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Abstract

Background/Objectives: Stroke is an acute condition in which impaired cerebral perfu-
sion causes focal or global neurological dysfunction. Serious complications are a major 
contributor to morbidity and mortality in patients with stroke. Malnutrition is common in 
this population, and nutritional markers, including the prognostic nutritional index (PNI), 
may be useful for early risk assessment of stroke-associated infections. Insulin resistance 
(IR) is also an emerging risk factor for stroke and has been associated with poor prognosis 
through various metabolic and inflammatory pathways. The triglyceride–glucose (TyG) 
index has been proposed as a reliable surrogate marker of IR. Various biochemical and 
clinical parameters are used to assess prognosis in patients with stroke. We investigated 
the prognostic value of the TyG index and PNI for mortality and early mortality, defined as 
death within the first 30 days, in these patients. Methods: After application of the exclusion 
criteria, 415 patients with stroke were included. Demographic characteristics, including age 
and sex, and comorbidities were reviewed. Complete blood count, biochemical parame-
ters, C-reactive protein, blood gas measurements, and lactate levels were recorded. Brain 
computed tomography and diffusion-weighted magnetic resonance imaging findings were 
reviewed to classify patients into ischemic and hemorrhagic stroke subgroups. Patients were 
grouped as survivors or nonsurvivors, and deaths within the first 30 days were classified as 
early mortality. PNI and TyG index values were calculated using the following formulas:
PNI = 10 × serum albumin (g/dL) + 0.005 × total lymphocyte count (cells/mm3 ); TyG
index = ln [fasting triglycerides (mg/dL) × fasting blood glucose (mg/dL)/2]. Results: Of 
the 415 patients included, 389 (93.7%) had ischemic stroke and 26 (6.3%) had hemorrhagic 
stroke. The median age was 74 years (range, 19–98), and the sex distribution was balanced:
207 patients (49.9%) were women and 208 (50.1%) were men. The PNI was lower in non-
survivors than in survivors in the overall stroke cohort (ischemic and hemorrhagic stroke 
combined; 40.9 ± 8 vs. 46.9 ± 6.8, p < 0.001), the ischemic stroke subgroup (41.1 ± 8.8 
vs. 46.8 ± 6.8, p = 0.001), and the hemorrhagic stroke subgroup (39.8 ± 3.8 vs. 48.2 ± 7.3, 
p = 0.006). The PNI was also lower in patients who died within the first 30 days than in 
survivors in the overall cohort (41.86 ± 8.42 vs. 46.88 ± 6.85, p < 0.001), the ischemic stroke 
subgroup (42.46 ± 8.9 vs. 46.82 ± 6.83, p = 0.002), and the hemorrhagic stroke subgroup 
(38.6 ± 4.3 vs. 48.2 ± 7.3, p = 0.012). Conclusions: Biomarkers calculated using simple 
hematological parameters have a significant impact on mortality and early mortality in 

Diagnostics 2026, 16, 3612 https://doi.org/10.3390/diagnostics16213612

https://crossmark.crossref.org/dialog?doi=10.3390/diagnostics16213612&domain=pdf&date_stamp=2026-11-01
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com
https://orcid.org/0000-0001-7008-2695
https://orcid.org/0009-0006-5269-2186
https://orcid.org/0009-0003-6714-1270
https://orcid.org/0009-0006-6501-1343
https://orcid.org/0009-0004-9949-0931
https://doi.org/10.3390/diagnostics16213612


Diagnostics 2026, 16, 3612 2 of 25

stroke patients (both ischemic and hemorrhagic stroke). When we examined the effects 
of these TyG and PNI markers on mortality in stroke patients in our study, we observed 
that the PNI had a significant impact on mortality. Although our findings suggest that the 
PNI independently predicts mortality or could guide risk assessment in the emergency 
department, we consider this an exploratory observation, as stroke severity measures—such 
as the NIHSS—and relevant treatment data were not included in our analyses. However, we 
believe that single-point TyG values do not carry sufficient significance regarding mortality; 
therefore, future research should take into account cumulative, repeated TyG measurements 
obtained during patient follow-up.

