 (95.9–97.6) 96.2 (95.3–96.9) 97.9 (97.3–98.4)* 96.7 (95.8–97.3)*,# <0.001
Minimum SpO2

% 84.8 (81.2–87.6) 83.7 (79.4–86.7) 86.4 (83.3–88.9)* 84.7 (81.4–87.3)*,# <0.001

Data are presented as n (%) or median (interquartile range), unless otherwise stated. Continuous variables were calculated using the Kruskal–
Wallis test. Total sleep duration (from sleep onset time to wake-up time) by actigraphy and actual sleep duration (sleep duration after exclusion
of wake-time after sleep onset from total sleep duration) were determined using the standard factory-default algorithm. The 3% oxygen
desaturation index (ODI3%) adjusted for actual sleep duration was used as an indicator of SDB, and the severity of SDB was defined by ODI3%
levels as follows: normal <5 events·h−1, mild 5–<15 events·h−1, moderate 15–<30 events·h−1 and severe ⩾30 events·h−1. CT90: cumulative
percentage of sleep time with oxygen saturation measured by pulse oximetry (SpO2

) <90%. *: p<0.05 versus males; #: <0.05 versus
premenopausal females.
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presence of moderate-to-severe SDB. In particular, premenopausal females with diabetes had the highest
prevalence of moderate-to-severe SDB. For hypertension, when analysed by the number of
antihypertensive drugs, the prevalence of moderate-to-severe SDB was significantly increased according to
the number of drugs used regardless of blood pressure level (p for trend <0.001) (figure 3a). In addition,
although resistant hypertension was present in a small number of patients (n=110), it was significantly
associated with a high prevalence of moderate-to-severe SDB (figure 3b). When obesity was defined as
BMI ⩾25 kg·m−2, coincidence of both obesity and any comorbidity with the exception of dyslipidaemia,
compared to a single factor, resulted in a high prevalence of moderate-to-severe SDB (figure 4). After
adjusting for covariates, coincidence of both obesity and comorbidities resulted in a high prevalence of
moderate-to-severe SDB (OR 8.2, 95% CI 6.6–10.2 in hypertension; OR 7.8, 95% CI 5.6–10.9 in diabetes;
OR 5.8, 95% CI 4.6–7.4 in dyslipidaemia; OR 6.7, 95% CI 5.2–8.6 in metabolic syndrome). These odds
ratios were compared with those of participants with neither hypertension nor obesity, with neither
diabetes nor obesity, with neither dyslipidaemia nor obesity, and with neither metabolic syndrome nor
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obesity, respectively. Although obesity was a strong factor for the presence of moderate-to-severe SDB, the
presence of comorbidities was also an independent factor for the presence of moderate-to-severe SDB,
even in the absence of obesity (OR 2.3, 95% CI 1.8–2.8 in hypertension; OR 1.5, 95% CI 1.1–2.1 in
diabetes; OR 1.5, 95% CI 1.2–1.9 in dyslipidaemia; OR 2.2, 95% CI 1.6–3.0 in metabolic syndrome).
However, dyslipidaemia in addition to obesity was not additively associated with SDB (figure 5). For
sensitivity analyses, we changed the cut-off level of SDB to acti-ODI3% 5 events·h−1 or 20 events·h−1 and
show the percentages and odd ratios in supplementary figures S4–S7. The results were similar to the
original analyses in that the impact was higher in the order of doubly negative, only comorbidity present,
only obesity present, and doubly positive, and dyslipidaemia in addition to obesity was not additively
associated with SDB.

Association between SDB and clinical symptoms
Excessive daytime sleepiness (EDS) was not related to the presence of moderate-to-severe SDB (EDS 11.7%
(95% CI 9.9–13.7%) versus no EDS 12.2% (95% CI 11.4–13.0%); p=0.65). When the effect of the
combination of metabolic comorbidities or obesity with EDS was evaluated, metabolic comorbidities or
obesity rather than EDS was associated with a higher prevalence of SDB (supplementary figure S8). In
addition, poor sleep quality was not related to the presence of moderate-to-severe SDB (poor sleep quality
13.0% (95% CI 11.8–14.4%) versus no poor sleep quality 11.6% (95% CI 10.7–12.5%); p=0.61), and
metabolic comorbidities or obesity rather than poor sleep quality was associated with a higher prevalence
of SDB (supplementary figure S9).

