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ABSTRACT
Objective: The Mallampati classification system has been used to predict obstructive 
sleep apnea (OSA). Upper airway soft tissue structures are prone to fat deposition, and 
the tongue is the largest of these structures. Given that a higher Mallampati score is 
associated with a crowded oropharynx, we hypothesized that the Mallampati score 
is associated with tongue volume and an imbalance between tongue and mandible 
volumes. Methods: Adult males underwent clinical evaluation, polysomnography, and 
upper airway CT scans. Tongue and mandible volumes were calculated and compared 
by Mallampati class. Results: Eighty patients were included (mean age, 46.8 years). 
On average, the study participants were overweight (BMI, 29.3 ± 4.0 kg/m2) and had 
moderate OSA (an apnea-hypopnea index of 26.2 ± 26.7 events/h). Mallampati class IV 
patients were older than Mallampati class II patients (53 ± 9 years vs. 40 ± 12 years; p 
< 0.01), had a larger neck circumference (43 ± 3 cm vs. 40 ± 3 cm; p < 0.05), had more 
severe OSA (51 ± 27 events/h vs. 24 ± 23 events/h; p < 0.01), and had a larger tongue 
volume (152 ± 19 cm3 vs. 135 ± 18 cm3; p < 0.01). Mallampati class IV patients also 
had a larger tongue volume than did Mallampati class III patients (152 ± 19 cm3 vs. 135 
± 13 cm3; p < 0.05), as well as having a higher tongue to mandible volume ratio (2.5 
± 0.5 cm3 vs. 2.1 ± 0.4 cm3; p < 0.05). The Mallampati score was associated with the 
apnea-hypopnea index (r = 0.431, p < 0.001), BMI (r = 0.405, p < 0.001), neck and waist 
circumference (r = 0.393, p < 0.001), tongue volume (r = 0.283, p < 0.001), and tongue/
mandible volume (r = 0.280, p = 0.012). Conclusions: The Mallampati score appears to 
be influenced by obesity, tongue enlargement, and upper airway crowding. 
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INTRODUCTION

Obstructive sleep apnea (OSA) is characterized by 
repeated upper airway obstruction during sleep. OSA 
is highly prevalent and is associated with impaired 
quality of life and increased cardiovascular risk.(1-5) 
Obesity, advanced age, and being male are the major 
risk factors for OSA.(6,7) Each one of these factors is 
associated with soft tissue enlargement and higher 
upper airway collapsibility.(6) The tongue is the largest 
anatomical structure of the pharynx and is particularly 
prone to enlargement caused by fat deposition.(8) The 
imbalance between upper airway bone structure and 
soft tissue volume is thought to play a major role in the 
increased upper airway collapsibility of OSA patients.(9) 

The Mallampati scoring system was developed to 
predict the risk of difficult endotracheal intubation on 
the basis of direct examination of the upper airway 
when the tongue is maximally protruded in a seated 
patient.(10) If the base of the tongue is disproportionately 
large, it overshadows the oropharynx. The Mallampati 

score ranges from I to IV, a higher score translating 
to a narrower upper airway.(10) The Mallampati score 
has recently been used in order to assess the risk of 
OSA. (11-15) However, the anatomical structures that lead to 
a higher Mallampati score have yet to be fully described. 
Given that a higher Mallampati score is associated 
with a crowded oropharynx, we hypothesized that the 
Mallampati score is associated with tongue volume and 
an imbalance between tongue and mandible volumes. 

METHODS

The present study is part of a larger study 
addressing anatomical risk factors for OSA.(9) The study 
protocol consisted of a clinical evaluation, baseline 
polysomnography (PSG), and upper airway CT scans. (9) All 
procedures were performed within 14 days; however, in 
most of the study participants, CT scans were performed 
in the afternoon before baseline PSG.(9) 

