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ABSTRACT

Introduction: This systematic review aimed to determine the clinical utility of various physical exam findings in the diagnosis
of obstructive sleep apnea (OSA).
Methods: A systematic review of English articles identified from PubMed, Embase, CENTRAL, and Web of Science databases.

» @ ”

Search terms included “sleep apnea,” “physical exam,” “polysomnography,” and all relevant synonyms. Two reviewers inde-
pendently screened abstracts, reviewed full texts, and extracted data from all studies that presented associations between physi-
cal characteristics and apnea-hypopnea index (AHI).

Results: A total of 35 studies representing 13,854 patients were included in this review. The mean difference between high AHI
and low AHI groups was 4.09kg/m? (95% CI: 2.78-5.39) for BMI, 7.93 cm (3.59-12.28) for waist circumference, and 3.67 cm (2.64—
4.71) for neck circumference. The odds ratios for having a high AHI were 2.44 (1.07-5.55) for macroglossia, 2.23 (1.68-2.96) for
Mallampati > 2, 1.88 (1.67-2.11) for tonsil grade > 2, 3.99 (1.94-8.21) for pharyngeal grade > 2, and 1.57 (1.48-1.67) for enlarged
uvula. Thyromental distance, retrognathia, Friedman grade, septal deviation, and enlarged turbinates were also assessed and
were not found to be statistically significant between AHI groups.

Discussion: Several physical exams have strong evidence in the literature supporting their strength at differentiating patients
with and without OSA. These should be used routinely among providers who treat OSA, regardless of specialty, to help guide
decisions about recommending a sleep study and selecting appropriate treatment. Other physical characteristics may be better

assessed through advanced exam techniques or require more research and standardization in the way they are assessed by

practitioners.

1 | Introduction

Congenital and acquired characteristics, such as reduced size of
the cranial bony structures and airway soft tissue redundancy,
can make the upper airway more prone to collapse, leading to
obstructive sleep apnea (OSA) [1]. While polysomnography is
the gold standard for diagnosing OSA, it does not identify the
anatomical sites of obstruction [2]. Furthermore, polysomnog-
raphy is often difficult to access due to its complexity and cost.

A thorough physical exam can aid in appropriate patient selec-
tion for sleep study referral and identify the anatomic level(s) of
obstruction, guiding further advanced evaluations (e.g., cepha-
lometric X-rays or nasal endoscopy) and eventual treatment [3].

A clinical guideline produced by The Adult OSA Task Force
of the American Academy of Sleep Medicine (AASM) suggests
examining obesity, neck circumference, Friedman tongue po-
sition (FTP), Mallampati classification, macroglossia, tonsillar
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hypertrophy, enlarged/elongated uvula, lateral peritonsillar
narrowing, high arched/narrow palate, retrognathia, overjet,
nasal polyps, nasal deviation, nasal valve abnormalities, and
turbinate hypertrophy when assessing a patient with potential
OSA [4]. Yet, many of these physical characteristics are ex-
amined inconsistently and have conflicting evidence on their
ability to accurately identify patients at risk for OSA. Several
physical exam findings have been shown to be significantly
correlated with OSA severity, and previous studies have at-
tempted to combine historical and physical findings to make
predictive OSA tools [5-10]. However, these tools often only
include a few physical findings and exclude others that may
be important to routinely examine. A standardized, compre-
hensive physical exam to assess risk for OSA is still absent.
Thus, while one anatomical area of obstruction may be treated,
others may be overlooked, leading to inaccurate or incomplete
treatment.

The purpose of this systematic review and meta-analysis is to ex-
amine which physical exam characteristics are associated with
AHI and can clinically distinguish OSA patients from healthy
controls or patients with only mild OSA.

2 | Methods

2.1 | Search Strategy

This study follows the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses [11]. A research librarian with ex-

pertise in conducting systematic reviews queried the PubMed,
Embase, CENTRAL, and Web of Science libraries with the

TABLE1 | Inclusion and exclusion criterion.

» o« » o«

terms “sleep apnea,” “physical exam,” “polysomnography,”
and all relevant synonyms. Full search terms are presented in
the Supporting Information. All databases were searched from
inception until August 2023. Deduplication was conducted
in EndNote (Clarivate 2021) [12]. Systematic study selection
was conducted using the Rayyan web tool (Rayyan Systems
Inc. 2016).

2.2 | Study Selection

Studies that correlated upper aerodigestive tract physical char-
acteristics to AHI were included. Studies that examined physical
characteristics that are not easily assessed in an average clinical
setting and require advanced imaging or techniques (i.e., CINE
MRI, cephalometric X-rays or CT, endoscopy) were not included.
The full inclusion/exclusion criteria are presented in Table 1.
Two reviewers (N.P. and A.V.) independently reviewed abstracts
and full texts. Conflicts were discussed between the reviewers
and resolved by consensus. Quality assessment was conducted
using the Quality Assessment of Diagnostic Accuracy Studies
(QUADAS) tool [13].

2.3 | Data Extraction

Two reviewers (N.P. and B.P.) independently extracted data and
compared results for accuracy. Extracted data included author,
year of publication, country where the study was conducted,
sample size, age, sex distribution, physical exam measurements
between different AHI groups, and correlation p-value between
physical exam and AHI, if available.

