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Abstract

Background: Vestibular dysfunction is common among children with hearing loss and may be
associated with multiple aspects of cognitive development, including attention, memory, and
executive function. While the physical consequences of vestibular impairment—particularly in
relation to balance—have been widely investigated, its cognitive dimensions remain relatively
underexplored.

Objective: This systematic review aimed to examine and synthesize existing evidence on the
association between vestibular dysfunction and cognitive outcomes—specifically Jattention,
memory, executive function, and self-concept—in children and adolescents aged 0-18 years with
hearing loss. An additional objective was to identify research gaps and provide direction for future
studies in this field.

Methods: This review was conducted in accordance with PRISMA guidelines. A systematic
search was performed in PubMed, ScienceDirect, Scopus, and Web-of Science for articles
published up to January 2026, using relevant MeSH terms-and keywords. A total of 412 studies
were initially identified. After removing duplicates and applying inclusion criteria, 6 studies were
selected for critical appraisal. The included studies investigated cognitive outcomes in children
and adolescents with hearing loss and coexisting vestibular dysfunction. Data extraction and
methodological quality assessment were carried out.using Joanna Briggs Institute (JBI) tools.

Results: Among the six included studies, two reported an association between vestibular
dysfunction and reduced working memary performance, whereas one study found no such
relationship in children with hearing loss..Executive function (one study), self-concept (one study),
as well as spatial skills and spatial memory (one study), were not found to be significantly affected
by vestibular deficits. None of the studies directly assessed different domains of attention,
highlighting a clear gap for future-research. However, one study reported reduced visual acuity,
which may reflect impairments in aspects of visual attention.

Conclusion: Current evidence tentatively suggests that vestibular dysfunction in children with
hearing loss may relate to select cognitive outcomes, particularly visual attention, spatial memory,
working memory, and executive function. Nevertheless, the limited number of available studies
precludes meta-analysis and warrants cautious interpretation. To clarify these associations, future
research-should employ standardized designs, larger sample sizes, and account for variables such
as degree of hearing loss, severity of vestibular impairment, and history of rehabilitation services.
Early identification of cognitive difficulties in this population holds promise for improving
developmental, cognitive, and academic trajectories.

Keywords: Vestibular dysfunction; Cognition; Hearing loss; Children



1. Introduction

The vestibular system plays a fundamental role not only in maintaining postural balance and
stabilizing gaze but also in contributing to various cognitive processes (1-3). Cognitive
impairments associated with vestibular dysfunction encompass a broad range of domains. In the
realm of spatial cognitive skills, functions such as spatial memory, navigation, and mental rotation
are affected (4-6), while in the non-spatial domain, abilities including non-spatial memory,
processing speed, executive functions, and bodily self-awareness are influenced (7, 8).

These effects may be attributed to the extensive neural connections between vestibular pathways
and cognition-related brain regions, including the cerebellum (particularly the flocculonodular
lobe), the hippocampus, the limbic system, as well as other areas such as the premotor frontal
cortex, visual cortex, temporoparietal junction (TPJ), and the cingulate gyrus, all of which
demonstrate activity associated with vestibular inputs (9, 10).

Furthermore, the vestibular and auditory systems are anatomically ‘adjacent and interact through
shared neural pathways and structures; consequently, impairment in one system may adversely
affect the functioning of the other (11).

Substantial evidence indicates a high prevalence of vestibular disorders among children with
hearing loss (12). For instance, approximately 70% of children with sensorineural hearing loss and
between 30% and 74% of those with profound hearing loss exhibit some degree of vestibular
dysfunction (13, 14). It is therefore not unexpected that cognitive difficulties may be present in the
population of hearing-impaired children who also suffer from vestibular deficits.

Despite the high prevalence of vestibular impairments in children with hearing loss, only a limited
number of studies have specifically addressed the cognitive consequences of vestibular
dysfunction in this population, and few have focused exclusively on pediatric cohorts. This scarcity
has led to a reliance on findings derived from adult populations, which are then generalized to
children. However, in children, the vestibular system continues to develop until approximately 15
years of age, and both auditory and vestibular experiences play a critical role in cognitive growth
and adaptive-development. Moreover, vestibular disorders in this age group are predominantly
congenital ‘or.acquired early in life, whereas in adults they are more frequently associated with
age-related factors. These differences in developmental trajectory, age of onset, and underlying
etiologies may give rise to distinct cognitive patterns, thereby underscoring the necessity of
investigating these outcomes separately in the pediatric population (15-20).