We recruited male Brazilians (either White or of 
Japanese descent) who were in the 18- to 70-year 
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age bracket and who had been referred to the 
University of São Paulo Hospital das Clínicas sleep 
clinic, located in the city of São Paulo, Brazil. (9) 
The exclusion criteria were as follows: being 
female; having craniofacial abnormalities; having 
comorbidities such as COPD, heart failure, chronic 
kidney disease, and neuromuscular disease; and 
currently using sedatives.(9) All patients underwent 
clinical evaluation and physical examination, including 
measurements of height, weight, waist circumference, 
and neck circumference, as well as assessment of 
the Mallampati score.(9) 

Patients were evaluated by PSG during natural 
sleep. Monitoring and evaluation included 
electroencephalography, electrooculography, chin and 
leg electromyography, electrocardiography, oximetry, 
measurements of airflow (with a nasal pressure cannula 
and an oronasal thermistor), and measurements of 
thoracic and abdominal movements during breathing 
(Alice 5; Philips Respironics, Murrysville, PA, USA), 
in accordance with the American Academy of Sleep 
Medicine guidelines.(9,16) 

All patients underwent a CT scan of the upper airway 
(Discovery CT 750 HD; GE HealthCare Technologies 
Inc., Chicago, IL, USA). Image acquisition was 
performed during quiet tidal breathing, with patients 
lying supine and a neutral head position. This neutral 
position was defined by aligning the Frankfurt plane, 
a plane from the inferior margin of the orbit to the 
superior portion of the tragus, perpendicular to 
the scanner table.(17) The scans were acquired at a 
2.5-mm collimation/interval and were reconstructed 
at a 0.625/0.625-mm thickness/interval, with 120 
kV, 100 mA, and a rotation time of 0.8 s. Axial and 
sagittal image reconstructions were performed 
on an Advantage Workstation, version 4.5 (GE 
HealthCare Technologies Inc.) for linear and volumetric 
measurements.(18) Mandible volume was determined 
by a technique based on HU values for bone (i.e., 
160-3,000 HU). To determine tongue volume, the 
tongue outline was identified and manually traced 
on each axial image.(19,20) Volumetric reconstructions 
were performed to determine mandible and tongue 
volumes. All measurements were performed by the 
same investigator.(9) 

All patients underwent upper airway examination 
and assessment of the Mallampati score.(9) Patients 
were asked to breathe through their nose after a single 
swallowing and open their mouths wide with voluntary 
protrusion of the tongue without phonation. All 
evaluations were performed by the same investigator. 
Oropharyngeal crowding was graded in accordance 
with the Mallampati classification system, as follows: 
grade I—tonsils, pillars, and soft palate were clearly 
visible; grade II—the uvula, pillars, and upper pole 
were visible; grade III—only part of the soft palate 
was visible, whereas the tonsils, pillars, and base of 
the uvula could not be seen; and grade IV—only the 
hard palate was visible. At the same visit, the BMI 
was calculated.(9) 

Clinical, polysomnographic, and anatomical variables 
were compared between Mallampati classes (I-IV). 
The Kolmogorov-Smirnov test was used in order to 
test whether variables had a normal distribution. 
One-way ANOVA with Bonferroni post-hoc analysis 
was used for between-group comparisons. Spearman’s 
rank correlation was used in order to test the 
associations among the Mallampati score, the apnea-
hypopnea index (AHI), BMI, neck circumference, 
waist circumference, tongue volume, and tongue/
mandible volume ratio. The accuracy of the study 
variables in predicting moderate to severe OSA was 
also tested. ROC curve analysis was applied, and the 
AUC was used in order to test the accuracy of the 
study variables in detecting an AHI > 15 events/h, a 
cutoff showing the best balance between sensitivity 
and specificity being determined. Univariate and 
multivariate logistic regression models were built to 
test predictors of moderate to severe OSA (an AHI 
> 15 events/h). A value of p < 0.05 was considered 
significant. Variables were described as mean ± SD or 
median [IQR]. All statistical analyses were performed 
with the SPSS Statistics software package, version 
17.0 (SPSS Inc., Chicago, IL, USA). 

