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Abstract
Objective  This study was aimed to investigate the relationship between neuron-specific enolase (NSE) and 
swallowing dysfunction in patients with acute ischemic stroke (AIS) and evaluate the impact of early enteral nutrition 
intervention on NSE levels.

Setting and participants  A retrospective study was conducted involving 445 AIS patients admitted to the 
neurology department of the Affiliated Hospital of Jiaxing University between September 2015 and August 2022. 
Data collected included gender, age, water-swallowing test (WST) score upon admission, and NSE examination results 
on admission, the 5th day, and the 10th day.

Results  Among 445 enrolled AIS patients, 42.0% (187/445) exhibited swallowing dysfunction. Key findings revealed: 
(1) Positive correlation between WST severity and serum NSE levels across all timepoints (P < 0.05). (2) Dysphagia 
patients demonstrated elevated NSE levels versus controls (P < 0.05). (3) Early enteral nutrition intervention (n = 98) 
significantly reduced NSE levels by day 10 compared to non-intervention group (P < 0.05), though no intergroup 
differences were observed at admission or day 5 (P > 0.05).

Conclusions  NSE measurement is a simple supplement to the WST. There existed a significant correlation between 
NSE and swallowing dysfunction, making NSE a potential preliminary screening indicator for evaluating in ischemic 
stroke patients. And early implementation of enteral nutrition intervention could effectively reduce NSE levels in 
patients with ischemic stroke.
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Introduction
Oropharyngeal dysphagia (OD) is a dysfunction con-
sisting of a difficulty in swallowing. It affects the proper 
transit of the bolus in the upper digestive tract, prevent-
ing a safe oral feeding process [1]. Ischemic stroke is 
the most prevalent type, accounting for 69.6–70.8% of 
all strokes [2]. The incidence of swallowing dysfunction 
in individuals during the acute phase of stroke ranges 
from 42 to 75% [3, 4]. Videofluoroscopy (VFS) is the gold 
standard in evaluating dysphagia and fibreoptic endo-
scopic evaluation of swallowing (FEES) are available [5], 
however, these methods have certain limitations when 
used for early identification of swallowing dysfunction in 
acute stages of stroke [6]. And the water-swallowing test 
(WST) is easy to incorporate as part of the clinical evalu-
ation of swallowing due to low cost and quick administra-
tion [7]. Currently, WST is recommended for assessing 
swallowing dysfunction in ischemic stroke patients [6, 
8]. However, due to cognitive dysfunction or mental 
abnormalities associated with stroke, patients often face 
difficulties in complying with the WST. Stroke patients 
with dysphagia frequently experience concurrent psycho-
logical challenges such as anxiety or depression, creating 
additional barriers to effective assessment participation 
[9, 10].

NSE, a glycolytic enzyme predominantly expressed 
in neurons and neuroendocrine cells, has emerged as 
a biomarker for neuronal damage across various neu-
rological conditions [11, 12]. Elevated serum NSE lev-
els correlate with the severity of traumatic brain injury 
and predict poor neurological outcomes [13, 14]. In 
Alzheimer’s disease, NSE levels in cerebrospinal fluid 
reflect synaptic degeneration and disease progression 
[14, 15]. Studies indicate serum NSE levels rise in corre-
lation with brain injury severity, paralleling cerebral cell 
death [14, 16]. NSE is valuable for predicting stroke prog-
nosis and is widely used in stroke research [13, 17]. In 
our clinical practice, we routinely measure NSE in acute 
stroke patients to monitor neuronal injury and progno-
sis dynamically. However, the relationship between NSE 
and swallowing dysfunction in ischemic stroke patients 
remains unclear.

This retrospective study analyzed existing clinical data 
to investigate this relationship by collecting and analyzing 
clinical data and examining changes in NSE levels follow-
ing nutritional support therapy, so as to find a supple-
mentary method to evaluate dysphagia in patients with 
acute ischemic stroke. By bridging the gap between sero-
logical biomarkers and functional swallowing outcomes, 
our findings may inform personalized rehabilitation 
strategies, such as combining WST with biomarker-
guided interventions. Furthermore, our research findings 
aim to expand the clinical application of NSE and provide 

a basis for the routine detection of NSE to be included in 
future guidelines.

Materials and methods
Study design and patients
A total of 573 patients diagnosed with ischemic stroke 
between September 2015 and August 2022 were retro-
spectively included in this study at the Department of 
Neurology, Affiliated Hospital of Jiaxing University. After 
applying inclusion and exclusion criteria, 445 patients 
were finally included. Clinical data, including demo-
graphics, NIHSS scores, stroke location, and NSE mea-
surements were systematically extracted from electronic 
medical records.

