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ABSTRACT

BACKGROUND: SARS-CoV-2 infection affects multiple systems, including musculoskeletal, neurological, and respiratory systems. Changes
associated with physical inactivity due to prolonged hospitalization can affect the functional capacity of individuals with long coronavirus disease
2019 (COVID-19) or post-COVID-19 condition and may cause changes in some postural control functions, such as verticality.

OBJECTIVES: This study aimed to evaluate the perception of verticality in individuals with long COVID.
DESIGN: Cross-sectional study

METHODS: This study included 60 participants with post-COVID-19 condition divided into 2 groups: hospitalized group (n = 24), those hospitalized
owing to SARS-CoV-2 infection; and non-hospitalized group (n = 36), those infected with SARS-CoV-2 but not hospitalized. All participants were
examined using a post-COVID-19 functional status (PCFS), sit-to-stand test, grip strength assessment, painful and tactile sensory assessments,
visual acuity assessment, and vestibular assessment. Verticality perception was evaluated using the subjective visual vertical (SVV) and subjective
haptic vertical (SHV) tests. In both tests, the absolute values (positive values only) and true values (positive and negative values) were considered.
To verify potential confounders that could influence the verticality of the results, logistic regression models were used for categorical variables and
multiple linear regressions were used for continuous variables. For analysis between groups, the independent samples test (Mann-Whitney U test)
was used.

RESULTS: There were no confounders between clinical variables and verticality in either group. There was a significant increase in absolute SVV
(mean deviation [MD]: 2.83; P < .0001) and true SVV (MD: —4.18; P = .005) in the hospitalized group compared to the non-hospitalized group.
Furthermore, there was a significant increase in the true SHV (MD: —3.6; P=.026) in the hospitalized group compared to that in the non-hospitalized
group.

CONCLUSION: Less accurate visual and haptic verticality perception task performance was observed in hospitalized patients with post-COVID-19
condition.
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Introduction

Corona virus disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), can
progress to SARS, resulting in physical and functional

complications in adults and elderly, following the acute phase.l’2

COVID-19 symptoms range from respiratory3 to neurological
manifestations*® and have been studied increasingly. Fur-

thermore, individuals with COVID-19 may develop secondary
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and chronic conditions’ that may persist for weeks or
months,® " which is referred to as long COVID."

Owing to the multisystem impact of COVID-19, individuals
who have the most severe form of the disease and are hospi-

talized may develop chronic cognitive,'* sensory,"> and

motor#1¢

impairments that can affect both short- and long-
term postural control.'” One of the determining components of
postural control is postural orientation and perception of ver-
ticzlli'fy.18 The perception of verticality represents the notion of
vertical and horizontal spatial orientation based on internal
models and the integration of the visual, vestibular, and so-
matosensory s.ys'cems.lg’19 In addition, postural control can be
influenced by body stabilization mechanisms, which are de-
pendent on the integration of cognitive, sensory, and motor
systems.20 All of these mechanisms can be affected by COVID-
19 and long periods of hospitaliza'cion.21

Based on the aforementioned context, hospitalized patients with
post-COVID-19 condition may present with changes in postural
control owing to primary sensory, motor, or cognitive alterations. De
Sousa et al. (2022)** found that patients with post-COVID-19
condition (long COVID) had worse postural control performance
than healthy individuals; however, no long-term analysis of the
perception of verticality has been conducted in these individuals.
Verticality perception may be an important marker for under-
standing postural control and determining targeted treatments for
individuals with post-COVID-19 condition. Therefore, this study
aimed to analyze the perception of verticality in individuals with
post-COVID-19 condition. The main hypothesis of this study is
that hospitalized patients with post-COVID-19 condition may
have less accurate verticality perception task performance compared
to non-hospitalized patients with post-COVID-19 condition.

Methods

This study followed the Strengthening the Reporting of Ob-
servational Studies in Epidemiology guidelines (STROBE)
(https://www.strobe-statement.org/checklists/).

