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Summary 

Obstructive sleep apnea (OSA) is a common disorder associated with multiple adverse health 

consequences and its prevalence is increasing in parallel with rising obesity trends. Early 

support for ethnic differences in OSA prevalence and severity has been derived from studies 

of relatively homogenous ethnic groups. However, between-study comparisons are 

problematic given differing methodologies. Recent large inter-ethnic studies examining 

different ethnic populations using standardized protocols support the notion that Chinese 

have an increased OSA prevalence and severity compared to those of European descent. 

Although the evidence is less clear, some data suggest that Hispanic/Mexican Americans also 

show higher rates of OSA, while OSA prevalence in African Americans is not dissimilar to 

that of populations of European ancestry. Of the anatomical traits underlying differences in 

OSA prevalence and severity between ethnic groups (i.e. obesity, fat distribution, and 

craniofacial structure) obesity appears to be the most important. The effect of ethnicity on 

non-anatomical factors (i.e. upper airway muscle responsiveness, arousal threshold, and loop 

gain) responsible for OSA severity and potentially prevalence is currently unknown and 

needs further research.   

Keywords: Obstructive sleep apnea, ethnicity, prevalence, craniofacial characteristics.  

 

Abbreviations 

AHI - Apnea hypopnea index  

CI – Confidence interval 

CINAHL - Cumulative Index to Nursing and Allied Health Literature CINAHL 

CIRCS - Circulatory Risk in Communities Study (CIRCS) 
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CT – Computed tomography 

CVD - Cardiovascular Disease 

EDS - Excessive Daytime Sleepiness 

ICSD - International Classification of Sleep Disorders  

LOTE – Language Other than English 

MESA - Multiethnic study of atherosclerosis 

MPH - Mandibular plane hyoid bone distance 

MrOS - Osteoporotic Fractures in Men 

NESB - Non-English Speaking Background 

OSA - Obstructive Sleep Apnea  

PSG - Polysomnography 

RDI - Respiratory disturbance index 

SWAN- the study of Women’s Health across the Nation 

US - United States 
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Introduction  

Obstructive sleep apnea (OSA) is a common condition characterized by repeated upper 

airway obstruction during sleep, recurrent oxygen desaturation, and frequent arousal from 

sleep (1). Untreated OSA is often associated with excessive daytime somnolence (EDS), 

motor vehicle accidents and neurocognitive impairment (2). Furthermore, there is evidence 

for a causal link between OSA and cardiovascular disease (CVD) (3, 4) and all-cause 

mortality (5-7). Epidemiological studies demonstrate that important differences in the 

prevalence, severity and expression of OSA may exist between different ethnic groups (8-14). 

Understanding the phenotypic traits that underlie these ethnic differences, and the extent to 

which they contribute to OSA prevalence and pathogenesis across ethnic groups, is important 

to plan and implement health care delivery for OSA between and within ethnically diverse 

populations.  

 

The topic of ethnicity and OSA was first reviewed by Villaneuva et al in 2005 (15). At that 

time the authors acknowledged several challenges associated with comparisons of OSA 

prevalence and phenotypic traits across studies of single ethnic groups. Difficulties include 

widely different protocols and methods used to define the presence and severity of OSA and 

craniofacial characteristics across studies. For example, the diagnosis of OSA from 

polysomnography (PSG) depends heavily on the scoring criteria used (16), which in turn will 

strongly influence prevalence estimates. Multiple scoring rule changes over time have made 

it difficult to compare OSA prevalence between studies. Some epidemiological studies have 

relied on self-reported questionnaires for diagnosis of OSA (17-19) or use of in-home, limited 

channel tests involving respiratory and oximetry signals without sleep measurements (11, 

14), further impacting the reliability of OSA prevalence estimates.  
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Villaneuva et al (15) concluded that the overall prevalence of OSA was broadly similar 

across those of European ancestry, Asian and Indian populations, and ranged from 1.3-7.5% 

in men and 2-3.2% in women. Based on limited inter-ethnic data, the authors concluded that 

African–American ethnicity may be a significant risk factor for OSA compared to those of 

European ancestry. The observation of increased OSA risk was also seen among American 

Indians and Hispanics, but was largely explained by complex obesity parameters. 

 

 

Since Villaneuva et al’s (15) initial review, several large epidemiological and cephalometric 

studies, each comprising multiple ethnic groups, have examined the influence of ethnicity on 

OSA prevalence, and relationships with obesity and craniofacial structure. The purpose of 

this review is to examine the current state of evidence regarding the prevalence, severity and 

expression of OSA across different ethnic groups; including the potential role of craniofacial 

characteristics and body habitus differences in understanding how ethnicity affects OSA, and 

how symptoms associated with OSA differ across ethnic groups.   

 

Literature search strategy and criteria 

To assess the effect of ethnicity on OSA prevalence, systematic searches of bibliographic 

databases up to December 2016 were conducted by first author KH including MEDLINE, 

PubMed, PsycINFO, the Cumulative Index to Nursing and Allied Health Literature 

(CINAHL), Scopus, ProQuest and Cochrane Central Register of Controlled Trials. We 

searched Medline, Embase, and the Cochrane Central Register of Controlled Trials 

(CENTRAL) to identify relevant studies from inception to 25 July 2017. We used database 
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specific subject headings (such as MeSH terms) and free text terms to search for potentially 

eligible studies (appendix 1). We also performed similar searches to identify studies that have 

evaluated inter-ethnic craniofacial differences using the same objective sleep analysis 

techniques and craniofacial measurements from inception to 3 August 2017 (appendix 2) to 

explore potential mechanisms for the differences in OSA prevalence and severity between 

ethnic groups. The articles were screened by title and abstract, and selected for full text 

review if they met the following inclusion criteria: multi-ethnic epidemiological/cohort 

studies, population studies, documented OSA prevalence and/or prevalence of patients at risk 

for OSA, articles in English and adult participants in studies using PSG or other objective 

forms of sleep assessment for OSA diagnosis. To minimize the impact of methodological 

differences and risk of bias introduced by individual studies assessing single ethnic 

populations, this review was restricted to inter-ethnic community cohort studies, in which the 

prevalence and/or severity of OSA was reported for each ethnic group and derived using the 

same sleep study recording techniques, scoring methods and disease definitions 

contemporaneously in use around the time of each study (see more details below). Within the 

main papers identified, we also reviewed the impact of ethnicity on the 2 main symptoms of 

OSA (snoring and daytime sleepiness).  

