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SLEEP

A retrospective study of the influence of obesity on polysomnography and 
cephalometric parameters in males with obstructive sleep apnea
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Juliana de Jesus Candéa DDSb, Alexandre Moro PhDc, Veralice Meireles Sales de Bruin PhDd, 
Pedro Felipe Carvalhedo Bruin PhDd and Cristiane S Fonteles PhDa
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ABSTRACT
Objective: Evaluate the influence of obesity on the polysomnographic and cephalometric para
meters in obstructive sleep apnea (OSA).
Methods: Fifty records of male patients with OSA, containing information on dental, medical, 
polysomnographic, and cephalometric exams were selected. The degree of obesity was based on 
Body Mass Index (BMI). Group I comprised normal or overweight individuals (BMI ≤ 29.9 kg/m2), 
whereas Group II consisted of obese individuals (BMI ≥ 29.9 kg/m2).
Results: BMI significantly correlated with apnea and hypopnea index (p < 0.0005), minimal 
oxyhemoglobin saturation (p < 0.0005), and two cephalometric variables (soft palate length, 
p = 0.01 and width, p = 0.01). Group II showed a significant correlation with the position of the 
hyoid bone (p = 0.02). Soft palate length and width significantly differed between groups 
(p = 0.014; 0.016).
Conclusion: Obese males present wider and longer soft palate dimensions, and patients with 
a greater BMI present a more inferiorly positioned hyoid bone.
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Introduction

Obstructive sleep apnea (OSA) is a public health pro
blem, currently considered to be a chronic, progres
sive, incapacitating disease with a high mortality rate 
and cardiovascular morbidity [1]. OSA is characterized 
by events of upper airway obstruction during sleep, 
associated with specific clinical signs and symptoms, 
such as snoring; breathing pauses; excessive daytime 
sleepiness; restless sleep; morning headache; reduced 
libido; neurocognitive deficits, causing emotional, 
social, and professional damage; and harming relation
ships between couples [2,3]. These recurrent episodes 
of upper airway obstruction are characterized by 
a reduction (hypopnea) or complete cessation (apnea) 
of the airflow, ending with an arousal due to increased 
respiratory effort, causing sleep fragmentation [4]. 
Additionally, apnea and hypopnea events may lead to 
oxyhemoglobin desaturation and hypercapnia. OSA 
can be associated with severe morbidities, such as 
hypersomnia, cardiac arrhythmias, arterial hyperten
sion, thromboembolic diseases, among others [5,6]. 
The severity of this condition is determined by the 

Apnea and Hypopnea Index (AHI) or Respiratory 
Disturbance Index (RDI) [7]. Hence, mild OSA is 
defined by 5 to 15 events of sleep interruption 
per hour, while 15 to 30 events per hour defines mod
erate OSA, and in severe OSA, over 30 events of sleep 
interruption per hour are observed [5,8].

Obesity is an important risk factor for the develop
ment of OSA [9], exerting a negative influence on the 
anatomical and neurofunctional structures of the phar
ynx. In obese individuals, an increased fat deposition 
occurs in the tissues of the pharynx, leading to its 
compression, and the degree of fat deposition correlates 
with the severity of OSA [10]. The pharyngeal extra
luminal pressure, an important determinant of upper 
airway patency, is influenced by the cervical adipose 
tissue and by the gravitational forces of the craniofacial 
structures. Thus, obesity and anatomical changes of the 
upper airway can increase extraluminal pressure, pro
moting upper airway collapse [11]. Still, a relationship 
between obesity and OSA may involve the participation 
of oxidative stress, inflammatory mediators, and meta
bolic dysregulation [12].
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Imaging techniques, such as lateral cephalometric 
radiographs, have been routinely used to help identify 
airway alterations [6]. Fast execution, low radiation dose 
(average of 3 µSv), reduced cost, and ease of analysis are 
some of the reasons cephalometry remains an extremely 
widespread imaging tool in dental practices, despite 
being a two-dimensional technique [13]. However, in 
obese patients with OSA, the number of studies that 
evaluate airway alterations are very scarce. The present 
study aimed to use cephalometric radiographs to iden
tify the anatomical structures most influenced by obe
sity and the associations that may exist between these 
anatomical alterations and the polysomnographic para
meters that determine the presence and severity of OSA.

