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Abstract

Objective. To evaluate the upper airway morphology changes associated with ageing in adult
Chinese patients with obstructive sleep apnoea.
Methods. A total of 124 male patients diagnosed with obstructive sleep apnoea by overnight
polysomnography, who underwent upper airway computed tomography, were enrolled. The
linear dimensions, cross-sectional area and volume of the upper airway region and the sur-
rounding bony frame were measured. The association between ageing and upper airway
morphology was analysed.
Results. Soft palate length, minimum cross-sectional area of the retroglossal region, lateral
dimensions at the minimum cross-sectional area of the retropalatal and retroglossal regions,
nasopharyngeal volume, and average cross-sectional area of the nasopharyngeal region were
found to significantly increase with ageing in all patients, while the upper airway shape flat-
tened with ageing. The volume of the retropalatal region increased with ageing among the
patients with a body mass index of less than 24 kg/m2. The volume of parapharyngeal fat
pad increased with ageing among patients with a body mass index greater than 28 kg/m2.
Conclusion. A number of dimensional, cross-sectional and volumetric parameters of the
pharynx increased with age, indicating that non-anatomical factors may play a more import-
ant role in the pathogenesis of obstructive sleep apnoea in aged patients.

Introduction

Obstructive sleep apnoea (OSA), characterised by repeated episodes of hypopnoea or
apnoea events during sleep because of partial or complete occlusion of the upper airway,
is a common disorder.1 The prevalence of OSA (apnoea/hypopnoea index of 5 or more
events per hour) in the 30–70 year age group is estimated at 34 per cent in males and
17 per cent in females, and it increases with age.2 The most common symptoms are exces-
sive daytime sleepiness, snoring and a reduction in cognitive functions.3 Furthermore, OSA
is believed to be related to cardiovascular morbidity (e.g. hypertension, stroke, arrhythmia,
myocardial infarction), metabolic consequences (e.g. diabetes) and overall mortality.4,5

Ageing increases the risk of OSA, and although a large number of studies have focused
on this topic, the underlying mechanisms remain unclear. According to the current evi-
dence, both anatomical and non-anatomical factors are responsible for OSA. In Asians,
small craniofacial structures may be an important risk factor responsible for the patho-
genesis of OSA.6 Compared with healthy controls, OSA patients tend to have a longer
pharyngeal airway, an inferiorly located hyoid bone and a smaller cross-sectional area,
which were proven to be related to ageing in the general population.7,8 However, upper
airway morphology research has mainly concentrated on healthy participants, neglecting
the possible effects that long-term snoring, vibration and intermittent hypoxia have on
the upper airway morphology, which may be an underlying mechanism in aged patients.
Whether the upper airway morphology in OSA patients changes the same way as in
healthy participants is unclear.

This study aimed to investigate the effects of ageing on upper airway morphology in
OSA patients. We tested the hypothesis that volume, cross-sectional area and linear
dimensions are decreased, while the pharyngeal airway length, soft palate length and per-
pendicular distance from the hyoid bone to the mandibular plane are increased with age-
ing, which may predispose to pharyngeal collapse.

Materials and methods

Participants

This study included 124 male patients clinically suspected of having OSA and was con-
ducted at Beijing Tongren Hospital. The patients’ age ranged from 18 to 65 years
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(mean ± standard deviation (SD) = 39.4 ± 10.48 years). Body
mass index (BMI) ranged from 20.7 to 37.2 kg/m2 (mean ±
SD = 27.12 ± 3.21 kg/m2). The patients’ height ranged from
1.64 to 1.9 m (mean ± SD = 1.74 ± 0.05 m). Apnoea/hypop-
noea index ranged from 6.5 to 103 events per hour (mean ±
SD = 49.29 ± 23.02 events per hour).

