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Health Factors Associated With 
Development and Severity of Poststroke 
Dysphagia: An Epidemiological Investigation
Brittany N. Krekeler , PhD; Heidi J. P. Schieve, MA; Jane Khoury , PhD; Lili Ding, PhD; 
Mary Haverbusch , RN; Kathleen Alwell , RN; Opeolu Adeoye , MD, MS; Simona Ferioloi , MD;  
Jason Mackey , MD, MS; Daniel Woo , MD; Matthew Flaherty , MD; Felipe De Los Rios La Rosa , MD; 
Stacie Demel , DO, PhD; Michael Star, MD; Elisheva Coleman , MD; Kyle Walsh , MD; Sabreena Slavin, MD; 
Adam Jasne , MD; Eva Mistry , MD; Dawn Kleindorfer , MD; Brett Kissela , MD, MS

BACKGROUND: Dysphagia after stroke is common and can impact morbidity and death. The purpose of this population- based study 
was to determine specific epidemiological and health risk factors that impact development of dysphagia after acute stroke.

METHODS AND RESULTS: Ischemic and hemorrhagic stroke cases from 2010 and 2015 were identified via chart review from 
the GCNKSS (Greater Cincinnati Northern Kentucky Stroke Study), a representative sample of ≈1.3 million adults from south-
western Ohio and northern Kentucky. Dysphagia status was determined on the basis of clinical assessments and necessity 
for alternative access to nutrition via nasogastric or percutaneous endoscopic gastrostomy tube placement. Comparisons 
between patients with and without dysphagia were made to determine differences in baseline characteristics and premorbid 
conditions. Multivariable logistic regression determined factors associated with increased risk of dysphagia. Dysphagia status 
was ascertained from 4139 cases (1709 with dysphagia). Logistic regression showed that increased age, Black race, higher 
National Institutes of Health Stroke Scale score at admission, having a hemorrhagic stroke (versus infarct), and right hemi-
spheric stroke increased the risk of developing dysphagia after stroke. Factors associated with reduced risk included history 
of high cholesterol, lower prestroke modified Rankin Scale score, and white matter disease.

CONCLUSIONS: This study replicated previous findings of variables associated with dysphagia (older age, worse stroke, right- 
sided hemorrhagic lesions), whereas other variables identified were without clear biological rationale (eg, Black race, history 
of high cholesterol, and presence of white matter disease) and should be investigated in future studies to determine biological 
relevance and potential influence in stroke recovery.
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The development of swallowing impairments (dys-
phagia) has been shown to have an impact on 
hospitalization timeline and comorbidities associ-

ated with acute stroke recovery.1 Specifically, patients 
with dysphagia have poor nutrition and hydration,1 
both of which are critical for neural recovery after 
stroke.1,2 Dysphagia is also associated with higher risk 

of pneumonia, a serious and deadly complication of 
swallowing impairment.3–10

Prior investigations of dysphagia after ischemic or 
hemorrhagic stroke have focused primarily on char-
acterizing specific impairments in swallow physiology 
on the basis of lesion location and size11–13 or report-
ing on specific outcomes of these impairments in this 
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population.3,14 These investigations are highly rele-
vant for assessing and treating the disorder and un-
derstanding disposition of these patients. However, 
patient- specific factors related to increased risk of 
developing dysphagia after stroke and patient charac-
teristics linked to severity of dysphagia are not well un-
derstood. These patient- specific factors include both 
premorbid health conditions (eg, heart disease) and 
patient demographics (eg, sex, age, race), which in 
part derive social determinants of health (eg, economic 
stability and health literacy/education)15 and are known 
to impact health outcomes at multiple levels.16 Gaining 
an understanding of underlying conditions, biologi-
cal, and socioeconomic risk factors that may predis-
pose patients to developing swallowing disorders after 
stroke would provide opportunities for preventative 
care. To date, there have been no study populations 
large enough to address these gaps.

The goal of this work is to investigate incidence 
of dysphagia after stroke in a large retrospective, 
population- based data set to determine what patient- 
specific factors may influence dysphagia status or 

severity of impairment. These data will guide future 
investigations to better understand how and why cer-
tain individuals develop swallowing impairments after 
stroke and what can be done in acute clinical manage-
ment of stroke to help prevent development of swal-
lowing disorders.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request. Institutional review board approval was 
obtained; consent requirement was waived for the na-
ture of this retrospective chart review study.

