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Abstract

The purpose of this research was to identify risk factors that were independently related to
the maintenance of a swallowing dysfunction in patients affected by critical COVID-19. We
conducted a prospective observational cohort study of critical patients with COVID-19, who
were admitted to a COVID-19 dedicated intensive care unit (ICU) and required prolonged
orotracheal intubation (>48 hours). Demographic and clinical data were collected at ICU
admission and/or at hospital discharge or in-hospital death. Swallowing data was based on
The Functional Oral Intake Scale (FOIS) and was collected at two distinct moments: initial
swallowing assessment and at patient outcome. Patients were divided into two groups
according to their FOIS level assigned on the last swallowing assessment: in-hospital
resolved dysphagia—patients with FOIS levels 6 and 7; non-resolved dysphagia at hospital
outcome—patients with FOIS levels 1 to 5. Nine hundred and twenty patients were included
in our study. Results of the multivariate logistic regression model for the prediction of non-
resolved dysphagia at hospital outcome in critical COVID-19 patients. indicated that increas-
ing age (p = 0.002), severity at admission (p = 0.015), body mass index (p = 0.008), use of
neuromuscular blockers (p = 0.028), presence of neurologic diseases (p = 0.038), presence
of Diabetes Mellitus (p = 0.043) and lower FOIS levels on the initial swallowing assessment
(p<0.001) were associated with higher chances of presenting dysphagia at hospital out-
come. Critical patients with COVID-19 may experience post-acute COVID-19 dysphagia,
indicating the need to prepare for the care/rehabilitation of these patients.
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HCFMUSP but restrictions apply to the availability
of these data, which were used under license for
the current study, and so are not publicly available.
Data are however available from the authors upon
reasonable request and with permission of Comité
de Etica para Analise de Projetos de Pesquisa do
HCFMUSP (cappesg.adm@hc.fm.usp.br). Our
institution, Hospital das Clinicas da Faculdade de
Medicina da Universidade de Sao Paulo, developed
a data management plan concerning the general
database that compiles information regarding
demographic, clinical, laboratory, medical imaging
and other biomarker data obtained during hospital
admissions for COVID-19 and addressing the
aspects related to the public use of the data. The
plan outlines not only the data access policies for
dissemination of scientific results by HCFMUSP
researchers, but also the guiding criteria for the
release of the data to open-access repositories,
which will be done only after the publication and
dissemination of the results of the initial analyses
performed by our research groups and their direct
collaborators. HCFMUSP will participate in the
COVID Brazil Data-Sharing repository coordinated
by The State of Sdo Paulo Research Foundation
(FAPESP), providing open access to hospital data
related to COVID-19 hospitalizations.
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Introduction

The COVID-19 pandemic is currently one of the most serious global public health concerns.
Until September 2021 234,157,747 people were infected globally as a result of the disease and
4,790,066 deaths were reported [1]. Although knowledge about the transmission, development
and treatment of the disease has grown considerably since the outbreak of the pandemic in
March 2020, a lot is yet unknown about the long-term consequences of COVID-19 [2]. There
is, therefore, need to prepare for the care/rehabilitation of patients in the post-acute phase.

According to the literature, when looking at potential factors that could have long-term
consequences on patients’ health, intensive care unit (ICU) stay seems to be the most impor-
tant [2]. A few studies have reported respiratory and heart dysfunction [3], severe muscle
weakness and fatigue [4], psychological problems [5] and impaired functioning concerning
mobility and activities of daily life [6] as main long-term consequences of COVID-19.