Nevertheless, the existing evidence in children remains limited and fragmented, and to date,
findings regarding the cognitive outcomes of vestibular deficits in hearing-impaired children have
not been systematically collected, integrated, or critically appraised. Consequently, a systematic
review that not only compiles the available evidence comprehensively but also examines the range
of reported outcomes and identifies factors contributing to heterogeneity among findings appears
essential for advancing our understanding of the cognitive sequelae of vestibular dysfunction in

6



this population, guiding future research, and informing the development of evidence-based
interventions. Accordingly, the aim of this systematic review is to synthesize and critically
evaluate the existing literature on cognitive disorders associated with vestibular impairment in
children with hearing loss.

2. Methods
2.1. Study Design

This systematic review was conducted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines, with the aim of
systematically gathering, critically appraising, and synthesizing the available evidence on the
relationship between vestibular disorders and cognitive outcomes in children with hearing loss.
Figure 1 illustrates the search and screening process, as well as the procedure for determining
eligible studies.

FIGURE 1
Flow chart of literature search and screening process
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2.2. Search Strategy

To identify relevant studies, a comprehensive search was performed across PubMed,
ScienceDirect, Scopus, and Web of Science (WOS) up to January 2026. Additionally, Google
Scholar was searched to cover grey literature, and the reference lists of selected articles were
manually reviewed to identify further studies. The search strategy was developed using a
combination of Medical Subject Headings (MeSH) terms and free-text keywords related to
vestibular function, cognition, hearing loss, and the pediatric population. Detailed search protocols
and strategies are provided in Appendix 1.

2.3. Eligibility Criteria

Studies were included in this review if they involved a pediatric population (children and
adolescents under 18 years of age) with hearing loss, and if vestibular function was assessed using
either clinical or instrumental methods (e.g., caloric testing or rotary chair testing). Both
observational and interventional study designs were considered, provided they included an
appropriate comparison group (e.g., peers with normal vestibular. function or typical development,
or pre-test/post-test designs). Outcomes of interest encompassed cognitive and emotional
dimensions, including spatial cognition, memory, attention, executive functions, and self-concept.
Only studies published in English with primary empirical data were included.

2.4. Study Selection Process

Following the import of all retrieved records into reference management software (End Note) and
the removal of duplicates, two. reviewers independently screened titles and abstracts.
Subsequently, the full texts of potentially ‘eligible articles were assessed. Disagreements were
resolved through discussion or by cansultation with a third reviewer. A number of studies that
addressed cognitive outcemes in_children with hearing loss but did not specifically link these
outcomes to vestibular deficits, as well as review articles (two cases), were excluded from the list.
Among the remaining records, several studies were further excluded because they had been
conducted in adult-populations and thus did not meet the target sample criteria. Ultimately, six
studies met the inclusion criteria and were incorporated into the final analysis.

2.5. Data Extraction

Two reviewers independently extracted the required data using a standardized form. The extracted
information included author details, sample size and characteristics, study objectives, methods of
vestibular and cognitive assessment, and key findings. Any discrepancies were resolved through
mutual consensus.

2.6. Quality Assessment

Methodological quality was evaluated using the Joanna Briggs Institute (JBI) critical appraisal
tools appropriate to each study design. These included checklists for analytical cross-sectional,



quasi-experimental, and case—control studies. Assessments were performed independently by two
reviewers, and disagreements were settled through consensus. The JBI scoring system assigned a
score of 1 for "yes" responses and 0 for "no™ responses; the total score was then multiplied by 100.
Studies scoring above 75% were considered to have low risk of bias and high methodological
quality, while scores between 50% and 74% indicated moderate risk of bias and moderate quality.
All six included studies were rated as being of moderate to high quality, and none fell into the low-
quality category.

