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Relationship Between Cognitive Function
and Dysphagia After Stroke
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Objective To investigate the characteristics of cognitive deficits in patients with post-stroke dysphagia, and to
analyze the relationships between cognitive dysfunction and severity of dysphagia in supratentorial stroke.
Methods A total of 55 patients with first-ever supratentorial lesion stroke were enrolled retrospectively, within
3 months of onset. We rated dysphagia from 0 (normal) to 4 (severe) using the dysphagia severity scale (DSS)
through clinical examinations and videofluoroscopic swallowing studies (VFSS). The subjects were classified
either as non-dysphagic (scale 0) or dysphagic (scale 1 to 4). We compared general characteristics, stroke severity
and the functional scores of the two groups. We then performed comprehensive cognitive function tests and
investigated the differences in cognitive performance between the two groups, and analyzed the correlation
between cognitive test scores, DSS, and parameters of oral and pharyngeal phase.

Results Fugl-Meyer motor assessment, the Berg Balance Scale, and the Korean version of the Modified Barthel
Index showed significant differences between the two groups. Cognitive test scores for the dysphagia group
were significantly lower than the non-dysphagia group. Significant correlations were shown between dysphagia
severity and certain cognitive subtest scores: visual span backward (p=0.039), trail making tests A (p=0.042) and B
(p=0.002), and Raven progressive matrices (p=0.002). The presence of dysphagia was also significantly correlated
with cognitive subtests, in particular for visual attention and executive attention (odds ratio [OR]=1.009; 95%
confidence interval [CI], 1.002-1.016; p=0.017). Parameters of premature loss were also significantly correlated
with the same subtests (OR=1.009; 95% CI, 1.002-1.016; p=0.017).

Conclusion Our results suggest that cognitive function is associated with the presence and severity of post-stroke
dysphagia. Above all, visual attention and executive functions may have meaningful influence on the oral phase of
swallowing in stroke patients with supratentorial lesions.
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INTRODUCTION

Dysphagia is a common symptom in stroke patients
with up to 50%-70% of all cases experiencing swallowing
problems in their acute stage [1]. Dysphagia can cause
deterioration in activities of daily living (ADL) and qual-
ity of life, resulting in malnutrition, dehydration, aspira-
tion pneumonia, and increased mortality [2]. Therefore,
it is important to assess the presence of dysphagia in the
initial stages of post-stroke rehabilitation.

Although dysphagia is a major source of disability in
stroke patients, its neurobiological basis is largely un-
known. It has been established that both cerebral cortical
infarctions as well as brain stem infarctions can cause
dysphagia, however, it is still controversial as to which
of the two hemispheres plays a more important role
in swallowing, and which injured hemisphere is more
likely to cause the specific patterns of dysphagia seen in
stroke patients [3-5]. Daniels et al. [6] proposed that the
left hemisphere is associated with the oral phase and the
right hemisphere with the pharyngeal phase. In addition,
it was also suggested that damage to a specific hemi-
sphere affects swallowing recovery [7]. Patients with right
hemispheric damage were more likely to have persistent
dysphagia than patients with left sided lesions [8]. On the
other hand, it appeared that subjects with left cerebral
infarction complicated by dysphagia, had greater risks
of aspiration pneumonia compared to groups with right
hemispheric lesions [9].

Several studies revealed that other stroke-related neu-
rological states, such as cognitive dysfunction and neglect
were associated with dysphagia [5,10,11]. However, most
of these studies investigated the relationships between
post-stroke dysphagia and cognitive deficits by using
simple cognitive screening tests, such as the Mini-Mental
State Examination (MMSE) [10]. Although MMSE is com-
monly used in clinical practices, it does not assess frontal
lobe functions and mainly evaluates left hemispheric
cognitive functions, including language, verbal memory
and calculation [12-14]. Therefore, more comprehensive
and domain specific cognitive tests are necessary to in-
vestigate the relationships between cognitive deficit and
post-stroke dysphagia.