Keywords: stroke; mortality; early mortality; PNI; TyG

1. Introduction
Stroke is an acute condition in which impaired cerebral perfusion causes focal or global 

neurological dysfunction. It is broadly classified as ischemic or hemorrhagic, with approxi-
mately 84% of strokes being ischemic. More than 13.7 million strokes occur worldwide each 
year, resulting in 5.5 million deaths annually. By causing death, dementia, and disability, 
stroke reduces quality of life and imposes substantial economic and social burdens [1]. 
Cerebrovascular disease remains a major contributor to the global burden of disease. Most 
survivors experience disability and neurological damage and are at increased risk of cogni-
tive decline and systemic vascular disease. Patients with cerebrovascular disease admitted to 
an intensive care unit (ICU) have more severe impairment of consciousness, more complex 
clinical presentations, and higher mortality rates [2].

Cerebral small vessel disease (CSVD) is one of the primary causes of vascular cognitive 
impairment and stroke. CSVD generally progresses silently. Particularly in their early 
stages, white matter hyperintensities (WMHs) and enlarged perivascular spaces (ePVSs) 
are incidentally detected during neuroimaging in symptomatic adults. It is anticipated that 
the presence of these occult lesions increases the risk of stroke, depression, and long-term 
functional dependence. Furthermore, the current understanding of CSVD pathophysiology 
encompasses a range of microvascular dysfunctions—such as endothelial damage, blood–
brain barrier (BBB) disruption, chronic hypoperfusion, and low-grade neuroinflammation—
that develop over years before becoming radiologically or clinically apparent [3].

Assessing prognosis in patients with stroke is essential for optimizing treatment strate-
gies and allocating resources efficiently. Accordingly, prognostic models incorporating 
various biochemical and clinical parameters have been developed. An increased inflamma-
tory burden plays an important role in stroke pathophysiology. Inflammatory processes 
contribute to both injury and repair, underscoring the importance of inflammation in de-
termining stroke outcomes. Other neurological diseases are also associated with varying 
degrees of inflammation [4]. Stroke carries high rates of morbidity and mortality, to which 
serious complications contribute substantially. Malnutrition is common in patients with 
stroke and is frequently overlooked in hospitalized patients. It worsens prognosis, increases 
mortality, and impairs immune function. The resulting reduction in resistance to pathogenic 
microorganisms can make infections more difficult to treat. These changes increase the risk 
of infection in patients with stroke, while the immunosuppressive effects of brain injury 
further facilitate infection. Stroke-associated infections are therefore both common and 
serious complications [5].

Nutritional status may be a reliable indicator of the risk of infection, and nutritional 
markers may be useful for early risk assessment of stroke-associated infections. The prognos-
tic nutritional index (PNI) is a novel index of nutritional and inflammatory status calculated 
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from the lymphocyte count and serum albumin level [5]. It reflects both nutritional status 
and overall health and has demonstrated prognostic value, particularly in chronic diseases 
and malignancies. Associations between the PNI and inflammatory conditions, including 
diabetic nephropathy and infections, have also been reported. The established relationship 
between nutritional indices and inflammation highlights the potential utility of the PNI in 
assessing inflammatory processes in patients with stroke [4].

