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Relationship between fat distribution and tongue
strength in persons with and without obstructive

sleep apnea

Abstract

This study examined the tongue strength and endurance of persons with and without OSA
using dual energy X-ray absorptiometry (DEXA) for measures of fat distribution. Subjects
included 11 persons (8 males, 3 females, M+SD = 65.94+8.4) with OSA (apnea/hypopnea
index [AHI] > 10/h sleep) and 17 typical, healthy controls (12 males, 5 females, M+SD =
50.9+20.22). Tongue strength measures included maximum anterior and posterior strength,
endurance, and strength during speech and swallowing tasks. DEXA was used to calculate
total visceral fat %, total neck fat %, and total body fat %. Results showed no significant
difference in tongue strength measures based on the presence of OSA. Regression analyses
showed that total body fat % was able to predict tongue strength during speech (R?=.291,
F (1, 26) =10.24, p=.004.) and visceral fat % was able to predict tongue strength during
swallowing (R=.214, F (1, 26) =6.8, p=.015). Beta coefficients showed that tongue strength
increased as fat %increased (B =.539, .462). Finally, there was no difference in speech or
swallowing tongue strength reserves between the groups, and participants used 17% and
42% of their strength reserves during speech and swallowing tasks, respectively. Regression
analysis of obesity and tongue strength reserves indicate that with each unit increase in
total body fat %, speech reserves increased by more than half a percent (8=0.547; p=.003).
Overall results suggest that reduced tongue strength may not be a factor in the pathogenesis
of OSA.
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Introduction

Obstructive sleep apnea (OSA) syndrome is characterized by
the recurrent collapse of the pharyngeal airway during sleep, which
requires arousal to reestablish airway patency and resume breathing.
Incidence figures suggest that greater than 10% of the population
suffers from a sleep-related disorder with an estimated 4% suffering
from OSA, specifically.! While the cause of OSA is unknown, it is
well accepted that obesity is the strongest predictor of OSA. Indeed,
an estimated 30% of obese patients are diagnosed with OSA? and the
prevalence of OSA among morbidly obese patients ranges from 50—
98%.%* The pathogenesis of OSA is incredibly complex. This is due in
part, to the physiological and anatomical differences between obese
and lean patients, as well as anatomical differences between those
with and without OSA.57 Further confounding the research on OSA
is the use of BMI as a measure of obesity which may not be reliable.
In fact, a systematic review and meta-analysis of 45 studies that used
BMI to identify obesity revealed BMI to have low sensitivity and high
specificity.® Furthermore, a cross-sectional study of 1,393 adults by
Shah and Braverman® found that 39% of the subjects were classified
as non-obese by BMI but were found to be obese by dual-energy
X-ray absorptiometry (DEXA).

Tongue strength and OSA

Tongue strength has also been implicated as a possible contributor
in OSA. For example, the genioglossus has been shown to contribute
to airway patency during sleep'® and tongue strength during the arousal
state has been shown to have a negative correlation with obstructive
apnea time and index." Additionally, persons with moderate OSA

have been shown to be more susceptible to tongue muscle fatigue.'*!
Moreover, tongue strengthening (i.e., oropharyngeal) exercises and
hypoglossal nerve stimulation have been shown to reduce the severity
and symptoms for persons with moderate OSA.'!5 Conversely, there
is evidence suggesting that tongue strength may not play a role with
OSA. For example, Mortimore'® concluded that neither protrusion
strength nor fatigability were important factors in sleep apnea. In
addition, Eckert'” found that persons with OSA had stronger maximal
tongue forces than their healthy counterparts.

