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Abstract: Objectives: Recently, the need for early diagnosis of modifiable risk factors
involved in the etiology of stroke has been highlighted in the literature. Nesfatin-1 is a
peptide expressed in the central nervous system and peripheral tissues and has been used
as a biomarker in recent years. This study aimed to determine the association of ischemic
stroke with internal carotid artery stenosis according to nesfatin-1 level and whether it
could be used as a biomarker. Methods: A total of 118 patients were included in the study.
Three groups were defined: acute stroke patients with symptomatic internal carotid artery
stenosis, acute stroke patients without internal carotid artery stenosis, and a control group.
Nesfatin-1 levels were measured and compared. Results: The median value was 22 pg/mL
in acute stroke patients with internal carotid artery stenosis, 24.3 pg/mL in acute stroke
patients without internal carotid artery stenosis, and 46.4 pg/mL in the control group.
There is a difference between the median values of nesfatin-1 according to the stroke groups
with the control group (p < 0.001). When a cut-off value of ≤30.62 was taken for nesfatin-1,
an AUC value of 0.773 indicated statistical significance (p < 0.001). Sensitivity was 77.03%,
specificity 83.33%, PPV 90.48%, and NPV 63.83%. The main limitations of our study are
the small sample size and the fact that the function of nesfatin-1 is not completely known.
Conclusions: Although we found that nesfatin-1 levels were lower in ischemic stroke
patients compared to controls, its diagnostic potential indicates a moderate discriminatory
ability with an AUC value of 0.773. Therefore, whether it is suitable for clinical use will be
demonstrated by studies in larger and multicenter cohorts.

Keywords: stroke; biomarker; internal carotid artery; stenosis; nesfatin-1

1. Introduction
Ischemic stroke is one of the leading causes of death [1]. Many mechanisms may be

interrelated in the etiology of ischemic stroke. The best-known and accepted etiologic
causes are atherosclerosis, thrombosis, and embolism [2]. Each or more than one of these
causes may play a role in the etiology of stroke. Carotid artery stenosis resulting from
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atherosclerosis is among the important and modifiable risk factors for stroke [3]. Early
diagnosis of a modifiable risk factor in the etiology of a disease with high mortality and
morbidity such as stroke is a topic of interest in the current literature as it may provide a
significant advantage in treatment planning.

Nesfatin-1 is a peptide with a highly conserved amino acid sequence in mammals,
known to be mainly associated with appetite regulation, widely expressed in the central
nervous system (CNS) and peripheral tissues, and increasingly used as a biomarker in
recent years [4–6]. In peripheral structures, the main source of nesfatin-1 in serum is white
adipose tissue. Nesfatin-1 has been shown to play a role in blood glucose regulation and
regulation of fat storage, which are involved in the etiology of stroke [7–10]. Nesfatin-1
is widely expressed in the paraventricular nucleus, arcuate nucleus, supraoptic nucleus,
and hypothalamic nuclei in the CNS [5,11–13]. Studies on the effects of nesfatin-1 on the
CNS are much fewer in the literature than studies on its peripheral effects. These studies,
both at the clinical and laboratory levels, are related to neuropsychiatric conditions, such as
epilepsy, stress, sleep disorders, anxiety, and depression [14–17]. High levels of nesfatin-1
have been detected in patients with major depressive disorder or epilepsy and low levels
of nesfatin-1 in patients with generalized anxiety disorder [18–20].

Acute ischemic stroke treatment aims to restore blood flow at an appropriate time.
However, increased blood flow causes an inflammatory response in brain tissue and cellular
damage may increase with apoptosis resulting from cell necrosis [21,22]. Many studies have
shown that serum nesfatin-1 levels are associated with physiological and clinical recovery
after cerebral ischemia and are protective against ischemia/reperfusion injury [23–25].
There are very few studies in the literature showing the relationship between ischemic
stroke and nesfatin-1. In one study, nesfatin-1 concentration was found to be lower in
patients with ischemic stroke and this was associated with stroke severity [26]. From this
point of view, the relationship between internal carotid artery (ICA) stenosis, among the
preventable causes of stroke, and stroke can be considered an interesting issue. Carotid
artery stenosis is a pathology in which plaques composed of free fatty acids and fatty
cholesterol deposits narrow the carotid artery lumen and reduce blood flow [27]. In the
literature, nesfatin-1 has been shown to inhibit FFA-induced endothelial inflammation
through its receptor at the molecular level [28]. However, there is no study in the literature
evaluating the relationship between nesfatin-1 and carotid artery stenosis, an important
etiologic cause in stroke patients, and evaluating whether nesfatin-1 level would be a
predictor. To make this evaluation properly, we compare stroke patients with ICA stenosis,
stroke patients without ICA stenosis, and a control group.