The present study was approved by the University 
of São Paulo School of Medicine Hospital das Clínicas 
Research Ethics Committee (Protocol no. 0230/09; 
SDC 3235/08/151).(9) All participating patients gave 
written informed consent.(9) 

RESULTS

Eighty male patients were included in the study 
(Table 1) and divided into four groups on the basis 
of the Mallampati score (Table 2). In comparison 
with the study participants who were classified as 
being Mallampati class IV patients, those who were 
classified as being Mallampati class I patients had 
a lower BMI (26.7 ± 2.4 kg/m2 vs. 30.8 ± 3.6 kg/
m2; p < 0.01), a smaller neck circumference (39.7 
± 2.3 cm vs. 42.7 ± 2.7 cm; p < 0.01), a smaller 
waist circumference (94.2 ± 9.1 cm vs. 106.5 ± 
11.0 cm; p < 0.01), and less severe OSA (22.3 
± 17.8 events/h vs. 51.3 ± 27.2 events/h; p < 
0.01). The study participants who were classified 
as being Mallampati class II patients were younger 
(40.1 ± 11.7 years of age vs. 53.3 ± 9.3 years of 
age; p < 0.01), had a smaller neck circumference 
(40.4 ± 3.0 cm vs. 42.7 ± 2.7 cm; p < 0.05), had 
less severe OSA (23.6 ± 22.7 events/h vs. 51.3 ± 
27.2 events/h; p < 0.01), and had smaller tongue 
volume (134.8 ± 17.7 cm3 vs. 152.3 ± 19.1 cm3; p 
< 0.01) than did those who were classified as being 
Mallampati class IV patients (Figure 1). The study 
participants who were classified as being Mallampati 
class III patients had smaller tongue volume (134.5 
± 12.7 cm3 vs. 152.3 ± 19.1 cm3; p < 0.05) and 
lower tongue-to-mandible volume ratio (2.1 ± 0.4 
cm3 vs. 2.5 ± 0.5 cm3; p < 0.05) than did those 
who were classified as being Mallampati class IV 
patients. The Mallampati score was associated with 
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the AHI (r = 0.431, p < 0.001), BMI (r = 0.405, p < 
0.001), neck circumference (r = 0.393, p < 0.001), 
waist circumference (r = 0.393, p < 0.001), tongue 
volume (r = 0.283, p < 0.001), and tongue/mandible 
volume ratio (r = 0.280, p = 0.012). 

Table 3 shows the accuracy of the study variables in 
predicting OSA, as well as the results of the univariate 
logistic regression analysis in which OSA (an AHI > 
15 events/h) was used as the dependent variable. 
Table 4 presents the results of the multivariate 
logistic regression analysis in which OSA (an AHI > 
15 events/h) was used as the dependent variable. 
Mallampati class III or IV (OR = 3.075; 95% CI, 
1.003-9.428; p = 0.049) and being over 45 years of 
age (OR = 5.300; 95% CI, 1.768-15.873; p = 0.003) 
were independently associated with an increased risk 
of OSA, regardless of ethnicity. 

DISCUSSION

The major finding of the present study is that the 
Mallampati score was associated with obesity-related 
variables, OSA severity, tongue volume, and an 
imbalance between tongue and mandible volumes. 
Mallampati class IV patients tended to be older and 
more obese (having either a higher BMI or larger 
neck and waist circumferences) than Mallampati class 
I or II patients, had as well as having more severe 
OSA and greater tongue volume. Mallampati class IV 
patients also had a greater imbalance between tongue 
and mandible volumes than did Mallampati class III 
patients. These findings suggest that the Mallampati 
score is influenced by obesity and tongue volume. 