Dysphagia has also been identified as being associated to critical COVID-19 patients [7-
13]. The negative effects of COVID-19 on swallowing seem to be associated to the critical form
of the disease, need for prolonged intensive care, intubation or mechanical ventilation, trache-
ostomy or nasogastric tubes, and to patients with acute respiratory infection, pneumonia and
respiratory insufficiency [8]. Studies have already identified that dysphagia tends to be highly
prevalent in patients after prolonged intubation-i.e., up to 84% [14-16], about half of whom
remain with swallowing difficulties on hospital discharge [14]. According to the literature, pro-
longed orotracheal intubation is typically defined as intubation for 48 hours or longer [17-24].
In addition, various central and peripheral neurologic complications related to COVID-19,
such as polyneuropathy, myopathy, anosmia and ageusia, directly affect the swallowing net-
work, making patients with COVID-19 more susceptible to developing swallowing disorders
[8,25]. The importance of identifying and rehabilitating patients with swallowing disorders lies
on the fact that dysphagia has been associated with negative patient outcome, including aspira-
tion pneumonia, malnutrition, increased length of admission, increased readmission rate due
to worsening of the case and higher mortality [26]. To the best of our knowledge, there is still
lack of information regarding the comparison of swallowing abilities in critical COVID-19
and non-COVID-19 patients.

Considering that rehabilitation programs should be included in COVID-19 long-term care
in order to minimize the level of potential disability, the main purpose of our research was to
identify risk factors that were independently related to the maintenance of a swallowing dys-
function in patients affected by critical COVID-19 and who required prolonged mechanical
ventilation after discharge from the ICU.

Materials and methods

We conducted a prospective observational cohort study of critical patients with Corona virus
disease (COVID-19) who were admitted to a COVID-19 dedicated ICU. The study protocol
was approved by the Scientific and Ethic Committee of the Institution (Comité de Etica para
Andlise de Projetos de Pesquisa do HCFMUSP), under the number 4.415.496. Data gathering
procedures only began after obtaining written consent of all patients included in the study.

Patient population

Hospital das Clinicas is a 2,200-bed public teaching hospital complex in Sao Paulo dedicated to
treating high-complexity medical and surgical patients. In March 2020, its 900-bed central
building started to operate as a special COVID-19 treatment center, receiving patients with
moderate to severe symptoms. Additionally, its intensive care capacity was increased with the
conversion of regular wards to ICUs, to a total of 300 dedicated ICU beds.
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Patients were eligible for this study if they met all of the following criteria: (a) admission to
the COVID-19 dedicated ICU from April 2020 to August 2021; (b) SARS-CoV-2 infection
confirmed by either RT-PCR or serology (serology was used as a confirmatory test for proba-
ble COVID-19 cases not tested with RT-PCR within ten days after onset of symptoms); (c)
submitted to prolonged orotracheal intubation (>48 hours) [17-24]; (d) bedside swallow eval-
uation (BSE) and swallow treatment requested by the primary treating physician and per-
formed by a speech-language pathologist (SLP); (e) age >18 years; (f) clinical and respiratory
stability; (g) score >13 points on the Glasgow Coma Scale; (h) patients in use of a tracheos-
tomy tube had to remain with a deflated cuff during swallowing assessment.

Studies that have investigated the presence of post-extubation oropharyngeal dysphagia as
early as 2-4 hours after extubation have pointed that a patient’s risk for aspiration will decrease
over the first 24 hours as a result of laryngeal recovery, improved respiratory function, and
improved mental status [24]. Moreover, 10% of patients identified as presenting swallowing
disorders 24 hours after extubation will present persistent dysphagia [16]. For all of these rea-
sons, the protocol adopted for the present study determines that patients should be assessed 48
hours after extubation to ensure that those identified with a swallowing disorder presented
real risk of pulmonary aspiration and, therefore, needed swallowing rehabilitation. Due to the
protocols adopted during COVID-19 and the risk of contamination, gold standard identifica-
tion of aspiration (i.e. videofluoroscopy or fiberoptic endoscopic evaluation of swallowing)
was not possible. Assessing the swallowing of patients 48 hours after extubation excluded
patients with transitory dysphagia.

Measurements-clinical assessment of swallowing

The Functional Oral Intake Scale [27] is a 7-point ordinal scale developed to document the
functional level of oral intake of food and liquid in patients with risk of dysphagia (Table 1).
For this study, the patients’ swallowing ability was used to assign a specific level on FOIS based
on the clinical assessment of safety and/or efficiency of eating. The professional conducting
this assessment had successfully passed specific training tests. The level on FOIS was deter-
mined based on the results obtained in the Dysphagia Risk Evaluation Protocol-DREP [15].