Materials and methods

Sample selection

The study sample consisted of medical records from 50 
white male patients evaluated at the Ambulatory of 
Respiratory Sleep Disorders of the Faculty of Medicine 
(Federal University of Ceará, Fortaleza, Brazil) and 
diagnosed with OSA according to the criteria of the 
American Association of Sleep Medicine (2005) [5]. 
These records were blindly and sequentially selected. 
Information regarding medical and dental history and 
polysomnographic (PSG) and cephalometric results 
were collected from records. The study was approved 
by the Research Ethics Committee involving Human 
Subjects of the Federal University of Ceará – Brazil, 
under number 1.559.795. Informed consent was 
obtained from study subjects.

The study included medical records with information 
on apnea and hypopnea index, oxyhemoglobin satura
tion, and body mass index. The examiner did not have 
access to personal information of volunteers, such as 
name, initials, date of birth, address, or telephone. 
Incomplete and illegible medical records were excluded 
from the study sample. Also, records of patients with the 
following conditions were excluded from the study: miss
ing posterior teeth; under the use of hypnotics, neuro
leptics, or any medication that might induce or reduce 
sleep, or that modified the electroencephalographic pat
tern; diagnosis of sleep disorders other than OSA and/or 
with a history of orthodontic and dentofacial orthopedic 
treatment; or previous treatment of OSA (use of oral 
appliances, history of surgeries, or use of continuous 
positive airway pressure masks [CPAP]). Records of 
individuals with a BMI below 18.5 kg/m2 (low weight) 
were also excluded from the study sample (Figure 1).

For the purpose of the present study, the degree of 
obesity in these medical records was defined by the Body 

Mass Index (BMI = Weight (kg)/ Height2 in meters). 
Records from normal or overweight but not obese (BMI 
up to 29.9 kg/m2) individuals according to the World 
Health Organization (WHO) [14] were included in 
Group I. Data from individuals with obesity grades I, II, 
and III (moderate, severe, and morbid obesity, respec
tively) were placed in Group II (BMI equal to or greater 
than 30 kg/m2).

Polysomnographic analysis

The diagnosis of OSA in these records was con
firmed by overnight polysomnography (PSG). All 
PSG recordings were performed in the same sleeping 
laboratory by using a computerized “Sleep Analyzer 
Computer” (SAC – Version 9.2 – Oxford 
Instruments Inc.), consisting of a central processing 
unit, a Sleep Respiration Interface (Medilog SAC 
SRI) amplifier, a coupled unit Patient Function Box 
(PJB), and accessories (surface electrodes and trans
ducers) that were connected to the patient. This 
examination recorded the main physiological events 
during sleep, such as electroencephalogram (EEG), 
electrooculogram (EOG), electrocardiogram (ECG), 
submental and tibial electromyogram (EMG), air
flow, thoracoabdominal movement, number and 
duration of respiratory pauses, and oxyhemoglobin 
saturation, among other parameters. The examina
tion was performed by a PSG technician.

The data analysis contained in the polysomnographic 
examination, as well as the diagnosis of OSA, were 
under the responsibility of a previously trained physi
cian. Apnea was defined as a complete cessation of air
flow for at least 10 s, whereas hypopnea consisted of 
a decreased airflow by 30% or more for at least 10 s, 
followed by a reduction of 4% or more in oxyhemoglo
bin saturation (SpO2). The Apnea and Hypopnea Index 
(AHI) were defined as the number of obstructive events 
(apnea and hypopnea) occurring per hour of sleep. 
Minimal oxyhemoglobin saturation was defined as the 
minimum percent of hemoglobin (Hgb) in the blood 
carrying oxygen.