Study Design and Setting

This cross-sectional study included 2 cohorts (hospitalized and
non-hospitalized, ie, those without a history of hospitalization)
of patients with post-COVID-19 condition. Data were col-
lected from 3 centers: Fundagio Hospital, Dr Moisés Mag-
alhdes Freire, Pirapora, MG; FisioVida Physiotherapy Clinic,
Pirapora, MG; and Sio Cristovio Regional Health Unit,
Uberaba, MG, from January 2021 to December 2022.

This study was approved by the Research Ethics Committee
of the Federal University of Tridngulo Mineiro (UFTM; ap-
proval code CAAE:30684820.4.0000.5154). All participants
provided oral and written informed consent. This study was
conducted in accordance with the tenets of the Declaration of

Helsinki.

Participants

Study participants were recruited using convenience sampling.
Inclusion criteria included individuals aged over 18 years with
post-COVID condition that were either hospitalized or not and
those that had the ability to complete the test independently.
Post-COVID-19 condition (long COVID) was defined as “the
continuation or development of new symptoms consistent with
COVID-19 infection for more than 12 weeks, which could not
be explained by an alternative diagnosis.”"" The diagnosis of
post-COVID-19 was based on medical evaluation, evaluation of
current symptoms, and complementary examinations. Hospi-
talized individuals must have remained admitted to the hospital
for more than 48 hours.?* The exclusion criteria were as follows:
patients with previous neurological or musculoskeletal alter-
ations, those that RT-PCR positivity for SARS-CoV-2 during
study period, those that had uncontrolled systemic arterial hy-
pertension, and those that had visual and vestibular alterations
before the period of acute infection as determined from face-to-
face interviews.

Data Collection

The participants were divided into 2 groups: hospitalized pa-
tients with post-COVID-19 (hospitalized group) and non-
hospitalized patients with post-COVID-19 (non-hospitalized
2426 orip
strength,27'30 painful and tactile sensory assessment,>’ visual
3335 verticality perception by
subjective visual vertical (SVV),*? and subjective haptic ver-
tical (SHV) tests.*** All clinical tests were performed by an
authorized and trained researcher.

group). They were assessed using the sit-to-stand test,

.. 32 .
acuity,” vestibular assessment,

Data Sources and Measurement

Patient Demographics. Participants’ demographic data (age, sex,
and education), clinical data (comorbidities and actual symp-
toms), vaccination regimens for COVID-19, and information
on the treatment received were collected.

Post-COVID-19 Functional Status (PCFS) Scale. This scale was
used to assess the level of impairment in the functional status of
patients with COVID-19. The PCFS stratification comprises 5
grades: grade 0 (no functional limitations), grade 1 (negligible
functional limitations), grade 2 (slight functional limitations), grade 3
(moderate functional limitations), and grade 4 (severe functional
limitations).**

Five Times Sit-to-Stand Test (5XSST). The 5XSST assesses
strength, transitional movements, balance, and fall risk by
documenting the time required for a person to come to a
complete stand from a sitting position, 5 times. The patients sat
with their arms folded across their chest and with their backs
against a standard-height chair (43-45 cm). The following
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instruction was given: “I want you to stand up and sit down 5
times as quickly as you can when I say ‘go”. A practical trial was
performed before the measurements. The 5XSST has dem-
onstrated good reliability and validity.**"*°

Grip Strength Evaluation. To assess grip strength, the manual
grip force was measured using a manual analog dynamometer
(Crown AT, Oswaldo Filizola, Sao Paulo/SP, Brasil). Each in-
dividual was positioned in a chair without support, with the hips
and knees flexed at 90° and the feet resting on the floor. The upper
limb to be evaluated was positioned with the shoulder in the
adducted position, the elbow flexed to 90°, the forearm in the
neutral position between 0° and 30° of extension, and the wrist at
0°-15° of adduction. The untested limb was placed on the ipsi-
lateral thigh. The participant was asked to grip the hand with
maximum force for 3 seconds, and a rest interval of 30 seconds was
provided between the tests; the average values from the 3 tests were
calculated.?”® Handgrip strength was evaluated using the dom-
inant hand as defined by the Edinburgh Inventory.29 Test-retest
reliability has been reported to be very good, and the concurrent
validity of the functional tests to be high.30

