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Abstract

Early detection and intervention for dysphagia is important in patients with congestive heart
failure (CHF). However, previous studies have focused on how many patients with dyspha-
gia develop CHF. Studies focusing on the comorbidity of dysphagia in patients with CHF are
rare. Additionally, risk factors for dysphagia in patients with CHF are unclear. Thus, the aim
of this study was to clarify risk factors for dysphagia in patients with acute exacerbation of
CHF. A total of 105 patients, who were admitted with acute exacerbation of CHF, were
enrolled. Clinical interviews, blood chemistry analysis, electrocardiography, echocardiogra-
phy, Mini-Mental State Examination (MMSE), exercise tolerance tests, phonatory function
tests, and evaluation of activities of daily living (ADL) and nutrition were conducted on
admission. After attending physicians permitted the drinking of water, swallowing screening
tests were performed. Patients were divided into a dysphagia group (DG) or a non-dyspha-
gia group (non-DG) based on Functional Oral Intake Scale level. Among the 105 patients,
38 had dysphagia. A greater number of patients had history of aspiration pneumonia and
dementia, and there was a higher age, N-terminal pro-B-type natriuretic peptide level in the
DG compared with the non-DG. MMSE scores, exercise tolerance, phonatory function, sta-
tus of ADL, nutrition, albumin, and transthyretin were lower in the DG compared with the
non-DG. In multivariate analysis, after adjusting for age and sex, MMSE, Bl score, and
transthyretin was independently associated with dysphagia. Comorbidity of dysphagia was
36.1% in patients with acute exacerbation of CHF, and cognitive dysfunction and malnutri-
tion may be an independent predictor of dysphagia.
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Introduction

Heart failure is a global public health problem. In the United States alone, the prevalence is 5.7
million, with 870,000 new cases diagnosed each year [1]. Similarly, in Japan, the increasing
number of patients with heart failure is concerning. Indeed, the number of Japanese outpa-
tients with left ventricular dysfunction was 979,000 in 2005 [2]. It is projected that the inci-
dence of left ventricular dysfunction will first rapidly and then gradually increase to a peak of
1.32 million patients by 2035, with a rapid acceleration occurring by 2020 [2]. Accordingly,
congestive heart failure (CHF) patients having various comorbidity and medical history has
been increasing. In particular, a various comorbidity occurs in patients with acute exacerba-
tion of CHF various comorbidity and one is a dysphagia.

Little is known about relationship between CHF and dysphagia, however, some investiga-
tion results has been reported. Respiratory diseases, chronic obstructive pulmonary disease,
and xerostomia, were indicated as risk factors for oropharyngeal dysphagia [3]. Another retro-
spective study reported a high incidence of risk for oropharyngeal dysphagia in hospitalized
patients, and hospitalized patients with CHF. Moreover, dysphagia increases length of hospital
stay 1.8 times in patients with CHF [4]. Moreover, Zhu, et al. have shown that high blood pres-
sure and heart failure are important risk factors for hospital-acquired pneumonia in cardiovas-
cular inpatients, and that contracting hospital-acquired pneumonia significantly increases
morbidity, mortality, hospitalization stays, and total medical costs [5]. It is suspected that CHF
is strongly related to dysphagia.

Dysphagia is a risk factor for malnutrition and incidence of lower respiratory tract infection
in the independently-living elderly population [6]. In addition, a recent investigation demon-
strated that dysphagia was related to sarcopenia or the causes of sarcopenia in hospitalized
elderly patients without a history of treatment for stroke, and without diagnosis of neurode-
generative disease [7]. CHF patients with cardiac cachexia, caused by malnutrition, have mor-
tality 2-3 times higher compared with non-cachectic CHF patients [8]. Therefore, dysphagia
may affect prognosis in patients with CHF through malnutrition, sarcopenia, and cardiac
cachexia, as well as aspiration pneumonia.

However, previous studies have focused on how many patients with dysphagia develop
CHE. Prospective studies focusing on the comorbidity of dysphagia in patients with CHF are
rare. Therefore, ratio of comorbidity of dysphagia and risk factors for dysphagia in patients
with CHF are unclear. Since aspiration pneumonia and malnutrition may affect clinical condi-
tion and prognosis, early detection and intervention for dysphagia is important in patients
with acute exacerbation of CHF. Thus, the aim of the present study was to clarify the comor-
bidity of dysphagia and risk factors in patients with acute exacerbation of CHF.