Criteria category

Inclusion criteria

Exclusion criteria

Participants

Interventions/investigations

Comparator (control)

Outcome

Study design

Nonsyndrome adult subjects > 18 years of
age with a diagnosis of OSA by overnight
PSG or overnight sleep study

Studies evaluating physical characteristics
in adult OSA subjects using at least
one clinically observable assessment of
upper aerodigestive tract structures

If available, individuals without
OSA or with mild OSA

Studies providing physical exam parameters
in a quantitative or qualitive measurement

Randomized controlled trials
Cohort studies
Case control studies
Cross-sectional studies

Children (age < 18 years)
syndromic subjects.

Studies evaluating physical characteristics
using advanced modalities (i.e.,
cephalogram, endoscopy)

N/A

Studies not providing quantitative
or qualitative measurements and
focusing on treatment and surgery
of OSA rather than diagnosis

Survey studies
Reviews articles
Systematic reviews
Meta-analysis
Animal studies/testing
Case reports
Language other than English

Abbreviations: OSA, obstructive sleep apnea; PSG, polysomnography.
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2.4 | Statistical Analysis

Studies that compared physical exam findings based on AHI
classes (either moderate/severe OSA vs. mild OSA, or OSA vs.
healthy controls) were included in a meta-analysis. Physical
exam findings with three or more studies were included in the
pooled analysis—exam findings with fewer than three studies
were qualitatively assessed for their associations with AHI. All
statistical analysis was performed using the metafor (Version
4.0-0) and meta (Version 6.2-1) packages in R (Version 4.3.0;
R Project for Statistical Computing). Random-effect models
using the Restricted maximum likelihood (REML) estimator
were created for mean differences for continuous variables and
odds ratios for binary variables. Heterogeneity was reported as
low (Higgin's I*=0%-25%), moderate (I>=26%-50%), or high
(I*> 50%), along with [2] and y? statistics. Formal heterogeneity
hypothesis testing was evaluated with Cochran's Q-test. Outlier
analysis was performed using influential case diagnostics and
leave-one-out testing, which were reported in the body of the
results but not removed from the analysis. Publication bias was
assessed with funnel plots and Egger tests using a mixed-effects
meta-regression model.

For continuous variables, averages for the high AHI and low
AHI groups, mean differences, 95% confidence intervals, study
weight, and pooled mean differences with reference line and
confidence interval are reported. For binary variables (when
continuous variables were not available), counts for the high
AHI and low AHI groups and odds ratios are instead reported.
A significance level of p=0.05 was used for all analyses.

3 | Results

Overall, 35 studies including 13,854 patients were included
(Figure 1, Table 2) [8, 9, 14-46]. Of the 35 studies, 37.1% were
published in otolaryngology journals, 25.7% in sleep medicine
journals, and 11.4% in pulmonology journals. Other specialties
represented include internal medicine, anesthesiology, and den-
tistry. Data was extracted for four continuous variables and 9
binary variables. These data were separated into two groups
(high versus low AHI) and the mean differences or odds ratios
were compared. The cutoffs for low versus high AHI ranged
from 5 to 15 between the different studies. The studies included
in the meta-analysis and the physical exams they reviewed are

[ Identification of studies via databases and registers ]
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FIGURE1 | PRISMA diagram for search methodology.
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TABLE 3 | Summary of results from meta-analysis.

OR or mean

Physical exam # of studies Low AHI n High AHI n difference (95% CI) Heterogeneity (I%), p
Anthropometrics
BMI (kg/m?) 13 1569 1888 4.09 (2.78-5.39) 91.0%, <0.001
Waist (cm) 3 165 292 7.93 (3.59-12.28) 0.0%, 0.525
Neck (cm) 13 1258 1434 3.67 (2.64-4.71) 98.6%, <0.001
Craniofacial measurements
Thyromental (cm) 6 323 637 —0.78 (-1.84-0.28) 100.0%, <0.001
Retrognathia 3 1005 1122 1.30(0.78-2.18) 99.4%, <0.001
Oral cavity/oropharynx
Macroglossia 5 1398 1711 2.44 (1.07-5.55) 99.7%, <0.001
Mallampati Grade 7 1337 1286 2.23 (1.68-2.96) 86.3%, <0.001
(£2vs.>2)
Friedman Grade 3 569 1014 5.94 (0.26-133.64) 91.6%, <0.001
(£2vs.>2)
Tonsil Grade 7 1254 1079 1.88 (1.67-2.11) 1.2%, <0.420
(£2vs.>2)
Pharyngeal Grade 3 317 505 3.99 (1.94-8.21) 97.9%, <0.001
(£2vs.>2)
Enlarged Uvula 3 1005 1122 1.57 (1.48-1.67) 61.6%, <0.001
Nasal cavity
Septal deviation 5 1132 1394 1.37 (0.87-2.16) 95.7%, <0.001
Enlarged turbinates 7 1068 1326 1.02 (0.81-1.29) 98.3%, <0.001

Note: Mean differences are presented for continuous variables, while odds ratios are presented for binary variables. Significant results are bolded.

summarized in Table 3. The remaining studies were not in-
cluded in the meta-analysis because they focused on physical
exams where there were fewer than three studies evaluating
them or because of heterogeneity in the reported statistics, but
they are reported in Table 2.

