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Study Objectives: Craniofacial abnormalities are a risk factor for obstructive sleep apnea (OSA). We have previously shown that phenotypic information
derived from craniofacial photographs predict OSA in sleep clinic populations. However, there are likely ethnic and sex differences in craniofacial phenotypes
related to OSA. We aimed to assess the use of craniofacial photography to identify interactions between OSA, ethnicity, and sex in craniofacial phenotype.
Methods: Frontal and profile craniofacial photographs were analyzed from two sleep clinic populations of different ethnicity (Hong Kong Chinese, Australian
Caucasians). OSA was defined as apnea-hypopnea index (AHI) > 10 events/h. Ten craniofacial measurements (three angles relating to jaw position and
seven ratios describing proportions of the face) were examined for interactions between OSA status and sex or ethnicity) using factorial analysis of variance.
Results: A total of 363 subjects (25% female) were included (n = 200 Chinese, n = 163 Caucasian), of which 33% were controls. There were two-way
interactions for OSA with both sex (mandibular plane angle [F = 7.0, P = .009], face / eye width ratio [F = 4.7, P = .032], maxillary / mandibular volume ratio
[F=9.2, P=.003]) and ethnicity (face / nose width ratio [F = 4.0, P = .045], mandibular width / length ratio [F = 5.1, P = .024], maxillary / mandibular volume

ratio [F = 11.0, P = .001]).

Conclusions: We provide evidence of ethnic and sex differences in facial phenotype related to OSA. Furthermore, we demonstrate that craniofacial
photography can be used as a phenotypic tool to assess these differences and allow investigation of OSA phenotypes in large samples. This has relevance to

personalizing OSA recognition strategies across different populations.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: We have previously shown craniofacial photography to predict obstructive sleep apnea (OSA) risk in sleep
clinic populations of different ethnicity. However, direct interethnic and sex comparisons of craniofacial risk factors in OSA are limited.

Study Impact: This study provides evidence that ethnicity and sex influence facial phenotypes associated with OSA risk and that craniofacial
photography can be used as a tool to assess phenotypic differences in large samples.

INTRODUCTION

Obstructive sleep apnea (OSA) is a common sleep disorder
that is increasing in prevalence' in line with growing obesity
rates. Obesity is a well-recognized risk factor for OSA along
with male sex, age, and craniofacial structure.> Craniofacial
structure, such as skeletal abnormalities® or enlarged upper
airway soft tissues,’ may contribute to OSA by compromising
pharyngeal airway space and increasing extraluminal collaps-
ing pressures.’ Craniofacial differences in OSA have been re-
ported using a variety of imaging modalities, most commonly
lateral cephalometry, but also three-dimensional methods
such as computed tomography (CT) and magnetic resonance
imaging (MRI). Common observations in OSA, across eth-
nicity, are reduced craniofacial skeletal dimensions including
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smaller maxillomandibular dimensions, enlarged soft tissues
such as the tongue and soft palate, and an inferiorly positioned
hyoid bone.®’

Although these imaging modalities are able to give insight
into anatomical abnormalities that may lead to compromised
upper airway function, they are labor intensive and expen-
sive and hence restricted to the research setting. To address
this, we have developed a simplified method for craniofacial
phenotyping using photography.® This methodology allows
quantitative measurements of craniofacial dimensions com-
puted from surface landmarks. We have previously applied
this technique to patients attending a sleep laboratory and
found that craniofacial photographic measurements differed
between those with and without OSA.” Additionally, cranio-
facial measures predicted the presence of OSA better than
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Figure 1—Facial photographic technique.

Front and profile photos are taken of the subject with a circular calibration
marker placed on the face. The facial surface landmarks used to
construct the measurements in this analysis are illustrated. Surface
landmarks: al = alare, en = endocanthion, ex = exocanthion, gn = gnation,
go = gonion, me = menton, n = nasion, sl = sublabiale, sn = subnasion,
t = tragion The gonion landmark was marked on the skin surface with
a skin-appropriate marker before the photograph to allow visualization.

other recognized risk factors, particularly body mass index
(BMI).? Unlike more sophisticated imaging modalities, cra-
niofacial phenotyping is a composite assessment of cranio-
facial skeletal and soft tissue components, such as regional
obesity. Furthermore, we have previously shown that facial
surface dimensions convey information about pharyngeal
airway structures such as tongue volume.!*!" Therefore, cra-
niofacial photography may capture a range of phenotypic in-
formation that relates to OSA risk and be useful in large-scale
studies and OSA risk stratification.