Obesity is a major risk factor for OSA and can lead 
to enlargement of upper airway soft tissue structures, 
particularly the tongue.(8,21) Animal studies have 
shown that obesity leads to an increase in tongue 
volume through fat infiltration.(22) In an autopsy 
study, Nashi et al.(8) showed that tongue weight 
and tongue fat percentage were strongly correlated 
with BMI. Studies using CT and magnetic resonance 
imaging have shown that tongue fat infiltration and 
upper airway soft tissue volume are associated 
with obesity.(6) Schwab et al.(23) analyzed digital 
photographs of 318 controls and 542 patients with 

Table 1. Demographic and anthropometric characteristics of 
the study participants (N = 80), as well as polysomnographic 
parameters.a 

Parameter Result
Males 80 (100%)
Brazilians of Japanese descent 40 (50%)
Age, years 46.8 ± 13.0
BMI, kg/m2 29.3 ± 3.9
Waist circumference, cm 101 ± 10
Neck circumference, cm 41 ± 3
Comorbidities 49 (60%)

Hypertension 30 (37%)
Diabetes 13 (16%)
Dyslipidemia 16 (19%)

Epworth Sleepiness Scale score 11 ± 6
AHI, events/h 26.2 ± 26.7
Total sleep time, min 360.3 ± 64.6
Sleep efficiency, % 80 ± 9
Sleep latency, min 11 ± 12
REM sleep, % 11.5 ± 8.1
Lowest SpO2, % 79 ± 9
Tongue volume, cm3 141.3 ± 18.3
Tongue/mandible volume ratio 2.3 ± 0.4
AHI: apnea-hypopnea index; and REM: rapid eye 
movement. aData expressed as n (%) or mean ± SD. 

Table 2. Anthropometric variables and tongue volume, by Mallampati class.a 
Variable Mallampati class  

I
Mallampati class  

II
Mallampati class 

III
Mallampati class 

IV
Participants, n 17 19 18 26
Age, years 44.4 ± 14.0 40.1 ± 11.7* 46.3 ± 14.4 53.3 ± 9.3
BMI, kg/m2 26.7 ± 2.4* 28.9 ± 4.6 29.5 ± 4.3 30.8 ± 3.6
AHI, events/h 22.3 ± 17.8* 23.6 ± 22.7* 39.8 ± 25.1 51.3 ± 27.2
Neck circumference, cm 39.7 ± 2.3* 40.4 ± 3.0† 41.6 ± 2.3 42.7 ± 2.7
Waist circumference, cm 94.2 ± 9.07* 100.1 ± 11.56 101 ± 9.61 106.5 ± 10.99
Tongue volume, cm3 138.1 ± 17.2 134.8 ± 17.7* 134.5 ± 12.7† 152.3 ± 19.1
Tongue/mandible volume 
ratio, cm3

2.2 ± 0.4 2.2 ± 0.4 2.1 ± 0.4† 2.5 ± 0.5

AHI: apnea-hypopnea index. aData expressed as mean ± SD, except where otherwise indicated. *p < 0.01. †p < 
0.05 vs. Mallampati class IV.

*†
180

160

140

120

100

I II III IV

Mallampati class

To
ng

ue
 v

ol
um

e 
(c

m
3 )

Figure 1. Tongue volume, by Mallampati class. *p < 
0.01 vs. Mallampati class II. †p < 0.05 vs. Mallampati 
class III. 
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OSA. Tongue size was larger in the patients with OSA 
than in the controls in unadjusted models controlled 
for age, sex, and race, but the difference was not 
significant when the models were controlled for 
BMI.(23,24) Weight loss leads to a reduction in tongue 
fat content and pharyngeal length, reinforcing the 
association between obesity and increased tongue 
volume through fat infiltration.(7) 

Ahn et al. reported that the Mallampati score 
was associated with a higher tongue volume and a 
higher tongue volume/intramandibular area ratio. (25) 
In another study, a higher Mallampati score was 
associated with a larger tongue area in surgical 
patients (p < 0.05).(26) The Mallampati score has 
been associated with the BMI.(11,23) In the present 
study, the Mallampati score was associated with 
tongue volume and an imbalance between tongue 
and mandible volumes. Amra et al. evaluated 
anthropometric data and the Mallampati score in 
patients with confirmed OSA and found that those 
with severe OSA were more obese and had a higher 
Mallampati score than those with mild to moderate 
OSA.(11) These findings are consistent with ours, which 
show that the Mallampati score is associated with 
obesity-related variables (BMI, neck circumference, 
and waist circumference). Together, obesity and 
enlargement of upper airway soft tissue structures 
can lead to a higher Mallampati score. 