 

Definition of OSA 

The presence and severity of OSA are primarily defined using the apnea hypopnea index 

(AHI), or the respiratory disturbance index (RDI), which quantifies the frequency of 

obstructive events per hour of sleep or recording time. However, according to the third 

edition of the International Classification of Sleep Disorders (ICSD) (20), the diagnosis of 

OSA requires either signs/symptoms or an associated medical or psychiatric disorder (e.g. 

hypertension, coronary artery disease, atrial fibrillation, congestive heart failure, stroke, 
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diabetes, cognitive dysfunction, or mood disorder) coupled with ≥5 apnea and/or hypopnea 

events per hour of sleep during PSG. Alternatively, AHI ≥15 events per hour satisfies the 

criteria for OSA in the absence of symptoms (20). In this review we predominantly focus on 

OSA prevalence defined on the basis of an AHI ≥15 events per hour using ICSD-3 criteria 

(20). However, given that respiratory signals and criteria for defining apneas and particularly 

hypopneas have evolved considerably over time, and that this may confound comparisons of 

OSA prevalence and severity between studies, caution is warranted in the interpretation of 

potential inter-ethnic differences reported.  

 

Definition of Ethnicity 

Ethnicity refers to a group of individuals sharing a common racial and/or cultural background 

(15, 21), and in medical research is typically applied to the investigation of ethnicity 

dependent disease distributions and for health service provision planning (15). Most ethnicity 

based research studies, including those selected for this review, rely on self-reported ethnicity 

or researcher based cultural assumptions at the time of study (22). We acknowledge that there 

are several complex challenges for defining ethnicity in epidemiological/medical research, 

and that the relative merits of any specific definition inevitably remain debatable. In the 

studies selected for this review, variability exists in how individual study participants rated 

their own cultural identity, as well as how researchers report and define different ethnic 

groups, especially for studies spanning a period of time when definitions of ethnicity may 

have changed. For instance, some studies reported Europeans as “White” or “Caucasian” (9-

11, 13, 14) while another study has used the term “Caucasian/White” (12). Variable 

terminology was also seen when defining Hispanics and Mexicans (8, 9, 11, 12) and African 

Americans (8, 10, 12, 13). As such, for the purpose of this review, we have chosen to use 

“European ancestry or Europeans” to uniformly describe the diverse nomenclature used in 
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other studies, including “Caucasians, Whites and European ancestry”. We have also selected 

“African American” to define “Black” or “African American” and “Hispanic/Mexican 

Americans” for “Mexican Americans and participants with a Hispanic background”. 

 

Ethnicity and the prevalence of OSA 

Our literature search yielded 1588 potentially relevant citations. Diagnostic criteria for OSA 

varied widely between studies with respect to definitions of apnea and hypopnea, types of 

diagnostic tools used and symptoms (e.g. snoring, witnessed apneas, daytime somnolence).  

Eight inter-ethnic studies met the selection criteria for inclusion in this review and are 

summarized in Table 1. Eight studies reported prevalence and severity data across OSA 

severity groupings, which, for consistency, allowed for OSA cut-off selection as close as 

possible to an AHI/RDI ≥ 15 events per hour using the criteria reported within each study. Of 

these studies, 4 included Asian populations (8-11), 6 African American populations (8-10, 

12-14), 5 Hispanic/Mexican American populations (8, 9, 11, 12, 14), and 1 Maori population 

(23). The reported prevalence of OSA varied widely between studies ranging from 1.5-57% 

in populations of European ancestry, 14-39.4% in Asians, 16.7-47% in African Americans, 

15.9-45.5% in Hispanic/Mexican Americans and 6.5% in Maoris (See Table 1).  

 

Comparison of OSA prevalence and severity between Europeans and Asians  

Of the 8 inter-ethnic population studies selected, 4 compared OSA prevalence between 

populations of European ancestry and Asian populations (see Table 1). One large study 

compared OSA prevalence in Japanese participants from the Circulatory Risk in 

Communities Study (CIRCS) with participants of European ancestry from the United States 

(US) based multi-ethnic study of atherosclerosis (MESA study) (11). Common methodology 

for quantifying OSA was used across the 2 cohorts using a single channel airflow monitor 
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allowing for OSA prevalence comparisons. The authors reported that the Japanese 

participants had significantly lower overall prevalence and severity of OSA, although these 

ethnic differences were attenuated when adjusted for BMI, which was considered the primary 

driver for ethnic differences. In contrast, a more recent publication from the MESA study, 

which included a larger sample of 734 Europeans and 241 Chinese, found higher OSA (AHI 

≥15 events per hour) prevalence in the Chinese population (39.4% Chinese vs 30.3% 

Europeans) (8), although this was only significant in Chinese men after stratifying by gender 

and adjusting for age, study site and BMI. In another large cohort study of 2911 older males 

(Osteoporotic Fractures in Men; MrOS Sleep study), Asian ethnicity was significantly 

associated with a greater risk of OSA (RDI ≥15; odds ratio 2.14 [95% CI: 1.33–3.45]) after 

adjusting for age and BMI (24). In a smaller study (10) that included 368 middle-aged female 

participants, women of European ancestry had a higher OSA prevalence of 19% compared 

with 14% in Chinese women (unadjusted for BMI or age). 

