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Abstract
Purpose To evaluate (i) the outcome of swallowing therapy program on the rehabilitation of oropharyngeal dysphagia in 
resistant hypertensive patients with obstructive sleep apnea (OSA) and (ii) the association between the clinical and anthro-
pometric characteristics of these individuals and this outcome.
Methods This was a prospective interventional study in which resistant hypertensives diagnosed with OSA by polysom-
nography and dysphagia by fiberoptic endoscopic evaluation of swallowing (FESS) participated. All participants underwent 
a FEES and assessment of the risk of dysphagia (Eating Assessment Tool, EAT-10) and swallowing-related quality of life 
(Swal–QoL) before and after the intervention. The therapeutic program was performed daily by the participants, with weekly 
speech-therapist supervision for eight weeks, including the following strategies: Masako, chin tuck against resistance, and 
expiratory muscle training.
Results A total of 26 (78.8%) of the participants exhibited improvement in the degree of dysphagia in the intervention 
outcome. After the intervention, there was a statistically significant improvement in the level of penetration–aspiration 
(p = 0.007), the degree of pharyngeal residue (p = 0.001), the site of onset of the pharyngeal phase (p = 0.001), and the severity 
of dysphagia (p = 0.001) compared to before intervention. The EAT-10 score was 2 (0–6) before and 0 (0–3) after interven-
tion (p = 0.023). Swal–QoL had a score on the symptom frequency domain of 92.8 (75–100) before and 98.2 (87.5–100) 
after intervention (p = 0.002).
Conclusions Resistant hypertensive patients with OSA showed improved swallowing performance after swallowing therapy 
program.
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Introduction

The current increases in life expectancy and obesity have 
made resistant hypertension (RHT) increasingly prevalent, 
characterized by the absence of blood pressure control 

despite the use of three or more antihypertensive drugs, 
preferably including a thiazide diuretic, an inhibitor of the 
renin–angiotensin–aldosterone system, and a calcium chan-
nel blocker [1]. The presence of hypertension in an elderly 
patient may increase the chance of presenting asymptomatic 
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swallowing disorder by 2.1 times [2]. Equally strong is the 
association established between RHT and obstructive sleep 
apnea (OSA) [3]. OSA is characterized by frequent upper 
airway collapses that cause periodic episodes of apnea and 
hypopnea [4], which condition may be associated with oro-
pharyngeal dysphagia [5]. Commonly underdiagnosed in 
this population, interference with swallowing dynamics is 
evidenced through instrumental swallowing tests, such as 
those based on videofluoroscopy and fiberoptic endoscopic 
evaluation of swallowing (FESS) [6–11]. The frequent epi-
sodes of apnea and hypopnea lead to oxyhemoglobin desatu-
ration, which interferes with the proper synchrony between 
swallowing and breathing functions [12, 13]. Snoring can 
also cause neurogenic and muscle changes in the upper air-
ways of these patients [8, 14, 15] and a consequent reduction 
of oropharyngeal sensitivity. This impairment may translate 
into a deficit of oral sensorimotor control, impaired swallow-
ing reflex, premature spillage, delayed onset of the pharyn-
geal phase, piecemeal deglutition, pharyngeal residue, pen-
etration–aspiration [6–8, 11, 16–18].

Speech therapy is an alternative to conservative treat-
ment for OSA. Its effect is to remodel the upper airways 
by strengthening the muscles responsible for maintaining 
this patent pathway during sleep, thereby combatting the 
symptoms of OSA by lessening snoring, alleviating daytime 
sleepiness, and improving the subjective quality of sleep 
[19]. Despite extensive scientific literature on speech ther-
apy in the treatment of OSA and descriptions of swallowing 
impairment in OSA patients, no studies have investigated 
swallowing therapy program for the treatment of oropharyn-
geal dysphagia in patients with OSA.

Thus, the present study aims to evaluate the outcome of 
swallowing therapy program on the rehabilitation of oro-
pharyngeal dysphagia of resistant hypertensives with OSA 
through FEES, a self-assessed instrument of the risk of dys-
phagia and the effect of swallowing on quality of life, and 
the evaluation of any associations between the clinical or 
anthropometric characteristics of these individuals and the 
outcome of swallowing changes after the intervention.

Methods

This was a prospective, longitudinal, interventional study, 
conducted between August 2017 and December 2019, 
enrolling individuals with RHT followed up in the Hyperten-
sion Program of a university hospital who were diagnosed 
with OSA and oropharyngeal dysphagia. The study was 
approved by the research ethics committee of the institution. 
All participants were volunteers and signed an informed 
consent form.

The diagnosis of OSA was made by means of all-night 
polysomnography test, initially performed between 2010 

and 2013 and later in 2018. FEES was performed at the 
Otorhinolaryngology Service of university hospital, between 
February 2016 and December 2019. In the period between 
February 2016 and March 2018, resistant hypertensives 
with OSA were invited to participate in the study in which 
individuals with and without oropharyngeal dysphagia were 
identified as described [11]. Those who were diagnosed with 
dysphagia were selected for the present study, submitted to 
the swallowing therapy program, and re-evaluated between 
October 2017 and December 2019.