Tongue strength, OSA and obesity

Further confounding the role of tongue strength on OSA is the
paucity of research on the impact of obesity on tongue strength. This
is relevant since obesity has been shown to be a strong predictor of
OSA and a high percentage of those with OSA are obese.? Limited data
suggests a positive relationship between tongue strength and BMI in
typical healthy persons'® and obese persons with OSA." Additional
insight on the impact of obesity on strength can be gleamed from the
limb literature which generally shows that obesity is associated with
reduced muscular function.” However, it may not be appropriate to
generalize results from the limb literature as the muscles associated
with speech and swallowing have been shown to be unique from the
limb muscles in multiple ways, including muscle fiber composition.?
Regardless, there is a lack of consensus in the literature on the impact
of obesity on tongue strength in persons with and without OSA and
additional studies are warranted. Therefore, the aim of the present
was therefore to shed light on the relationship among obesity, OSA,
and tongue strength. Based on previous research, it was hypothesized
that: 1) persons with OSA will exhibit reduced tongue strength and
endurance relative to non-OSA persons; 2) obesity will be associated
with reduced tongue strength and endurance; and 3) obesity will be
predictive of OSA. Clinically, results may provide important insight
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into factors associated with the presence of OSA and if tongue strength
may be a therapeutic target for those persons who are obese and have
OSA.

Methods
Subjects

The study sample was from the Greater Baltimore Metropolitan
area and Towson University. The Towson University Institutional
Review Board approved the study protocol and each participant
provided written informed consent. Exclusion criteria included
diagnosis of head/neck cancer, speech disorder, stroke, swallowing
disorder, professional wind instrument player, and any major surgery
on the head and/or neck. Polysomnography (PSG) was completed with
a Resmed Apnealink polysomnograph at home for one night. Resmed
Apnealink is a portable multichannel polysomnograph that measures
pulse oximetry, nasal airflow, and respiratory effort. Diagnosis of
OSA was made in accordance with the American Association of Sleep
Medicine (AASM) guidelines as apnea-hypopnea index more than 10
per hour of sleep. Height and weight was measured using standard
stadiometer and digital scale. Percentage of fat and lean tissue was
measured using a Lunar Prodigy DEXA machine (GE Healthcare,
Madison, WI). Participants were positioned centrally on the scanner
with the mandible on a vertical plane. Scans were analyzed with the
encore software (version 14.0). Defined standard regions included
trunk, android, and gynoid. Further, a customized neck region was
defined by incorporating the midpoint of the chin outward to the soft
tissue outline of the head, the first bony landmark in link with the
scapula, the highest point of the rib cage. Tongue strength measures
were collected using the lowa Oral Pressure Instrument (IOPI Medical,
Redmond, WA). The device was calibrated prior to data collection for
each subject per the manufacturer’s guidelines. Protocol and order for
tongue strength measures were based on other research and included:
max posterior (x3), max anterior (x3), tongue endurance (x1), swallow
max pressure (x3)and speech max pressure (x6).2'% Participants were
given a five-minute break after the tongue endurance task prior to the
swallowing and speech tasks.

Statistical analysis

Descriptive statistics were collected for all outcome measures.
Since the first research question involved multiple quantitative
dependent variables and a single categorical independent variable, a
one-way MANOVA was conducted.? The second and third research
questions involved multiple quantitative dependent and independent
variables, thus multiple regressions were conducted.* Statistical
analyses were performed using IBM SPSS (version 24).

Results

Descriptive

Subjects with OSA (AHI>10/hr) included eight males and three
females (M+SD=65.9+8.4). Based on AHI guidelines from the
American Academy of Sleep Medicine, four participants were
diagnosed with moderate OSA (M+SD=19+4.03) and two participants
were diagnosed with severe OSA (M+SD=43.73+8.44). Eight
participants were diagnosed with mild OSA (M+SD=10.44+2.47).
Subjects with AHI <10 were ultimately classified as non-OSA. Typical
healthy subjects included 12 male and 5 female (M+SD=50.9+20.22).
Descriptive statistics are provided in Table 1. An independent samples
t-test showed none of the differences between the measures to be
significant with p values ranging from .057 (total neck fat %) to .895
(max anterior tongue strength) (Tablel).
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Table | Mean values of results of DEXA scan and tongue strength measures

Min Max Mean SD

OSA AHI 1.1 49.7 20.36 12.51
non OSA AHI 0 8.47 3.08 2.6
OSA BMI 19.2 42.1 288l 6.15
non BMI 21.5 377 30.83 439
OSA total body fat % 25.99 51.3 355 8.55
non total body fat % 19.1 48.78 33.51 77
OSA total HN % 1.89 7.51 5.14 1.62
non total HN % 2.87 8.9 471 1.38
OSA visceral fat % 0 8.75 451 2.79
non visceral fat % 0 5.9 2.51 2.06
OSA max posterior 2 54 29.85 15.12
non max posterior 2 80.33 33.59 19.64
OSA max anterior 39.67 65.33 53.45 8.86
non max anterior 19 88.33 58.92 15.16
OSA swallow 1.67 54.33 14.33 14.34
non swallow 333 29 12.24 6.8l
OSA speech 3.67 26.33 10.47 6.98
non speech 0 23.17 8.09 4.75
OSA endurance I 30 21.27 5.83
non endurance 8 62 28.58 15.61

