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Background: Oropharyngeal dysphagia (OD) and malnutrition are associated

with poor clinical outcomes after stroke. The present study evaluated (1)

malnutrition risk and OD-related characteristics in patients with chronic

post-stroke OD, and (2) the relationship between on the one hand OD severity

and on the other hand functional oral intake and dysphagia-specific quality

of life.

Methods: A cross-sectional study was conducted in a Dutch interdisciplinary

outpatient clinic for OD. The standardized examination protocol comprised:

clinical ear, nose, and throat examination, body mass index, the short

nutritional assessment questionnaire (SNAQ), a standardized fiberoptic

endoscopic evaluation of swallowing (FEES), the functional oral intake scale

(FOIS), and the MD Anderson dysphagia inventory (MDADI).

Results: Forty-two consecutive patients with chronic post-stroke OD were

included. Mean (±SD) age and BMI of the population were 69.1 (±8.7) years

and 26.8 (±4.1) kg/m2 respectively. Seventeen (40.4%) patients presented a

moderate to high risk of malnutrition (SNAQ score≥2). The FEES examination

showed moderate to severe OD in 28 (66.7%) patients. The severity of OD was

significantly related to the FOIS score but not to the MDADI scores.

Conclusion: In this specific sample of referred stroke patients, moderate to

severe OD and moderate to high risk of malnutrition were common. Despite

the use of clinical practice guidelines on stroke and a normal nutritional status

at first sight, repeated screening for malnutrition and monitoring the severity

andmanagement of OD remain important elements in the care of patients with

chronic post-stroke OD.
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malnutrition, dysphagia, chronic post-stroke, malnutrition screening, dysphagia
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Introduction

Stroke is ranked within the top ten of diseases that

increase the global burden of disease in adults (≥25 years)

(1). Current stroke treatments including reperfusion strategies

are effective (2, 3), increase the chance of survival, and

reduce the rate of disability after stroke (4–6). Yet, these

treatments do not guarantee full recovery after stroke and so

the demand for rehabilitation and long-term care rises given the

increasing number of stroke survivors. Common detrimental

clinical outcomes after stroke are functional and cognitive

impairment (7–9), disability (10), malnutrition (11–13), skeletal

muscle mass loss (14), oropharyngeal dysphagia (OD), altered

systemic immunity, and systemic illnesses such as aspiration

pneumonia (15–18).

The extent and pace at which stroke patients recover depend

on multiple factors, including nutritional status. Nutritional

deficiency is a significant contributing factor to impaired

functional outcome (19, 20), post-stroke complications,

cognitive impairment, and mortality (21–23). Malnutrition is

a multidimensional concept in stroke care as it can be both, a

cause and a consequence of cognitive- and functional problems

after stroke. Cognition and functionality of the swallowing

mechanism are conjointly important for the intake of nutrition.

Swallowing involves multiple muscles and nerves that rely

on the central nervous system for sensory feedback, motor

programming and execution, and cognitive cortical processing

(24–27). Damaged brain tissue after stroke may result in

impaired sensory and motor mechanisms that are essential for

swallowing. It is also known that stroke patients often already

have a pre-stroke sedentary lifestyle (28), resulting in a higher

risk of sarcopenia (29). Moreover, catabolic pathways of muscle

tissue are activated after stroke causing loss of skeletal muscle

mass which may affect not only peripheral skeletal muscles,

but hypothetically also the muscles involved in swallowing

(30–34). Severe loss of skeletal muscle mass can cause or

enhance swallowing difficulties. OD is one of the factors

leading to reduced oral food intake in stroke patients (35). This

reduced oral food intake in turn contributes to malnutrition

and loss of skeletal muscle mass, thus completing the vicious

circle. Swallowing impairment or OD is the difficulty in bolus

preparation, airway protection, and/or bolus transport from the

mouth to the esophagus. OD may increase the risk of aspiration

pneumonia and mortality in stroke patients (36–39). Adequate

intake and absorption of nutrients is important, especially

in stroke patients, as these may enhance functional recovery

(40, 41), brain tissue repair, prevent cognitive decline, and

strengthen the immune system (42, 43). Stroke patients however

are known to have a diminished energy and protein intake

(40). The risk of malnutrition was shown to increase 2.6-fold in

stroke patients with OD (44).

Furthermore, the literature showed that OD may affect

patients’ health-related quality of life (QoL) and wellbeing due

to dietary modifications, anxiety, tube feeding dependency, fear

of choking, and embarrassment to eat in public, etc. (45–49).

The prevalence of OD varied between healthcare settings and

was reported in up to 80% of stroke patients across healthcare

settings (50). A few stroke patients developed OD within

6 months after stroke or suffered from persistent OD at 6

months or longer after stroke (50, 51). A recent cost-of-illness

study found that the healthcare costs during hospitalization of

dysphagic stroke patients significantly increased as compared

to stroke patients without OD. The same study showed that

the OD-related complications malnutrition and respiratory tract

infections were associated with an exponential increase in

healthcare costs within 1 year after stroke onset (52).

Stroke care in patients with risk of malnutrition and

OD is complicated due to the multidimensional causes and

poor clinical outcomes of both conditions. An interdisciplinary

clinical approach targeted at the identification, diagnosis, and

treatment of malnutrition and ODmay improve stroke care and

clinical outcomes after stroke.

Research on nutritional and OD-related characteristics of

patients with chronic post-stroke OD is needed to increase

the body of evidence for best-clinical-practice stroke care and

clinical guidelines. Studies showed that there are many unmet

needs at various domains of health and healthcare for long-term

stroke survivors (53) and that life after stroke is an understudied

area in stroke research that requires attention also in national

stroke plans in the future (54). Literature reviews on nutritional

status in stroke patients across the continuum of care showed

a lack of studies and also a limited number of studies aiming

at both, nutritional status and OD in the late subacute and

chronic phase after stroke (55, 56). In the first place, the present

study determined the prevalence and severity of nutritional risk

and OD-related characteristics in patients with chronic post-

stroke OD using the short nutritional assessment questionnaire

(SNAQ) and a fiberoptic endoscopic evaluation of swallowing

(FEES). Secondly, the relationship between on the one hand

OD severity and on the other hand functional oral intake and

dysphagia-specific QoL was explored.

Methods

Study design and study population

This exploratory cross-sectional study enrolled consecutive

patients with chronic post-stroke (≥6 months) OD who visited

the interdisciplinary outpatient clinic for OD in a tertiary

university referral hospital in the Netherlands between 2013 and

2020. The population of patients with OD in the late subacute

and chronic phase after stroke is not easily approachable in

the Netherlands. Patients stay in various settings: at home, in a

nursing home, in a residential care center, etc. It is likely that

this diversity of care settings also leads to heterogeneous care
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and few patients with chronic OD find their way to specialized

care resulting in this 7-year period of recruitment.

Patients with clinically relevant dysphagic complaints, as

indicated by their referring speech-and-language therapist from

the primary healthcare network were included in the present

study. Inclusion criteria were based on a wide spectrum

of swallowing complaints such as among others, difficulties

in oropharyngeal bolus formation and transit, slow eating,

coughing while drinking or eating, history of aspiration

pneumonia, abnormal amounts of residue in the oral cavity,

choking, abnormal gaging during intake, weight loss etc.

Exclusion criteria were a diagnosis other than stroke that

could cause OD, a score below 23 on a Mini Mental State

Examination (57), and illiteracy or blindness. In the present

study, no patients were excluded based on these criteria.

A standardized examination protocol, used in daily clinical

practice at the outpatient clinic, was carried out. This

prospectively standardized protocol comprised a clinical ear,

nose, and throat examination (including cranial nerve function)

performed by a laryngologist, determination of body mass index

(BMI), the Functional Oral Intake Scale (FOIS) (58), the MD

Anderson Dysphagia Inventory (MDADI) (59–61), the SNAQ

(62, 63), and a standardized FEES (64–66).

Ethical considerations

The current study was approved by the ethical committee

according to the Medical Research Involving Human Subjects

Act (Wet Medisch Wetenschappelijk Onderzoek [WMO])

as non-WMO research (METC 2021-2519O) (67). The no-

objection system for the use of patient data for scientific research

was applied and data were completely pseudonymized.

Data collection

Data were collected in a standardized way by a laryngologist

and a speech-and-language therapist as part of regular care. This

concerned data on patient demographics (gender, age, BMI),

medical history (recurrent stroke, date of last stroke event,

speech-and-language therapy), primary objectives (nutritional

risk and OD severity), and exploratory objectives (functional

oral intake, dysphagia-specific QoL).

Primary objectives

Nutritional risk was examined using the original SNAQ

malnutrition questionnaire, a validated screening tool to identify

patients at risk of malnutrition in the hospital outpatient setting

(62, 63). The SNAQ is a self-reported questionnaire consisting of

three questions on unintended weight loss, decreased appetite,

and the use of oral nutritional supplementation or tube feeding.

The answers were dichotomous (yes/no) and resulted in a total

score indicating the risk for malnutrition. A score below two

points indicated a low risk for malnutrition, a score of two points

indicated a moderate risk for malnutrition, and a score of three

points or more indicated a severe risk for malnutrition. Patients

with a SNAQ score of three points or more were referred to a

dietitian for a detailed nutritional assessment.