Obstructive sleep apnoea was suspected on the basis of a
history of snoring, with or without daytime sleepiness.
Patients were excluded if the following criteria were met:
(1) severe cardiac, pulmonary, neurological, or other severe
medical or psychiatric diseases; (2) an upper airway surgical
history; (3) central sleep apnoea; (4) a space-occupying lesion
of the upper airway; or (5) maxillofacial deformity.

Study design

A retrospective analysis of a cohort of male patients from January
2015 through February 2019, who underwent polysomnography
and computed tomography (CT) of the upper airway at their ini-
tial evaluation, was performed. In addition, patients were strati-
fied according to the following criteria: (1) apnoea/hypopnoea
index – less than 30 events per hour =mild-to-moderate OSA,
and 30 or more events per hour = severe OSA; and (2) BMI –
less than 24 kg/m2, 24–28 kg/m2 or more than 28 kg/m2.

Polysomnography

Overnight polysomnography was carried out for each patient.
Electroencephalography, electrooculography and electromyo-
graphy, and other monitoring including oximetry, measure-
ments of airflow, and measurements of ribcage and
abdominal movements during breathing, were recorded. Sleep
stage, arousal and respiratory events were scored according to
standard criteria9 (hypopnoeas: 30 per cent reduction in airflow,
with 3 per cent or more desaturation or arousal from sleep).

Upper airway imaging analysis

An upper airway CT scan was performed on all patients at the
end of expiration in the supine position with the Frankfort
plane perpendicular to the horizontal plane. Subjects were
asked to stay awake, and to keep their mouths closed without
swallowing or chewing.

Mimics image processing software version 19.0 (Materialise,
Leuven, Belgium) and ITK-SNAP Medical Image Segmentation
Tool version 3.6 (Cognitica, Philadelphia, Pennsylvania, USA)
were used to measure CT parameters, including the linear
dimensions, minimum cross-sectional area in the retropalatal
and retroglossal regions, and the minimum anteroposterior
width and minimum lateral airway width in the retropalatal
and retroglossal regions (Figures 1 and 2). The upper airway
shape of retropalatal and retroglossal regions was described by
the anteroposterior dimension divided by the lateral dimension
respectively. The volumes of the nasopharyngeal, retropalatal
and retroglossal regions were measured using a regional growing
method (Figure 3). Pharyngeal airway length, which can be
divided into the length of the retropalatal region and length
of the retroglossal region, was defined by measuring the distance
of horizontal lines passing at the level of the hard palate and the
epiglottal base (Figure 4).

In addition, we calculated the average cross-sectional area of
the nasopharyngeal, retropalatal and retroglossal regions by div-
iding the volume by the length of each region. Soft palate length
was defined as the distance from the posterior nasal spine to the

soft palate tip. The vertical hyoid position was measured as the
perpendicular distance from the hyoid bone to the mandibular
plane (Figure 5). Tongue length was the distance between the
incisors and the hyoid. Tongue height was the maximum ton-
gue height perpendicular to tongue length. We also measured
the volume of the parapharyngeal fat pad, and the cross-
sectional area of the parapharyngeal fat pad at the minimum
cross-sectional area of retropalatal and retroglossal regions.

Except for the soft tissue, some of the bony structures were
studied through the CT mid-sagittal plane and axial plane.
These landmarks and reference lines are shown in Figure 6.
The bony box was measured using methods adapted from
those of Sutherland et al.10

Fig. 1. Axial computed tomography scan of the upper airway showing the minimum
cross-sectional area of the retropalatal area. A = anterior

Fig. 2. Axial computed tomography scan of the upper airway showing the minimum
anteroposterior dimension and lateral dimension at the level of the minimum cross-
sectional area of the retropalatal area. A = anterior
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Statistical analysis

After formally testing the data for normality with the
Kolmogorov–Smirnov test, Spearman and Pearson methods
were adopted in the correlation analysis. Correlation analysis
and one-way analysis of variance (ANOVA), was used for
data processing if the homogeneity of variance assumptions
were satisfied; otherwise, Kruskal–Wallis analysis was employed.
Statistical significance was determined using a threshold p-value
of 0.05. Analysis was performed using SPSS statistical software
(IBM Statistics 24; Armonk, New York, USA).