The study included individuals aged between 18 and 
65 years of both sexes who were diagnosed with RHT, OSA 
confirmed by all-night polysomnography, and oropharyngeal 
dysphagia found by FEES. Exclusion criteria were individu-
als with neurological disease, craniofacial malformation, 
head and neck cancer, tracheostomy, vocal fold paralysis, 
chronic obstructive pulmonary disease, or surgery or radio-
therapy in the head and neck area due to the risk of impaired 
swallowing function; individuals with cognitive or behav-
ioral disorders that prevented the performance of the study 
procedures; individuals with no capacity for oral feeding; 
and individuals who did not adhere to the therapy program 
(lower than 85% implementation of the therapeutic plan pro-
posed in the study).

Of the 155 patients with RHT identified, 70 were 
excluded after applying the eligibility criteria (Fig. 1). Of the 
86 eligible individuals, 85 underwent FEES, and 58 (68.2%) 
were diagnosed with oropharyngeal dysphagia. After apply-
ing the exclusion criteria, 44 subjects underwent speech 
therapy, but only 33 completed all stages of the study, who 
made up the sample for analysis.

Polysomnography

The full-night polysomnography was performed in the sleep 
laboratory of the university hospital using the BrainNet BNT 
Poly polygraph and was supervised by a qualified profes-
sional. During the examination, the electroencephalogram 
(EEG), electrooculogram (EOG), submental electromyo-
gram (EMG), nasal airflow, oximetry, respiratory effort, 
electrocardiogram, and anterior tibial electromyogram were 
recorded. The examination was complemented with video 
monitoring. Individuals who slept less than 240 min on the 
night of the study were excluded. The examination report 
was prepared by the same medical professional, a special-
ist in sleep medicine qualified by the Brazilian Association 
of Sleep Medicine and certified in sleep medicine by the 
Brazilian Society of Pneumology and Tisiology, who was 
unaware of the clinical data of the individuals.

The presence of apnea was defined by an apnea–hypo-
pnea index (AHI) of > 5 events/hour, which was strati-
fied into mild apnea (AHI = 5–14/hour), moderate apnea 
(AHI = 15–30/hour), and severe apnea (AHI > 30/hour) [4].
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Fiberoptic endoscopic evaluation of swallowing 
(FESS)

FEES was performed by a specialized and experienced 
otorhinolaryngologist and speech therapist. We have 
described the methods of the evaluation in detail [11]. 
Briefly, to perform the examination, the patient was posi-
tioned sitting at 90°, using a flexible Machida nasofibro-
scope (model ENT-30PIII). Two aliquots were given for 
each volume of 5 ml, 10 ml, and 15 ml in the consistencies 
of fine liquid, nectar, honey, and pudding, as well as 30 ml 
of fine liquid. The thickener Resource® Thicken Up Clear 
(Nestlé) was used to prepare the viscosities used. The food 
was stained with blue food dye for better visualization of 
the bolus.

All tests, before and after the swallowing therapy pro-
gram, were recorded on a portable computer using the Easy 
Cap video capture card for later real-time and frame-by-
frame analysis with Virtual Dub software version 1.10.4. 
Two speech therapists experienced dysphagia independently 

and blindly evaluated the results. A third evaluator was con-
sulted in case of disagreement.

The following were analyzed in the FEES records: pre-
mature spillage, onset of the pharyngeal phase, number 
of swallows, level of penetration–aspiration, and degree 
of pharyngeal residue. The site of onset of the pharyngeal 
phase was analyzed using the scale suggested by Baijens 
[20]. Since the onset of the pharyngeal phase occurs more 
frequently when the bolus head is in the posterior region 
of the mandibular ramus or in the vallecula [21], score > 1 
was considered delayed onset of the pharyngeal phase. 
The level of penetration–aspiration was measured using 
the scale proposed by Rosenbek [22]. Though the original 
scale considered level 2 as penetration, studies indicate 
that this condition is found in healthy individuals [23], 
so penetration was considered present when the score 
was > 2. The degree of pharyngeal residue was measured 
using the scale proposed by Neubauer, Rademaker, and 
Leder [24]. Pharyngeal residue was considered present 
with a score ≥ 2. The degree of dysphagia was determined 
according to the scale proposed by O´Neil [25], in which 
a lower score meant worse severity of dysphagia: (1) 

Fig. 1  Flowchart of study 
participants Resistant Hypertensive individuals with OSA 

(n= 155) 
Excluded (n=70):

Neurological disease (n=46) 

Didn’t sign the informed consent form 

(n=11) 

Cognitive/behavioral disorders (n=4)

Chronic obstructive pulmonary disease 

(n=3) 

Transplant (n=2) 

Head and neck cancer (n=1)

Tracheostomy (n=1) 

Vocal fold paralysis (n=1) 

Incomplete examination (n=1) 

Underwent FEES (n= 85) 

Individuals with oropharyngeal dysphagia 

(n=58) 

Clinical evaluation (n= 46)

Excluded (n=12):

Death (n=2)

Neurological disease (n=5) 

Give up (n=5) 

Underwent swallowing therapy program 

(n= 44)

Give up (n=2)

Individuals who completed all stages of study 

(n= 33)

Excluded (n= 11):

Adherence < 85% of program (n=8) 

Hospitalization (n=2) 

Not completed all stages of study (n=1) 
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severe dysphagia, (2) moderate to severe dysphagia; (3) 
moderate dysphagia; (4) mild to moderate dysphagia; (5) 
mild dysphagia; (6) functional swallowing; and (7) nor-
mal swallowing. Dysphagia was considered present with 
a score < 6.