Identifying patients at high risk is essential for predicting short-term outcomes and 
providing appropriate treatment. Readily available and safe markers are increasingly 
needed to improve prognostic assessment and risk stratification in stroke. Insulin resistance 
(IR) is an emerging risk factor for stroke and has been associated with poor prognosis 
through various metabolic and inflammatory pathways. The triglyceride–glucose (TyG) 
index, calculated from fasting plasma glucose and triglyceride levels, has been proposed as
a reliable surrogate marker of IR. Compared with other markers that estimate IR directly 
or indirectly, the TyG index is more cost-effective and readily available in routine clinical 
practice [6]. Following initial studies of its use in diabetes, numerous publications have 
reported its utility in other conditions. The TyG index has been associated with arterial 
stiffness, cardiovascular disease (CVD), and the severity of metabolic syndrome, a clus-
ter of metabolic abnormalities characterized by hypertension, dyslipidemia, obesity, and 
dysregulated glucose metabolism. Stroke is a leading cause of death and disability in low- 
and middle-income countries, and improving post-stroke outcomes is a global priority. The 
relationship of the TyG index with stroke risk and stroke subtypes has been investigated [1]. 
Patients with a higher TyG index have been reported to have a 1.30-fold higher risk of 
ischemic stroke [7]. The available literature provides strong support for the TyG index as
a potential independent marker of recurrent stroke and clinical outcomes [1].

In studies concerning stroke, 30-day mortality has been evaluated [8,9], and 30-day 
mortality was considered early mortality [9]. Furthermore, in other studies, mortality 
occurring within the first 30 days has been defined as early mortality [10,11]. In this study, 
we investigated the prognostic value of the TyG index and PNI for mortality and early 
mortality, defined as death within the first 30 days, in patients with stroke, a condition 
frequently encountered in emergency departments.

2. Materials and Methods
2.1. Patient Selection

The study was initiated after approval had been obtained from the Non-Interventional 
Research Ethics Committee of Elazığ Fethi Sekin City Hospital on 7 November 2024 (session 
no. 2024/3-10). The study was conducted as a retrospective observational cohort study.
A total of 510 patients older than 18 years who presented to the Department of Emergency 
Medicine at Elazığ Fethi Sekin City Hospital between 1 November 2023 and 31 October 
2024 and were admitted to the neurology ward or neurological ICU with suspected stroke 
were identified.

Our study included patients with ischemic or hemorrhagic stroke who presented to 
the emergency department, were diagnosed with a stroke, and were subsequently hospi-
talized. These patients required hospitalization due to a stroke; they did not need to be 
hospitalized for any other comorbid condition. Patients with only ischemic stroke or only 
hemorrhagic stroke were included in the study. Patients were not included in the study 
consecutively. Patients with incomplete data (32 patients), patients with transient ischemic 
attack (23 patients), patients with subarachnoid hemorrhage (12 patients), patients with
an intracranial space-occupying lesion (11 patients), patients with hemorrhage into a mass 
(9 patients), and patients with hemorrhagic transformation of an ischemic lesion (8 patients) 
were excluded from the study. After excluding 95 patients, the study was completed with
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a total of 415 patients, consisting of 389 patients with ischemic stroke and 26 patients with 
hemorrhagic stroke.

2.2. Data Collection and Study Design
Demographic characteristics, including age and sex, comorbidities, and history of 

stroke were reviewed. Comorbidities included hypertension (HT), coronary artery dis-
ease (CAD), atrial fibrillation (AF), diabetes mellitus (DM), chronic renal failure (CRF), 
chronic obstructive pulmonary disease (COPD), hyperlipidemia, and malignancy. Com-
plete blood count parameters (white blood cell [WBC] count, hemoglobin, lymphocyte 
count, neutrophil count, and platelet count), biochemical parameters (glucose, urea, cre-
atinine, albumin, total bilirubin, total cholesterol, triglycerides, high-density lipoprotein 
[HDL] cholesterol, and low-density lipoprotein [LDL] cholesterol), C-reactive protein 
(CRP), blood gas measurements, and lactate levels were recorded. Brain computed tomog-
raphy and diffusion-weighted magnetic resonance images were reviewed, and patients were 
classified as having ischemic or hemorrhagic stroke on the basis of the imaging findings. 
The total number of days spent in the ward and ICU was recorded. Mortality status was 
reviewed, and patients were grouped as survivors or nonsurvivors. Deaths within the first 
30 days were classified as early mortality.