Results

In all the patients, the soft palate length (r = 0.231, p < 0.05),
minimum cross-sectional area in the retropalatal (r = 0.2, p <
0.05) and retroglossal regions (r = 0.277, p < 0.05), lateral
dimensions at the levels of the retropalatal region (r = 0.244,
p < 0.05) and retroglossal region (r = 0.477, p < 0.05), volume
(r = 0.194, p < 0.05) and average cross-sectional area of the

Fig. 3. Three-dimension reconstruction of the volumes of the nasopharyngeal region
(VNP), the retropalatal region (VRP) and the retroglossal region (VRG).

Fig. 4. Mid-sagittal computed tomography scan denoting: length of nasopharyngeal
region (LNP); length of retropalatal region (LRP); length of retroglossal region (LRG);
length of pharyngeal airway (LP), which can be divided to retropalatal length and ret-
roglossal length; length of soft palate (LSP); tip of soft palate (P); posterior nasal
spine (PNS); length of tongue (LT); and height of tongue (HT).

Fig. 5. Sagittal computed tomography scan showing: hyoid (H); mandibular plane
(MP, yellow line); and perpendicular distance from the hyoid bone to the mandibular
plane (MPH).

Fig. 6. Sagittal computed tomography scan showing a graphical representation of
landmarks, reference lines and angle parameters. Landmarks include: subspinale
(A); supramentale (B); sella (S), at the centre of the pituitary fossa; nasion (N); anter-
ior nasal spine (ANS); posterior nasal spine (PNS); and menton (ME). Reference line:
‘ANS-PNS’, reflecting the sagittal dimension of the maxilla. Angle parameters include:
anteroposterior position of the maxilla relative to the anterior cranial base (S–N–A);
anteroposterior position of the mandible relative to the anterior cranial base (S–N–
B); and anteroposterior relation of the maxilla and the mandible (A–N–B).
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nasopharyngeal region (r = 0.192, p < 0.05) were found to sig-
nificantly increase with ageing, while the upper airway shape
got flatter (retropalatal region r =−0.241, p < 0.05; retroglossal
region r =−0.305, p < 0.05) with ageing.

We did not find any correlations between ageing and the
pharyngeal airway length (r = 0.023, p > 0.05) or the perpen-
dicular distance from the hyoid bone to the mandibular
plane (r = 0.053, p > 0.05).

In order to take account of individual differences, patients
were further classified according to their BMI and apnoea/
hypopnoea index.

Age-related changes according to weight

This section focuses on the upper airway morphology changes
associated with ageing in non-obese, overweight and obese
patients. Among the patients with a BMI of less than 24 kg/
m2 (n = 22), the minimum cross-sectional area in the retropa-
latal (r = 0.543, p < 0.01) and retroglossal regions (r = 0.584,
p < 0.01), the lateral dimensions in the retropalatal region
(r = 0.487, p < 0.05) and retroglossal region (r = 0.71, p < 0.01),
the anteroposterior dimension in the minimum cross-sectional
area in the retroglossal region (r =−0.44, p < 0.05) and the
volume of the retropalatal region (r = 0.47, p < 0.05) increased
significantly with ageing, but the shape of the retroglossal region
(r =−0.789, p < 0.01) became flatter with ageing.

For those patients with a BMI between 24 kg/m2 and 28 kg/
m2 (n = 56), the lateral dimension in the minimum cross-
sectional area in the retroglossal region (r = 0.263, p < 0.05),
the volume (r = 0.356, p < 0.01) and average cross-sectional
area of the nasopharyngeal region (r = 0.304, p < 0.05)
increased significantly with ageing.