There are likely ethnic and also sex differences in cranio-
facial phenotypes of OSA.”” We have previously identified
craniofacial photographic measurements as predictive of OSA
in both Chinese" and predominantly Caucasian’ sleep clinic
populations. The prediction models for OSA involved simi-
lar facial measurements and had similar predictive accuracy
within each ethnic sample. However, a direct interethnic com-
parison of craniofacial photographic measurements between
the two ethnic populations is warranted. Accordingly, the aim
of this study was to assess the influence of ethnicity and sex on
craniofacial phenotypes relating to OSA from two ethnically
diverse sleep clinic samples using simple photographic phe-
notyping. We hypothesized that there would be differences in
the craniofacial measurements relating to OSA between ethnic
and sex groups.

METHODS

Clinical Samples

Data were collected from clinical patients referred to sleep
laboratories at the Prince of Wales Hospital, Shantin, Hong
Kong and Royal North Shore Hospital, Sydney, Australia.
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Analysis of craniofacial data of subjects from both sleep lab-
oratories have been previously reported in individual publi-
cations.”"® Briefly, the inclusion criteria in both studies were
attendance for polysomnography at either center. Subjects
were excluded only in the case of confounders of craniofacial
analysis (eg, presence of syndromal craniofacial abnormali-
ties, previous craniofacial surgery, or excessive facial hair).
Because the purpose of this current analysis was to make
interethnic comparisons, subjects were only included if they
fit into one of two ethnic groups: Chinese or Caucasian. The
Chinese group were all recruited from the Hong Kong Site.
Subjects from the Sydney site were included if they reported
Caucasian ethnicity (n = 162, 90% of original sample). As
for previous analysis, OSA cases were defined as apnea-hy-
popnea index (AHI) > 10 events/h and controls as AHI < 10
events/h.

Craniofacial Photography and Analysis

Craniofacial photography was performed as previously de-
scribed.””® Briefly, a standardized front and profile photo-
graph is taken of the face. The bony landmark gonion (lateral
point on the angle of the mandible) was identified by palpa-
tion and marked before the photograph. Subjects were pho-
tographed in the natural head position with neutral facial
expression and teeth and lips lightly touching. The cranio-
facial photographs with surface landmarks are illustrated in
Figure 1. Photograph analysis was performed using image
analysis software (Image J, versions 1.36 and 1.42q, National
Institutes of Health, Bethesda, Maryland, United States) to
obtain x and y coordinates of surface landmarks for computa-
tion of craniofacial dimensions. Measurements are either ob-
tained from the front or profile photo or using a combination
of both coordinates for three-dimensional areas and polyhe-
dral volumes. For this analysis we wished to use craniofacial
measurements, which do not require calibration to achieve
absolute measurements, and therefore we selected craniofa-
cial angles and ratios for analysis. These craniofacial mea-
sures are depicted in Figure 2.

Polysomnography

Overnight in-laboratory polysomnography was scored by ex-
perience scorers at each site at previously described.””® The
same scoring criteria were used at both sites; namely, hypop-
neas were defined as a > 50% reduction in airflow for > 10
seconds in conjunction with a > 3% oxygen desaturation and/
or a cortical arousal.

