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Abstract 

Background  The existing screening tools for the detection of moderate and severe obstructive sleep apnea (OSA) 
are tailored to Western individuals. The aim of this study was to formulate and validate a simple anthropometric tool 
for OSA screening in a Japanese male population by incorporating objective indicators obtained during routine medi‑
cal checkups.

Methods  In total, 443 Japanese men, who were suspected of having OSA and visited our sleep disorder clinic 
from 2009 to 2012, were retrospectively divided into two groups (development group [DG], n = 206; validation group 
[VG], n = 237). In the DG, OSA was defined as an apnea–hypopnea index of ≥ 15 events/h. Data regarding clinical 
and anthropometric variables (age, body mass index [BMI], neck circumference [NC], waist circumference [WC]) were 
obtained. For parameters that were associated with OSA on simple logistic regression analysis, cutoff values were cal‑
culated with receiver operating characteristic curves to create a new screening tool. The utility of the tool was evalu‑
ated in the VG and compared to that of the modified Berlin questionnaire (mBQ) for OSA.

Results  Age (odds ratio [OR] = 1.033, p = 0.002), BMI (OR = 1.231, p < 0.001), NC (OR = 1.327, p < 0.001), and WC 
(OR = 1.083, p < 0.001) were significant risk factors for OSA in the DG. Cutoff values for the prediction of OSA were 
age: ≥ 46.5 years, BMI: ≥ 25.45 kg/m2, NC: ≥ 38.35 cm, and WC: ≥ 90.75 cm. Our screening tool, incorporating age, BMI, 
and WC, yielded 70.1% sensitivity (mBQ: 85.4%) and 66.0% specificity (mBQ: 35.0%) in the VG.

Conclusions  OSA screening in Japanese men has been conducted only in limited settings such as sleep clinics. The 
study findings support the implementation of screening in medical checkups using objective indices to enable early 
detection and treatment of OSA.
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Background
Obstructive sleep apnea (OSA) is a common disor-
der characterized by intermittent partial and complete 
obstruction of the upper airway, associated with hypox-
emia and disturbed sleep. Frequent respiratory events 
during sleep, including apnea and hypopnea, reportedly 
increase the risks of cardiovascular and cerebrovascular 
diseases (Nakayama-Ashida et  al. 2008). Furthermore, 
sleep disruption due to frequent awakenings associated 
with apnea or hypopnea results in daytime sleepiness and 
decreased concentration, leading to a high risk of traffic 
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accidents (Young et  al. 1997). Considering these health 
risks, various treatments that suppress the collapse of 
the upper airway have been indicated, particularly for 
patients with moderate-to-severe OSA with an apnea–
hypopnea index (AHI) of ≥ 15 events/h (Akashiba et  al. 
2022).

In an epidemiological study conducted in Japan in 
2008, 322 consecutive male workers (aged 23–59  years) 
underwent portable monitoring for measurement of 
respiratory disturbance and actigraphic recording for 
estimation of total sleep time, and 22.3% of participants 
experiencing ≥ 15 respiratory disturbance events/h 
(Nakayama-Ashida et  al. 2008). According to these fig-
ures, approximately 9 million Japanese may have moder-
ate-to-severe OSA (Benjafield et al. 2019). However, the 
number of patients who use continuous positive airway 
pressure is only 0.5 million, with several undiagnosed and 
untreated cases (Statistics by social and medical affairs 
2023).

OSA screening tools, such as the Berlin questionnaire 
(BQ) (Netzer et  al. 1999) and STOP-BANG question-
naire (SBQ) (Chung et al. 2008), have been widely used. 
To date, these questionnaires have been proactively 
administered to patients visiting sleep disorder-specific 
medical institutes; however, they are not commonly used 
in general practice or during medical checkups. In addi-
tion, the questionnaires were designed with a focus on 
Western populations. Therefore, new screening tools that 
are widely available to the general population, including 
Asian populations, need to be established.

Subjective symptoms, such as sleepiness and fatigue, 
and objective symptoms, such as apnea and habitual 
snoring witnessed by family members, have been used 
as core items in the abovementioned screening question-
naires. However, because of certain Japanese sleeping 
habits, such as spouses sleeping in different bedrooms, 
and a long single life with late marriage, particularly 
among men, a considerable number of individuals in the 
Japanese population may be unaware that they snore or 
experience apneic events while asleep. Obesity is also a 
major risk factor for OSA; the World Health Organiza-
tion defines obesity as body mass index (BMI) of ≥ 30 kg/
m2 and the cutoff BMI values were set at 35  kg/m2 in 
the SBQ and 30 kg/m2 in the BQ. However, the Japanese 
Society for the Study of Obesity defines obesity as BMI 
of ≥ 25  kg/m2 (Examination Committee of Criteria for 
’Obesity Disease’ in Japan, Japan Society for the Study of 
Obesity 2002), and the average BMI of Japanese patients 
with OSA is in the range of 25–28  kg/m2 (Nakayama-
Ashida et al. 2008; Kim et al. 2018), which is clearly lower 
than that of Western patients. In addition, rather than 
using neck circumference (NC), which is an important 
parameter for the prediction of OSA in the SBQ, waist 