3.1 | Anthropometrics

3.1.1 | BMI

There were 13 studies included for BMI (Figure 2). The pooled
difference was 4.09kg/m? (2.78-5.39, 95% CI; p<0.0001).
Patients with high AHI tend to have higher BMIs than those
with low AHI. There was high heterogeneity between studies
(I?=91.0%; t*=5.11; Q = 133.93; p < 0.0001). This suggests that
the true difference in BMI between high and low AHI groups
varies between studies. Case diagnostics found Banabilh
et al. 2010 to potentially be an influential study (Supporting
Information Figure 1). However, removing this study did
not significantly change the pooled differences (Supporting
Information Figure 1). The funnel plot did not suggest pub-
lication bias, nor did the Egger test (Supporting Information
Figure 2, p=0.316).

3.1.2 | Waist Circumference

There were three studies included for waist circumference
(Figure 2). The pooled difference was 7.93cm (3.59-12.28, 95%
CI; p=0.0003). Patients with high AHI tend to have higher waist
circumference than those with low AHI. There was low hetero-
geneity between studies (I?=0.0%; t2=0; Q=1.29; p=0.525).
This suggests all studies shared the same true difference in waist
circumference. Ucok et al. 2011 was an influential study, but
excluding it did not change pooled differences in waist circum-
ference (Supporting Information Figure 1). The funnel plot did
not suggest publication bias, nor did the Egger test (Supporting
Information Figure 2, p=0.994).

3.1.3 | Neck Circumference

There were 13 studies included for neck -circumference
(Figure 2). The pooled difference was 3.67cm (2.64-4.71, 95%
CIL;, p<0.0001). Patients with high AHI tend to have higher
neck circumference than those with low AHI. There was high
heterogeneity between studies (I>=98.6%; t>=3.31; Q=861.42;
p<0.0001). This suggests that the true difference in neck cir-
cumference between high and low AHI groups varies between

6 of 15
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Author and Year High AHI 95% CI

Low AHI 95% CI

Mean Difference Mean Difference in BMI 95% ClWeight

Lam et al. 2005 2900 [28.3;29.7] 27.00
Soares et al. 2006 2810 [27,292] 2550
Svensson et al. 2009 2840 [271;29.7] 2540
Yagi et al. 2009 28.70 [27.7,29.7] 24.10
Banabilh et al. 2010 3320 [31.5;349] 2270
Weihu et al. 2011 3050 [29.3;31.7] 26.60
Ucok et al. 2011 3250 [31;34] 3230
Banhiran et al. 2014 2840 [27.8;29] 2530
Yuceege et al. 2014 3250 [31.4;336] 29.20
Oliveira et al. 2015 2960 [28.9;30.2] 2540
Yilmaz et al. 2017 2970 [29;304] 2410
Schwab et al. 2017 3850 [37.7;39.3] 32.10
Remya et al. 2017 2810 [26.7,295] 25.60

Random effects model
Heterogeneity: /° = 91%, t° = 5.1130, 1%, = 133.93 (p < 0.01)

[25.4;286] - 200[047; 353] 7.8%
[23;28] = 260[-1.25. 645] 50%
[245,263] 1 300([1.77; 423] 81%
[22.7,255] B 460[3.03; 617) 7.7%
[218;236] T 10.50[8.68; 12.32] 7.4%
[256,276] - 3.90[265; 515 8.0%
[30.6;34] B 0.20[-251; 291] 6.3%
[24.1;266] - 310[2.09; 411] 83%
[28.1;30.3] - 3.30[203; 457] 8.0%
[25.1;258] 420[389; 451] 86%
[235,247] 560[5.15, 6.05] 8.6%
[31.2;33] - 6.40 [5.60; 7.20] 8.4%
[246;266] - 250[0.95; 405] 7.7%
| e | 4.09[2.78; 5.39]100.0%

5 0 5 10 15

Difference in Mean BMI (High AHI - Low AHI)

Neck Circumference
Author and Year High AHI 95% CI LowAHI 95% CI Mean Difference Mean Difference in NC ~ 95% ClWeight
Hiremath et al. 1998 4410 [424;458] 4140 [403;425] —— 2.70[0.50;4.90] 6.1%
Lam et al. 2005 40.00 [39.4;406] 39.00 [37.7;403] . 1.00[0.02;1.98] 7.9%
Soares et al. 2006 4170 [40.8;426] 36.70 [35.1;38.3] L 500[3.28,6.72] 6.9%
Yagi et al. 2009 39.20 [38.6,39.9] 3550 [339,37.1] - 370[266,4.74] 78%
Banabilh et al. 2010 4360 [42.1,451] 3560 [34.7,365] —— 8.00[6.42,958] 71%
Weihu et al. 2011 3970 [386;408] 3740 [365;383] - 230[131;329] 79%
Ucok etal. 2011 4210 [405;437] 39.40 [388;40] - 270[122;418] 72%
Banhiran et al. 2014 3850 [38;39] 3510 [342,36] L 340([283;397] 82%
Yuceege et al. 2014 40.50 [39.7;41.3] 37.40 [36.6;382] l 3.10([248;372] 82%
Oliveira et al. 2015 3860 [379;39.2] 3520 [348;357] 340[3.08;3.72] 84%
Yilmaz et al. 2017 4260 [422;43] 3560 [352,36] 7.00([6.85;,7.15] 84%
Remya et al. 2017 3970 [38.7;40.7] 37.10 [36.3;379] L g 260[169;351] 79%
He et al. 2021 40.80 [40.2;41.4] 3780 [36.7,389] l 3.00[2.19;381] 8.0%
Random effects model - 3.67[2.64; 4.71]100.0%
Heterogeneity: /* = 99%, <° = 3.3090, 13, = 861.42 (p < 0.01) f T T I
-5 0 5 10 15
Mean Difference in NC (High AHI - Low AHI)
Waist Circumference
Author and Year High AHI 95% Cl LowAHI 95%CI Mean Difference Mean Difference in WC 95% ClWeight
Ucok et al. 2011 103.90 [100.8;107] 99.90 [97.4;1024] = 4.00[-4.06; 12.06] 29.1%
Banhiran et al. 2014 96.00 [946;974] 8650 [834,896] —H— 950[3.60; 15.40] 54.3%
Remya et al. 2017 101.20 [97.8;1046] 91.50 [884,946] . 9.70[-0.96; 20.36] 16.6%
Random effects model ——— 7.93[ 3.59; 12.28]100.0%
Heterogeneity: I* = 0%, t° =0, 72 = 1.29 (p = 0.52) f rr T T
S5 0 5 10 15 20 25

