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Study Objectives: Obstructive sleep apnea (OSA) is a global health issue and is associated with obesity and oropharyngeal crowding. Global data are 
limited on the effect of ethnicity and sex on these relationships. We compare associations between the apnea-hypopnea index (AHI) and these risk factors 
across ethnicities and sexes within sleep clinics.
Methods: This is a cross-sectional, multicenter study of patients with OSA from eight sleep centers representing the Sleep Apnea Global Interdisciplinary 
Consortium (SAGIC). Four distinct ethnic groups were analyzed, using a structured questionnaire: Caucasians (Australia, Iceland, Germany, United States), 
African Americans (United States), Asians (Taiwan), and South Americans (Brazil). Regression analyses and interaction tests were used to assess ethnic and sex 
differences in relationships between AHI and anthropometric measures (body mass index [BMI], neck circumference, waist circumference) or Mallampati score.
Results: Analyses included 1,585 individuals from four ethnic groups: Caucasian (60.6%), African American (17.5%), Asian (13.1%), and South American 
(8.9%). BMI was most strongly associated with AHI in South Americans (7.8% increase in AHI per 1 kg/m2 increase in BMI; P < .0001) and most weakly in 
African Americans (1.9% increase in AHI per 1 kg/m2 increase in BMI; P = .002). In Caucasians and South Americans, associations were stronger in males 
than females. Mallampati score differed between ethnicities but did not influence AHI differently across groups.
Conclusions: We demonstrate ethnic and sex variations in associations between obesity and OSA. For similar BMI increases, South American patients show 
greatest AHI increases compared to African Americans. Findings highlight the importance of considering ethnicity and sex in clinical assessments of OSA risk.
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INTRODUCTION

Obstructive sleep apnea (OSA) is a chronic sleep disorder in 
which repetitive pharyngeal collapse leads to intermittent hy-
poxemia, sleep fragmentation, sympathetic activation, and in-
trathoracic pressure swings. OSA is associated with significant 
comorbidity, including excessive daytime sleepiness, impaired 
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quality of life,1 increased motor vehicle accident risk,2 hyper-
tension,3,4 cardiovascular disease, stroke,5 type 2 diabetes,6 
and mortality.7 The substantial global health burden associ-
ated with OSA highlights the importance of accurate diag-
nosis and treatment. General population studies suggest high 
OSA prevalence across the globe, with estimates of 9% to 38% 
in adults.8 OSA prevalence is similar across different global 

BRIEF SUMMARY
Current Knowledge/Study Rationale: Obstructive sleep apnea (OSA) is a global problem, but little is known about the influence of ethnicity and sex 
on OSA in clinical populations. This study uses global sleep clinical populations to examine differences in associations between OSA severity and 
clinical anatomic risk factors.
Study Impact: In clinical populations, we found South Americans and Asians are most susceptible to effects of obesity on OSA severity, whereas 
African Americans are least affected. Men are more susceptible than women to obesity effects in Caucasian and South American clinical populations. 
Relationships between Mallampati score and OSA severity or obesity were similar among ethnic groups. Our study highlights the importance of 
ethnicity and sex in OSA clinical presentations, and the need for personalized strategies for OSA management.
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regions, including Asia, Latin America, North America, Ocea-
nia, and Europe.9–12

Obesity is a well-recognized clinical risk factor for OSA 
and is a strong predictor of its presence across different popu-
lations.11–13 The Mallampati score, a four-point grading sys-
tem of the visibility of oropharyngeal structures behind the 
tongue, is also proposed as a simple clinical assessment of 
OSA risk.14 Although clinical anatomic risk factors are com-
mon to different OSA populations, their relative effect on OSA 
severity may vary with ethnicity due to differences in disease 
pathogenesis. Craniofacial skeletal dimensions interact with 
upper airway soft-tissue sizes to contribute to OSA.15 Com-
pared to Caucasians with OSA, Chinese patients with OSA 
have more craniofacial restriction and less obesity.16 This 
craniofacial restriction may make Chinese patients more sus-
ceptible to the effects of obesity. Conversely, when compared 
to African Americans, Caucasian patients with apnea show 
evidence of craniofacial skeletal restriction, whereas Afri-
can-American patients with apnea do not. This could result 
in African Americans being less vulnerable to effects of oro-
pharyngeal obesity.17,18 Asians have a higher Mallampati score 
compared to Caucasians in clinical populations.19 High Mal-
lampati score may be related to central adiposity,20 but could 
also reflect oropharyngeal crowding as a result of craniofacial 
restriction. This relationship may vary between ethnicities; 
hence, Mallampati score could relate to different aspects of 
OSA pathogenesis in different populations.

Clinical anatomic risk factors may also differentially re-
flect OSA severity between sexes. OSA tends to be more 
severe in men than women for the same body mass index 
(BMI)21,22 and differences in relationships between regional 
body fat distributions and OSA have been reported.23,24 In 
United States samples, the relationship between anthropo-
metric measures of obesity and OSA severity appear stronger 
in men compared to women.25,26 Mallampati score has also 
been associated with OSA severity in men, but not women.20 
Thus, both ethnicity and sex likely influence the relation-
ship between clinical anatomic risk factors and severity of 
OSA. However, there are limited direct multiethnic studies 
with consideration of sex differences. Understanding the rela-
tionship between OSA and anatomic risk factors in different 
ethnicities and within sexes may improve the clinical assess-
ment and management of individual patients who present to 
the sleep clinic.