circumference (WC) is routinely measured at medi-
cal checkups and in general practice in Japan (Joshipura 
et  al. 2016). Reportedly, not only NC (Kim et  al. 2018; 
Onat et al. 2009) but also WC is related to the presence 
of OSA (Tom et  al. 2018). In addition, in recent years, 
simple OSA screening attempts using smart watches and 
smartphone applications have been reported, but careful 
interpretation is required until their clinical use is vali-
dated (Zhang et al. 2021).

Given the above, the possibility of establishing a screen-
ing tool for OSA with objective indicators that do not rely 
on witnessed snoring and apnea needs to be ascertained 
for the Japanese population and whether WC, a com-
monly used anthropometric measure, is a viable alterna-
tive to NC for such screening. The purpose of this study 
was to develop an objective screening tool for the accu-
rate prediction of moderate-to-severe OSA in Japanese 
men using age, BMI, and WC and to validate the new 
tool by comparing its accuracy to that of the BQ.

Methods
Participants
Consecutive Japanese patients who visited the Yoyogi 
Sleep Disorder Center from November 2009 to January 
2012 with suspected OSA (based on information about 
habitual snoring and/or episodes of apnea witnessed by 
their family members, or excessive daily sleepiness) were 
eligible to participate in the study. Among them, patients 
who had already undergone treatment for OSA, female 
patients (because of sex differences in the prevalence of 
OSA (Dancey et al. 2003; Yukawa et al. 2009; Rowley et al. 
1985)), and patients without polysomnography (PSG) 
data were excluded (Fig. 1). Participants were retrospec-
tively divided into two groups: development group (DG) 
and validation group (VG). The DG consisted of patients 
who visited the outpatient clinic from November 2009 to 
August 2010; the VG consisted of patients who under-
went PSG from September 2010 to January 2012. At their 
first visit, participants provided written informed con-
sent for the use of their clinical variables and PSG data 
for research purposes. This study was conducted after 
obtaining approval from the institutional review board of 
the Institute of Neuropsychiatry, Japan (approval num-
ber: 182).

Assessment of anthropometric variables and interviews
At the first visit, we measured patients’ height, body 
weight, NC, and WC. NC was measured at the crico-
thyroid level with patients in the upright position; WC 
was measured at the height of the umbilicus, at the 
end of expiration, with patients in the standing posi-
tion. In addition, patients were asked to complete the 
Japanese version of the Epworth Sleepiness Scale (JESS) 
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(Takegami et  al. 2009) and to report the presence/
absence of comorbidities possibly associated with OSA.

Sleep study
Nocturnal PSG was performed using the Alice 5 
(Respironics, Inc. Murrysville, PA, USA) or Comet 
(Astro-Med, Inc., West Warwick, RI, USA) systems. 
These consisted of electroencephalography (EEG), 
electrooculography, electromyography of the mentalis 
muscle and leg surface, nasal airflow, respiratory move-
ments of the chest and abdomen, snoring sounds, per-
cutaneous arterial oxygen saturation, body position, 
and electrocardiography.

PSG data were analyzed with manual scoring for 
every 30-s epoch according to the criteria developed by 
Rechtschaffen and Kales (R&K) (Hori et  al. 2001), and 
EEG arousals were scored according to the American 
Sleep Disorders Association guidelines (EEG arousals: 
scoring rules and examples: a preliminary report from 
the Sleep Disorders Atlas Task Force of the American 
Sleep Disorders Association 1992). Apnea was defined 
as the complete cessation of airflow for at least 10  s. 
Hypopnea was defined as a substantial (> 50%) reduc-
tion in airflow for at least 10  s or moderate reduction 
in airflow for at least 10  s associated with EEG arous-
als and/or oxygen desaturation (≥ 3%) (Sleep-related 
breathing disorders in adults: recommendations for 
syndrome definition and measurement techniques in 
clinical research 1999). AHI was defined as the total 
number of apnea and hypopnea episodes per hour of 
sleep.

Statistical approaches for the development and validation 
of the screening tool
Continuous variables are displayed as mean ± standard 
deviation and categorical variables as frequency and 
percentage.