This study aimed to evaluate the nesfatin-1 levels of ischemic stroke patients with
ICA stenosis and ischemic stroke patients without ICA stenosis by comparing them with
a control group and to determine the association of ischemic strokes with ICA stenosis
according to nesfatin-1 level, and whether it can be used as a biomarker.

2. Methods
2.1. Patients and Study Design

This study was a prospective clinical investigation conducted in patients with ischemic
stroke confirmed by examination findings, computed tomography, and/or magnetic res-
onance imaging during hospitalization between February 2021 and October 2023. Acute
stroke patients with symptomatic ICA stenosis, acute stroke patients without ICA stenosis,
and a control group were determined as the study groups. ICA stenosis was evaluated
using the North American Symptomatic Carotid Endarterectomy Trial (NASCET) classifi-
cation, with ICA stenosis confirmation by CT or MR angiography in stenoses greater than
50%. Exclusion criteria were high blood pressure (systolic 220 mm Hg/diastolic 140 mm
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Hg), decompensated heart failure and history of acute myocardial ischemia (<6 months),
uncontrolled diabetes mellitus, and peripheral vascular disease. Patients receiving in-
travenous tissue plasminogen activator or endovascular therapy for acute stroke were
excluded because these treatment options may affect the duration of ischemia-reperfusion
injury and consequently affect nesfatin-1 levels. In addition, patients with hemorrhagic
stroke and secondary causes of stroke etiology (stroke due to all type of malignancy, bleed-
ing diathesis., traumatic causes, etc.) were also excluded. According to these criteria,
118 patients were included in the study.

Clinical information and demographic data were obtained from the patients’ medical
records. Standard stroke treatment protocols were applied to all patients. Ischemic stroke
subtypes were divided into 4 groups by Trial of Org 10172 in Acute Stroke Treatment
(TOAST) criteria. These were classified as large artery atherosclerosis, cardiac embolism,
small artery occlusion, idiopathic, and others [28]. Patients were evaluated by a stroke
neurologist upon admission and stroke severity was assessed using the National Institutes
of Health Stroke Scale (NIHSS). Patients were functionally assessed using the modified
Rankin Scale (mRS). A good functional outcome was defined as an mRS of 0–2 points, while
a poor outcome was defined as an mRS of 3–6 points [29]. Written informed consent was
obtained from all participants in the study and the approval of the Ethics Committee (ethics
committee decision 2021-226 and decision number 13/9) of our hospital was obtained.
In addition, the study was planned according to the protocol by the ethical rules of the
1975 Declaration of Helsinki.

2.2. Blood Collection and Human Nesfatin-1 Quantification

Blood samples were collected venously after the diagnosis of stroke was confirmed
within 12 h (ischemia-reperfusion-induced inflammation and oxidative stress affect the
blood–brain barrier in 12 h) following examinations performed in the emergency depart-
ment [30]. Blood samples were stored at −80 ◦C until the number planned for the study
was reached. Once the planned number was reached, the samples were thawed only once
before use. Human nesfatin-1 levels were measured using enzyme-linked immunosor-
bent assay (ELISA) kits (SunLong Biotech Co., LTD, Hangzhou, China; catalog number:
SL2458Hu). According to the instructions, sensitivity, assay range, and the intra-assay and
interassay coefficients of variation are 1.5 pg/mL, 8 pg/mL–400 pg/mL, <10%, and <12%
for Nes-1, respectively.