Inclusion criteria consisted of: (1) patients aged ≥ 18 
years old; (2) patients with confirmed new ischemic 
stroke through diffusion-weighted magnetic resonance 
imaging of the brain; (3) conscious patients capable of 
cooperating with the WST; (4) patients with the absence 
of mental or emotional disorders or cognitive dysfunc-
tion; (5) patients with the onset-to-admission duration of 
≤ 48 h.

Exclusion criteria were: (1) patients with acute isch-
emic stroke (AIS) combined with cerebral hemorrhage; 
(2) patients with ischemic stroke caused by intracranial 
venous system issues; (3) patients with other condi-
tions affecting swallowing function, such as esophageal 
tumors, Guillain-Barre syndrome, or myasthenia gravis; 
(4) patients with AIS accompanied by serious diseases 
(e.g., cardiopulmonary function, liver and kidney fail-
ure, or malignant tumors); (5) unconscious or mentally/
emotionally abnormal patients or those unable to coop-
erate with swallowing function assessment due to a mini-
mental state examination (MMSE) score < 27 points; (6) 
patients hospitalized for less than 10 days; (7) incomplete 
clinical or laboratory data.

Grouping and data collection
For patients with dysphagia, follow the guidelines [18, 
19] and fully respect the patient’s opinion after commu-
nication with the patient and family members to decide 
whether to perform enteral nutrition and data were col-
lected retrospectively. The study divided patients into a 
swallowing dysfunction group and a non-swallowing 
dysfunction group. The dysphagia group was further cat-
egorized into the enteral nutrition group and non-enteral 
nutrition group. Clinical data including age, gender, WST 
results, and NSE levels were collected on admission, the 
5th day, and the 10th day. Swallowing dysfunction was 
defined as a WST score ≥ 2 points [20]. Serum NSE levels 
were measured using Roche cobasE601 automatic elec-
trochemiluminescence immunoassay (Roche Diagnos-
tics, Basel, Switzerland).
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Conventional therapy
All patients with AIS received treatment according to 
current guidelines [18, 19]. Upon admission, two neu-
rologists assessed the patients, and a trained stroke 
treatment team initiated prompt therapy. Conventional 
medications included antiplatelet therapy with aspirin 
and/or clopidogrel, lipid regulation and plaque stabili-
zation with atorvastatin calcium, as well as medications 
aiming to improve blood circulation and scavenge oxy-
gen free radicals. Serial NSE assessments are routinely 
performed in stroke patients during hospitalization to 
dynamically monitor neuronal injury severity, evalu-
ate therapeutic efficacy, and track disease progression. 
Swallowing rehabilitation was administered according 
to guidelines, with informed consent obtained from the 
patient and family members [18, 19].

WST
WST, widely employed for preliminary screening and risk 
assessment of swallowing problems [8, 21, 22], involved 
participants drinking 30 ml of water while seated. Obser-
vations were made regarding clinical behaviors (e.g., 
coughing and choking), quantity of water swallowed, and 
time taken. Outcomes are graded as shown in supple-
mentary material 1. The clinical evaluation criteria are 
divided into normal, suspicious and abnormal by WST 
level: (1) normal means grade 1 in the WST; (2) suspi-
cious means grade 1 with more than 5s or grade 2; (3) 
abnormal means grade 3 to 5. All assessments were per-
formed by trained and clinically experienced neurolo-
gists. According to the guidelines, all patients underwent 
formalized screening for OD by WST within 24  h after 
admission and before taking their first sip of water and 
food.

Statistical analysis
Statistical analysis was performed using Statistical Pack-
age for the Social Sciences (SPSS) version 25.0 and 
GraphPad Prism version 9.0.0. Measurement data were 
presented as mean ± standard deviation (M ± SD), while 
count data were presented as numbers. Independent 
sample t-tests were used to compare two sample groups, 
and the Kruskal Wallis non-parametric test was used for 
multiple sample comparisons. The level of significance 
was set to a = 0.05 and P < 0.05.

Results
Between September 2015 and August 2022, a total of 573 
patients diagnosed with AIS underwent three rounds of 
NSE testing. Ultimately, 445 patients met the inclusion 
and exclusion criteria and were enrolled in this study, 
comprising 226 males and 219 females. Among the par-
ticipants, 187 patients (42.02%) were classified into the 
dysphagia group, while 258 patients (57.98%) were cat-
egorized into the non-dysphagia group. There were no 
significant differences in gender distribution (p = 0.251) 
or age (64.1 ± 10.05 vs. 65.6 ± 9.77 years, p = 0.103) 
between the two groups. The dysphagia group exhibited 
slightly higher NIHSS scores at admission (5.4 ± 2.02 vs. 
5.1 ± 1.83, p = 0.064), although the difference was not 
statistically significant compared to the non-dysphagia 
group. The distribution of stroke locations did not differ 
significantly between the groups (p = 0.63). And, the WST 
scores were significantly higher in the dysphagia group 
(3.7 ± 1.15 vs. 0.3 ± 0.46, p < 0.001) (Table 1).