To identify the characteristics and severity of OD, each

patient underwent a standardized FEES. The FEES protocol

consisted of three trials of thin liquid (3 x 10ml water), three

trials of thick liquid (3 x 10ml applesauce; One 2 fruit),

and one trial of a bite-sized cracker (Delhaize mini toast 80

gr). To enhance endoscopic visualization of the bolus, water

and applesauce were dyed with 5% methylene blue 10 mg/ml

(65, 66). The viscosities of thin and thick liquid boluses were

respectively 1 mPa and 1,200 mPa per second measured at 25

degrees Celsius 50 s−1 of shear rate as recommended by the

National Dysphagia Diet (68). According to the International

Dysphagia Diet Standardization Initiative (IDDSI), thin liquid

met the criteria for IDDSI level zero (thin) and thick liquid

for level three (moderately thick)(69). The position of the tip

of the flexible endoscope (Pentax FNL-10RP3, Pentax Canada

Inc., Mississauga, Ontario, Canada) allowed observation of the

pharyngeal and laryngeal anatomy and physiology during the

pharyngeal phase of swallowing. Topical anesthetics were not

used as they may affect pharyngolaryngeal sensory function.

FEES videos were recorded at 25 frames per second using a Xion

SD camera, XionEndoSTROB E camera control unit and Matrix

DS data station with DIVAS software (Xion Medical, Berlin,

Germany) and the data were stored in a secured drive on the

hospital network.

For each bolus swallow, the visuoperceptual variables,

penetration-aspiration, pharyngeal residue, and ‘other signs’

of OD (pre-swallow posterior spill, delayed initiation of

the pharyngeal reflex, piecemeal deglutition) were assessed

di- or trichotomously by two observers (laryngologist and

a speech-and-language therapist) using consensus agreement

(Supplementary Table S1) (66, 70, 71). For the present study,

consensus agreement by two experienced observers was chosen,

as this method showed a better reproducibility of measurements

in terms of observer agreement compared to the independent

rating method, as discussion on measurements in a panel

improved concordance in previous studies (65, 66, 72).

The severity of OD was evaluated using the Dysphagia

Severity Scale (DSS) by Dziewas et al. (73–75). A DSS score

of zero points was defined as the absence of clinically relevant

OD. A score of one point indicated mild OD defined by

the presence of premature spillage and/or pharyngeal residue,

but without penetration-aspiration events. A DSS score of

two points indicated moderate OD defined by the presence

of penetration-aspiration events with one bolus consistency.

A DSS score of three points indicated severe OD defined by
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the occurrence of penetration-aspiration with two or more

bolus consistencies.

Exploratory objectives

To explore the relationship between OD severity and

respectively functional oral intake (the level of oral or non-

oral intake) and dysphagia-specific QoL, the FOIS (58) and

the Dutch version of the MDADI for neurogenic OD were

used (59). The FOIS was completed by the clinician during a

structured interview. Patients with a FOIS score of three or

lower were completely or partially tube dependent. Patients were

completely tube dependent in case oral food intake was not

recommended (FOIS 1) or if minimal or inconsistent oral intake

was possible (FOIS 2). Patients were partially tube dependent if

additional tube supplements were required next to a consistent

oral intake of food or liquid (FOIS 3). Patients with a FOIS

score above three did not require tube feeding and total oral

intake was possible with or without texture modifications and/or

thickening of liquids. A patients’ diet may have been restricted to

a single consistency (FOIS 4) or to multiple consistencies with

special preparation (FOIS 5). Diet restrictions may also have

been limited to the elimination of specific foods or liquid items

only (FOIS 6) or to no restrictions at all (FOIS 7).

The MDADI is a self-report questionnaire to measure the

impact of OD on health-related QoL and the Dutch version

has also been validated for patients with neurogenic OD

(61). The MDADI consists of different domains: one global

assessment question (MDADI-G) for the effect of OD on

overall health-related QoL; the functional scale (MDADI-F)

for the impact of OD on daily activities (five questions); the

physical scale (MDADI-P) for the physical impact of OD as

perceived by the patient (eight questions); and the emotional

scale (MDADI-E) for the patients’ perceptual response on OD,

e.g. self-consciousness, embarrassment, etc. (six questions). The

questions were scored on a five-point Likert scale (1=strongly

agree/2=agree/3=no opinion/4=disagree/5=strongly disagree)

and the MDADI total score (MDADI-T) was based on the

sum of all domains (20 questions). The minimum score was 20

representing a poor dysphagia-specific QoL and the maximum

possible score is 100 (high dysphagia-specific QoL).

Statistical analyses

Statistical analyses were performed in IBM SPSS statistics

25 (IBM SPSS Statistics, IBM Corporation, Chicago, IL).

Normality of continuous variables was determined with QQ-

plots and the Shapiro Wilk test. It was checked whether

missing data were missing at random. Thereafter, pairwise

deletion could be used for the analyses to minimize data loss.

Fisher’s exact test was conducted to check for differences in

categorical variables between groups. For statistical purposes,

trichotomous data on penetration-aspiration were dichotomized

into zero for the absence of penetration and aspiration and

one for penetration or aspiration. Differences in mean for

continuous variables between groups were analyzed using the

independent sample t-test. The non-parametric independent

Mann-Whitney U test was used to compare median values

and non-normally distributed continuous variables. Univariable

and multivariable binary logistic regression analyses were

performed to assess the relationship between OD severity (DSS)

and respectively functional oral intake (FOIS) and patients’

dysphagia-specific QoL (MDADI). Independent variables in

multivariable regression analyses were limited to two variables

per model due to the low number of events per variable

(76). To control for confounding, corrections were applied in

multivariable regression analyses.

Results

The study sample consisted of 42 patients with chronic post-

stroke (≥6 months) OD. The sample consisted of 32 (76.2%)

male patients. Mean (±SD) age and BMI of the total population

were 69.1 (±8.7) years and 26.8 (±4.1) kg/m2 respectively.

Eleven (26.2%) patients suffered from recurrent stroke and

the mean (±SD) time since the last stroke event in the total

sample was 39.3 (±50.8)months. Twenty-seven (64.3%) patients

received speech-and-language therapy after the stroke event.

Details on patient demographics and medical history can be

found in Table 1.

Prevalence of nutritional risk

The SNAQ was completed by 41 patients. The SNAQ score

of one patient was missing, as this patient was not willing or able

to complete the questionnaire. Results from the SNAQ revealed

unintentional weight loss >6 kg in the past 6 months in 11

(26.2%) patients. Unintentional weight loss of >3 kg in the past

month was present in seven (16.7%) patients. During the month

prior to the visit to the outpatient clinic, eleven (26.2%) patients

experienced decreased appetite and 14 (33.3%) patients used

oral nutritional supplements (ONS) or tube feeding. Twenty-

four (57.1%) patients presented a low risk of malnutrition, three

(7.1%) a moderate risk, and 14 (33.3%) a high risk. Details

on demographics, medical history, primary and exploratory

objectives in patients with low vs. moderate or high risk of

malnutrition can be found in Table 1.

Medical history and patient demographics, except for age

(p = 0.047), did not significantly differ between the two risk-

groups, patients with a low risk vs. patients with a moderate

or high risk of malnutrition. The prevalence of patients with

unintended weight loss of >6 kg in the last 6 months or
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TABLE 1 Patient characteristics of the total population (n = 42) and in

patients with low risk of malnutrition vs. moderate or high risk of

malnutrition according to the SNAQ (n = 41).

Total

population

(n = 42)

Low

malnutrition

risk

(n = 24)

Moderate/high

malnutrition

risk

(n = 17)

Patient

demographics

n (%) n (%) n (%) p-value

Gender

Female 10 (23.8) 5 (20.8) 5 (29.4) 0.714

Male 32 (76.2) 19 (79.2) 12 (70.6)

Age (years)

[mean (±SD)]

69.1 (±8.7) 70.6 (±8.3) 66.5 (±9.1) 0.047a*

Body Mass Index

(kg/m2) [mean

(±SD)]

26.8 (±4.1) 27.0 (±3.7) 26.6 (±4.8) 0.757

Missing

value

2 1 1

Body Mass Index

categories

<18.5 kg/m2 0 (0.0) 0 (0.0) 0 (0.0) 1.000

18.5-24.9

kg/m2

16 (38.1) 9 (39.1) 6 (37.5)

25.0-29.9

kg/m2

13 (31.0) 8 (34.8) 5 (31.3)

≥30 kg/m2 11 (26.2) 6 (26.1) 5 (31.3)

Missing

value

2 1 1

Medical history n (%) n (%) n (%) p-value

Recurrent stroke

None 31 (73.8) 20 (83.3) 10 (58.8) 0.241

One 8 (19.0) 3 (12.5) 5 (29.4)

Two 2 (4.8) 1 (4.2) 1 (5.9)

Three 0 (0.0) 0 (0.0) 0 (0.0)

Four 1 (2.4) 0 (0.0) 1 (5.9)

Time (months)

since last stroke

event [mean

(±SD)]

39.3 (±50.8) 28.7 (±43.0) 52.0 (±60.0) 0.165

Missing

value

2 1 1

Time since last

stroke event

≤24 months 22 (52.4) 14 (60.9) 8 (50.0) 0.531

>24 months 18 (42.9) 9 (39.1) 8 (50.0)

Missing

value

2 1 1

(Continued)

TABLE 1 (Continued)

Total

population

(n = 42)

Low

malnutrition

risk

(n = 24)

Moderate/high

malnutrition

risk

(n = 17)

Speech-and-

language

therapy

No 15 (35.7) 9 (37.5) 5 (29.4) 0.742

Yes 27 (64.3) 15 (62.5) 12 (70.6)

