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Purpose: Menopause is accompanied by a decline in estrogen and progesterone. Several
studies have demonstrated that upper airway patency decreases in women after menopause,
while morphology changes are still a lack of evidence. This study aimed to explore upper
airway morphology changes in perimenopausal and postmenopausal women.

Methods: This retrospective cross-sectional study included 367 consecutive Chinese female
patients over 25 years old who had routinely taken large-field cone beam computed tomo-
graphy in the imaging library of Peking University School and Hospital of Stomatology from
October 2016 to September 2020. A total of 283 males were screened as sex controls
according to the same age group. Upper airway morphology, hyoid position and facial
pattern were measured. The association between perimenopausal and postmenopausal years
and upper airway morphology in both sexes was analyzed.

Results: Perimenopausal women (aged 45-54 years) showed a significant decrease in the
volume (3172.91mm?>, 95% CI = 653.86-5691.96) and minimum cross-sectional area
(37.08 mm?, 95% CI = 5.36-68.80), and a significant increase in the length (—1.96mm,
95% CI = —3.62 to —0.29) of upper airway compared to adjacent reproductive years (aged
35-44), while this difference was neither seen in other adjacent two reproductive age groups
of females nor in the same age groups of males. In postmenopausal women (55 years and
older), hyoid position was significantly lower (—2.74mm, 95% CI = —4.42 to —1.07) than
either age group, while no similar changes were seen in men.

Conclusion: Women had smaller airway volume, reduced upper airway cross-sectional area
and longer airway length in perimenopausal years, and a significantly lower hyoid position in
postmenopausal years. These changes may be related to menopause itself and independent of
the changes associated with aging.

Keywords: perimenopause, postmenopause, upper airway morphology, cone beam
computed tomography

Introduction
Menopause, the permanent cessation of menstrual cycles results from reduced secre-
tion of the ovarian hormones estrogen and progesterone, marks the ending of repro-
ductive life in women.' > The transition to menopause is a complex physiological
process. Symptoms like hot flashes and night sweats, insomnia, and mood instability
may be the first signs of ovarian function failure before menstruation stops.*
Menopause brings various unfavorable changes. Many chronic diseases are
thought to occur mainly in men, including cardiovascular diseases, diabetes and
stroke.”® However, due to the lack of protection from sex hormones, the gender
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differences of prevalence seem to be attenuated, even
postmenopause women have higher risk of hypertension
and heart disease than men.”'® Studies have shown that it
may be menopause itself rather than aging account for the
pronounced increased risk.>*'! Each year of earlier meno-
pause is associated with a 2% increase in all-cause
mortality.'>'?

In the reproductive years, sex hormones exert a pro-
found protective effect on upper airway patency in women
compared with men of a similar age.'*'® Progesterone is a
known respiratory stimulant that increases upper airway
muscle tone, but progesterone levels decline after meno-
pause, and respiratory drive decreases during menopausal
transition.'’ ! Fat distribution also changes and is more
likely to be distributed in the upper body and trunk area in
postmenopausal years.?’ The activity of genioglossus mus-
cle decreases in menopausal women, while hormone repla-
cement therapy increases genioglossus muscle activity
significantly.?’ All of these changes are detrimental to
upper airway patency in women after menopausal years.

Physiological changes in upper airway may influence
morphology. However, the morphology of upper airway in
perimenopausal and postmenopausal women are still a
lack of evidence. Cone beam computed tomography
(cone beam CT) is an advancement in CT imaging,
which uses low-dose cross-sectional technique and pro-
vides more rapid acquisition of a data set. It can success-
fully discriminate borders of soft and hard tissue structures
and has been widely used to evaluate upper airway mor-
phology and craniofacial anatomy.””%* In this study, we
collected cone beam CT images to study upper airway
morphology in different stages of women and hypothe-
sized that compared with reproductive years, there is a
significant deterioration in the upper airway morphology
in perimenopausal and postmenopausal women.

Materials and Methods

The present study was a retrospective cross-sectional study
conducted at Peking University School and Hospital of
Stomatology, Beijing. This study was performed in line
with the principles of the Declaration of Helsinki.
Approval was granted by the Ethics Committee of
Peking University Stomatology School and Hospital
[PKUSSIRB-202054026].