The DREP [15] is a bedside assessment protocol designed for the early detection of dyspha-
gia risk. The protocol has already been validated in the specific literature demonstrating excel-
lent validity with sensitivity at 92.9%, specificity at 75.0%, negative predictive values at 95.5%
and an accuracy of 80.9% [28].

Swallowing management

All patients underwent specific controlled swallowing and oral-motor rehabilitation sessions.
Rehabilitation sessions were conducted based on current strategies of swallowing and oral-
motor therapy. Patients were seen by a trained SLP for approximately 30 minutes per session.

Table 1. FOIS items.
Level 1 | Nothing by mouth.

Level 2 | Tube dependent with minimal attempts of food or liquid.

Level 3 | Tube dependent with consistent oral intake of food or liquid.

Level 4 | Total oral diet of a single consistency.

Level 5 | Total oral diet with multiple consistencies, but requiring special preparation or compensations.

Level 6 | Total oral diet with multiple consistencies without special preparation, but with specific food limitations.

Level 7 | Total oral diet with no restrictions.

https://doi.org/10.1371/journal.pone.0270107.t001
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Opverall, treatment involved the use of direct and indirect therapy techniques to rehabilitate
swallowing. Direct therapy involved controlled food offerings, even if in small volumes, for
swallowing training, including the use of auxiliary tools such as straw, spoon or glass. Indirect
therapy involved the use of exercises for oral motor training and sensomotor recovery with
tongue and lip exercises. Compensatory treatment procedures such as postural changes (i.e.,
head rotation our upright positioning), adaptive measures including dietary consistency modi-
fications, modifications in volume and tempo of food presentation, and specific swallowing
techniques (e.g. supraglottic swallow) were also adopted whenever necessary in order to guar-
antee safe oral feeding and, consequently, the removal of the alternative feeding method.

Severity of illness and clinical indicators

Severity of illness was obtained using the hospital database and included data obtained from
the Simplified Acute Physiology Score (SAPS-3) [29], calculated at the time of admission to
the ICU. Other clinical data included in the study to determine possible factors associated to
the return to a safe swallowing function were: age; sex; mortality; body mass index on admis-
sion; comorbidities; D-dimer level on admission; PaO2/FiO2 ratio after orotracheal intuba-
tion; duration of medication—corticosteroids and neuromuscular blockers—in days; need for
a tracheostomy tube; days of respiratory support (i.e., orotracheal intubation or tracheostomy);
number of patients in use of an alternative feeding method prior to swallowing assessment;
number of patients who received a recommendation to remove alternative feeding method
immediately after swallowing assessment; number of rehabilitation sessions to achieve oral
feeding and to remove alternative feeding method; time to achieve oral feeding and to remove
alternative feeding method (in days); and days to hospital discharge.

Data analysis

Analysis was performed using SPSS for Windows, version 28.0. In order to show the overall
results, categorical variables were presented in contingency tables comprising absolute (n) and rel-
ative (%) frequencies, and continuous variables were described using mean and standard devia-
tion. To begin with patients were divided into two groups according to their FOIS level assigned
on the last swallowing assessment (i.e., prior to hospital outcome-hospital transfer, hospital dis-
charge or in-hospital death). The groups were characterized as follows: in-hospital resolved dys-
phagia—patients with FOIS levels 6 and 7; non-resolved dysphagia at hospital outcome—patients
with FOIS levels 1 to 5. The groups were compared using the Student T test for continuous data
and the Pearson’s Chi-square test for categorical data. The adopted significance level was of 5%.