Primary

objectives

n (%) n (%) n (%) p-value

Unintended

weight loss

>6 kg

No 28 (66.7) 24 (100.0) 4 (26.7) <0.001**

Yes 11 (26.2) 0 (0.0) 11 (73.3)

Missing

value

3 0 2

Unintended

weight loss

>3 kg

No 32 (76.2) 24 (100.0) 8 (53.3) <0.001**

Yes 7 (16.7) 0 (0.0) 7 (46.7)

Missing

value

3 0 2

Decreased

appetite

No 28 (66.7) 18 (75.0) 10 (66.7) 0.718

Yes 11 (26.2) 6 (25.0) 5 (33.3)

Missing

value

3 0 2

Oral nutritional

supplement

or tube feeding

No 25 (59.5) 17 (70.8) 8 (53.3) 0.318

Yes 14 (33.3) 7 (29.2) 7 (46.7)

Missing

value

3 0 2

Short

Nutritional

Assessment

Questionnaire

(SNAQ)

Low 24 (57.1) - -

Moderate 3 (7.1) - -

High 14 (33.3) - -

Missing

value

1

(Continued)
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TABLE 1 (Continued)

Total

population

(n = 42)

Low

malnutrition

risk

(n = 24)

Moderate/high

malnutrition

risk

(n = 17)

Penetration

No 12 (28.6) 6 (26.1) 5 (29.4) 0.141

Thin 15 (35.7) 11 (47.8) 4 (23.5)

Thick 1 (2.4) 1 (4.3) 0 (0.0)

Solid 0 (0.0) 0 (0.0) 0 (0.0)

Thin+ thick 9 (21.4) 5 (21.7) 4 (23.5)

Thin+ solid 1 (2.4) 0 (0.0) 1 (5.9)

Thick+

solid

0 (0.0) 0 (0.0) 0 (0.0)

Thin+ thick

+ solid

3 (7.1) 0 (0.0) 3 (17.6)

Missing

value

1 1 0

Aspiration

No 24 (57.1) 16 (66.7) 7 (41.2) 0.105

Thin 14 (33.3) 7 (29.2) 7 (41.2)

Thick 1 (2.4) 1 (4.2) 0 (0.0)

Solid 0 (0.0) 0 (0.0) 0 (0.0)

Thin+ thick 2 (4.8) 0 (0.0) 2 (11.8)

Thin+ solid 1 (2.4) 0 (0.0) 1 (5.9)

Thick+

solid

0 (0.0) 0 (0.0) 0 (0.0)

Thin+ thick

+ solid

0 (0.0) 0 (0.0) 0 (0.0)

Pharyngeal

residue

No 21 (50.0) 12 (50.0) 8 (47.1) 1.000

Yes 21 (50.0) 12 (50.0) 9 (52.9)

‘Other signs’ of

OD

No 8 (19.0) 6 (25.0) 1 (5.9) 0.207

sYes 34 (81.0) 18 (75.0) 16 (94.1)

Dysphagia

Severity Scale

(DSS)

No relevant

OD

9 (21.4) 4 (18.2) 4 (23.5) 0.325

Mild OD 3 (7.1) 2 (9.1) 1 (5.9)

Moderate

OD

15 (35.7) 11 (50.0) 4 (23.5)

Severe OD 13 (31.0) 5 (22.7) 8 (47.1)

Missing

value

2 2 0

(Continued)

TABLE 1 (Continued)

Total

population

(n = 42)

Low

malnutrition

risk

(n = 24)

Moderate/high

malnutrition

risk

(n = 17)

Exploratory

objectives

n (%) n (%) n (%) p-value

Functional

Oral Intake

Scale (FOIS)

FOIS 1 4 (9.5) 3 (13.0) 1 (6.3) 0.689

FOIS 2 1 (2.4) 0 (0.0) 1 (6.3)

FOIS 3 0 (0.0) 0 (0.0) 0 (0.0)

FOIS 4 2 (4.8) 1 (4.3) 1 (6.3)

FOIS 5 13 (31.0) 6 (26.1) 7 (43.8)

FOIS 6 7 (16.7) 4 (17.4) 2 (12.5)

FOIS 7 13 (31.0) 9 (39.1) 4 (25.0)

Missing

value

2 1 1

Median

(25th−75 th

percentile)

Median

(25th−75 th

percentile)

Median

(25th−75 th

percentile)

p-value

MD Anderson

Dysphagia

Inventory

(MDADI)

Total 60.0

(53.0-77.0)

61.0 (55.5-78.5) 58.0 (45.0-71.0) 0.499

Missing

value

5 3 2

Global 2.0 (1.0-4.0) 2.5 (1.8-4.0) 2.0 (1.0-4.0) 0.453a

Missing

value

3 2 1

Functional 18.0

(14.0-22.0)

18.5 (15.5-22.3) 16.5 (13.3-19.75) 0.664

Missing

value

3 1 1

Physical 23.0

(18.5-28.0)

24.0 (17.0-33.0) 23.0 (19.5-27.0) 0.713

Missing

value

1 0 0

Emotional 19.0

(15.3-22.0)

19.0 (16.0-22.0) 19.0 (13.5-21.8) 0.940

Missing

value

2 0 1

a Whitney U-test.

*p < 0.05; **p < 0.001.
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TABLE 2 Patient characteristics in patients with no/mild OD severity

vs. moderate or severe OD according to the DSS (n = 40).

DSS

no/mild

(n = 12)

DSS

moderate/

severe

(n = 28)

Patient demographics n (%) n (%) p-value

Gender

Female 3 (25.0) 7 (25.0) 1.000

Male 9 (75.0) 21 (75.0)

Age (years) [mean (±SD)] 69.5 (±7.7) 68.8 (±9.1) 0.814

Body Mass Index (kg/m2)

[mean (±SD)]

27.8 (±5.1) 26.6 (±3.6) 0.398

Body Mass Index Categories

<18.5 kg/m2 0 (0.0) 0 (0) 0.614

18.5–24.9 kg/m2 4 (33.3) 11 (42.3)

25.0–29.9 kg/m2 3 (25.0) 9 (34.6)

≥30.0 kg/m2 5 (41.7) 6 (23.1)

Missing value 0 2

Medical history n (%) n (%) p-value

Recurrent stroke

None 9 (75.0) 20 (71.4) 1.000

One 3 (25.0) 5 (17.9)

Two 0 (0.0) 2 (7.1)

Three 0 (0.0) 0 (0.0)

Four 0 (0.0) 1 (3.6)

Time (months) since last stroke event

[mean (±SD)]

62.6 (±63.2) 30.6 (±44.7) 0.086

Missing value 1 1

Time since last stroke event

≤24 months 4 (36.4) 17 (63.0) 0.167

>24 months 7 (63.6) 10 (37.0)

Missing value 1 1

Speech-and-language therapy

No 7 (58.3) 8 (28.6) 0.091

Yes 5 (41.7) 20 (71.4)

Primary objectives n (%) n (%) p-value

Unintended weight loss >6 kg

No 6 (60.0) 20 (74.1) 0.442

Yes 4 (40.0) 7 (25.9)

Missing value 2 1

Unintended weight loss >3 kg

No 7 (70.0) 23 (85.2) 0.360

Yes 3 (30.0) 4 (14.8)

Missing value 2 1

(Continued)

TABLE 2 (Continued)

DSS

no/mild

(n = 12)

DSS

moderate/

severe

(n = 28)

Decreased appetite

No 6 (60.0) 20 (74.1) 0.442

Yes 4 (40.0) 7 (25.9)

Missing value 2 1

Oral nutritional supplement or tube

feeding

No 7 (70.0) 18 (66.7) 1.000

Yes 3 (30.0) 9 (33.3)

Missing value 2 1

Short Nutritional Assessment

Questionnaire (SNAQ)

Low 6 (54.5) 16 (57.1) 1.000

Moderate 1 (9.1) 2 (7.1)

High 4 (36.4) 10 (35.7)

Missing value 1 0

Exploratory objectives n (%) n (%) p-value

Functional Oral Intake Scale (FOIS)

FOIS 1 0 (0.0) 2 (7.4) 0.031*

FOIS 2 0 (0.0) 1 (3.7)

FOIS 3 0 (0.0) 0 (0.0)

FOIS 4 0 (0.0) 2 (7.4)

FOIS 5 1 (9.1) 12 (44.4)

FOIS 6 5 (45.5) 2 (7.4)

FOIS 7 5 (45.5) 8 (29.6)

Missing value 1 1

Median

(25th−75 th

percentile)

Median

(25th−75 th

percentile)

p-value

MD Anderson Dysphagia Inventory

(MDADI)

Total 78.0

(51.5–87.5)

58.0

(53.0–71.0)

0.441

Missing value 3 1

Global 4.0 (2.0–5.0) 2.0 (1.0–4.0) 0.182a

Missing value 1 1

Functional 21.0

(17.0–25.0)

16.5

(14.0–19.8)

0.133

Missing value 2 0

Physical 24.5

(16.5–31.8)

23.5

(19.5–27.8)

0.730

Missing value 0 0

(Continued)

Frontiers inNeurology 07 frontiersin.org

https://doi.org/10.3389/fneur.2022.939735
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Huppertz et al. 10.3389/fneur.2022.939735

TABLE 2 (Continued)

DSS

no/mild

(n = 12)

DSS

moderate/

severe

(n = 28)

Emotional 22.0

(15.0–24.0)

19.0

(15.3–20.8)

0.310

Missing value 1 0

a Whitney U–test.

*p < 0.05; ** p < 0.001.