2.3. Statistical Methods

The data were analyzed with IBM SPSS V23. The results are expressed as percentages
for categorical variables and mean ± standard errors for continuous variables. Compliance
with normal distribution was examined by the Shapiro–Wilk test. Mann–Whitney U and
Kruskal–Wallis tests were used to compare nonnormally distributed continuous data be-
tween groups. Spearman’s rho correlation coefficient was used to evaluate the relationships
between quantitative data. Receiver operating characteristic (ROC) analysis was used to
determine the appropriate cut-off value for nesfatin-1. Categorical data were analyzed
using Fisher’s exact test. A significance level of p < 0.05 was determined. The sample size
was calculated using the G*Power V. 3.1.9.6 program. With 95% confidence (1 − α), 95% test
power (1 − β), and f = 0.353 effect size (in the ANOVA test, the effect size was calculated
using Cohen’s f coefficient.), the number of cases that should be included in a study of
3 groups was determined as 114 in total. Since the study was completed with 118 cases, the
power of the test was found to be 95.2%, according to the post hoc power analysis.
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3. Results
A total of 118 patients were included in the study and observed. These patients were

divided into three groups. In all groups, 32 (27.2%) of the patients were female. Median age
values differed according to the group (p < 0.001). The median age was 71.07 + 8.90 years
in the acute stroke group with ICA stenosis, 68.94 + 14.58 years in the acute stroke group
without ICA stenosis, and 63.37 ± 9.56 years in the stroke-free group. The median age of
cases in the control group differed from the others. The distribution of diabetes mellitus,
chronic heart disease, hyperlipidemia, and renal failure was similar in all three groups.
Other characteristic data about TOAST criteria and mRS results are detailed in Table 1.

Table 1. Patients’ demographic data according to group: stroke with ICA stenosis, stroke without
ICA stenosis, and control.

Stroke with ICA Stenosis
n: 40

Stroke Without ICA Stenosis
n: 34

Control Group
n: 44 p *

Age 71.07 ± 8.90 68.94 ± 14.58 63.37 ± 9.56

Sex

Male 31 (77.5) 23 (67.6) 32 (72.8) 0.602
Female 9 (22.5) 11 (32.4) 12 (27.2)

Hypertension

(−) 11 (27.5) 12 (35.3) 39 (88.6) <0.001
(+) 29 (72.5) 22 (64.7) 5 (11.4)

Diabetes mellitus

(–) 23 (57.5) 17 (50) 41 (93.2) <0.001
(+) 17 (42.5) 17 (50) 3 (6.8)

Chronic heart disease

(–) 16 (40) 17 (50) 43 (97.7) <0.001
(+) 24 (60) 17 (50) 1 (2.3)

Hyperlipidemia

(–) 20 (50) 14 (41.2) 44 (100) <0.001
(+) 20 (50) 20 (58.8) 0 (0)

Renal failure

(+) 1 (2.5) 0 (0) 0 (0) ---
(–) 39 (97.5) 34 (100) 44 (100)

TOAST classification

Large artery 36 (90) 4 (11.8) --- <0.001
Cardioembolism 3 (7.5) 9 (26.5) ---
Small-vessel occlusion 0 (0) 6 (17.6) ---
Undetermined etiology 0 (0) 15 (44.1) ---
Others 1 (2.5) 0 (0) ---

mRS ---

Good (0–2) 32 (80) 29 (85.3) --- 0.859
Bad (3–6) 8 (20) 5 (14.7) ---

Abbreviations: TOAST: Trial of Org 10172 in Acute Stroke Treatment. * Fisher’s exact test.

The median values of left atrium (LA) diameter differed between groups (p = 0.009).
The median value was 41 mm in acute stroke patients with ICA stenosis, 40 mm in acute
stroke patients without ICA stenosis, and 35 mm in the control group. The difference in LA
diameter was due to acute stroke patients with ICA stenosis and chronic stroke patients.
The median value of hemoglobin (Hgb) was different between groups (p = 0.002). The
median value was 12.3 g/dL in acute stroke patients with ICA stenosis, 13.7 g/dL in acute
stroke patients without ICA stenosis, and 14 g/dL in the control group. The difference in
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Hgb is due to acute stroke patients with ICA stenosis and chronic stroke patients. Acute
stroke patients without ICA stenosis did not differ from the other groups. Mean platelet
volume (MPV) median values differed between groups (p = 0.002). The median value was
10.7 fl in acute stroke patients with ICA stenosis, 10.8 fl in acute stroke patients without ICA
stenosis, and 9.9 fl in the control group. The value obtained in the control group differed
from the groups with and without ICA stenosis. C-reactive protein (CRP) median values
differed between groups (p = 0.015). The median value was 8.6 in acute stroke patients
with ICA stenosis, 8.7 in acute stroke patients without ICA stenosis, and 4.1 in chronic
stroke patients. The value obtained in the control group differed from the groups with and
without ICA stenosis. Calcium median values differed between groups (p = 0.002). The
median value was 9 in acute stroke patients with ICA stenosis, 9 in acute stroke patients
without ICA stenosis, and 9.6 in chronic stroke patients. The value obtained in the control
group differs from the group with ICA stenosis. Other parameters did not differ between
groups (p > 0.05) (Table 2).