This study has two main purposes (1) to analyze the
characteristics of cognitive deficits in patients with sub-
acute post-stroke dysphagia using detailed neuropsy-

chological profiles, (2) to investigate the relationships
between cognitive deficits and the severity of dysphasia.

MATERIALS AND METHODS

Participants

We retrospectively collected and analyzed data of in-
patients from the Department of Physical Medicine and
Rehabilitation, Korea University Anam Hospital from
January 2011 to February 2014. Patients were recruited
if they suffered a first-ever stroke of the supratentorial
area within 3 months of onset. Patients complaining of
dysphagia or showing signs of aspiration performed vid-
eofluoroscopic swallowing studies (VFSS). Subjects were
excluded if the stroke was not a first-ever episode or an
infratentorial lesion. Patients with other neurological
conditions, histories of diseases related to swallowing,
severe cognitive impairment (MMSE<9), or severe apha-
sia preventing thorough evaluation of neurocognitive
function were also excluded. A total of 55 subjects who
performed the VFSS and comprehensive cognitive func-
tion test were included in this study. The study protocol
was approved by the Institutional Review Board of the
Korea University Anam Hospital (No. ED13255).

Stroke characteristics

General characteristics including biographical and
neurologic data were collected via chart review. These in-
cluded the patient’s gender, age, education, type of stroke
(ischemic or hemorrhagic), brain lesion location (cortical
or subcortical), laterality (left, right, or bilateral), interval
between stroke onset and VFSS (number of days), and
the initial severity of the stroke recorded accordingly to
the Korean version of the National Institutes of Health
Stroke Scale (K-NIHSS). Functional data including the
Fugl-Meyer motor assessment (FMA), Berg Balance Scale
(BBS), and the Korean version of the Modified Barthel In-
dex (K-MBI) were also collected.

Assessment of swallowing function

During VFSS, fluoroscopy was performed as the pa-
tients in a seated position swallowed barium mixed with
orange juice, with yogurt, with thick gruel, and with
rice. Each food type was mixed with undiluted liquid
barium for bolus observation during fluoroscopy. In the
oral phase, premature bolus loss and oral transit time
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of the bolus were evaluated. In the pharyngeal phase,
laryngeal elevation, pharyngeal delay time until the swal-
lowing reflex appeared, pharyngeal transit time of the
bolus, aspiration or penetration of the respiratory tract,
and pharyngeal post-swallow residues were assessed.
Each individual observation was judged on the follow-
ing parameter cutoffs. Transit time in the oral phase was
considered normal if it was less than 1.25 seconds. Pha-
ryngeal delay time, the time until the swallowing reflex
appears, was considered normal if less than 0.4 seconds.
Normal pharyngeal transit time was considered to be less
than 1 second. Penetration was defined as the test mate-
rial entering the respiratory tract, but not passing into the
true vocal fold. If the material passed into the true vocal
fold, it was considered to be aspiration. After swallowing,
the presence or absence of the pharyngeal post-swallow
residue in the vallecular space or the pyriform sinus was
also evaluated.

Based on previous studies [15,16], we rated composite
scores of the dysphagia severity scale (DSS) based on
VESS findings and the clinical examination, where dys-
phagia was rated on a scale from 0 (normal) to 4 (severe),
depending on delay in the pharyngeal swallow, stasis,
and the presence of aspiration.

Comprehensive cognitive function test

For assessment of cognitive functions, the Korean ver-
sion of MMSE and the computerized neurocognitive test
(CNT; MaxMedica, Seoul, Korea) were performed on
every patient within 7 days of the swallowing tests. The
following 16 subtests for evaluation of attention, mem-
ory, and executive functions were included: digit span
test forward and backward, visual span test forward and
backward, visual and auditory continuous performance
test (CPT), trail making test, Wisconsin Card Sorting Test
(WCST), Rey Complex Figure Test and Recognition Trial
(RCFT), verbal learning test and Raven Colored Progres-
sive Matrices (RCPM).