The GCNKSS (Greater Cincinnati Northern Kentucky 
Stroke Study) has been previously described in de-
tail17–21; in brief, this is a population- based study using 
retrospective ascertainment of physician- adjudicated 
stroke cases in a sample of ≈1.3 million people 
across 5 counties in southwestern Ohio and northern 
Kentucky. All hospitalized adult (aged ≥18 years) cases 
of ischemic and hemorrhagic stroke from 2010 and 
2015 were identified using International Classification 
of Diseases, Ninth (ICD- 9) and Tenth Revision (ICD- 10) 
stroke codes (ICD- 9, 430–436; ICD- 10, I60- I69) at 15 
area hospitals.

Case Definition: Dysphagia Versus No 
Dysphagia
Dysphagia status was identified through electronic 
medical record (EMR) review by a study team of reg-
istered nurses. Individuals with documentation in the 
EMR of swallowing impairment were included in the 
dysphagia group. Given the known variability in swal-
lowing assessment practices both within and across 
institutions (eg, timing of initial screening, formal 
evaluation by a speech–language pathologist versus 
bedside screen by nursing staff),22,23 documenta-
tion of dysphagia varied depending on the case, the 
treating institution, and clinical practices at the time 
of stroke. Assessment of dysphagia status was also 
documented in the EMR. This could include a formal 
swallow assessment (bedside with or without  instru-
mental by a speech–language pathologist) or a nursing 
bedside screen. Only individuals who were determined 
not to have dysphagia after ≥1 of these assessments 
were included in the no- dysphagia group. Within the 
identified dysphagia group, individuals were compared 
on the basis of their need for access to alternative nu-
trition during the acute hospital stay. Individuals were 
categorized as 1 of the following (dysphagia by mouth 
subgroups): (1) dysphagia not requiring percutaneous 
endoscopic gastrostomy (PEG)/nasogastric tube (ie, 
dysphagia management required only a modified tex-
ture with or without modified liquids ), (2) dysphagia 

CLINICAL PERSPECTIVE

What Is New?
• Patients who are older, Black, or have a right- 

sided or hemorrhagic stroke are more likely to 
develop poststroke dysphagia.

• Presence of white matter disease and a his-
tory of high cholesterol were associated with a 
decreased risk of developing dysphagia after 
stroke.

What Are the Clinical Implications?
• Well- designed prospective trials are needed to 

investigate the biological rationale for the as-
sociation between dysphagia and Black race, 
as well as high cholesterol or presence of white 
matter disease being protective factors for de-
veloping poststroke dysphagia.

Nonstandard Abbreviations and Acronyms

EMR electronic medical record
GCNKSS Greater Cincinnati Northern Kentucky 

Stroke Study
mRS modified Rankin Scale
NIHSS National Institutes of Health Stroke 

Scale
WMD white matter disease
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requiring nasogastric tube, or (3) dysphagia requir-
ing PEG. Oral status was determined and confirmed 
through same chart review procedures previously de-
scribed. For cases in which dysphagia status changed 
(ie, progressed) throughout inpatient stay, the most in-
vasive intervention required was documented (ie, PEG 
was placed after nasogastric tube).

Patient Characteristics: Demographics, 
Clinical Presentation, Premorbid 
Conditions
Patients included in the analyses were further charac-
terized and compared (dysphagia versus no- dysphagia, 
and dysphagia by mouth subgroups). The following 
patient characteristics were available for analysis, ab-
stracted during the registered nurse chart review pro-
cess: (1) patient demographic and social determinants 
of health data: age, sex, race, ethnicity, and estimation 
of a neighborhood deprivation index score24; (2) clinical 
presentation at time of acute injury: National Institutes 
of Health Stroke Scale (NIHSS), prestroke modified 
Rankin Scale (mRS), and Glasgow Coma Scale scores; 
(3) stroke/lesion characteristics: type of case (ischemic/
hemorrhagic), lesion location (hemisphere), ischemic 
stroke subtype (small vessel, cardioembolic, large ves-
sel, other, or undetermined); (4) comorbidities (premorbid 
conditions): history of hypertension, diabetes, elevated 
cholesterol, coronary artery disease, myocardial infarc-
tion, congestive heart failure, prior stroke, prior transient 
ischemic attack, dementia, brain injury or tumor, history 
of smoking, current smoker (within the past 6 months), 
alcohol use, heavy alcohol use, and any white matter 
disease (WMD; new or old). All data regarding race and 
ethnicity categorization were abstracted directly from 
the EMR; as such, we are unable to definitively deter-
mine the source of the EMR reporting of race and eth-
nicity, whether it was self- identification or assigned by 
the admitting medical professional.