Painful and Tactile Sensory Assessment. Pain sensitivity was
assessed using non-perforating, round-tipped, pointed fibers at
the distal and proximal ends of the upper and lower limbs.
Tactile sensitivity was assessed by touching the same region with
cotton. Any abnormal sensation (hyperesthesia, hypoesthesia, or
dysesthesia) in the evaluated regions compared to the face
(neutral region) was considered to be “altered” in the test.>!

Visual Acuity. Visual acuity was assessed in a standardized
manner using a Snellen chart placed 6 m away from the in-
dividual, who was then asked to read the letters arranged on the
chart. One eye at a time was evaluated, and the eye was
characterized as having normal visual acuity if the individual
could see letters arranged at level 8 (20/20).%*

Head Impulse Test, Nystagmus, Test of Skew (HINTS). Head
Impulse test (HIT) is based on performing horizontal head
movements, and it is expected that the eye movement is at the same
speed but in the opposite position to the head movement.>> To
assess nystagmus (N), the patient was instructed to focus their gaze
on the examiner’s finger as it moved slowly from left to right.34 In
the Test of Skew (TS), the individual was instructed to look
forward, and the evaluator covered and uncovered each eye with a
patch, which was considered abnormal (positive) if there was
vertical deviation (ocular misa]ignment).34 HINTS examination
has demonstrated a high degree of accuracy in the diagnosis of
central vertigo, with a sensitivity and specificity of 100%.*

Verticality Tests

SVV. The SVV test was performed using a bucket test con-
sisting of an opaque plastic bucket with an opening larger than
25 cm and a red tape positioned in a vertical line at the bottom of

the bucket, which was aligned at 0° using a digital inclinometer
(Clinometer App, Tue Nguyen Minh). The inclinometer was
positioned outside the bucket and both were aligned with the true
vertical of the Earth. The participants were instructed to place their
faces in the bucket and look at the red tape. To measure the SVV,
the examiner randomly rotated the bucket (avoiding any tactile cues
to the patient) in the right or left direction to a final position of
approximately 30” and then slowly rotated it toward the 0° position.
The participants were asked to indicate when the red line reached a
vertical position by asking the examiner to stop moving the bucket
at that point. The participants performed 6 repetitions of this
procedure: 3 toward the right and 3 toward the left. The mean
perceived vertical position in the right and left directions was used as
the final value.>**” The SVV was classified as absolute or true based
on the deviations from the gravitational vertical. Only the absolute
values of SVV measurements without positive or negative arith-
metic signs were considered for the absolute SVV. Additionally, the
true SVV considers both positive and negative SVV values. 3683

SHV. To measure SHV, we used a device comprising a box
(diameter 18.5 x 18.5 x 30 cm) and a circular rod (15 cm long and
2.5 cm thick) based on Schuler et al. (2010).** The rod was mounted
at the center of the box.>® The height of the rod was adjusted ac-
cording to the height of the participant so that the center of the rod
was approximately at the elbow level. The participants were blind-
folded with a mask and allowed to reach the rod in a manner that they
felt most comfortable. Moreover, the lights were turned off during
testing. In each trial, the examiner randomly rotated the rod 30” to
the right or left. The SHV adjustments were recorded in 6 trials,
including 3 directed toward the right and 3 toward the left. The
participants were then asked to confirm that they had finished
adjusting the position of the rod such that it was perfectly aligned
with the vertical orientation of the target. Furthermore, we assessed
the accuracy of the SHV by calculating the difference between the
final rod position (in degrees) and the true vertical.** SHV evaluation
was performed using the dominant hand as defined by the Edin-
burgh inven'fory.29 SHYV was classified as absolute or true, based on
the deviations of the rod related to the vertical line (0°). Only the
absolute values of the SHV measurements without arithmetic signs
were considered for absolute SHV. However, the true SHV considers
both positive and negative SHV values 36383

Bias

Selection bias was minimized by attempting to contact those
who could not be contacted during the survey and by visiting the
residences of those who did not possess a personal phone. To
minimize recall bias, all information provided by the patient was
verified using a trusted third-party and medical records.