The PNI value is derived from the blood test results of patients at the time of their 
presentation to the emergency department. However, since the TyG index must be calculated 
using fasting glucose and fasting triglyceride levels, the TyG values were determined based 
on the fasting glucose and fasting triglyceride measurements obtained at the earliest possible 
time following the patients’ hospitalization.

The PNI and TyG index values of the patients were calculated in accordance with the 
literature using the following formulas: PNI = 10 × serum albumin (g/dL) + 0.005 × total
lymphocyte count (per mm3 ), and TyG = ln [fasting triglycerides (mg/dL) × fasting blood 
glucose (mg/dL)/2] [2,4–7]. In our hospital, albumin levels are measured in g/L. For 
the PNI calculation, albumin values were converted to g/dL. Lymphocyte counts were 
expressed in units of 103 /mm3 . Fasting triglyceride and fasting glucose values were both 
expressed in mg/dL.

The medical records of the patients throughout their hospitalization period were 
examined in detail. Death during a patient’s hospital stay was defined as mortality, while 
death within the first 30 days of hospital admission was defined as early mortality. Patients 
who did not die during their hospital stay and were subsequently discharged were classified 
as survivors. The total cohort consisted of 415 patients, who were grouped into those who 
survived and those who died. As for early mortality, analyses were conducted based on
406 patients. In this case, patients were categorized into those who survived and those who 
experienced mortality within the first 30 days (early mortality). Nine patients who died 
after 30 days were not included in this analysis. Stroke subtypes were divided into two 
categories: ischemic and hemorrhagic. Of a total of 415 stroke patients, 389 had ischemic 
strokes and 26 had hemorrhagic strokes. Of the 415 stroke patients, 374 survived, while
41 died. Of 389 ischemic stroke patients, 356 survived, while 33 died. Of the 26 patients with 
hemorrhagic stroke, 18 survived, while 8 died. Patient selection and allocation flowchart is 
shown in Figure 1.
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Figure 1. Patient selection and allocation flowchart.

2.3. Statistical Analysis
Statistical analyses were performed using the Statistical Package for the Social Sciences 

(SPSS) for Windows, version 22.0 (IBM SPSS Inc., Chicago, IL, USA). Normality was 
assessed using the Kolmogorov–Smirnov test. Normally distributed continuous variables 
are presented as mean ± standard deviation (SD), and nonnormally distributed variables 
as median (minimum–maximum). Categorical variables are presented as counts and 
percentages. Between-group comparisons of continuous variables were performed using the 
independent-samples Student’s t test for normally distributed data and the Mann–Whitney 
U test for nonnormally distributed data. Categorical variables were compared using the 
chi-square test or Fisher’s exact test. Comparisons were made between patients with and 
without in-hospital mortality and between the ischemic and hemorrhagic stroke groups. 
Because the PNI was significantly associated with mortality, receiver operating characteristic 
(ROC) analysis was performed to assess its prognostic performance. Sensitivity, specificity, 
positive and negative predictive values, and accuracy were calculated, and optimal cutoff 
values were identified. The area under the ROC curve (AUC) was assessed, and the 
optimal cutoff was determined using the Youden index. A p value < 0.05 was considered
statistically significant.

To evaluate whether the PNI was associated with in-hospital mortality independently 
of other factors, univariable and multivariable binary logistic regression was performed. 
Because of the 41 deaths, the multivariable model was limited to four predictors (about 
10 events per variable): PNI, age, stroke type, and C-reactive protein (CRP). Results are 
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presented as odds ratios (OR) with 95% confidence intervals (CI). Model calibration was 
assessed with the Hosmer–Lemeshow test, explained variance with Nagelkerke R2 , and 
discrimination with the area under the receiver operating characteristic (ROC) curve.