We aimed to compare associations of clinical anatomic 
risk factors (anthropometry for overall and regional obesity 
and Mallampati score) with OSA severity among different 
clinical sleep populations across the globe, as well as be-
tween sexes. We hypothesized that the strength of associa-
tion between OSA severity and clinical anatomic risk factors 
will vary between the different ethnic groups, and with sex. 
Specifically, we hypothesized that Mallampati score and 
obesity measures would have a greater influence on OSA se-
verity in Asian patients with OSA, given the known role of 
craniofacial restriction in OSA in this population. Finally, 
we hypothesized that the relationship between clinical ana-
tomic risk factors and OSA severity will be stronger in men 
compared to women.

MATERI ALS

Study Sample
This is a cross-sectional, clinical, multicenter study of the Sleep 
Apnea Global Interdisciplinary Consortium (SAGIC). SAGIC 
is a collaborative effort of international sleep centers actively 
recruiting to establish a well-phenotyped multinational cohort 
for investigation of ethnic differences in OSA. Further informa-
tion on SAGIC can be found in the supplemental material and 
at the SAGIC webpage (www.med.upenn.edu/sleepctr/sagic.
html). The current study included individuals with OSA (ap-
nea-hypopnea index [AHI] > 5 events/h) recruited from eight 
clinical sleep centers participating in SAGIC. Anthropometry 
was conducted using standardized protocols for height, weight, 
and neck, waist, and hip circumferences (details of methodol-
ogy are available in the supplemental material). Modified Mal-
lampati score was collected and graded using a photographic 
method.27 AHI was obtained from overnight sleep studies (the 
definition of events and information about how sleep studies 
were conducted are available in the supplemental material). 
Scoring concordance studies between eight SAGIC centers has 
previously confirmed strong agreement in scoring of respira-
tory events on both in-laboratory28 and home29 sleep studies. 
Data collection was approved by the local Institutional Review 
Boards at each participating institution.

SAGIC allows comparison of sleep clinic patients from 
different countries, thereby providing differences in genetic, 
cultural, and environmental aspects of ethnicity. Ethnicity en-
compasses a broad range of factors, including genetic and racial 
background, physical appearance, culture or nationality, and 
environment, and therefore can be difficult to define.30,31 In the 
current study, ethnicity was recorded by a self-report question-
naire (supplemental material), which asked for participants to 
select their ethnicity based on a mixture of culture, religion, 
skin color, and language. To limit interference of regional differ-
ences in analyses of ethnic differences, we restricted inclusion 
of individuals in four ethnic groups to those who were recruited 
from specific SAGIC sites: Caucasians recruited from Austra-
lia, Germany, Iceland, United States (97.3% of all participants 
reporting “Caucasian”), Asians recruited from Taiwan (84.5% 
of all participants reporting “Asian”), African Americans re-
cruited from United States (98.6% of all participants reporting 
African ancestry), and South Americans recruited from Bra-
zil (95.3% of all individuals reporting Central/South American 
ancestry). We further examined differences in the Caucasian 
sample by country to assess for cultural or geographical effects.

Statistical Analysis
Continuous variables were summarized using mean and stan-
dard deviation and compared among groups using analysis of 
variance or using median and interquartile range and com-
pared using nonparametric Kruskal-Wallis tests. Categorical 
variables were summarized using frequencies and percentages 
and compared among groups using chi-square tests. Subse-
quent pairwise comparisons were performed to define between 
group differences. We examined the association between clini-
cal anatomic risk factors and natural log-transformed AHI 
both within and across ethnic groups using linear regression. D
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Results are presented with respect to the original AHI scale as 
exponentiated β-coefficients (eβ), equal to the expected propor-
tional change in AHI per 1 unit increase in a given anthropo-
metric measure (or scaled per 0.1 units for ratios). To test for 
differential associations across ethnic groups, we performed 
interaction tests within the full sample. Interaction tests exam-
ined the significance of the product term (ethnicity × clinical 
anatomic risk factor) in a regression model that also included 
the corresponding main effects (ethnicity, clinical anatomic 
risk factor). A significant interaction suggests the association 
between the given clinical anatomic risk factor and AHI dif-
fers by ethnicity. Adjustment for age and sex were made in all 
analyses, as appropriate. In addition to analyses with AHI as 
an outcome, we assess the association between anthropometric 
measures and Mallampati score using ordinal logistic regres-
sion models, using similar methods.

To understand the effect of sex on associations between AHI 
and clinical risk factors, we performed additional interaction 
tests using models similar to those previously described. Spe-
cifically, within each ethnic group, we examined the pairwise 
interaction between sex and clinical risk factors by evaluating 
the product term (sex × clinical risk factor) in a model including 
main effects. In addition, to evaluate whether these sex-specific 
effects differed across ethnic groups, we assessed the three-way 
interaction between ethnicity, sex, and the clinical risk factors 
in a model including all main effects and pairwise interactions. 
For context, associations between clinical risk factors and AHI 
are presented stratified by sex within each ethnic group.

