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SLEEP DISORDERED BREATHING

INTRODUCTION

OBSTRUCTIVE SLEEP APNEA (OSA) MAY AFFECT AS 
MANY AS 1 IN 5 ADULTS AND HAS THE POTENTIAL FOR 
CAUSING SERIOUS LONG-TERM HEALTH consequences, 
including cardiovascular disease, hypertension, and stroke and a 
reduced quality of life.1-6 Despite years of research into the causes 
and consequences of OSA, the early identification of patients who 
are most at risk remains challenging. Airway variables that are as-
sociated with OSA have been incorporated into complex models 
involving detailed physical or radiographic measurements of the 
face, jaw, and oral cavity7-10 that are difficult to apply in clini-
cal settings. Terms used to describe the physical examination of 
the airway, such as “crowded,” “narrow,” or “low-lying,” are fre-
quently imprecise or subject to interpretation. Additionally, most 
airway characteristics have not been subjected to a multivariate 
analysis with extensive adjustments for possible confounding 
variables, a crucial validation process needed prior to widespread 
clinical utilization. 
 The Mallampati score, derived from a simple airway-classifica-
tion system, has been used to identify patients at risk for difficult 
tracheal intubation for more than 20 years.11-15 The system is non-

invasive and simple to learn, and it requires no special equipment. 
Prior studies have reported the unadjusted associations between a 
standard Mallampati score and OSA16-18 or the associations after 
controlling for specific variables such as ethnicity, neck circum-
ference, and body mass index.19 The usefulness of this system, 
however, has not been validated by a rigorous multivariate analy-
sis, with extensive adjustments for body habitus, symptoms, and 
medical history. Therefore, in this prospective study, we sought to 
validate the clinical usefulness of the Mallampati score by exam-
ining the association between Mallampati score and OSA, after 
adjustments for a large number of potentially confounding vari-
ables.

METHODS

Patients

 Patients of at least 18 years of age referred to the University 
of California, San Francisco Sleep Disorders Center and evalu-
ated for possible OSA were eligible for the study. These patients 
represented a convenience sample studied over a 6-month period. 
Patients who had prior otolarnygologic surgery or radiofrequency 
procedures, who were consistently using continuous positive air-
way or bilevel pressure or who required oxygen during polysom-
nography were excluded. 
 All measurements, including the Mallampati score, were made 
prior to polysomnography as part of a routine clinical assessment. 
Chart review was utilized to obtain the results of polysomnog-
raphy and to confirm variables. Approval for the study, which 
included the use of information and the review of clinical notes 
and medical records, was obtained from the UCSF institutional 
review board. 
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Measurements

 The Mallampati score was obtained during the physical exami-
nation of each patient. For all patients, the assessment of scores 
was done or directly supervised by the same physician. The score 
was assessed by asking the patient to open his or her mouth as 
wide as possible, while protruding the tongue as far as possible. 
The patient was instructed to not emit sounds during the assess-
ment. A standard I to IV grading system was used (Figure 1).13-15 
A modified Mallampati score, obtained without protruding the 
tongue20,21 but that is otherwise identical to standard scoring, was 
also assessed. All patients subsequently underwent either inpa-
tient (SensorMedics; Yorba Linda, CA) or home (Nellcor Puritan 
Bennett (Edentrace without electroencephalogram; Ottawa, ON) 
polysomnography. In both types of studies, thermistors were used 
to quantify airflow. The polysomnogram results were assessed 
and scored by an experienced sleep polysomnographic technician 
who was unaware of the study hypothesis. 
 We also ascertained characteristics similar to those measured 
in other studies of OSA, as well as others with potential clinical 
importance.1-6,9,10,18,20-27 Historical variables included a history of 
snoring (none, mild, moderate, severe), witnessed apnea (none, 
some nights, most nights, all nights), gasping episodes or sudden 
awakening (none, some nights, most nights, all nights), number 
of daily unintentional dozing episodes (number per day), morning 
headache (none, some nights, most nights, all nights), and family 
history of OSA. The Epworth Sleepiness Scale was used to assess 
subjective sleepiness.28,29 This score is based on a questionnaire in 
which patients are asked to rate how likely they are to fall asleep 
during several situations. Scores range from 0 to 24, and higher 
scores indicate a higher propensity toward daytime sleepiness. 
 Medical history variables included medically treated hyperten-
sion, diabetes, hypothyroidism, gastroesophageal reflux, sinusitis 
or rhinitis, cerebrovascular accident, dementia, Parkinson disease, 
obstructive lung disease, coronary artery disease, congestive heart 
failure, dysrhythmia, depression, antidepressant use, HIV status, 
tobacco use (current use and total pack-years), alcohol consump-
tion (drinks per day), and prior alcohol abuse. Other measure-
ments included neck circumference (cm), body mass index (kg/
m2), tonsil size (0-IV),20,21 and degree of overjet (mm). 
 The primary outcome variables were OSA and the apnea-hy-
popnea index (AHI), as determined by polysomnography. OSA 
was defined as an AHI of 5 or greater.1,30 The AHI refers to the 
total number of episodes of either cessation (apnea) or decrease in 