3. Results

As depicted in Figure 1, the study selection process was conducted in a stepwise manner. A total
of six studies were ultimately included in this review (15, 21-25), with methodelogical quality
generally ranging from moderate to high. Two quasi-experimental studies, assessed using the
relevant JBI checklist (26), received scores of 6 out of 9 (66%) and 7 out of 9 (77%), respectively;
however, limitations such as small sample sizes, lack of randomization, short follow-up periods,
and inadequate control for confounding variables were noted. Among the three analytical cross-
sectional studies evaluated with the corresponding checklist (27), one.achieved a score of 6 out of
8 (75%), while the other two received scores of 7 out of 8.(87%) (15, 24); the main limitations in
these studies included insufficient adjustment for confounders, restricted cognitive and vestibular
assessments, and, in one case, reliance on self-reported data. One observational study with a case—
control approach scored 7 out of 10 (70%) according to the JBI checklist (28), with potential
concerns regarding selection bias and incomplete control of confounders. Nevertheless, none of
the reviewed studies were classified as low quality.

Table 1 — Quality Assessment of Final Included Studies Using JBI Tools

Author/Year Study Type Appraisal Tool Score Quality Study Limitations
Level
Janky Quasi- JBI Checklist for 6/9 Moderate Small sample size, lack of
2015 (21) experimental Quasi-Experimental randomization, limited
Studies (33) control of confounding
variables
Suarez Cross-sectional JBI Checklist for 6/8 Moderate Restricted cognitive
2019'(22) Cross-Sectional measures, insufficient
Studies adjustment for confounders
Janky 2022 Case—control JBI Checklist for 7/10  Moderate to Potential selection bias,
(23) Quasi-Experimental High incomplete  control  of
Studies confounding variables
van Hecke Cross-sectional JBI Checklist for 7/8 High Inability to infer causal
2023 (15) Cross-Sectional relationships due to cross-
Studies sectional design
Janky 2023 Cross-sectional JBI Checklist for 7/8 High Reliance on self-reported
(24) Cross-Sectional data from a self-concept
Studies questionnaire




Benjamin
2024 (25)

Quiasi-
experimental

JBI Checklist for
Quasi-Experimental

(interventional) ~ Studies

7/9

High

Lack of randomization, short
follow-up period

The findings were categorized into four domains. The first domain examined visual acuity as a
component of visual attention. Given that working memory is considered part of executive
function (29), findings related to both executive function and working memory were grouped
together in the second domain. The third domain encompassed findings pertaining to spatial skills,
such as spatial memory. The fourth domain addressed self-concept. Table 2 describes the
assessment tools used by the researchers and summarizes the results of the included studies.

Table 2 - Findings of eligible studies

Author(s) / Sample Cognitive Cognitive/ Findings

Year Assessment Tools Assessment Tools

Janky et al. CI = 11 SvD and DVA cVEMP, . oVEMP, Visual acuity and balance

[28], 2015 TH=15 gaze stabilization test ~ Vhit, rotary chair performance  decline  with

test vestibular impairment.
Suarez et al. Cl=17 WISC-V Vhit Visuospatial ~ skills do not
[29], 2019 (visuospatial subtests)  (videonystagmogra  diminish with vestibular
phy-based) impairment

Janky et al. CI=33 -AWMA VEMP - Working memory and

[30], 2022 (11 had -BRIEF -RCT executive function do not
concurrent -Flanker /' executive -Balance decline with vestibular
vestibular function test assessment impairment.
impairment) - AZBio sentence -Vhit - Executive function is more
TH =38 recognition test -BOT-2 influenced by hearing loss than

-Sloan chart visual by vestibular dysfunction
acuity

Janky et al. TH=38 -DVA test - Vhit Self-concept in

[31], 2023 ClI=33 (10 had Piers-Harris-2 RCT hearing-impaired children does
concurrent Self-Concept Scale BOT-2 not decrease in the presence of
vestibular ~clinical speech vestibular problems
impairment) perception tests
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Van Hecke TH= 60 NEPSY-II (memory TTA, RCT and Executive function and working

et al. [20], HI= 13 and executive caloric testing, Vhit memory are reduced in the
2023 VI=15 function  subtests), in all semicircular presence of vestibular

Beery Visual-Motor canal planes, impairment

Integration Test, c/oVEMP

Continuous

Performance  Test,

BRIEF, SCQ
Benjamin et TH=15 AWMA ENG, caloric  Vestibular impairment. is
al. [32], HI and testing, rotary chair associated with poorer working
2024 concurrentVi= test, Vhit, cVEMPs  memory in “hearing-impaired