Mean Difference in WC (High AHI - Low AHI)

FIGURE 2 | Forest plots for anthropometric measurements. Horizontal lines depict 95% confidence intervals, square size represents the study

weight, and the diamond width shows the pooled 95% confidence interval.

studies. No influential cases were identified on case diagnostics
and leave-one-out testing (Supporting Information Figure 1).
The funnel plot did not suggest publication bias, nor did the
Egger test (Supporting Information Figure 2, p=0.641).

3.2 | Craniofacial Measurements
3.2.1 | Thyromental Distance
There were six studies included for thyromental distance

(Figure 3). The pooled difference was —0.78 cm (—1.84 to 0.28,
95% CI; p=0.147). There was no difference in thyromental

distance between the high and low AHI groups. There was
high heterogeneity between studies (I?=100%; t2>=1.74;
Q=10338.11; p<0.0001). This suggests that the true differ-
ence in thyromental distance between high and low AHI
groups varies between studies. Yilmaz et al. 2017 was an in-
fluential study (Supporting Information Figure 1). Excluding
this study reduced the difference between groups, further
supporting that there is no difference in thyromental distance
(Supporting Information Figure 1). The funnel plot did not
suggest publication bias, nor did the Egger test (Supporting
Information Figure 2, p=0.897). Of note, these studies rep-
resented assessments in the clinic and did not include radio-
graphic or cephalometric exams.
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3.2.2 | Retrognathia

There were three studies included for retrognathia (Figure 3). The
pooled odds ratio was 1.30 (0.78-2.18, 95% CI; p=0.315). Patients
with retrognathia are not at greater odds of high AHI than those
without. There was high heterogeneity between studies (I =99.4%;
72=0.197, Q=0.4433; p<0.0001). Zhang et al. 2022 and Oliveira
et al. 2015 were influential cases, but excluding either study did not
significantly change the pooled odds ratio (Supporting Information
Figure 1). The funnel plot did not suggest publication bias, nor did
the Egger test (Supporting Information Figure 2, p=0.891). Of
note, these studies represented assessments in the clinic and did
not include radiographic or cephalometric exams.

3.3 | Oral Cavity/Oropharynx
3.3.1 | Macroglossia

There were five studies included for macroglossia (Figure 4). The
pooled odds ratio was 2.44 (1.07-5.55, 95% CI; p=0.051). Patients
with macroglossia are at greater odds of having high AHI than
those without. There was high heterogeneity between studies
(I?=99.7%; t*=0.870, Q=1375.514; p<0.0001). Ashraf et al. 2022
was identified as an influential study, though excluding this study
did not change the pooled odds ratio (Supporting Information
Figure 1). The funnel plot did not suggest publication bias, nor did
the Egger test (Supporting Information Figure 2, p=0.293).

3.3.2 | Mallampati

There were nine studies included for Mallampati classifica-
tion (Figure 4). The pooled odds ratio was 3.20 (1.94-5.27, 95%
CIL; p<0.0001). Again, Ashraf et al. 2022 was identified as an

Thyromental Distance

Author and Year

High AHI 95% CI Low AHI 95% CI

influential study and excluding this study lowered the pooled
odds ratio by 0.8 to 2.45 (data not shown). The funnel plot sug-
gested publication bias, specifically for Ashraf et al. 2022 and
Ucok et al. 2011 (data not shown). The Egger test also suggested
publication bias (p=0.0226). If Ashraf et al. 2022 is excluded,
a similarly significant publication bias is found and still identi-
fies Ucok et al. 2011 as an influential study. Therefore, we opted
to exclude both Ashraf et al. 2022 and Ucok et al. 2011. If both
are excluded, the pooled odds ratio is 2.23 (1.68-2.96, 95% CI;
p<0.0001). Patients with high Mallampati class are at greater
odds of having high AHI than those with low Mallampati class.
There was high heterogeneity between studies (I>=86.3%;
72=0.126, Q=43.6; p<0.0001). Oliveira et al. 2015 was iden-
tified as an influential study within these remaining seven
studies, but excluding it did not significantly change the pooled
outcome (Supporting Information Figure 1). Furthermore, the
funnel plot did not suggest publication bias, nor did the Egger
test (p=0.240) (Supporting Information Figure 2).

3.3.3 | Friedman Tongue Position

There were three studies included for Friedman classification
(Figure 4). The pooled odds ratio was 5.94 (0.26-133.64, 95% CI;
p=0.262). Patients with a high FTP were not at significantly
greater odds of having high AHI than those with low FTP. There
was high heterogeneity between studies (I>=91.6%; >=7.23,
Q=23.85; p<0.0001). Barcelo et al. 2011 was an influential case.
Additionally, removing any single study would significantly
change the pooled results (Supporting Information Figure 1).
The funnel plot suggested publication bias by the Egger test
(Supporting Information Figure 2, p=0.026). However, because
there were only three studies included in this analysis, this was
difficult to interpret. Therefore, we included all three studies in
this analysis but recommend a guarded interpretation.