Statistical significance was based on a Bonferroni-corrected 
P < .006, adjusted for eight variables; Mallampati score and 

anthropometric obesity measures (BMI, weight, waist cir-
cumference, neck circumference, hip circumference, neck-
to-waist ratio and waist-to-hip ratio). Statistical analyses were 
performed using Stata/SE Version 14.1 (StataCorp LP, College 
Station, Texas, United States) and SAS Version 9.4 (SAS Insti-
tute Inc., Cary, North Carolina, United States).

RESULTS

Sample Characteristics of the Four Ethnic Groups
A total of 1,585 patients with OSA belonging to one of four eth-
nicity groups (Caucasian [60.6%], African American [17.5%], 
Asian [13.1%], and South American [8.9%]) with available age, 
sex, and BMI data were included. Descriptive characteristics 
of these four groups are shown in Table 1. The Asian group 
was youngest, predominantly male, with the lowest obesity 
measures, but presented with highest AHI, oxygen desatura-
tion index, and lowest nadir oxygen saturation. Caucasians 
were generally older than other ethnic groups and African 
Americans had the highest BMI and greatest proportion of fe-
males. There was a significant difference in the distribution 
of the Mallampati score between ethnic groups, with South 
Americans demonstrating predominantly class III or IV.

Relationship Between Anthropometry and AHI Among 
Ethnic Groups
The associations between anthropometry measures of BMI, 
neck circumference, waist circumference, and AHI across eth-
nic groups are shown in Figure 1. Detailed information and 

Table 1—Descriptive characteristics of the four ethnic groups recruited through the Sleep Apnea Global Interdisciplinary 
Consortium.
Measure Caucasian (C) African-American (AA) Asian (AS)  South American (SA) P † Pairwise Comparisons ‡

n Estimate n Estimate n Estimate n Estimate C vs. AA C vs. AS C vs. SA AA vs. AS AA vs. SA AS vs. SA
Demographics
Age (years) 960 55.2 ± 12.3 277 48.3 ± 13.4 207 46.1 ± 11.2 141 48.1 ± 12.2  < .0001 * * *
Male (%) 960 63.1 277 40.4 207 75.8 141 69.5  < .0001 * * * *
Anthropometry
BMI (kg/m2) 960 34.3 ± 8.0 277 39.8 ± 9.4 207 28.0 ± 5.1 141 30.6 ± 5.4  < .0001 * * * * * *
Height (m) 960 1.73 ± 0.10 277 1.70 ± 0.11 207 1.67 ± 0.08 141 1.70 ± 0.10  < .0001 * * * * *
Weight (kg) 960 103.0 ± 24.8 277 115.1 ± 28.3 207 78.1 ± 15.5 141 89.0 ± 19.5  < .0001 * * * * * *
Neck circ. (cm) 886 41.3 ± 4.2 244 41.7 ± 4.9 206 39.1 ± 4.0 137 41.8 ± 4.1  < .0001 * * *
Waist circ. (cm) 889 113.2 ± 17.2 192 121.8 ± 17.5 185 97.3 ± 12.0 137 106.7 ± 13.1  < .0001 * * * * * *
Hip circ. (cm) 837 115.8 ± 15.2 61 124.0 ± 16.5 185 104.6 ± 8.8 136 110.8 ± 9.4  < .0001 * * * * * *
Neck to waist ratio 883 0.369 ± 0.039 192 0.349 ± 0.042 185 0.404 ± 0.036 137 0.394 ± 0.034  < .0001 * * * * *
Waist to hip ratio 837 0.977 ± 0.085 61 0.964 ± 0.073 185 0.930 ± 0.079 136 0.963 ± 0.081  < .0001 * * *
Mallampati score 783 233 179 121

 < .0001 * * *
Class I 69 (8.8) 9 (3.9) 18 (10.1) 0 (0.0)
Class II 93 (11.9) 19 (8.2) 25 (14.0) 1 (0.8)
Class III 112 (14.3) 40 (17.2) 15 (8.4) 9 (7.4)
Class IV 509 (65.0) 165 (70.8) 121 (67.6) 111 (91.7)
Polysomnography
AHI (events/h) § 960 19.7 (11.8, 35.7) 277 19.6 (12.0, 44.2) 207 45.2 (30.5, 69.1) 141 15.8 (9.3, 37.2)  < .0001 * * *
ODI (events/h) § 924 17.4 (9.9, 32.7) 122 19.7 (9.8, 50.0) 207 49.2 (33.2, 73.8) 141 14.8 (8.6, 34.4)  < .0001 * * *
SaO2 nadir 952 79.3 ± 8.3 271 80.5 ± 9.9 207 72.6 ± 10.4 141 79.7 ± 9.2  < .0001 * * *