In patients with a BMI greater than 28 kg/m2 (n = 46), the
soft palate length (r = 0.432, p < 0.01) and minimum cross-
sectional area in the retroglossal region (r = 0.427, p < 0.01)
increased significantly with ageing, and the shape of the retro-
glossal region (r =−0.4, p < 0.01) became flatter with ageing.

Age-related changes according to apnoea severity

This section focuses on the upper airway morphology changes
associated with ageing in patients with severe or mild-to-
moderate OSA. Among mild-to-moderate OSA patients (n =
26), no significant correlation was found between upper airway
morphology and ageing.

Among severe OSA patients (n = 98), the volume of the para-
pharyngeal fat pad (r = 0.302, p < 0.01) and nasopharyngeal
region (r = 0.222, p < 0.05), the soft palate length (r = 0.283,
p < 0.01), the minimum cross-sectional area of the retroglossal
region (r = 0.409, p < 0.01) and the lateral dimension in the
same plane (r = 0.449, p < 0.01), and the lateral dimension in
the minimum cross-sectional area of the retropalatal region
(r = 0.298, p < 0.01) increased statistically significantly with
ageing, whereas upper airway shape became flatter with ageing
(retropalatal region r = −0.263, p < 0.05; retroglossal region
r = −0.381, p < 0.01).

Upper airway morphology changes by age group

One-way ANOVA and the Kruskal–Wallis test were used to
further compare the differences among different age groups.
The soft palate length, the minimum cross-sectional area of
the retroglossal region and lateral dimension in the same
plane, the volume and average cross-sectional area of the

nasopharyngeal region, and the shape of the retroglossal
region, were found to be significantly different among the
age groups (Tables 1–6). However, bony structures such as
the maxillomandibular volume, the anteroposterior position
of the maxilla relative to the anterior cranial base, the antero-
posterior position of the mandible relative to the anterior cra-
nial base, and the anteroposterior relation of the maxilla and
the mandible did not significantly differ among age groups.

Discussion

The main findings of our study were that, among OSA
patients, the lateral dimension of the minimum cross-sectional
area in the retropalatal and retroglossal regions, the minimum
cross-sectional area in the retroglossal region, and the volume
of the nasopharyngeal region increased with age, while the
shape of the retroglossal region got flatter with ageing, inde-
pendently of BMI and apnoea/hypopnoea index. However,
in a more detailed analysis, when the effect of ageing on the
volume of the parapharyngeal fat pad and the soft palate
length was evaluated in terms of OSA severity categories
(mild, moderate and severe), ageing was found to have a sig-
nificant positive correlation with both indicators among severe
OSA patients. Furthermore, the volume of the retropalatal
region increased with ageing among non-obese patients
(BMI of less than 24 kg/m2), the volume and average cross-
sectional area of the nasopharyngeal region increased with
ageing among patients with a BMI between 24 kg/m2 and
28 kg/m2, and the soft palate length increased with ageing
among patients with a BMI of more than 28 kg/m2. Our long-
term goals are to assess the upper airway anatomical features of
OSA patients of different ages combined with their non-
anatomical features, for precise treatment and intervention.

There have been many studies on the age-related changes in
the upper airway morphology in healthy people,11–17 but the
results of studies were short of unanimous. Furthermore, few
studies had concentrated on the upper airway morphology
in adult OSA patients. To our knowledge, this is the first
study to focus on the ageing effect in Chinese OSA patients.

In our whole sample of patients, soft palate length increased
with ageing, which confirms previous results.17–19 The average
(± SD) soft palate length was 39.65 ± 4.63 mm, which is similar
to previously reported values,20–22 thereby demonstrating the
reliability of our research. In the upper airway, the retropalatal
region is the most collapsible area, independently of disease
severity.23 We hypothesise that, except for the ageing effect
that reduces the soft palate muscle tone, long-term vibration
and intermittent hypoxia may aggravate the procedure,
which increases the collapsibility of the upper airway.