In the group of AIS patients with dysphagia, 98 patients 
received enteral nutrition support, while 89 patients 
did not receive such support. There were no significant 
differences in gender and age between the two groups 
(P > 0.05) (Table 2).

Based on the hospitalization records, three time points 
were selected: the day of admission, the 5th day, and the 
10th day. Statistical analysis was performed on the WST 
scores and NSE levels at each time point. The findings 
indicate that in AIS patients with dysphagia, higher WST 
scores corresponded to higher NSE levels, consistent 
across all time points. Significantly different NSE values 
were observed between groups at different time points, 
indicating a correlation between WST results and NSE 
levels (Fig. 1).

The AIS patients were categorized into dysphagia and 
non-dysphagia groups. The changes in NSE levels at 

Table 1  Clinical data of dysphagia group and non-dysphagia group
dysphagia group non-dysphagia group P-value

Number of people (n, %) 187 (42.02%) 258 (57.98%)
Gender (male/ female) 89/98 137/121 0.251
Age (years) 64.1 ± 10.05 65.6 ± 9.77 0.103
WST (scores) 3.7 ± 1.15 0.3 ± 0.46 <0.001
NIHSS (admission) 5.4 ± 2.02 5.1 ± 1.83 0.064
Stroke location(Anterior circulation/Posterior circulation/Anterior and posterior circulation) 83/71/33 123/100/35 0.63

Table 2  Clinical data of enteral nutrition group and non- enteral 
nutrition group

enteral nutri-
tion group

non- enteral 
nutrition

P-
val-
ue

Number of people 98 89
Gender (male/ female) 52/46 37/52 0.116
Age (years) 64.7 ± 10.07 63.4 ± 10.03 0.376
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Fig. 1  Comparison of NSE levels in AIS patients with dysphagia at different time points according to the WST scores: (a-b) NSE levels in pre admission; 
(c-d) NSE levels in day 5; (e-f) NSE levels in day 10, NSE levels increase with the increase of WST score (a = 0.05)
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different time points, specifically upon admission, on day 
5, and on day 10, are depicted in Fig. 2a. It is evident that 
AIS patients with dysphagia exhibited significantly higher 
NSE levels compared to those without dysphagia during 
their hospital stay (P < 0.001), indicating an association 
between dysphagia and elevated NSE levels. Among the 
dysphagic patients, there was no significant difference in 
NSE levels between those who received enteral nutrition 
intervention and those who did not, upon admission and 
on day 5 (P > 0.05). However, the group receiving enteral 
nutrition intervention displayed lower NSE levels than 
the group without intervention (P < 0.001) (Fig. 2b). This 
suggested that the NSE levels of the two groups were 
similar upon admission, but after treatment, the enteral 
nutrition intervention group demonstrated a decrease in 
NSE levels, implying a favorable prognosis.

Discussion
Oropharyngeal dysphagia is an important factor con-
tributing to increased mortality in AIS patients [3]. It is 
a common complication following stroke that not only 
affects nutrient intake and leads to malnutrition but also 
causes coughing during water consumption and increases 
the risk of aspiration pneumonia [4, 23]. Therefore, swal-
lowing screening is critical for ensuring the safety and 
high-quality care of stroke patients. Given the prevalence 
of dysphagia in ischemic stroke patients, which has been 
associated with specific neurological impairment [24], 
NSE holds potential as a biochemical indicator for evalu-
ating dysphagia in this population [25–27]. In this study, 
we conducted a comprehensive evaluation of dynamic 
changes in NSE levels in acute ischemic stroke patients, 
aiming to assess its potential utility as an adjunct to the 
WST for dysphagia assessment. Our findings revealed 
that AIS patients with dysphagia displayed higher NSE 
levels compared to those without dysphagia at different 
time points, and NSE levels increased alongside higher 
scores on the WST upon admission. These results suggest 
a correlation between NSE levels and dysphagia. Interest-
ingly, no significant difference in NSE levels was observed 

between AIS patients who received enteral nutrition 
intervention upon admission and at day 5. However, NSE 
levels were lower on day 10 for patients receiving enteral 
nutrition compared to those without intervention, indi-
cating the potential beneficial effect of active enteral 
nutrition support on neurological recovery in dysphagic 
patients.