Mean Difference Mean Difference in TMD 95% ClWeight

Hiremath et al. 1998 760 [68;84] 830
Lam et al. 2005 500 [4951] 500
Banhiran et al. 2014 620 [6.1,63] 6.10
Yuceege et al. 2014 800 [78;82] 830
Remya et al. 2017 480 [42,54] 520
Yilmaz et al. 2017 700 [6.38;72] 10.40

Random effects model
Heterogeneity: /° = 100%, 1 = 1.7382, %2 = 10338.11 (p = 0)

[7.7:89] 0.70[-1.22; 0.18] 16.1%
[47,53] 0.00 [-0.06; 0.06] 16.8%
[59,63] 0.10 [0.06; 0.14] 16.8%
[81;85] -0.30[-0.34; -0.26] 16.8%
[49,55] j -0.40[-0.66; -0.14] 16.6%
[101;107] @ | 3.40[-3.46; -3.34] 16.8%

-0.78[-1.84; 0.28]100.0%

[ I T T 1

-5 0 5 10 15
Mean Difference in TMD (High AHI - Low AHI)

Retrognathia = +

Author and Year High AHI Low AHI High AHI Low AHI Odds Ratio OR 95% C.I. Weight
Svensson et al. 2006 17 11 51 53 L 1.61[1.11;2.32] 29.9%
Oliveira et al. 2015 40 99 288 566 0.79[0.73;0.86] 350%
Zhang et al. 2022 404 114 322 162 1.78[1.71;1.86] 35.2%

Random effects model_ R
Heterogeneity: /> = 99%, ° = 0.1965, %> =319.48 (p <0.01)

1.30[0.78; 2.18]100.0%

0102 051 2 5 10
Odds Ratio

FIGURE3 | Forest plots for craniofacial measurements. Horizontal lines depict 95% confidence intervals, square size represents the study weight,

and the diamond width shows the pooled 95% confidence interval.
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Macroglossia - +

Author and Year High AHI Low AHI High AHI Low AHI Odds Ratio OR  95% C.l.Weight
Oliveira et al. 2015 141 162 187 503 ] 2.34[2.25; 2.44] 20.2%
Schwab et al. 2017 377 224 134 75 H 0.94[0.89; 0.99] 20.2%
He et al. 2021 88 28 58 23 1.25[1.01; 1.54] 19.9%
Zhang et al. 2022 419 118 307 265 3.07 [2.96; 3.17] 20.2%
Ashraf et al. 2022 46 14 14 46 - 10.80[7.49; 15.55] 19.4%

Random effeczts model 5 .
Heterogeneity: /= 100%, " = 0.8700, y; = 1375.51 (p < 0.01)

—— — 2.44[1.07; 5.55]100.0%

0102051 2 § 20

Odds Ratio

OR  95% C.l.Weight

Mallampati Grade <2 >2
Author and Year High AHI Low AHI High AHI Low AHI
Nuckton et al. 2006 52 23 28 34
Wu et al. 2011 62 45 58 76
Weihu et al. 2011 31 26 1 35
Oliveira et al. 2015 236 371 92 294
Remya et al. 2017 13 15 8 39
Schwab et al. 2017 438 227 60 54
He et al. 2021 123 41 23 10

Odds Ratio

2.75[2.14; 3.53] 14.7%
1.81[1.58; 2.07] 16.1%
3.79[2.61; 5.51] 12.9%
2.03[1.95; 2.12] 16.6%
422[2.37,7.52] 9.9%
1.74[1.60; 1.89] 16.4%
1.30[0.92; 1.84] 13.4%

- 2.23[1.68; 2.96]100.0%

Random effects model
Heterogeneity: I° = 86%, ©° = 0.1255, ;2 = 43.64 (p < 0.01)
0102 051 2 5 10
Odds Ratio

Friedman Grade <2 >2
Author and Year High AHI Low AHI High AHI Low AHI Odds Ratio OR 95% C.I. Weight
Barcelo et al. 2011 143 67 1 90 —&—  192.09[25.36; 1454.86] 30.4%
Banhiran et al. 2014 136 126 8 10 - 135 [0.84;, 216] 346%
Zhang et al. 2022 245 80 481 196 3 125 [1.19; 1.31] 349%
Random effects model 5.94 [0.26; 133.64]100.0%
Heterogeneity: 1° = 92%, t° = 7.2277, 73 = 23.85 (p < 0.01)