>3 kg in the last month was significantly different between

the nutritional risk groups (p < 0.001). The prevalence of

patients who experienced a decreased appetite or used ONS or

tube feeding did not significantly differ between the nutritional

risk groups.

None of the 24 patients with low risk of malnutrition had

unintentional weight loss of >6 kg in 6 months or >3 kg in 1

month. Respectively, eleven (73.3%) and seven (46.7%) patients

in the high-risk group had unintentional weight loss of >6 kg in

6 months or >3 kg in 1 month.

No significant difference in mean BMI was found between

patients with vs. without decreased appetite (p = 0.154), or

between patients who used ONS or tube feeding vs. patients who

did not (p= 0.129).

There was no significant difference in the use of ONS or tube

feeding between patients with vs. without unintentional weight

loss (p = 0.156 and p = 0.686). ONS or tube feeding was used

by six (54.5%) out of 11 patients that lost >6 kg in 6 months and

three (42.9%) out of seven patients that lost >3 kg in 1 month.

Characteristics and the prevalence of
di�erent OD severity levels

FEES measurements revealed that 29 (69.0%) of the patients

presented penetration, 18 (42.9%) aspiration, 21 (50.0%)

pharyngeal residue, and 34 (81.0%) ‘other signs’ of OD.

Penetration and aspiration predominantly occurred during

the swallows of thin liquids, in 14 (35.7%) and 14 (33.3%)

patients, respectively.

The OD severity was classified in 40 patients based on the

FEES results. The OD severity of two patients could not be

retrieved from the FEES results. As shown in Table 1, nine

(21.4%) patients did not have clinically relevant OD, three (7.1%)

patients had mild OD, 15 (35.7%) patients had moderate OD,

and 13 (31.0%) patients were severely dysphagic according to

the DSS. However, four (44.4%) of the nine patients without

clinically relevant OD (DSS score of 1), did show ‘other signs’

of OD in the present study.

Significant differences were not found in patient

demographics, medical history or indicators of nutritional

risk between patients with no/mild OD vs. patients with

moderate/severe OD according to the DSS (Table 2).

In four (9.5%) patients, the severity of the patients’ OD did

not allow the testing of all three bolus consistencies during the

standardized FEES. In these cases, the swallow of a solid bolus

and/or thin liquid was expected to be clinically unsafe with a

high risk of very severe aspiration. This expectation was based

on the observation of severe aspiration of saliva at the start

of the FEES and/or severe aspiration during the thick liquid

bolus swallow.

The relationship between on the one
hand OD severity and on the other hand
functional oral intake and
dysphagia-specific QoL

A significant difference in FOIS scores was found between

the DSS groups (p= 0.031). None of the patients in the no/mild

OD group presented a FOIS≤4, one (9.1%) patient of this group

presented FOIS 5, and10 patients (91.0%) presented a FOIS

≥6. Five (18.5%) patients in the moderate/severe OD group

presented a FOIS ≤4, twelve (44.4%) patients presented FOIS

5, and 10 (37.0%) patients presented a FOIS ≥6 (Table 2).

For the second aim of this study, univariable regression

analysis revealed a significantly increased risk for

moderate/severe OD in patients with FOIS 1–5 (OR 17.0,

95%CI 1.885 - 153.273). This increased risk remained significant

after correction for age (OR 22.3, 95%CI 2.138–233.346) or BMI

(OR 14.126, 95%CI 1.525–130.831) in multivariable regression

analysis (Table 3).

Median MDADI subdomain scores did not significantly

differ between the DSS groups (Table 2). Univariable and

multivariable regression analyses did not show a significant

relationship between DSS scores and MDADI subdomain scores

(Table 3).

Discussion

This exploratory cross-sectional study reported specifically

on patients with chronic post-stroke OD who were referred

to the interdisciplinary outpatient clinic for OD. The patients’

risk of malnutrition, the characterization and severity of OD,

and dysphagia-specific QoL were the main points of attention.

The study revealed that approximately two out of five patients

with chronic post-stroke OD who visited the outpatient clinic,

had a moderate to high risk of malnutrition. More than half

of the patients in the total population were moderately to

severely dysphagic. In the high-risk malnutrition group, almost

four out of five patients had a moderate to severe degree of
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TABLE 3 Univariable and multivariable regression analyses to assess the relationship between OD severity (DSS) and respectively functional oral

intake (FOIS) and patients’ dysphagia-specific QoL (MDADI).

Univariable analyses

n OR 95% CI P-value Nagelkerke R2

No relevant ODa/mild OD Reference

Moderate/severe OD

FOISb 1–5 38 17.0 (1.885–153.276) 0.012* 0.339

MDADIc-total 36 0.956 (0.907–1.008) 0.098 0.119

MDADI-global 38 0.683 (0.395–1.182) 0.173 0.071

MDADI-functional 38 0.839 (0.697–1.01) 0.064 0.144

MDADI-physical 40 0.978 (0.899–1.078) 0.653 0.007

MDADI-emotional 39 0.863 (0.723–1.03) 0.103 0.107

Multivariable analyses

Confounding factor Age BMI

n OR 95% CI P-value Nagelkerke R2 OR 95% CI P-value Nagelkerke R2

No relevant OD/mild OD Reference Reference

Moderate/severe OD

FOIS 1-5 38 22.334 (2138–233.346) 0.009* 0.357 14.126 (1.525–130.831) 0.020* 0.355

MDADI-total 36 0.951 (0.900–1.006) 0.079 0.137 0.959 (0.908–1.014) 0.143 0.123

MDADI-global 38 0.679 (0.392–1.177) 0.168 0.075 0.732 (0.421–1.275) 0.271 0.079

MDADI-functional 38 0.834 (0.689–1.010) 0.063 0.146 0.852 (0.703–1.032) 0.102 0.139

MDADI-physical 40 0.979 (0.887–1.081) 0.680 0.008 0.990 (0.896–1.095) 0.851 0.029

MDADI-emotional 39 0.858 (0.717–1.028) 0.097 0.111 0.860 (0.716–1.032) 0.105 0.144

aOropharyngeal Dysphagia (OD).
bFunctional Oral Intake Scale (FOIS).
cMD Anderson Dysphagia Inventory (MDADI).

*p < 0.05.

OD. These results reinforce the need of screening for the risk

of malnutrition in patients with chronic post-stroke OD and

vice versa.

Screening and diagnostics of malnutrition and OD and

referral to expert healthcare professionals is important in

stroke patients. Subsequently, a tailored treatment plan for the

identified condition(s) can be developed by an expert healthcare

professional. This may prevent poor clinical outcomes related to

malnutrition or OD such as skeletal muscle mass loss, nutrient

deficiencies, immune deterioration, and aspiration pneumonia.

The majority of the patients in the present study were referred

by a speech-and-language therapist from the primary healthcare

network to the interdisciplinary outpatient clinic for OD.

The speech-and-language therapist of the primary healthcare

network indicated the referral based on a clinical swallow

assessment without having access to imaging techniques such as

among others, FEES or videofluoroscopic swallow study. Based

on the SNAQ, the standardized screening for malnutrition risk

used in the outpatient clinic, the patient could immediately be

referred to the dietitian who provided additional information

relevant to tailor the treatment for OD.

Interestingly, almost half of the population had a moderate

or high risk of malnutrition according to the SNAQ despite the

relatively high average BMI values in this population. According

to the commonly used cut-off values for BMI, thus in disregard

of deviating cut-off values in specific patient populations and in

older patients, the present study population could be classified as

overweight (mean BMI 26.8 kg/m2). Malnutrition in overweight

patients can easily be overlooked based solely on appearance

or body posture. In the present study, the BMI values did not

differ between the patient group with low malnutrition risk vs.

the patient group with moderate/high malnutrition risk. Similar

BMI values were found in the patient group that used ONS

and/or tube feeding and in the patient group that did not use

ONS and/or tube feeding. European wide, similar BMI values

were seen in stroke patients (77). The mean (±SD) BMI of

198 stroke patients from seven European countries was 26.9

(±4.9) kg/m2. These patients were assessed between three and 12

months post-stroke and 19.7% of these patients had a BMI ≥30

kg/m2. Stroke may be associated with a pre-stroke sedentary

lifestyle (28, 78) affecting the patients’ weight prior to the stroke

event. BMI values from the present study may suggest that

patients from this specific sample of referred stroke patients

were not energy deprived, but instead, the SNAQ score showed

the opposite. Thus, these patients may also be nutrient deficient

and compliance of intake requires attention to minimize the
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risk of qualitative undernutrition with a normal BMI. Therefore,

repeated screening for malnutrition and monitoring the severity

and management of OD remain important.

BMI is sensitive to weight changes and age-related

physiological changes and does not provide any information

on potential nutritional deficiencies or body composition

(i.e., sarcopenia). Nutritional screening based on a valid

comprehensive screening tool such as the SNAQ is

recommended as it encompasses multiple indicators for

malnutrition besides BMI (79).

A consensus on criteria to screen and assess the patients’

nutritional status was lacking until recently. Existing

examination tools were not always validated and/or were

mistakenly used interchangeable (80). In 2019, consensus

criteria for the diagnosis of malnutrition, the Criteria for the

Diagnosis of Malnutrition (GLIM), were published (81, 82). At

that point and during the current study period the outpatient

clinic used the SNAQ as part of the standard swallow protocol

to screen for malnutrition risk. The SNAQ is a validated,

time-efficient, and non-invasive screening tool in the outpatient

clinic (63). The SNAQ score provides an indication of the risk

of malnutrition and is useful in the referral of patients to a

dietician. Patients in the present study who scored high on the

SNAQ were indeed referred to a dietician, and it was shown

that more than one third of the population received ONS or

tube feeding, and more than half of the population was treated

for post-stroke OD by the speech-and-language therapist.