Data presented as mean ± standard deviation, median (interquartile range), percentage, or count (percentage). * = P < .0083 (Bonferroni corrected for 
six pairwise comparisons. † = P value from analysis of variance (parametric), Kruskal-Wallis (nonparametric) or chi-square test comparing values among 
the four ethnic groups. ‡ = pairwise comparisons between groups performed when overall P < .05. § = results presented as median (interquartile range) 
with nonparametric overall and between group comparisons. AHI = apnea-hypopnea index, BMI = body mass index, circ. = circumference, ODI = oxygen 
desaturation index, SaO2 = oxygen saturation.
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additional anthropometric variables are presented in Table S1 
in the supplemental material. A description of how to inter-
pret the information in the figures is provided in the legend for 
Figure 1, which is applicable to all other figures. There were 
positive relationships between BMI, neck and waist circum-
ference, and AHI within each ethnicity (P < .002). In addi-
tion, based on interaction tests, there was evidence for ethnic 
differences in the relationship between AHI and both BMI 
(P < .0001) and waist circumference (P = .002). The relation-
ship between AHI and neck circumference did not differ by 
ethnicity, although there was a differential effect of neck-to-
waist ratio (P = .001; Table S1). For BMI, the strongest relation-
ship with AHI was in the South American and Asian groups 
(Figure 1), with proportional increases in AHI of 7.8% and 
5.7%, respectively, for each 1 kg/m2 BMI increase, compared 

to an expected increase of 3.7% for Europeans and an even 
smaller effect of only 1.9% in African Americans. Similar as-
sociations were observed for neck and waist circumference, 
with the largest effects within South Americans.

Relationship Between Mallampati Score and AHI 
Among Ethnic Groups
Associations between modified Mallampati score and AHI 
across ethnic groups are shown in Table S1 and Figure 1. 
There were trending, but nonsignificant associations between 
increased Mallampati score and AHI, with proportional in-
creases ranging from 5% to 31% for an increase in Mallampati 
class. There was no evidence of significant interaction of eth-
nicity on the relationship between Mallampati score and AHI 
(P = .742).

Figure 1—Differential effects of clinical anatomic risk factors on AHI severity across ethnicities.

Individual data points in the analysis (small dots) and the regression line (solid lines) for the relationship between BMI and AHI within each of the four 
ethnic groups. A significant interaction value of P indicates that the slope of this line differs between ethnic groups. Each ethnic group is represented by a 
color: Caucasian (black), African American (red), Asian (blue), and South American (green). A steeper regression line (a sharper upward curve of the line) 
indicates a stronger influence of the anthropometric variable on AHI, such that an increase in that anthropometric variable will result in a greater increase 
in AHI. Associations between AHI and (A) BMI, (B) neck circumference, (C) waist circumference, and (D) Mallampati score are shown. A significant 
interaction was observed between BMI and ethnicity (P < .0001), with BMI showing the strongest positive relationship with AHI among South American and 
Asian groups, as indicated by the sharper curve of the line. A similar pattern was observed for waist circumference (P = .0014). This indicates more severe 
sleep apnea in South Americans and at lower levels of BMI and waist circumference. There was no evidence of a differential relationship between AHI and 
neck circumference or Mallampati score between ethnic groups. Models were fit with natural log-transformed AHI as an outcome and results transformed 
back to the original AHI scale for graphical presentation. Analyses were adjusted for confounding effects of age and sex. AHI = apnea-hypopnea index, 
BMI = body mass index.
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Relationship Between Mallampati Score and Obesity 
Among Ethnic Groups
To assess whether Mallampati score may be differentially af-
fected by increases in obesity, we assessed the effect of an-
thropometric measures across ethnic groups (Table 2). Within 
some ethnicities there was evidence of a positive relationship 
between Mallampati score and anthropometric measures. In 
particular, increased neck circumference was associated with 
greater odds of having a higher Mallampati class in Caucasians 
(P < .001), African Americans (P = .032), and South Americans 
(P = .022), but not Asians (P = .177). However, as indicated by 
the nonsignificant interaction terms, there were no differences 
between ethnic groups in the relationship between anthropo-
metric measures and Mallampati score.

Sex Comparison of Clinical Anatomic Risk Factors and 
AHI Relationships Within Ethnicities
Associations of BMI and neck circumference with AHI in males 
and females within each ethnicity are shown in Figure 2 (de-
tailed presentation and additional clinical anatomic risk factors 
are available in Table S2 in the supplemental material). There 
were no significant sex-related differences in the relationship 
between clinical anatomic risk factors and AHI in the Asian 
or African-American groups (Table S2). There was evidence 
for differential relationships between males and females in the 
association between AHI and BMI in the Caucasian (P = .001) 
and South American (P = .015) groups, with a stronger positive 
association with AHI in males (Figure 2A). There was also 
a significant interaction between sex and neck circumference 
(P = .002) in South Americans, with stronger effects in men 
compared to women (Figure 2B). There was no effect of sex on 
the associations between Mallampati score and AHI across the 
ethnic groups assessed (Table S2). Assessments of three-way 
interaction between ethnicity, sex, and clinical anatomic risk 
factors suggested that sex-specific effects on the relationship of 
neck circumference (P = .028) and waist-to-hip ratio (P = .016) 
to AHI differed across ethnic groups.

Relationship Between Clinical Anatomic Risk Factors 
and AHI in Caucasians From Four Regions
To assess for cultural or geographical differences in the Cau-
casian group, the sample of 960 participants was divided into 
their four primary countries of residence: Australia (n = 228), 
Germany (n = 136), Iceland (n = 312), and United States 
(n = 284). The descriptive characteristics of these four groups 

are shown in Table 3. Participants from these four regions dif-
fered in age, AHI, most anthropometric measurements, and 
Mallampati scores. The United States group was the most 
obese, with lowest BMI in participants from the two European 
countries. AHI values were highest for the United States and 
Australian groups.