In the DG, patients with OSA were defined as those 
with an AHI of ≥ 15 events/h, and those with an AHI 
of < 15 events/h were defined as “others.” We compared 
the clinical variables between patients with OSA and 
others using the Mann–Whitney U-test for continuous 
variables and the chi-square test for categorical vari-
ables. Simple logistic regression analysis was performed 
to assess the association of each parameter with the pres-
ence of moderate-to-severe OSA (Kang et al. 2014).

To provide a predictive cutoff value to identify patients 
with moderate-to-severe OSA, receiver operating char-
acteristic (ROC) curves were constructed for each 
parameter that was significant in the logistic regression 
analysis, and the optimal cutoff values were determined 
with the ROC curve analyses. Those cutoff values were 
used to develop a new screening tool in which each 
item was assigned one point when it exceeded the cutoff 
value. ROC curves were constructed for the total score 
obtained with the new screening tool, and the ability 
of this method to predict the presence of moderate-to-
severe OSA was evaluated according to its sensitivity, 
specificity, positive predictive value (PPV), and negative 
predictive value (NPV) in the DG.

The predictive abilities of the new screening tool were 
validated in the VG, and its performance was com-
pared with that of the BQ. The original and modified 
BQ (Kojima et  al. 2007) (using BMI ≥ 25  kg/m2 instead 

Fig. 1  Flow diagram of study design. The study sample population comprised Japanese patients with suspected OSA who visited Yoyogi Sleep 
Disorders Center from November 2009 to January 2012. Patients already treated for OSA, female patients, and patients without PSG data were 
excluded. OSA, obstructive sleep apnea; PSG, polysomnography
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of ≥ 30 kg/m2) were both completed at each participant’s 
first visit. Data were analyzed using SPSS version 27 
(SPSS Japan, Inc., Tokyo, Japan), and p-values of < 0.05 
were considered statistically significant.

Results
Table 1 summarizes the clinical and anthropometric vari-
ables of the 443 male patients (age, 48.8 ± 12.9 years; BMI, 
26.2 ± 5.1  kg/m2) in this study. The DG and VG did not 
significantly differ in terms of age, BMI, NC, WC, AHI, 
JESS score, or the proportions of patients with hyperten-
sion, cardiovascular diseases, diabetes mellitus, or heart 
failure (all p > 0.05).

In the DG, significant differences were noted in age 
(p = 0.003), BMI (p < 0.001), NC (p < 0.001), and WC 
(p < 0.001) between patients with OSA (AHI, ≥ 15 
events/h) and other participants (AHI, < 15 events/h). 
However, those subgroups did not significantly differ in 
terms of JESS scores or the proportions of patients with 
hypertension, cardiovascular disease, diabetes mellitus, 
or heart failure (Table 2).

Logistic regression analysis revealed that age, BMI, 
NC, and WC were significantly associated with hav-
ing OSA (Table  3). Results of the ROC curve analyses 
for each parameter are plotted in Fig.  2, and the analy-
sis yielded the following cutoff values for having an AHI 
of ≥ 15 events/h: age ≥ 46.5  years, BMI ≥ 25.45  kg/m2, 
NC ≥ 38.35 cm, and WC ≥ 90.75 cm. The sensitivity and 

Table 1  Comparisons of clinical and anthropometric variables between the patients in the two phases

Continuous variables are presented as mean ± standard deviation, and the Mann–Whitney U-test was used for comparisons of these variables. Categorical variables 
are presented as frequency and percentage, and comparisons were made using the chi-square test

All
n = 443

Development phase
n = 206

Validation 
phase
n = 237

p-value

Age (years)
Body mass index (kg/m2)
Neck circumference (cm)
Waist circumference (cm)
Apnea–hypopnea index (episodes/h)
Epworth Sleepiness Scale (score)
Hypertension (%)
Cardiovascular disorder (%)
Diabetes mellitus (%)
Heart failure (%)

48.8 ± 12.9
26.2 ± 5.1
39.5 ± 3.2
92.2 ± 11.6
26.4 ± 25.0
11.4 ± 4.9
211 (47.6)
10 (2.3)
48 (10.8)
12 (2.7)

49.8 ± 13.7
26.0 ± 4.9
39.4 ± 3.1
91.7 ± 11.5
24.5 ± 23.8
11.0 ± 4.5
88 (42.7)
5 (2.4)
23 (11.2)
7 (3.4)

47.9 ± 12.1
26.4 ± 5.2
39.6 ± 3.3
92.7 ± 11.7
28.0 ± 25.9
11.7 ± 5.1
123 (51.9)
5 (2.1)
25 (10.5)
5 (2.1)

0.245
0.537
0.498
0.333
0.130
0.119
0.054
0.527
0.777
0.403

Table 2  Comparison of clinical and anthropometric variables between groups during the development phase