These results suggested that post-stroke healthcare in the

Netherlands is already pro-actively targeting OD rehabilitation

and nutritional interventions in these patients, including

initiation of ONS or tube feeding. This is in accordance with the

ESPEN guidelines for clinical nutrition in neurology (83). The

Netherlands has been top ranked on the Euro Health Consumer

Index (EHCI) continuously (84). Moreover, ONS or tube

feeding and/or speech-and-language therapy are reimbursed by

the Dutch health insurance system and an extensive primary

healthcare network of (allied) health professionals providing

nutritional- and OD care, exists (85).

Despite these positive care-related aspects, there was

still a high prevalence of patients visiting the outpatient

clinic who had a moderate/high risk of malnutrition. The

present study showed that the prevalence of patients with

unintentional weight loss was higher among patients in the

high-risk group as compared to patients in the low-risk of

malnutrition group. Almost three out of four patients in the

high-risk group experienced unintentionally weight loss >6 kg

in 6 months.

This raised the question whether these patients were

undertreated from a nutritional perspective. Based on the results

from the present study this question remained unanswered as

specific details on nutritional interventions and OD treatment,

e.g., type of intervention, standardization and duration of

treatment, were limited to the use of ONS or tube feeding and

the presence or absence of speech-and-language therapy.

As a previous literature review showed some evidence of

a relationship between the presence of OD and the risk of

malnutrition in stroke patients (86), the present exploratory

study aimed to increase the body of evidence on this relationship

by investigating a well-defined high-risk patient subgroup with

chronic post-stroke OD. The severity of OD did not seem to

play a role in the risk of malnutrition in the present study

population, as no significant difference in DSS score was found

between the low vs. high-risk of malnutrition groups. However,

the sample size may have been too small to find such a relation,

since interestingly more patients with severe OD were present

in the high-risk malnutrition group (47.1%) vs. the low-risk

group (22.7%).

Additional analyses revealed that the severity of OD was

significantly related to the level of functional oral intake in

these patients, but the wide confidence intervals indicated

that the interpretation of this relationship requires caution. A

relationship between OD severity and the patients’ dysphagia-

specific QoL could not be confirmed in the present small study

sample. The chronic state of OD of these patients may have led

to an acceptance of function loss or patients may have relatively

more severe complaints that affect health-related QoL, such as

loss of independence, or absent sexual relationships.

Regression analysis did not show a significant relationship

between OD severity and the patients’ dysphagia-specific QoL.

However, a significant relationship between the severity of OD

and impaired functional oral intake was found.

Considering the available literature on nutritional status in

chronic stroke patients and the relationship between nutritional

risk and the severity of OD in the present study, it is

probably insufficiently known that many chronic stroke patients

simultaneously suffer from chronic OD and are at risk of

malnutrition. Current (inter)national clinical guidelines for

stroke care recommend a screening for OD and malnutrition in

the acute phase and proper management of these conditions (83,

87). There is however a lack of attention for these conditions on

the longer term. Future research in this field is recommended as

stroke survivors will age and their functionality may deteriorate

which makes the implementation of repeated screening for

OD and nutritional risk in the chronic phase after stroke

an important point of attention. Repeated screening for both

health problems, OD and nutritional risk is recommended as

correlations between OD and nutritional risk have not been

found in the present study despite the fact that both health

problems are highly prevalent. One could think of a long-term

surveillance plan which includes repeated screening for OD and

nutritional risk at preset time points over the course of 5 years

after stroke, as recommended in head and neck cancer patients

(88). In the Netherlands, this could be integrated in the repeated

follow-up for cardiovascular risk management in persons 60+
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years of age at the general practitioner (89). Repeated follow-

up visits may also provide insights in the impact of stroke on

functionality at older age.

Study limitations

The present study was an exploratory cross-sectional study

in which valid assessment methods were used to describe

nutritional risk and characteristics, and severity of OD in a

group of patients with chronic post-stroke OD. Nonetheless, this

exploratory study design brought along some limitations.

Some statistically significant results were found in the

present study, although the sample size was too small to

uncover all relevant associations. Wide confidence intervals

from regression analyses showed that the interpretation requires

caution. However, the patient population of the present

exploratory cross-sectional study was a realistic representation

of patients with chronic post-stroke OD consulting the

interdisciplinary outpatient clinic for OD in a tertiary university

referral hospital in the Netherlands.

Furthermore, the interpretation of severity scores for OD

such as the DSS requires caution. There is no consensus in

the literature on what would be the optimal scale for the

classification of the severity of OD. For the present study

we applied the best viable option at this moment being

the Dysphagia Severity Scale. The DSS was based on the

presence or absence of premature spillage and/or pharyngeal

residue, penetration or aspiration events of one or multiple

bolus consistencies, but did not take ‘other signs’ of OD

such as pre-swallow loss of bolus into the pharynx, clearing

swallows, etc. into account. The lowest DSS score did not

indicate total absence of OD, as ‘other signs’ of OD may

still have been present. Despite these limitations, the DSS

was used as OD severity scale for the present study based

on the FEES-registry study showing clinical relevance of

this scale and a positive correlation with the FOIS in a

very large multicenter study including 2,401 patients with

neurogenic OD of whom 1,465 had post-stroke OD (75).

Finally, FEES is a reliable and feasible test method to

evaluate the pharyngeal phase of swallowing in stroke patients.

Disturbances in the pre-oral and oral phase of swallowing may

affect nutritional intake, though these disturbances cannot be

visualized using FEES.

Conclusion

This exploratory cross-sectional study showed that more

than half of the patients from the present specific sample

of referred stroke patients had moderate to severe OD and

approximately half of this population also had a moderate

to high risk of malnutrition. Despite the use of clinical

practice guidelines on stroke and a normal nutritional

status at first sight, repeated screening for malnutrition and

monitoring the severity and management of OD remain

important elements in the care of patients with chronic post-

stroke OD.

Data availability statement

The data analyzed in this study is subject to the following

licenses/restrictions: The dataset analyzed during the

current study are not publicly available due to privacy

restrictions. The data are available from the corresponding

author on reasonable request under the condition that

the data privacy of participants is not compromised.

Requests to access these datasets should be directed to

vivienne.huppertz@gmail.com.

Ethics statement

The studies involving human participants were

reviewed and approved by the Medical Ethics Committee

of the University Hospital Maastricht and Maastricht

University (METC azM/UM). Written informed consent

for participation was not required for this study in

accordance with the National Legislation and the

Institutional requirements.

Author contributions

Material preparations, data collection and analyses were

performed by VH, WP, GP, and LB. The first draft of the

manuscript was written by VH, WP, and LB. All authors

commented on previous versions of the manuscript, contributed

to the article, and approved the final manuscript.

Funding

Support for this work has been received from Maastricht

University, Maastricht, Netherlands and from Danone Nutricia

Research, Utrecht, Netherlands. The funders were not involved

in the study design, collection, analysis, interpretation of data, or

the decision to submit it for publication.

Conflict of interest

AH discloses to be an employee of Danone Nutricia

Research. VH and JS receive financial support for their

research from Danone Nutricia Research. LB is a consultant for

Phagenesis Limited.

Frontiers inNeurology 11 frontiersin.org

https://doi.org/10.3389/fneur.2022.939735
mailto:vivienne.huppertz@gmail.com
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Huppertz et al. 10.3389/fneur.2022.939735

The remaining authors declare that the research was

conducted in the absence of any commercial or financial

relationships that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be

found online at: https://www.frontiersin.org/articles/10.3389/

fneur.2022.939735/full#supplementary-material

References

1. Vos T, Lim SS, Abbafati C, Abbas KM, Abbasi M, Abbasifard M, et al. Global
burden of 369 diseases and injuries in 204 countries and territories, 1990–2019:
a systematic analysis for the Global Burden of Disease Study 2019. Lancet. (2020)
396:1204–22. doi: 10.1016/S0140-6736(20)30925-9

2. Jauch EC, Saver JL, Adams HP Jr, Bruno A, Connors JB. Demaerschalk
M, et al. Guidelines for the early management of patients with acute
ischemic stroke: a guideline for healthcare professionals from the American
Heart Association/American Stroke Association. Stroke. (2013) 44:870–947.
doi: 10.1161/STR.0b013e318284056a

3. Rabinstein AA. Update on treatment of acute ischemic stroke. Continuum.
(2020) 26:268–86. doi: 10.1212/CON.0000000000000840

4. Vidale S. Agostoni E. Endovascular treatment of ischemic stroke: an updated
meta-analysis of efficacy and safety. Vasc Endovascular Surg. (2017) 51:215–9.
doi: 10.1177/1538574417698905

5. Wafa HA, Wolfe CD, Emmett E, Roth GA, Johnson CO, Wang Y,
et al. Burden of stroke in Europe: thirty-year projections of incidence,
prevalence, deaths, and disability-adjusted life years. Stroke. (2020) 51:2418–27.
doi: 10.1161/STROKEAHA.120.029606

6. Wafa HA, Wolfe CD, Bhalla A, Wang Y. Long-term trends in death
and dependence after ischaemic strokes: a retrospective cohort study using
the South London Stroke Register (SLSR). PLoS Med. (2020) 17:e1003048.
doi: 10.1371/journal.pmed.1003048