3. Results
3.1. Characteristics by Mortality Status

A total of 415 patients with ischemic or hemorrhagic stroke were included: 389 (93.7%) 
had ischemic stroke and 26 (6.3%) had hemorrhagic stroke. The median age was 74 years 
(IQR, 65.0–81.0), and the sex distribution was balanced, with 207 women (49.9%) and 
208 men (50.1%). The most common comorbidities were HT (68.4%), DM (38.1%), CAD 
(33.7%), AF (22.2%), and hyperlipidemia (16.1%). Less common comorbidities included 
COPD (10.6%), CRF (3.6%), thyroid disease (3.6%), and malignancy (2.7%). Overall 
mortality was 9.9% (n = 41). Nonsurvivors were older than survivors, with median ages 
of 79 years (IQR, 71.0–87.5) and 73 years (IQR, 64.8–80.0), respectively (p = 0.001). The 
median length of hospital stay was also longer in nonsurvivors than in survivors: 12 days 
(IQR, 4.00–27.00) versus 6 days (IQR, 4.00–10.00; p = 0.004). Hemorrhagic stroke was 
more frequent among nonsurvivors (8 patients, 19.5%) than survivors (18 patients, 4.8%), 
whereas ischemic stroke was less frequent among nonsurvivors (33 patients, 80.5%) than 
survivors (356 patients, 95.2%; p = 0.002). HT was present in 70.6% of survivors (n = 264) 
and 48.8% of nonsurvivors (n = 20), representing a significant between-group difference
(p = 0.005). DM was also more common in survivors (40.1%, n = 150) than in nonsurvivors 
(19.5%, n = 8; p = 0.010). Chronic kidney disease was present in 9.8% of nonsurvivors (n = 4)
and 2.9% of survivors (n = 11), with the difference approaching statistical significance
(p = 0.051). The groups did not differ in the prevalence of other comorbidities, including 
previous stroke, CAD, AF, COPD, hyperlipidemia, thyroid disease, and malignancy. The 
demographic and clinical characteristics of the overall stroke cohort, stratified by mortality 
status, are presented in Table 1.

Table 1. Demographic and clinical characteristics of the overall stroke cohort (ischemic and hemor-
rhagic stroke combined) by mortality status.

Characteristic Total
(n = 415)

Survivors
(n = 374)

Nonsurvivors
(n = 41) p

Sex
Female, n (%)
Male, n (%)

207 (49.9)
208 (50.1)

184 (49.2)
190 (50.8)

23 (56.1)
18 (43.9)

0.401

Age (years), median 
(IQR) 74.0 (65.0–81.0) 73.0 (64.8–80.0) 79.0 (71.0–87.5) 0.001

Length of stay (days),
median (IQR) 6.00 (4.00–11.00) 6.00 (4.00–10.00) 12.00 (4.00–27.00) 0.004

Stroke subtype
Ischemic, n (%)

Hemorrhagic, n (%)
389 (93.7)
26 (6.3)

356 (95.2)
18 (4.8)

33 (80.5)
8 (19.5)

0.002

History of stroke
No, n (%)
Yes, n (%)

327 (78.8)
88 (21.2)

296 (79.1)
78 (20.9)

31 (75.6)
10 (24.4)

0.599
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Table 1. Cont.

Characteristic Total
(n = 415)

Survivors
(n = 374)

Nonsurvivors
(n = 41) p

HT
No, n (%)
Yes, n (%)

131 (31.6)
284 (68.4)

110 (29.4)
264 (70.6)

21 (51.2)
20 (48.8)

0.005

CAD
No, n (%)
Yes, n (%)

275 (66.3)
140 (33.7)

251 (67.1)
123 (32.9)

24 (58.5)
17 (41.5)

0.260

AF
No, n (%)
Yes, n (%)

323 (77.8)
92 (22.2)

291 (77.8)
83 (22.2)

32 (78)
9 (22)

0.965

DM
No, n (%)
Yes, n (%)

257 (61.9)
158 (38.1)

224 (59.9)
150 (40.1)

33 (80.5)
8 (19.5)

0.010

CRF
No, n (%)
Yes, n (%)

400 (96.4)
15 (3.6)

363 (97.1)
11 (2.9)

37 (90.2)
4 (9.8)