10 children

Samples: Cl=Cochlear implant recipients, TH= Typical hearing , Hearing-impaired=HI, Vestibular-impaired=VI
.Tests: SVA =Static visual acuity, DVA= dynamic visual acuity, BOT-2 = Bruininks-Oseretsky Test of Motor
Proficiency; Vhit = video head impulse testing; RCT = rotary chair testing; VEMP. = vestibular-evoked myogenic
potentials; AWMA = Automated Working Memory Assessment; BRIEF = Behavier Rating Inventory of Executive
Function; TTA = tympanometry, tonal audiometry; ENG = electronystagmography; SCQ = Social Communication
Questionnaire; NEPSY Il = A Developmental NEuroPSYchological Assessment

3.1. Visual Acuity and Attention

The vestibular system contributes to gaze stabilization by regulating eye movements, thereby
enabling accurate perception of movement characteristics such as speed and distance. In this way,
it plays a key role in both visual acuity and attentional regulation. It is therefore unsurprising that
findings emphasize a reduction in_dynamic visual acuity (DVA) in the presence of vestibular
dysfunction (30-32).

Dynamic visual acuity refers to the individual's ability to maintain visual clarity during head
movement, a process primarily supported by the vestibulo-ocular reflex (VOR), which preserves
visual stability through rapid compensatory eye movements. Impairment of this reflex can result
in oscillopsia=—the illusory sensation of image movement during head motion—and blurred vision
(33, 34). Although current research has not directly investigated visual attention deficits arising
from reducedvisual acuity in children with hearing loss, evidence indicates that children with both
hearing-loss and concurrent vestibular impairment are likely to exhibit lower visual acuity (35).
Notably, among pediatric cochlear implant users, a significant association has been reported
between'vestibular dysfunction and decreased DV A, with greater severity of vestibular impairment
corresponding to more pronounced declines in visual acuity (17). Given that impaired visual acuity
can disrupt higher-order visual skills such as visual search and diminish visual attentional
performance (36), and is closely linked to academic achievement (37), such deficits may interfere
with essential processes like reading and text copying (38, 39), potentially affecting the educational
outcomes of children with hearing loss.
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3.2. Executive Functions and Working Memory

Executive functions refer to a set of higher-order cognitive abilities that guide goal-directed
behaviors, encompassing skills such as task initiation, response inhibition, cognitive flexibility,
and working memory (29). Evidence suggests that vestibular disorders, particularly when
accompanied by asymmetry in the vestibulo-ocular reflex, can significantly affect executive
functions in children (40). In a study by van Hecke et al. (2023), which aimed to disentangle the
origins of cognitive difficulties, three groups were compared: children with vestibular impairment,
children with hearing loss, and typically developing controls. The findings revealed that children
with vestibular deficits performed worse on response inhibition tasks and on the-Behavior Rating
Inventory of Executive Function (BRIEF) questionnaire than their peers with hearing loss,
suggesting that vestibular dysfunction exerts a stronger influence on executive functions than
hearing loss alone (15). Conversely, findings from another study indicated that among cochlear
implant users, auditory level was a more decisive factor in-the likelihood of executive function
impairment than vestibular function (30), a result consistent with studies conducted in adult
populations (36).

In general, children with hearing loss commonly exhibit weaknesses in verbal working memory,
attributable either to linguistic limitations or to increased cognitive load (41, 42). However, when
vestibular deficits co-occur with hearing loss, the findings have been inconsistent. In one study,
the BAVDS and BVDM tests were employed to assess verbal-auditory and visual-spatial working
memory. Results demonstrated that children and adolescents with hearing loss and concomitant
vestibular dysfunction performed worse than the control group on both visual-spatial and verbal—
auditory working memory components (15). In contrast, another study utilizing the Automated
Working Memory Assessment (AWMA), which includes subtests such as digit recall, counting
recall, block recall, spatial recall, and corresponding processing tasks, found no decline in working
memory or executive performance among children with hearing loss and vestibular impairment.
Nevertheless, on certain AWMA subtests, including digit recall and dot matrix tasks, this group
underperformed relative to their normal-hearing peers (25).
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3.3. Memory and Spatial Skills

The vestibular system plays a critical role in spatial information processing and memory, even in
the absence of active movement. Dysfunction in this system may lead to reduced visuospatial
abilities and short-term memory deficits, as vestibular signals are relayed to structures such as the
hippocampus and retrosplenial cortex, which are fundamental for spatial and episodic memory
(43-45).