7. Brewer L, Horgan F, Hickey A, Williams D. Stroke rehabilitation: recent
advances and future therapies. QJM. (2013) 106:11–25. doi: 10.1093/qjmed/hcs174

8. Jokinen H, Melkas S, Ylikoski R, Pohjasvaara T, Kaste M, Erkinjuntti T,
et al. Post-stroke cognitive impairment is common even after successful clinical
recovery. Eur J Neurol. (2015) 22:1288–94. doi: 10.1111/ene.12743

9. Mahon S, Parmar P, Barker-Collo S, Krishnamurthi R, Jones K, Theadom
A. Determinants, prevalence, and trajectory of long-term post-stroke cognitive
impairment: results from a 4-year follow-up of the ARCOS-IV study.
Neuroepidemiology. (2017) 49:129–34. doi: 10.1159/000484606

10. Feigin VL, Norrving B, Mensah GA. Global burden of stroke. Circ Res. (2017)
120:439–48. doi: 10.1161/CIRCRESAHA.116.308413

11. Sabbouh T, Torbey MT. Malnutrition in stroke patients: risk
factors. assessment, and management Neurocritical care. (2018) 29:374–84.
doi: 10.1007/s12028-017-0436-1

12. Mosselman MJ, Kruitwagen CL, Schuurmans MJ, Hafsteinsdóttir
TB. Malnutrition and risk of malnutrition in patients with stroke:
prevalence during hospital stay. Can J Neurosci Nurs. (2013) 45:194–204.
doi: 10.1097/JNN.0b013e31829863cb

13. Poels BJ, Brinkman-Zijlker HG, Dijkstra PU, Postema K. Malnutrition,
eating difficulties and feeding dependence in a stroke rehabilitation centre. Disabil
Rehabil. (2006) 28:637–43. doi: 10.1080/09638280500276612

14. Su Y, Yuki M, Otsuki M. Prevalence of stroke-related sarcopenia: a
systematic review and meta-analysis. J Stroke Cerebrovasc Dis. (2020) 29:105092.
doi: 10.1016/j.jstrokecerebrovasdis.2020.105092

15. Macrez R, Ali C, Toutirais O, LeMauff B, Defer G, Dirnagl U, et al. Stroke and
the immune system: from pathophysiology to new therapeutic strategies. Lancet
Neurol. (2011) 10:471–80. doi: 10.1016/S1474-4422(11)70066-7

16. Krishnan S, Lawrence CB. Old dog new tricks; revisiting how stroke
modulates the systemic immune landscape. Front Neurol. (2019) 10:718.
doi: 10.3389/fneur.2019.00718

17. Grossmann I, Rodriguez K, Soni M, Joshi PK, Patel SC, Shreya D, et al. Stroke
and pneumonia: mechanisms, risk factors, management, and prevention. Cureus.
(2021) 13. doi: 10.7759/cureus.19912

18. Westendorp WF, Nederkoorn PJ, Vermeij JD, Dijkgraaf MG, de Beek DV.
Post-stroke infection: a systematic review and meta-analysis. BMC Neurol. (2011)
11:1–7. doi: 10.1186/1471-2377-11-110

19. Irisawa H. Mizushima T. Correlation of body composition and nutritional
status with functional recovery in stroke rehabilitation patients. Nutrients. (2020)
12:1923. doi: 10.3390/nu12071923

20. Scrutinio D, Lanzillo B, Guida P, Passantino A, Spaccavento S, Battista P.
Association between malnutrition and outcomes in patients with severe ischemic
stroke undergoing rehabilitation. Arch Phys Med Rehabil. (2020) 101:852–60.
doi: 10.1016/j.apmr.2019.11.012

21. Yoo SH, Kim JS, Kwon SU, Yun SC, Koh JY, Kang DWUndernutrition as a
predictor of poor clinical outcomes in acute ischemic stroke patients. Arch Neurol.
(2008) 65:39–43. doi: 10.1001/archneurol.2007.12

22. Gomes F, Emery PW, Weekes CE. Risk of malnutrition is an
independent predictor of mortality, length of hospital stay, and hospitalization
costs in stroke patients. J Stroke Cerebrovasc Dis. (2016) 25:799–806.
doi: 10.1016/j.jstrokecerebrovasdis.2015.12.017

23. Tsutsumiuchi K, Wakabayashi H, Maeda K, Shamoto H. Impact
of malnutrition on post-stroke cognitive impairment in convalescent
rehabilitation ward inpatients. Eur Geriatr Med. (2021) 12:167–74.
doi: 10.1007/s41999-020-00393-0

24. Matsuo K, Palmer JB. Anatomy and physiology of feeding and swallowing:
normal and abnormal. Phys Med Rehabil Clin N Am. (2008)19:691–707.
doi: 10.1016/j.pmr.2008.06.001

25. Matsuo K, Palmer JB. Coordination of mastication. Swallowing and
breathing. Jpn Dent Sci Rev. (2009) 45:31–40. doi: 10.1016/j.jdsr.2009.03.004

26. González-Fernández M, Ottenstein L, Atanelov L, Christian AB. Dysphagia
after stroke: an overview. Curr Phys Med Rehabil Rep. (2013) 1:187–96.
doi: 10.1007/s40141-013-0017-y

27. Daniels SK, HuckabeeML, Gozdzikowska K.Dysphagia Following Stroke. San
diego, CA: Plural Publishing. (2019).

28. Lee CD, Folsom AR, Blair SN. Physical activity and stroke risk: a meta-
analysis. Stroke. (2003) 34:2475–81. doi: 10.1161/01.STR.0000091843.02517.9D

29. Marcos-Pardo PJ, González-Gálvez N, López-Vivancos A, Espeso-García A,
Martínez-Aranda LM, Gea-García GM, et al. Sarcopenia, diet, physical activity and
obesity in european middle-aged and older adults: the lifeage study. Nutrients.
(2021) 13:8. doi: 10.3390/nu13010008

30. Butler SG, Stuart A, Leng X, Wilhelm E, Rees C, Williamson J, et al. The
relationship of aspiration status with tongue and handgrip strength in healthy older
adults. J Gerontol Biol Sci Med. (2011) 66:452–8. doi: 10.1093/gerona/glq234

31. Maeda K, Akagi J. Sarcopenia is an independent risk factor of
dysphagia in hospitalized older people. Geriatr Gerontol Int. (2016) 16:515–21.
doi: 10.1111/ggi.12486

Frontiers inNeurology 12 frontiersin.org

https://doi.org/10.3389/fneur.2022.939735
https://www.frontiersin.org/articles/10.3389/fneur.2022.939735/full#supplementary-material
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1161/STR.0b013e318284056a
https://doi.org/10.1212/CON.0000000000000840
https://doi.org/10.1177/1538574417698905
https://doi.org/10.1161/STROKEAHA.120.029606
https://doi.org/10.1371/journal.pmed.1003048
https://doi.org/10.1093/qjmed/hcs174
https://doi.org/10.1111/ene.12743
https://doi.org/10.1159/000484606
https://doi.org/10.1161/CIRCRESAHA.116.308413
https://doi.org/10.1007/s12028-017-0436-1
https://doi.org/10.1097/JNN.0b013e31829863cb
https://doi.org/10.1080/09638280500276612
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105092
https://doi.org/10.1016/S1474-4422(11)70066-7
https://doi.org/10.3389/fneur.2019.00718
https://doi.org/10.7759/cureus.19912
https://doi.org/10.1186/1471-2377-11-110
https://doi.org/10.3390/nu12071923
https://doi.org/10.1016/j.apmr.2019.11.012
https://doi.org/10.1001/archneurol.2007.12
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.12.017
https://doi.org/10.1007/s41999-020-00393-0
https://doi.org/10.1016/j.pmr.2008.06.001
https://doi.org/10.1016/j.jdsr.2009.03.004
https://doi.org/10.1007/s40141-013-0017-y
https://doi.org/10.1161/01.STR.0000091843.02517.9D
https://doi.org/10.3390/nu13010008
https://doi.org/10.1093/gerona/glq234
https://doi.org/10.1111/ggi.12486
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Huppertz et al. 10.3389/fneur.2022.939735

32. Shiozu H, HigashijimaM. Koga T. Association of sarcopenia with swallowing
problems, related to nutrition and activities of daily living of elderly individuals. J
Phys Ther Sci. (2015) 27:393–6. doi: 10.1589/jpts.27.393

33. Springer J, Schust S, Peske K, Tschirner A, Rex A, Engel O, et al.
Catabolic signaling and muscle wasting after acute ischemic stroke in
mice: indication for a stroke-specific sarcopenia. Stroke. (2014) 45:3675–83.
doi: 10.1161/STROKEAHA.114.006258

34. Sporns KB, Hanning U, Schmidt R, Muhle P, Wirth R, Zimmer S.
Et al.Volumetric assessment of swallowing muscles: a comparison of CT and
MRI segmentation. In: RöFo-Fortschritte auf dem Gebiet der Röntgenstrahlen
und der bildgebendenVerfahren.: © Georg Thieme Verlag KG. (2018). p. 441-6
doi: 10.1055/s-0043-120529

35. Poisson P, Laffond T, Campos S, Dupuis V, Bourdel-Marchasson I.
Relationships between oral health, dysphagia and undernutrition in hospitalised
elderly patients. Gerodontology. (2016) 33:161–8. doi: 10.1111/ger.12123