0.051

COPD
No, n (%)
Yes, n (%)

371 (89.4)
44 (10.6)

337 (90.1)
37 (9.9)

34 (82.9)
7 (17.1)

0.178

Hyperlipidemia
No, n (%)
Yes, n (%)

348 (83.9)
67 (16.1)

313 (83.7)
61 (16.3)

35 (85.4)
6 (14.6)

0.777

Thyroid disease
No, n (%)
Yes, n (%)

400 (96.4)
15 (3.6)

360 (96.3)
14 (3.7)

40 (97.6)
1 (2.4)

0.669

Malignancy
No, n (%)
Yes, n (%)

404 (97.3)
11 (2.7)

366 (97.9)
8 (2.1)

38 (92.7)
3 (7.3)

0.084

HT, hypertension; CAD, coronary artery disease; AF, atrial fibrillation; DM, diabetes mellitus; CRF, 
chronic renal failure; COPD, chronic obstructive pulmonary disease. Median (25th–75th percentile) 
compared with the Mann–Whitney U test; mean ± SD rows compare with the t-test.

Among patients with ischemic stroke (n = 389), mortality was 8.5% (n = 33). Non-
survivors were older than survivors, with median ages of 79 years (IQR, 71.0–88.0) and
73 years (IQR, 65.0–80.8), respectively (p = 0.002). The median length of hospital stay 
was 9 days (IQR, 3.50–24.00) in nonsurvivors and 6 days (IQR, 4.00–9.00) in survivors
(p = 0.033). HT and DM were more common in survivors, whereas CRF was more common 
in nonsurvivors. No differences were observed in the prevalence of other comorbidities, in-
cluding previous stroke, CAD, AF, COPD, hyperlipidemia, thyroid disease, and malignancy. 
The demographic and clinical characteristics of patients with ischemic stroke, stratified by 
mortality status, are presented in Table 2.

Table 2. Demographic and clinical characteristics of patients with ischemic stroke by mortality status.

Characteristic Total
(n = 389)

Survivors
(n = 356)

Nonsurvivors
(n = 33) p

Sex
Female, n (%)
Male, n (%)

192 (49.4)
197 (50.6)

174 (48.9)
182 (51.1)

18 (54.5)
15 (45.5)

0.533
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Table 2. Cont.

Characteristic Total
(n = 389)

Survivors
(n = 356)

Nonsurvivors
(n = 33) p

Age (years),
median (IQR) 74.0 (66.0–81.0) 73.0 (65.0–80.8) 79.0 (71.0–88.0) 0.002

Length of stay (days),
median (IQR) 6.00 (4.00–10.00) 6.00 (4.00–9.00) 9.00 (3.50–24.00) 0.033

History of stroke
No, n (%)
Yes, n (%)

305 (78.4)
84 (21.6)

278 (78.1)
78 (21.9)

27 (81.8)
6 (18.2)

0.619

HT
No, n (%)
Yes, n (%)

120 (30.8)
269 (69.2)

103 (28.9)
253 (71.1)

17 (51.5)
16 (48.5)

0.007

CAD
No, n (%)
Yes, n (%)

253 (65)
136 (35)

235 (66)
121 (34)

18 (54.5)
15 (45.5)

0.186

AF
No, n (%)
Yes, n (%)

301 (77.4)
88 (22.6)

274 (77)
82 (23)

27 (81.8)
6 (18.2)

0.524

DM
No, n (%)
Yes, n (%)

237 (60.9)
152 (39.1)

211 (59.3)
145 (40.7)

26 (78.8)
7 (21.2)

0.028

CRF
No, n (%)
Yes, n (%)

374 (96.1)
15 (3.9)

345 (96.9)
11 (3.1)

29 (87.9)
4 (12.1)

0.010

COPD
No, n (%)
Yes, n (%)

347 (89.2)
42 (10.8)

320 (89.9)
36 (10.1)

27 (81.8)
6 (18.2)