Statistical Analysis
Study variables were summarized using descriptive sta-
tistics (mean and SD or median and interquartile range 
or range for continuous variables, and frequencies and 
percentages for categorical variables) by study groups 
(dysphagia status: yes versus tested and no; dysphagia 
subgroups: dysphagia not requiring PEG/nasogastric 
tube versus dysphagia requiring nasogastric tube versus 
dysphagia requiring PEG; assessment: assessed versus 
not assessed). Distribution was examined for all continu-
ous variables. Associations between categorical variables 
and study groups were tested using either χ2 or Fisher’s 
exact test. Associations between continuous variables 
and study groups were tested using either 2- sample t- 
test, ANOVA, Wilcoxon rank- sum test, or Kruskal–Wallis 
test. Comparisons among the 3 dysphagia subgroups 

were adjusted for multiple comparisons using Bonferroni 
correction for categorical variables, NIHSS, and Glasgow 
Coma Scale and by applying Dunnett’s test, following 
ANOVA, for age and deprivation index. Multivariable lo-
gistic regression analysis was carried out for dysphagia 
status (yes versus assessed and no) and dichotomized 
dysphagia subgroups (dysphagia requiring PEG or na-
sogastric tube versus dysphagia not requiring PEG or 
nasogastric tube). P values ≤0.05 were declared as sta-
tistically significant. All analyses were carried out in SAS 
9.4 (SAS Institute, Cary, NC).

RESULTS
A total of 5592 (2010, N=2644; 2015, N=2948) 
physician- adjudicated and confirmed hospitalized 
strokes from 15 area hospitals in the Greater Cincinnati 
and northern Kentucky region were reviewed.

Dysphagia Status and Dysphagia 
Subgroup
Dysphagia status could be ascertained from only 4139 
cases, which made up the final sample for the analy-
ses (Figure  1). Of 4139 cases, 1709 were determined 
to have dysphagia. Of these cases, 944 did not require 
alternative access to nutrition (ie, PEG/nasogastric), 437 
required nasogastric, and 328 required PEG placement 
(Table  1). In comparing the subgroups by year, there 
were no differences between 2015 and 2010 in terms of 
proportion of individuals per dysphagia subgroup.

Patient Characteristics: Demographics 
and Clinical Presentation
Patients with dysphagia were significantly older (mean, 
72 years versus 67.2 years; P<0.0001); a larger propor-
tion were women (57% versus 52.2%; P=0.002), had 

Figure 1. Number of strokes included from the Greater 
Cincinnati Northern Kentucky Stroke Study in 2010 and 2015.
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higher median NIHSS scores (8 versus 2; P<0.0001), had 
lower median Glasgow Coma Scale scores (14 versus 
15; P<0.0001), had higher median prestroke mRS scores 
(2 versus 1; P<0.0001), and scored slightly higher on the 
mean deprivation index (P=0.01; Table 2).

Stroke lesion characteristics between dysphagia 
groups differed (Table 3): the dysphagia group had a larger 
proportion of hemorrhagic strokes as compared with 
those with the no- dysphagia group (16.5% versus 11.8%; 
P<0.0001); the dysphagia group had a greater propor-
tion of any right hemisphere stroke when compared with 
the no- dysphagia group (51.3% versus 45.8%; P=0.002); 
among ischemic stroke cases, the dysphagia group had 
a smaller proportion of small- vessel strokes (9.3% versus 
20.7%; P<0.0001), a greater proportion of cardioembolic 
strokes (38.5% versus 21.9%; P<0.0001), and a smaller 
proportion of strokes for which subtype could not be de-
termined (32% versus 38.2%; P=0.0008).