 

Taken together these studies suggest that BMI and gender are important contributors to the 

differences in OSA prevalence between Asian and European populations. The inconsistent 

findings between European vs Chinese and Japanese studies may be explained by: 1) possible 

differences in craniofacial characteristics between Chinese Americans and Japanese; 2) the 

unknown effects of environmental factors mediating OSA phenotypes e.g. the role of western 

diet and socio-cultural differences between groups including acculturation of Chinese 

Americans; and/or 3) other uncontrolled factors or methodological differences in cross-

sectional studies. 

 

Comparison of OSA prevalence and severity between Europeans and African Americans  
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Six of 8 inter-ethnic population-based studies from the US included participants of European 

ancestry and African American samples (see Table 1) (8-10, 12-14). Two early studies from 

the late 90s reported significant differences in the prevalence and severity of OSA between 

African Americans and Europeans (13, 14). The Cleveland Family Study reported 

significantly higher OSA prevalence and severity in African Americans compared with 

participants of European ancestry (prevalence, 47% vs 34%, mean ± SD RDI 23.8 ± 31.9 vs 

15.4 ± 24.2 events per hour). However, when controlling for obesity, gender, proband 

sampling and familial clustering, this finding was confined to participants under 25 years old 

(36% in African Americans vs 20% in Europeans, RDI 9.4±14.8 vs 3.6±5.1 events per hour), 

with young African Americans having a higher risk of OSA (odds ratio 1.88 [95%CI: 1.03 - 

3.52]) (13). Another early study by Kripke and colleagues (14) also reported significantly 

increased OSA prevalence and severity amongst African Americans (5.6% European vs 

16.7% African American), based on home oximetry derived ODI4 ≥20 events per hour as the 

definition for OSA. However, the sample of African Americans included only 12 participants 

vs 285 Europeans, limiting the generalizability of these findings to the wider population.  

Four more recent multi-ethnic studies found contrasting results to earlier studies, reporting 

that the prevalence of OSA in African Americans did not differ significantly to that found in 

Europeans (African American vs European, MrOS sleep study 42.7% vs 43.4%; MESA 

study: 32.4% vs 30.3%; study of Women’s Health [SWAN study]: 22% vs 19%; Sleep Heart 

Health study: 19% vs 17%) (8-10, 12). Similarly, the severity of OSA in Europeans and 

African Americans was comparable in studies reporting severity information (mean ± SD 

AHI, African Americans vs Europeans, MESA study 14.9±17.8 vs 13.3±15.5 events per 

hour; SWAN study: 10.6±14.6 vs 11.2±17 events per hour) (8, 10). Evidence from the 

majority of multi-ethnic studies, particularly the more recent, large cohorts and when 
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appropriate controls were applied, suggest that there are no significant differences in OSA 

prevalence or severity between African Americans and participants of European ancestry.  

 

Comparison of OSA prevalence and severity between Europeans and Hispanic/Mexican 

Americans  

5 studies compared the prevalence of OSA between Hispanic/Mexican Americans and 

Europeans (see Table 1) (8, 9, 11, 12, 14). The MESA 1 study reported that the overall 

prevalence of OSA was comparable between Europeans and Hispanic/Mexican Americans 

(33.3% vs 36.3% respectively) when OSA was defined as a RDI ≥15 events per hour (or AHI 

≥ 12.5) (11). A similar prevalence of OSA in both Hispanic/Mexican Americans and 

participants of European ancestry was also reported in the Sleep Heart Health study (17% in 

both groups) and MrOS Sleep study (45.5% vs 43.4%) using RDI ≥ 15 events per hour (9, 

12).  

 

In contrast, two multi-ethnic studies reported greater OSA prevalence in Hispanic/Mexican 

Americans compared with Europeans (MESA study 2: 38.2% vs 30.3%, and San Diego 

community sample 15.9% vs 5.6%) (8, 14). The MESA 2 study reported a greater prevalence 

of more severe OSA (AHI ≥ 30 events per hour) in Hispanic/Mexican Americans compared 

with Europeans (odds ratio 2.14 [95%CI: 1.40 - 3.28]) after adjusting for age, gender and 

study site (8). Taken together, inconsistent results across earlier and more recent multi-ethnic 

studies suggests that further research is needed,  including detailed questionnaires addressing 

the diverse nature of all ethnic ancestries including Hispanic/Mexican American and 

Europeans, as well as environmental factors such as country of residence, cultural practices 

and access to health care.  
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Comparison of OSA prevalence and severity between Europeans and Maoris  

There was only one inter-ethnic study comparing prevalence and risk factors for OSA in 

Europeans and Maoris from New Zealand (23). A higher prevalence of OSA was observed in 

the Maori compared to European population (6.5% Maori vs 1.5% European at RDI ≥ 15 

events per hour). The mechanism behind this finding appeared to be related to body habitus 

as there were no differences between the two ethnic groups after controlling for BMI and 

neck circumference. Given the dramatic rise in obesity rates, further research evaluating the 

prevalence of OSA in indigenous populations, including Maori and Australian Aboriginals, 

are needed and may assist in the planning and delivery of future health services. 

 

Ethnicity and symptoms of OSA  

Reporting of symptoms by patients with OSA may be affected by their level of education and 

cultural differences in the interpretation and perception of OSA and its impact on health. 