Verbal attention and working memory were tested with
a digit span test, where the backward test is more specific
for working memory [17]. The visual span test tested for
visual attention and memory. Visual sustained attention
was tested with visual CPT, and auditory sustained atten-
tion with auditory CPT [18]. The trail making test was de-
scribed as a measure of visual attention and perception,
sequencing abilities, and executive functions [19]. The
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WCST, tested for executive functioning through set shift-
ing, where cards were sorted in accordance with one out
of three rules that the patient had to deduce [20]. RCFT
was used to test visuospatial constructional abilities and
visual memory [21]. The verbal learning test is a well-
established neuropsychological test for verbal learning
and memory [22]. Raven progressive matrices test visual
intelligence by showing a series of pictures on the screen
and requiring the patient to select the most appropriate
picture for a missing space in a series [17].

Subtests with simple instructions and the least verbal
commands were selected for the study. All subjects were
tested in a quiet room created specifically for evaluation.

We selected a single specific score in every subtest for
analysis. For the digital span test and visual span test, the
number of digits completed was taken. For auditory CPT
and visual CPT, the number of correct responses was se-
lected. For trail making tests A/B, the time taken to com-
plete the set was analyzed. For the WCST, the number of
categories completed by the patient was used. For RCFT,
the score for accurate reproduction and placement of
the 18 specific design elements was used. For the verbal
learning test, the number of list elements recalled was
analyzed. For Raven progressive matrices, the number of
correct responses was used.

Statistical analysis

SPSS ver. 20 (IBM, Armonk, NY, USA) software was used
for statistical analysis. We analyzed the differences in de-
mographic and clinical characteristics between the two
groups using a y” test and a Mann-Whitney test. Variables
indicating a significant difference in demographic and
clinical characteristics were regarded as confounding
variables and used to calculate correlation coefficients
for any correlation with degree of dysphagia and the pa-
rameters of swallowing phases. To investigate the differ-
ences in cognitive performance between the two groups,
we performed a Mann-Whitney test. To look for any
correlations between cognitive deficits and degrees of
dysphasia, Spearman partial correlation coefficients were
calculated between DSS and the subtest results of CNT.
Multivariate logistic regression analysis was performed
to assess relationships among stroke performance scores,
neuropsychological profiles, and the presence or ab-
sence of dysphagia. The relationships among parameters
of swallowing phases and the results of each cognitive
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subtest were also calculated using a multivariate logistic
regression analysis. A p-value of less than 0.05 was con-
sidered to be significant.

RESULTS

Among all 55 subjects, 32 cases were included in the
non-dysphagia group, and 23 cases were included in the
dysphagia group.

Differences between normal and dysphagia groups
Clinical characteristics of stroke
Clinical characteristics of participants are summarized
in Table 1. Biographical and neurological factors showed
no significant differences. Stroke type, lesion location,
and laterality showed no associations with the presence

of dysphagia. FMA, BBS, and K-MBI showed significantly
lower scores in the dysphagia group compared to the
non-dysphagia group, suggesting that the dysphagia
group had more severe functional impairments in motor,
balance, and ADL compared to the non-dysphagia group.

Results of cognitive function tests

Results of CNT are shown in Table 2. The non-dyspha-
gia group showed better performance than the dyspha-
gia group in all cognitive tests. The statistically signifi-
cant subtests were as follows: visual span test forward
(p=0.012) and backward (p=0.003); visual CPT (p=0.018);
the RCFT immediate recall (p=0.004); WCST (p=0.040);
and trail making test A (p=0.017). In addition, the scores
of RCPM (p=0.009) were significantly higher in the non-
dysphagia group. RCFT copy (p=0.050) and RCFT delayed

Table 1. Demographic and clinical characteristics of patient subgroups (n=55)

Characteristic Non-dysphagia (n=32) Dysphagia (n=23) p-value

Sex 0.911"

Male 19 14

Female 13 9
Age (yr) 57.75+14.424 58.48+12.277 0.746"
Education (yr) 9.91+4.589 9.13+5.587 0.806"
Stroke type 0.732%

Ischemic 18 14

Hemorrhagic 14 9
Location 0.338"

Cortical g 8

Subcortical 19 15
Laterality 0.594"