airflow (hypopnea) per hour.30 Apnea was determined by a cessa-
tion of airflow for 10 or more seconds; hypopnea was determined 
by a decrease in airflow combined with a 4% or greater decrease 
in oxygen saturation. 

Statistical Analysis

 Multiple logistic regression was used to identify the variables 
that were independently associated with the presence of OSA. 
Each variable with a significant association (p < .05) by bivariate 
regression was included in a multiple-variable regression model. 
The area under a receiver- operator curve was calculated for each 
significant bivariate logistic regression variable, and likelihood 
ratios were calculated for each Mallampati score. 
 Only 1 patient had Parkinson disease, and only 1 patient had 
dementia; neither had OSA, and these variables were not included 
in the final analysis. The goodness of fit of the logistic regres-
sion model was assessed with the Hosmer-Lemeshow test31 and 
a receiver-operator curve for the multivariable model was gener-
ated. Multiple linear regression was used to identify the variables 
that were independently associated with the AHI on a continuous 
scale. Pearson product-moment and Spearman rank correlations, 
and χ2 tests were used to examine the relationships between vari-
ables. Because Mallampati scoring was done or supervised by 
the same physician for all patients, interrater reliability was not 
assessed. 
 Several alternative analyses were done. The modified version 
of the Mallampati score, (without protrusion of the tongue) and 
a version of the Mallampati system that was scored on a scale 
of I to III instead of I to IV (categories III and IV combined into 
a single category) were substituted for the standard Mallampati 
score in multivariate logistic-regression models. Finally, we mod-
eled the associations of both Mallampati score and neck circum-
ference, with alternate definitions of OSA (AHI ≥ 10, ≥ 15, and 
≥ 20). STATA computer software (Version 9.1; College Station, 
TX) was used for the analyses.

RESULTS

 We studied 137 patients with suspected OSA and who had been 
referred to the University of California Sleep Disorders Center 
(Table 1). Overall, 80 (58%) of 137 patients had OSA as defined 
by an AHI of 5 or greater. The AHI for all patients ranged from 0 
to 126, with a mean ± SD of 18.1 ± 24.6.
 Several variables were associated with an increased risk of 
OSA (Table 2). The proportion of patients with OSA, the like-
lihood ratios for OSA, and the AHI as measured on a continu-
ous scale, all increased with greater Mallampati scores (Figure 
2). OSA was present in 4 of 12 patients with Mallampati Class I 
(likelihood ratio = 0.4), 24 of 50 patients with Mallampati Class 
II (likelihood ratio = 0.7), 45 of 65 patients with Mallampati Class 
III (likelihood ratio = 1.6), and 7 of 10 patients with Mallampati 
Class IV (likelihood ratio = 1.7).
 In a multivariate model, Mallampati score was independently 
associated with an increased risk of OSA (Table 3). For every 1-
point increase in the Mallampati score, the odds of having OSA 
increased by more than 2-fold (odds ratio [per 1-point increase] 
= 2.5; 95% confidence interval: 1.2, 5.0; p = .01). The Hosmer-
Lemeshow test indicated that the fit of the multiple logistic re-
gression model was good (p = .34), and the area under the receiv-
er-operator curve for the model was 0.86. Neck circumference, 