Furthermore, data collected from specialist clinics (i.e. clinical/non-community samples) may 

not be reflective of symptom differences between community ethnic groups, particularly 

when there may be variable levels of access to health care across countries. Thus, to assess 

the effect of ethnicity, we examined 2 of the most common symptoms, snoring and daytime 

somnolence, which were more consistently reported across the 8 community-based multi-

ethnic studies.  

 

Snoring 

Five of eight inter-ethnic studies assessed snoring (8, 11, 12, 14, 23), but only four compared 

the rates of snoring between ethnic groups. Yamagishi et al compared data from the earlier 
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MESA cohort (MESA 1 study) and found that the prevalence of snoring was similar between 

Japanese and Europeans after adjusting for BMI (11). A later follow-up report of the MESA 

cohort in 2015 (MESA 2), reported that habitual snoring was more prevalent among non-

Europeans (43% Chinese and 49% Hispanic/Mexican Americans) compared with Europeans 

(36%) (8). Furthermore, when adjusting for age, gender and recruitment site, only the Asian 

population showed a higher risk of frequent habitual snoring (i.e. snoring 3–7 nights/week) 

compared with Europeans (odds ratio 1.41 [95%CI 1.00 - 1.98]) (8).  

 

The Sleep Heart Health Study reported an increased prevalence of snoring in African 

Americans compared with Europeans (50% African Americans vs 32% Europeans), but this 

difference only persisted in women following adjustment for BMI [odds ratio 1.55 95%CI 

1.13-2.13) (12, 25). Compared with Europeans, snoring was more common among 

Hispanic/Mexican Americans (39% Hispanic/Mexican American vs 32% European). After 

adjusting for BMI the increased odds of snoring in Hispanic/Mexican Americans remained 

significant for both women and men [2.25 (1.48-3.42) in Hispanic/Mexican American women 

and 2.30 (1.43-3.69) in men] (12, 25). There were no differences in reported snoring between 

Europeans and Maori regardless of gender [1.33 (0.60–3.00) in men vs 3.63 (0.65-20.29) in 

women] (23). In combination, these findings support the presence of some ethnicity effects 

on snoring that may be modulated by gender, age and obesity.  

 

Daytime Somnolence 

Although five inter-ethnic studies examined daytime somnolence (8, 11, 12, 14, 23), 

statistical analysis and detailed data were available from only three (8, 12, 23). Excessive 

daytime somnolence was defined as an Epworth sleepiness score (ESS) >10 across all 
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studies. In the MESA 2 study, Chinese subjects reported increased somnolence compared 

with Europeans, but this did not persist after adjusting for age, gender and recruitment site 

(8). The Sleep Heart Health study reported that excessive daytime somnolence was 

significantly more common amongst African Americans (32%) compared with Europeans 

(24%) and Hispanic/Mexican Americans (24%) (12) however; this finding was not adjusted 

for age or gender. Similarly, in the MESA 2 study, African Americans reported increased 

daytime somnolence (19% African American vs 11% European) and this remained increased 

after adjustment for age, gender and recruitment site (odds ratio 1.89 African American vs 

European) (8). Daytime somnolence similarly affected Maoris and Europeans from New 

Zealand (odds ratio 0.67 [95%CI: 0.29–1.56] in men and 1.07 [95%CI: 0.43-2.7] in women) 

(23) however, this was based on only a single inter-ethnic study and thus these results cannot 

be generalized to other indigenous populations.  

In combination, these findings suggest that compared to Europeans, Chinese populations 

appear to have greater complaints of snoring, while African Americans and 

Hispanic/Mexican Americans exhibit more snoring and daytime somnolence. However, the 

current evidence is based on only 3 inter-ethnic studies, and both the Sleep Heart Health and 

MESA 2 studies were conducted within the same country and health care system. Further 

research designed to address socio-cultural effects on the reporting of OSA symptoms 

amongst different ethnic groups is needed.  

 

Role of obesity on ethnicity-specific differences in OSA prevalence  

Obesity appears to be the dominant factor explaining the observed differences in OSA 

prevalence and severity across ethnic populations. Obesity is a well-recognized, major public 

health problem and BMI continues to be the most widely used measure of obesity (26), 
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despite its limitations. The prevalence of obesity (27) and the pattern of adiposity vary 

between ethnic groups (26, 28) and this may be an important contributing factor to the 

observed differences in OSA prevalence and severity between ethnic populations. For 

example, evidence suggests that Asians and Hispanic/Mexican Americans may be more 

prone to developing central or visceral obesity (26, 29-31), which can increase tongue size 

and lower lung volume that may in turn increase the propensity for upper airway collapse 

during sleep (32-34). 

 

Increased overall weight or BMI are clearly strong determinants of OSA in prevalence 

studies, and all 8 of the multi-ethnic studies reviewed show similarly strong relationships 

between obesity and OSA regardless of ethnicity. However, it also appears that despite a 

lower average BMI in Asians compared with Europeans (mean BMI range: 23.3-24.6 Asian 

vs 27.2-29.6 European) (8, 9, 11, 12), the prevalence and/or severity of OSA are higher (9, 

11). In contrast, the majority of studies show no significant differences in BMI or other 

indices of obesity between European and African Americans or Hispanic/Mexican Americans 

(8, 9, 11, 12, 14). Together, these findings suggest there are important interactions between 

ethnicity, obesity and OSA across ethnic groups. However, very few studies have specifically 

examined differences in fat distribution and body composition between ethnic populations 

and how these may influence OSA prevalence and severity, so further studies in this area 

appear to be warranted. 