Left 14 7

Right 4 12

Bilateral 4 4
Interval between onset of stroke and VFSS (day) 44.44+53.658 42.61+46.925 0.932"
K-NIHSS 6.22+2.915 7.26+3.306 0.204"
K-MMSE 22.03+5.451 19.74+6.621 0.208"
Fugl-Meyer 56.13+31.434 37.61+31.985 0.024*"
BBS 27.59+18.684 14.09+16.332 0.002**)
K-MBI 56.38+23.194 40.78+24.110 0.022*"

Values are represented as number or mean+standard deviation.
VESS, videofluoroscopic swallowing study; K-NIHSS, Korean version of National Institutes of Health Stroke Scale; K-
MMSE, Korean version of Mini-Mental Status Examination; Fugl-Meyer, Fugl-Meyer motor assessment; BBS, Berg
Balance Scale; K-MBI, Korean version of Modified Barthel Index.

*p<0.05, **p<0.01 (difference between non-dysphagia group and dysphagia group).

“Mann-Whitney U-test, 'y *-test.
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Table 2. Comparison of cognitive battery mean scores of

the two subgroups (n=55)

Non- . Dysphagia
Subtest dysphagia p-value
(n=32) (n=23)

Digit span

Forward (8) 4.45 4.05 0.726

Backward (7) 2.45 2.05 0.355
Visual span

Forward (8) 3.75 2.78 0.012*

Backward (7) 3.09 1.78  0.003**
Auditory CPT (135) 89.63 69.00 0.13
Visual CPT (135) 104.75 86.48 0.018*
RCFT

Copy (36) 22.633 16.304 0.050

Immediate recall (36) 10.950 4.848  0.004**

Delayed recall (36) 8.933 4.652  0.055
Verbal learning

Al (15) 3.59 325  0.813

A5 (15) 7.03 5.95 0.374

Delayed (15) 4.10 3.10  0.486
Card sorting test (6) 3.17 1.38 0.040*
Trail making test A (s) 93.58 159.50 0.017*
Trail making test B (s) 143.50 265.00 0.314
Raven progressive 17.03 10.09 0.009**

matrices (36)

The numbers in parentheses are maximum score.

CPT, continuous performance test; RCFT, Rey Complex
Figure Test and Recognition Trial.

*p<0.05, **p<0.01 (between non-dysphagia group and
dysphagia group by Mann-Whitney test).

recall (p=0.055) scores exhibited a borderline significant
difference between the two groups.

Correlation between dysphagia severity and cognitive
tests

Correlation coefficients calculated between DSS and
cognitive subtests are shown in Table 3. Subtests show-
ing significant correlations with DSS were trail making
test A (p=0.042) trail making test B (p=0.002), and RCPM
(p=0.002) after adjusting by age, FMA, BBS, and K-MBI.
Other subtests failed to show significant correlations.

Factors associated with dysphagia and parameters of
oral and pharyngeal phase
We investigated clinical or neuropsychological factors
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Table 3. Correlation with scores of dysphagia severity

Correlation
Subtest coefficient p-value

Digit span

Forward (8) 0.163 0.307

Backward (7) -0.051 0.751
Visual span

Forward (8) -0.216 0.174

Backward (7) -0.324 0.039*
Auditory CPT (135) -0.201 0.207
Visual CPT (135) -0.240 0.131
RCFT

Copy (36) -0.260 0.101

Immediate recall (36) -0.349 0.025

Delayed recall (36) -0.161 0.313
Verbal learning

Al (15) -0.051 0.751

A5 (15) -0.153 0.339

Delayed (15) -0.212 0.183
Card sorting test (6) -0.215 0.178
Trail making test A (s) -0.319 0.042*
Trail making test B (s) -0.462 0.002**
Raven progressive matrices (36)  -0.471 0.002**

The numbers in parentheses are maximum score.

CPT, continuous performance test; RCFT, Rey Complex
Figure Test and Recognition Trial.