Materials and Methods
Subjects and Study Design

In this study, 150 consecutive patients, who were admitted to the Department of Cardiology,
National Hospital Organization Sendai Medical Center, with acute exacerbation of CHF from
May 2015 to May 2016, were admitted. Patients, who were under 20 years of age and were
judged inappropriate for the present study, were excluded. Of the 150 patients admitted, 12
were judged inappropriate because of severe mental disease in five patients, agitation in four
patients, and severe depression in the remaining patient. A total of 33 patients did not give
consent to participate and were therefore excluded. Therefore, a total of 105 patients were
registered.
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Fig 1. Study design. Baseline characteristics of the patients was collected after registration. Swallowing screening tests
were performed after attending physicians permitted the drinking of water and dysphagia severity were evaluated.

doi:10.1371/journal.pone.0167326.9001

This study used a cross-sectional design, as shown in Fig 1. Information concerning base-
line characteristics of the patients was collected after registration. Swallowing screening tests
were performed after attending physicians permitted the drinking of water.

This study was approved by the Ethics Committee of Tohoku University Graduate School
of Medicine (Approval No. 2015-1-060), and the Ethics Committee of Sendai Medical Center
(Approval No. 27-1). All participating patients provided written informed consent.

Baseline Characteristics and Data Collection

Clinical information on admission, including age, sex, height, weight, body mass index (BMI),
medical history, complications of diabetes, hypertension, and dyslipidemia, medications using
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Table 1. Functional Oral Intake Scale [9].

Level 1 | Nothing by mouth.

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

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

Level 4 | Total oral diet of a single consistency.

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

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

Level 7 | Total oral diet with no restrictions.
doi:10.1371/journal.pone.0167326.t001

angiotensin converting enzyme inhibitor, angiotensin receptor blocker, statin, calcium antago-
nists, diuretics, beta-blocker, and digitalis, smoking history, and alcohol history, was obtained
from interviews with the patients or family members. Prehospital Functional Oral Intake Scale
(FOIS) [9] score was also obtained. The FOIS is a 7-point scale and measures the level of inde-
pendence of functional oral intake (Table 1). Levels 1-3 relate to varying degrees of non-oral
feeding, and levels 4-7 relate to varying degrees of oral feeding without non-oral supplementa-
tion. These latter scale levels consider both diet modifications and patient compensations [9].
Clinically significant dysphagia was defined as requirement for modification of an oral diet
(FOIS grades 1-5) [7, 10]. According to previous studies, dysphagia was defined as having a
FOIS level of 5 or less in the present study [7, 10].

Diagnosis of New York Heart Association (NYHA) functional class was determined by car-
diologists. Blood chemistry analysis, electrocardiography, and echocardiography were
performed.

Cognitive function was evaluated using the Mini-Mental State Examination (MMSE) [11].
Exercise tolerance was assessed using handgrip strength [12] and the Modified Specific Activ-
ity Scale (MSAS) [13], which is a modification of the Specific Activity Scale [14], to improve
sensitivity and specificity. Phonatory function was evaluated using Maximum Phonation Time
(MPT) data [15]. Activities of daily living (ADL) were evaluated using the Barthel Index (BI)
[16]. Prehospital BI and prehospital MSAS scores were also evaluated. Arm circumference
(AC), triceps skin fold (TSF), arm muscle circumference (AMC), arm muscle area (AMA)
[17], and controlling nutritional status (CONUT) [18] were evaluated as a measurement of
nutritional status. Anthropometric data were standardized according to age- and gender-strat-
ified Japanese anthropometric reference data and expressed as percent arm circumference
(%AC), percent TSF (%TSF), percent AMC (%AMC), and percent AMA (%AMA) [19].
CONUT, a nutritional assessment tool that assesses protein metabolism, lipid metabolism, and
immune function using three parameters (serum albumin, total cholesterol, and total lympho-
cyte count), was calculated [18].