The Mann–Whitney U-test was used for comparison of continuous variables between individuals with and those without OSA. The values are presented as mean ± SD. 
Categorical variables are presented as frequency and percentage, and comparisons were made using the chi-square test. OSA obstructive sleep apnea, SD standard 
deviation

AHI ≥ 15
n = 99 (48.1%)

AHI < 15
n = 107 (51.9%)

p-value

mean ± SD or n (%) range mean ± SD or n (%) range

Age (years)
Body mass index (kg/m2)
Neck circumference (cm)
Waist circumference (cm)
Epworth Sleepiness Scale (score)
Apnea–hypopnea index (events/h)
Hypertension
Cardiovascular disorder
Diabetes mellitus
Heart failure

52.6 ± 13.5
27.7 ± 5.7
40.4 ± 3.4
95.4 ± 12.7
11.4 ± 4.2
40.9 ± 22.8
48 (48.5)
3 (3.0)
15 (15.2)
5 (5.1)

25–86
15.2–57.5
34–51
67–162
3–23
15.1–107.7

46.7 ± 13.3
24.3 ± 3.0
38.2 ± 2.4
87.5 ± 8.3
10.6 ± 4.8
6.7 ± 4.1
40 (37.4)
2 (1.9)
8 (7.5)
2 (1.9)

23–77
18.4–36.4
31.5–45
67–120
0–22
0.2–14.6

0.003
 < 0.001
 < 0.001
 < 0.001
0.258
 < 0.001
0.518
0.542
0.154
0.247

Table 3  Associations of age, BMI, neck circumference, and waist 
circumference with having OSA

Odds ratios were calculated by using logistic regression analysis

BMI body mass index, NC neck circumference, WC waist circumference, OR odds 
ratio, CI confidence interval

Univariate (continuous variable)

OR (95% CI) p-value

Age
BMI
NC
WC

1.033 (1.012–1.056)
1.231 (1.128–1.343)
1.327 (1.180–1.493)
1.083 (1.048–1.120)

0.002
 < 0.001
 < 0.001
 < 0.001
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specificity values for each of these variables are presented 
in Table  4. After categorizing age, BMI, NC, and WC 
using these cutoff values, logistic regression analysis was 
performed to calculate odds ratios (Table 5). We decided 
to create the new screening tool by adopting age, BMI, 
and WC but not NC, as the latter is not measured rou-
tinely in Japan. We named the tool the “ABC” scale, as it 
incorporates Age, BMI, and WC. According to this scale, 
a score of 1 was allocated for each cutoff value met. The 
clinical score was calculated as follows:

ABC scale (AHI ≥ 15 events/h)

= (age ≥ 46.5 years)+ (BMI ≥ 25.45kg/m2)+ (WC ≥ 90.75cm)

Fig. 2  ROC for age, BMI, neck circumference, and waist circumference. BMI, body mass index; ROC, receiver operating characteristic

Table 4  Cutoff values for having AHI ≥ 15 events/h

AHI apnea–hypopnea index, BMI body mass index, NC neck circumference, WC waist circumference, SEN sensitivity, SPEC specificity, PPV positive predictive value, NPV 
negative predictive value, LR ( +): positive likelihood ratio, LR (-): negative likelihood ratio, AUC: area under the receiver operating characteristic curve

Cutoff SEN SPEC PPV NPV LR ( +) LR (-) AUC​

Age (years)
BMI (kg/m2)
NC (cm)
WC (cm)

46.5
25.45
38.35
90.75

62.6
72.0
77.6
69.2

54.5
64.6
63.6
65.7

59.8
68.8
69.7
68.5

57.4
68.1
72.4
66.3

1.38
2.04
2.13
2.01

0.69
0.43
0.35
0.47

0.619
0.718
0.716
0.717

Table 5  Associations of age, BMI, neck circumference, and waist 
circumference with having OSA after categorization

Odds ratios were calculated using simple logistic regression analysis

BMI body mass index, NC neck circumference, WC waist circumference, OR odds 
ratio, CI confidence interval

Univariate (after categorization)

OR (95% CI) p-value

Age (46.5 years)
BMI (25.45kg/m2)
NC (38.35 cm)
WC (90.75 cm)

2.010 (1.152–3.507)
4.693 (2.602–8.464)
6.052 (3.283–11.156)
4.287 (2.392–7.683)

0.010
 < 0.001
 < 0.001
 < 0.001
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In the DG, when a patient had an ABC scale score 
of ≥ 2, the sensitivity, specificity, PPV, NPV, positive like-
lihood ratio, negative likelihood ratio, and area under the 
ROC curve were 69.2%, 72.7%, 72.5%, 68.3%, 2.45, and 
0.430, and 0.678, respectively.