Figure 1—Mallampati Airway Classification (I-IV Scale). During as-
sessment, the patient is instructed to open his or her mouth as wide as 
possible, while protruding the tongue as far as possible. Patients are 
instructed to not emit sounds during the assessment. Class I: soft pal-
ate and entire uvula visible; Class II: soft palate and portion of uvula 
visible; Class III: soft palate visible (may include base of uvula); 
Class IV: soft palate not visible
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witnessed apnea, and hypertension were the only other variables 
that were independently associated with an increased risk of OSA 
(Table 3). 
 The substitution of a modified Mallampati score, in which the 
tongue was not protruded, yielded similar results (odds ratio [per 
1-point increase] = 2.1; 95% confidence interval: 1.0, 4.3; p = 
.04). The Mallampati scale of I to III was also independently pre-
dictive (odds ratio [per 1-point increase] = 2.8; 95% confidence 
interval: 1.3, 6.0; p = .01). Finally, in models that also included 
neck circumference, Mallampati score was predictive of OSA de-
fined by an AHI ≥ 10 (odds ratio [per 1-point increase] = 1.8; 95% 
confidence interval: 1.0, 3.1; p = .04), an AHI ≥ 15 (odds ratio 
[per 1-point increase] =1.8; 95% confidence interval: 1.0, 3.1; p = 
.04), and an AHI ≥ 20 (odds ratio [per 1-point increase] =2.1; 95% 

confidence interval: 1.1, 3.8; p = .02) (Table 4). 
 The Mallampati score was also associated with the AHI on a 
continuous scale (Table 5). For every 1-point increase in Mal-
lampati score, the AHI increased by more than 9 events per hour 
in the bivariate analysis and by more than 5 events per hour in the 
multivariate analysis. Age, neck circumference, and severity of 
witnessed apnea were also independently associated with the AHI 
(Table 5). 
 There were no significant associations between Mallampati 
score and either body mass index (p = .2), tonsil size (p = .3), use 
of home polysomnography (p = .7), or patient age (p = .9); there 
were significant but modest associations between Mallampati 
score and neck circumference (r = 0 .19; p = .03) and Mallampati 
score and degree of overjet (r = 0 .21; p = .01). 

DISCUSSION

 We were able to validate the clinical usefulness of the Mal-
lampati score in patients with OSA. This scoring system, which is 
noninvasive and can be rapidly mastered and assessed in seconds, 
was associated with both the presence and severity of OSA. On 
average, for every 1-point increase in Mallampati score, the odds 
of having OSA increased more than 2-fold and the AHI increased 
by more than 5 events per hour. Moreover, these associations 
were independent of all other variables that we measured, includ-
ing history of snoring, overjet, tonsil size, neck circumference, 
and body mass index.
 The Mallampati score is used by anesthesiologists to assess the 
difficulty of endotracheal intubation. Presumably, the angle be-
tween the base of the tongue and larynx determines, at least par-

Table 2—Variables Associated with an Increased Risk of  
Obstructive Sleep Apneaa

Variable Odds Ratio  p value Area under   
(95% CI)  ROC curve
Mallampati Score   2.0 (1.2, 3.2) < .01  0.63
(I-IV), per 1-point 
increase 
Age, per 10-y increase  1.5 (1.1, 2.0) .01 0.65
Male Sex  2.2 (1.0, 4.6) .05 0.58
Body mass index,   1.5 (1.1, 1.9) .01 0.65  
per 5-kg/m2 increase
Neck circumference,   2.0 (1.4, 2.7) < .01 0.73  
per 2.5-cm increase 
ESS score, per 5-point 1.4 (1.0, 2.0) .04 0.60  
increase  
Dozing episodes, per 1.9 (1.1, 3.4) .02 0.61  
episode/day increase  
Witnessed apneab  1.8 (1.3, 2.6) < .01 0.67  
episode/day increase  
Gasping/sudden 1.6 (1.0, 2.5) .04 0.60  
awakeningb 
Hypertension 3.4 (1.3, 9.1) .01 0.59