Cephalometric analysis

A single operator performed the tracing of all cephalo
grams, which included anatomical tracing, points, lines, 
cephalometric planes, and angular and linear cephalo
metric quantities of the upper airway. The evaluation of 
the pharyngeal airway dimensions, the length and width 
of the soft palate, and the position of the hyoid bone 
were the main focus of this analysis (Table 1).
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Statistical analysis

Based on the study by Valarelli et al. [6], which observed 
the highest apnea scores in patients with an elevated 
BMI (30.7 ± 0.9) compared to patients with a lower BMI 
(29.8 ± 1.2), it was estimated that the evaluation of 44 
patients would be required for the current study, in 
order to reject the null hypothesis with 80% power and 
95% confidence (Student’s t-test). A 10% loss due to 
medical records with incomplete information was 
expected, so the sample size was increased to n = 50.

To evaluate the reliability and reproducibility of the 
measurements, an operator calibration and agreement 
analysis was performed. Data were submitted to 
Kolmogorov-Smirnov and Friedman normality tests. 
Pearson’s correlation analysis (parametric data) was 
performed between BMI, polysomnographic (AHI and 
SpO2), and cephalometric variables (UPAS, LPAS, PNS- 
P, SPW and H-MP) for the whole sample (Groups I and 
II combined) and for Groups I and II, separately. 

Measurements were taken at two different times, with 
an interval of 30 days, by the same evaluator. The 
statistical significance was set at p < 0.05. The software 
used was SPSS version 24.0.

Results

Examiner calibration showed no statistically significant 
difference between cephalometric airway measurements 
in the two moments in which the measurements were 
taken, and a statistically significant correlation between 
the first and second measurements (p<0.001, r =0.948) 
was observed.

Sample demographics consisted of subjects present
ing a mean age of 44.3±10.2years (minimum: 20, max
imum: 64years old), mean weight of 89±15.5 kg 
(minimum: 66, maximum: 143 kg), mean height of 
173.7±6.6 cm (minimum: 161, maximum: 188 cm), 
and a mean BMI of 29.6±5kg/m2 (minimum: 22.6, 

Figure 1. Flowchart for the selection of medical records. *Inclusion criteria: medical records with information on apnea and hypopnea 
index, oxyhemoglobin saturation and body mass index. The examiner did not have access to personal information of volunteers, such 
as name, initials, date of birth, address, or telephone. Exclusion criteria: Incomplete and illegible medical records; the records of 
patients with the following conditions: with loss of posterior dental support; using sleep inducers, hypnotics, neuroleptics, or any 
medication that might induce or reduce sleep, or that modified the electroencephalic pattern; with sleep disturbances other than OSA 
and/or with a history of facial orthopedic or orthopedic facial or previous treatment of OSA (oral appliances, surgeries, or use of 
continuous positive airway pressure masks – CPAP). Records of individuals with a BMI below 18.5 kg/m2 (low weight).
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maximum: 46.1 kg/m2). The apnea and hypopnea index 
(AHI/h) mean values were high (50.857±23.678), while 
mean minimal oxyhemoglobin saturation (SpO2 

min) values were low (67.591±12.675).
There was a significant negative correlation between 

SpO2 and AHI (p<0.01), PNS-P and SpO2 (p=0.03), 
SPW and AHI (p<0.01), SPW and SpO2 (p<0.01). A 
positive correlation was observed between SPW and 
AHI (p<0.01) (Table 2). Mean and standard deviations 
of the cephalometric variables for Groups I(BMI <30; 

n=23) and II (BMI ≥ 30; n=27) are shown in Table 3. 
The soft palate length (PNS-P) and width (SPW) were 
statistically different when comparing both groups 
(Table 3).