The utilities of the ABC scale and the original and mod-
ified BQs as screening tools for OSA in the VG are sum-
marized in Table 6. For the prediction of OSA, 2 points 
or more on the ABC scale yielded a 70.1% sensitivity, 
66.0% specificity, 73.8% PPV, 61.7% NPV, 2.061 positive 
likelihood ratio, and 0.453 negative likelihood ratio. Con-
versely, the original BQ yielded a 75.2% sensitivity, 41.0% 
specificity, 63.6% PPV, and 54.7% NPV, and the modified 
BQ yielded an 85.4% sensitivity, 35.0% specificity, 64.3% 
PPV, and 63.6% NPV.

A patient was deemed to have OSA according to the 
ABC scale if they met two or more of the following crite-
ria: age ≥ 47 years, BMI ≥ 25.0 kg/m2, and WC ≥ 89.8 cm. 
A patient was deemed to have OSA according to age, 
BMI, and NC if they met two or more of the follow-
ing criteria: age ≥ 47  years, BMI ≥ 25.0  kg/m2, and 
NC ≥ 38.4  cm. The cutoff for BMI in the original BQ 
is ≥ 30  kg/m2; that in the modified BQ is ≥ 25  kg/m2. 
OSA: obstructive sleep apnea; BQ: Berlin questionnaire; 
ABC scale: the combination of Age, BMI and waist Cir-
cumference; BMI, body mass index; AHI: apnea–hypo-
pnea index; PPV: positive predictive value; NPV: negative 
predictive value; NC, neck circumference.

Discussion
The aim of this study was to formulate and validate a sim-
ple anthropometric screening tool to detect moderate-to-
severe OSA in a Japanese male population. In the DG, the 
cutoff values for prediction of moderate-to-severe OSA 
were age ≥ 46.5 years, BMI ≥ 25.45 kg/m2, NC ≥ 38.35 cm, 
and WC ≥ 90.75  cm. Using these objective parameters, 
we formulated an OSA screening tool, namely, the ABC 
scale (incorporating age, BMI, and WC). The validation 
analysis revealed that the ABC scale was sufficient as a 
screening tool for OSA (sensitivity, 70% and specificity, 
66%) in this population.

The prevalence of OSA is well known to increase 
with age, and it is most prevalent in middle-aged and 
older individuals. Physiological changes associated with 
aging, such as upper airway collapsibility (Edwards 
et  al. 2014), a decreased vital capacity and/or an 
increased functional residual capacity (Mittman et  al. 
1965), and a low position of the pharynx (Yamashiro 
and Kryger 2012), are all risk factors for OSA. However, 
although pharyngeal collapsibility decreases and phar-
yngeal resistance increases with age, these relationships 
plateaued from the age of 45 years onward, in one study 
(Eikermann et  al. 2007). Similarly, the cutoff age for 
prediction of OSA in the SBQ is set at 50 years (Chung 
et al. 2008). Therefore, the cutoff age of 46.5 years in our 
ABC scale seems reasonable in the general population.

OSA and BMI are highly correlated, and in a study 
on the Turkish adult population, higher BMI values 
were deemed significant risk factors for OSA develop-
ment (Soylu et  al. 2012). The reported cutoff BMI for 
moderate sleep-disordered breathing in Americans is 
32.3 kg/m2 (Young et al. 2005). However, in a Japanese 
study, a cutoff BMI of 25 kg/m2 was the point at which 
the prevalence of sleep-disordered breathing increased 
(Matsumoto et  al. 2020). Obesity is defined as BMI 
of ≥ 30  kg/m2 in Westerners but as BMI ≥ 25  kg/m2 in 
the Japanese population (Examination Committee of 
Criteria for ’Obesity Disease’ in Japan, Japan Society for 
the Study of Obesity 2002). Therefore, as the cutoff BMI 
for OSA differs according to ethnicity, a cutoff BMI 
must be determined for each country. The cutoff BMI 
of 25.45 kg/m2 in this study seems reasonable.

WC is negatively associated with respiratory func-
tion during sleep, and the increase in WC is likely to 
exacerbate apnea. In many studies of adult populations, 
higher WC and NC values were deemed significant 
risk factors for OSA development (Ahbab et  al. 2013; 
Cizza et  al. 2014), whereas WC correlated better with 
OSA severity than did NC in some other studies (Tom 
et al. 2018; Kang et al. 2014; Borges et al. 2013). NC is 
a strong predictor of OSA (Kim et al. 2018; Onat et al. 
2009) and is used in the SBQ, as NC reflects the vol-
ume of pharyngeal soft tissue and fat (Li et  al. 2012). 
However, NC is not routinely measured either in gen-
eral practice or in medical checkups (Joshipura et  al. 
2016). The correlation coefficient between NC and WC 
in this present study was 0.816 (p < 0.001) for the DG 
and 0.780 (p < 0.001) for the VG, indicating strong posi-
tive correlations. Considering this, we also compared 
the screening ability of a tool incorporating age, BMI, 
and NC to that of our ABC scale. We found that the 
scale incorporating NC had a slightly higher sensitiv-
ity than the ABC scale (75.2% vs. 70.1%) but a slightly 
lower specificity (60.0% vs. 66.0%). This result suggests 