Swallowing Screening Test

The Repetitive Saliva Swallowing Test (RSST) [20, 21] and the Water Swallowing Test (WST)
[22] were performed.

RSST, in which swallowing movements can be identified by inspection and palpation of the
prominentia laryngea, enables assessment of the potential to swallow saliva; it is performed by
counting the frequency of swallows over 30 seconds. When the number of dry swallowings
was less than three times during 30 seconds, swallowing function of the patient was estimated
as abnormal.

The WST was performed in the following procedures. Cold water (3 ml) was placed on
the floor of the mouth. The patient was then instructed to swallow. If the patient was unable
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to swallow, or experienced dyspnea, coughing, or wet-hoarse dysphonia after swallowing,
the test was finished and a score was judged (1 for inability to swallow, 2 for dyspnea, and 3
for cough or dysphonia). Otherwise, the patient was asked to perform two dry swallows. If
the patient was unable to perform either of the two dry swallows, a score of 4 was judged. If
the patient was both dry swallows, a score of 5 was judged. The entire procedure was
repeated twice more. Swallowing function of the patient was estimated as abnormal when
the score was less than 4.

Data and Statistical Analysis

Patients were divided into two groups: dysphagia group (DG) and non-dysphagia group (non-
DQG). All data are expressed as mean + standard deviation (SD) for continuous variables, and
counts and percentages for categorical variables. Comparisons between groups were made
using unpaired two tailed t tests for continuous variables and Chi-square tests for categorical
variables. Predictors of dysphagia were assessed using logistic regression analysis. A univariate
analysis was performed, and significant variables thought to be involved in comorbidity of dys-
phagia were entered into a multivariate model. In the logistic regression analysis, multicolli-
nearity was assessed using the variance inflation factor (VIF) [23]. VIF values exceeding 10 are
regarded as indicating serious multicollinearity [23].

Predictors were expressed as odds ratios (OR) with 95% confidence intervals (CI). All anal-
yses were performed using SPSS 21.0 for Windows (SPSS Inc. Chicago, IL). Statistical signifi-
cance was accepted at P<0.05.

Results
The Comorbidity of Dysphagia

Among the 105 patients, dysphagia was observed in 38 patients. The mean FOIS level in the
DG was significantly lower compared with the non-DG (3.3 £ 1.1 vs. 6.8 £ 0.4 P<0.001). The
DG also had significantly lower prehospital FOIS compared with the non-DG (6.2 + 0.9 vs.
6.8 £ 0.4 P<0.001). The number of patients receiving parenteral nutrition and enteral nutri-
tion was 23 (60.5%) in the DG.

Baseline Characteristics

Demographic characteristics is shown in Table 2. Age was significantly higher in the DG com-
pared with the non-DG. There were no significant difference in the sex, height, weight, and
BMI between the groups. In the DG, the number of patients with history of smoking abuse
was significantly lower compared with the non-DG. The number of patients who had a history
of aspiration pneumonia and dementia was significantly higher in the DG compared with the
non-DG. Furthermore, there were more denture-wearers in the DG compared with the non-
DG.

Table 3 shows the results of NYHA functional class, echocardiography, electrocardiogra-
phy, and blood chemistry analyses. NYHA functional class was significantly higher in the DG
compared with the non-DG. Furthermore, the DG had significantly higher N-terminal pro-
B-type natriuretic peptide (NT-proBNP), blood urea nitrogen (BUN), and C-reactive protein
(CRP) levels compared with the non-DG, and significantly lower hemoglobin, hematocrit,
total lymphocyte count (TLC), albumin, and transthyretin compared with the non-DG.
However, there was no significant difference in ejection fraction between the groups. In this
study, the patients diagnosed heart failure with preserved ejection fraction (EF250%) were
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Table 2. Demographic characteristics.

Age (years)

Sex (male/female)
Height (cm)

Weight (kg)

BMI (kg/m?)