In our study, the volume of the retropalatal region was
found to increase with ageing among non-obese patients
(BMI less than 24 kg/m2), and the volume of the nasopharyn-
geal region increased with ageing among patients with a BMI
between 24 kg/m2 and 28 kg/m2. To the best of our knowledge,
there have been no similar previous reports. Increased soft pal-
ate length and shrinkage of the tonsils with ageing may be the
factors that influence the volume of the retropalatal region.
Increased volume of the nasopharyngeal region with ageing
has been reported in healthy Chinese participants,24 which is
consistent with our findings. More research is needed to con-
firm whether this increase is a consequence of OSA or of the
natural ageing process.

In the retropalatal and retroglossal regions, the minimum
cross-sectional area and lateral dimensions increased with
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Table 2. Comparison of lateral dimension of minimum cross-sectional area in retroglossal region between age groups

Age group tested (years) Age groups compared (years) Patients (n) Average dimension (mm) SD Adjusted p-value

18–29 30–39 39 7.12 3.99 0.220

40–49 39 11.00 6.97 0.001*

≥50 23 13.50 10.27 <0.001*

30–39 18–29 23 5.02 3.33 0.220

40–49 39 11.00 6.97 0.009*

≥50 23 13.50 10.27 <0.001*

40–49 18–29 23 5.02 3.33 0.001*

30–39 39 7.12 3.99 0.009*

≥50 23 13.50 10.27 0.144

≥50 18–29 23 5.02 3.33 <0.001*

30–39 39 7.12 3.99 <0.001*

40–49 39 11.00 6.97 0.144

*Indicates statistical significance ( p < 0.05). SD = standard deviation

Table 1. Comparison of soft palate length between age groups

Age group tested (years) Age groups compared (years) Patients (n) Average length (mm) SD Adjusted p-value

18–29 30–39 39 38.76 4.00 0.27

40–49 39 40.93 3.99 0.004*

≥50 23 41.15 4.05 0.006*

30–39 18–29 23 37.46 6.07 0.27

40–49 39 40.93 3.99 0.03*

≥50 23 40.93 3.99 0.04*

40–49 18–29 23 37.46 6.07 0.004*

30–39 39 38.76 4.00 0.03*

≥50 23 41.15 4.05 0.85

≥50 18–29 23 37.46 6.07 0.006*

30–39 39 38.76 4.00 0.04*

40–49 39 40.93 3.99 0.85

*Indicates statistical significance ( p < 0.05). SD = standard deviation

Table 3. Comparison of volume of nasopharyngeal region between age groups

Age group tested (years) Age groups compared (years) Patients (n) Average volume (mm3) SD Adjusted p-value

18–29 30–39 39 5219.64 2352.55 0.018*

40–49 39 5902.62 1603.40 <0.001*

≥50 23 4903.9 1984.33 0.113

30–39 18–29 23 3967.96 1884.79 0.018*

40–49 39 5902.62 1603.40 0.131

≥50 23 4903.9 1984.33 0.545

40–49 18–29 23 3967.96 1884.79 <0.001*

30–39 39 5219.64 2352.55 0.131

≥50 23 4903.9 1984.33 0.058

≥50 18–29 23 3967.96 1884.79 0.113

30–39 39 5219.64 2352.55 0.545

40–49 39 5902.62 1603.40 0.058

*Indicates statistical significance ( p < 0.05). SD = standard deviation

358 F Gao, Y R Li, W Xu et al.

https://doi.org/10.1017/S0022215120000766 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215120000766


Table 4. Comparison of average cross-sectional area of nasopharyngeal region between age groups

Age group tested (years) Age groups compared (years) Patients (n) Average area (mm2) SD Adjusted p-value