Patient Characteristics: Premorbid 
Conditions
A larger proportion of individuals in the dysphagia group 
as compared with the no- dysphagia group had a his-
tory of hypertension (84.5% versus 81%; P=0.004), a 
history of coronary artery disease (36.2% versus 32%; 
P=0.0005), history of congestive heart failure (23.5% 
versus 15.6%; P<0.0001), history of prior stroke (28.4% 
versus 25.6%; P=0.04), and history of dementia (16.7% 
versus 8.4%; P<0.0001; Table 4). There was a larger pro-
portion of individuals in the no- dysphagia group who 
had a history of transient ischemic attack (16.6% versus 
13%; P=0.002), who were current smokers (28.2% ver-
sus 23.8%; P=0.002), who reported alcohol use (at least 
1–2 drinks per day; 41.7% versus 34.7%, P<0.0001), and 
who had WMD (71.6% versus 68.5%; P=0.03).

Logistic Regression Model for Factors 
Related to Dysphagia Status
The variables that were considered for the logistic re-
gression can be found in Figure 2. Variables that were 
included in the final model included age (per year in-
crease), race (Black versus non- Black), baseline mRS 
score (0–1 [functional] versus 2–5), NIHSS (per point 
increase), hemorrhage versus infarct, lesion on the 
right side, high cholesterol, coronary artery disease, 

presence of WMD, deprivation index, and year of stroke 
(2015 versus 2010). The logistic regression model (re-
ceiver operating characteristic=0.78; Figure 2) for dys-
phagia status revealed an increased risk of developing 
dysphagia after stroke for older individuals (age/1 year 
odds ratio [OR], 1.022; P<0.0001), people of Black 
race (OR, 1.225; P=0.04), cases with higher NIHSS 
score (per point increase: OR, 1.133; P<0.001), cases 
with a hemorrhagic stroke versus an ischemic infarct 

Table 1. Dysphagia Subgroup Status by Year

Dysphagia subgroup (n=709)
Dysphagia not requiring PEG/
nasogastric tube (n=944)

Dysphagia requiring 
nasogastric tube (n=437)

Dysphagia requiring 
PEG (n=328)

Year, n (%)

2010 (n=782) 406 (51.9) 223 (28.5) 153 (19.6)

2015 (n=927) 538 (58.0) 214 (23.1) 175 (18.9)

P value (2010 vs 2015) 0.03 0.03 1.0

PEG indicates percutaneous endoscopic gastrostomy.

Table 2. Demographics and Clinical Presentation by 
Dysphagia Status

Dysphagia No dysphagia P value

No. 1709 2430

Age, y, mean±SD 72.0±14.7 67.2±14.8 <0.0001

Race, n (%)

White + other 1278 (74.8) 1877 (77.3) 0.06

Black 431 (25.2) 551 (22.7)

Unknown* 1 (0.06) 1 (0.04)

Ethnicity, n (%)

Hispanic 6 (0.4) 14 (0.6) 0.02

Non- Hispanic 1211 (70.9) 1804 (74.3)

Unknown 492 (28.8) 611 (25.2)

Sex, n (%)

Male 735 (43.0) 1161 (47.8) 0.002

Female 974 (57.0) 1268 (52.2)

Baseline NIHSS

Median (25th–75th 
percentile)

8 (3–16) 2 (1–5) <0.0001

Minimum–maximum 0–40 0–39

Glasgow Coma Scale

Median (25th–75th 
percentile)

14 (11–15) 15 (15–15) <0.0001

Minimum, maximum 3–15 3–15

Baseline mRS

Median (25th–75th 
percentile)

2 (0–3) 1 (0–3) <0.0001

Minimum, maximum 0–5 0–5

Baseline mRS score 0–1, 
n (%)

610 (35.8) 1280 (52.7) <0.0001

Deprivation index, 
mean±SD

0.38±0.13 0.37±0.13 0.01

*Unknown not included in statistical comparison.
mRS indicates modified Rankin Scale; and NIHSS, National Institutes of 

Health Stroke Scale.
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(OR, 1.472; P=0.0004), and having the stroke occur in 
the right hemisphere (OR, 1.269; P=0.0011). Factors 
showing decreased risk of dysphagia included hav-
ing lower baseline mRS scores of 0 to 1 (OR, 0.657; 
P<0.0001), having high cholesterol (OR, 0.84; P=0.02), 
having WMD (new or old; OR, 0.801; P=0.01), and hav-
ing been a case in 2015 (OR, 0.82; P=0.007).