Statistical Analysis

Statistical analysis was conducted using SPSS software
(Version 21, IBM Corp, Armonk, New York, United States).
Sample characteristics were compared between those with
OSA and controls using independent samples ¢ test for con-
tinuous variables or chi-square test for frequency variables.
A three-way analysis of variance was used to examine the
main effects and interactions of three independent variables
(OSA status, sex, and ethnicity) on uncalibrated craniofa-
cial variables. Models were adjusted for age, height, BMI,
and neck circumference. Craniofacial data are presented as
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Ethnic and Sex Differences in Sleep Apnea Facial Phenotypes

Figure 2—Craniofacial angles and ratios.
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Craniofacial measurements are derived using digitized facial surface landmarks. The craniofacial measurements used in this analysis are graphically
illustrated. Angular measurements are shown in red boxes: (A) maxillary depth angle, (B) mandibular depth angle, (C) mandibular plane angle. Facial
ratios are shown in blue boxes: (D) face height/width ratio, (E) mandibular width/length ratio, (F) face height/depth ratio, (G) face width/nose width ratio,
(H) face width/eye width ratio, (I) cranial base area/mandibular area ratio, (J) maxillary volume/mandibular volume ratio. Surface landmarks: al = alare,
en = endocanthion, ex = exocanthion, gn = gnation, go = gonion, me = menton, n = nasion, sl = sublabiale, sn = subnasion, t = tragion. TH = true horizontal line.

Table 1—Sample characteristics.

Caucasian Chinese
Control 0SA Control 0SA
All Male Female All Male Female All Male Female All Male Female
n 65 46 19 % 78 20 54 3 21 6 | 13 | 3
Age (years 492 | 487 | 505 | 566 | 555 | 612 | 507 | 507 | 507 | 517 | 508 | 548
ge (v (150) | (154) | (143) | (1317 | (133)t | (M5 | (122) | (1.0) | (142) | (14) | (110) | (11.0)
Height () 1740 | 1783 | 1637 | 1734 | 1768 | 160.1 | 1634 | 169.6 | 1537 | 1652 | 1683 | 154.8
9 ©5 | 68 | 70 | 88 | (8 | 62 | 89 | (1) | 65 | 89 | (71) | (58
Weight (i) 828 | 80 | 703 | 914 | 933 | 89 | 691 | 733 | 625 | 797 | 826 | 695
ght (kg (94) | (152) | @21) | (140¢ | (141) | (114t | (124) | (103) | (119 | (156 | (154t | (133)
— 270 | 276 | 264 | 305 | 209 | 328 | 257 | 252 | 264 | 289 | 200 | 285
9 49) | (36) | @1) | @71 | @5t | @48t | 34 | (23) | 46 | @48 | @nt | @49
15 0 3 82 35 12 7 0 5 63 71 10
Obese, n (%) @31) | (0) | (158 | @418F | (449t | 60 | (130) | () | (238) | (432 | (628) | (303)
Neck 395 | 415 | 349 | 423 | 432 | 300 | 371 | 386 | 347 | 396 | 436 | 363
croumference (cm) | (45) | (34) | (32 | G | B3t | 33t | 30 | 1) | (26 | 34 | GOt | @4t
45 | 47 | 37 | 320 | 331 | 277 | 46 | 49 | 42 | 379 | 407 | 284
AH (eventsfh) 30) | 31 | 28 | (202¢ | @00f @0t | @7 | @8 | @n | @1y | @4t | (184t
40 35 5 82 71 11
Severe 0SA.n (%) | - - T @08) | 449 | (25) - - T 62 | (486) | (333)

Data are presented as mean (standard deviation) or n (%) for categorical variables. * = P < .01 OSA (AHI = 10 events/h) versus control (AHI < 10 events/h)
(within each ethnicity). t = P <.05 OSA versus control (within each sex, within each ethnicity). Obese subjects were defined as body mass index = 30 kg/m?.
AHI = apnea-hypopnea index, OSA = obstructive sleep apnea.

estimated marginal means (+ standard error) adjusted for
these potential confounders. Of particular interest were the
two-way interactions between OSA and ethnicity, OSA and
sex, and the three-way interaction of OSA, sex, and ethnic-
ity on craniofacial variables. Significance was accepted as

P <.05.
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RESULTS

Sample Characteristics

Clinical characteristics of the Chinese and Caucasian subjects
are shown in Table 1. In both ethnic groups, patients with
OSA were on average more obese than controls indicated by
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Table 2—Craniofacial characteristics in OSA by ethnicity and sex.