0001 01 1 10 1000
Odds Ratio
Tonsil Grade <2 >2
Author and Year High AHI Low AHI High AHI Low AHI 0Odds Ratio OR 95% C.1. Weight
Wuetal. 2011 4 0 m 115 932[0.12,751.82] 0.1%
Weihu etal. 2011 5 6 37 55 T 124 [055; 278] 21%
Banhiran et al. 2014 16 8 126 122 Rg 194 [1.30; 289] 85%
Oliveira et al. 2015 16 18 312 647 1.84 [1.45; 2.34] 233%
Schwab et al. 2017 42 23 138 133 L] 1.76 [1.50; 2.07] 52.3%
He etal. 2021 29 4 17 47 e 291 [157; 539] 36%
He etal. 2022 28 8 98 68 - 243 [1.69; 3.49] 10.2%
Random effects model 1.88 [1.67; 2.11]100.0%
Heterogenety: /° = 1%, 7 = 0, 73 = 6.07 (p = 0.42)
00101 1 10 100
Odds Ratio
Pharyngeal Grade <2 >2
Author and Year High AHI Low AHI High AHI Low AHI Odds Ratio OR 95% C.I. Weight
Schwab et al. 2017 144 86 89 104 = 1.96[1.81,2.11] 34.5%
He et al. 2021 128 28 18 23 & 584[4.42,772] 329%
He et al. 2022 115 49 1" 27 - 576[4.23,7.84) 326%
Random effects model —w=abe—  3.99[1.94; 8.21]100.0%
Heterogeneity: I = 98%, < = 0.3920, 72 = 93.14 (p < 0.01)

0102 051 2 5 10

0Odds Ratio

Enlarged Uvula - +

Author and Year High AHI Low AHI High AHI Low AHI 0Odds Ratio OR 95% C.l. Weight
Svensson et al. 2006 35 24 33 40 -'— 1.77[1.38,226] 52%
Oliveira et al. 2015 11 160 217 505 L] 1.61[1.55; 1.69] 46.8%
Zhang et al. 2022 364 110 362 166 o 1.52[1.46;1.58] 48.1%
Random effects model ‘ 1.57[1.48; 1.67]100.0%
Heterogeneity: I° = 62%, 7 = 0.0014, 73 = 5.21 (p = 0.07)

0102 051 2 5 10

Odds Ratio

FIGURE4 | Forest plots for oral cavity/oropharyngeal measurements. Horizontal lines depict 95% confidence intervals, square size represents the

study weight, and the diamond width shows the pooled 95% confidence interval.
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3.3.4 | Tonsillar Hypertrophy

There were three studies included for tonsil size (Figure 4).
The pooled odds ratio was 1.88 (1.67-2.11, 95% CI; p<0.0001).
Patients with large tonsils are at greater odds of high AHI than
those with small tonsils. There was low heterogeneity between
studies (I’=1.2%; =0, Q=6.07; p<0.0001). No studies were
identified as outliers on influential case diagnostics or leave-
one-out testing (Supporting Information Figure 1). The fun-
nel plot did not suggest publication bias, nor did the Egger test
(Supporting Information Figure 2, p=0.356).

3.3.5 | Pharyngeal Grade

There were three studies included for pharyngeal grade
(Figure 4). The pooled odds ratio was 3.99 (1.94-8.21, 95% CI;
p=0.0002). Patients with high pharyngeal grade are at greater
odds of having a high AHI than those with low pharyngeal
grade. There was high heterogeneity between studies (I>=97.9%;
72=0.392, Q=93.14; p<0.0001). Schwab et al. 2017 was an in-
fluential case. Excluding it significantly increased the pooled
odds ratio to 5.80 (OR 2.19-9.41), but this finding was still statis-
tically significant (Supporting Information Figure 1). The fun-
nel plot suggested publication bias by the Egger test (Supporting
Information Figure 2, p=0.001). This was difficult to interpret
as there were only three studies that reported pharyngeal grade.
Therefore, we included all three studies in this analysis but rec-
ommend a guarded interpretation.

3.3.6 | Enlarged Uvula

There were three studies included for enlarged uvula (Figure 4).
The pooled odds ratio was 1.57 (1.48-1.67, 95% CI; p <0.0001).
Patients with an enlarged uvula were at greater odds of hav-
ing high AHI than those with small uvulas. There was high
heterogeneity between studies (I> = 61.6%; t>=0.0014), though
formal heterogeneity testing failed to reach significance
(Q=5.21; p=0.074). This suggests that the true odds ratio
varies between studies. No influential cases were identified
on case diagnostics and leave-one-out testing (Supporting
Information Figure 1). The funnel plot did not suggest pub-
lication bias, nor did the Egger test (Supporting Information
Figure 2, p=0.732).

3.4 | Nasal Cavity
3.4.1 | Septal Deviation

There were five studies included for septal deviation (Figure 5).
The pooled odds ratio was 1.37 (0.87-2.16, 95% CI; p=0.173).
Patients with septal deviation are not at greater odds of high
AHI than those without. There was high heterogeneity between
studies (I?=95.7%; t>=0.261, Q=93.82; p<0.0001). Svensson
et al. 2006 was an influential case. influential cases, but exclud-
ing either study did not significantly change the pooled odds
ratio (Supporting Information Figure 1). The funnel plot did
not suggest publication bias, nor did the Egger test (Supporting
Information Figure 2, p=0.419).

3.4.2 | Turbinate Hypertrophy

There were seven studies included for turbinate hypertrophy
(Figure 5). The pooled odds ratio was 1.02 (0.81-1.29, 95%
CI; p=0.861). Patients with turbinate hypertrophy are not
at greater odds of high AHI than those without. There was
high heterogeneity between studies (I>=98.3%; t>=0.0524,
Q=180.43; p<0.0001). Zhang et al. 2022 and Oliveira et al.
2015 were influential cases, but excluding either study did
not significantly change the pooled odds ratio (Supporting
Information Figure 1). The funnel plot did not suggest pub-
lication bias, nor did the Egger test (Supporting Information
Figure 2, p=0.817).