DISCUSSION
In this large, population- based study we sought to 
characterize differences in patient factors underlying 
dysphagia status for individuals after stroke and to de-
termine which of these factors were associated with 
an increased risk of developing dysphagia following 
stroke.

Less than half of our final sample with positive dys-
phagia status required alternative access to nutrition via 
PEG or nasogastric tube (Table 1). We found a greater 
proportion of individuals with dysphagia compared with 
those with no dysphagia were older, were women, and 
had higher impairment scores upon stroke admission 
(ie, NIHSS, Glasgow Coma Scale) and prestroke mRS 
(Table 2). It has been well established that increased age 
results in age- related changes to swallow movements 

and timing25–29 that may predispose older individuals 
to developing swallowing impairments after stroke. 
Regarding our finding associating female sex with swal-
lowing impairments after stroke, a recent study showed 
that women had more severe outcomes after ischemic 
stroke as compared with men, which could result in 
worse swallowing outcomes after stroke.30 However, 
another study of 578 patients in Seoul, South Korea, 
found no relationship between swallowing outcomes 
after stroke and patient sex.31 These alternative find-
ings could be due to regional and cultural differences. 
Published evidence about influence of racial and ethnic 
background on stroke severity and outcome measures 
is mixed.32 However, some literature suggests an eth-
nicity–age interaction, which could not be examined in 
these data due to a small number of Hispanic individ-
uals in our study population, could be influential. Other 
evidence points to some impact of socioeconomic dis-
parities among specific ethnic groups could be a con-
tributing factor,33 which is also supported by our data. 
Our data also showed that deprivation index scores 
were slightly higher in the dysphagia group as com-
pared with the no- dysphagia group; however, these 
were not found to be influential in the logistic regression 
(Figure 2). These discrepancies in the literature regard-
ing the influence of sex and ethnicity in stroke- related 

Table 3. Lesion Characteristics by Dysphagia Status

Dysphagia No dysphagia P value

No. 1709 2430

Type of case, n (%) <0.0001*

Infarct 1426 (83.4) 2142 (88.1)

Hemorrhagic (ICH/SAH) 281 (16.5) 287 (11.8)

Unknown‡ 2 (0.1) 1 (0.03)

Lesion location(s), n (%) <0.0001*

Left hemisphere only 681 (39.8) 1017 (41.8)

Any left hemisphere 946 (55.4) 1292 (53.2) 0.64†

Right hemisphere only 610 (35.7) 854 (35.1)

Any right hemisphere 877 (51.3) 1113 (45.8) 0.002†

Brain stem only 4 (0.2) 7 (0.3)

Any brain stem 153 (9.0) 187 (7.7) 0.57†

Mixed hemispheric (left + right only) 171 (10.0) 165 (6.8)

Mixed (left and/or right + brain stem) 149 (8.7) 180 (7.4)

Unknown 94 (5.5) 207 (8.5)

Stroke subtype infarct only, n (%) <0.0001*

Small vessel 132 (9.3) 444 (20.7) <0.0001†

Cardioembolic 549 (38.5) 470 (21.9) <0.0001†

Large vessel 189 (13.3) 294 (13.7) 0.97†

Other identified 99 (7.0) 116 (5.4) 0.24†

Undetermined 456 (32.0) 818 (38.2) 0.0008†

ICH indicates intracerebral hemorrhage; and SAH, subarachnoid hemorrhage.
*Overall significance.
†After correcting for multiple testing.
‡Unknown not included in the analysis.
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outcomes, in general and specific to swallowing, high-
light that more work is needed to investigate biological 
drivers for these differences.

Interestingly, the model showed that individuals with 
strokes in the year 2015 were less likely to have dys-
phagia as compared with 2010. Although no formal 
data exist regarding specific practice patterns in dys-
phagia assessment and screening practices regionally 
or globally, available literature indicates an uptick in 
more bedside and instrumental evaluation of swallow-
ing disorders in the acute- stroke population between 
2010 and 2015.34,35 However, improved practices of 
identifying even mild dysphagia at the bedside would 
result in a larger dysphagia group, which would seem-
ingly influence this model to predict higher risk of dys-
phagia in 2015. Given this, we could hypothesize that 
these findings suggest that advances in acute- stroke 
care between 2010 and 2015 resulted in fewer severe 
strokes overall, with fewer individuals with resulting 
dysphagia in 2015 as compared with 2010.36,37 This 
idea is supported by the breakdown of dysphagia se-
verity categories across years showing that there was 
a greater proportion, overall, of individuals in 2015 as 
compared with 2010 who had dysphagia but did not 
require alternative access to nutrition (Table 1).