Clinical evaluation

Sociodemographic information and anthropometric meas-
urements were collected, such as sex, age, weight, height, 
body mass index (BMI), neck circumference, use of con-
tinuous positive airway pressure (CPAP), and smoking. In 
addition, the Brazilian versions of the self-assessment instru-
ments for dysphagia risk, EAT-10 [26], and swallowing-
related quality of life, Swal–QoL [27], were applied before 
and after the therapy program. These two instruments were 
applied by a speech therapist specialized and experienced in 
the management of the protocol, who read the questions and 
marked the responses of the participants due to the socioedu-
cational profile of patients treated at this hospital.

• Swallowing-related quality of life (Swal–QoL): an instru-
ment that measures the impact of feeding difficulties in 
the daily life of individuals. It has 11 domains evaluated 
from 0 to 100. The closer to the maximum value, the 
more positive the self-perception of the subject in terms 
of the swallowing-related quality of life [27].

• Eating Assessment Tool, EAT-10: a screening instru-
ment used for the detection of swallowing disorders, with 
multidisciplinary applicability. It consists of 10 questions 
evaluated from 0 to 4, in which 0 means there is no prob-
lem and 4 means there is a very large problem. The cutoff 
score for the risk of dysphagia is 3 points, indicating 
that a total score ≥ 3 is suggestive of dysphagia [26]. The 
evaluation covers three functional domain items (“Swal-
lowing liquids requires an extra effort”; “Swallowing sol-
ids requires an extra effort”; “Swallowing pills require an 
extra effort”); three emotional domain items (“My swal-
lowing problem interferes with my ability to eat away 
from home”; “The pleasure of eating is affected by my 
swallowing problem”; “Swallowing is stressful”); and 
four physical domain items (“My swallowing problem 
has resulted in weight loss”; “Swallowing is painful”; 
“When I swallow, food sticks in my throat”; “I cough up 
when I eat”).

Swallowing therapy program

The therapy program lasted 8 consecutive weeks, with 
weekly meetings lasting 30 min, under the supervision of 
an experienced speech therapist and specialist in dysphagia. 
The patients were instructed to perform a daily therapeu-
tic program that consisted of three exercises: Masako, chin 

tuck against resistance, and expiratory muscle training. The 
oropharyngeal exercises were selected mainly to promote 
muscle training for mechanical adjustment of the swallowing 
dynamics based on the clinical observation of the patients. 
All study participants received an individual kit with the 
instruments that were used in the therapeutic program: an 
inflatable rubber ball, a respiratory stimulator (Respiron 
Classic®), a nasal clip, and a table for daily recording of 
the performance of each proposed exercise. At the end of 
the 8 weeks of speech therapy, the participants were reas-
sessed. The guidelines for performing the selected exercises 
are as follows:

• Masako: Protrude the tongue as much as possible and 
swallow with it positioned between the teeth. Three 
series of 15 swallows were assigned.

• Chin tuck against resistance: Press toward the chest an 
inflatable rubber ball, approximately 12 cm in diameter, 
positioned on the neck, between the chin and the ster-
num/manubrium region of the chest. The orientation 
consisted of properly positioning the ball on the neck 
and keeping the head flexed while pressing with force for 
60 s and returning to the initial position for another 60 s. 
Five series of 1 min each were assigned.

• Expiratory muscle training: Put the nasal clip on the 
nose and the mouthpiece on the lips, with the respira-
tory stimulator in the inverted position. Blow out a short 
and strong breath to raise the three spheres of the device. 
They were told to perform 15 repetitions in three differ-
ent head positions (forward, right, and left) and to rest 
for 1 min before changing the direction of the head.

Statistical analysis

Statistical analysis was performed with SPSS 19.0. Categori-
cal data are presented as absolute frequencies and relative 
frequencies. The numerical data are presented as the mean 
and standard deviation in the case of a normal distribution or 
the median and interquartile range in the case of a nonnor-
mal distribution. The distribution of the data was assessed 
by the Shapiro–Wilk test and a histogram.

To compare the categorical data before vs. after the swal-
lowing therapy program, the McNemar chi-squared test 
was used. In case we could not perform the McNemar chi-
squared test, because the data were classified as qualitative/
ordinal, the marginal homogeneity test was applied, corre-
sponding to an extension of the McNemar test. To compare 
the numerical data before vs. after the swallowing therapy 
program, the paired-samples t test or the Wilcoxon signed-
rank test was used, according to the need for a parametric or 
nonparametric test, respectively.