Table 2. Baseline characteristics among ischemic stroke patients according to group: stroke with ICA
stenosis, stroke without ICA stenosis, and control.

ICA Stenosis (+) Stroke ICA Stenosis (−) Stroke Control Group

n Mean ± S. Deviation
Median (Min–Max) n Mean ± S. Deviation

Median (Min–Max) n Mean ± S. Deviation
Median (Min–Max) p

Stroke time 40 1.2 ± 0.5/
1 (1–3) 34 1.2 ± 0.4/

1 (1–2) -- 0.823 y

EF 39 54.7 ± 13.3/
60 (20–65) 31 58.9 ± 7.6/

60 (25–65) 33 60 ± 3.5/
60 (50–65) 0.508 w

LA diameter 39 40.9 ± 6.1/
41 (30–57) 31 40.4 ± 6.8/

40 (30–63) 33 36.6 ± 5.4/
35 (24–48) 0.009 w

NIHSS 40 7.5 ± 6.8/
6 (0–24) 34 7.9 ± 6.9/

5 (0–25) -- 0.744 y

mRs 40 1.2 ± 1.6/
1 (0–5) 34 1.1 ± 1.2/

1 (0–4) 36 1 ± 1.2/
1 (0–4) 0.940 w

Hb 40 12.2 ± 2.4/
12.3 (2.9–16.6) 34 13.4 ± 1.8/

13.7 (9.2–16.2) 36 13.8 ± 1.9/
14 (7.1–16.7) 0.002 w

PLT 40 250.2 ± 64.8/
249.5 (127–432) 34 241.9 ± 85.8/

232.5 (101–475) 36 271.2 ± 113/
246.5 (113–746) 0.526 w

RDW 40 15.4 ± 5.3/
13.5 (11.9–37.7) 34 13.9 ± 2.3/

13.2 (12.2–24.3) 36 14 ± 1.9/
13.6 (12.2–23) 0.412 w

MPV 40 16.9 ± 22.2/
10.7 (8.9–103) 34 21.5 ± 62.8/

10.8 (9–377) 36 9.9 ± 1.3/
9.9 (6.1–12.5) 0.002 w

GFR 40 66.7 ± 22.4/
65.5 (17–107) 34 74.6 ± 21.2/

75 (33–117) 29 79.1 ± 16.5/
78 (49–113) 0.080 w

Cr Cl 40 1.2 ± 0.5/
1 (0.7–3.1) 34 1 ± 0.3/

0.9 (0.6–1.7) 36 0.9 ± 0.2/
0.9 (0.6–1.5) 0.090 w

Ca++ 35 9.1 ± 0.6/
9 (7.2–10.1) 15 9.1 ± 0.6/

9 (8.2–10.3) 35 9.5 ± 0.5/
9.6 (7.8–10.2) 0.002 w

HDL 39 41.2 ± 8.2/
41 (26–59) 33 43.3 ± 9.8/

41 (20–69) 36 47 ± 12.2/
45 (30–70) 0.216 w

LDL 39 110.6 ± 38.5/
107 (38–196) 33 112.2 ± 33.9/

110 (17–202) 36 116.9 ± 34.1/
118.5 (56–203) 0.722 w

TG 39 124.3 ± 64.2/
112 (55–424) 33 125.8 ± 62/

109 (38–238) 35 152.7 ± 90.8/
122 (52–511) 0.261 w

TC 39 174.5 ± 41.9/
168 (101–263) 33 180.7 ± 46.3/

174 (49–277) 36 192.1 ± 38.4/
191 (137–300) 0.186 w

Fibrinogen 35 358.9 ± 114.9/
355 (67–627) 28 352.3 ± 128.3/

348 (150–722) 17 321.9 ± 91.7/
311 (199–481) 0.427 w

Ddimer 35 632.6 ± 725.2/
317 (96–2759) 28 1503.9 ± 5375.8/

317.5 (83–28,836) 17 317.1 ± 288.2/
229 (10–934) 0.116 w
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Table 2. Cont.