 

Role of craniofacial characteristics on ethnicity-specific differences in OSA prevalence  

Craniofacial morphology is being increasingly recognized as an important phenotypic factor 

in the pathogenesis of OSA. Craniofacial anatomic features that are considered to be 
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associated with OSA include skeletal structures (mandible, maxilla, cranial base, hyoid, face 

and head position) and soft tissues (tongue, soft palate, parapharyngeal fat pads, lateral 

pharyngeal walls, upper airway) (29, 35). The main features that are believed to predispose 

an individual to OSA include a small posterior airway space, a long pharynx and elongated, 

thicker soft palate, a longer and large tongue, a low position of the hyoid bone, increased 

anterior lower facial height, neck flexion, decreased sagittal dimension of the cranial base and 

reduced anterior-posterior size of the bony pharynx (13, 15, 29, 36).  

 

Due to wide variation in craniofacial measurement methods, it is difficult to compare findings 

across studies; a similar problem to that encountered when attempting to make inter-ethnic 

comparisons of OSA prevalence. Consequently, we have adopted a similar approach and 

included only multi-ethnic studies that used the same cephalometric methods to make inter-

ethnic comparisons (see Table 2). Our literature search found 10 eligible studies that assessed 

craniofacial characteristics in clinical OSA samples across multiple ethnic populations (13, 

27, 36-43), providing mechanistic insights into the potential influence of craniofacial 

phenotypes on OSA across ethnic groups. Seven of the reviewed studies utilized lateral 

cephalometry, 2 measured craniofacial dimensions manually and 1 used upper-airway CT 

(see Table 2). All studies measured craniofacial characteristics while the participants were 

awake.  

 

From the 6 craniofacial profile studies, Asian ethnicity was consistently associated with 

greater craniofacial bony restriction compared with European OSA patients (27, 37-39, 41, 

43). Ethnicity-dependent structural anatomical differences were also consistently observed in 

different sections of the craniofacial profile. For instance, one study of 50 European and 50 
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Far-East Asian (Chinese, Japanese and Korean) OSA patients living in the US found that 

Asian OSA patients had a shorter cranial base, cranial base restriction and longer mandibular 

plane hyoid bone distance (MPH) compared with European OSA patients after adjusting for 

age, gender (males only) and BMI (27). Similar findings were also seen in two other studies 

involving 74 European (Australia) vs 76 Chinese (Hong Kong) and 43 European (Canada) vs 

30 Chinese (China) patients (37, 43). Another study compared  European OSA patients and 

Brazil based Japanese using upper airway CT scans during quiet tidal breathing in the supine 

posture (38).Consistent with other literature, this showed that Japanese OSA patients 

exhibited smaller upper airway bony dimensions (cranial base, maxillary and mandibular 

length) than European OSA patients (38). In contrast, European OSA patients were reported 

to have larger upper airway soft tissues (tongue length and volume) than Japanese patients, 

and disproportionately larger tongue volumes for the size of bony structures such as the 

mandible (38). Another inter-ethnic study using a measuring tape to examine the craniofacial 

profile of 167 Asians (Hong Kong) and 75 Europeans (Canada) reported that the more severe 

OSA observed in Asians patients was likely due to a more crowded posterior oropharynx 

(higher Mallampati score), cranial base restriction (smaller thyromental distance), and 

accumulation of adipose tissue in the submental region (larger thyromental angle) (39). Given 

the strong relationship between obesity and OSA, the global trend towards increasing obesity 

rates, and the finding of craniofacial bony restriction seen in Asian OSA patients, it is likely 

that Asians will carry a significantly higher risk of developing OSA, and with greater disease 

severity compared with Europeans.  

 

Redline et al (13) used cephalometric X-rays to compare craniofacial features of 40 

Europeans and 21 African American adult subjects from the Cleveland Family study. The 

authors reported that European OSA patients had brachycephaly, a head form resulting in 
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shorter anterior-posterior dimensions of the cranial base, reduced middle cranial fossa and 

intermaxillary length and increased MPH; all of which were speculated to result in smaller 

airway dimensions. In contrast, African American OSA patients had a larger tongue, longer 

soft palate length and increased inter-maxillary length, which was speculated to be due to 

compensatory bone growth in response to a crowded airway from tonsillar hypertrophy (13). 

In a sub-study of the Cleveland Family study, Cakirer et al (36) compared craniofacial 

structures in European and African Americans using anthropometric spreading calipers. 

Analysis was restricted to participants >25 years of age with BMI ≤32 kg/m2 in an attempt to 

minimize the effects on craniofacial measures due to differences in growth and obesity (36). 

After adjusting for age, sex, BMI and neck circumference, Cakirer et al found that European 

OSA patients had a tendency toward brachycephaly, while African-Americans with OSA had 

a tendency to leptoprosopic facial types (i.e., a longer facial height and decreased facial 

width) (36), and concluded that soft tissue structures (e.g. tongue volume and length, and 

parapharyngeal fat pads) might predispose African Americans to OSA (36). Another multi-

ethnic study reached a similar conclusion based on their findings that, compared with 

Europeans, African American OSA patients had bi-maxillary prognathism with reduced 

MPH, while Hispanic/Mexican American OSA patients predominantly exhibited bimaxillary 

retroposition, which results in narrowing of upper airway (42). These findings suggest that 

genetic effects on craniofacial characteristics, such as enlarged soft tissue structures (tongue 

and parapharyngeal fat pads), may predispose African Americans to OSA. 

 

Cephalometric analysis between Europeans and Polynesians from New Zealand suggested 

that small reductions in mandibular prognathism and a wider bony nasal aperture were major 

factors associated with OSA in Polynesians, while OSA in Europeans was associated with a 

larger neck circumference and a reduced retropalatal airway size (37).  
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Cephalometric studies comparing European and Chinese OSA patients appear to consistently 

demonstrate more cranial base restriction and smaller dimensions of the maxilla and 

mandible in Asian patients (Chinese and Japanese) at the same level of obesity. However, 

with the exception of one study that used upper airway CT (38), these studies have been 

restricted to lateral cephalometric or external caliper measurements. Such measurements 

provide 2-dimensional data only and not 3-dimensional information necessary to determine 

the impact of these differences in cephalometric dimensions on upper airway size. 