To assess the association between the clinical and anthro-
pometric characteristics of the participants and the outcome 
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of the swallowing changes after the therapy program, the 
participants were divided into two groups: (I) improved or 
remained unchanged after the intervention and (II) worsened 
after the intervention. Regarding categorical data, Pearson’s 
chi-squared test or, in the case of cells with a frequency 
lower than five, Fisher's exact test was used. Regarding the 
numerical data, the t test of independent samples was used 
in case of normally distributed data or the Mann–Whitney 
test in case of nonnormally distributed data.

The indication of the parametric test followed the satis-
faction of the premise of normality of data distribution in 
both groups. In addition, the homogeneity of variance was 
verified using the Levene test. The level of statistical signifi-
cance adopted was 5% (p < 0.05).

Results

A total of 58 individuals were included in the study, of 
whom 33 completed the entire protocol. In the final sample, 
30.3% were male, and the median age was 61 (56–64) years. 
Table 1 compares the baseline characteristics of participants 
with oropharyngeal dysphagia by FEES who completed the 

entire study protocol vs. those who were excluded during 
the study. There was no significant difference in baseline 
characteristics between these two groups.

Table 2 shows the findings of the FEES before and after 
swallowing therapy program. After therapy occurred a 
statistically significant improvement in the level of pen-
etration–aspiration, the degree of pharyngeal residue, the 
onset of the pharyngeal phase, and the severity of dys-
phagia compared to before therapy. That is, there were 
statistically significant reductions in the prevalence of pen-
etration–aspiration, pharyngeal residue, and delayed onset 
of the pharyngeal phase after the intervention, and there 
was a statistically significant increase in the number of 
swallows after the intervention. Although the prevalence 
of premature spillage after the intervention decreased, this 
was not significant.

No adverse effects were observed during the execution 
of FEES. The agreement of the videoendoscopic findings 
between the evaluators was high: delayed onset of the phar-
yngeal phase (k = 0.88), scale of the onset of the pharyngeal 
phase (k = 0.74), pharyngeal residue (k = 0. 91), degree of 
pharyngeal residue (k = 0.80), premature spillage (k = 0.75), 

Table 1  Characteristics of the 
individuals who completed the 
study vs. those excluded during 
the study

p value for bivariate comparisons between groups completed and not complete of study
Values are presented as relative and absolute frequencies, mean ± standard deviation, or medians (inter-
quartile range)
BMI body mass index, NC neck circumference, AHI apnea–hypopnea index, OSA obstructive sleep apnea, 
CPAP continuous positive airway pressure
a Pearson's chi-square test
b Mann–Whitney test
c Independent samples test
d Fisher's exact test

Characteristics All participants Completed all stages of study p value

(n = 58) Yes (n = 33) No (n = 25)

Sex, % male 14 (24.1%) 10 (30.3%) 4 (16%) 0.207a

Age (years) 61 (55–63) 61 (56–64) 60 (52–62) 0.126b

Weight (Kg) 82 (72.8–99.5) 86.8 ± 17.9 83.1 ± 16.8 0.421c

Height (m) 1.61 (1.54–1.68) 1.62 ± 0.1 1,60 ± 0,1 0.444c

BMI (Kg/m2) 34 (27.9–37.2) 32.9 ± 6.0 32.2 ± 4.4 0.590c

NC (cm) 40 (38–43) 40 (38–44) 41 (38–42.5) 0.925b

Smoking 3 (5.2%) 2 (6.1%) 1 (4%) 0.605d

AHI 24.5 (13.5–37.3) 25 (10.5–38) 22 (15–35.5) 0.747b

Severity of OSA 0.980a

 Mild 17 (29.3%) 10 (30.3%) 7 (28%)
 Moderate 18 (31%) 10 (30.3%) 8 (32%)
 Severe 23 (39.7%) 13 (39.4%) 10 (40%)

Use of CPAP 14 (24.1%) 9 (27.3%) 5 (20%) 0.522a

Severity of dysphagia 0.175a

 Mild 41 (70.7%) 21 (63.6%) 20 (80%)
 Mild to moderate 17 (29.3%) 12 (36.4%) 5 (20%)
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penetration–aspiration (k = 0.93), and penetration–aspiration 
level (k = 0.81).

Table 3 shows the association between the anthropomet-
ric and clinical characteristics of the participants and the 
FEES outcome. The individuals who improved the level of 
penetration–aspiration were younger and female. Women 
also showed improvement in the degree of pharyngeal 
residue. The improvement of dysphagia occurred mainly 
among the participants with a lower AHI.

Although not statistically significant, it was observed 
that most individuals who did not show improvement in 
the level of penetration–aspiration or in the degree of 
pharyngeal residue after the intervention had higher AHI, 
more often had severe OSA, and more often used CPAP. 
In addition, the group that did not show improvement 
in the degree of pharyngeal residue was older than the 
group that showed improvement, again without statistical 
significance.