Associations between four clinical anatomic risk factors and 
AHI are shown in Figure 3 (detailed presentation and addi-
tional anthropometric variables are available in Table S3 in 
the supplemental material). Interaction P values suggested sig-
nificant or nominal differences in the strength of these relation-
ships between countries for BMI (P = .003), neck circumference 
(P = .038), and waist circumference (P < .001). For BMI, the 
strongest relationship to AHI was in the Australian group, with 
a proportional increase in AHI of 4.9% for a 1 kg/m2 increase 
in BMI, followed by 4.4% and 3.6% increases in the German 
and United States subgroups, respectively, for the same 1 kg/m2 
increase. Icelanders had the weakest association between BMI 
and AHI. Similar patterns were observe for neck and waist 
circumference (Figure 3). An examination of sex differences 
in anthropometry and AHI relationships are available in the 
supplemental material (Table S4, Figure S2). Sex differences 
were generally not evident in the relationship between AHI 
and anthropometry within Caucasian geographical groups.

DISCUSSION

Although OSA is clearly a global problem, there are remark-
ably limited data comparing different clinical populations in 
terms of key clinical risk factors. To our knowledge, this is 
the first study to examine multiethnic and sex-specific varia-
tions in the relationships between clinical anatomic risk fac-
tors (anthropometric obesity measurements and Mallampati 
score) and OSA severity in sleep clinic patients from across 
the globe. Previous interethnic studies have been restricted 
to ethnic groups within a single country. We additionally ex-
amined potential cultural or geographic differences among 
Caucasians. Understanding variations in clinical anatomic 
risk factors across populations will improve understanding 
of OSA presentations in sleep clinics across the world. We 
have shown that overall obesity levels (BMI) have the great-
est influence on AHI in the South American group, followed 
by the Asian group, suggesting that weight gain is an impor-
tant contributor to AHI severity in these specific populations. 

Table 2—Association between obesity measures and Mallampati score among ethnic groups. 

Measure Caucasian African-American Asian Central/South American Interaction 
POR (95% CI)† Std. OR P OR (95% CI)† Std. OR P OR (95% CI)† Std. OR P OR (95% CI)† Std. OR P

BMI 1.02 (1.00, 1.04) 1.15 .075 1.02 (0.98, 1.05) 1.17 .329 1.02 (0.96, 1.08) 1.09 .566 0.99 (0.89, 1.11) 0.96 .907 .996
Neck 1.08 (1.04, 1.13) 1.40 < .001 1.09 (1.01, 1.18) 1.51 .032 1.06 (0.97, 1.17) 1.28 .177 1.34 (1.04, 1.71) 3.33 .022 .833
Waist 1.01 (1.00, 1.02) 1.21 .011 1.03 (1.01, 1.05) 1.56 .009 1.01 (0.98, 1.04) 1.14 .436 1.00 (0.96, 1.05) 1.00 .997 .433

Results from ordinal logistic regression models evaluating the association between anthropometric measures and Mallampati score across ethnic groups 
are presented. Models are adjusted for age and sex. A significant interaction value of P suggests that there is a difference in the association between 
Mallampati score and obesity measures among ethnic groups. OR represents the odds of increasing by 1 Mallampati class associated with a 1 unit increase 
in indicated measure. Std. OR represents the increased odds of a higher Mallampati class associated with a 1 standard deviation increase in the indicated 
measure. BMI = body mass index, CI = confidence interval, OR = odds ratio, Std. OR = standardized odds ratio.
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Conversely, increased obesity in the African-American group 
showed the least effect on AHI severity. In terms of oropharyn-
geal crowding (Mallampati score), although the distribution of 

Mallampati classes differed between ethnic groups, we did not 
find any evidence of a differential relationship with OSA se-
verity between groups.

Figure 2—Effect of sex on the relationship between BMI and neck circumference and AHI within each ethnicity group.

The associations between (A) BMI and (B) neck circumference with AHI in males (blue) and females (red) are illustrated within each ethnicity group. For 
BMI, there was a significant interaction with sex in the Caucasian group (P = .001) and a nominal interaction in the South American group (P = .016). In 
both cases, BMI was more strongly associated with AHI among males compared to females. For neck circumference, there was an interaction with sex in 
the South American group only (P = .002), with an association between neck circumference and AHI in males only. Models were adjusted for age and fit 
with natural log transformed AHI as an outcome; results are transformed back to the original AHI scale for graphical presentation. AHI = apnea-hypopnea 
index, BMI = body mass index.
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Although it has been recognized that there are likely ethnic 
differences in OSA etiology and consequences, data are lim-
ited and previous interethnic comparisons have predominantly 
involved comparing Caucasians to one other group,32 and have 
predominantly been assessed in population samples, which 
are likely to be different to clinical samples due to referral and 
other biases. In contrast, we compared OSA anatomic risk fac-
tors across four ethnic groups and between sexes presenting to 
the sleep clinic. We additionally examined the relationship be-
tween oropharyngeal crowding (Mallampati score) and anthro-
pometric measures between ethnicities to determine whether 
Mallampati score may differentially relate to OSA severity. 
Furthermore, we compared the Caucasian populations by re-
gion of residence. In the Caucasians, the strongest relationship 
between AHI and BMI was in the Australian group, with the 
weakest relationship in Icelanders.