aUnadjusted (bivariate) associations. Having obstructive sleep apnea 
was defined as having an apnea-hypopnea index ≥5. CI refers to con-
fidence interval; ROC, receiver-operator curve; ESS, The Epworth 
Sleepiness Scale score, based on a questionnaire in which patients 
are asked to rate how likely they are to fall asleep during several 
situations (scores range from 0-24; higher scores indicate a greater 
propensity toward daytime sleepiness).
bCategories included none, some nights, most nights, all nights.

Table 1—Clinical Characteristics of 137 Patients Assessed for Pos-
sible Obstructive Sleep Apneaa

Characteristic Results 
Age, y 46 ± 12
Men, % 99 (72)
Mallampati scoreb    
Mean 2.5 ± 0.8
Class I 12 (9)
Class II 50 (36)
Class III 65 (47)
Class IV 10 (7)
Body mass index, kg/m2 31.3 ± 6.9
Neck circumference, cm 40.9 ± 3.6
Overjet, mm 3.6 ± 2.3
ESS score (0-24)c 10.4 ± 5.2
History of snoring 129 (94)
History of witnessed apnea 85 (63)
History of gasping/sudden awakening 55 (40)
History of unintentional dozing 42 (31)
Medical history
 Hypertension 29 (21)
 Sinusitis/Rhinitis 25 (18)
 Depression 35 (26)
 Hypothyroidism 12 (9)
 Gastroesophageal reflux 10 (7)
 Diabetes mellitus  10 (7)
 Cerebrovascular accident 4 (3)
 Cardiac diseased 11 (8)
 Obstructive lung disease 22 (16)
 Parkinson disease 1 (<1)
 Dementia 1 (<1)
 HIV positive 7 (5)

aData are presented as mean ± SD or number (percentage); data are 
missing for neck circumference in 3 patients, for Epworth Sleepiness 
Scale (ESS) score in 1 patient, and for witnessed apnea in 1 patient. 
Ninety-four patients (69%) were assessed by inpatient polysomnog-
raphy; the others were assessed by home polysomnography.
bStandard Mallampati score assessed with tongue protruded. A modi-
fied Mallampati score (assessed without tongue protruded) was also 
obtained (Class I: n = 7 [5%]; Class II: n = 32 [23%]; Class III: n = 
84 [61%]; Class IV: n = 14 [10%]).
cThe ESS score is based on a questionnaire in which patients are 
asked to rate how likely they are to fall asleep during several situa-
tions. Scores range from 0-24; higher scores indicate a greater pro-
pensity toward daytime sleepiness.
dCardiac disease includes coronary artery disease, heart failure, and 
dysrhythmia. 
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tially, the accessibility of the larynx; by inference, when the base 
of the tongue is disproportionately large, or the oropharyngeal 
cavity is disproportionately small, the tongue masks the visibility 
of the faucial pillars and uvula.11,12 These factors could also apply 
to the risk of OSA. Indeed, an association between difficulty of 
tracheal intubation and OSA has been reported.16 Other variables, 
including neck circumference, witnessed apnea, and medically 
treated hypertension, were also associated with OSA, consistent 
with prior reports.2,6,23,26

 The original Mallampati score was based on a scale of I to 
III,11,12 but, over time, has evolved into the I to IV scoring sys-
tem13-15 used commonly by anesthesiologists today. In our study, 
the proportions of patients with OSA were similar in those with 
a Mallampati score of III or IV. However, the average AHI was 
higher in patients with a Mallampati score of IV, and, in our re-