4 | Quality Assessment

No studies were excluded from this study through the quality
assessment. The study populations were diverse, especially
since the included studies were conducted in many different
countries, which may introduce heterogeneity but increases the
representation of the global population of patients with OSA.
Variation in the studies was also found with respect to their
definitions of hypopneas: the AASM defines a hypopnea as a
reduction in airflow with a 3% desaturation or cortical arousal;
however, a 4% desaturation without consideration of cortical ac-
tivity can also be used. AHI can vary based on which definition
is used [47]. The studies included in this review may differ in
which definition they used, as some did not specify. Likewise,
some studies did not describe their physical exam protocols in
detail, as physical exams are rarely standardized, contributing
to poorer quality.

5 | Discussion

The anatomic source of obstruction in OSA can occur to varying
degrees at multiple sites in the upper airway. Multilevel obstruc-
tion has been associated with more severe OSA [48]. Identifying
only one area of obstruction in a patient with multilevel disease
may lead to incomplete treatment, which may partially explain
the high rates of treatment failure seen in OSA [49]. As such,
it is imperative to qualitatively assess and quantitatively mea-
sure physical characteristics in all patients with suspected OSA
through a detailed anatomic physical exam.

This systematic review and meta-analysis identified several
physical exam findings that have statistically significant as-
sociations with AHI. Anthropometric measures, including
BMI, waist circumference, and neck circumference, were all
significantly higher in patients with higher AHI. Craniofacial
measurements, including retrognathia and thyromental dis-
tance, were not found to be significantly different between AHI
groups. Among measurements of oral cavity/oropharyngeal
crowding, Mallampati and macroglossia were found to be sig-
nificant, while FTP was not. The other oropharyngeal physical
characteristics included in this analysis were all significant,
with patients having increased odds of having a higher AHI if
they had > 2 tonsil grade, > 2 pharyngeal grade, or an enlarged
uvula. Finally, nasal septal deviation and inferior turbinate hy-
pertrophy were not significant.
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Septal Deviation -

+

Author and Year High AHI Low AHI High AHI Low AHI Odds Ratio OR 95% C.I. Weight
Svensson et al. 2006 28 36 40 28 -+ 0.54[0.43;0.69] 19.4%
Oliveira et al. 2015 213 349 115 316 1.68[1.61;1.74] 20.6%
He et al. 2021 106 32 40 19 - 1.57[1.25;1.98] 19.5%
Zhang et al. 2022 327 96 399 180 1.54[1.47;1.60] 20.6%
He et al 2022 94 44 32 32 : 3 214[177;258] 199%
Random effects model_ R o 1.37[0.87; 2.16]100.0%
Heterogeneity 1° = 96%, 1~ = 0.2612, - = 9382 (p <0.01) . I o

0102 051 2 5 10

Odds Ratio

Turbinate Hypertrophy - +
Author and Year High AHI Low AHI High AHI Low AHI Odds Ratio OR 95% C.I. Weight
Oliveira et al 2015 115 257 213 408 086[082;089] 273%
He et al. 2021 50 18 96 33 0.95[0.76; 1.20] 21.9%
He et al. 2022 44 28 82 48 0.92[0.77;1.10] 23.7%
Zhang et al. 2022 176 51 550 225 1.41[1.33;150] 27.0%
Random effects model 1.02[0.81; 1.29]100.0%
Heterogeneity: /* = 98%, ° = 0.0524, > = 180.43 (p < 0.01) I A

0102 051 2 5 10

Odds Ratio

FIGURES5 | Forest plots for nasal cavity measurements. Horizontal lines depict 95% confidence intervals, square size represents the study weight,

and the diamond width shows the pooled 95% confidence interval.

BMI and neck circumference are well-established risk factors for
OSA. Obesity increases the size of the soft tissue structures sur-
rounding the airway through fat deposition [50]. Furthermore,
increased abdominal fat decreases lung volumes, which reduces
pharyngeal wall tension forces and makes collapse more likely
[51]. The strong association between OSA and obesity is further
evidenced by the fact that a 10% increase in weight is associ-
ated with a sixfold increase in the risk of developing OSA [52].
Along with BMI, neck circumference and waist circumference
have both been identified as markers of central obesity [53]. The
evidence from this review suggests that these measurements
should routinely be included when examining patients with sus-
pected OSA.

The craniofacial structural characteristics examined in this
study through clinical assessment—retrognathia and thyro-
mental distance—were not found to be significantly associated
with AHI. These results suggest that more advanced techniques
may be better suited to accurately examine these physical char-
acteristics than clinical soft tissue measurements. A previous
meta-analysis on cephalometric radiograph measurements
found statistically significant differences in both mandibu-
lar length (retrognathia) and hyomental distance between pa-
tients with lower AHI compared to those with higher AHI [3].
Furthermore, nonsyndromic craniofacial characteristics that
contribute to OSA are relatively rare compared to more com-
mon causes like obesity, making it difficult to detect statistically
significant associations for these features. Similarly, in the nasal
cavity, septal deviation and inferior turbinate hypertrophy were
also not significant, suggesting nasal endoscopy may be needed
to better evaluate this area. No studies examined the hypophar-
ynx, which was expected, as this level is not readily observable
through traditional examination techniques. Drug induced
sleep endoscopy can be used to better examine these sites and

has been shown to decrease failure rates for patients undergoing
surgical treatment for OSA [54]. In addition to providing a better
assessment of certain upper airway structures, endoscopy can
also rule out more serious pathologies; a previous scoping review
found that although rare, head and neck neoplasms can present
as OSA. On average, patients had symptoms of OSA for 2.5years
until the correct diagnosis was made using endoscopy [55].