Secondarily, the possible risk factors were analyzed to identify which items were the most
significant predictors of non-resolved dysphagia at hospital outcome in the investigated popu-
lation. The backward stepwise logistic regression model was used to examine the relationships
between independent variables. As previously described, the dependent variable was consid-
ered non-resolved dysphagia at hospital outcome (i.e., FOIS levels 1 to 5). Any variable having
a significant univariate test at p<0.1 was selected as a candidate for the multivariate analysis.
During the iterative multivariate fitting, covariates were removed from the model if they were
non-significant at p<0.05 and not a confounder (i.e., did not change any remaining parameter
estimates by more than 20%), using the backward stepwise selection method. The variables
that remained in the model were considered independent risk factors.

Results

During the study period, 4,907 adult patients (>18 years) were admitted to the Institution
with suspected COVID-19, of whom 1,052 were excluded from this study due to lack of
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Table 2. Demographic and clinical data-intergroup comparison.

Age (years) (mean+SD)
Male Sex n (%)
Type of respiratory support
Orotracheal intubation n (%)
Tracheostomy n (%)
SAPS-3 score (mean+SD)
Body Mass Index (mean+SD)
Length of hospital stay (days) (mean+SD)
Pa02/FiO2 ratio (mean+SD)
Use of neuromuscular blockers n (%)
Days of neuromuscular blockers (mean+SD)
Use of corticosteroids n (%)
Days of corticosteroids (mean+SD)
D-Dimer on admission (mean+SD)
Respiratory support (days) (mean+SD)
Hospital outcome
Hospital discharge n (%)
Hospital transfer n (%)
In-hospital death n (%)

Resolved dysphagia (n = 606) Non-resolved dysphagia (n = 314) Overall (n = 920) p-value
53.5 (+14.1) 62.5 (£13.2) 56.5 (£14.5) <0.001"
338 (55.8%) 185 (58.9%) 523 (56.8%) 0.362
550 (90.8%) 279 (88.9%) 829 (90.1%) 0.359

56 (9.2%) 35 (11.1%) 91 (9.9%)
62.7 (+13.4) 69.5 (+14.9) 65.0 (+14.3) <0.001*
30.1 (+9.0) 28.9 (¢7.1) 29.6 (+8.2) <0.001*
31.7 (+23.4) 33.2 (£26.9) 32.2 (+24.7) 0.380
139.0 (+£82.2) 155.8 (£101.0) 144.7 (£89.4) 0.096
428 (77.4%) 228 (77.0%) 656 (77.3%) 0.903
3.9 (£2.9) 43 (£32) 4.0 (£3.0) 0.079
466 (78.7%) 249 (80.8%) 715 (79.4%) 0.454
152 (+12.5) 14.8 (+11.8) 15.1 (+12.3) 0.641
5830.5 (+11954.4) 7649.8 (+17453.8) 6453.1 (+14096.9) 0.102
8.8 (£6.1) 10.5 (£11.2) 9.4 (£8.3) 0.012*
569 (9.39%) 154 (49.0%) 723 (78.6%) <0.001**
19 (3.1%) 31 (9.9%) 50 (5.4%) <0.001**
18 (3.0%) 129 (41.1%) 147 (16.0%) <0.001**

n: Number of participants; SD: Standard deviation; SAPS-3: Simplified Acute Physiology Score-third version; PaO2/FiO2 ratio: Ratio of arterial oxygen partial pressure to

fractional inspired oxygen

*significant difference according to Student T test

** significant difference according to Pearson’s Chi-square test.

https://doi.org/10.1371/journal.pone.0270107.t1002

laboratory confirmation of SARS-CoV-2 infection. From the 3,855 eligible patients, 920
(23.9%) were referred for a swallowing assessment. The decision to consult a SLP was left to
the discretion of the primary treating physicians. Within this population, 606 patients pre-
sented in-hospital resolved dysphagia and 314 presented non-resolved dysphagia at hospital
outcome. Demographic and clinical data are presented in Table 2.

According to the intergroup comparison, differences were observed for the following vari-
ables: age—patients in the non-resolved dysphagia group were older; severity of illness—patients
in the non-resolved dysphagia group presented higher scores on SAPS-3 at admission to the
ICU; length of respiratory support—patients in the non-resolved dysphagia group were on
respiratory support for more days; and mortality was higher for patients in the non-resolved
dysphagia group.