Figure 2 shows how the degree of oropharyngeal dys-
phagia changed from before to after the swallowing therapy 
program. Of the 33 individuals with oropharyngeal dys-
phagia, 26 (78.8%) exhibited improvement in the degree of 
oropharyngeal dysphagia, 6 (18.2%) stayed the same, and 1 
(4.8%) exhibited worsening oropharyngeal dysphagia after 
the intervention. There was a statistically significant differ-
ence in the degree of dysphagia between the time before 
and after the intervention (p < 0.001). Regarding the 21 
(100%) individuals diagnosed with mild dysphagia before 

the intervention, after therapy program, 1 (4.8%) evolved to 
normal swallowing, 14 (66.7%) to functional swallowing, 
5 (23.8%) still had mild dysphagia, and 1 (4.8%) presented 
functional worsening with progression to mild to moder-
ate dysphagia. Among the 12 (100%) patients with mild to 
moderate dysphagia before the intervention, after therapy 
program, 8 (66.7%) progressed to functional swallowing, 
3 (25%) progressed to mild dysphagia, and 1 (8.3%) main-
tained a mild to moderate degree of dysphagia.

The total EAT-10 score (p = 0.023) was significantly 
lower after the swallowing therapy program [2 (0–6) vs. 0 
(0–3)], as was item 8 of the instrument (p = 0.002) [1 (0–4) 
vs. 0 (0–3)]. The medians of the other EAT-10 items were 
equal to zero before and after de the swallowing therapy pro-
gram (p > 0.05). Regarding the domains of the EAT-10, the 
medians before and after the swallowing therapy program, 
respectively, were 0 (0–1) and 0 (0–0) for the functional 
domain (p = 0.323); 0 (0–0) and 0 (0–0) for the emotional 
domain (p = 0.590); and 2 (0–5) and 0 (0–2) for the physical 
domain (p = 0.008). There was no significant difference in 
the score of the functional or emotional domain from before 
to after the therapy program. However, the EAT-10 physical 
domains score was significantly lower after the intervention 
than before (p = 0.008). The comparison between frequency 
of the scores obtained on each item of the EAT-10 before 
and after the swallowing therapy program showed that there 
was an increase in the frequency of the 0 score (absence of 
symptoms) on all items of the EAT-10 instrument after the 

Table 2  Changes detected in the 
fiberoptic endoscopic evaluation 
of swallowing before and after 
the intervention

Values are presented as relative and absolute frequencies, mean ± standard deviation, or medians (inter-
quartile range)
a McNemar chi-square test
b Wilcoxon signed-rank test

Changes of the FEES Before intervention After intervention p value

Premature spillage 0.508a

 Yes 26 (78.8%) 23 (69.7%)
 No 7 (21.2%) 10 (30.3%)

Number of swallows 2 (1–3) 3 (2–4) 0.001b

Delay of the pharyngeal phase 0.035a

 Yes 27 (81.9%) 18 (54.6%)
 No 6 (18.1%) 15 (45.4%)

Onset of the pharyngeal phase 2 (2–2) 1 (1–1) 0.001b

Penetration–aspiration 0.001a

 Yes 18 (54.6%) 5 (15.2%)
 No 15 (45.4%) 28 (84.8%)

Level of penetration–aspiration 3 (2–4) 2 (2–2) 0.007b

Pharyngeal residue 0.001a

 Yes 26 (78.8%) 7 (21.2%)
 No 7 (21.2%) 26 (78.8%)

Degree of pharyngeal residue 2 (2–2.5) 1 (0–1) 0.001b

Severity of dysphagia 5 (4–5) 6 (5–6) 0.001b



European Archives of Oto-Rhino-Laryngology 

1 3

swallowing therapy program. Items 8 and 9 were the ones 
that most scored > 0, indicating a higher frequency of symp-
toms related to food stuck/stuck in the throat and coughing 
when eating.

Regarding the Swal–QoL, the sleep domain was the one 
that most affected the quality of life, and it showed no improve-
ment after the intervention [50 (50–50) before and after the 
intervention, p = 0.754]. The score for the symptom fre-
quency domain was significantly higher after the intervention 

than before the therapy program [92.8 (75–100) vs. 98.2 
(87.5–100), p = 0.002]. The scores of the other domains did 
not change after the intervention (p > 0.05). The medians of the 
Swal–QoL domains before and after intervention were, respec-
tively: general burden [100 (87.5–100) vs. 100 (75–100)], 
eating desire [91.6 (75–100) vs. 100 (83.3–100)], eating 
duration [100 (37.5–100) vs. 100 (37.5–100)], food selec-
tion [100 (81–100) vs. 100 (93.7–100)], communication [100 
(93.7–100) vs. 100 (100–100)], fear for eating [100 (59.3–100) 

Table 3  Association between the anthropometric and clinical characteristics of the participants and the FEES outcome