*p<0.05, **p<0.01 of Spearman partial correlation coef-
ficient adjusted by age, Fugl-Meyer motor assessment,
Berg Balance Scale, and the Korean version of the Modi-
fied Barthel Index.

determining the presence of dysphagia using a logistic
regression analysis. The results are summarized in Table
4. Univariate analysis indicated significant differences
for FMA, BBS, K-MBI, visual span test, both forward
and backward, auditory CPT, RCFT, WCST, and RCPM
(p<0.05). When a dependent variable was set as a binary
outcome by the presence of dysphagia, multivariate bi-
nary logistic regression analysis identified 2 independent
predictors: FMA (odds ratio [OR]=0.972; 95% confidence
interval [CI], 0.947-0.982; p=0.036), and trail making test
B (OR=1.006; 95% CI, 1.002-1.009; p=0.001). No signifi-
cant associations were observed for other variables. The
R’ of the model was 0.385.

Multivariate binary logistic regression analyses for pa-
rameters of oral and pharyngeal phase were also execut-
ed. Trail making test B (OR=1.009; 95% CI, 1.002-1.016;
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Table 4. Factors associated with the presence of dysphagia

Variable Unadjusted OR (95% CI) p-value® Adjusted OR (95% CI)  p-value®
Fugl-Meyer 0.982 (0.964-0.999) 0.041* 0.972 (0.947-0.998) 0.036*
BBS 0.957 (0.926-0.990) 0.011*

K-MBI 0.972 (0.949-0.996) 0.024*
Visual span

Forward (8) 0.592 (0.383-0.916) 0.019*

Backward (7) 0.531 (0.343-0.821) 0.004**
Auditory CPT (135) 0.980 (0.963-0.996) 0.018*
Trail making test B (s) 1.005 (1.002-1.008) 0.002** 1.006 (1.002-1.009) 0.001**
RCFT

Copy (36) 0.952 (0.908-0.997) 0.039*

Immediate recall (36) 0.883 (0.805-0.967) 0.007**

Delayed recall (36) 0.909 (0.830-0.995) 0.040*
Card sorting test (6) 0.701 (0.511-0.960) 0.027*
Raven progressive matrices (36) 0.916 (0.857-0.980) 0.011*

The numbers in parentheses are maximum score.

OR, odds ratio; CI, confidence interval; Fugl-Meyer, Fugl-Meyer motor assessment; BBS, Berg Balance Scale; K-MB]I,
Korean version of Modified Barthel Index; CPT, continuous performance test; RCFT, Rey Complex Figure Test and

Recognition Trial.
*p<0.05, **p<0.01.

“Unadjusted odds ratios by logistic regression analysis. “Adjusted odds ratios by multivariate logistic regression analy-
sis of variables which proved to have a significant relationship with dysphagia.

p=0.017) was the only significant risk factor for premature
loss. The R® of the model was 0.653. There were no sig-
nificant predictors for oral transit time, pharyngeal tran-
sit time, pharyngeal delay time, and post-swallow residue
proven by logistic regression.

DISCUSSION

The aim of this study was to investigate characteristics
of the post-stroke dysphagia group and to determine the
relationships between swallowing dysfunction and cogni-
tive functions in patients with supratentorial stroke. Our
results indicate that the dysphagia group showed signifi-
cantly lower scores in motor, balance, and ADL function
than the non-dysphagia group, coinciding with previous
studies [23,24]. Cognitive function tests revealed lower
performance in all measured subtests for the dysphagia
group compared to the non-dysphagia group. Dysphagia
severity was significantly correlated with the visual span
test, backward, the trail making tests A and B (each repre-
senting visual attention and executive function), and the
RCPM test, representing visuospatial intelligence. Param-

eters of oral phase, especially premature loss, were also
significantly correlated with cognitive subtests, notably
for visual attention and executive function. Overall, swal-
lowing ability was significantly correlated with subsets
of cognitive functions related to visual cues rather than
functions requiring auditory attention or verbal memory
function.