The presence of comorbidities at admission is presented in Table 3. With the exception of
vascular diseases and other comorbidities, the groups differed significantly for all the other
variables (i.e., patients with non-resolved dysphagia presented a greater number of participants
with comorbidities).

Table 4 presents the intergroup comparisons for the bedside swallow evaluation and swallow
treatment results (swallowing clinical data). Significant differences were observed for the follow-
ing variables: FOIS level, both at the initial and outcome assessments and number of patients
who removed the alternative feeding method immediately after the swallowing assessment. As
expected, patients in the in-hospital resolved dysphagia group presented better results.

Tables 5 and 6 presents the results of the multivariate logistic regression model for the pre-
diction of non-resolved dysphagia at hospital outcome in critical COVID-19 patients. The
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Table 3. Presence of comorbidities at admission-intergroup comparison.

Patients with any comorbidities n (%)
Description of comorbidities
Prior acute myocardial infarction n (%)
Heart diseases n (%)
Pulmonary diseases n (%)
Kidney diseases n (%)
Vascular diseases n (%)
Prior stroke n (%)
Other neurologic diseases n (%)
Diabetes Mellitus n (%)
High blood pressure n (%)
Others n (%)

n: Number of participants

Resolved dysphagia (n = 606) Non-resolved dysphagia (n = 314) Overall (n = 920) p-value
510 (84.2%) 285 (90.8%) 795 (86.4%) 0.006*
18 (3.0%) 19 (6.1%) 37 (4.0%) 0.024*
57 (9.4%) 55 (17.5%) 112 (12.2%) <0.001*
62 (10.2%) 56 (17.8%) 118 (12.8%) 0.001*
38 (6.3%) 45 (14.3%) 83 (9.0%) <0.001"
24 (4.0%) 16 (5.1%) 40 (4.3%) 0.423
13 (2.1%) 20 (6.4%) 33 (3.6%) 0.001*
39 (6.4%) 35 (11.1%) 74 (8.0%) 0.013"
195 (32.2%) 140 (44.6%) 335 (36.4%) <0.001*
308 (50.8%) 201 (64.0%) 509 (55.3%) <0.001*
344 (56.8%) 190 (60.5%) 534 (58.0%) 0.275

* significant difference according to Pearson’s Chi-square test.

https://doi.org/10.1371/journal.pone.0270107.t003

univariate analysis identified 18 covariates initially as potential candidates for the multivariate
model at the 0.1 alpha level based on the likelihood-ratio statistic: age, SAPS-3 score, Body
Mass Index, PaO2/FiO2 ratio, days of neuromuscular blockers, D-Dimer on admission, length
of respiratory support, presence of each comorbidity at admission (except for vascular diseases
and other comorbidities), presence of alternative feeding method prior to swallowing assess-
ment, recommendation to remove alternative feeding method after swallowing assessment
and FOIS level on initial swallowing assessment.

Table 5 shows the initial results of the logistic regression model, and Table 6 shows the
resulting model, containing only significant covariates. This analysis indicated that increasing
age, SAPS-3 score, BMI, days of neuromuscular blockers, presence of neurologic diseases
(other than stroke), presence of diabetes mellitus, and lower FOIS levels on the initial swallow-
ing assessment were associated with higher chances of presenting dysphagia at hospital out-
come. The results point that an increase in age by each year increases the odds of presenting
non-resolved dysphagia by 2.7%. Similarly, each point increased in the SAPS-3 score
increases the odds of presenting non-resolved dysphagia by 1.9% and an increase in days of

Table 4. Swallowing data—intergroup comparison.