0.149

Hyperlipidemia
No, n (%)
Yes, n (%)

325 (83.5)
64 (16.5)

297 (83.4)
59 (16.6)

28 (84.8)
5 (15.2)

0.833

Thyroid disease
No, n (%)
Yes, n (%)

374 (96.1)
15 (3.9)

342 (96.1)
14 (3.9)

32 (97)
1 (3)

0.797

Malignancy
No, n (%)
Yes, n (%)

379 (97.4)
10 (2.6)

348 (97.8)
8 (2.2)

31 (93.9)
2 (6.1)

0.205

Among patients with hemorrhagic stroke (n = 26), mortality was 30.8% (n = 8). Age, 
sex, and length of hospital stay were similar between survivors and nonsurvivors. A history 
of stroke was more common in nonsurvivors (50%, n = 4), whereas none of the survivors 
had a history of stroke (0%, n = 0; p = 0.005). No patients with hemorrhagic stroke had 
CRF or thyroid disease. No significant differences were identified in other demographic 
or clinical characteristics. The demographic and clinical characteristics of patients with 
hemorrhagic stroke, stratified by mortality status, are presented in Table 3.
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Table 3. Demographic and clinical characteristics of patients with hemorrhagic stroke by mortality status.

Characteristic Total
(n = 26)

Survivors
(n = 18)

Nonsurvivors
(n = 8) p

Sex
Female, n (%)
Male, n (%)

15 (57.7)
11 (42.3)

10 (55.6)
8 (44.4)

5 (62.5)
3 (37.5)

0.533

Age (years), mean ± SD 70.2 ± 11.6 68.2 ± 10.3 74.5 ± 13.8 0.209
Length of stay (days), 

median (IQR) 15.50 (5.75–24.50) 16.50 (5.00–22.50) 15.00 (9.00–38.75) 0.656

History of stroke
No, n (%)
Yes, n (%)

22 (84.6)
4 (15.4)

18 (100)
0 (0)

4 (50)
4 (50)

0.005

HT
No, n (%)
Yes, n (%)

11 (42.3)
15 (57.7)

7 (38.9)
11 (61.1)

4 (50)
4 (50)

0.683

CAD
No, n (%)
Yes, n (%)

22 (84.6)
4 (15.4)

16 (88.9)
2 (11.1)

6 (75)
2 (25)

0.563

AF
No, n (%)
Yes, n (%)

22 (84.6)
4 (15.4)

17 (94.4)
1 (5.6)

5 (62.5)
3 (37.5)

0.072

DM
No, n (%)
Yes, n (%)

20 (76.9)
6 (23.1)

13 (72.2)
5 (27.8)

7 (87.5)
1 (12.5)

0.628

CRF
No, n (%)
Yes, n (%)

26 (100)
0 (0)

18 (100)
0 (0)

8 (100)
0 (0)

COPD
No, n (%)
Yes, n (%)

24 (92.3)
2 (7.7)

17 (94.4)
1 (5.6)

7 (87.5)
1 (12.5)

0.529

Hyperlipidemia
No, n (%)
Yes, n (%)

23 (88.5)
3 (11.5)

16 (88.9)
2 (11.1)

7 (87.5)
1 (12.5)

0.919

Thyroid disease
No, n (%)
Yes, n (%)

26 (100)
0 (0)

18 (100)
0 (0)

8 (100)
0 (0)

Malignancy
No, n (%)
Yes, n (%)

25 (96.2)
1 (3.8)

18 (100)
0 (0)

7 (87.5)
1 (12.5)