Statistical Analysis

Data distributions were assessed for assumptions of normality
using the Shapiro-Wilk test. For sample characterization and
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data distribution, descriptive statistics, means, and standard
deviations were used for parametric variables and percentages
were used for categorical variables. To verify potential con-
founders that could influence the verticality of the results, lo-
gistic regression models were used for categorical variables, and
multiple linear regressions were used for continuous variables.
For analysis between groups, the independent samples test
(Mann—Whitney U test) was used. Statistical significance was
set at P < .05. Data were analyzed using GraphPad Prism
version 8.0.0 for Macintosh (GraphPad Software, San Diego,
California, USA, www.graphpad.com).

Results

Sixty patients with post-COVID-19 condition were analyzed,
of these, 24 were hospitalized and 36 were non-hospitalized.
The clinical and demographic data are presented in Table 1.
There were more rate of diabetes mellitus (P =.005) and chronic
kidney disease (P = .002) among hospitalized individuals with
compared to non-hospitalized group. Ten patients were ad-
mitted to intensive care unit (ICU) beds and 14 were admitted
to semi-intensive beds. Of the patients hospitalized in an ICU
bed, 8 developed acute respiratory distress syndrome and needed
to be put on artificial airways, such as an orotracheal tube and
tracheotomia, whereas the other 2 were put on equipment that
generated positive pressure in the airways. Of the patients
hospitalized in a semi-intensive bed, 7 required oxygen therapy
and 3 were put on equipment that generated positive airway
pressure.

Nystagmus was observed with the naked eye in 12 patients,
including 10 patients in the hospitalized group (41.7%). In
addition, only 2 patients in the hospitalized group (8.3%) had an
abnormal HIT. Eight patients (33.3%) had right nystagmus
with a normal HIT. There was a greater presence of dizziness
(P =.004), nystagmus to the right during the HINTS (P < .01),
and greater palmar grip in the hospitalized group than in the
non-hospitalized group (P = .04). In addition, there was an
increase in the level of impairment in the functional status
(PCFS) of the hospitalized group compared with that of the
non-hospitalized group (P = .003).

The regression models used to identify potential confounders
in the analysis of verticality for the hospitalized and non-
hospitalized group groups are shown in Tables 2 and 3, re-
spectively. No confounders were identified between clinical
variables and verticality in either group.

In the visual verticality perception analysis, a significant increase
in absolute SVV deviations from the gravitational vertical (MD:
2.83; P < .0001) and true SVV deviations from the gravitational
vertical (MD: —4.18; P = .005) was observed in the hospitalized
group compared with that in the non-hospitalized group
(Figure 1). In the visual haptic perception analysis, a significant
increase in true SHV deviations from the vertical line (MD: —3.6;
P = .026) was observed in the hospitalized group compared with
that in the non-hospitalized group. There were no significant

differences in the absolute SHV deviations from the vertical line
between the groups (MD = .67; P = .385) (Figure 2).

Figure 3 shows the SVV and SHV of both groups and the
minimum and maximum values of the true vertical. Hospi-
talized group was observed to have greater variability in sub-
jective visual and haptic values than the non-hospitalized group.