Resolved dysphagia (n = 606) | Non-resolved dysphagia (n=314) | Overall (n=920) | p-value

Number sessions to achieve oral feeding (mean+SD) 1.6 (x£1.5) 1.8 (£2.0) 1.6 (£1.6) 0.181
Days to achieve oral feeding (mean+SD) 1.5 (+2.8) 1.9 (£3.5) 1.6 (£3.0) 0.117
Use of AFM prior to assessment n(%) 457 (75.4%) 268 (85.4%) 725 (78.8%) <0.001**
SLP Recommendation to end AFM after assessment n(%) 448 (97.8%) 105 (38.6%) 553 (75.8%) <0.001**
Sessions to remove alternative feeding method (mean+SD) 3.3(+3.2) 3.4 (+4.0) 3.3(+3.4) 0.847
Days to remove alternative feeding method (mean+SD) 5.0 (+6.9) 5.1 (+6.7) 5.0 (+6.8) 0.938
FOIS level on initial swallowing assessment (mean+SD) 4.4 (£1.9) 2.7 (x1.9) 3.8 (+2.1) <0.001*
FOIS level on hospital outcome (mean+SD) 6.7 (£0.5) 3.5(+1.9) 5.7 (£1.9) <0.001*

n: Number of participants; SD: Standard deviation; AFM: Alternative feeding method; SLP: Speech-language pathologist; FOIS: Functional Oral Intake Scale

*significant difference according to Student T test

** significant difference according to Pearson’s Chi-square test.

https://doi.org/10.1371/journal.pone.0270107.t1004
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Table 5. Multivariate logistic regression model for prediction of non-resolved dysphagia at hospital outcome in patients with COVID-19 first iteration (full
model).

Odds Ratio CI (95%) p-value
Lower Upper
Age 1.029 1.011 1.048 0.002*
SAPS-3 score 1.019 1.003 1.035 0.019*
Body Mass Index 0.965 0.935 0.996 0.026*
Pa02/FiO2 ratio 1.000 0.997 1.002 0.752
Days of neuromuscular blockers 1.068 0.995 1.146 0.068
D-Dimer on admission 1.000 1.000 1.000 0.646
Length of respiratory support 1.013 0.990 1.036 0.288
Presence of prior acute myocardial infarction 0.728 0.285 1.861 0.507
Presence of heart diseases 0.651 0.337 1.257 0.201
Presence of pulmonary diseases 0.865 0.473 1.583 0.639
Presence of kidney diseases 0.795 0.379 1.667 0.544
Presence of prior stroke 0.594 0.200 1.763 0.348
Presence of other neurologic diseases 1.428 1.196 1.934 0.033*
Presence of Diabetes Mellitus 1.608 1.381 1.971 0.037
Presence of high blood pressure 1.398 0.860 2.272 0.176
Presence of alternative feeding method prior to swallowing assessment 0.954 0.523 1.739 0.877
Recommendation to remove alternative feeding method after swallowing assessment 1.187 0.191 7.384 0.854
FOIS level on initial swallowing assessment 0.734 0.658 0.819 <0.001*

CI: Confidence interval; FOIS: Functional Oral Intake Scale; SAPS-3: Simplified Acute Physiology Score-third version; PaO2/FiO2 ratio: Ratio of arterial oxygen partial
pressure to fractional inspired oxygen

*significant interaction according to multivariate logistic regression-full model.

https://doi.org/10.1371/journal.pone.0270107.t005

neuromuscular blockers by each day increases the odds of presenting non-resolved dysphagia
by 7.6%. Increases in the BMI reduced the odds of presenting non-resolved dysphagia by 4%.
Patients with neurologic diseases and with diabetes mellitus are 1.44 and 1.65 and times more
likely to present non-resolved dysphagia at hospital outcome, respectively. Lower FOIS level
on the initial swallowing assessment (by each level decrease) increase the odds of presenting
non-resolved dysphagia at hospital outcome by 72,5%.

Table 6. Multivariate logistic regression model for prediction of non-resolved dysphagia at hospital outcome in patients with COVID-19 - 12th and last iteration
(resulting model).