Association between acti-ODI3% and acti-CT90 according to severity of obesity
The prevalence of high acti-CT90 among participants with moderate-to-severe SDB according to BMI is
shown in figure 6. In accordance with increases in BMI, percentages of high acti-CT90 increased among
those with moderate-to-severe SDB. This tendency was not evident among those without SDB and with
mild SDB (supplementary figures S10 and S11, respectively).
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FIGURE 3 Prevalence of moderate-to-severe sleep disordered breathing (SDB) according to the number of
antihypertensive drugs and the presence or absence of resistant hypertension. a) Prevalence of
moderate-to-severe SDB according to the number of antihypertensive drugs; b) prevalence of
moderate-to-severe SDB according to the presence or absence of resistant hypertension. Data are presented
as point estimates (95% CI). Hypertension is considered present according to ongoing pharmacological
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pressure ⩾90 mmHg with the use of three or more antihypertensive medications or use of four or more
antihypertensive medications regardless of blood pressure level. Otherwise, hypertension is defined as
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Discussion
In terms of sex and menopausal status, the current study shows notable epidemiological evidence about
the contribution of obesity and comorbidities to SDB. The prevalence of SDB in East Asians was 41.0%
(95% CI 39.9–42.1%), 46.9% (45.8–48.0%), 10.1% (9.5–10.8%) and 2.0% (1.7–2.3%) in normal, mild,
moderate and severe SDB, respectively, with notable sex differences evident (males >post-menopausal
females>premenopausal females). These results did not differ greatly from other studies in Caucasian or
Hispanic/Latino participants. BMI, waist circumference and body fat percentage were contributors to SDB,
but the degrees of the contributions were different by sex. Premenopausal females were the most
susceptible to obesity in the context of SDB prevalence. Comorbidities such as hypertension, diabetes and
metabolic syndrome with and without obesity were independently associated with SDB, and their
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FIGURE 4 Percentages of moderate-to-severe sleep disordered breathing according to comorbidity and/or
obesity. a) Presence or absence of hypertension (HTN) and/or obesity; b) presence or absence of diabetes
(DM) and/or obesity; c) presence or absence of dyslipidaemia (DL) and/or obesity; d) presence or absence of
metabolic syndrome (MetS) and/or obesity. The number below each bar graph represents the sample size of
that group. Data are presented as point estimates (95% CI). Data on DL and MetS were limited to participants
in a fasting state.
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coincidence increased the probability of SDB. As to hypertension, the number of antihypertensive drugs
was associated with SDB. However, dyslipidaemia in addition to obesity was not additively associated with
SDB. Percentages of high acti-CT90 increased among those with moderate-to-severe SDB according to
increases in obesity.

In this study, we showed the percentages of SDB in the presence or absence of hypertension and diabetes
according to sex and menopausal status in relation to BMI (figure 2). Previously, SDB has been reported
to be associated with various comorbidities such as hypertension [8], diabetes [9, 10], dyslipidaemia [11,
12] and metabolic syndrome [13, 14]. However, the reverse viewpoint has hardly been discussed, although
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FIGURE 6 Percentages of high
actigraphy-modified cumulative
percentage of sleep time with
peripheral oxygen saturation <90%
(acti-CT90) among moderate-to-
severe sleep disordered breathing
(SDB) patients according to severity
of obesity. Data are presented as
point estimates (95% CI). BMI: body
mass index.
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the direction of the causal relationship would be from SDB to comorbidities [18]. Not surprisingly, a
positive association was observed, but we showed the real-world percentages of SDB for each comorbidity
examined, especially according to sex and menopausal status groupings and BMI values. To our
knowledge, this is the first study to evaluate these specific aspects. Clinically, real-world data on SDB for
various comorbidity and obesity groupings are of practical value and would be helpful in formulating
public health policies. In particular, the number of antihypertensive drugs was associated with SDB (figure
3). When a number of antihypertensive drugs are required, the degree of hypertension would be severe,
which could explain these results on the prevalence of SDB. Questioning a patient on the number of
antihypertensive drugs is very simple and would be helpful for detecting SDB in daily clinical settings. The
percentage of moderate-to-severe SDB in those with hypertension was previously reported to be ∼30%
[28]. In this study, the result was 22.9%. In addition, the percentage of moderate-to-severe SDB in those
with resistant hypertension was reported to be as high as 80% [15]. However, it was 39.1% in our study.
This discrepancy was probably due to characteristics of the participants; that is, participants in this study
were from a general population and were East Asian. Therefore, in a general population, the percentage
might not be as high as previously reported; however, educational efforts on this issue are important
because the result of 40% is sufficiently high to warrant attention.