Main Effects Two-Way Interactions ;I;\l::::;:‘:\i’:x
OSA Ethnicity Sex OSA x Ethnicity OSA x Sex Eth. x Sex OSA x Eth. x Sex
F P F P F P F P F P F P F P
Face
Ratios
Height / width 0007 | 933 | 0046 | 830 | 1449 | 229 | 2857 | 092 | 0741 | 109 | 0460 | 498 | 0043 | .837
Width / depth 9716 | 002 | 60499 | <.001* | 2507 | .14 | 1896 | 169 | 1267 | 261 | 0003 | 959 | 0005 | 942
Face / eye 6339 | 012 | 10042 | 002 | 0013 | 909 | 2714 | 100 | 4656 | .032* | 0061 | .806 | 1123 | .290
Face / nose 2234 | 136 | 93540 | <.001* | 16.635 | <.001* | 4878 | .028* | 0004 | 951 | 0843 | 350 | 0.047 | 829
Maxilla/Mandible
Ratios
mﬁgﬁjb'e width/ | 4083 | 200 | 104219 | <.001 | 0422 | 727 | 5444 | 024* | 1072 | 301 | 0099 | 753 | 0437 | 509
Cranial 0659 | 417 | 0423 | 516 | 2221 | 137 | 21682 | <.001* | 1553 | 214 | 0014 | 905 | 3626 | .058
mandibular area
Maxilary / 6477 | 011" | 0040 | 841 | 3207 | 070 | 11.016 | .001* | 9452 | .003* | 5069 | .025* | 4353 | .038*
mandibular volume
Angles
Maxilary depth 9675 | .002° | 50504 | <.001* | 0952 | 330 | 0028 | 868 | 0251 | 616 | 2431 | 120 | 0431 | 512
Mandibular depth | 8501 | .004* | 95106 | <.001* | 0000 | 999 | 013 | 737 | 0021 | 884 | 4408 | 036 | 0407 | 744
g"nag’;gib“'a’ Plane | gg45 | 332 | 12822 | <.001* | 0047 | 829 | 0587 | 444 | 6966 | .009* | 5447 | .020° | 0095 | .758

Factorial analysis of variance (three-way interaction) was performed for craniofacial measurements for three independent variables (OSA status, ethnicity,
and sex). All main effects for each factor as well as two-way and three-way interactions are shown. Models adjusted for age, height, body mass index, and
neck circumference. * = P < .05, significant interactions are shown in bold type. Eth. = ethnicity, OSA = obstructive sleep apnea.

higher average BMI and neck circumference and the propor-
tion of obese subjects (Table 1). Caucasian subjects with OSA
were on average older than controls; however, there was no
significant difference in age among Chinese subjects with and
without OSA. These same differences in clinical characteris-
tics between OSA and controls were observed within sexes
for each ethnic group (Table 1). The Chinese patients with
OSA were younger compared to Caucasian patients with OSA
(mean difference + standard error 4.9 + 1.6 years, P = .003)
and had a higher average AHI (mean difference + standard
error, 5.9 + 2.7 events/h, P = .033) and a higher proportion
of severe OSA (56.2% versus 40.8%, chi-square (df), 5.5(1),
P =.09).

Craniofacial Measures and OSA (Main Effects)

A three-way analysis of variance was conducted on the in-
fluence of three independent variables (OSA status, sex, eth-
nicity) on different measurements of craniofacial phenotype.
Results of the main effects of each of the independent variables
and all two- and three-way interactions are shown in Table 2.
Mean values presented are estimated marginal means adjusted
for covariates (age, height, BMI, neck circumference). There
was a significant main effect for OSA on 5 (2 angles, 3 ratios)
of the 10 craniofacial angles and ratios assessed. Maxillary
depth angle (F35 = 9.7, P = .002) was decreased in those with
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OSA compared to controls (adjusted mean difference [95%
CI] 1.8 [0.7, 2.9] degrees). Mandibular depth angle (F) 350 = 8.5,
P = .004) was also decreased in those with OSA compared
to controls (adjusted mean difference [95% CI] 1.6 [0.5, 2.8]
degrees). The craniofacial ratios with a main effect for OSA
were face width / depth (F 35 = 9.7, P = .002), face width /
eye width (F 350 = 6.3, P = .012), and maxillary / mandibular
volume (F) 35 = 6.5, P = .01). Face width / depth ratio was in-
creased in OSA (adjusted mean difference [95% CI] 0.04 [0.02,
0.07]). Face / eye width ratio was increased in OSA (adjusted
mean difference [95% CI] 0.01 (0.001, 0.001]). Maxillary vol-
ume /mandibular volume ratio was decreased in OSA (adjusted
mean difference [95% CI] 0.3 (0.1, 0.7]). Craniofacial variables
with significant main effects of OSA are displayed graphically
in Figure 3.