ICA Stenosis (+) Stroke ICA Stenosis (−) Stroke Control Group

n Mean ± S. Deviation
Median (Min–Max) n Mean ± S. Deviation

Median (Min–Max) n Mean ± S. Deviation
Median (Min–Max) p

INR 40 1.5 ± 1/
1.1 (0.9–2.7) 33 1.2 ± 0.4/

1.1 (0.9–2.8) 24 1.1 ± 0.1/
1 (0.9–1.3) 0.052 w

aPTT 38 31.5 ± 6/
31.2 (20–47.6) 32 30.6 ± 6/

30 (11.8–48.5) 21 28.8 ± 3.8/
29.1 (20–36.9) 0.256 w

Hba1c 39 7.1 ± 2/
6.3 (4.4–13.5) 33 6.7 ± 1.6/

5.9 (4.7–11.3) 35 6.9 ± 1.9/
6.1 (4.8–12.4) 0.445 w

FBS 40 147.1 ± 62.9/
130.5 (59–293) 34 148.6 ± 74.9/

124 (70–394) 36 128.7 ± 44.4/
117 (79–317) 0.602 w

TSH 38 1.9 ± 3.7/
1.1 (0–21.6) 33 1.5 ± 1.3/

1.1 (0–5.7) 36 1.8 ± 1.3/
1.5 (0–6.2) 0.158 w

B12 38 340.5 ± 309.2/
213 (49–1526) 33 239.1 ± 183.8/

191 (23–891) 36 255.8 ± 215.1/
179.5 (61–1001) 0.379 w

Folate 33 9.5 ± 4.6/
8.1 (3.5–24.3) 21 10.6 ± 12.4/

7.2 (3.9–63.1) 33 8.7 ± 3.6/
8.5 (2.1–17.7) 0.674 w

Fe++ 33 61.3 ± 35.8/
55 (13–177) 23 50.4 ± 18.8/

45 (24–92) 29 75.2 ± 41.9/
76 (12–196) 0.054 w

Ferritin 38 109.3 ± 165.3/
55 (9–844) 32 84.7 ± 52.1/

68 (22–265) 35 62.7 ± 65.5/
42 (2–316) 0.051 w

Sedimentation 37 19.6 ± 17.6/
14.4 (2–77) 29 17.4 ± 18.7/

11 (2–80) 36 12.6 ± 9.4/
10 (2–34) 0.148 w

CRP 38 27.5 ± 43/
8.6 (0.5–199.9) 34 20.7 ± 28.1/

8.7 (1.2–115.6) 36 6.6 ± 6.5/
4.1 (0.2–26) 0.015 w

Procalcitonin 13 0.2 ± 0.3/
0.1 (0–1.2) 24 0.1 ± 0/

0.1 (0–0.2) 0.403 y

Abbreviations: EF: ejection fraction, LA: left atrium, NIHSS: National Institutes of Health Stroke Scale, mRS:
modified Rankin Scale, Hb: hemoglobin, PLT: platelet, RDW: red cell distribution width, MPV: mean platelet
volume, GFR: glomerular filtration rate, Cr Cl: creatinine clearance, Ca++: calcium, HDL: high-density lipoprotein,
LDL: low-density lipoprotein, TC: total cholesterol, TG: triglyceride, INR: international normalized ratio, aPTT:
activated partial thromboplastin time, HbA1c: hemoglobin A1c, FBS: fasting blood sugar, TSH: thyroid-stimulating
hormone, B12: vitamin B12, Fe++: iron, CRP: C-reactive protein. (y Mann–Whitney U test; w Kruskal–Wallis test).

There is a significant negative correlation between nesfatin-1 and Hgb in the group
with ICA stenosis (r = −0.386; p = 0.014). There is also a positive significant correlation
between nesfatin-1 and international normalized ratio (INR) and between nesfatin-1 and
age (r value = 0.589 and p = 0.001). In the group without ICA stenosis, there is a positive
significant correlation between nesfatin-1 and D-Dimer (r = 0.448; p = 0.017) (Table 3). In
addition, there is a difference between the median values of nesfatin-1 according to the
group (p < 0.001) (Table 4).

Table 3. Correlation analysis results (cases with and without ICA stenosis).