When all study participants from Groups I and II 
combined (BMI <30 and ≥ 30) were considered, BMI 
significantly correlated with polysomnographic vari
ables (AHI and SpO2) and with cephalometric variables 
(PNS-P and SPW), while Group II presented 
a significant correlation with the position of the hyoid 
bone (H-MP) (Table 4).

Discussion

Population studies have shown that OSA is more pre
valent among males [1]. In addition, a recent systematic 
review of the literature found a higher OSA prevalence 
in association with sex (greater prevalence among 
males), age advancement, and body mass index [15], 
and depending on the population, the male-to-female 
ratio may range from 3:1 to 10:1 [16]. Symptoms, such 
as daytime fatigue, headaches, depression, or insomnia, 
are more frequently reported in the female population, 
whereas snoring has a greater prevalence among men 
[17,18]. The mean BMI of 29.6 ± 5 kg/m2 observed 
among males in the present study was lower than pre
viously reported data in both males and females [18,19]. 
In the current study population, obese men reported 
a greater number of abnormal respiratory events 
(apneas and hypopneas) during sleep, when compared 

Table 1. Cephalometric points used for analysis.
Point Description

Pharyngeal 
airway

Ba-PNS Dimension of the pharynx bone. Linear distance between 
points Ba and PNS.

UPAS Upper posterior air space. Width of air space posterior to 
the soft palate along a line parallel to the Goc-B line, 
which passes through the midpoint of the effective 
length of the soft palate (PNS-P).

LPAS Lower posterior air space. Linear distance between 
a point on the base of the tongue and another point on 
the posterior pharyngeal wall, both determined by the 
extension of line B-Goc.

Soft Palate
PNS-P Length of Soft Palate
SPW Soft Palate Width. Maximum of the soft palate width 

measured on a line parallel to the palatine plane (ANS – 
PNS).

Hyoid bone
H-MP Linear distance along a perpendicular line from the 

H point to the mandibular plane.

Ba (Basion); PNS (Posterior Nasal Spine); ANS (Anterior Nasal Spine); 
P (Lowest point of the soft palate); B (Deepest point on the anterior 
surface of the contour of the mandibular symphysis); Goc (Cephalometric 
Gonion); Me (Mentonian); H (Superior and anterior point of the hyoid 
bone).

Table 2. Pearson (R) correlation indices between AHI, SpO2, and 
cephalometric variables UPAS, LPAS, PNS-P, SPW, and H-MP.

Variable AHI SpO2

AHI - −0.63 (0.00)**
SpO2 −0.63 (0.00)** -
UPAS −0.26 (0.09) NS 0.13 (0.39) NS
LPAS 0.16 (0.29) NS −0.18 (0.25) NS
PNS-P 0.24 (0.11) NS −0.32 (0.03) *
H-MP 0.22 (0.15) NS −0.11 (0.47) NS
SPW 0.45 (0.00) ** −0.49 (0.00) **

NS: not significant; *: significant at 5% (p < 0.05); **: significant at 1% 
(p < 0.01). 

See Table 1 for definitions.

Table 3. Mean and standard deviations of the cephalometric 
variables UPAS, LPAS, PNS-P, SPW, and H-MP for Group 
I (BMI <30) and for Group II (BMI ≥ 30).

Group I (BMI < 30) Group II (BMI ≥ 30)

Cephalometric 
variable Mean

Standard 
deviation N Mean

Standard 
deviation N p-value

UPAS 8.667 4.078 23 7.543 2.345 27 0.238
LPAS 9.881 4.588 23 11.239 2.449 27 0.198
PNS-P 43.548 5.760 23 47.217 4.311 27 0.014*
SPW 12.976 3.100 23 15.239 3.282 27 0.016*
H-MP 26.810 6.355 23 27.174 7.020 27 0.848

*p < 0.05: Student´s t-test. 
See Table 1 for definitions.

Table 4. Pearson correlation indices between BMI and AHI, SpO2, UPAS, LPAS, PNS-P, SPW, and H-MP for the whole sample and for 
Group I (BMI <30) and Group II (BMI ≥ 30).