Note: OSA, obstructive sleep apnea; HN, head and neck; SD, standard
deviation; AHI, apnea/hypopnea index. Tongue strength units were measured
in k/Pa

Tongue strength and OSA

A one-way MANOVA was conducted using tongue strength and
endurance measures as the dependent variables and the presence of
OSA as the independent variable to examine the relationship between
measures of tongue strength and OSA. Table 2 shows none of the
tongue strength measures had a significant main effect on the presence
of OSA. Partial eta squared values were all below 108 indicating that
less than 11% of the variance associated with tongue strength was
associated with the presence of OSA (Table 2).

Table 2 Results of the one-way MANOVA for tongue strength and presence
of OSA

Tongue

strength F Significance Partial eta  Observed
measure squared power
Max Posterior 0.196  0.662 0.008 0.196

Max Anterior 1216  0.281 0.046 1.216
Swallow 0428 0519 0.017 0.428
Speech 1.057 0314 0.041 1.057
Endurance 3.022  0.094 0.108 3.022
Speech reserve 1.315  0.262 0.05 1.315
Swallow reserve  0.081 0.779 0.003 0.081

Note: OSA, obstructive sleep apnea
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Tongue strength and obesity

Results of the stepwise multiple regression analyses indicated
that obesity predicted two of the tongue strength measures: mean
speech pressure and mean swallow pressure. Specifically, model
estimates suggest that with each unit increase in total body fat %,
tongue strength during speech increased by more than half a kPA unit
(B=0.539; p=.004). Overall model fit statistics indicated that total
body fat %accounted for 29% of the observed variance (R>=.291, F (1,
26) =10.24, p=.004). Likewise, regression results indicated that with
each percentage point increase in visceral fat, tongue strength during
swallowing increased by nearly half a kPA unit ($=0.462; p<.015).
Overall model fit suggested that visceral fat % accounted for 21% of
the variance (R?>=.214, F(1, 26) =6.8, p=.015). Considered together,
total body fat %and visceral fat % were found to be significant
predictors of tongue strength during speech and swallowing, with
each predictor accounting for approximately one-fifth of the variation
in tongue strength across subjects.

Obesity and OSA

Table 3 Tongue strength reserves for speech and swallowing tasks
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Results of the stepwise multiple regression analyses indicated that
visceral fat % predicted AHI. Specifically, model estimates suggest
that with each unit increase in visceral fat %, AHI increased by .38(p
= 0.381; p=.05). Overall model fit statistics indicated that visceral fat
% accounted for nearly 15% of the observed variance (R=.145, F (1,
26) =4.25, p=.05).

Tongue strength reserves

It was also of interest to use the existing results on tongue strength
measures to determine the total percent of maximum function for
both speech and swallowing activities. Similar to other researchers,
the percent of tongue strength by function, or the amount of reserve,
was calculated for speech and swallowing functions (speech reserve
= mean speech / max anterior; swallow reserve = mean swallow/max
posterior).”? Results are provided in Table 3. A one-way ANOVA
showed no significant difference between the two groups in speech
reserve values, F(1, 26)=1.32, p=.262, or swallowing reserve values,
F(1, 26)=.081, p=.779 (Table 3).

Mean speech Mean max anterior Speech reserve (%) Mean swallow :I:si:rr;ix Swallow reserve (%)
OSA 10.47 (7.0) 53.45 (8.8) 20 14.33 (14.33) 29.84 (15.1) 48
non OSA 8.09 (4.8) 58.92 (15.1) 15 12.24 (6.8) 33.59 (19.6) 36
Overall mean 9.02 (5.7) 56.77 (13.1) 17 13.06 (10.2) 32.12 (17.8) 42

Note: Tongue strength units measured in kPa. Speech reserve calculated by mean speech or swallow pressure/mean maximum anterior (speech) or posterior

(swallow) pressure. Standard deviations are in parentheses.