Furthermore, most of these findings come from clinical samples subject to referral biases, 

which can vary significantly between ethnic groups (44, 45). For example, in the MESA 1 

study, despite significant sleep-related symptoms, Chinese and Hispanic/Mexican Americans 

showed a higher prevalence of undiagnosed OSA than did Europeans consistent with an 

ethnicity dependent referral bias (8).  

 

Amongst the craniofacial characteristics providing a substrate for OSA, cranial base bony 

restriction, a small mandible and maxilla and longer MPH are commonly seen in Chinese and 

Japanese, while both bony and soft tissue characteristics are important in OSA patients of 

European descent. The craniofacial characteristics that predisposed to OSA in African 

Americans are bimaxillary prognathism, reduced MPH and enlarged soft tissue structures 

such as tongue volume and parapharyngeal fat pads. Despite limited literature, the anatomical 

pathogenesis of OSA in Hispanic/Mexican American patients appears to be related to 

bimaxillary retroposition resulting in upper airway narrowing. It remains to be determined 

whether ethnicity-dependent craniofacial features predispose to OSA in the broader ethnic 

communities, to what extent, and how they impact on the anatomical size and function of the 

upper airway (e.g. intraluminal and extra-luminal changes during sleep). 
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Non-anatomical OSA phenotypes 

Although upper airway anatomy is clearly an important factor contributing to upper airway 

collapse in OSA, non-anatomical factors such as compensatory upper airway muscle 

responsiveness, arousal threshold, and respiratory control stability (or loop gain) may also 

play a role. It is possible that the relative contributions of these OSA phenotypes may differ 

between ethnic groups, thereby contributing to the differences in the prevalence and severity 

of OSA observed between ethnic groups. However, there are few studies on this subject and 

as such there is a need to systematically examine the contribution of respiratory phenotypes 

on OSA prevalence and severity across ethnic groups. 

 

CONCLUSION 

The current evidence from a growing number of inter-ethnic population studies suggests that 

OSA is more prevalent and severe amongst Chinese populations compared with those of 

European ancestry. Obesity appears to be the strongest contributing risk factor for OSA in all 

ethnic groups studied thus far, although in Chinese and Japanese populations OSA occurs at a 

significantly lower BMI. This may reflect a stronger influence of craniofacial restriction on 

upper airway size in Asians, although comparative studies of the head and upper airway using 

three-dimensional CT or MRI studies will be needed to confirm this. Ethnic differences in 

adipose tissue distributions may also play a role, and warrants further study. There is strong 

evidence that OSA prevalence and severity are comparable between African Americans and 

Europeans, but the available literature on OSA prevalence and severity in Hispanic/Mexican 

American populations compared with Europeans remains inconclusive. Asian and 

Hispanic/Mexican American populations appear to report greater rates of snoring compared 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

21 

 

with Europeans, while African Americans with OSA appear to have greater complaints of 

excessive sleepiness. Despite growing prevalence data on OSA in non-European populations, 

previous studies have focused predominantly on ethnic groups within high income countries 

and there remains a significant knowledge gap in the literature regarding the prevalence of 

OSA in non-Europeans from less developed regions.  

 

 Practice points 

1. There is strong evidence suggesting an increased prevalence and severity of OSA 

among Asian populations compared with those of European ancestry. 

2. Obesity is the most common and well-recognized risk factor for OSA regardless 

of ethnicity. Despite a lower BMI in Asian community samples, strong 

associations with OSA severity at a lower BMI remain.  

3. Ethnicity-specific craniofacial characteristics, which predispose to the 

development of OSA, are observed. For instance, Asian OSA patients are 

affected via cranial skeletal restriction while soft tissue structures predispose to 

OSA in African Americans and Europeans, with OSA appearing to involve both 

skeletal and soft tissue structures. However, the extent of the ethnicity-specific 

craniofacial structures in OSA pathogenesis is yet to be fully understood.  

 

Research agenda 

• The majority of current literature predominantly re presents high-income, 

developed countries with European heritage, indicating a large gap in the 

literature for other population groups. As such there is a need for more 

population-based inter-ethnic studies across a broader range of ethnic minorities 

to increase our understanding of the effect of ethnicity on prevalence and 
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severity of OSA.   

• Future studies should investigate the effects of differences in anthropometric 

measurements and body fat distribution on OSA severity and prevalence in 

different ethnic groups.  

• Inter-ethnic studies incorporating both anatomical (obesity, fat distribution and 

craniofacial morphology) and physiological assessments of OSA are needed, 

particularly in Asian ethnic groups, given more severe OSA at the same degree 

of obesity. More comprehensive anatomical and respiratory phenotyping 

measures will be important to identify any ethnicity-dependent differences that 

may influence the prevalence and severity of OSA and, potentially, therapeutic 

responses to OSA treatments such as weight loss, dental splints and surgery.  

• Collection of detailed information on ethnicity and ancestry, including an 

individual’s birthplace, language and parental place of birth to provide data on 

the ethnic background of first and second generation individuals, would assist in 

phenotyping individuals into appropriate ethnic and cultural groups. More 

detailed identification of the needs of specific ethnic groups will further enhance 

the planning and effective delivery of health services within the community. 