Odds Ratio CI (95%) p-value
Lower Upper

Age 1.027 1.010 1.044 0.002*
SAPS-3 score 1.019 1.004 1.035 0.015*
Body Mass Index 0.960 0.931 0.990 0.008*
Days of neuromuscular blockers 1.076 1.008 1.148 0.028*
Presence of other neurologic diseases 1.443 1.206 1.956 0.038*
Presence of Diabetes Mellitus 1.646 1.423 1.986 0.043*
FOIS level on initial swallowing assessment 0.725 0.654 0.803 <0.001*

CI: Confidence interval; FOIS: Functional Oral Intake Scale; SAPS-3: Simplified Acute Physiology Score-third version

*significant interaction according to multivariate logistic regression-backward stepwise selection method.

https:/doi.org/10.1371/journal.pone.0270107.t006
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Discussion

Opverall, our results indicated that patients included in the study had a mean age of 56.5 years,
were generally overweight and had a high prevalence of comorbidities. The majority of these
patients (65.9%), despite the use of prolonged orotracheal intubation and/or use of a tracheos-
tomy tube, were discharged from hospital with few to no oral intake restrictions of food and
liquid. A few variables were independently associated with non-resolved dysphagia at hospital
outcome: increasing age, higher SAPS-3 score at admission, BMI, days of neuromuscular
blockers, presence of neurologic diseases (other than stroke), presence of diabetes mellitus,
and lower FOIS levels on the initial swallowing assessment.

In our study, age was a predictive factor for the non-resolution of dysphagia in COVID-19
patients. Changes in swallowing have been extensively studied in the elderly [30]. According to
the literature, the aging process can have a negative impact on the swallowing function, and dys-
phagia is pointed as a frequent condition in the elderly population [30,31]. Older individuals
generally demonstrate a high prevalence of dysphagia because of underlying diseases and age-
related changes. It is estimated that up to 20% of individuals over the age of 50 and most indi-
viduals over the age of 80 have some degree of dysphagia [31]. Changes in swallowing physiol-
ogy, such as loss of muscle mass and elastic connective tissue properties, can result in loss of
muscle strength and mobility [32]. These changes can have a negative impact on the swallowing
efficiency and airway protection. Age-related atrophy of the soft tissues of the pharynx and lar-
ynx may also be considered as a contributing factor to swallowing changes [31]. Moreover,
causes of dysphagia in the elderly have been attributed to the presence of neurological diseases
(e.g., stroke and dementia) and neuromuscular disorders (e.g., hypo and hyperthyroidism and
peripheral neuropathy secondary to diabetes), among others [31]. Considering COVID-19,
studies have already described that increasing age is a strong predictive factor for a stronger and
faster loss of muscle activities, increasing the incidence of dysphagia and mortality [33].

The identification of high-risk patients admitted to intensive care units with COVID-19
can direct treatment strategies and reduce clinical complications related to dysphagia. In our
study, the severity of illness on admission to the ICU was an important factor that differenti-
ated patients with resolved and non-resolved dysphagia. Patients with high SAPS-3 scores on
admission presented poorer swallowing outcomes. Other studies have already pointed the cor-
relation between the severity of illness and dysphagia in patients submitted to prolonged oro-
tracheal intubation [15]. For patients with COVID-19, high SAPS-3 scores have been
associated with the need for advanced respiratory support and intensive care [34], which char-
acterizes risk factors for the development of dysphagia [15].

Most of the population in the present study had a BMI indicating overweight or obesity
(average of 29.6 kg/m?). Patients in the resolved dysphagia group presented a mean BMI indic-
ative of obesity (30.1 kg/m?), while patients in the non-resolved dysphagia group presented a
mean BMI indicative of overweight (28.9 kg/m?). A recent study of septic patients in the ICU
demonstrated a lower risk of mortality for obese individuals when compared to normal, over-
weight or underweight patients [35]. In our study, patients in the resolved dysphagia group
presented more favorable outcomes. Although most studies with COVID-19 patients indicated
that obesity was prevalent in hospitalized patients and that a higher BMI was associated with
higher in-hospital mortality, studies are contradictory regarding the association of BMI with
the severity of critical illness secondary to COVID-19 [33,36]. In our institution, the mortality
rate in patients with COVID-19 who were submitted to mechanical ventilation was of 44%.
However, BMI was not associated to increased mortality [37].