Medical history
Angina pectoris
Myocardial infarction
Valvular disease
Cerebrovascular disease
Neuromuscular disease
Respiratory disease
Aspiration pneumonia
Cancer

Dementia

Mental illness
Complication
Diabetes
Hypertension
Dyslipidemia
Medication

ACEI

ARB

Statin

Calcium antagonists
Diuretics
Beta-blockers
Digitalis

Smoking

Alcohol

Use of dentures

DG(n =38) non-DG(n = 67)
82.7+8.8 75.9£10.8
18/20 37/30
154.0£10.5 157.1£9.7
53.8+13.7 57.9+13.3
22.5t4.5 23.414.4
14 (36.8) 33 (49.3)
10 (26.3) 17 (25.4)
13 (34.2) 20 (29.9)
11 (28.9) 21 (31.3)
2(5.3) 1(1.5)
4(10.5) 10 (14.9)
11 (28.9) 2(3.0)
12 (31.6) 12(17.9)
9(23.7) 2(3.0)
4(10.5) 7(10.4)
14 (36.8) 29 (43.3)
29 (76.3) 46 (68.7)
11 (28.9) 26 (38.8)
7 (18.4) 24 (35.8)
12 (31.6) 26 (38.8)
9(23.7) 16 (23.9)
15 (39.5) 25 (37.3)
33 (86.8) 61 (91.0)
7 (18.4) 24 (35.8)
3(7.9) 10 (14.9)
11(28.9) 37 (55.2)
14 (36.8) 35 (52.2)
31 (81.6) 40 (59.7)

Values are means + standard deviation or numbers of subjects per group (n) with percentages.

DG, Dysphagia Group; non-DG, non-Dysphagia Group; BMI, body Mass Index; ACEI, Angiotensin Converting Enzyme Inhibitor; ARB, Angiotensin

Receptor Blocker.

doi:10.1371/journal.pone.0167326.t002

P-value
0.001
0.439
0.130
0.141
0.361

0.219
0.915
0.644
0.798
0.296
0.524
<0.001
0.109
0.002
0.616

0.519
0.404
0.310

0.060
0.459
0.982
0.827
0.358
0.060
0.233
0.009
0.129
0.021

about 50% (21 patients in dysphagia group (55.3%) and 32 patients in non-dysphagia group

(47.8%))

Results of the cognitive function test, exercise tolerance tests, phonatory function test, and
evaluation of status of ADL and nutrition are shown in Table 4. There was no significant dif-
ference in the mean number of days for evaluation between the groups. MMSE scores were sig-

nificantly lower in the DG compared with the non-DG. The DG had significantly lower

handgrip strength, MSAS, and BI compared with the non-DG. The DG also had significantly
lower prehospital MSAS and prehospital BI compared with the non-DG. The DG had signifi-
cantly lower MPT compared with the non-DG. However, there were no significance difference

in the nutritional status between two groups.
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Table 3. Clinical and laboratory findings.

NYHA class (I/1I/111/1V)
Echocardiography
Ejection fraction (%)
LVDd/BSA (mm/m?)
LVDs/BSA (mm/m?)
Electrocardiography
Atrial fibrillation

Blood chemistry analysis
NT-proBNP (pg/mL)
Hemoglobin (g/dL)
Hematocrit (%)

TLC (/L)

BUN (g/dL)

Creatinine (g/dL)
Urinary acid (mg/dL)
eGFR (mL/min/1.73m?)
CRP (mg/dL)

Total Protein (g/dL)
Albumin (g/dL)
Transthyretin (mg/dL)
RBP (mg/dL)
Transferrin (mg/dL)
Total cholesterol (g/dL)
HDL cholesterol (g/dL)
LDL cholesterol (g/dL)
Triglyceride (g/dL)
HbA1c (%)

Values are means + standard deviation or numbers of subjects per group (n) with percentages.

DG(n = 38)
0/10/18/10

51.3+17.6
34.9+4.8
25.7+6.5

22 (57.9)

16,049.6+16,734.0

10.2+2.0
31.345.8
1,131.1+667.1
33.0+18.7
1.4+1.0
7.0£2.3
47.1£29.0
3.745.2
6.4+0.7
3.4+0.5
15.1+4.3
2.6+1.0
216.8+63.2
169.1+46.2
49.8+13.2
97.4+44.3
78.9+33.9
6.1+0.8

non-DG(n = 67)
6/19/37/5

47.3+17.8
34.0+6.0
25.8+7.0

36 (53.7)