Participants
In this study, we retrospectively collected image data of all
patients who had routinely taken large-field cone beam CT

in the imaging library of the Department of Radiology,
Peking University School and Hospital of Stomatology
from October 2016 to September 2020. We excluded
patients from the department of traumatology, oncology,
orthognathic surgery or cleft lip and palate according to
the application form. Other exclusion criteria were as
follows: 1) history of oral maxillofacial fractures, 2)
severe craniofacial destruction and defects, 3) severe
Class II and Class III craniofacial deformities, and 4)
edentulousness or incorrect occlusal position.

Recent study has suggested that the mean age at natural
menopause in Chinese women is 49.3 + 3.3 years (median
50.0 years),” while other studies have found similar
conclusion.?>*® Thus, we took 4554 years as the perime-
nopausal group and >55 years as the postmenopausal
group. Two groups of women in reproductive age, 25-34
years and 35-44 years, served as age controls. A total of
367 women meet the criteria above, and 283 men were
screened as sex controls according to the same age group
(Figure 1).

Imaging Analysis

All cone beam CT scans were performed in routine proce-
dure. Patients were kept Frankfort plane (FH plane, where
the uppermost point of the external auditory canal and the
lowest point of the infraorbital rim are located) parallel to
the horizontal plane in the seated position during scanning.
Subjects were asked to stay awake, with the posterior teeth
in occlusal contact and not chewing or swallowing.

The morphology of the upper airway and hyoid bone
position were measured using Dolphin 11.95 (Patterson
Dental Supply Inc, Chatsworth, CA). The upper boundary
of the total upper airway was the line connecting the point
of the sella turcica (S) and the point of the posterior nasal
spine (PNS), the lower boundary was the plane parallel to
the FH plane where the valley of the epiglottis (EV) was
located. The volume (UV), length (UL), minimum cross-
sectional area (Amin) of upper airway were measured in
the mid-sagittal plane (Figure 2A).

In the reconstructed lateral cephalogram (Figure 2B),
we used the angle of ANB to represent sagittal facial
pattern, while the angle between FH plane (Frankfort
plane) and MP plane (mandibular plane) and the angle
between SN plane and MP plane were measured to repre-
sent vertical facial pattern. Distance between the superior
anterior point of the hyoid bone (H) and MP plane was
used to represent hyoid bone position (MPH). All data
were measured three times repeatedly.
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Figure | Screening process of the samples included in the analysis.
Abbreviation: CBCT, cone beam computed tomography.

Statistical Analysis

Analysis was performed using SPSS 26.0 (Armonk, New
York, USA). Kolmogorov—Smirnov test was used to test
normality. One-way analysis of variance (ANOVA) was
used for data processing between four age groups if the
homogeneity of variance assumptions were satisfied;
Kruskal-Wallis
Independent samples #-test was used to compare between

otherwise, analysis was employed.
two age groups. Statistical significance was determined

using a threshold p-value of 0.05.

Results

All patients were measured for craniofacial characteristics
as facial pattern may affect upper airway morphology. As
is shown in Table 1, no difference was found in sagittal
and vertical facial pattern between age groups.

Table 2 shows the differences in upper airway mor-
phology for different age groups in men and women,
respectively. Among four reproductive stages of women,
significant differences were found in UV, Amin, UL and

| n=366 |

| n=283 (225yrs) |

MPH. In the four age groups of males, there were signifi-
cant differences in Amin, UL and MPH, while there were
no significant differences in UV.

As the differences in upper airway morphology between
the two adjacent age groups are more clinically significant, in
Table 3 we further studied the absolute differences and 95%
confidence intervals for each measurement between the three
adjacent groups, 25-34 years versus 35-44 years, 35-44
years versus 45-55 years, and 45-55 years versus >55
years. In Figure 3, we showed the aging changes of upper
airway morphology and hyoid position in males and females,
respectively. In combination with Tables 2 and 3 and
Figure 3, we found that upper airway morphology changed
differently in men and women at different ages:

Reproductive Years and Upper Airway

Morphology

When comparing females aged 25-34 and 35-44 years, no
differences were found in UV, Amin, UL, and MPH. While
among males, Amin was significantly smaller (52.16mm?,
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Figure 2 Measurements of the upper airway morphology and hyoid bone position. (A) Airway measurements in the median sagittal plane. (B) Reconstructed lateral

cephalogram.