Lesion type differed between the dysphagia and 
no- dysphagia groups, with a greater proportion of 

hemorrhagic and right hemisphere strokes in the 
dysphagia group, which is supported by the litera-
ture.13,38,39 Similarly, our findings of more dyspha-
gia occurring with increasing stroke severity (NIHSS, 
Glasgow Coma Scale), initial prestroke status as 
measured by the mRS, hemorrhagic stroke, and right 
hemisphere lesions are also consistent with prior lit-
erature.13,39–44 There have been some other studies, 
with smaller samples,45–47 questioning the influence of 
laterality in development of dysphagia, but our findings 
provide more evidence toward hemispheric location of 
lesion being a potential risk factor for developing swal-
lowing impairments. Our findings for stroke subtype 
also demonstrated that there was a greater proportion 
of cardioembolic strokes in the dysphagia group with 
ischemic stroke. This could be related to the increased 
likelihood of cardioembolic infarcts resulting in hemor-
rhagic transformation,48 and, as noted, hemorrhagic 
strokes may be more likely to present with dysphagia.

Regarding premorbid factors and development of 
dysphagia, we found that a greater proportion of individ-
uals with a history of coronary artery disease, congestive 
heart failure, prior stroke, dementia, and hypertension in 
the dysphagia group as compared with the no- dysphagia 
group.49,50 Alcohol use, current cigarette smoking sta-
tus, high cholesterol, and prior transient ischemic attack 
were also significantly different between the groups, with 
a higher proportion of individuals in the no- dysphagia 
group. While prior studies do not directly study effects of 
alcohol consumption on development of dysphagia, al-
cohol use is known as risk factor for stroke.51,52 However, 
studies have also shown that moderate alcohol use may 
reduce the risk of ischemic stroke53 and that alcohol use 
does not affect stroke severity or outcomes after stroke.54 
These mixed results suggest that there may be a more 
complex relationship between alcohol consumption and 
stroke- related recovery, including swallowing, that has 
yet to be fully discovered.

Prior literature clearly demonstrates that individuals 
with cardiac conditions and dysphagia have a more 
difficult recovery and often poorer outcomes.55,56 
However, it is difficult to determine whether these car-
diac conditions made patients more susceptible to de-
veloping dysphagia after stroke simply because these 
individuals are more medically compromised or if there 
is a causal relationship between these conditions and 
swallowing impairments. In fact, our logistic regression 
results did not indicate increased risk of dysphagia de-
velopment for patients with a history of coronary artery 
disease after accounting for other potential risk factors 
(Table  4), which may indicate the former hypothesis 
being more explanatory of these findings.

Other factors that were predictive of developing dys-
phagia after stroke included increased age, Black race, 
higher NIHSS score at presentation, having a hemor-
rhagic stroke (versus infarct), and right hemispheric 

Table 4. Premorbid Conditions by Dysphagia Status

Dysphagia, 
n (%)

No dysphagia, 
n (%) P value

No. 1709 2430

History of hypertension 1444 (84.5) 1969 (81.0) 0.004

History of diabetes 611 (35.8) 870 (35.8) 0.97

History of elevated 
cholesterol

944 (55.2) 1405 (57.8) 0.10

Coronary heart disease 794 (46.5) 938 (38.6) <0.0001

History of coronary artery 
disease

618 (36.2) 777 (32.0) 0.005

History of myocardial 
infarction

255 (14.9) 341 (14.0) 0.42

History of congestive heart 
failure

401 (23.5) 379 (15.6) <0.0001

Prior stroke 486 (28.4) 621 (25.6) 0.04

Prior transient ischemic 
attack

223 (13.0) 404 (16.6) 0.002

History of dementia 286 (16.7) 204 (8.4) <0.0001

History of brain injury/
tumor

12 (0.7) 15 (0.6) 0.84

History of smoking 
(cigarettes)

949 (55.5) 1400 (57.6) 0.18

Current smoker 
(cigarettes)