7,156.449,751.0
11.9+2.4
36.1+6.8
1,404.1+£668.5
25.2+13.5
1.2+0.8
6.9+2.3
57.0+27.5
1.6+3.5
6.5+0.6
3.6+0.5
17.615.0
2.8+1.3
230.9+56.2
160.0+34.8
48.9+13.4
91.6+28.7
83.0+33.8
6.4+1.2

P-value
0.012

0.275
0.420
0.942

0.680

0.004
<0.016
<0.013

0.015

0.016

0.119

0.778

0.087

0.015

0.283

0.032

0.012

0.590

0.240

0.262

0.738

0.419

0.557

0.191

DG, Dysphagia Group; non-DG, non-Dysphagia Group; NYHA, New York Heart Association; BSA, Body Surface Area; LVDd, Left Ventricular end-diastolic
Diameter; LVDs, Left Ventricular end-systolic Diameter; NT-proBNP, N-Terminal pro-B-type Natriuretic Peptide; TLC, Total Lymphocyte Count; BUN, Blood
Urea Nitrogen; CRP, C-Reactive Protein; GFR, estimated Glomerular Filtration Rate; HDL, High Density lipoprotein; LDL, Low Density Lipoprotein; RBP,

Retinol Binding Protein.

doi:10.1371/journal.pone.0167326.t003

Swallowing Function

Table 5 presents the results of the swallowing screening tests. There were no significant differ-
ence in the mean number of days for evaluation and until patients were permitted the drinking
after hospitalization between the groups. However, the mean number of days until patients

was able to eat after hospitalization in the DG was significantly greater compared with the

non-DG. The number of patients who were positive for the RSST was significantly higher in
the DG compared with the non-DG. The DG had significantly lower WST scores compared
with the non-DG. No patients were using sedative or hypnotic medication during evaluations.

Predictors of Dysphagia

Results from logistic regression analysis of risk factors for dysphagia are shown in Table 6.

Analysis was performed adjusting for age and sex. Variables whose VIF values exceeded 10

PLOS ONE | DOI:10.1371/journal.pone.0167326 November 29, 2016
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Table 6. Predictors of dysphagia.

B
MMSE 0.144
Transthyretin 0.127
Bl 0.042

Table 4. Cognitive function, physical performance and nutritional status.

Performed evaluation (day)
MMSE (score)

Handgrip strength (kg)
Prehospital MSAS (METS)
MSAS (METSs)

MPT (second)

Prehospital Bl (score)

Bl (score)

%AC (%)

%TSF (%)

%AMA (%)

%AMC (%)

CONUT (score)

Values are means + standard deviation.

DG(n = 38)
3.142.1
18.3t5.4
14.9+6.8
2.841.1
1.8£0.4
8.1£3.7*

71.8+29.0

23.4+22.0
98.8+14.2
95.4+58.4

102.4422.1

100.4410.8
4.3£3.2

non-DG(n =67)

3.0+1.6
24.245.3
22.5+8.9
3.9+1.6
2.5+1.4
14.1£7.6
90.5£17.5
59.3+28.0
101.5+14.1
105.9+49.8
107.5+27.4
102.8+12.6
3.3+2.5

P-value
0.832
<0.001
<0.001
<0.001
<0.001
<0.001
0.001
<0.001
0.346
0.329
0.328
0.318
0.070

*Calculated only for those who performed MPT (n = 37 in the DG and n = 67 in the non-DG).

DG, Dysphagia Group; non-DG, non-Dysphagia Group; MMSE, Mini-Mental State Examination; MSAS,
Modified Specific Activity Scale; MPT, Maximum Phonation Time; Bl, Barthel Index; AC, Arm
Circumference; TSF, Triceps Skin Fold; AMA, Arm Muscle Area; AMC, Arm Muscle Circumference;

CONUT, Controlling Nutritional Status.

doi:10.1371/journal.pone.0167326.t004

Table 5. Swallowing screening tests.