Craniofacial Measures and OSA: Interactions With
Ethnicity and Sex

There were significant two-way interactions of OSA and eth-
nicity on four craniofacial phenotype measures (all ratios).
These significant interactions are displayed graphically in
Figure 4. There was a two-way interaction effect of OSA and
ethnicity on the ratio of face width to nose width (F);5; = 4.0,
P =.045). An increase in this ratio in OSA is seen only in Chi-
nese subjects (Figure 4A).
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Figure 3—Craniofacial measurements in controls and subjects with OSA.
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This figure illustrates differences for the main effect of OSA in the factorial analysis of variance (P <.05). The y axis represents the estimated marginal mean
(mean value adjusted for other variables in the model, particularly height, body mass index, age, and neck circumference). There were five measurements
that differed between controls and subjects with OSA, 2 craniofacial angles (A,B) and 3 craniofacial ratios (C,D,E). * = P < .05 controls versus subjects

with OSA. OSA = obstructive sleep apnea.

A two-way interaction of ethnicity and OSA was also ob-
served for the ratio of mandibular width to mandibular length
(F\350=5.1, P =.024). In this case there was an increase in this
ratio in OSA only in Caucasian subjects (Figure 4B).

An interaction of OSA and ethnic group was also seen
for the ratios of cranial area to mandibular area (F) 35 = 21.7,
P < .001). In this case the pattern of interaction showed op-
posite effects between ethnic groups for the relationship of this
ratio with OSA. In the Chinese group this ratio decreased in
OSA, whereas in Caucasians, OSA was associated with a larger

Journal of Clinical Sleep Medicine, Vol. 14, No. 7

cranial area relative to mandibular area. The ratio of maxillary
volume to mandibular volume also showed a two-way interac-
tion between OSA and ethnicity (F) 35 = 11.0, P = .001). In this
case there was no relationship between this ratio and OSA in
Caucasians (P = .657), but a smaller ratio was evident in Chi-
nese patients with OSA.

There were also significant interactions of OSA and sex in
three of the craniofacial ratios, which are displayed graphically
in Figure 4. Maxillary volume to mandibular volume showed
a differential association with OSA between sexes (F) 350 = 9.2,
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Figure 4—Craniofacial ratios and interaction between OSA status and ethnicity.
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This figure illustrates craniofacial ratios for which there was a significant two-way interaction between OSA status and ethnicity in factorial analysis of
variance (interaction P < .05). The y axis represents the estimated marginal mean (mean value adjusted for other variables in the model, particularly height,

body mass index, age, and neck circumference). Post hoc group comparisons *

= P < .05 controls versus subjects with OSA, Chinese ethnicity, T = P < .05

controls versus subjects with OSA, Caucasian ethnicity. OSA = obstructive sleep apnea.

P = .003). This ratio did not differ between males with and
without OSA but was significantly decreased (P = .005) in fe-
males with OSA compared to female controls (Figure 5A).

Face width to eye width ratio also had a significant two-
way interaction between OSA and sex (F) ;5 = 4.7, P = .032).
There was no association of this measure with OSA in males.
However, there was a significant increase in females with OSA
compared to controls (P = .001, Figure 5B). Finally, mandib-
ular plane angle also showed an interaction of OSA and sex
(Fi350 = 7.0, P = .009). In this case, mandibular plane angle
was reduced in females with OSA compared to female controls
(P < .001); however, in males with OSA there was a tendency
for an increased mandibular plane angle relative to controls
(P =.039).