Abbreviations: S, central point of the sella turcica; PNS, posterior nasal spine; UT, uvula tip; EV, epiglottis valley; UV, upper airway volume; UL, upper airway length; Amin,
minimum cross-sectional area of upper airway between PNS and EV; N, nasion, anterior-most point of nasofrontal suture; P, porion, uppermost point of external auditory
canal; O, orbitale, lowest point of infraorbital rim; A, subspinale, most concave point of maxilla; B, supramental, most concave point of mandible; Me, menton, lowermost
point of the chin; H, the superior anterior point of the hyoid bone; SN plane, S and N points lie in the line, representing the anterior cranial base plane; FH plane, Frankfort
plane; MP plane, mandibular plane; ANB, the angle formed by the points A, N and B; MPH, Distance between H and MP plane.

95% CI=14.59-89.74) in 35—44 years old than in the 25-34
years old group and UL was significantly larger (—2.39mm,
95% CI=—4.29 to —0.50) than in the 25-34 years old group.

Perimenopausal Years and Upper Airway

Morphology

Compared to 35-44 years, men aged 4554 years did not
show significant changes in UV, Amin, and UL, but MPH
increased (—1.92mm, 95% CI=-3.69 to —0.15). However,
unlike men, women aged 45-54 years showed a decrease
in UV (3172.91mm?, 95% CI=653.86-5691.96) and Amin
(37.08mm?, 95% CI=5.36-68.80) compared to 35-44
years, and UL increases (—1.96mm, 95% CI=—3.62 to
—0.29). Besides, gender differences in UV, Amin, and
MPH appeared to be increasing in perimenopausal
women compared to men of the same age in Figure 3.

Postmenopausal Years and Upper Airway
Morphology

In the age of >55 years, men did not show significant
changes in upper airway morphology compared to 4554
years. Although women showed a similar trend in upper

airway morphology, the hyoid bone position was signifi-
cantly lower (—2.74mm, 95% CI=—4.42 to —1.07) after
menopause, while no significant difference was seen in
the hyoid bone position in reproductive and perimenopau-
sal years. In addition, gender differences in UV and UL
seem to be greater, while decrease in MPH in postmeno-

pausal years in Figure 3.

Discussion

The aim of this retrospective cross-sectional study was to
explore whether there is a difference in upper airway
morphology in perimenopausal and postmenopausal
women compared to reproductive years. After careful
matching of craniofacial morphological characteristics,
there were two main findings from our study: 1)
Compared to women of reproductive age, perimenopausal
women experienced significant changes in upper airway
morphology, including a significant reduction in upper
airway volume, an increase in upper airway length and a
reduced upper airway cross-sectional area; 2) In postme-
nopausal years, hyoid position was significantly lower than
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Table | Craniofacial Characteristics in Age Groups