Table 6  OSA screening utility of the original and modified 
BQs, the ABC scale and the combination of age, BMI and neck 
circumference

Original 
BQ

Modified 
BQ

ABC scale Age, BMI, 
NC

AHI ≥ 15 Sensitivity
Specificity
PPV
NPV

75.2%
41.0%
63.6%
54.7%

85.4%
35.0%
64.3%
63.6%

70.1%
66.0%
73.8%
61.7%

75.2%
60.0%
72.0%
63.8%
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that the screening ability of the ABC scale is not infe-
rior to that of the tool incorporating NC.

As for the sensitivity and specificity of the ABC scale 
for prediction of moderate-to-severe OSA, no significant 
differences were observed between the values obtained 
when one point was assigned for cutoff values of age, 
BMI, NC, and WC, respectively, and those obtained with 
weighting according to ORs derived from logistic regres-
sion analysis. Taking this into consideration, we adopted 
the ABC scale, more convenient method. The validation 
analysis revealed that the ABC scale (incorporating age, 
BMI, and WC) was sufficient for the screening of moder-
ate-to-severe OSA in this population.

In the present study, we also compared the validity of 
the ABC scale with that of the original and modified BQ 
in terms of screening of moderate-to-severe OSA. We 
found that the original BQ (using BMI cutoff of ≥ 30 kg/
m2) yielded fair sensitivity (75.2%) in our Japanese study 
population, and the mBQ (using BMI cutoff of ≥ 25  kg/
m2) had higher sensitivity (85.4%). The ABC scale was 
slightly less sensitive than the original and modified BQ 
but could be more useful than the BQs, which include 
many questions on snoring and apnea, and the SBQ, 
which uses NC, because a considerable number of Japa-
nese people live alone or sleep without bed partners, and 
NC is rarely measured during medical checkups in Japan.

The present study has several limitations. First, it 
was conducted in a single sleep disorder clinic, and the 
prevalence of moderate-to-severe OSA was relatively 
high because all participants were referred to the clinic 
with suspected OSA. Therefore, the conclusion that can 
be drawn from the results is limited to the following: in 
a highly selected cohort, the anthropometrics were able 
to identify moderate-to-severe OSA with a sensitivity 
of 70% and a specificity of 66%. Although the sensitivity 
of the ABC was almost the same as that of the original 
BQ and its specificity was higher in this sample, further 
studies are required to assess the accuracy of the ABC 
scale as a screening tool for OSA in the general popu-
lation. Second, this study was conducted only in men 
because of an insufficient number of women with poten-
tial OSA for the analyses. Reportedly, cutoff anthropo-
metric parameter values for prediction of OSA may differ 
according to sex (Yukawa et al. 2009). Therefore, female-
specific cutoff values of both anthropometric parameters 
and age for prediction of OSA should be established. 
We aim to investigate this in future research. Third, the 
older scoring criteria (R&K and American Sleep Disor-
ders Association) were applied to the polysomnographic 
data obtained from 2009 to 2012, and subsequently, the 
American Academy of Sleep Medicine scoring criteria 
have been used starting from December 2012. We cannot 
exclude the possibility that the change in scoring criteria 

may have led to some differences in the interpretation of 
respiratory events.

Conclusion
We successfully established and validated a simple 
screening tool, incorporating age, BMI, and WC, for 
screening of moderate-to-severe OSA in a Japanese male 
population. This scale yielded almost the same sensitivity 
as the BQ but a considerably higher specificity. Moreover, 
this scale may be useful for screening of OSA regardless 
of whether the individual has cohabitants. Considering 
that WC measurements are routinely performed during 
medical checkups, the implementation of this ABC scale 
will likely promote the early detection of OSA.

Abbreviations
AHI	� Apnea–hypopnea index
BMI	� Body mass index
BQ	� Berlin questionnaire
DG	� Development group
EEG	� Electroencephalography
JESS	� Japanese version of the Epworth sleepiness scale
mBQ	� Modified Berlin questionnaire
NC	� Neck circumference
NPV	� Negative predictive value
OR	� Odds ratio
OSA	� Obstructive sleep apnea
PPV	� Positive predictive value
PSG	� Polysomnography
R&K	� Rechtschaffen and Kales
ROC	� Receiver operating characteristic
SBQ	� STOP-BANG questionnaire
VG	� Validation group
WC	� Waist circumference

Acknowledgements
This study was performed at the Japan Somnology Center, Institute of Neu‑
ropsychiatry, Japan.