ICA Stenosis (+) ICA Stenosis(−)

Nesfatin Nesfatin

r p n r p N

Stroke time 0.216 0.181 40 0.211 0.230 34
EF −0.017 0.916 39 0.054 0.771 31
LA diameter −0.048 0.772 39 −0.004 0.983 31
NIHSS 0.306 0.055 40 0.248 0.157 34
mRS −0.075 0.644 40 0.173 0.328 34
Hb −0.386 0.014 40 −0.229 0.193 34
PLT 0.089 0.586 40 0.098 0.583 34
RDW 0.305 0.056 40 0.099 0.579 34
MPV −0.069 0.673 40 0.112 0.527 34
GFR −0.145 0.371 40 −0.181 0.305 34



Diagnostics 2025, 15, 664 7 of 13

Table 3. Cont.

ICA Stenosis (+) ICA Stenosis(−)

Nesfatin Nesfatin

r p n r p N

Cr Cl −0.012 0.942 40 0.098 0.580 34
Ca++ −0.233 0.177 35 −0.304 0.271 15
HDL 0.016 0.924 39 0.044 0.808 33
LDL 0.128 0.438 39 0.181 0.313 33
TG −0.172 0.296 39 −0.061 0.737 33
TC 0.088 0.596 39 0.108 0.549 33
Fibrinojen 0.015 0.934 35 0.269 0.167 28
D-Dimer 0.316 0.064 35 0.448 0.017 28
INR 0.589 <0.001 40 −0.043 0.813 33
aPTT 0.033 0.845 38 −0.248 0.172 32
HbA1c 0.086 0.603 39 0.036 0.841 33
FBS 0.224 0.164 40 0.167 0.344 34
TSH −0.076 0.648 38 0.185 0.303 33
B12 −0.091 0.586 38 0.005 0.979 33
Folate −0.285 0.107 33 0.165 0.475 21
Fe++ 0.148 0.412 33 −0.227 0.298 23
Ferritin 0.097 0.563 38 0.164 0.371 32
Sedimentation −0.218 0.194 37 0.336 0.075 29
CRP −0.045 0.790 38 0.160 0.367 34
Procalcitonin −0.413 0.160 13 0.015 0.944 24

Abbreviations: EF: ejection fraction, LA: left atrium, NIHSS: National Institutes of Health Stroke Scale, mRS:
modified Rankin Scale, Hb: hemoglobin, PLT: platelet, RDW: red cell distribution width, MPV: mean platelet
volume, GFR: glomerular filtration rate, Cr Cl: creatinine clearance, Ca++: calcium, HDL: high-density lipoprotein,
LDL: low-density lipoprotein, TC: total cholesterol, TG: triglyceride, INR: international normalized ratio, aPTT:
activated partial thromboplastin time, HbA1c: hemoglobin A1c, FBS: fasting blood sugar, TSH: thyroid-stimulating
hormone, B12: vitamin B12, Fe++: iron, CRP: C-reactive protein.

Table 4. Nesfatin values according to group.

Nesfatin

n Mean ± S. Deviation/Median
(Min–Max)

Stroke with ICA stenosis 40 25.7 ± 12.5/22 (11–70) a

Stroke without ICA
stenosis 34 40 ± 52.3/24.3 (13.6–258.3) a

Control group 44 97.9 ± 107.7/46.4 (33.6–445.9) b

p * <0.001
* Kruskal–Wallis test; a,b There is no difference between groups with the same letter in each group. There is a
difference between the median values of nesfatin according to group (p < 0.001). The median value was 22 in acute
stroke patients with ICA stenosis, 24.3 in acute stroke patients without ICA stenosis, and 46.4 in the stroke-free
group. While there was no difference between the groups with and without ICA stenosis, the value obtained in
these two groups was different from the control group.

When a cut-off value of ≤30.62 was determined for nesfatin-1, the AUC value of
0.773 was considered to indicate statistical significance (p < 0.001). Sensitivity was 77.03%,
specificity 83.33%, PPV 90.48%, and NPV 63.83% (Table 5) (Figure 1).
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Table 5. ROC analysis results of nesfatin values in acute and control groups.