Females Age Groups (Mean * SD) Statistics P value
[25-34] y (n=115) | [35-44] y (n=85) | [45-54] y (n=77) | [=55] y (n=90)
ANB (°) 4.0412.62 4.13£2.32 4.08+2.26 4.08+2.25 F=0.023 0.995
MP-FH (°) 24.65+6.09 24.62+7.23 24.87+5.77 24.40+6.38 F=0.081 0.971
MP-SN (°) 34.30+6.23 34.46+8.36 35.44+5.99 35.33+6.96 F=0.666 0.573
Males Age Groups (Mean * SD) Statistics P value
[25-34] y (n=67) [35-44] y (n=90) | [45-54] y (n=69) | [=55] y (n=57)
ANB (°) 3.96+2.04 4.08+2.71 4.16£2.11 3.98+2.52 ){2=|.|84 0.757
MP-FH (°) 21.71£6.96 21.97+7.56 22.88+6.53 21.7616.46 )(2=|.|98 0.753
MP-SN (°) 29.8616.31 30.31+8.14 31.90+6.11 30.91+6.46 F=1.127 0.339
Notes: Compared by ANOVA or Kruskal-Wallis analysis according to normality test results.
Abbreviations: ANB, the angle formed by the points A, N and B; MP, mandibular plane; FH, Frankfort plane; SN plane, the anterior cranial base plane.
Table 2 Comparison of Upper Airway Morphology Between Age Groups in Females and Males
Age Groups (Mean t SD) F P P value of Age Groups Compared
value
25-34 (y) 35-44 (y) 45-54 (y) 255 (y) 25-34 | 25-34 | 25-34 35- 35-44 | 45-54
to 35- | to45- | to>55 | 44to | to =55 | to =55
4(@) | 540 ) 45- ) )
54 ()
Females
uv (mm?) 29,041.3 26,895.6 23,7229 23,3125 | 11.90 | 0.000%* | 0.071 0.000%* | 0.000%* | 0.014* | 0.005* | 0.716
+7665.6 +8995.8 +6995.7 +7468.1
Amin (mm?) 243.6+£100.1 | 215.6+108.4 178.6194.6 159.9+87.2 | 14.44 | 0.000%* | 0.06! 0.000%* | 0.000%* | 0.022* | 0.000** | 0.188
UL (mm) 70.745.3 71.145.7 73.1£4.9 73.46.5 5.31 | 0.001* | 0.641 0.002%* | 0.002** | 0.022* | 0.016* 0.724
MPH (mm) 8.4+4.8 9.5+4.7 9.4+4.8 12.245.9 9.52 | 0.000*%* | 0.128 0.167 | 0.000** | 0.944 | 0.001** [ 0.00]**
Males
uv (mm?) 33,2629 30,375.5 29,760.4 31,270.7 1.80 | 0.147 - - - - - -
+9525.2 +8930.2 +10,726.8 +8623.8
Amin (mm?) 2699 | 217.7+111.8 | 209.3£140.1 | 215.2£109.9 3.58 | 0.014* | 0.007** | 0.009** | 0.012* | 0.674 0.893 0.796
+125.7
UL (mm) 79.3+4.94 81.7+6.6 82.6+6.9 83.1+5.6 4.90 | 0.002% | 0.014* | 0.002*%* | 0.000%* | 0.422 0.177 0.615
MPH (mm) 13.0+5.6 14.5+5.7 16.5£5.5 16.7+5.4 6.43 | 0.000%* 0.09 0.000%** | 0.000** | 0.034* | 0.024* 0.820

Notes: Compared by independent samples t-test. *Indicates statistical significance (P< 0.05), **Indicates statistical significance (P< 0.01).
Abbreviations: UV, upper airway volume; UL, upper airway length; Amin, minimum cross-sectional area of upper airway between PNS and EV; MPH, distance between H

and MP plane.

either age group, while no similar changes were seen
in men.

Several studies have demonstrated that sex hormones have
a profound protective effect on upper airway patency during
reproductive years.'*'® Progesterone has a respiratory stimu-
latory effect. It is commonly believed that women have
enhanced ventilatory drive during the luteal phase of the
menstrual cycle and pregnancy due to increased progesterone
levels.'?' Another sex hormone called estrogen can also
increase respiratory excitatory effects by upregulating

progesterone receptors.”’ Therefore, the decline in estrogen
and progesterone after menopause can compromise upper air-
way ventilation.”® Studies have shown that postmenopausal
women have decreased ventilatory responsiveness to
hypercapnia.®’ In addition, estrogen deficiency is associated
with systemic changes in fat distribution. With lower estrogen
after menopause, fat is more likely to be distributed in the
upper body and trunk area,® which may increase fat deposi-
tion around the upper airway and do harm to the upper airway
morphology.
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Table 3 Changes of Upper Airway Morphology Between Adjacent Age Groups

Mean Change (95 CI%)

[25-34] - [35-44] y

[35-44] - [45-54] y

[45-54] - [>55] y

Upper airway volume (mm?®)

Females
Males

2145.71(~183.13, 4474.54)
2887.38(~41.33, 5816.10)

3172.91(653.86, 5691.96)
615.09(-2466.15, 3696.33)

410.17(-1813.31, 2633.65)
~1510.28(~4993.76, 1973.20)

Minimum cross-sectional area of upper airway (mm?)