• Future studies should consider genotyping of ancestry-informative markers to 

augment  self-reported ethnicity and cultural background to more precisely 

assess the influence of these factors on OSA prevalence, severity, and 

symptoms(46) 
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Table 1: Prevalence and severity of OSA from inter-ethnic population studies  

Study N with sleep data, Ethnicity, 

% males  

BMI (kg/m 2 

mean) 

mean±SD 

Age (yrs) 

range or 

mean±SD  

Type of 

sleep 

study 

Apnea/Hypopnea Scoring 

Criteria,  

OSA definition † 

OSA Severity and 

Prevalence Findings, 

AHI/RDI (OSA %)  

1. Chen et al 2015 

(8) 

(MESA study 2)# 

 

734 European, 46%  

572 African American, 44%  

487 Hispanic/Mexican 

American, 47%  

241 Chinese, 50%  

28.1±5.4  

30.3±5.6  

30.1±5.5  

24.2±3.3 

54-93 Home PSG Apnea= ↓airflow < 75% for 

≥10s. Hypopnea = ↓airflow 

>30% +↓SpO2 ≥4% ≥10s.  

OSA = AHI ≥15  

Mean AHI 13.3 (30.3%) 

Mean AHI 14.9 (32.4%) 

Mean AHI 16.6 (38.2%) 

Mean AHI 16 (39.4%)§ 

2. Song et al 2011 

(9) 

 (MrOS Sleep 

study) 

 

2598 European, 100%  

96 African American, 100%  

82 Asian, 100%  

55 Hispanic/Mexican 

American, 100%  

31Other, 100%  

 

27.2±3.7 

27.9±4.7 

24.6±3.1 

27.2±3.9  

27.4±4.2 

 

67-96 

 

Home PSG  Apnea= ↓airflow < 75% for 

≥10s. Hypopnea = ↓airflow 

>30% +↓SpO2 ≥3% ≥10s. 

OSA = RDI ≥15 

43.4% 

42.7% 

42.7%  

45.5% 

51.6% 

*Mean AHI/RDI not reported 

3. Baldwin et al 

2010 (Sleep Heart 

Health Study) (12) 

4482 European, 48%  

490 African American, 41%  

265 Hispanic/Mexican 

28.0±5  

29.2±6  

29.2±5.5 

63.5±11.3 

 

Home PSG Apnea= ↓airflow < 75% for 

≥10s. Hypopnea = ↓airflow 

>30% +↓SpO2 ≥4% ≥10s.  

17% 

19% 

17% 
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 American, 45%  OSA= RDI ≥ 15. *Mean AHI/RDI not reported 

4. Yamagishi et al 

2010 (11) 

(MESA study 1)## 

211 Hispanic/Mexican 

American, 48%  

246 European, 44%  

978 Japanese, 46%  

31.5 

29.0  

23.5  

50-74 Single-

channel 

airflow 

monitor 

Apneas/Hypopneas scored 

via device algorithm  

OSA= RDI ≥15  

* Airflow not measured 

Median RDI=10.4 (36.5%) 

Median RDI=11.2(33.3%)  

Median RDI=7.1(18.4%)  

5. Hall et al 2009 

(SWAN study) 

 (10) 

 

171 European, 0% 

138 African American, 0%  

59 Chinese, 0% 

29.6±7.2  

33.3±7.7  

23.3±7.8  

50.7±2.0 

 

Home PSG Apnea= ↓airflow < 90% for 

≥10s. Hypopnea = ↓airflow 

>50% +↓SpO2 ≥3% and/or 

an arousal. 

OSA= AHI ≥ 15  

11.2 (19%) 

10.6 (22%) 

8 (14%)¶ 

6. Mihaere et al 

2009 (23) 

195 European  

169 Maoris 

NA 30 - 59  MESAM 

IV ** 

 

OSA= RDI ≥ 15 

* Airflow not measured 

1.5% 

6.5% 

*Mean AHI/RDI not reported 

7. Kripke et al 

1997 (14) 

Community 

sample 

285 European  

44 Hispanic/Mexican 

American  

12 African American  

14 others  

45% males 

Male 

BMI=27 

Female 

BMI=26 

40 - 64 Oximetry ODI ≥ 4 SpO2 

OSA = ODI4 ≥ 20 

* Airflow not measured 

5.6% 

15.9% 

16.7% 

21.5% 
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8. Redline et al 

1997 

(Cleveland Family 

Study) (13) 

Community 

sample  

622 European, 49% (Total) 

167 European (Index) 

 

225 African American, 

53%(Total) 

79 African American (Index)  

32.7±8.3 

(Index)  

 

32.2±9.8 

(Index)  

2 - 86  Home PSG Apnea= No airflow for ≥10s. 

Hypopnea= ↓airflow 

+↓SpO2 ≥2.5% 

OSA=RDI ≥ 5 (subjects <25 

yrs) 

OSA= RDI ≥ 10 (subjects 

26-55 yrs) 

 RDI ≥15 (subjects >55 yrs)  

<25 yrs - 3.6 (20%) 

26-55 yrs -15.4 (34%),  

>55 yrs - 25.9 (57%) 

<25 yrs - 9.4 (36%) 

26-55 yrs - 23.8 (47%),  

>55 yrs- 17.2 (46%)§§ 

 

† - OSA was defined as Apnea/Hypopnea Index (AHI) or Respiratory Disturbance Index (RDI) across studies. The normal cut-off for OSA 

differed across studies, but all reported prevalence and severity data across OSA severity groupings, which allowed anchoring of OSA cut-off to 

AHI/RDI ≥ 15 events/hour for consistency.     