Table 4 Results of the stepwise multiple regression analysis for speech reserves

Model | Model 2
Variable B SEB § B SEB §
Constant -0.1 0.084 -0.166 0.085
Total body fat % 0.008 0.002 0.547% 0.008 0.002 0.573*
Visceral fat % 0.015 0.007  0.335%
R? 0.299 0.41
F for change in R2 10.65* 4.53*

Note: Dependent variable = speech reserve.Variables entered = BMI, total head and neck fat %, total body fat %, and visceral fat %.

To determine the relationship between tongue strength reserves
and measures of obesity, a multiple regression was calculated. Table 4
shows two different models of obesity measures that were predictive
of speech reserves. The second regression model which included total
body fat % and visceral fat % was able to predict 41% of the overall
variance associated with speech reserve. Beta values indicate that with
each unit increase in total body fat %, speech reserves increased by
more than half a percent (8=0.547; p=.003). Furthermore, beta values
for the second model indicate that for each unit increase in visceral fat
%, speech reserves increased by 0.3% (Table 4).

Discussion

The purpose of this study was to investigate the relationship
among tongue strength, OSA, and obesity. Overall, results suggest
that tongue strength and endurance are not predictors of OSA but that
total body fat %and visceral fat % were predictive of tongue pressures
during more functional activities such as speech and swallowing.
Results also suggest that as total body fat and visceral fat increase,
subjects use a higher proportion of their overall maximum tongue
strength (reserve) during speech.

Tongue strength and OSA

Current results showed that none of the tongue strength measures
were associated with the presence of OSA. Descriptively, persons
with OSA generated higher tongue pressure values during functional
activities (i.e., speech and swallowing) than their typical counterparts
but not during tasks involving maximum pressures or endurance
tasks. While none of these comparisons were significantly different
between the two groups, the presence of a trend for persons with
OSA to have higher mean values during those functional tasks is
notable and is consistent with other similar research.'®!'” The absence
of a significant difference in tongue strength is, however, in contrast
to research showing the benefits of oropharyngeal exercises'® or
hypoglossal nerve stimulation® on OSA. Muscle groups targeted
with specific oropharyngeal exercises include the soft palate, tongue,
and face which may explain the discrepant results. Since numerous
muscle groups are targeted, it is difficult to determine the isolated role
of tongue strength in the improved AHI scores.

Results also showed a trend for persons with OSA to have reduced
endurance, representing nearly a 30% magnitude of difference. When
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coupled with a trend of higher maximum strength values, results
suggest that fatigability rather than maximal strength may be an issue
for persons with OSA. Similar results were reported by Eckert."”
who showed that persons with OSA had greater maximal tongue
protrusion force than controls but significantly reduced endurance.
Thus, the beneficial effects of exercises for OSA may not be related
to overall strength gains per se, but more so related to improvements
in endurance. Clearly, larger sample sizes are required before
generalizations can be made but the aggregated results suggest that
the overall strength of the genioglossus may not be a factor in OSA.

Tongue strength and obesity

Overall results of this study showed that increased total body fat %
and visceral fat % resulted in increased tongue strength during speech
and swallowing tasks, respectively. While limited, other studies have
shown similar results Li"® and Ulrich Sommer.'* Additionally, other
research comparing the tongue strength of active and non-active
adults shows that active adults have significantly stronger anterior
and posterior maximal values.”® Existing data coupled with the
current results suggest that increased fat content in the oropharyngeal
region may be immune to reduced strength as seen with the limbs.
That increased fat in the tongue may not be associated with reduced
strength may be either the result of inherent differences in muscle
physiology® or attributed to increased use. Although obesity is
associated with increased sedentary behavior,”” this behavior may
not be consistent with the speaking and swallowing musculature.
Simply put, persons who are obese may have stronger tongues during
functional activities (e.g., speech, swallowing) due to increased
use. In fact, Ulrich Sommer' postulated that the increased tongue
strength often found with obesity was related to increased exercise via
increased food intake. Hence the positive correlation between BMI
and tongue strength. When discussing obesity and muscular function,
it is important to distinguish between absolute maximum strength and
relative weakness. It is commonly accepted that obesity is associated
with increased absolute maximum strength due to increased muscle
size. However, when body mass is factored, persons who are obese
have reduced strength relative to their typical-weight counterparts.?
This is evidenced by multiple studies on limb strength showing higher
absolute strength values for persons who are obese, but significantly
weaker muscular function when normalized for body mass Janssen.?
This phenomenon may be partially explained by increased adiposity
and reduced muscle density."