gression models, both the AHI and the odds of having OSA in-
creased as Mallampati score increased. The Mallampati score can 
also be assessed without protrusion of the tongue. Two studies 
have reported unadjusted associations between OSA and this 
modified version of the score,20,21 which is perhaps more reflec-
tive of obstruction caused by the tongue during sleep.Regardless, 
all of these versions were independently predictive of the pres-
ence of OSA in our study. 
 All patients in our study had been referred for evaluation. 
Thus, clinicians presumably had some suspicion of having OSA 
or sleep-disordered breathing prior to referral. Mallampati scor-
ing may not be as useful among patients with a lower probability 
of having OSA. Because Mallampati scoring was done or super-
vised by a single physician, interrater reliability was not assessed. 
We did not assess ethnicity in our study, although a previous study 
has suggested that Mallampati score may have utility in Asian pa-
tients.19 Odds ratios in our study were not equivalent to risk ratios 
because the outcome was common, and the likelihood ratios for 
each Mallampati score were modest, as occurs with the physical 
examination techniques for a variety of medical problems.32-36 For 
these reasons, we remain cautious about the use of the Mallam-
pati score as a simple diagnostic test. 
 However, given the great simplicity of Mallampati scoring, 
and the independent nature of the relationship between the Mal-
lampati score and OSA, this score has potential value for facilitat-
ing and standardizing communication among clinicians who care 
for patients with OSA. Mallampati scoring could also be used to 
prioritize patients for polysomnography, an important consider-
ation given the large backlog of patients awaiting assessment for 
OSA.37-40

 Mallampati scoring may have value when used in clinical tri-
als because surgical or other treatment benefits could vary by 
Mallampati score. Such scoring may facilitate more consistent 
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Figure 2—Relationship Between Mallampati Score (I-IV Scale) and 
Obstructive Sleep Apnea. A. The Mallampati Score (I-IV Scale) vs 
the proportion of patients with obstructive sleep apnea (OSA) (apnea 
hypopnea index [AHI] ≥ 5). OSA present in 4 of 12 patients with 
Class I (likelihood ratio =0.4), 24 of 50 patients with Class II (likeli-
hood ratio =0.7), 45 of 65 patients with Class III (likelihood ratio 
=1.6), and 7 of 10 patients with Class IV (likelihood ratio =1.7). 
B. The Mallampati Score (I-IV Scale) vs AHI on a continuous scale. 
AHI values ranged from 0-126. Standard box plot for each Mallam-
pati score, in which the line in the middle of the box represents the 
median, the box extends from the 25th percentile to the 75th percen-
tile (interquartile range), the whiskers extend to the upper and lower 
adjacent values (defined by a maximum of 1.5 × the interquartile 
range), and points represent outliers. 

Table 3—Variables Independently Associated With an Increased 
Risk of Obstructive Sleep Apneaa

Variable Odds Ratio (95% CI)  p value
Mallampati score, (I-IV) 2.5 (1.2, 5.0) .01
(per 1-point increase)
Neck circumference,  1.9 (1.0, 3.5) .04
(per 2.5-cm increase)
Witnessed apneab 1.9 (1.2, 3.1) < .01
Hypertension 4.9 (1.2, 20) .03

aResults from multivariable analysis (all variables from Table 2 in-
cluded). Having obstructive sleep apnea was defined as having an 
apnea-hypopnea index ≥5. CI refers to confidence interval; ROC, 
receiver-operator curve.
bCategories included none, some nights, most nights, all nights.

Table 4—Associations Between Mallampati Scorea, per 1-Point In-
crease, and Alternate Apnea-Hypopnea Index Cutoffs

AHI Odds Ratio (95% CI) p value
≥ 10 1.8 (1.0, 3.1) .04  
≥ 15 1.8 (1.0, 3.1) .04
≥ 20 2.1 (1.1, 3.8) .02

aResults from limited multivariable analysis (Mallampati score [I-
IV], neck circumference, and each apnea-hypopnea index [AHI] cut-
off). CI refers to confidence interval. 
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applications of treatments and improve stratification during the 
analysis of trial outcomes, with little or no increase in trial cost or 
complexity.
 In summary, our results indicate that the Mallampati score, 
while having limitations as a diagnostic test, is a useful part of the 
physical examination of patients prior to polysomnography. The 
independent association between Mallampati score and the pres-
ence and severity of OSA suggests that this scoring system will 
have practical value in clinical settings and in prospective studies 
of sleep-disordered breathing. 
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