AHI SpO2 UPAS LPAS PNS-P SPW H-MP

BMI 0.57 
(0.00) **

−0.63 
(0.00) **

−0.13 
(0.40)

0.18 
(0.25)

0.39 
(0.01) *

0.40 
(0.01)*

0.23 
(0.13)

BMI <30 
N = 23

0.20 
(0.38)

−0.35 
(0.12)

−0.11 
(0.63)

0.11 
(0.62)

0.02 
(0.93)

−0.03 
(0.91)

−0.12 
(0.60)

BMI ≥30 
N = 27

0.32 
(0.14)

−0.36 
(0.09)

0.06 
(0.78)

0.05 
(0.83)

0.35 
(0.10)

0.36 
(0.09)

0.48 
(0.02)*

NS: not significant; *: significant at 5% (p < 0.05); **: significant at 1% (p < 0.01). 
See Table 1 for definitions.
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to data on obese women in other studies. This result 
may be explained by the fact that women increase their 
chemo-responsiveness (hyperventilatory response to 
blood gas changes) by increasing their weight to 
a greater extent than men [20], requiring a greater fat 
deposition to develop OSA [21]. It is also important to 
note that OSA is especially observed among postmeno
pausal women [22].

The polysomnographic parameters included in this 
study, Apnea and Hypopnea Index (AHI) and the mini
mal oxyhemoglobin saturation (SpO2 min), were chosen 
to investigate how BMI and cephalometric parameters 
may explain decreased airflow (AHI) followed by 
a reduction in oxyhemoglobin saturation (SpO2). 
A negative correlation was found between these two 
polysomnographic variables, indicating that the higher 
the AHI, the lower the SpO2. This occurs due to the fact 
that, in patients with high AHI, respiratory pauses are 
more frequent and of longer duration, resulting in 
a decrease in arterial oxygen and, consequently, lower 
values of SpO2. Oxyhemoglobin saturation is also 
a polysomnographic parameter of great importance 
due to the systemic repercussions of the reduction of 
arterial oxygen during sleep. In patients with OSA, 
arterial oxygen saturation often drops to below 80%, 
whereas in patients with OSA, accentuated with pro
longed apneic episodes, saturation levels reach 60%. In 
normal patients, these levels are not lower than 92% 
[23]. The minimal oxyhemoglobin saturation (SpO2 

min) used in this study as one of the polysomnographic 
parameters confirms the reduction of arterial oxygen 
levels during periods of apnea and hypopnea. In the 
present study, the mean SpO2 was of 67.5%, reflecting 
the desaturations that accompany this condition. These 
desaturation events are related to the number and dura
tion of abnormal respiratory events resulting from repe
titive obstructions of the upper airways during 
sleep [24].

Cephalometry has been used for many years by 
orthodontists and oral maxillofacial surgeons to identify 
and quantify skeletal and soft tissue abnormalities, aid
ing in orthodontic or surgical diagnosis and treatment 
[25]. But, it was not until the early 1980s that cephalo
metrics was used with the aim of verifying possible 
anatomical alterations involved in sleep disorders, 
more specifically in OSA [26]. Cephalometric studies 
have demonstrated a wide variety of craniofacial 
anomalies and, more specifically, in the soft tissue anat
omy of the upper pharyngeal air space, which may 
predispose to airway collapse in patients with OSA 
[27]. The pharyngeal airway of individuals with OSA 
was evaluated cephalometrically in the retropalatal 
region (or velopharynx), corresponding to the region 

posterior to the soft palate and to the retroglossal region 
posterior to the base of the tongue. The soft palate was 
analyzed in its width and length. The soft palate width 
(SPW) demonstrated a significant correlation with AHI. 
This study’s findings also revealed a significant correla
tion between the soft palate length (PNS-P) and the 
SpO2. This result indicates that an increased soft palate 
size may generate an increase in the apnea and hypop
nea index (AHI) and a decrease in the minimal oxyhe
moglobin saturation (SpO2).