407 (23.8) 686 (28.2) 0.002

Alcohol use 593 (34.7) 1013 (41.7) <0.0001

Heavy alcohol use 159 (9.3) 212 (8.7) 0.52

White matter disease (any) 1171 (68.5) 1739 (71.6) 0.03



J Am Heart Assoc. 2024;13:e033922. DOI: 10.1161/JAHA.123.033922 7

Krekeler et al Population Study of Poststroke Dysphagia

stroke. Factors associated with decreased risk in-
cluded patients having a history of high cholesterol, 
lower prestroke mRS, and any WMD detected on 
clinical imaging. Several findings were either surpris-
ing or are still unclear in their meaning. As discussed, 

literature on ethnic and racial disparities in stroke se-
verity and poststroke care shows very mixed evidence 
and appears to be influenced by regional location or 
size of study. Prior published data have indicated that 
Black individuals have more severe strokes acutely 

Figure 2. Logistic regression by dysphagia status.
mRS indicates Modified Rankin Score; and NIHSS, National Institutes of Health Stroke Scale.
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than White individuals.57 Current evidence provided in 
our study provides further emphasis of need for better 
understanding contributions of biological versus so-
cioeconomic disparity to stroke- related outcomes in 
Black patients versus patients of other races.58

The findings regarding hyperlipidemia and any ev-
idence of WMD on clinical stroke imaging being pro-
tective for risk of developing dysphagia after stroke 
were also unexpected. One hypothesis regarding the 
relationship between hyperlipidemia and lesser risk of 
dysphagia could be due to use of statin medications in 
this population. Literature supports the possibility that 
use of statins before stroke may reduce the severity 
of stroke.59 One study specifically looking at effects of 
statin therapy and development of poststroke pneu-
monia suggested that patients who were using statins 
before admission for stroke and were treated with 
thrombolysis during admission were less likely to de-
velop a pneumonia.60 This finding should be explored 
more specifically in future studies of poststroke dys-
phagia development, as this could be a potential pro-
tective treatment for individuals at risk of both stroke 
and dysphagia. In terms of any evidence of WMD being 
protective, this could be an incidental finding driven by 
interdependency among the many factors explored in 
this study. Given that we were unable to measure new 
WMD in these patients at the time of clinical imaging 
(ie, differentiate new WMD from existing WMD before 
acute admission), it is difficult to tease out the meaning 
of this particular finding. The design of future studies 
of WMD and dysphagia could potentially include a co-
hort of patients with repeat stroke with available prior 
clinical imaging in an attempt to better understand the 
relationship between existing and new WMD in post-
stroke dysphagia.

LIMITATIONS
The primary limitations of this study are due to the na-
ture of retrospective analysis of data collected as part 
of a large data set; therefore, several broad and more 
nuanced factors were not available for use in our data 
analysis for both epidemiological factors and patient 
medical history. Most notably, this included the type 
of medical professional completing dysphagia evalu-
ation or screening (eg, speech–language pathologist 
or nursing professional). Additionally, given that this is 
a multi- institutional study, practices in poststroke dys-
phagia screening and assessment may differ. However, 
to account for this variability we only included patients 
in the final analysis that had some sort of documented 
dysphagia testing or evaluation. Another limitation re-
lated to the retrospective nature of the data set is that 
we are unable to verify how patient demographic fac-
tors related to race and ethnicity were determined (ie, 

self- report versus determination by a medical profes-
sional). These factors may have impacted classifica-
tion of patients within certain groupings in our analysis. 
Further, the inability to differentiate new versus old 
WMD limits our ability to fully interpret the role of WMD 
in development of dysphagia after stroke.

CONCLUSIONS
This large, population- based study confirms several 
factors that have been frequently demonstrated in 
the literature to be associated with developing dys-
phagia after stroke, including older age, dementia sta-
tus, more severe stroke, and lesion type and location. 
However, other factors emerged that are not clear in 
their biological meaning or association, particularly 
findings related to certain races and ethnicities being 
significant factors for dysphagia development after 
stroke. These and other factors indicating a reduced 
risk (ie, hyperlipidemia and any presence of WMD) 
should be considered in future prospective work to 
better understand these relationships and how these 
conditions may affect acute stroke recovery in the set-
ting of dysphagia.
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