18–29 30–39 39 316.78 151.69 0.021*

40–49 39 355.25 108.92 0.001*

≥50 23 303.96 115.67 0.087

30–39 18–29 23 240.53 104.40 0.021*

40–49 39 355.25 108.92 0.175

≥50 23 303.96 115.67 0.696

40–49 18–29 23 240.53 104.40 0.001*

30–39 39 316.78 151.69 0.175

≥50 23 303.96 115.67 0.120

≥50 18–29 23 240.53 104.40 0.087

30–39 39 316.78 151.69 0.696

40–49 39 355.25 108.92 0.120

*Indicates statistical significance ( p < 0.05). SD = standard deviation

Table 5. Comparison of minimum cross-sectional area in retroglossal region between age groups

Age group tested (years) Age groups compared (years) Patients (n) Average area (mm2) SD Adjusted p-value

18–29 30–39 39 47.94 27.92 1

40–49 39 144.02 59.10 0.036*

≥50 23 177.51 102.29 0.003*

30–39 18–29 23 46.96 35.35 1

40–49 39 355.25 108.92 0.561

≥50 23 303.96 115.67 0.051

40–49 18–29 23 240.53 104.40 0.036*

30–39 39 316.78 151.69 0.561

≥50 23 303.96 115.67 1

≥50 18–29 23 240.53 104.40 0.003*

30–39 39 316.78 151.69 0.051

40–49 39 355.25 108.92 1

*Indicates statistical significance ( p < 0.05). SD = standard deviation

Table 6. Comparison of shape of retroglossal region between age groups

Age group tested (years) Age groups compared (years) Patients (n) 25th percentile 75th percentile Adjusted p-value

18–29 30–39 39 47.94 27.92 1

40–49 39 144.02 59.10 0.036*

≥50 23 177.51 102.29 0.003*

30–39 18–29 23 5.15 4.65 1

40–49 39 355.25 108.92 0.561

≥50 23 303.96 115.67 0.051

40–49 18–29 23 240.53 104.40 0.036*

30–39 39 316.78 151.69 0.561

≥50 23 303.96 115.67 1

≥50 18–29 23 240.53 104.40 0.003*

30–39 39 316.78 151.69 0.051

40–49 39 355.25 108.92 1

*Indicates statistical significance ( p < 0.05).

The Journal of Laryngology & Otology 359

https://doi.org/10.1017/S0022215120000766 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215120000766


ageing, which was inconsistent with our hypothesis. In healthy
participants, the relationship between the upper airway calibre
and age is controversial. The possible explanation is that some
of the studiesmade the diagnosis based on snoring history instead
of on polysomnography findings, which may have resulted in
some undiagnosed patients being included in these investiga-
tions.11–17

• The natural course of upper airway morphology is different in
patients with obstructive sleep apnoea (OSA)

• The minimum cross-sectional area in retropalatal and
retroglossal regions increased with ageing in our cohort

• The upper airway of patients with OSA has a tendency to
become tabular

• Soft palate length increased with ageing, and the correlation
was enhanced with increasing body mass index

• Parapharyngeal fat pad volume increased with ageing among
severe OSA patients (apnoea/hypopnoea index ≥30 events
per hour)

• Non-anatomical factors may play a more important role in
the pathogenesis of aged OSA patients

The reasons for the age-related increases in minimum
cross-sectional area and lateral dimensions in our research
may be as follows. First, the tonsils continue to shrink with
ageing and the pharyngeal calibre increases. Second, long-term
vibration and intermittent hypoxia may lead to changes in soft
palate morphology, and therefore the minimum cross-
sectional area of the retropalatal region increases. Third, com-
pensation of the upper airway dilator muscle while awakening,
as well as decreased elasticity of tissue with ageing, result in an
increase in diameter. In addition, the shapes of the retropalatal
and retroglossal regions were found to become flatter, as was
reported in healthy participants,25 which may be a compensa-
tory state while awake. Furthermore, the volume of the para-
pharyngeal fat pad increased significantly with ageing among
severe OSA patients, and the correlation increased with rising
BMI. It has been hypothesised that the parapharyngeal fat pad,
which may compress the upper airway, plays an important part
in the pathogenesis of sleep apnoea.26 However, our mean
cross-sectional area did not decrease with ageing, which was
inconsistent with prior research.16 We suspect that increased
activity of the upper airway dilator during wakefulness and dif-
ferent lung volumes played a major role.