Performed evaluation (day)
Drinking start (day)

Diet start (day)

RSST positive

WST (score)

DG(n = 38)
3.1£2.1
1.2¢0.4
3.0£3.1

25 (65.8)
3.240.7

non-DG(n =67)
2.91+1.6
1.3+0.9
1.5+1.0
10 (14.9)
4.4+0.9

P-value
0.622
0.530

<0.001
<0.001
<0.001

Values are means + standard deviation or numbers of subjects per group (n) with percentages.
DG, Dysphagia Group; non-DG, non-Dysphagia Group; RSST, Repetitive Saliva Swallowing Test; WST,

Water Swallowing Test.

doi:10.1371/journal.pone.0167326.t005

SE Wald
0.063 5.200
0.210 8.732
0.013 10.138

Analysis was performed adjusting for age and sex.
MMSE, Mini-Mental State Examination; Bl, Barthel Index; SE, Standard Error; OR, Odds Ratio; Cl, Confidence Interval.

doi:10.1371/journal.pone.0167326.t006

P-value
0.023
0.046
0.001

OR
1.155
1.136
1.043

95%ClI
1.020-1.306
1.002-1.287
1.016-1.070

PLOS ONE | DOI:10.1371/journal.pone.0167326 November 29, 2016
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were hemoglobin and hematocrit; therefore, hemoglobin and hematocrit were excluded from
the multivariate model, according to the bibliography [23]. Variables such as medical history
of aspiration pneumonia and dementia, use of dentures, NT-proBNP, TLC, BUN, CRP, albu-
min, transthyretin, MMSE, handgrip strength, prehospital MSAS and MSAS, MPT, and pre-
hospital BI and BI, were entered into a multivariate model. There were significance difference
in the MMSE (OR = 1.155, 95% CI: 1.020-1.306, P = 0.023), transthyretin (OR = 1.136, 95%
CI: 1.002-1.287, P = 0.046) and, BI (OR = 1.043, 95% CI: 1.016-1.070, P = 0.001) after adjust-
ing for age and sex.

Discussion

This prospective study showed the comorbidity of dysphagia in patients with acute exacerba-
tion of CHF. Dysphagia was observed in 36.1% of patients. Comorbidity of dysphagia was pre-
viously shown to be 50.4% with acute stroke [24], 81.1% with Parkinson’s disease [25], and
20.5% in COPD of acute exacerbation [26], which frequently causes dysphagia. The incidence
of comorbidity of dysphagia in patients with acute exacerbation of CHF was lower than acute
stroke patients, however, higher than patients with acute exacerbation of COPD. Moreover,
the incidence of comorbidity with dysphagia in patients with CHF in the present study is simi-
lar to comorbidity rates with metabolic syndrome and chronic kidney disease in patients with
CHEF (both approximately 40%) [27], but higher than other comorbidities in patients with
CHEF such as anemia (approximately 30%), stroke (approximately 20%), and cancer (approxi-
mately 10%) [27].

MMSE score was found to be an independent predictor of dysphagia in patients with acute
exacerbation of CHF after adjusting for age and sex. Prevalence of swallowing difficulties in
patients with dementia ranged from 13 to 57% in a previous meta-analysis [28]. In the previous
study, the alzheimer disease (AD) patients were impaired in “oral transit delay” with liquids,
whereas the vascular dementia (VaD) patients showed deficits in “bolus formation and masti-
cation” of semisolid food, “hyolaryngeal excursion
tion” [29]. Moreover, “delayed swallowing reflex” was observed both of patients [29]. Thus, the
previous study reported that the comorbidity of dysphagia is high in patients with dementia,
and the swallowing disorders of the AD may result from sensory impairment in relation to
dysfunctions in the temporoparietal areas, whereas the swallowing disorders of VaD may pri-
marily be caused by motor impairments due to disruptions in the corticobulbar tract [29].

According to another meta-analysis, the prevalence of dementia in individuals aged over 60
was 5-7% [30]. However, cognitive dysfunction was observed in 52.6% of patients with CHF
and cognitive function was associated with age and ejection fraction [31]. Chronic cerebral
hypoperfusion [32] and acceleration of cerebral aging [33], caused by cardiac dysfunction [32],
were factors involved in cognitive dysfunction in patients with CHF. Increased heart failure
severity, longer disease duration, and increased B-type natriuretic peptide levels are associated
with lower cerebral blood flow in patients with CHF [34]. Moreover, high levels of NT-
proBNP are associated with increased risk of dementia in the elderly [35]. Thus, NT-proBNP,
BNP, heart failure severity is risk factor of cognitive dysfunction in patients with CHF. Actu-
ally, in the present study, the DG had higher NT-proBNP levels and heart failure severity on
admission compared with the non-DG. Therefore, NT-proBNP level and heart failure severity
may be related to lower MMSE score in patients with dysphagia. All eight patients with a his-
tory of dementia were in the DG. However, 50% of patients had MMSE scores less than cut-off
values (<24 points; 88.9% in the DG vs. 25.6% in the non-DG). Thus, the number of patients
suspected of having cognitive dysfunction was higher in the DG compared with the non-DG,
after adjusting for age and sex.