In examining the impact of combinations of comorbidities and obesity on SDB (figures 4 and 5) the
impact was higher in the order of doubly negative, only comorbidity present, only obesity present and
doubly positive. Therefore, a comorbidity without obesity was a risk factor for SDB, although it was
reported that obesity was a strong confounding factor between SDB and metabolic comorbidities [29]. In
particular, premenopausal females were more affected by obesity than the other groups, indicating the
need for treating obesity in that group as control of body weight has been shown to be important [30]. In
addition, the predictive value of clinical symptoms such as EDS or poor sleep quality was slight, if any,
and comorbidities or obesity had a greater impact on the presence of SDB, which may reinforce the
importance of identifying metabolic comorbidities.

The association of dyslipidaemia was not additive to obesity in relation to SDB, differing from the other
comorbidities examined. There have been reports that dyslipidaemia is not associated with SDB [29, 31].
Conversely, CPAP therapy was reported to reduce postprandial lipidaemia [32], while weight loss rather
than CPAP therapy was more effective in improving dyslipidaemia [30]. Therefore, the impact of obesity
may be strong for dyslipidaemia compared to other metabolic comorbidities.

Although many studies have shown an association between obesity and SDB [3, 17], there were few reports
of differences between obesity parameters [33]. In this study, we firstly presented the comprehensive
association between obesity parameters and SDB in a large community cohort according to sex differences
and menopausal status (n=7713). Not surprisingly, the more severe the obesity parameters were, the more
SDB participants were detected; and each obesity parameter was independently associated with SDB
(supplementary table S2). However, these three parameters were well correlated with each other
(supplementary table S1). Therefore, it might be better to use only one of them in a population-based
study for fear of collinearity. In addition, associations between SDB and obesity parameters substituted by
odds ratios were different between groups (post-menopausal females<males<premenopausal females). A
strong impact of obesity on premenopausal females was suggested previously [34]. Therefore, among the
groups examined, premenopausal females may be the most susceptible to obesity in the context of SDB
development.

Previously it was shown that those who met the cut-off BMI of 32.3 kg·m−2 had a six-fold increase in the
prevalence of moderate SDB in the United States [35]. However, in this study, the cut-off of BMI
25 kg·m−2 was the point at which the prevalence of SDB was increased. This value was much lower than
previously reported. BMI ⩾25 kg·m−2 is considered as obesity in Japan (as defined by the Japan Society
for the Study of Obesity). Although obesity is defined by BMI ⩾30 kg·m−2 in Westerners, only 4% of
Japanese people meet this criterion, while ∼30% of males and ∼20% of females have BMI ⩾25 kg·m−2

[36]. Therefore, in East Asians, we may need to pay attention to the presence of moderate-to-severe SDB
at lower BMIs than among Westerners [37].

Lastly, we showed a specific association between intermittent and continuous hypoxia according severity of
obesity (figure 6, supplementary figures S10 and S11). When obesity developed, continuous hypoxia
accordingly deteriorated even in moderate-to-severe intermittent hypoxia (acti-ODI3% ⩾15 events·h−1).
Intermittent hypoxia was reported to enhance sympathetic responses to continuous hypoxia [38], so the
double negative effects may contribute to a poor prognosis, especially in obese patients with
moderate-to-severe SDB [39].

Several limitations should be mentioned. First, as this study was cross-sectional, it remains unresolved
about causality. Also, as data were from only East Asian participants, the results of this study might not be
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generalised to other ethnic groups [37]. Nonetheless, these are the first such results from a large East
Asian cohort, and these findings would be valuable in assessing worldwide data. Second, SDB was
evaluated by pulse oximetry. Previous studies using simple ODI without adjusting for objective sleep
duration had drawbacks in the diagnosis of SDB. Indeed, it is better to use polysomnography for
diagnosing SDB. However, polysomnography is burdensome, requiring much effort. In this study, as ODI
was adjusted for objective sleep duration by actigraphy, which is similar to sleep duration by
polysomnography, this acti-ODI might not deviate from information obtained with polysomnography as
shown in the methods section. Third, a certain number of participants were nonfasting, and nonfasting
participants were excluded from the analysis of dyslipidaemia and metabolic syndrome, so these
participants differed from those included in the analysis of hypertension and diabetes. However, random
selection of participants with a fasting state would minimise the bias. The large number of those with a
fasting state (n=6051) would be sufficient for statistical power.

In conclusion, metabolic comorbidities such as hypertension, diabetes, dyslipidaemia, metabolic syndrome
and obesity were independently associated with SDB, and their coincidence increased the probability of
SDB. However, dyslipidaemia in addition to obesity was not additively associated with SDB. Metabolic
comorbidities as well as obesity should be given attention in terms of the presence of SDB.
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