Spatial memory is a cognitive process responsible for encoding information about thespatial
environment and orientation. It enables individuals to remember various locations as well as the
spatial relationships between objects, thereby allowing one to recall where an object is positioned
relative to another (46). In general, children who experience early vestibular impairment during
infancy and early childhood are likely to encounter difficulties in spatial memory (32, 38). One
study investigated spatial skills in the context of concurrent vestibular and auditory impairment in
children. Using the Wechsler Intelligence Scale for Children (WISC-V) to assess visual-spatial
(VS) skills, the researchers examined the relationship between these abilities and vestibular
function in adolescent cochlear implant users. The results indicated that visual-spatial skills were
not affected by vestibular function, and no significant association was observed between the two
(p = .68). Thus, it appears that spatial abilities in children and adolescents with cochlear implants
may not be severely compromised following vestibularsystem deficits (22).

3.4. Self-Concept

In addition to its roles in balance and cognition, the vestibular system also contributes to emotional
and mood-related aspects, largely' through-its involvement in spatial cognition, bodily self-
perception, body awareness, and the sensation of self-motion (47-49). In peripheral vestibular
disorders, the individual's mental representation of their own body—including its shape and size—
may undergo alterations. Such changes can disrupt the sense of bodily ownership and give rise to
experiences of self-alienation, unreality, and dissociation from the body (8).

This phenomenaon is thought to occur because information regarding body movement and position
is transmitted via the vestibular system to brain regions such as the temporoparietal junction (TPJ),
an area implicated in the formation of self-identity and bodily self-consciousness (45).

In this context, only one study has specifically examined self-concept. In that investigation, 33
children with cochlear implants were compared with 38 normal-hearing peers to explore the role
of vestibular dysfunction in balance and self-concept. Contrary to the researchers' initial
hypothesis, vestibular function did not exert a significant effect on self-concept in children with
cochlear implants. Statistical analyses revealed that only the ™auditory-linguistic" factor—
comprising speech perception scores and vocabulary range—emerged as a significant predictor of
self-concept in these children. In contrast, components related to the balance and vestibular system
did not play any predictive role in the assessment of self-concept. It thus appears that vestibular
impairment does not have a significant negative impact on the self-concept of children with
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cochlear implants, and that auditory-linguistic skills are a more decisive factor in predicting self-
concept (24).

4. Discussion

This systematic review examined six studies, all of which indicate that children with hearing loss
and concurrent vestibular deficits exhibit weaknesses across a range of cognitive functions—
particularly in tasks with high attentional demands, working memory, and spatial processing—
when compared to peers with hearing loss but no vestibular impairment or to children.with normal
hearing. However, the pattern of these deficits is not uniform, and the magnitude and nature of the
effects appear to depend on factors such as the age at onset of hearing loss, the type and duration
of rehabilitative interventions, and the specific characteristics of the cognitive tasks employed.

The sample sizes of children with hearing loss and concomitant vestibular impairment across the
included studies were limited, ranging from 11 to 33 participants—a factor that significantly
undermines statistical power and the generalizability of the findings.-This limitation largely stems
from the inherent difficulties in identifying vestibular problems in children. Unlike adults, children
are often unable to clearly articulate symptoms such as dizziness or imbalance, and they may lack
awareness of their own atypical experiences. This canresult in underdiagnosis and fewer referrals
for specialized assessment.

Furthermore, differential diagnosis of vestibular disorders in children is more complex, as their
nervous system, owing to high_rates of neuroplasticity, is often capable of effectively
compensating for deficits (50, 51). Thisrcompensatory capacity may attenuate symptoms and
reduce opportunities for clinical detection. In addition to these challenges, factors such as high
costs, technical complexity of testing procedures, and limited access to pediatric vestibular
assessment services further contribute to low referral rates and, consequently, small research
sample sizes.

An importantrissue.is that none of the six included studies considered rehabilitation history—such
as the type.and number of speech therapy or occupational therapy sessions, or the age at cochlear
implantation—as control variables. Given that self-concept and even executive functions are
strongly influenced by linguistic and communicative skills, this omission represents a significant
gap in the interpretation of findings and constitutes one of the most important obstacles to drawing
definitive conclusions.