Regarding the presence of comorbidities, pre-existing conditions affecting general health
are described in the literature as potential risk factors that predict the course and severity of
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COVID-19, increasing the risk of clinical complications, orotracheal intubation and death
[38,39]. A meta-analysis pointed out that hypertension, diabetes, chronic obstructive pulmo-
nary disease (COPD), cardiovascular disease, and cerebrovascular disease are the main risk
factors for complications in patients with COVID-19 [40]. In the present study, the presence
of Diabetes Mellitus, hypertension, acute myocardial infarction, heart disease, lung disease,
kidney disease, stroke, other neurological diseases and higher death rates were associated with
the group of non-resolved dysphagia. Our result corroborates those of other studies that indi-
cated the prevalence of dysphagia in various pathologies such as heart disease, pulmonary dis-
ease, stroke and other neurologic diseases [41,42].

It is important to highlight that the presence of Diabetes Mellitus was independently associ-
ated with non-resolved dysphagia. Although this subject is still unexplored, a few studies have
reported that swallowing complaints are common findings in patients with diabetes, especially
in patients who present autonomic and/or peripheral neuropathy, a common complication of
this disease [43]. The prevalence of Diabetes Mellitus in the present study was of 36.4%, a rate
similar do the one found in the literature [44]. Moreover, studies have already pointed that dia-
betes in patients with COVID-19 is associated with a twofold increase in mortality and severity
when compared to non-diabetic patients [45]. The presence of diabetes usually worsens the
prognosis of infection and is related to a higher morbidity and mortality from sepsis when
compared to the general population [46]. Given the relevance of such finding, it is suggested
that further studies be conducted in order to better explore the relationship between Diabetes
Mellitus and dysphagia in COVID-19 patients and also in other populations.

Considering the resolution of dysphagia, previous research have pointed a significant corre-
lation between the scores on the functional scales of swallowing at the beginning of rehabilita-
tion and at hospital discharge [14,15,47]. Similar results were found in our study, indicating
that patients with better swallowing scores on the initial swallowing assessment were dis-
charged without any swallowing difficulties, whereas patients with a greater compromise of
swallowing on the initial assessment were discharged from hospital with significant eating
restrictions and were referred to swallowing rehabilitation services.

A large proportion of the severely affected patients with COVID-19 used medications such
as neuromuscular blockers and corticosteroids due to severe respiratory alterations, need for
mechanical ventilation, prone position and the inflammatory response to the disease [48]. The
use of these drugs is known to be significantly associated with ICU acquired muscle weakness
and neuropathies, and therefore can increase the risk of developing dysphagia [49]. Swallowing
is a sequence of complex sensory-motor activities and any interruption in this mechanism can
cause alterations in the swallowing process. Although studies have indicated that muscle
strength of patients with COVID-19 improves during hospitalization, the impact on functional
status tends to remain substantial, emphasizing the need of providing personalized rehabilita-
tion to reduce the long-term impacts of the disease. Based on these findings, we hypothesized
that the use of corticosteroids and neuromuscular blockers would have an impact on the swal-
lowing of our patients. However, the results only indicated the association between the use of
neuromuscular blockers and the resolution of dysphagia during hospitalization.

Although the sample of participants included in the present study was derived from a single
institution and the results may reflect the characteristics of the procedures adopted at this loca-
tion, it is the study with the largest sample of participants to investigate the swallowing out-
comes in critical COVID-19 patients. ICU performance has never been more important or
more difficult than during the COVID-19 pandemic. The COVID-19 pandemic required fast
adaptations in ICU and patient management. This fact, associated with the lack of effective
and specific treatment protocols, lack of adequate equipment to provide life support, under-
staffing, late patient referral most definitely had an impact on the outcome of patients. Further
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studies should continue to be conducted to better elucidate the clinical and prognostic find-
ings, as well as the rehabilitation outcomes in critical patients affected by COVID-19.
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