Discussion
This study demonstrated that individuals with post-COVID-
19 condition that were hospitalized showed less accurate per-
formance for SVV and SHV than non-hospitalized individuals.
Studies have evaluated the perception of verticality in indi-
viduals with acquired36 and degenera’civeg’1 diseases of the
central nervous system (CNS). However, no previous studies
have examined this variable in individuals with long-term
COVID. Possible explanations for these findings include
changes in the central and peripheral nervous systems, in ad-
dition to deficits in postural control due to long-term motor,
sensory, or cognitive changes.lg’41

Giardini et al. (2022)* observed poor dynamic balance and
increased sway during quiet stance in patients with severe
disease in the acute phase of COVID-19. Guzik et al. (2022)*
observed that COVID-19 may lead to balance impairment in
young adults. The findings revealed significant differences in
postural stability, mainly with eyes closed, between individuals
who recovered from COVID-19 and healthy controls. Simi-
larly, Gervasoni et al. (2022)*° reported that the hospitalized
group in their study had worse postural control on an unstable
platform with eyes closed than the non-hospitalized group.
Both studies'®?

with eyes closed, suggesting an alteration in the interaction

showed greater balance impairments in trials

between the vestibular and proprioceptive pathways. This
finding may explain the changes in the visual and haptic ver-
ticality observed in our study. In addition, hospitalized indi-
viduals with long-term COVID may have more pronounced
chronic systemic symptoms and myopathic changes.22 These
alterations may be a pathological substrate for the worsening of
postural control, justifying the misinterpretation of verticality
perception.

Another factor that may explain the results of this research is
the neurotropism process; this is because the COVID-19 virus
binds to an angiotensin-2 converting enzyme (ACE2) to infect
human cells, causing the virus to deposit genetic material in
human cells in various regions of the central nervous system,
causing acute and long-term degenerative brain changes.42’45 In
addition, more severely ill patients undergoing hospitalization
have a greater storm of pro-inflammatory cytokines in the acute
phase, with an increased risk of developing a neurodegenerative
condition.***” Neurodegenerative processes can alter long-term
verticality,”" however, the underlying mechanisms are not yet
well established. Day et al. (2021)* demonstrated an altered
perception of verticality in individuals with neurodegenerative
conditions, suggesting that these individuals may have abnormal
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Table 1. Clinical and Demographic Data of Both Groups.

VARIABLES HG (N = 24) NHG (N = 36) P VALUE
Age (years)® 47.5 (17.27) 40.5 (14.7) .07
Sex®
Male, n (%) 18 (75) 6 (16.7) .002
Female, n (%) 6 (25) 30 (83.3) .002
Race®
White, n (%) 10 (41.7) 14 (38.9) .829
Black, n (%) 14 (58.3) 22 (61.1) .829
Education®
Primary, n (%) 4 (16.7) 6 (16.7) >.99
Lower secondary, n (%) 4 (16.7) 8 (22.2) 746
Upper secondary, n (%) 6 (25.0) 10 (27.8) >.99
Bachelor’s, n (%) 10 (41.7) 12 (33.3) .589

Comorbidities®

Diabetes mellitus, n (%) 9 (37.5) 2 (5.5) .001
Systemic arterial hypertension, n (%) 8 (33.3) 10 (27.8) 775
Chronic kidney disease, n (%) 6 (25.0) 0 (0) .002
Migraine, n (%) 3 (12.5) 0 (0) .059
Uremic encephalopathy, n (%) 3 (12.5) 0 (0) .059
Minor stroke*, n (%) 2 (8.3 0 (0) 155
Hypercholesterolemia, n (%) 0 (0) 2 (5.5) >.99

Actual symptoms®

Hyposmia, n (%) 0 (0) 2 (5.5) .533
Dyspnea, n (%) 2 (8.3 6 (16.7) .755
Myalgia, n (%) 6 (25.0) 8 (22.2) .533
Dizziness, n (%) 8 (33.3) 2 (5.5) .004
Vertigo, n (%) 2 (8.3) 2 (5.5) 672
Headache, n (%) 4 (16.7) 2 (5.5) .187
Persistent cough, n (%) 6 (25.0) 6 (16.7) .505