Statistical significance values are shown in bold
Improvement = individuals who showed improvement or remained unchanged after the intervention; Worsened = who exhibited worsening or 
remained with alterations after the intervention. AHI apnea–hypopnea index, BMI body mass index, CPAP continuous positive airway pressure, 
OSA obstructive sleep apnea, PP pharyngeal phase, P–A penetration–aspiration
Values are presented as relative and absolute frequencies, mean ± standard deviation, or medians (interquartile range). p value for bivariate com-
parisons between groups improvement and worsened
a Mann–Whitney test
b Independent samples test
c Fisher's exact test

Outcome Age AHI BMI Male sex Smoking Use of CPAP Severity of OSA

Mild Moderate Severe

Premature spillage
 Improvement 

(n = 10)
65.5 (61.5–67) 16.5 (7.8–37.3) 31.2 ± 5.8 3 (30%) 0 (0%) 4 (40%) 5 (50%) 1 (10%) 4 (40%)

 Worsened (n = 23) 64 (58–67) 28 (16–38) 33.7 ± 6.1 7 (30.4%) 2 (8.7%) 5 (21.7%) 5 (21.7%) 9 (39.1%) 9 (39.1%)
p value 0.491a 0.378a 0.288b 0.657c 0.479c 0.252c 0.138c

Delay of the PP
 Improvement 

(n = 15)
64 (59–67) 29 (8–38) 32.7 ± 6.5 6 (40%) 1 (6.7%) 3 (20%) 6 (40%) 2 (13.3%) 7 (46.7%)

 Worsened (n = 18) 64.5 (58.8–66.3) 25 (15.5–34.8) 33.1 ± 5,8 4 (22.2%) 1 (5.6%) 6 (33.3%) 4 (22.2%) 8 (44.4%) 6 (33.3%)
p value 0.928a 0.844a 0.844b 0.234c 0.710c 0.324c 0.174c

Level of P–A
 Improvement 

(n = 28)
63 (58.3–66) 22 (9.8–36.3) 33.4 ± 6.1 6 (21.4%) 1 (3.6%) 6 (21.4%) 9 (32.1%) 10 (35.7%) 9 (32.1%)

 Worsened (n = 5) 67 (65.5–67) 50 (20–77) 30.0 ± 4.9 4 (80%) 1 (20%) 3 (60%) 1 (20%) 0 (0%) 4 (80%)
p value 0.018a 0.108a 0.243b 0.021c 0.284c 0.111c 0.154c

Pharyngeal residue
 Improvement 

(n = 26)
63.5 (58–66.3) 22 (8–37.25) 33.5 ± 6.1 5 (19.2%) 1 (3.8%) 5 (19.2%) 9 (34.6%) 9 (34.6%) 8 (30.8%)

 Worsened (n = 7) 66 (63–68) 34 (16–59) 30.8 ± 5.5 5 (71.4%) 1 (14.3%) 4 (57.1%) 1 (14.3%) 1 (14.3%) 5 (71.4%)
p value 0.111a 0.090a 0.310b 0.016 c 0.384c 0.068c 0.235c

Number of swallows
 Improvement 

(n = 23)
63 (59–66) 19 (8–37) 32.8 ± 5.8 5 (21.7%) 1 (4.3%) 4 (17.4%) 8 (34.8%) 7 (30,4%) 8 (34,8%)

 Worsened (n = 10) 65,5 (61–68) 29 (15.8–64) 33.2 ± 6.9 5 (50%) 1 (10%) 5 (50%) 2 (20%) 3 (30%) 5 (50%)
p value 0.168a 0.176a 0.849b 0.114c 0.521c 0.068c 0.733c

Severity of dysphagia
 Improvement 

(n = 26)
64 (59–66.3) 19 (8–34.8) 33.1 ± 6.0 6 (23.1%) 1 (3.8%) 6 (23.1%) 9 (34.6%) 9 (34.6%) 8 (30.8%)

 Worsened (n = 7) 65 (58–68) 38 (28–59) 32.2 ± 6.6 4 (57.1%) 1 (14.3%) 3 (42.9%) 1 (14.3%) 1 (14.3%) 5 (71.4%)
p value 0.465a 0.034a 0.730b 0.103c 0.384c 0.277c 0.235c
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vs. 100 (81.2–100)], mental health [100 (100–100) vs. 100 
(100–100)], social effects [100 (100–100) vs. 100 (100–100)], 
fatigue [91.6 (54.1–100) vs. 83.3 (50–100)].

Discussion

Our study is the first one to demonstrate that resistant hyper-
tensive patients diagnosed with oropharyngeal dyspha-
gia secondary to OSA submitted to a swallowing therapy 
program show improved swallowing performance. The 
outcomes of the therapy program indicate not only the 
improvement of swallowing biomechanics but also the self-
perception of dysphagia symptoms and the individual's qual-
ity of life. Although scientific evidence has positioned oro-
facial myofunctional therapy as a conservative therapeutic 
proposal for the treatment of OSA, no previous studies have 
addressed swallowing therapy program for the rehabilitation 
of oropharyngeal dysphagia in individuals with OSA.