There was a significant three-way interaction (Fj 35 = 4.4,
P = .038) with one craniofacial ratio, maxillary to mandibular
volume (Figure 6). The pattern of interaction was that there
was no difference between OSA and controls in this measure
in either male or female Caucasians. There was an association
with a smaller ratio in OSA in both male and female Chinese.
However, there was a greater difference between controls and

Journal of Clinical Sleep Medicine, Vol. 14, No. 7

those with OSA in Chinese females, probably due to a higher
ratio in female controls.

DISCUSSION

This study provides evidence that craniofacial phenotypes
related to OSA, as measured by facial photography, are in-
fluenced by ethnicity and sex. Although there are published
studies suggesting that ethnicity and sex may influence the cra-
niofacial risk factors that relate to OSA, there have been rela-
tively few direct interethnic comparisons and even fewer that
consider sex differences. This is in part due to the complexity
in assessing craniofacial structure in large cohorts and diverse
samples. Although radiographic imaging can give detailed in-
formation about skeletal craniofacial structure, there are issues
such as cost, time-consuming analyses, and standardization,
not to mention radiation exposure. The photographic method
for facial phenotyping used in this study was developed to
provide a clinically applicable measure of craniofacial risk,
which has been shown to relate to the presence of OSA in two

July 15, 2018



K Sutherland, RW Lee, TO Chan, et al.

Ethnic and Sex Differences in Sleep Apnea Facial Phenotypes

Figure 5—Craniofacial variables and interaction between
OSA status and sex.
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This figure illustrates craniofacial ratios for which there was a significant
two-way interaction between OSA status and sex in factorial analysis
of variance (P < .05). The y axis represents the estimated marginal
mean (mean value adjusted for other variables in the model, particularly
height, body mass index, age, and neck circumference). Post hoc group
comparisons * = P < .05 controls versus subjects with OSA, female sex.
OSA = obstructive sleep apnea.

different clinical populations.*"* Facial phenotype captured by
photography is not strictly a measure of underlying skeletal
structure, but also captures regional adiposity and potentially
also phenotypic information upper airway tissues." This study
identifies interactions between sex and ethnicity in how cra-
niofacial photographic variables relate to OSA.

The main aim of this study was to compare craniofacial
measurements between OSA and controls with interaction

Journal of Clinical Sleep Medicine, Vol. 14, No. 7

Figure 6—Three-way interaction of OSA status, ethnicity,
and sex.
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This figure illustrates the three-way interaction observed in the
craniofacial ratio maxillary volume / mandibular volume in factorial
analysis of variance (P < .05). The y axis represents the estimated
marginal mean (mean value adjusted for other variables in the model,
particularly height, body mass index, age, and neck circumference).
Post hoc group comparisons * = P < .05 controls versus subjects with
OSA. OSA = obstructive sleep apnea.

terms for sex and ethnicity to determine whether OSA facial
phenotypes vary with ethnicity and sex. We observed some
interactions between both ethnic and sex groups with OSA,
which suggest that craniofacial measures relate to OSA dif-
ferently within these different groups. This study supports the
use of facial photography to capture phenotypic differences of
facial characteristics that relate to OSA by sex and ethnicity.
There is limited previous evidence; however, the few studies
that have made interethnic comparisons suggest that there are
differences in craniofacial risk factors for OSA. For example,
we have assessed lateral cephalograms of Chinese and Cauca-
sian patients with OSA, and found that for the same degree of
OSA severity, Chinese patients display relatively more skeletal
restriction whereas Caucasian patients were more obese.'* This
craniofacial restriction also suggested that obesity would have
a stronger effect on AHI in the Chinese population.”* Cepha-
lometry has also been used to assess Caucasian and African
Americans with sleep-disordered breathing and controls. Cau-
casians showed skeletal characteristics associated with OSA,
whereas this was not evident in African Americans for whom
enlarged soft tissues were related to OSA." Other studies have
identified craniofacial differences in OSA in Caucasians com-
pared to Polynesians'® and Hispanics.”” Direct sex comparisons
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of craniofacial structures in OSA either within or between eth-
nicities are even less reported. A Thai study reported sex dif-
ferences in cephalometric measurements that related to OSA."®
A study comparing Caucasians with OSA to community con-
trols in terms of surface craniofacial measures found no inter-
action between sex and OSA status,"” suggesting craniofacial
risk factors for OSA were the same for men and women.