Vaccination (Doses)°

2,n (%) 2 (8.3) 6 (16.7) 457
3, n (%) 10 (41.6) 20 (55.5) 429
4, n (%) 11 (45.8) 8 (22.2) .088
0, n (%) 1(4.2) 2 (5.5) >.99
Five times sit to stand test® 12.9 (2.9) 13.6 (5.2) 27
Grip strenght® 33.3 (12.5) 25.0 (8.7) .04
Tactile sensory assessment®
Normal, n (%) 24 (100.0) 36 (100.0) >.99
Abnormal, n (%) 0 (0) 0 (0)
Painful sensory assessment®
Normal, n (%) 24 (100.0) 36 (100.0) >.99
Abnormal, n (%) 0 (0) 0 (0)
Visual acuity®
Normal, n (%) 24 (100.0) 36 (100.0) >.99
Abnormal, n (%) 0 (0) 0 (0)

(Continued)



6 Journal of Central Nervous System Disease

Table 1. Continued.

VARIABLES HG (N = 24) NHG (N = 36) P VALUE
HINTS®
Head Impulse Test, n (%) 2 (8.3) 2 (5.5) >.99
Nystagmus
Right, n (%) 8 (33.3) 0 (0) <.01
Left, n (%) 2 (8.3) 2 (5.5) >.99
Skew deviation
Right, n (%) 0 (0) 0 (0) >.99
Left, n (%) 0 (0) 0 (0) >.99
Long COVID (weeks)? 14 (12-16) 13 (12-15) >.99
PCFS 2 (0-2) 3 (2-4) .003
Hospitalization days® 11.5 (4-16) 0 (0) <.001

PCFS, Post-COVID-19 functional status.

HG, hospitalized group; NHG, non-hospitalized group; HINTS, head impulse nystagmus test of skew; *Stroke in the posterior circulation.
Mann—-Whitney test

X2 test

°Fisher's exact test

Table 2. Regression Models to Identify Potential Confounders in the Analysis of Verticality in the Non-Hospitalized Group.

OUTCOMES INDEPENDENT VARIABLE B [Tl IC 95% P
(a) Absolute SVV Age® .054 .955 —.007 to .073 .098
Sex P .301 1.089 —5.206 to 1.858 .854
5xSTS® —.087 1.017 —.118 to .108 .928
Grip strength? —.024 1.473 —.063 to .075 .854
HINTSP —1.304 1.097 —.809 to 1.691 444
(b) True SVV Age? .015 .808 —.086 to .011 21
Sex ° 791 2.012 —4.161 to .236 .287
5xSTS? —.102 1.031 —.106 to .168 .636
Grip strength? —-.073 1.201 —.105 to .063 .595
HINTSP —1.033 1.121 —.419 to0 3.619 .369
(c) Absolute SHV Age® .034 .831 —.122 t0 .085 .705
Sex ° .841 2.164 —1.385 to .619 .661
5xSTS? —.204 1.344 —.4572t0 .129 .250
Grip strength?® —.1238 1.297 —.243 10 .116 460
HINTSP —1.966 1.855 —.587 to .791 .620
(d) True SHV Age® .009 .872 —.203 to .045 193
Sex P 491 1.089 —.042 to 1.427 .220
5xSTS? —.072 1.003 —.348 to .355 .983
Grip strength? —.296 1.244 —.004 to 427 .054
HINTSP -.797 541 —.200 to .687 363

Absolute SVV: Goodness of Fit R? = .58; and F change = 2.435.

True SVV: Goodness of Fit R® = .61; and F change = 2.747.

Absolute SHV: Goodness of Fit R? = .59; and F change = 2.202.

True SHV: Goodness of Fit R? = .64; and F change = 2.809.

*Persistent dizziness was not included in the model because it was linearly dependent on the HINTS.
#Multiple linear regression

Pmultiple logistic regression models.
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Table 3. Regression models to identify potential confounders in the analysis of verticality in the hospitalized group.