Recent neuroimaging studies have investigated the
brain regions associated with swallowing. Gonzale et al.
[25] proposed the basal ganglia, putamen, caudate, inter-
nal capsule and somatosensory related cortex area (pri-
mary somatosensory, motor, and motor supplementary
area) as possible candidates. Martin et al. [26] investigat-
ed the cerebral cortical region activated during automatic
and volitional swallowing. They found that the lateral
precentral gyrus, lateral postcentral gyrus, right insula,
superior temporal gyrus, middle and inferior frontal gyri,
and frontal operculum were activated during all swal-
lowing tasks. These findings and the study of swallowing
lateralization [6] suggest different contributions of left
and right hemispheres, but we could not find differ-
ences in swallowing function between patients with left
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and right hemispheric lesions in this study. According to
these findings, swallowing behavior is controlled not only
by the brainstem, but also by higher centers, including
the frontal cerebral cortex and subcortex [27]. Swallow-
ing sequences require more complex cascades including
cognitive processes and are not just reflexive [28].

There have been few studies that investigated the as-
sociation of dysphagia with cognitive impairment in pa-
tients after stroke. Earlier work for example revealed that
low MMSE scores and neglect were associated with dys-
phagia [10,11]. However, there are no studies specifically
addressing the relationship of components of cognitive
functioning assessed by comprehensive neuropsycholog-
ical profiles, and swallowing function after a stroke. Some
reports have described the association between cogni-
tive and swallowing functions, but these were performed
with healthy subjects or on patients with other brain
disorders. In healthy participants, disruptive stimuli
might alter feeding, but had little effect on oropharyngeal
swallowing [29]. A study in Parkinson’s disease patients
suggested that there are significant correlations between
frontal/executive or learning/memory functions and the
oral phase of swallowing, whereas the pharyngeal phase
showed weak correlations with frontal functions [30].
In Alzheimer’s disease (AD), dysphagia has also been
thought to be associated with cognitive impairment [31].
If cortical involvement and cognitive decline progressed,
swallowing problems could worsen in AD [31,32].

The oral phase of swallowing was reported to correlate
with attention and executive functions in AD patients
[31]. Our study also confirmed that visual attention and
frontal executive functions significantly correlated with
dysphagia severity in subacute stroke patients. Therefore,
we can assume that it is essential to evaluate swallow-
ing functions for stroke patients with deficits of attention
or executive functioning, to understand the underlying
mechanism of dysphagia and to set up proper dysphagia
rehabilitation programs.

This study has some limitations. First, the number of
subjects was not large enough to properly assess the as-
sociations of swallowing function with other clinical
data. A larger sample could have led to more significant
findings and revealed stronger relationships between
neuropsychological profiles and swallowing. Second,
only inpatients were recruited, so there may have been
a selection bias. Third, our study was retrospectively de-
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signed, and therefore, the results should be treated with
caution and interpreted carefully in aspects of causality.
Additionally, we did not evaluate brain anatomy in detail
using imaging techniques. Functional imaging studies or
tractography could provide valuable information about
the relationships between the two functions. Despite
these limitations, we found correlations between cogni-
tive functioning, especially visual attention and executive
functions, and swallowing performance in supratentorial
stroke patients. Therefore, this report represents a mean-
ingful pilot study for that cause. We can assume that it is
important to adequately evaluate swallowing functions
in stroke patients with cognitive impairments. Addition-
ally, cognitive rehabilitation, especially for attention and
frontal lobe function, could have positive impacts on
swallowing performance, notably for problems with the
oral phase. Further studies on the effect of cognitive re-
habilitation for recovery of swallowing functions may be
meaningful. A prospectively designed study with a larger
sample size including healthy controls is necessary to
investigate more clearly the relationships between cogni-
tive functions and swallowing. Serial follow-up measure-
ments for cognitive functioning and dysphagia recovery
will also provide further valuable information.

In conclusion, our study suggests that cognitive func-
tions might contribute to the severity of dysphagia in
stroke patients. Visual attention and executive function
may influence the oral phase of swallowing in patients
with supratentorial lesions. Therefore, detection and
treatment for coexisting cognitive impairment may be
helpful or even crucial for efficient dysphagia treatment
and successful rehabilitation.
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