Authors’ contributions
All authors contributed to the study conception and design. Data collection 
was performed by all authors, and material preparation and analysis were 
performed by TH, KM, NH and YI. The first draft of the manuscript was written 
by TH, and all authors commented on previous versions of the manuscript. All 
authors read and approved the final manuscript.

Funding
This work was supported by Grants-in-Aid for Scientific Research [15K11463 to 
M Kobayashi] from the Japan Society for the Promotion of Science. No other 
grants were received.

Availability of data and materials
The datasets used and analyzed during the current study are available from 
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
This study was conducted after obtaining approval from the institutional 
review board of the Institute of Neuropsychiatry (approval number: 182). 
All procedures performed in this study were in accordance with the ethical 
standards of the institutional and/or national research committee and with 
the 1964 Helsinki Declaration and its later amendments or comparable ethical 
standards. Written informed consent was obtained from all the participants.



Page 8 of 8Hirasawa et al. Sleep Science and Practice            (2023) 7:10 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Consent for publication
Participants provided written informed consent for the use of their clinical 
variables and polysomnographic data for research purposes.

Competing interests
The authors declare no competing interests.

Received: 24 July 2023   Accepted: 8 November 2023

References
Ahbab S, Ataoğlu HE, Tuna M, Karasulu L, Cetin F, Temiz LU, et al. Neck circum‑

ference, metabolic syndrome and obstructive sleep apnea syndrome; 
evaluation of possible linkage. Med Sci Monit. 2013;19:111–7.

Akashiba T, Inoue Y, Uchimura N, Ohi M, Kasai T, Kawana F, et al. Sleep Apnea 
Syndrome (SAS) Clinical Practice Guidelines 2020. Respir Investig. 
2022;60:3–32.

Benjafield AV, Ayas NT, Eastwood PR, Heinzer R, Ip MSM, Morrell MJ, et al. Esti‑
mation of the global prevalence and burden of obstructive sleep apnoea: 
a literature-based analysis. Lancet Respir Med. 2019;7:687–98.

Borges PTM, Filho ESF, de Araujo TME, Neto JMM, Borges NES, Neto BM, 
et al. Correlation of cephalometric and anthropometric measures 
with obstructive sleep apnea severity. Int Arch Otorhinolaryngol. 
2013;17:321–8.

Chung F, Yegneswaran B, Liao P, Chung SA, Vairavanathan S, Islam S, et al. 
STOP questionnaire: a tool to screen patients for obstructive sleep apnea. 
Anesthesiology. 2008;108:812–21.

Cizza G, De Jonge L, Piaggi P, Mattingly M, Zhao X, Lucassen E, et al. Neck 
circumference is a predictor of metabolic syndrome and obstructive 
sleep apnea in short-sleeping obese men and women. Metab Syndr Relat 
Disord. 2014;12:231–41.

Dancey DR, Hanly PJ, Soong C, Lee B, Shepard J Jr, Hoffstein V. Gender 
differences in sleep apnea: the role of neck circumference. Chest. 
2003;123:1544–50.

Edwards BA, Wellman A, Sands SA, Owens RL, Eckert DJ, White DP, et al. 
Obstructive sleep apnea in older adults is a distinctly different physiologi‑
cal phenotype. Sleep. 2014;37:1227–36.

EEG arousals: scoring rules and examples: a preliminary report from the Sleep 
Disorders Atlas Task Force of the American Sleep Disorders Association. 
Sleep. 1992;15:173–84.

Eikermann M, Jordan AS, Chamberlin NL, Gautam S, Wellman A, Lo YL, et al. 
The influence of aging on pharyngeal collapsibility during sleep. Chest. 
2007;131:1702–9.

Examination Committee of Criteria for “Obesity Disease” in Japan, Japan 
Society for the Study of Obesity. New criteria for ‘obesity disease’ in Japan. 
Circ J. 2002;66:987–92.

Hori T, Sugita Y, Koga E, Shirakawa S, Inoue K, Uchida S, et al. Proposed sup‑
plements and amendments to ‘A Manual of Standardized Terminology, 
Techniques and Scoring System for Sleep Stages of Human Subjects’, 
the Rechtschaffen & Kales (1968) standard. Psychiatry Clin Neurosci. 
2001;55:305–10.

Joshipura K, Muñoz-Torres F, Vergara J, Palacios C, Pérez CM. Neck circumfer‑
ence may be a better alternative to standard anthropometric measures. J 
Diabetes Res. 2016;2016:6058916.

Kang HH, Kang JY, Ha JH, Lee J, Kim SK, Moon HS, et al. The associations 
between anthropometric indices and obstructive sleep apnea in a 
Korean population. PLoS ONE. 2014;9:e114463.