The diversity in the types and scope of vestibular tests employed across studies complicates direct
comparisons between them. Across all six included studies, the video Head Impulse Test (Vhit)—
whether applied to the horizontal canal alone or to all semicircular canals—was used more
frequently than any other method. Following this, vestibular evoked myogenic potentials (VEMP)
and rotary chair testing were relatively commonly employed, whereas caloric testing,
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electronystagmography (ENG), and balance assessment tools such as the Bruininks-Oseretsky
Test of Motor Proficiency (BOT-2) were used less often. This pattern indicates that the included
studies primarily focused on semicircular canal function, with comparatively less attention given
to otolith function. This is noteworthy given that evidence suggests otolith dysfunction is more
prevalent in children with hearing loss, particularly among cochlear implant recipients (52-54).

For instance, the study by Janky et al. (23) found that, contrary to findings in adults, children with
cochlear implants and vestibular impairment did not exhibit working memory deficits. However,
this result may have been influenced by limitations in the assessment of vestibular status,
specifically the exclusive use of Vhit, which the authors acknowledged as a study .constraint.
Accordingly, the findings of that study should be interpreted with caution. Evidence indicates that
combined use of Vhit and caloric testing can enhance diagnostic accuracy in children with
sensorineural hearing loss (55).

Overall, reliance on a single test—particularly Vhit alone—may lead to misclassification of
vestibular status. For this reason, future studies are encouraged to employ a more comprehensive
battery of vestibular assessments that concurrently evaluates both semicircular canal and otolith
function. Such an approach would provide a more accurate picture of vestibular performance and
enable more confident interpretation of results.

The cognitive tests used to assess working memory.yielded divergent findings. The discrepancy
in results between the two studies concerning the impact on working memory is likely attributable
to differences in the cognitive instruments employed. In the study by van Hecke et al. (15), the
BAVDS and BVDM tasks were used, both-of which tap into active and more demanding working
memory processes—particularly requiring backward processing and the simultaneous engagement
of attention, memory, and response<inhibition. These tests may therefore be more sensitive to
vestibular dysfunction and demonstrate more pronounced group differences. In contrast, the
second study (25), although-employing a broader array of AWMA subtests, included many that
assess short-term memory or non-backward working memory, which may not impose the same
level of cognitive.and spatial load as backward tasks. Consequently, the effect of vestibular
impairment was not evident at the global level but emerged only in certain subtests, such as digit
recall and dot matrix tasks. Overall, it appears that vestibular dysfunction in children with hearing
loss is.more_likely to affect tasks that simultaneously assess visual—spatial and verbal working
memory.alongside active processing and high attentional demands, rather than exerting a uniform
influence across all working memory components.

This heterogeneity in findings across cognitive assessment tools underscores the need for future
research to employ a diverse range of cognitive instruments, thereby enabling more precise
differentiation of cognitive difficulties in this population based on the specific subcomponents of
cognitive function measured by each tool.
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5. Conclusion

The available evidence suggests that vestibular dysfunction may be associated with certain
cognitive and developmental outcomes in children with hearing loss. However, due to several
limitations—including potential publication bias resulting from a focus on published studies,
language restrictions (English only) that may have excluded relevant studies published in other
languages, the limited number of eligible studies, and the small sample sizes in most of the
included investigations, all of which may affect the generalizability and robustness of. the
findings—the certainty of this association remains low, owing to heterogeneity in the evidence
and methodological constraints.

This situation underscores the necessity of rigorously disentangling the effects of hearing loss from
those of vestibular impairment through the use of more standardized and comprehensive
assessment protocols. Careful control of key confounding variables—such,as duration of auditory
deprivation and history of educational and rehabilitative services, .given their influence on
cognitive performance—is also essential. Furthermore, larger samples-with adequate statistical
power are required to improve the generalizability of findings; this, in turn, calls for enhanced
screening and referral processes for vestibular disorders;in pediatric populations. Consequently,
future research should prioritize more robust study.designs and the generation of more coherent
evidence to enable a clearer elucidation of the clinical and rehabilitative implications of this
relationship. Early identification of concurrent hearing loss and vestibular impairment in children
is of critical importance for optimizing developmental, cognitive, and academic outcomes.
Addressing the aforementioned methodological limitations will strengthen the scientific evidence
base and guide more effective clinical interventions for this vulnerable population.
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