A key strength of the SAGIC is recruitment from inter-
national sleep clinics using standardized methodologies, en-
abling a reliable phenotypic description of patients with OSA 
from different populations. We have examined more than 1,500 
patients with OSA, divided into four ethnic groups, as well as 
four regional groups of Caucasians. We selected these par-
ticular ethnic groups for initial comparison, as we anticipate 
they likely represent a spectrum in terms of OSA risk factor 
phenotypes—from predominantly soft tissue to predominantly 
skeletal. Compared to Caucasian patients with OSA, Asian 
patients display more craniofacial restriction.16 However, 
Caucasian participants display more craniofacial structure-
related OSA risk compared to African-Americans patients.17,18 
We additionally included a South American group recruited 
from São Paulo, Brazil. The Brazilian population is a highly 

heterogeneous population as a result of centuries of intermix-
ing between different ancestral populations (including Indig-
enous, European, Japanese, and African), with diverse patterns 
of admixture within individuals.33,34 Therefore, we have in-
cluded this group as one with “heterogeneous ancestry.” Future 
studies need to address this heterogeneity using ancestral ge-
netic markers and admixture analysis to specifically determine 
ethnic origins and assess ancestry-specific effects.

In this study, we have targeted clinical anatomic risk factors 
(anthropometry and Mallampati score) to examine the differ-
ential relationships between obesity and oropharyngeal crowd-
ing between different clinical populations. Our finding of the 
strongest influence of obesity (BMI) on OSA severity in the ad-
mixed South American clinical population (Brazil) is interest-
ing. This population has not previously been directly compared 
to the other ethnic groups. The second strongest association 
with BMI in the Asian group was one we expected to see and 
confirms effects shown in other recent investigations.35 Analy-
sis of data from the Multi-Ethnic Study of Atherosclerosis, or 
MESA, a general population sample from the United States ex-
amined relationships between AHI and BMI and waist circum-
ference in white, black, Hispanic, and Chinese Americans.35 
This analysis identified Chinese Americans as having the larg-
est AHI increase from a greater BMI, with whites and blacks 
having a similar relationship and the weakest association in the 
Hispanic group. There are differences between this study and 
that reported here in the populations examined, although it is 
interesting to note that the stronger relationship between AHI 
and BMI in Chinese Americans is reflected in our Taiwanese 
clinical sample. As our study recruitment was from sleep clinic 
samples, it contained a greater spectrum and severity of OSA 

Table 3—Descriptive characteristics of four Caucasian subgroups from different regions.
Measure Australia (A) Germany (G) Iceland (I) United States (US) P † Pairwise Comparisons ‡ 

n Estimate n Estimate n Estimate n Estimate A vs. G A vs. I A vs. US G vs. I G vs. US I vs. US
Demographics
Age (years) 228 57.3 ± 13.5 136 59.4 ± 11.4 312 54.6 ± 10.4 284 52.2 ± 12.9 < .0001 * * *
Male (%) 228 61.0 136 68.4 312 61.2 284 64.4 .430 – – – – – –
Anthropometry
BMI (kg/m2) 228 34.5 ± 8.5 136 31.4 ± 6.8 312 33.5 ± 6.3 284 36.5 ± 9.1 < .0001 * * * *
Height (m) 228 1.71 ± 0.10 136 1.75 ± 0.08 312 1.75 ± 0.10 284 1.73 ± 0.10 < .0001 * * *
Weight (kg) 228 100.5 ± 26.3 136 96.2 ± 23.7 312 102.1 ± 20.9 284 109.3 ± 26.7 < .0001 * * *
Neck circ. (cm) 220 41.1 ± 4.5 131 41.5 ± 4.2 308 40.2 ± 3.6 227 42.8 ± 4.4 < .0001 * * * *
Waist circ. (cm) 223 114.9 ± 18.7 131 111.3 ± 15.8 311 109.9 ± 15.0 224 117.2 ± 18.4 < .0001 * * *
Hip circ. (cm) 223 116.7 ± 16.7 130 113.7 ± 13.5 311 112.5 ± 11.6 173 122.2 ± 18.0 < .0001 * * * *
Neck to waist ratio 220 0.362 ± 0.040 131 0.376 ± 0.034 308 0.369 ± 0.036 224 0.371 ± 0.042 .006 *
Waist to hip ratio 223 0.985 ± 0.077 130 0.979 ± 0.099 311 0.977 ± 0.089 173 0.966 ± 0.074 .150 – – – – – –
Mallampati score 216   80 284 203