Kim JH, Koo YC, Cho HJ, Kang JW. Relationship between various anthropo‑
metric measures and apnea-hypopnea index in Korean men. Auris Nasus 
Larynx. 2018;45:295–300.

Kojima S, Sakakibara H, Okazawa M, Fumihiko S, Yasuo K, Fumiko S, et al. Reli‑
ability and validity of the Japanese version of Berlin Questionnaire for 
sleep disturbance breathing. J Jpn Soc Res Care Rehab. 2007;17:251–6.

Li Y, Lin N, Ye J, Chang Q, Han D, Sperry A. Upper airway fat tissue distribution 
in subjects with obstructive sleep apnea and its effect on retropalatal 
mechanical loads. Respir Care. 2012;57:1098–105.

Matsumoto T, Murase K, Tabara Y, Minami T, Kanai O, Takeyama H, 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.

Mittman C, Edelman NH, Norris AH, Shock NW. Relationship between chest 
wall and pulmonary compliance and age. J Appl Physiol. 1965;20:1211–6.

Nakayama-Ashida Y, Takegami M, Chin K, Sumi K, Nakamura T, Takahashi K, 
et al. Sleep-disordered breathing in the usual lifestyle setting as detected 
with home monitoring in a population of working men in Japan. Sleep. 
2008;31:419–25.

Netzer NC, Stoohs RA, Netzer CM, Clark K, Strohl KP. Using the Berlin Question‑
naire to identify patients at risk for the sleep apnea syndrome. Ann Intern 
Med. 1999;131:485–91.

Onat A, Hergenç G, Yüksel H, Can G, Ayhan E, Kaya Z, et al. Neck circumference 
as a measure of central obesity: associations with metabolic syndrome 
and obstructive sleep apnea syndrome beyond waist circumference. Clin 
Nutr. 2009;28:46–51.

Rowley JA, Sanders CS, Zahn BR, Badr MS. Gender differences in upper airway 
compliance during NREM sleep: role of neck circumference. J Appl 
Physiol. 1985;2002(92):2535–41.

Sleep-related breathing disorders in adults: recommendations for syndrome 
definition and measurement techniques in clinical research. The 
Report of an American Academy of Sleep Medicine Task Force. Sleep. 
1999;22:667–89.

Soylu AC, Levent E, Sarıman N, Yurtlu S, Alparslan S, Saygı A. Obstructive sleep 
apnea syndrome and anthropometric obesity indexes. Sleep Breath. 
2012;16:1151–8.

Statistics by social and medical affairs. Ministry of Health, Labor and Welfare, 
Tokyo. https://​www.​mhlw.​go.​jp/​toukei/​saikin/​hw/​sinryo/​tyosa​15/​index.​
html. Accessed 22 Jun 2023.

Takegami M, Suzukamo Y, Wakita T, Noguchi H, Chin K, Kadotani H, et al. Devel‑
opment of a Japanese version of the Epworth Sleepiness Scale (JESS) 
based on item response theory. Sleep Med. 2009;10:556–65.

Tom C, Roy B, Vig R, Kang DW, Aysola RS, Woo MA, et al. Correlations between 
waist and neck circumferences and obstructive sleep apnea characteris‑
tics. Sleep Vigil. 2018;2:111–8.

Yamashiro Y, Kryger M. Is laryngeal descent associated with increased risk for 
obstructive sleep apnea? Chest. 2012;141:1407–13.

Young T, Blustein J, Finn L, Palta M. Sleep-disordered breathing and motor 
vehicle accidents in a population-based sample of employed adults. 
Sleep. 1997;20:608–13.

Young T, Peppard PE, Taheri S. Excess weight and sleep-disordered breathing. J 
Appl Physiol. 2005;99:1592–9.

Yukawa K, Inoue Y, Yagyu H, Hasegawa T, Komada Y, Namba K, et al. Gender 
differences in the clinical characteristics among Japanese patients with 
obstructive sleep apnea syndrome. Chest. 2009;135:337–43.

Zhang Z, Qi M, Hügli G, Khatami R. The challenges and pitfalls of detecting 
sleep hypopnea using a wearable optical sensor: comparative study. J 
Med Internet Res. 2021;23:e24171.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://www.mhlw.go.jp/toukei/saikin/hw/sinryo/tyosa15/index.html
https://www.mhlw.go.jp/toukei/saikin/hw/sinryo/tyosa15/index.html

	Anthropometric screening approach for obstructive sleep apnea in Japanese men: development and validation of the ABC scale
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Participants
	Assessment of anthropometric variables and interviews
	Sleep study
	Statistical approaches for the development and validation of the screening tool

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