**  MESAM IV - ambulatory monitoring device records snoring, saturation, heart rate and body position 

# - Multi-Ethnic Study of Atherosclerosis (MESA) is a multisite study primarily to investigate the prevalence and progression of subclinical 

CVD and to identify risk factors for incident CVD. MESA study 2 invited all participants who were not on treatment for OSA during 5th MESA 

follow-up exam (2010–2013). 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 

 

## - MESA study 1 recruited the Hispanic/Mexican American or European during the 4th MESA follow-up exam (2005–2007) and Japanese 

cohort from five communities in Japan 

¶ - OSA prevalence of different ethnic groups was estimated from bar graph of the published data.  

§ - OSA prevalence was reported on the participants (734 Europeans, 572 African Americans, 487 Hispanic/Mexican Americans and 241 

Chinese) without pre-existing OSA diagnosis.  

§§ - OSA prevalence was derived from the index probands. Cleveland Family Study cohort included index probands with laboratory confirmed 

OSA and controls randomly selected from the list of people provided by index probands’ neighbors and or friends.   

SWAN study- the Study of Women’s Health across the Nation 
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Table 2: Summary of craniofacial characteristics from inter-ethnic studies  

Study N, Ethnicity  Age (year) BMI (mean±SD) Test AHI  Findings 

 

1. Schorr et al 

2016 (38) 

39 Japanese-Brazilian 

39 European -  

47±12.8 28.8± 3.9  

29.6± 4.2  

Upper airway CT, 

PSG 

36.7± 27.5  

36.6± 28.3  

Japanese-Brazilians had smaller cranial base, 

maxillary length and mandibular length. Europeans 

had larger tongue length and volume for given bony 

structures compared with Japanese. 

2. Lee et al 

2010 (37) 

74 European 

76 Chinese 

48.5± 11 

49.5 ± 11 

30.8±5.7 

29.7 ±5.2  

Cephalometry, PSG 25.2±16.3  

35.3 ±26.1 

At the same BMI, Chinese exhibited more cranial base 

restriction, smaller posterior airway space and shorter 

tongue length as well as height. 

3. Lam et al 

2005 (39) 

75 European  

164 Asian 

47± 14   

49± 11 

 

30± 7 

29± 4  

 

Clinical measurements 

of thyromental 

distance and angle, 

mallampati score, neck 

circumference and 

PSG 

22± 19  

30± 24  

 

Asians had more severe OSA and likely due to 

crowded posterior oropharynx (higher Mallampati 

score) and cranial base restriction (smaller 

thyromental distance), and accumulation of adipose 

tissue in the submental region (larger thyromental 

angle) 

4. Cakirer et 

al 2001 (36)# 

364 European 

165 African American 

47.9± 14.7  

42.8± 13.6  

26.2 ±3.4 

26.9 ±3.6  

Cranial and facial 

dimensions-measured 

by anthropometric 

spreading calipers, 

10.8± 15.9  

13.4± 19 

Europeans had increased tendency to have 

brachycephaly, i.e., reduced anterior- posterior cranial 

dimensions 
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Portable sleep monitor African-Americans had a greater tendency to 

leptoprosopic facial types, i.e., long facial height and 

decreased facial width. 

5. Coltman et 

al 2000 (40) 

56 European  

49 Polynesian  

 

Adults NA Cephalometry, PSG NA Small reductions in mandibular prognathism and a 

wider bony nasal aperture were major factors 

associated with OSA in Polynesians. OSA was 

associated with a larger neck circumference and a 

reduced retropalatal airway size in Europeans. 

6. Li et al 2000 

(27) 

50 European  

50 Far-East Asian 

(Chinese, Japanese, 

Korean) 

44.2± 10.2  

43.6±9.9 

 

26.8± 3.6  

26.7± 3.8  

 

Cephalometry, PSG RDI: 54.8±31.4 

55.1±35.1 

 

Far-East Asians had significantly decreased cranial 

base dimensions. 

7. Liu et al 

2000 (43) 

43 European 

30 Chinese 

52±9 

55.6±7.9 

27.4±2.5 

27±2.5 

Cephalometry, PSG RDI: 37.5±21.3 

44.2±20.1 

Compared to Europeans, Chinese OSA patients had 

significantly smaller maxillae and mandibles, more 

severe mandibular retrognathism, proclined lower 

incisors, increased total and upper facial heights, and 

steeper and shorter anterior cranial bases when 

adjusted for BMI, age and gender. 

8. Redline et al 40 European  48±13  NA Cephalometry, PSG RDI>10 Europeans recorded brachycephalic head form. 

African Americans had larger tongue areas and soft 
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1997 (13)* 

Cleveland 

Family Study 

21 African American  41±12 palate length 

9. Will et al 

1995 (42) 

20 European  

13 Hispanic/Mexican 

American  

15 African American 

NA NA Cephalometry, PSG  The African Americans had bimaxillary prognathism 

to the maxillary and mandibular positions seen in the 

Hispanic/Mexican Americans and Europeans. The 

Hispanic/Mexican American displayed bimaxillary 

retropostion. 

10. Wong et al 

2005 (41) 

6 Malay§ 

6 Chinese§ 

5 Indian§ 

39.8±7.9 

45.9±8.9 

52.4±12.1 

31.8±5.8 

29.4±5.7 

27.1±1.9 

Cephalometry, PSG AHI>20 Malay subjects with OSA demonstrated short 

maxillary and mandibular lengthen. 

Chinese group showed caudally located hyoid bone. 

Chinese facial morphology was less prognathic than 

that of Malays. 

No specific craniofacial morphology identified in 

Indians. 

# A sub-study of Cleveland Family study included subjects who were participants in the Cleveland Family Study and restricted to all participants 

who were > 25 years of age with BMI ≤32 kg/m2. 

*Cephalometric X-rays were performed in those aged >18.  

§ Subjects with moderate to severe obstructive sleep apnea were presented.  
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