Early assessment of swallowing dysfunction plays a key 
role in preventing stroke related deaths [28, 29]. Cur-
rent clinical practice relies heavily on bedside screening 
tools such as the WST, yet its utility is constrained by 
patient compliance challenges, operator-dependent vari-
ability, and limited sensitivity in cognitively impaired 
individuals [7, 24, 30]. The integration of NSE into dys-
phagia screening protocols may address limitations 
inherent to functional assessments like WST. Unlike 
WST, NSE quantification is objective, and unaffected by 
patient cooperation, offering a pragmatic alternative for 
populations with cognitive deficits or indwelling feed-
ing tubes. This dual-marker approach-combining sero-
logical and functional evaluations-could enhance early 
dysphagia detection, particularly in resource-limited set-
tings. Although our study did not include patients with 
abnormal mental or emotional dysfunction or cognitive 
dysfunction due to their inability to undergo the WST, 
while, it is reasonable to infer that NSE can be used as 
a biochemical indicator for assessing swallowing func-
tion in ischemic stroke patients. Moreover, NSE offers 
advantages over WST, including greater convenience and 
the absence of experimental water consumption, making 
it an excellent screening tool for evaluating dysphagia in 
AIS patients, regardless of psychoemotional dysfunction 
or cognitive dysfunction. NSE can overcome the limita-
tions of bedside examination, furthering our understand-
ing of swallowing mechanisms. Additionally, it can assist 
in evaluating the feasibility of resuming oral diet, aiding 
clinical decision-making processes regarding the exten-
sion of indwelling interventions [31].

Expert consensus emphasizes addressing nutrition as 
a priority issue in dysphagic patients, recommending 

Fig. 2  Differences in NSE levels in different groups: (a) grouping based on dysphagia; (b) grouping based on enteral nutrition intervention (***P < 0.001)
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enteral nutrition for individuals without contraindica-
tions [32]. Early implementation of enteral nutrition sup-
port therapy has been shown to promote neurological 
function recovery in stroke patients with dysphagia [33]. 
Given that NSE can reflect neurological function dam-
age, our study observed a greater decrease in NSE levels 
among AIS patients receiving enteral nutrition compared 
to those without enteral nutrition support, consistent 
with previous research. It is important to note the diffi-
culty in repeatedly evaluating the WST in long-term care 
nursing institutions and homes. Nursing personnel may 
lack standardized training, leading to inaccurate results. 
In contrast, NSE testing avoids subjectivity and measure-
ment errors since it involves blood-related tests, which 
is simpler and more feasible for patients with cognitive 
impairment or indwelling gastric tubes, aiding doctors in 
making more informed clinical decisions. Our findings 
highlight the potential of NSE as an objective adjunct to 
the WST, this biomarker-driven approach may enhance 
early dysphagia detection while complementing existing 
clinical protocols.

Despite these insights, our study bears limitations 
inherent to its retrospective design, including poten-
tial residual confounding and selection bias. The 
homogeneous cohort from a single center restricts gen-
eralizability, necessitating validation across diverse ethnic 
and geographic populations. Additionally, the exclusion 
of cognitively impaired patients, while methodologi-
cally necessary, limits applicability to the broader stroke 
population, wherein cognitive and swallowing deficits 
frequently coexist. External validation in diverse popu-
lations and healthcare settings is necessary to confirm 
the applicability of NSE as a universal biomarker for dys-
phagia. Although we balanced baseline characteristics 
between groups, unrecorded confounders (e.g., socioeco-
nomic status, pre-stroke comorbidities) may still influ-
ence the results. Future multicenter prospective studies 
incorporating advanced neuroimaging and longitudinal 
biomarker tracking are warranted to elucidate causal 
pathways linking neural circuit integrity, and swallow-
ing recovery. Such investigations could further refine risk 
stratification models and personalize rehabilitation strat-
egies, ultimately improving functional outcomes in AIS 
patients.

Conclusions
In conclusion, NSE demonstrates significant potential 
as a biochemical screening indicator for oropharyngeal 
dysphagia in patients with AIS, serving as a valuable sup-
plement to the WST. The correlation between elevated 
NSE levels and swallowing dysfunction highlights its 
utility in assessing dysphagia. Furthermore, early enteral 
nutrition intervention was associated with reduced NSE 
levels, suggesting a beneficial impact on neurological 

recovery. These findings underscore the importance of 
integrating biomarker-driven approaches, such as NSE 
measurement, into clinical practice to enhance early 
dysphagia detection and inform personalized rehabili-
tation strategies. Future multicenter prospective stud-
ies are warranted to validate these results and further 
explore the clinical applicability of NSE in diverse patient 
populations.

Limitations of this study
Limitations of this study include: (1) The retrospective 
design may introduce residual confounding and selec-
tion bias; (2) The single-center cohort with homogeneous 
Chinese participants limits generalizability to other 
populations; (3) External validation through multicenter 
prospective studies is needed to confirm NSE’s clinical 
utility.
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