In the present study, Mallampati classes III and 
IV were accurate predictors of moderate to severe 
OSA (i.e., an AHI > 15 events/h). In a meta-analysis, 
Friedman et al. showed that a higher Mallampati score 
was significantly associated with OSA severity. (12) 
Previous studies assessing predictors of OSA severity 
showed that the Mallampati score was the most 
important variable associated with OSA severity, 
Mallampati class IV patients having a five-fold 
increased risk of mild to severe OSA.(27,28) Nuckton 
et al.(13) found that for every 1-point increase in the 
Mallampati score, the odds of having OSA increased 
by 2.5 (95% CI, 1.2-5.0; p = 0.01) and the AHI 
increased by 5.2 events/h (95% CI, 0.2-10; p = 
0.04), independently of variables related to airway 
anatomy, body habitus, symptoms, and medical 
history. In another study, a higher Mallampati score 
was associated with a higher AHI, both unadjusted and 
controlling for age, sex, race, and BMI.(23) Therefore, 
a higher Mallampati score is a risk factor for OSA. 

Our study has several limitations. Because of the 
cross-sectional design, we cannot establish a causal 
relationship among the Mallampati score, tongue 
volume, and obesity. We included male patients 
only, our findings therefore being limited to men. By 
including male patients only, we intended to reduce the 
variability of the study variables. Our study population 
consisted of male Brazilians who were either White or 
of Japanese descent, our conclusions therefore being 
limited to these ethnicities. Future studies should 

Table 4. Multivariate logistic regression analysis of predictors of obstructive sleep apnea (an apnea-hypopnea index 
> 15 events/h). 

Predictor OR SE Z p > IzI 95% CI
Mallampati class III or IV 3.075 1.757 1.97 0.049 1.003 9.428
Age > 45 years 5.300 2.966 2.98 0.003 1.768 15.873
White 1.135 0.635 0.23 0.821 0.379 3.398
_cons 0.495 0.255 -1.36 0.173 0.180 1.360

Table 3. Univariate logistic regression between obstructive sleep apnea (an apnea-hypopnea index > 15 events/h) and 
clinical/anthropometric variables and their accuracy in predicting obstructive sleep apnea (an apnea-hypopnea index 
> 15 events/h). 

Variable OR [95% CI] p AUC Cutoff Sensitivity, 
%

Specificity, 
%

BMI 1.26 [1.08-1.48] 0.003 0.729 27.86 70.37 69.23
BMI > 27.86 kg/m2 5.34 [1.93-14.78] < 0.001
Mallampati classes I and II 1.75 [1.13-2.71] 0.013 0.671 3 66.67 69.23
Mallampati classes III and IV 4.5 [1.64-12.31] 0.003
Age 1.07 [1.03-1.12] < 0.001 0.751 45 72.2 73.1
Age > 45 years 7.06 [2.47 - 20.20] < 0.001
ESS score 1.12 [1.02-1.22] 0.015 0.664 10 68.5 53.9
Berlin questionnaire 4.99 [0.59-41.78] 0.137
Neck circumference 1.74 [1.32-2.29] 0.000 0.831 40.2 77.78 76.92
Neck circumference > 40.2 cm 11.67 [3.82-35.59] < 0.001
Waist circumference 1.10 [1.04-1.16] < 0.001 0.739 100 64.81 69.23
Waist circumference > 100 cm 4.14 [1.52-11.30] 0.005
ESS: Epworth Sleepiness Scale. 
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address these limitations by investigating larger 
samples, including other ethnicities, and exploring 
differential tongue and mandibular measurements in 
males and females. The Mallampati classification is 
susceptible to interobserver disagreement. In order 
to minimize this potential bias, the same investigator 
performed all of the examinations in the present 
study. Future studies assessing the effects of weight 
loss on tongue volume and the Mallampati score are 
warranted. 

The Mallampati score was found to be associated 
with obesity-related variables, a larger tongue, and 
a greater tongue/mandible volume imbalance. The 
Mallampati score might be affected by the impact of 
obesity on tongue size and upper airway crowding. 
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