OUTCOMES INDEPENDENT VARIABLE B ITI Cl 95% [P

(a) Absolute SVV Age® .065 .908 —.010 to .141 .082
Sex P Nl 2.029 —.4533 to 4.720 448
Hospitalization days® .033 .871 —.0290 to .096 244
5xSTS? —-177 1.011 —.658 to .303 412
Grip strength® —.044 1.270 —.146 to .058 .345
HINTSP —1.754 1.521 —8.214 to —.108 194
DMP 1.534 .969 —.324 to 1.581 .332

(b) True SVV Age® .008 711 —.220 to .236 427
Sex P 490 1.597 —.383 t0 3.722 .549
Hospitalization days?® .057 .890 —.245 to .1307 494
5xSTS? —.002 .809 —1.442 to 1.446 522
Grip strength® -.035 1.156 —.273 10 .344 .399
HINTSP —1.086 .908 —6.301 to .138 319
DMP 1.163 713 —.244 to .649 A75

(c) Absolute SHV Age® -.010 .844 —.220 to .199 .909
Sex ° —.560 2139 —3.690 to .192 426
Hospitalization days® .043 .755 —.216 t0 .128 .566
5xSTS? —.623 1.304 —.702 to 1.950 .909
Grip strength® —.115 1.232 —.167 to .399 .303
HINTSP 2.106 .898 .250 to 7.601 124
DMP .783 1.089 —.324 to 1.581 .332

(d) True SHV Age® .030 .965 —.179 to .241 T4
Sex P 400 2.078 —.04291 to 1.427 315
Hospitalization days?® .025 799 —.199 to .147 .734
5xSTS? —1.085 1.390 —2.414 to .245 .095
Grip strength® —.2654 1.200 —.549 to .019 .063
HINTS® -.3218 .909 -1.379 to .153 315
DMP 1.137 .782 —.186 to .494 433

Absolute SVV: Goodness of Fit R? = .71; and F change = 3.021.
True SVV: Goodness of Fit R? = .69; and F change = 2.922.
Absolute SHV: Goodness of Fit R? = .52; and F change = 2.073.
True SHV: Goodness of Fit R? = .66; and F change = 2.833.

*Persistent dizziness was not included in the model because it was linearly dependent on the HINTS.
**Chronic kidney disease was not included in the model because it was linearly dependent on diabetes mellitus (DM).

AMultiple linear regression model
Pmultiple logistic regression model (odds ratios).

graviceptive information perception due to the reduced activity
of somatosensory cortical areas.

It can also be inferred that changes in verticality observed in
this study may have been caused by changes in the peripheral
nervous system. Several authors have identified that changes in
balance and symptoms of dizziness in individuals with

COVID-19 can occur through a change in the function of the

vestibular system innervated by the vestibulocochlear nerve,
which is more susceptible to hypoxia-mediated vascular is-
chemia in this region, causing alterations in balance,2>37:48-50
which may affect their verticality. These alterations may be
physiological substrates for alterations in individuals’ percep-
tions of verticality, as primary alterations in balance can lead to

abnormal sensory judgments in the visual and proprioceptive
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Figure 1. Absolute and true SVV in hospitalized and non-hospitalized
patients with long COVID. Abbreviations: COVID, coronavirus disease 2019;
NH, Non-hospitalized; H, hospitalized; SVV, subjective visual vertical.
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Figure 2. Absolute and True SHV in hospitalized and non-hospitalized
patients with long COVID. Abbreviations: COVID, coronavirus disease 2019;
NH, Non-hospitalized; H, hospitalized; SHV, subjective haptic vertical.

systems in the long term. However, the absolute SHV devia-
tions were similar between the groups. The absolute measures of
verticality indicated a deviation from the center; however, the
magnitude of this deviation was observed in the true measures,
which were considered negative and positive deviations. Because
hospitalized patients presented deviations with high variability,
true verticality values can be used in clinical practice, as they
provide accurate information on performance in each test.