Fiberoptic endoscopic evaluation of swallowing 
(FESS)

The present study showed that resistant hypertensive indi-
viduals diagnosed with OSA and oropharyngeal dysphagia 
who underwent swallowing therapy program had an increase 
in the number of swallows and improvement of the degree 
of oropharyngeal dysphagia, level of penetration–aspiration, 
degree of pharyngeal residue, scale of pharyngeal residue, 
and scale of onset of the pharyngeal phase. After therapy 
program, most individuals reached a level of laryngeal pen-
etration considered physiological [23] and no longer exhib-
ited pharyngeal residue (absent degree or trace) (Table 2).

Most individuals exhibited onset of the pharyngeal 
phase in the pyriform sinuses, a phenomenon frequently 
observed in elderly subjects with comorbidities who are at 

risk for dysphagia [21], before the intervention and began 
to exhibit the onset of the pharyngeal phase in the vallecula 
afterward. It is noteworthy that unlike the severity of dys-
phagia, the degree of pharyngeal residue, and the level of 
penetration–aspiration presented by the participants before 
the swallowing therapy program, which indicated changes 
in swallowing, the onset of the pharyngeal phase in pyriform 
sinuses swallowing disorder did not. However, the progres-
sion to the onset of the pharyngeal phase in the vallecula is 
favorable, as studies indicate that individuals with OSA have 
a longer latency time and need a greater volume of liquid to 
initiate the pharyngeal phase of swallowing, possibly due to 
sensory changes in the pharynx caused by snoring, intermit-
tent hypoxia, and inflammatory processes [12]. The impair-
ment of the upper airway neuromuscular afference present 
in patients with OSA and primary snorers compromises 
the central integration between swallowing and breathing 
functions, swallowing reflex, and thus the oropharyngeal 
mechanics and swallowing dynamics [6–8].

The findings regarding the improvement of the scale 
at the beginning of the pharyngeal phase may suggest an 
improvement in the speed of the swallowing motor response 
of these individuals after the swallowing therapy program. 
In addition, both the findings related to the improvement of 
the scale of onset of the pharyngeal phase and the increase 
in the number of swallows may suggest improvement of 
pharyngeal sensitivity in these individuals after the therapy 
program (Table 2), even allowing adequate management in 
the case of pharyngeal residue. Thus, it is possible that the 
increase in the number of swallows contributed to the reduc-
tion of the degree of pharyngeal residue evidenced in the 
participants of this study. However, we cannot rule out the 
possibility of improvement of pharyngeal residue, as well as 
the level of penetration–aspiration, due to the improvement 
of the biomechanics of swallowing that came from the motor 
stimulation provided by the therapeutic program the par-
ticipants undertook. This is because this program consisted 
of strategies that promote increased pharyngeal contraction 
[28], reduced pharyngeal transit time [29], and increased 
suprahyoid muscle activity, which is responsible for the 
elevation and anteriorization of the hyolaryngeal complex 
and opening of the pharyngoesophageal transition [30, 31].

Our results showed an association of male sex with 
no improvement of the degree of pharyngeal residue or 
the level of penetration–aspiration (Table 3). The rela-
tionship between sex and swallowing physiology is not 
fully understood, though studies indicate a greater phar-
yngeal muscle reserve and flexibility in the compensatory 
mechanism of swallowing more efficiently in women than 
in men [32]. In one study, the average duration of laryn-
geal closure was significantly longer in women than in 
men, and the onset of laryngeal closure occurred signifi-
cantly earlier in women [33]. Another study indicated that 
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Fig. 2  Degree of oropharyngeal dysphagia changed from before 
to after the swallowing therapy program. Marginal homogeneity: 
p < 0.001. Degree of dysphagia oropharyngeal: (1) severe dysphagia, 
(2) moderate to severe dysphagia; (3) moderate dysphagia; (4) mild to 
moderate dysphagia; (5) mild dysphagia; (6) functional swallowing; 
and (7) normal swallowing. Dysphagia was considered present with 
a score < 6
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women exhibit longer swallowing apnea than men, as well 
as longer duration of the pharyngeal phase and closing of 
the lower airway, which reduces the likelihood of pen-
etration–aspiration events [34]. Considering the distance 
of the hyoid excursion displacement during deglutition, 
some researchers concluded that the hyoid displacement 
is greater in men than in women [35]. This reveals that 
the action of the suprahyoid muscles needs to be more 
efficient in men, given the greater area of anterior and 
superior displacement to be covered by the hyoid to pro-
vide closure of the laryngeal atrium and opening of the 
pharyngoesophageal transition [35]. Another aspect that 
could explain the differences observed between men and 
women concerns the social roles played by them, such 
as compliance with treatment, commitment to the correct 
execution of the proposed tasks, social behavior or habits 
during eating, rhythm control, and volume of oral intake, 
for example. The oropharyngeal transit is longer in women 
than in men for a 5-ml bolus, suggesting that women ingest 
liquids with a lower flow rate and lower volumes in each 
swallow than men [36]. However, it is noteworthy that all 
male participants in this study had severe OSA, whereas 
43.5% of the women had mild OSA, 43.5% had moderate 
OSA, and 13% had severe OSA (p = 0.001). Therefore, 
the outcomes of no improvement of the level of penetra-
tion–aspiration and pharyngeal residue associated with 
male sex may also be influenced by the severity of OSA.