Obesity is one of the most important risk factors for 
the development of OSA. North American data showed 
that 79.1% of men aged 40 to 59 years had a BMI (BMI) 
greater than 25 kg/m2, which shows a high percentage of 
overweight and obese men [28]. However, a previous 
study showed that there was no statistically significant 
difference in the severity of OSA when obese and non- 
obese individuals were compared. Even so, those with 
BMI> 25 kg/m2 had a larger tongue size and width of the 
dental arches [29].

In order to better analyze the influence of obesity on 
cephalometric variables, cephalometric measurements 
were chosen, representing the pharyngeal airway 
space, soft palate, and position of the hyoid bone, since 
these anatomic sites may be more susceptible to changes 
caused by increase in BMI. When the whole sample was 
considered (BMI <30 and ≥ 30), there was a significant 
correlation of BMI with the polysomnographic variables 
AHI and SpO2 and with the cephalometric variables 
PNS-P and SPW, while Group II (BMI ≥ 30) presented 
correlation with the cephalometric variable H-MP. 
Corroborating these findings, Kim et al. [30] observed 
statistically significant differences in the AHI parameter 
and the H-MP measurement when comparing obese 
and non-obese patient groups [30].

The infiltration of fat into the muscles that form the 
walls of the upper airway can directly interfere with 
their functional mechanism, modifying the capacity of 
the pharyngeal dilator muscles to maintain airway space 
dimensions during sleep, increasing the number of 
abnormal respiratory events, raising the index of apnea 
and hypopnea, decreasing minimal oxyhemoglobin 
saturation, and contributing significantly to OSA sever
ity [31,32]. The correlation of BMI with OSA severity 
has also been shown to be related to the increase in 
tissue volume adjacent to the pharyngeal airway space, 
as evidenced in the current results by the increase in soft 
palate length (PNS-P) and width (SPW). Such an 
increase in soft palate length and width may lead to 
oropharyngeal narrowing during sleep, indicating that 
the retropalatal region is increased in the majority of 
obese patients with OSA [33]. In addition, a previous 
study demonstrated that the reduction of BMI by 
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approximately 7% over a 6-month follow-up period 
correlated with a significant decrease in the apnea and 
hypopnea indexes [34]. The distance from the hyoid 
bone to the mandibular plane (H-MP) was greater in 
the group of patients with BMI ≥ 30, showing that the 
hyoid bone had a more inferior position among patients 
with a higher BMI, probably due to the presence of 
a larger deposit of cervical fat. The inferior displacement 
of the hyoid bone contributes to the reduction of phar
yngeal airway dimension [35]. Tangugsorn et al. [36] 
also demonstrated that obese patients with OSA pre
sented a more inferiorly and anteriorly positioned hyoid 
bone in relation to the mandibular plane and the third 
cervical vertebra, respectively.

The main limitations of the present study relate to 
the two-dimensional imaging (cephalometry) used to 
evaluate the airways. Nonetheless, the cost-effective 
and practical method investigated in the present study 
allowed the identification of important anatomical 
alterations in the soft palate and hyoid bone of obese 
patients that are correlated with polysomnographic 
findings and BMI of OSA patients.

Conclusion

Obesity influenced the soft tissue dimensions of the phar
ynx. Specifically, soft palate width and length significantly 
correlated with AHI and SpO2 among obese patients with 
OSA. The increase in the width and length of the soft 
palate seems to contribute to the aggravation of OSA, and 
in these patients, the hyoid bone is more inferiorly posi
tioned, contributing to airway space reduction. These 
findings demonstrate the importance of performing 
a cephalometric evaluation with focus on pharyngeal air
way space, soft palate, and position of the hyoid bone, 
while investigating obese males with suspected OSA. This 
type of assessment may help clinicians and researchers 
better understand the underlying causes of OSA, enabling 
adequate management of this condition.
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