Of the five studies that examined macroglossia, different mea-
surement techniques were used: some defined ridging on the
tongue due to tooth pressure as evidence of an enlarged tongue,
while others used the relationship of the tongue to the occlusion
plane. There was significant heterogeneity in the odds ratios
found in these studies, ranging from 0.94 to 10.80. This variabil-
ity suggests that while macroglossia is a well-known risk fac-
tor for OSA, using unstandardized, subjective assessments may
result in inaccurate classification of patients. A previous study
found high rates of inter-observer discordance when making
treatment decisions for OSA [56]. The variability in exam tech-
niques may explain this.

When using more standardized assessments that consider
tongue size, Mallampati grade was significant while FTP was
not. Both these scales assess crowding of the oral cavity and oro-
pharynx by grading the visibility of the tonsillar pillars, uvula,
and soft palate on a scale of 1-4; however, in Mallampati grade,
the tongue is maximally extended while it remains in a neutral
position for FTP. Even when using these standardized scales,
some studies have found interrater reliability to be poor. Both
these scales have been shown to be associated with OSA in past
studies, but the correlations have been weak. However, having
a score of 1 or 2 does appear to help rule out OSA better than a
score of 3 or 4 helps rule it in [57]. Consequently, these previ-
ous results in the context of the present study suggest that low
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Mallampati grade may be used to decrease a clinician's index of
suspicion for OSA.

The specialties that treat OSA are diverse, with this review iden-
tifying studies published in the otolaryngology, sleep medicine,
pulmonology, dentistry, anesthesiology, neurology, and internal
medicine literature. A comprehensive physical exam may ensure
that patients with OSA are appropriately referred to specialists
when advanced diagnostics or differential treatment strategies
are needed. Once a patient is referred to a specialist, a broad
physical exam should still be employed in case further referral
to another specialty is required. A previous study found that
only 35% of patients who have failed treatment with continuous
positive airway pressure (CPAP) are referred for further evalua-
tion or alternative management strategies [58]. When untreated,
the sequelae of OSA are significant, including worsening hyper-
tension and ischemic heart disease [59]. Thus, a comprehensive
physical exam is especially crucial in patients who have failed
CPAP therapy, as identifying anatomic sites of obstruction can
guide future interventions, such as surgery. Importantly, surgi-
cal success in OSA has been shown to depend on preoperative
physical exam findings [60, 61]. Comprehensive treatment for
patients who have failed CPAP may also be achieved through a
multidisciplinary “sleep board,” where the “tumor board” model
for cancer care is followed to ensure adequate communication
and evaluation completeness between specialists [62].

The main limitation to this study was the high heterogeneity.
This likely stems from the fact that the OSA patient population
is very heterogeneous and the OSA physical exam is vulnerable
to interrater variation. The physical characteristics of patients
with OSA have been shown to vary widely based on ethnicity/
race and sex [63, 64]. One study included in this review that pre-
sented its results separately for males and females found that
different characteristics were associated with AHI between the
sexes (e.g., BMI and neck circumference were significant in
males but not females) [18].

Additionally, many of the physical characteristics assessed do
not have a standardized protocol for measurement. This led to
significant variation between studies in the exact technique that
was used to measure each parameter. Examples of the differ-
ent techniques used are presented in Supporting Information
Table 1. The variation was especially apparent for physical
exam findings that do not have a commonly used standardized
rating system; for example, for features such as uvula size and
jaw position, some authors had specific measurements they
used to identify potentially pathologic variants, while other
authors simplified subjectively identified patients without
concrete measurements. Even in exams that have a standard-
ized protocol, interrater reliability may arise. Previous studies
have found varying interrater reliability for Mallampati grade
(x=0.31-1.00), FTP (x=0.36-0.82), and Tonsil size (intraclass
correlation coefficient=0.763) [57, 65-68]. The interrater reli-
ability for many other physical exam findings has not been stud-
ied. This highlights the need for standardized exam techniques
to ensure results can be interpreted between providers and ap-
propriate treatment protocols are followed.

Finally, publication bias was observed in FTP and pharyn-
geal grade. Consequently, the interpretability of these results

is limited, but no studies were excluded from these analyses
since the Egger test is less reliable when used in analyses with
less than 10 studies [69]. Despite these limitations, this review
demonstrated that many physical exam findings correlate with
AHI and may be important components of a structured, mul-
tilevel, reproducible physical exam to diagnose the underlying
cause of OSA. More research is needed to optimize exam tech-
nique and create standardized exam protocols.

6 | Conclusion

A comprehensive physical exam for patients with OSA is im-
portant to guide adequate treatment. While polysomnography
may confirm a diagnosis of OSA, it does not preclude a care-
ful and thorough anatomically based physical exam. Moreover,
weight management and CPAP therapy have varied tolerances
and adherence over time, further underscoring the need for an
accurate, anatomically based exam to guide other management
options. This systematic review and meta-analysis found several
significant associations between physical exam characteristics
and AHI. These may be important to include in a comprehen-
sive physical exam. Several other physical findings may also
have clinical utility but may be better assessed through more
advanced techniques, such as endoscopy or cephalometric ra-
diographs. The heterogeneity found in this study also highlights
the need for more standardization in the way the physical exam
is executed to ensure treatment decisions are consistent and
appropriate.
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