Regarding the severity of OSA alone, a higher AHI was 
associated with no improvement of the degree of dyspha-
gia (Table 3). Lower OSA severity implies less impairment 
of the upper airway neuromuscular afference and central 
integration between swallowing and breathing functions. 
Thus, a lower AHI would correspond to better results in 
rehabilitation, with favorable clinical outcomes. Researchers 
have found that the greater the degree of severity of apnea, 
the greater the degree of impairment of orofacial structures 
[37]. Accordingly, our results showed a trend, albeit without 
statistical significance, that individuals who did not show 
improvement in the degree of pharyngeal residue after swal-
lowing therapy program exhibited higher AHI and higher 
likelihood of using CPAP.

This study also revealed that there is an association 
between older age and the outcome of no improvement in 
the level of penetration–aspiration. The group that did not 
improve the level of penetration–aspiration after the swal-
lowing therapy program was older than the group that did 
improve (Table 3). This finding is in line with the litera-
ture, which postulates that there is a greater predisposition 
to penetration–aspiration in older subjects [38]. The aging 
process changes the composition of the muscles, changing 
their shape and function and decreasing their contraction 
force [39]. These changes may compromise the efficiency of 
the pharyngeal mechanisms responsible for the conduction 

of the food bolus and protection of the lower airway [40], 
which could translate into a higher risk of penetration–aspi-
ration. In this study, the median age was high, so the pos-
sibility of presbyphagia may have contributed to this result. 
Since age is also a risk factor for swallowing [41], early 
diagnosis and treatment is essential to providing more prom-
ising results.

In contrast, there was no significant reduction in the 
frequency of premature spillage after swallowing therapy 
program. A possible explanation for this result is that this 
signal is related to the modification of the oral phase of swal-
lowing, and the therapeutic strategies applied in the therapy 
program of this study are directed to pharyngeal dynamics, 
since the changes in swallowing present in these individuals 
are caused by neurogenic lesions in the pharynx [14, 15].

Eating Assessment Tool (EAT‑10)

Our results indicate a reduction in the frequency and severity 
of dysphagia symptoms after swallowing therapy program. 
Only the symptoms “When I swallow, food sticks in my 
throat” and the physical domain showed statistically signifi-
cant improvements after the therapy program. These were 
the only that exhibited a score greater than 0 before the inter-
vention. This result agrees with the FEES findings revealed 
in this study regarding pharyngeal residue, identified by the 
participants as “food sticks in my throat”.

Swallowing‑related quality of life (Swal–QoL)

In accordance with the literature, the present study showed 
that the sleep domain was the most affected in dysphagic 
individuals with OSA [7, 10]. This may be explained by the 
fact that individuals with OSA most often have symptoms 
impair sleep quality [42]. Although the literature indicates 
the benefit of speech therapy intervention for the treatment 
of OSA and improvement of sleep quality in individuals with 
OSA [19], this study found no improvement in the sleep 
domain after therapy program. This is because the swallow-
ing therapy program applied to the participants of this study 
was directed to the rehabilitation of swallowing and not to 
the treatment of OSA. In contrast, our results showed a sta-
tistically significant improvement in the symptom frequency 
domain after the therapy program, which corroborates the 
improvement of dysphagia symptoms evaluated using the 
dysphagia risk assessment instrument.

This study has some limitations, including the absence 
of a control group to evaluate the efficacy of the swallowing 
therapy program for the treatment of oropharyngeal dys-
phagia in this population. Thus, although the design of this 
study does not allow us to conclude that the improvement of 
swallowing function observed in the study participants was 
due to the therapy program, it is noteworthy that, according 
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to the literature, the neural lesions in the pharynx, identified 
as responsible for the changes in swallowing in individuals 
with OSA, are progressive [13, 14, 43]. Therefore, a spon-
taneous recovery of the swallowing dynamics of these indi-
viduals would not be expected. Other limitations are related 
to the sample size, as it was not possible to increase the 
number of participants due to the suspension of the evalu-
ation process for safety reasons due to COVID-19. FEES 
is limited in its evaluation of the oral phase of swallowing, 
and the follow-up time of the study was short. Since the 
participants were evaluated only at two time points, before 
and after 8 weeks of intervention, it is not possible to guar-
antee that the improvement of swallowing efficiency and 
safety observed here will be maintained in the medium and 
long term.

Conclusions

Resistant hypertensive patients with OSA and oropharyn-
geal dysphagia showed improved swallowing safety and effi-
ciency, lower risk of dysphagia, and higher quality of life 
during swallowing after the swallowing therapy program. 
Younger female patients with lower AHI had a better swal-
lowing response to the therapy program.
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