Our previous work suggests craniofacial photography cap-
tures phenotypic information related to OSA. This two-dimen-
sional photographic technique was designed to be simple to
enable analysis in large samples. Through the use of a cali-
bration marker (rigid nylon circle), absolute dimensions of the
face are able to be obtained using the technique. For this study,
we focused particularly on craniofacial variables that do not
require calibration for several reasons. Not having to use a cali-
bration marker makes this craniofacial assessment technique
simpler to undertake. Although our previous work using facial
photography suggests that there are differences in the linear
dimensions of the face between those with OSA and controls,
single measurements are unlikely to adequately capture cra-
niofacial risk, especially because these are influenced by body
size. Indeed, in our previous prediction models for OSA, a
combination of four facial measures best classify patients as
OSA or controls. In this study we have used ratios to assess
the proportions of the face and which relative patterns of cra-
niofacial may relate to OSA. Ratios such as cranial index and
facial index have previously been used to describe craniofacial
factors in OSA,?° and our analysis extends this novel approach.

In our analysis, we found main effects of a difference be-
tween those with OSA and controls (regardless of ethnic and
sex group) between 3 craniofacial angles. Maxillary and man-
dibular depth angles (the photographic equivalent of SNA and
SNB angles) were reduced in those with OSA. This is a com-
mon association with OSA found in cephalometric studies.**!
There were no interaction effects with sex or ethnicity in the
relationship with OSA, suggesting these may be common fea-
tures of OSA in all groups. In terms of craniofacial ratios that
differed between those with OSA and controls, patients with
OSA had a relatively wider face compared with depth. A re-
duced eye width to face width ratio was also associated with
OSA, which could suggest a relatively smaller total bony width
of the face.

The limitation of craniofacial photography, as a composite
assessment of craniofacial risk factors, means that we cannot
definitively say whether the observed phenotypic differences
reflect purely skeletal differences in craniofacial regions or
also capture regional adiposity. However unique patterns of
craniofacial phenotype appear to be found within Chinese and
Caucasian patients with OSA. This study supports this photo-
graphic technique in more varied ethnic groups for assessment
of craniofacial differences. Although craniofacial photography
is not able to directly assess upper airway structures that could
contribute to ethnic differences in OSA pathophysiology, nev-
ertheless the simplicity of the technique allows craniofacial
phenotypic information to be more readily collected in large
numbers of subjects with comparisons across populations.
However, a quantitative photographic technique to assess in-
traoral structures in OSA has recently been published.??
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Limitations

This is the first direct interethnic study of craniofacial pheno-
typing by photography in OSA, and there are limitations to the
study. First, all subjects were recruited from the sleep clinic
and sleep clinic controls are likely to differ from those with-
out apnea in the community. However, facial phenotyping as
a tool for predicting the presence of OSA likely has use for
triaging patients in primary or tertiary care. Additionally, we
have used a cutoff of AHI 10 events/h to classify OSA in this
clinical sample, to maximize numbers in the non-OSA group
and therefore individuals in this group can have mild OSA or
OSA symptoms. We analyzed 363 subjects in this study, which
is large for a study of craniofacial phenotype and is testament
to the feasibility of obtaining craniofacial data in large numbers
using this technique. However, some of our subgroups for com-
parison, particularly the females, were very small. This reflects
the usual demographics of sleep clinic populations. Therefore,
there is a need to replicate these findings in larger samples.
Also, we have only two ethnic groups and inclusion of more
groups would be interesting in future studies. The simplicity of
this photographic method and demonstration of application in
detection of ethnic differences mean that this could be applied
to other ethnic groups, including multiethnic populations.

CONCLUSIONS

Our study provides evidence that facial phenotype related to
OSA varies with ethnicity and sex. The simple photographic
technique used in this investigation could be applied to large
samples in order to investigate OSA facial phenotype across
multiple populations. This has relevance to personalizing OSA
recognition strategies across different populations.
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