36. Martino R, Foley N, Bhogal S, Diamant N, Speechley M, Teasell R, et al.
Dysphagia after stroke: incidence, diagnosis, and pulmonary complications. Stroke.
(2005) 36:2756–63. doi: 10.1161/01.STR.0000190056.76543.eb

37. Feng MC, Lin YC, Chang YH, Chen CH, Chiang HC, Huang LC,
et al. The mortality and the risk of aspiration pneumonia related with
dysphagia in stroke patients. J Stroke Cerebrovasc Dis. (2019) 28:1381–7.
doi: 10.1016/j.jstrokecerebrovasdis.2019.02.011

38. Katzan IL, Cebul RD, Husak S, Dawson N, Baker D. The effect of pneumonia
on mortality among patients hospitalized for acute stroke. Neurology. (2003)
60:620–5. doi: 10.1212/01.WNL.0000046586.38284.60

39. Finlayson O, Kapral M, Hall R, Asllani E, Selchen D, Saposnik G, et al.
Risk factors, inpatient care, and outcomes of pneumonia after ischemic stroke.
Neurology. (2011) 77:1338–45. doi: 10.1212/WNL.0b013e31823152b1

40. Nip W, Perry L, McLaren S, Mackenzie A. Dietary intake, nutritional status
and rehabilitation outcomes of stroke patients in hospital. J Hum Nutr Diet. (2011)
24:460–9. doi: 10.1111/j.1365-277X.2011.01173.x

41. Nii M, Maeda K, Wakabayashi H, Nishioka S, Tanaka A.
Nutritional improvement and energy intake are associated with
functional recovery in patients after cerebrovascular disorders. J Stroke
Cerebrovasc Dis. (2016) 25:57–62. doi: 10.1016/j.jstrokecerebrovasdis.2015.
08.033

42. Poulose SM, Miller MG, Scott T, Shukitt-Hale B. Nutritional factors
affecting adult neurogenesis and cognitive function. Adv Nutr. (2017) 8:804–11.
doi: 10.3945/an.117.016261

43. Aquilani R, Sessarego P, Iadarola P, Barbieri A. Boschi FNutrition for brain
recovery after ischemic stroke: an added value to rehabilitation. Nutr Clin Pract.
(2011) 26:339–45. doi: 10.1177/0884533611405793

44. Chen N, Li Y, Fang J, Lu Q, He L. Risk factors for malnutrition
in stroke patients: a meta-analysis. Clin Nutr. (2019) 38:127–35.
doi: 10.1016/j.clnu.2017.12.014

45. Swan K, Speyer R, Heijnen BJ, Wagg B, Cordier R. Living with
oropharyngeal dysphagia: effects of bolus modification on health-related
quality of life—a systematic review. Qual Life Res. (2015) 24:2447–56.
doi: 10.1007/s11136-015-0990-y

46. Jones E, Speyer R, Kertscher B, Denman D, Swan K, Cordier R, et al. Health-
related quality of life and oropharyngeal dysphagia: a systematic review.Dysphagia.
(2018) 33:141–72. doi: 10.1007/s00455-017-9844-9

47. Eslick GD, Talley N. Dysphagia: epidemiology, risk factors and impact on
quality of life–a population-based study.Aliment pharmacol Ther. (2008) 27:971–9.
doi: 10.1111/j.1365-2036.2008.03664.x

48. Kim DY, Park HS, Park SW, Kim JH. The impact of dysphagia
on quality of life in stroke patients. Medicine. (2020) 99:p.e21795.
doi: 10.1097/MD.0000000000021795

49. Martino R, Beaton D, Diamant NE. Perceptions of psychological issues
related to dysphagia differ in acute and chronic patients. Dysphagia. (2010) 25:26–
34. doi: 10.1007/s00455-009-9225-0

50. Takizawa C, Gemmell E, Kenworthy J, Speyer R, A. systematic review
of the prevalence of oropharyngeal dysphagia in stroke, Parkinson’s disease,
Alzheimer’s disease, head injury, and pneumonia. Dysphagia. (2016) 31:434–41.
doi: 10.1007/s00455-016-9695-9

51. Smithard DG, O’Neill PA, England RE, Park CL, Wyatt R, Martin DF, et al.
The natural history of dysphagia following a stroke. Dysphagia. (1997) 12:188–93.
doi: 10.1007/PL00009535

52. Marin S, Serra-Prat M, Ortega O, Audouard Fericgla M, Valls J, Palomera
E. Healthcare costs of post-stroke oropharyngeal dysphagia and its complications:
malnutrition and respiratory infections. Eur J Neurol. (2021) 28:3670–81.
doi: 10.1111/ene.14998

53. Hotter B, Padberg I, Liebenau A, Knispel P, Heel S. Steube. Identifying unmet
needs in long-term stroke care using in-depth assessment and the post-stroke
checklist–The Managing Aftercare for Stroke (MAS-I) study. Euro Stroke J. (2018)
3:237–45. doi: 10.1177/2396987318771174

54. Norrving B, Barrick J, Davalos A, Dichgans M, Cordonnier C, Guekht A,
et al. Action plan for stroke in Europe 2018–2030. Euro Stroke J. (2018) 3:309–36.
doi: 10.1177/2396987318808719

55. Serra MC. The importance of assessing nutritional status to ensure
optimal recovery during the chronic phase of stroke. Stroke Res Treat. (2018).
doi: 10.1155/2018/1297846

56. Huppertz V, Guida S, Holdoway A, Strilciuc S, Baijens L, Schols JM,
et al. (2022). Impaired nutritional condition after stroke from the hyperacute to
the chronic phase: a systematic review and meta-analysis. Front Neurol. (2459).
doi: 10.3389/fneur.2021.780080

57. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”: a practical
method for grading the cognitive state of patients for the clinician. J Psychiatr Res.
(1975) 12:189–98. doi: 10.1016/0022-3956(75)90026-6

58. Crary MA, Mann GDC, Groher ME. Initial psychometric assessment of a
functional oral intake scale for dysphagia in stroke patients.Arch PhysMed Rehabil.
(2005) 86:1516–20. doi: 10.1016/j.apmr.2004.11.049

59. Speyer R, Heijnen BJ, Baijens LW, Vrijenhoef FH, Otters EF, Roodenburg
N, et al. Quality of life in oncological patients with oropharyngeal dysphagia:
validity and reliability of the Dutch version of the MD Anderson Dysphagia
Inventory and the Deglutition Handicap Index. Dysphagia. (2011) 26:407–14.
doi: 10.1007/s00455-011-9327-3

60. Chen AY, Frankowski R, Bishop-Leone J, Hebert T, Leyk S, Lewin J, et al. The
development and validation of a dysphagia-specific quality-of-life questionnaire
for patients with head and neck cancer: the MD Anderson dysphagia inventory.
Arch Otorhinolaryngol. (2001) 127:870–6.

61. Samuels EE, van Hooren M, Baijens LW, Beeckman AS, Passos VL, Pilz
W, et al. Validation of the Dutch version of the MD Anderson dysphagia
inventory for neurogenic patients. Folia Phoniatrica et Logopaedica. (2021) 73:42–
9. doi: 10.1159/000504222

62. Kruizenga HM, Seidell JC, de Vet HC, Wierdsma NJ. Development
and validation of a hospital screening tool for malnutrition: the short
nutritional assessment questionnaire (SNAQ©). Clinl Nutr. (2005) 24:75–82.
doi: 10.1016/j.clnu.2004.07.015

63. Neelemaat F, Kruizenga HM, de Vet HC, Seidell JC, Butterman M.
Screening malnutrition in hospital outpatients. Can the SNAQ malnutrition
screening tool also be applied to this population? Clin Nutr. (2008) 27:439–46.
doi: 10.1016/j.clnu.2008.02.002

64. Langmore SE, Murray J. Fiberoptic endoscopic evaluation of
swallowing (FEES). In: Manual of Diagnostic and Therapeutic Techniques
for Disorders of Deglutition. New York, NY: Springer (2013). p. 85-101.
doi: 10.1007/978-1-4614-3779-6_5

65. Baijens LW, Speyer R, Pilz W, Roodenburg N, FEES. protocol derived
estimates of sensitivity: aspiration in dysphagic patients.Dysphagia. (2014) 29:583–
90. doi: 10.1007/s00455-014-9549-2

66. Pilz W, Vanbelle S, Kremer B, van Hooren MR, van Becelaere
T, Roodenburg N, et al. Observers’ agreement on measurements in
fiberoptic endoscopic evaluation of swallowing. Dysphagia. (2016) 31:180–7.
doi: 10.1007/s00455-015-9673-7

67. CCMO. Niet-WMO-Onderzoek (2021). Available online at: https://www.
ccmo.nl/onderzoekers/wet-en-regelgeving-voor-medisch-wetenschappelijk-
onderzoek/uw-onderzoek-wmo-plichtig-of-niet (accessed November 29, 2021).