< .0001 * * * *
Class I 7 (3.2) 4 (5.0) 43 (15.1) 15 (7.4)
Class II 11 (5.1) 3 (3.8) 55 (19.4) 24 (11.8)
Class III 19 (8.8) 9 (11.3) 55 (19.4) 29 (14.3)
Class IV 179 (82.9) 64 (80.0) 131 (46.1) 135 (66.5)
Polysomnography
AHI (events/h) § 228 28.9 (10.6, 45.7) 136 14.8 (9.4, 30.1) 312 20.0 (14.3, 30.7) 284 21.6 (11.8, 45.3) .009 * *
ODI (events/h) § 227 16.4 (7.7, 37.3) 127 13.2 (7.8, 26.2) 312 18.2 (12.7, 28.5) 258 18.2 (9.5, 40.9) .080 – – – – – –
SaO2 nadir 227 78.6 ± 10.4 135 79.9 ± 8.8 311 78.3 ± 6.6 279 80.8 ± 7.7 .002 * *

Data presented as mean ± standard deviation, median (interquartile range), percentage, or count (percentage). * = P < .0083 (Bonferroni corrected for 
six pairwise comparisons. A dash (–) indicates that pairwise comparisons were not performed because overall P > .05. †  = P from analysis of variance 
(parametric), Kruskal-Wallis (nonparametric) or chi-square test comparing the four Caucasian subgroups. ‡ = pairwise comparisons between groups 
performed when overall P < .05. § = results presented as median (interquartile range) with nonparametric overall and between group comparisons. 
AHI = apnea-hypopnea index, BMI = body mass index, circ. = circumference, ODI = oxygen desaturation index, SaO2 = oxygen saturation.
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compared to the MESA study, which examined population co-
horts. Our study is a global clinical study and therefore likely 
captures more aspects of ethnicity when compared to differ-
ent races from a single country. Although there are differences 
between these studies, they show a consistent finding of Asian 
populations being at greater risk of increasing OSA severity 
with increasing obesity.

A novel aspect of our investigation is concurrently study-
ing an additional anatomic risk factor, Mallampati score, as 
a clinical assessment of oropharyngeal crowding. Mallampati 
score is often a component of clinical prediction models.19,36 
The distribution of Mallampati scores also differed between 
ethnic groups, with the South Americans having the largest 
proportion of Mallampati class IV. To our knowledge, a mul-
tiethnic comparison of Mallampati score and relationship to 
either OSA severity or obesity has not been made. We did not 
find evidence of a differential relationship between Mallampati 
score and OSA severity across ethnic groups. In addition to 

effects of Mallampati score on AHI, another novel aspect of 
our investigation was exploring ethnic-specific relationships 
between obesity measures and Mallampati score. Mallampati 
score relates to tongue volume and measures of central obe-
sity,20,37 and oropharyngeal crowding may also be related to as-
pects of craniofacial restriction. It is interesting that the South 
American group with the greatest susceptibility to obesity also 
had the highest prevalence of Mallampati class IV. Whether 
this is a reflection of particular aspects of craniofacial restric-
tion in this group requires further investigation.

Our study also describes differences in clinical features in 
clinical populations across the globe. Our Asian group (from 
Taiwan) were more likely to be male and had the highest AHI 
and lowest oxygen desaturation, despite being younger and 
less obese. These findings are consistent with previous stud-
ies that showed higher AHI and lower oxygen levels in Asian 
patients with OSA compared to Caucasian patients.16,38,39 Given 
the early age of onset in Asians, a greater genetic contribution 

Figure 3—Differential effect of clinical anatomic risk factors on AHI severity across Caucasians from different countries.

Associations between AHI and (A) BMI, (B) neck circumference, (C) waist circumference, and (D) Mallampati score are shown. The lines represent the 
four Caucasian subgroups based on country of residence: Australia (black), Germany (red), Iceland (blue) and the United States (green). We observed 
a significant interaction between BMI (P < .003) and waist circumference (P < .001) and country subgroups with the weakest association with AHI in 
Iceland, compared to intermediate effects in Germany and the United States, and stronger effects in Australia. There was a nominal interaction with neck 
circumference and country subgroup (P = .038). Models were fit with natural log-transformed AHI as an outcome and results transformed back to the 
original AHI scale for graphical presentations. Analyses were adjusted for confounding effects of age and sex. AHI = apnea-hypopnea index, BMI = body 
mass index.
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could be speculated; however, no family aggregation studies 
have been conducted in Asian populations. This is an impor-
tant future direction. Our African-American group was the 
only ethnicity with a higher percentage of females than males, 
consistent with a previous clinical observation.40 We also found 
African Americans to be younger and have higher AHI than 
Caucasians.18,40,41 Compared to Caucasians, South Americans 
were equivalent in OSA severity, but were overall less obese.

The stronger relationship between AHI and obesity in South 
Americans (Brazil) and Asians (Taiwan) has important pub-
lic health and clinical implications for these countries. The 
prevalence of being overweight and obese is increasing across 
the globe, including in Asian countries and Latin America.42 
Obesity clearly contributes to OSA and our data suggest these 
populations are more susceptible to the effect of weight gain 
on OSA severity. Accordingly, sleep clinics in Asian countries 
and Brazil may need to particularly monitor for weight changes 
in their patients. This could also suggest that weight loss ther-
apy may be more effective as an OSA treatment in these popu-
lations. Conversely, although both sleep-disordered breathing 
and obesity may be more prevalent in African Americans com-
pared to Caucasians,41,43 overall obesity may not necessarily 
have the same effect on OSA and other mechanisms may play 
a role in OSA risk for these populations.