We found no relationship between ageing and the pharyngeal
length or the perpendicular distance from the hyoid bone to the
mandibular plane. In a previous study16 that focused mainly on
the age-related effects on pharyngeal morphology, ageing was
found to be positively correlated with increased soft palate length
and pharyngeal airway length in females rather than males. On
the other hand, in healthy persons,27 pharyngeal airway length,
especially the length of the retropalatal region, was found to be
positively correlated with ageing, but the perpendicular distance
from the hyoid bone to the mandibular plane was not correlated
with ageing. This is probably because the differences between
patients while awake were too small to obtain positive results.
Moreover, OSA is amultifactorial disease, and anatomical factors
only account for part of it. Finally, a previous study28 showed that
the size of the tonguemay affect the hyoid location, which further
influences the pharyngeal airway length. In our cohort, there was
no difference in the tongue length, the tongue height or the cross-
sectional area of the tongue in themid-sagittal plane between dif-
ferent age groups, which may explain why the perpendicular

distance from the hyoid bone to the mandibular plane did not
correlate with ageing.

There were no correlations between bony structure and age-
ing, and no significant differences among different age groups.
In a prior study, OSA patients were believed to have retroposed
mandibles, and retroposition of the maxilla compared to nor-
mal subjects which is more commonly reported in non-obese
patients. In our cohort, all participants were OSA patients, and
most of our patients were overweight, which may have affected
the results.29,30

The present study has several limitations. First, the sample
size was small and we did not have a control group for further
comparison. As this research was retrospective, we were not
able to give the healthy controls a CT scan; moreover, it
would not be ethical for healthy persons without symptoms
to undergo a CT scan. As the radiation dose of consecutive
CT scans would have serious underlying consequences for
the thyroid, magnetic resonance imaging (MRI) will be con-
sidered for our future research.

Second, there may have been selection bias because of individ-
ual differences in our patients; however, we matched the patients
based on BMI and apnoea/hypopnoea index to minimise this.
Beyond that, in order to avoid differences between sexes, female
patients with OSA were not included in our research because
some of the upper airway structures, such as the upper airway
length, the size of the soft palate and the tongue have been
reported to be smaller in female patients with OSA.31,32 In add-
ition, the prevalence of female patients with OSA increases after
menopause, which is different from male patients with OSA.33,34

Third, the patients were studied during wakefulness instead
of during sleep, which is another limitation of our retrospect-
ive study. It is possible that upper airway morphology may be
different during sleep from that described in the present study;
however, we captured the static upper airway morphology at
the end of expiration, which has good predictive ability for
OSA severity according to prior studies.35,36 Furthermore, we
tried to simulate the natural ageing process of upper airway
morphology instead of locating the obstructive sites during
sleep. Finally, we cannot definitively conclude that the pharyn-
geal calibre enlarges with ageing in OSA patients because of
our cross-sectional design.

The present study provides an insight into anatomical
changes in the upper airway of OSA patients associated with
ageing. It provides a new perspective for further research,
including longitudinal studies to examine natural changes
occurring in the upper airway anatomy. Advanced non-
invasive methods, such as MRI, should be considered to assess
the metabolic state in the pharyngeal musculature.

In conclusion, with the progression of OSA and ageing, the
morphology of the soft tissue of the upper airway changes,
resulting in a longer soft palate, a flatter upper airway, a larger
minimum airway cross-sectional area and greater lateral
dimensions of the upper airway. We speculate that as the
morphology of aged patients’ upper airway changes, non-
anatomical factors may become more responsible for the
pathogenesis of the disease. Future studies should focus on
comparing the differences between carefully matched OSA
patients and healthy participants regarding the ageing effect
on upper airway structure, aiming to identify the morpho-
logical changes caused by the disease instead of by ageing.
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