»

, “epiglottic inversion”, and “silent aspira-
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Moreover, transthyretin and BI were also independent predictor of dysphagia in patients
with acute exacerbation of CHF. Albumin and transthyretin were significantly lower and
CONUT tended to be higher in the DG, compared with the non-DG. These results show that
the DG were malnutrition compared with the non-DG in admission. The DG might be malnu-
trition before admission, and it may have been caused by dysphagia and/or cardiac cachexia.
Previous study reported that malnutrition impairs respiratory muscles [36] and skeletal mus-
cles [37], and may cause swallowing muscle dysfunction [38, 39]. Additionally, it is shown that
muscle weakness is an independent predictor of pharyngeal dysfunction [40]. In this study, the
DG had significantly lower muscle strength and MWST score, and had significantly higher
ratio of RSST positive, compared with the non-DG. This results suggested that the DG had
pharyngeal dysfunction due to malnutrition and/or muscle strength. Furthermore, the DG
had significantly lower BI and MSAS, and had significantly lower prehospital Bl and MSAS,
compared with the non-DG. These results suggest that patients with dysphagia had lower ADL
and exercise tolerance before admission. Lower BI, malnutrition, and dysphagia were signifi-
cantly associated with the incidence of aspiration pneumonia [41], and patients with lower
ADL score had higher aspiration risk [42]. Therefore, it is necessary to be careful about draw-
ing conclusions concerning the comorbidity of dysphagia in patients with CHF who had cog-
nitive dysfunction, low levels of ADL, and malnutrition.

MPT was significantly lower in the DG compared with the non-DG. MPT is related to the
severity of respiratory impairment [43]. Thus, lower MPT in patients with dysphagia may
reflect respiratory muscle weakness due to malnutrition and/or generalized muscle weakness,
and respiratory disorder due to acute exacerbation of CHF.

Additionally, patients who had a history of aspiration pneumonia were significantly higher
in the DG; these patients may have had swallowing dysfunction before admission. Thus, it is
important that comorbidity of dysphagia is investigated in patients with a medical history of
aspiration pneumonia.

There are several limitations of the current study. First, the sample size was small. Second,
videofluoroscopic or videoendoscopic swallowing examinations were not performed. There-
fore, details concerning swallowing dysfunction remain unclear. Videofluoroscopic or
videoendoscopic swallowing examinations are important for diagnosis of dysphagia. How-
ever, these examinations are invasive evaluation methods and cannot always be performed
depending on conditions of patients, especially in acute-phase patients. In contrast, FOIS
measured the level of independence of functional oral intake is a noninvasive evaluation
method of dysphagia. Thus, FOIS is useful a useful method for evaluating dysphagia in acute-
phase patients with CHF. Third, prognosis in patients with dysphagia and the effect of reha-
bilitation remain unclear. Further studies, such as a multicenter trial, longitudinal study, and
intervention studies, are needed to clarify the relationship between dysphagia and CHF. Spe-
cifically, dysphagia caused by disuse syndrome due to heart failure severity and/or disease
duration may respond to cardiac rehabilitation to improve dysphagia, as well as exercise tol-
erance and ADL.

Conclusions

The present study revealed that comorbidity of dysphagia was high in patients with acute
exacerbation of CHF. Additionally, MMSE, high levels of transthyretin, and BI were indepen-
dent predictors of dysphagia. The results of the present study may aid early detection of
patients with dysphagia, and may contribute to prevention of aspiration pneumonia, shorten-
ing length hospitalization, and improvement of prognosis in patients with acute exacerbation
of CHF.
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