Nesfatin

Cut-off point ≤30.62
AUC (%95 CI) 0.773 (0.673–0.874)

p <0.001
Sensitivity 77.03
Specificity 83.33

PPV 90.48
NPV 63.83

Abbreviations: AUC: area under the curve, p: p-value, PPV: positive predictive value, NPV: positive predictive
value. The place with the “Maximum Youden Index” value was taken as the most appropriate cut-off value.
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4. Discussion
Our study showed that serum nesfatin-1 levels in stroke patients were lower than in

the control group. There was no significant difference between the nesfatin-1 levels of stroke
patients with and without ICA stenosis. In addition, a negative correlation was found
between nesfatin-1 and Hgb and a positive correlation was found between nesfatin-1 and
INR and age in the group with ICA stenosis. In the group without ICA stenosis, there was a
positive correlation between nesfatin-1 and D-Dimer. According to these results, nesfatin-1
levels in acute stroke patients were found to be significantly lower than nesfatin-1 levels
in healthy people. In addition, no significant difference was observed in nesfatin levels
between patients with and without ICA stenosis when evaluated according to etiological
causes and mRS results.

Biomarkers [low-density lipoprotein–cholesterol, glial fibrillary acidic protein (GFAP),
lipoprotein-associated phospholipase A2, antibodies against NR2A/NR2B subunits of the
N-Methyl-D-Aspartate (NMDA) receptor, neuron-specific enolase, myelin basic protein,
heart-type fatty acid-binding protein—HFABP, Parkinson’s disease protein 7—PARK7,
and nucleoside diphosphate kinase A—NDKA] that have the potential to distinguish
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stroke from diseases mimicking stroke or from healthy controls have been proposed in
many studies aiming to measure their levels in the blood [31–34]. However, many of
these biomarkers have not entered daily clinical practice. Possible reasons for the lack of
practical use of biomarkers include the lack of acceptable sensitivity and specificity of these
biomarkers and the fact that stroke is a heterogeneous disease with variability in infarct
size, location, and cause. In addition, many biomarkers associated with ischemic stroke
are not specific to the disease and changes in plasma levels are expected in conditions that
cause acute brain injury, such as intracerebral hemorrhage, subarachnoid hemorrhage, and
traumatic brain injury.

Nesfatin-1 is a peptide that is associated with appetite regulation and has been proven
to be expressed in the CNS and peripheral tissues [4]. In peripheral tissues, it has been
shown to play a role in the regulation of gastrointestinal and cardiovascular function and
malignancy [5,35–37]. In the CNS, it is mostly found in the hypothalamic nucleus and is
known to be associated with major depressants, epilepsy, and anxiety. However, there are
almost no studies in the literature evaluating nesfatin-1 and ischemic stroke and stroke
etiology-related conditions.

In a study evaluating blood concentration of novel adipocytokines in patients with
ischemic stroke, the use of proteins, such as omentin-1, irisin, C1q/TNF-related protein-1
(CTRP1), vaspin, and nesfatin-1 as biomarkers in ischemic stroke was investigated. Accord-
ingly, high blood concentrations of omentin-1 and CTRP1 and low blood concentrations of
nesfatin-1 and irisin significantly increase the probability of being included in the ischemic
patient group [20].

In a review investigating the use of nesfatin-1 as a biomarker and/or potential thera-
peutic target in neurological diseases, nesfatin-1 levels were shown to be reduced in patients
with ischemic stroke. Therefore, it was suggested that it could be used as a biomarker of
the severity and prognosis of cerebral ischemia. Furthermore, it has been suggested that
exogenous nesfatin-1 supplementation or enhancement of its expression may be an option
in treatment [28,38]. In our study, a similar result was obtained and higher nesfatin-1 levels
were found in the control group compared to both acute ischemic stroke groups. In a study
evaluating low nesfatin-1 levels in acute myocardial infarction, low nesfatin-1 levels were
associated with increased sympathetic activity contrary to what is expected in an acute
inflammatory process [39]. On the other hand, high nesfatin-1 levels have been measured in
diseases involving neurostructural tissues, such as subarachnoid hemorrhage, Alzheimer’s
disease and epilepsy [38]. The similar nesfatin-1 levels between stroke groups in our study
may be explained by the decrease in blood levels of nesfatin-1 in acute processes such as
acute myocardial infarction. The inflammatory process occurring at the time of ischemia
may indicate a rapid response decrease in nesfatin-1 levels. Although there are significant
etiologic differences between the two groups according to the TOAST classification, the
acute effects of a stroke event are thought to primarily affect nesfatin-1 levels. This is
also supported by the fact that nesfatin-1 levels do not decrease in chronic diseases such
as Alzheimer’s disease and epilepsy. At this stage, the mechanisms related to nesfatin-1
are still unclear, and therefore, studies are needed to show the variability of nesfatin-1 in
neurostructural diseases in order to use it as a biomarker.