Females

Males

27.98(~1.27, 57.24)
52.16(14.59, 89.74)

37.08(5.36, 68.80)
8.43(-31.02, 47.87)

18.61(=9.18, 46.41)
~5.90(-51.00, 39.21)

Upper airway length (mm)

Females

Males

~0.37(-1.91, 1.18)
~2.39(~4.29, ~0.50)

~1.96(-3.62, ~0.29)
~0.86(-2.99, 1.26)

~0.32(-2.11, 1.47)
~0.57(-2.82, 1.67)

Distance between H and MP plane (mm)

Females

Males

~1.04(-2.38, 0.30)
—~1.55(~3.34, 0.24)

0.05(~1.42, 1.53)
~1.92(-3.69, 0.15)

~2.74(-4.42, —1.07)
~0.22(-2.16, 1.71)

Notes: Comparing the mean change between adjacent age groups by independent samples t-test and representing the absolute change with 95% Cl. *Minimum cross-

sectional area of upper airway is an area between PNS and EV.

Abbreviations: Cl, confidence interval of the difference; MP plane, mandibular plane.

In our findings, postmenopausal women showed a
decrease in hyoid bone position, which may also be asso-
ciated with the decline in sex hormones. Progesterone
increases the activity of the upper airway dilator muscles.
Studies have suggested that progesterone improves
strength and reduces fatigue of genioglossus muscle,?’*°
while hormone replacement therapy increases genioglos-
sus muscle activity significantly.?'

Age-induced changes in upper airway morphology may
also contribute to changes in airway morphology after
menopause, which affecting our judgement of the effect
of menopause itself on changes in airway morphology. In
this study, we screened men of the same age group as sex
controls. Men and women inherently have morphological
differences in upper airway due to physique factors.'®!
For example, airway dimensions were normally larger in
males than those in females, and healthy men had a larger
upper airway cross-sectional area than women while
awake and seated.*’>* And the length of upper airway
was also found to be higher in males than in females.'®’
Comparing gender differences alone would bias the
results. Therefore, we only compared the age-related chan-
ging trends in upper airway morphology and hyoid posi-
tion separately by gender. As men of the same age did not
show same changes in this study, we can speculate that

these differences were due to menopause itself rather than
to aging in females.

The present study contains both limitations and
strengths. The limitations are primarily due to retrospec-
tive study which have posed difficulties for deep analysis.
Because of the lack of information on other possible
influences on upper airway morphology such as BMI in
the sample population, the results are potentially biased.
However, the sample size of this study was large and
patients in dental hospital rarely have serious systemic
diseases compared to general hospitals, so the findings of
this study might reflect a population trend and provide
evidence on the effects of menopause on upper airway
morphology.

Smaller airway volume, reduced upper airway cross-
sectional area, longer airway length and lower hyoid
position are all associated with increased upper airway
collapsibility.*®*° Hypoventilation of the upper airway
contributes to an increased incidence of obstructive
sleep apnea (OSA).*'™** Studies have found that the
prevalence of OSA doubles in females after menopause
independently of age and BMI, which was associated
with changes in hormone levels.*>*” Future subgroup
analyses based on accurate hormone levels, BMI, sleep
breathing events and other factors are still needed to
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Figure 3 Upper airway morphology and hyoid position change between age groups in males and females.
Abbreviations: UV, upper airway volume; UL, upper airway length; Amin, minimum cross-sectional area of upper airway between PNS and EV; MPH, distance between H

and MP plane.

further elucidate the effect of hormone levels on upper
airway morphology and their association with the occur-
rence of sleep breathing events in perimenopausal and
postmenopausal women.

Conclusion

In summary, our findings suggested that women had smal-
ler airway volume, reduced upper airway cross-sectional
area and longer airway length in perimenopausal years,
and a significantly lower hyoid position in postmenopausal
years. These changes may be related to menopause itself
and independent of the changes associated with aging
under the male as background.

Ethics Statement and Consent to

Participate
This study was performed in line with the principles of the
Declaration of Helsinki. Approval was granted by the

Ethics Committee of Peking University Stomatology
School and Hospital [PKUSSIRB-202054026]. Written
informed consents have been provided before patients’
routine clinical examinations which informed the exami-
nation might use for teaching and researches in such a
teaching hospital. However, all data were anonymously
used and maintained with confidentiality.
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