Obesity and OSA

Current results showed that visceral fat % was a significant
predictor of AHI. This is in concert with the multitude of studies
showing the strong relationship between obesity and OSA Bruno.*
While complex, it has been suggested that increased adiposity in
the trunk reduces chest compliance and has a negative impact on
functional residual capacity.* Although total neck fat % was not
predictive of AHI in the current study using the regression model,
there was a weak-moderate correlation between AHI and total neck
fat % (r=.344). Other studies have suggested that increased fat in the
oropharyngeal regions contribute to creating a smaller upper airway
and thus may play a role in the pathogenesis of OSA.*' In fact, persons
with OSA have been shown to have significantly more neck fat mass
than controls while having a significant decrease in fat free mass in
the oral region.** One possible explanation for neck fat % not being
a significant predictor in the current study may be how the percent of
neck fat was extracted from the DEXA results. In addition, the fact
that BMI was not a predictor of AHI is noteworthy and contributes
to the increasing body of evidence showing that BMI may not be a
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reliable measure of obesity®® and that future research should include
more accurate indices of obesity.

Tongue strength reserves

Descriptive results showed that persons with OSA were required
to use a higher percentage of their total tongue strength (reserve)
than their typical counterparts for speaking and swallowing. This
relationship between reserve and strength is related to functional
capacity, or the performance requirements of daily tasks Booth, ** Van
Ravenhorst-Bell?® note that increased functional capacity results in
greater reserve capacity. While there was not a statistically significant
difference in strength reserves between OSA groups, increased total
body fat was associated with increased reserve. Total body and
visceral fat % also accounted for 41% of the variance associated with
speech strength reserves. Reserve values observed were relatively
consistent with previous research. Specifically, Neel and Palmer?
reported that speakers used an overall mean of 17% of their total
tongue strength during a similar speech task and Youmans*® found
that women and men used 63% and 49%, respectively, of their total
maximum pressures during a swallowing task.

Because of the strong relationship between OSA and obesity,
results indicate that obesity may also be associated with reduced
functional capacity for with regard to tongue strength. That is,
the overall strength of the tongue may be adequate, but functional
capacity in relationship to strength reserves is at issue. The fact that
persons with OSA had higher mean values of tongue strength reserves
and that obesity was predictive of strength reserves has important
clinical implications. For example, a high percentage of persons
with OSA are obese and obesity is associated with greater health
complications. When complications arise, persons with OSA may
have less reserve to recruit for those functional oral activities such as
speaking and swallowing. More research on tongue strength reserves
in both persons who are obese and/or who have OSA will hopefully
help elucidate this relationship and may provide important clinical
insight into therapeutic targets.

Limitations

There are multiple limitations to this study which make
generalization to the entire OSA population difficult. First, there was
a small sample size of persons with OSA and their typical healthy
counterparts. This includes a small number of persons with varying
degrees of OSA. Clearly, increased sample sizes including a greater
representation of severity levels of OSA would permit greater
generalization of the data. Second, by subtracting head fat % and only
reporting total neck fat %, the use of that outcome measure may not
reflect the role of increased adiposity in the palatal and pharyngeal
regions.

Conclusion

Overall results of the study suggest that tongue strength and
endurance are not factors in the pathogenesis of OSA. In addition,
results also suggest that increased adiposity is associated with
increased tongue strength during functional oral activities such as
speaking and swallowing. This stands contrary to the bulk of the limb
literature showing a strong association between obesity and reduced
muscular strength. Finally, results suggest that persons who are obese
and who have OSA may be using a higher proportion of their overall
tongue strength (i.e., reserves) than their typical, healthy counterparts.
In aggregate, results imply that targeting tongue strength for the
treatment of OSA may not be appropriate.
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