In our study, three blood parameters were observed to be correlated with nesfatin-1
in the groups with and without ICA stenosis. There is a significant negative correlation
between nesfatin-1 and Hgb in the group with ICA stenosis. We suggest that this may be
explained by anemia of chronic disease, which may occur in patients with ICA stenosis due
to atherosclerosis and associated chronic inflammation. There is also a positive significant
correlation between nesfatin-1 and international normalized ratio (INR) and between
nesfatin-1 and ICA stenosis. We think that the positive correlation between nesfatin-1 and
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INR in the group with carotid stenosis may be related to the increase in INR due to the
effect of coumadin used by patients with symptomatic ICA stenosis due to cardiac and/or
neurologic disease. Finally, there was a significant positive correlation between nesfatin-1
and D-dimer in the group without ICA stenosis. We think that this may be explained by the
fact that stroke develops on the basis of embolic etiology and D-dimer, a fibrin degradation
product, and increases in patients without stenosis.

When analyzed by group, the nesfatin-1 levels in the control group were almost 2-fold
higher than the nesfatin-1 levels of acute stroke patients with or without ICA stenosis. At
this stage, we aimed to determine a cut-off value to be used as a biomarker for nesfatin-1.
For this purpose, ROC curve analysis was used to examine the ability of serum nesfatin-1
levels to distinguish acute ischemic stroke patients from healthy individuals. According
to the results of the analysis, an AUC value of 0.773 was statistically significant when the
nesfatin-1 value was ≤30.62 pg/mL (p = 0.001). However, although statistically significant,
an AUC value of 0.773 indicates that nesfatin-1 is not sufficient to be a fully reliable
diagnostic biomarker. Although the group with ICA stenosis had the lowest nesfatin-1
levels, it was not significantly different from the group without ICA stenosis. In conclusion,
although it cannot be associated with the presence of ICA stenosis, in this study, we suggest
that a nesfatin-1 level below 30 pg/mL in acute stroke could be a parameter supporting a
diagnosis of stroke. Nevertheless, we also think that large-scale multi-center studies are
needed to determine its true clinical utility.

This study has several limitations. The first limitation is that our study is a single-
center study and the sample size is limited. In addition, despite the power calculation, the
sample size may be insufficient to detect subtle differences between subgroups. Another
limitation of the study is the potential influence of confounding variables. Differences
in baseline characteristics, such as age, sex, and pre-existing comorbidities, may have
impacted nesfatin-1 levels. Additionally, stroke severity, as measured by NIHSS scores,
may contribute to variations in biomarker levels across groups. These confounders were
not fully controlled, limiting the ability to draw definite conclusions. The results of the
study, and the small number of these and similar studies in the literature, indicate that the
study should be conducted with larger samples. In addition, although many studies have
been conducted on nesfatin-1, the lack of sufficient information about its function in the
CNS and its role in stroke is another important limitation.

5. Conclusions
Early identification of risk factors for ischemic stroke not only reduces morbidity and

mortality from stroke but also improves quality of life and reduces treatment costs. In our
study, we showed that nesfatin-1 was significantly decreased in ischemic stroke patients.
However, articles comparing our results are almost impossible to find in the literature. It is
very necessary and important to determine biomarkers to be used in the early diagnosis of
ischemic stroke for both nesfatin-1 and other molecules.

The findings of this study demonstrate that serum nesfatin-1 levels are significantly
lower in acute ischemic stroke patients compared to healthy controls, suggesting its poten-
tial as a biomarker for ischemic stroke. However, these results should be interpreted with
caution due to the limitations of the study’s design and sample size. While nesfatin-1 shows
promise as a potential biomarker in ischemic stroke, the findings of this study require vali-
dation in larger, multi-center cohorts with longitudinal designs. Future research should also
aim to elucidate the mechanisms underlying nesfatin-1’s role in stroke pathophysiology
and evaluate its clinical utility in differentiating stroke subtypes and predicting outcomes.
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