Sex differences were also most evident in the South Ameri-
cans, who had the strongest sex interactions with AHI across 
obesity measures. In particular, females did not show a rela-
tionship between body circumferences and AHI, whereas 
males had a strong relationship with increasing waist circum-
ference. Caucasians showed a sex difference in the BMI and 
AHI relationship only; no sex differences were apparent in the 
Asian or African-American groups. All sex differences indi-
cated a stronger relationship between obesity and AHI in men. 
It has been reported that men tend to have more severe OSA for 
the same level of BMI.22,25,44 Our findings suggest that this sex 
effect is not equally present across ethnic groups, as it was not 
seen in African Americans or Asians. Although women have 
less neck fat than men,45 this did not differentially affect the 
relationship between the neck circumference and OSA sever-
ity in most groups. Previous studies suggest sex differences in 
anthropometric predictors of OSA23,24; however, this is the first 
study to compare sex interactions in relation to OSA severity 
within different ethnic groups. These sex differences may also 
have important clinical implications in the treatment of OSA.

The SAGIC cohort contains a large number of Caucasian par-
ticipants from different countries, which likely vary in cultural 
and other characteristics that could influence OSA and obe-
sity relationships. We observed differences in anthropometric 
characteristics between the four Caucasian groups, in line with 
recognized differences in obesity rates between regions.46 OSA 
and obesity were clearly related in all Caucasian subgroups, 
but groups differed in the strength of this relationship. The 
Australian group had the strongest relationship between obe-
sity measures and OSA. Further investigation is needed in con-
junction with other phenotypes to better understand the reason 
for these regional differences, which may also include regional 
variations in sleep clinic referral patterns. Regardless, the dif-
ferences between Caucasian groups from different countries 

could suggest that it may not be valid to combine multicountry 
Caucasians together in subsequent investigations.

Although we present a novel multiethnic and sex compari-
son of OSA, there are limitations to our study. Ethnicity was 
classified by self-report, which may not fully or accurately rep-
resent genetic ancestry as ethnicity and race are not completely 
overlapping concepts.47–49 In this study, we have focused on 
specific ethnic groups (encompassing cultural, social, and 
geopolitical factors) in limiting to those from a single coun-
try. These findings may not be applicable to people from the 
racial/ethnic groups studied in our investigation if they come 
from different countries. However, future SAGIC studies have 
the potential to compare ancestral mixture after genotyping of 
collected samples is completed. This will help understand the 
relative effect of ethnicity versus genetic ancestry or race. We 
have adjusted our statistical models for confounders of age and 
sex; however, other examinations of the relationship between 
obesity and OSA severity have also controlled for comor-
bidities (ie, hypertension, diabetes, cardiovascular disease).35 
Our results remained similar when including these covari-
ates (available in a large subset of the population) as possible 
confounders (data not shown). Ultimately, we believe that co-
morbidities are consequences of obesity and OSA and thus do 
not meet the traditional definition of confounding and adjust-
ing for consequences could lead to biased estimates of effect 
sizes. Reflecting the general risk factors for OSA, some of our 
groups consist of a relatively small sample sizes (particularly 
females). Although in-laboratory sleep testing was performed 
in most participants, the Icelandic sleep data were obtained via 
an ambulatory type 3 device. Ambulatory testing may under-
estimate the AHI when compared to polysomnography, and 
could potentially explain weaker relationships in this group. 
The analysis sample is a clinical cohort recruited from interna-
tional sleep centers; therefore, there may be some bias related 
to region-specific referral patterns and medical awareness of 
OSA. Furthermore, there may also be some biases related to 
recruitment of patients from clinical sleep centers, which likely 
differ from cases in the general population.50 Therefore, our 
study results relate to presentations in clinical sleep popula-
tions. Our study relied on anthropometric measures of obesity. 
The relationship between body fat percentage and visceral fat 
with BMI and waist circumference varies with ethnicity.51,52 
Therefore, the relative effect of anthropometric measures on 
underlying fat distribution may not be equivalent in the differ-
ent populations.

CONCLUSIONS

OSA has a complex etiology, which is likely influenced by eth-
nicity. Common phenotyping procedures through the SAGIC 
allowed us to study the influence of ethnicity on OSA and 
the effect of clinical anatomic risk factors in different clini-
cal populations across the globe. South Americans showed 
stronger relationships between obesity and AHI, followed by 
Asians, whereas African Americans had the weakest. Cauca-
sians showed intermediate effects of obesity on OSA. Although 
Mallampati class distribution differed between ethnic groups, D
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oropharyngeal crowding was not differentially related to OSA 
severity. This differential influence of obesity may be due to 
the relative effect of other intermediate phenotypes, such as 
craniofacial structure. We also show that sex has differential 
effects on the relationship between obesity and OSA sever-
ity among certain ethnic groups. Our data provide a unique 
comparison of different clinical OSA populations and high-
lights the importance of understanding variations in OSA 
phenotypes across different ethnic populations and sexes, as 
a precursor to the development of personalized approaches to 
diagnosis and management.

ABBRE VI ATIONS

AHI, apnea-hypopnea index
BMI, body mass index
OSA, obstructive sleep apnea
SAGIC, Sleep Apnea Global Interdisciplinary Consortium
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