68. McCullough G, Pelletier C, Steele C. National dysphagia diet: what to
swallow? ASHA Lead. (2003) 8:16–27. doi: 10.1044/leader.FTR3.08202003.16

69. Cichero JA, Lam P, Steele CM, Hanson B, Chen J. Dantas RODevelopment
of international terminology and definitions for texture-modified foods and
thickened fluids used in dysphagia management: the IDDSI framework.Dysphagia.
(2017) 32:293–314. doi: 10.1007/s00455-016-9758-y

70. Simon SR, Florie M, Pilz W, Winkens B, Winter N, Kremer B,
et al. Association between pharyngeal pooling and aspiration using fiberoptic
endoscopic evaluation of swallowing in head and neck cancer patients with
dysphagia. Dysphagia. (2020) 35:42–51. doi: 10.1007/s00455-019-09992-x

71. Krebbers I, Simon SR, Pilz W, Kremer B, Winkens B, Baijens LW, et al.
Patients with head-and-neck cancer: dysphagia and affective symptoms. Folia
Phoniatrica et Logopaedica. (2021) 73:308–15. doi: 10.1159/000508367

72. Levine RD, Sugarman M, Schiller W, Weinshel S, Lehning
EJ, Lagasse RS, et al. The effect of group discussion on interrater
reliability of structured peer review. Anesthesiology. (1998) 89:507–15.
doi: 10.1097/00000542-199808000-00029

Frontiers inNeurology 13 frontiersin.org

https://doi.org/10.3389/fneur.2022.939735
https://doi.org/10.1589/jpts.27.393
https://doi.org/10.1161/STROKEAHA.114.006258
https://doi.org/10.1055/s-0043-120529
https://doi.org/10.1111/ger.12123
https://doi.org/10.1161/01.STR.0000190056.76543.eb
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.02.011
https://doi.org/10.1212/01.WNL.0000046586.38284.60
https://doi.org/10.1212/WNL.0b013e31823152b1
https://doi.org/10.1111/j.1365-277X.2011.01173.x
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.08.033
https://doi.org/10.3945/an.117.016261
https://doi.org/10.1177/0884533611405793
https://doi.org/10.1016/j.clnu.2017.12.014
https://doi.org/10.1007/s11136-015-0990-y
https://doi.org/10.1007/s00455-017-9844-9
https://doi.org/10.1111/j.1365-2036.2008.03664.x
https://doi.org/10.1097/MD.0000000000021795
https://doi.org/10.1007/s00455-009-9225-0
https://doi.org/10.1007/s00455-016-9695-9
https://doi.org/10.1007/PL00009535
https://doi.org/10.1111/ene.14998
https://doi.org/10.1177/2396987318771174
https://doi.org/10.1177/2396987318808719
https://doi.org/10.1155/2018/1297846
https://doi.org/10.3389/fneur.2021.780080
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1016/j.apmr.2004.11.049
https://doi.org/10.1007/s00455-011-9327-3
https://doi.org/10.1159/000504222
https://doi.org/10.1016/j.clnu.2004.07.015
https://doi.org/10.1016/j.clnu.2008.02.002
https://doi.org/10.1007/978-1-4614-3779-6_5
https://doi.org/10.1007/s00455-014-9549-2
https://doi.org/10.1007/s00455-015-9673-7
https://www.ccmo.nl/onderzoekers/wet-en-regelgeving-voor-medisch-wetenschappelijk-onderzoek/uw-onderzoek-wmo-plichtig-of-niet
https://www.ccmo.nl/onderzoekers/wet-en-regelgeving-voor-medisch-wetenschappelijk-onderzoek/uw-onderzoek-wmo-plichtig-of-niet
https://www.ccmo.nl/onderzoekers/wet-en-regelgeving-voor-medisch-wetenschappelijk-onderzoek/uw-onderzoek-wmo-plichtig-of-niet
https://doi.org/10.1044/leader.FTR3.08202003.16
https://doi.org/10.1007/s00455-016-9758-y
https://doi.org/10.1007/s00455-019-09992-x
https://doi.org/10.1159/000508367
https://doi.org/10.1097/00000542-199808000-00029
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Huppertz et al. 10.3389/fneur.2022.939735

73.Warnecke T, Oelenberg S, Teismann I, Hamacher C, LohmannH, Ringelstein
EB, et al. Endoscopic characteristics and levodopa responsiveness of swallowing
function in progressive supranuclear palsy. Mov Disord. (2010) 25:1239–45.
doi: 10.1002/mds.23060

74. Warnecke T, Suttrup I, Schröder JB, Osada N, Oelenberg S, Hamacher C,
et al. Levodopa responsiveness of dysphagia in advanced Parkinson’s disease and
reliability testing of the FEES-Levodopa-test. Parkinsonism Relat Disord. (2016)
28:100–6. doi: 10.1016/j.parkreldis.2016.04.034

75. Labeit B, Pawlitzki M, Ruck T, Muhle P, Claus I, Suntrup-Krueger S.
Safety and clinical impact of FEES–results of the FEES-registry. Neurol Res Pract.
(2019) 1:1–8.

76. Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR, A. simulation
study of the number of events per variable in logistic regression analysis. J Clin
Epidemiol. (1996) 49:1373–9. doi: 10.1016/S0895-4356(96)00236-3

77. Kotseva K, Gerlier L, Sidelnikov E, Kutikova L, Lamotte M, Amarenco
P. Patient and caregiver productivity loss and indirect costs associated
with cardiovascular events in Europe. Eur J Prev cardiol. (2019) 26:1150–7.
doi: 10.1177/2047487319834770

78. Galimanis A, Mono ML, Arnold M, Nedeltchev K, Mattle HP.
Lifestyle and stroke risk: a review. Curr Opin Neurol. (2009) 22:60–8.
doi: 10.1097/WCO.0b013e32831fda0e

79. Davidson I, Smith S. Nutritional screening: pitfalls of nutritional screening in
the injured obese patient. Proc Nutr Soc. (2004) 63:421–25.

80. Field LB, Hand RK. Differentiating malnutrition screening and assessment:
a nutrition care process perspective. J Acad Nutr Diet. (2015) 115:824–8.
doi: 10.1016/j.jand.2014.11.010

81. Cederholm T, Jensen G, Correia M, Gonzalez MC, Fukushima R,
Higashiguchi T, et al. GLIM criteria for the diagnosis of malnutrition–A consensus
report from the global clinical nutrition community. J Cachexia SarcopeniaMuscle.
(2019) 10:207–17. doi: 10.1002/jcsm.12383

82. Jensen GL, Cederholm T, Correia MIT, Gonzalez MC,
Fukushima R, Higashiguchi T, et al. GLIM criteria for the diagnosis
of malnutrition: a consensus report from the global clinical nutrition
community. JPEN J Parenter Enteral. (2019) 43:32–40. doi: 10.1002/jpen.
1440

83. Burgos R, Bretón I, Cereda E, Desport JC, Dziewas
R, Genton L, et al. guideline clinical nutrition in neurology.
Clin Nutr. (2018) 37:354–96. doi: 10.1016/j.clnu.2017.
09.003

84. Bjornberg A, Phang AY. Euro Health Consumer Index 2018, In: Euro Health
Consumer Index. Marseillan: Helath Consumer Powerhouse Ltd. (2019). p. 90.

85. Patientenfederatie. Zorgkaart Nederland. (2021). Available online at: https://
www.zorgkaartnederland.nl/ (accessed November 30, 2021).

86. Foley NC, Martin RE, Salter KL, Teasell RW, A. review
of the relationship between dysphagia and malnutrition following
stroke. J Rehabil Med. (2009) 41:707–13. doi: 10.2340/16501977-
0415

87. Dziewas R, Michou E, Trapl-Grundschober M, Lal A, Arsava
EM, Bath PM. European Stroke Organisation and European Society for
Swallowing Disorders guideline for the diagnosis and treatment of post-stroke
dysphagia. Eur Stroke J. (2021) 6:LXXXIX-CXV. doi: 10.1177/239698732110
39721

88. Sacco AG, Coffey CS, Sanghvi P, Rubio GP, Califano J, Athas J.
Development of care pathways to standardize and optimally integrate
multidisciplinary care for head and neck cancer. Oncology Issues. (2018) 33:28–44.
doi: 10.1080/10463356.2018.1527118

89. NHG werkgroep Beroerte. NHG-Standaard Beroerte. NHG-Richtlijnen.
(2018). Available online at: https://richtlijnen.nhg.org/standaarden/beroerte#
samenvatting-richtlijnen-beleid-revalidatiefase-en-chronische-fase (accessed
December 24, 2021).

Frontiers inNeurology 14 frontiersin.org

https://doi.org/10.3389/fneur.2022.939735
https://doi.org/10.1002/mds.23060
https://doi.org/10.1016/j.parkreldis.2016.04.034
https://doi.org/10.1016/S0895-4356(96)00236-3
https://doi.org/10.1177/2047487319834770
https://doi.org/10.1097/WCO.0b013e32831fda0e
https://doi.org/10.1016/j.jand.2014.11.010
https://doi.org/10.1002/jcsm.12383
https://doi.org/10.1002/jpen.1440
https://doi.org/10.1016/j.clnu.2017.09.003
https://www.zorgkaartnederland.nl/
https://www.zorgkaartnederland.nl/
https://doi.org/10.2340/16501977-0415
https://doi.org/10.1177/23969873211039721
https://doi.org/10.1080/10463356.2018.1527118
https://richtlijnen.nhg.org/standaarden/beroerte#samenvatting-richtlijnen-beleid-revalidatiefase-en-chronische-fase
https://richtlijnen.nhg.org/standaarden/beroerte#samenvatting-richtlijnen-beleid-revalidatiefase-en-chronische-fase
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Malnutrition risk and oropharyngeal dysphagia in the chronic post-stroke phase
	Introduction
	Methods
	Study design and study population
	Ethical considerations
	Data collection
	Primary objectives
	Exploratory objectives
	Statistical analyses

	Results
	Prevalence of nutritional risk
	Characteristics and the prevalence of different OD severity levels
	The relationship between on the one hand OD severity and on the other hand functional oral intake and dysphagia-specific QoL

	Discussion
	Study limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