In our regression model, no potential confounders were
identified between clinical variables and verticality in either
group. Sociodemographic factors such as age and sex did not
influence the perception of verticality in our study. The patients
included in our study were young adults; Silva et al. (2022)°*
recently showed that adults, independent of sex, had better
verticality perceptions and precision in visual and proprioceptive
verticalities than children and older adults. It was also observed
that strength did not influence the perception of verticality,
reinforcing the idea of its involvement in sensory palthways.lé’22
Although HINTS did not influence the perception of verticality
in the regression model, nystagmus was present in 41.7% of
hospitalized patients, and 8 patients (33.3%) had nystagmus
with normal HIT. According to the HINTS battery, nystagmus
combined with a normal HIT suggests the presence of a central
structural lesion.*** According to hospital records and mag-
netic resonance imaging, of the 8 patients with a suspected
central lesion, 3 had uremic encephalopathy, 3 had a history of
migraine, and 2 had a minor stroke in the territory of the
posterior circulation. Acute vertigo was observed in 2 patients
with nystagmus and abnormal HIT, and 8 patients with nys-
tagmus and normal HIT had persistent symptoms of dizziness.
Viola et al. (2020)°? showed that 18.4% of individuals had
balance disorders after COVID-19, 94.1% reported dizziness,
and 5.9% reported acute vertigo attacks. Pazdro-Zastawny et al.
(2022)°* observed that patients diagnosed with COVID-19

were more likely to suffer from vertigo/dizziness and to recover

SVvV
0
- 30 + 30
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H

SHV
0
-30 +30
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H

Figure 3. True SVV and SHV (minimum and maximum values) of hospitalized and non-hospitalized patients with long COVID. Abbreviations: COVID, coronavirus
disease 2019; NH, Non-hospitalized (dark gray); H, hospitalized (light gray); SVV, subjective visual vertical; SHV, subjective haptic vertical.
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more slowly. Finally, chronic conditions such as diabetes
mellitus had a higher incidence in the hospitalized group.
Patients with diabetes and poor postural control could have
alterations in the vestibular-visual interaction,”* however our
findings did not show an influence on verticality tests.

SVV deviation was associated with COVID-19 severity
(for both hospitalized and non-hospitalized individuals);
however, the regression model showed no association with
hospitalization duration (longer hospitalization resulted in
greater SVV deviation). In our sample, we included patients
with moderate impairment (PFCS 2-3) who had hospital stays
similar to those with severe impairment (PFCS 4). In addition,
we did not assess the quality of hospital care (amount of
mobility training, number of times the patient left the bed with
a nurse or other health professional, dose of rehabilitation, or
medications administered). These confounding variables may
have positively interfered so that patients, even those with a
longer hospital stay, did not experience worsening of the
perception of verticality.

Limitations and Directions for Further Research

This study has certain limitations. First, the small sample size
may have limited the power of our results. Second, visual or
vestibular alterations were not evaluated using objective tests,
such as fundoscopy, campimetry, videonystagmography, or
objective analysis of postural control. Furthermore, almost 30%
of the individuals had chronic diseases (ie, diabetes mellitus and
chronic kidney disease). Although the statistical model did not
show an association between diabetes mellitus and verticality,
these results should be considered in future studies with more
representative samples. It is necessary to replicate this study with
a larger sample encompassing more age groups, including older
individuals, children, and adolescents. Furthermore, the par-
ticipants were followed up only once; however, the results
suggest the need for a follow-up study to investigate the long-
term effects of COVID-19 on verticality perception.
However, the findings of the present study may provide
important information regarding the aspects inherent in postural
control that can be modified by systemic SARS-CoV-2 infection.
Moreover, these findings may support the functional status of
patients with long COVID and provoke interest in conducting
future research on this topic in specific populations. Changes in
visual and haptic vertical perception in individuals with long
COVID can indicate a deterioration in postural control.
Therefore, individuals with post-COVID-19, complaining of
imbalance, should be systematically evaluated to determine the
best therapeutic strategy to alleviate the postural problems.

Conclusions

This study observed a worsening of visual and haptic verticality
perception in hospitalized individuals with post-COVID
condition compared with those who were not hospitalized.

Our results demonstrate the importance of verticality evaluation
in patients with post-COVID condition, mainly to trace visual
or haptic postural control alignment strategies to improve
verticality perception, minimize the risk of falls, and help
prevent adverse health-related effects. Further research should
consider more age groups with long-term follow-up.
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