0.308

3.2. Laboratory Findings by Mortality Status
In the overall cohort, the PNI was lower in nonsurvivors than in survivors (40.86 ± 8.02 

vs. 46.88 ± 6.85, p < 0.001), whereas the TyG index was similar between groups. The median 
WBC count was 11.30 (IQR, 8.95–14.30) in nonsurvivors and 8.40 (IQR, 7.00–10.32) in sur-
vivors (p < 0.001). The neutrophil count was also significantly higher in nonsurvivors than 
in survivors: 8.77 (IQR, 6.12–11.89) versus 5.47 (IQR, 4.28–7.40; p < 0.001). Conversely, the 
lymphocyte count was lower in nonsurvivors, at 1.31 (IQR, 0.94–2.09), than in survivors, at 
1.81 (IQR, 1.30–2.36; p = 0.002). Platelet counts differed significantly between nonsurvivors 
and survivors: 211 (IQR, 154–283) versus 241 (IQR, 202–294; p = 0.024). Median creati-
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nine (0.97 mg/dL) and urea (57 mg/dL) levels were significantly higher in nonsurvivors
(p = 0.003 and p < 0.01, respectively). Albumin levels were significantly lower in nonsur-
vivors, at 34 g/L (IQR, 29.5–37.5), than in survivors, at 38 g/L (IQR, 34.0–40.0; p < 0.001).
CRP levels were 18.50 mg/L (IQR, 5.40–77.05) in nonsurvivors and 5.20 mg/L (range, 
0.28–430) in survivors, a statistically significant difference (p < 0.001). Blood gas anal-
ysis showed higher lactate levels in nonsurvivors than in survivors: 1.60 mmol/L (IQR, 
1.30–2.50) versus 1.40 mmol/L (IQR, 1.10–1.80; p = 0.011). Bicarbonate levels were lower in 
nonsurvivors than in survivors (25.4 [IQR, 21.4–28.3] vs. 26.2 [IQR, 24.0–28.5], p = 0.049). 
Other blood gas parameters (pH, pO2 , and pCO2 ) were similar between groups. Laboratory 
values in the overall stroke cohort, stratified by mortality status, are compared in Table 4.

Table 4. Comparison of laboratory values in the overall stroke cohort (ischemic and hemorrhagic 
stroke combined) by mortality status.

Characteristic Total
(n = 415)

Survivors
(n = 374)

Nonsurvivors
(n = 41) p

TyG index, mean ± SD 9.12 ± 0.69 9.14 ± 0.70 8.95 ± 0.63 0.112
PNI, mean ± SD 46.29 ± 7.19 46.88 ± 6.85 40.86 ± 8.02 <0.001

WBC (×103 /mm3 ),
median (IQR) 8.60 (7.10–10.60) 8.40 (7.00–10.32) 11.30 (8.95–14.30) <0.001

Hemoglobin (g/dL), 
median (IQR) 13.90 (12.40–15.00) 13.90 (12.50–15.03) 12.70 (11.60–14.65) 0.049

Lymphocytes (×103 /mm3 ), 
median (IQR) 1.77 (1.25–2.35) 1.81 (1.30–2.36) 1.31 (0.94–2.09) 0.002

Neutrophils (×103 /mm3 ), 
median (IQR) 5.67 (4.39–7.80) 5.47 (4.28–7.40) 8.77 (6.12–11.89) <0.001

Platelets (×103 /mm3 ), 
median (IQR) 240 (197–293) 241 (202–294) 211 (154–283) 0.024

Glucose (mg/dL),
median (IQR) 131 (104–185) 131 (104–186) 137 (106–171) 0.928

Creatinine (mg/dL), 
median (IQR) 0.79 (0.64–0.99) 0.79 (0.64–0.96) 0.97 (0.69–1.44) 0.003

Urea (mg/dL),
median (IQR) 41.0 (32.0–53.0) 40.0 (32.0–52.0) 57.0 (38.5–90.0) <0.001

Albumin (g/L),
median (IQR) 37.0 (34.0–40.0) 38.0 (34.0–40.0) 34.0 (29.5–37.5) <0.001

Total bilirubin (mg/dL), 
median (IQR) 0.58 (0.42–0.79) 0.56 (0.41–0.77) 0.68 (0.48–0.95) 0.062

Total cholesterol (mg/dL), 
median (IQR) 179 (152–210) 179 (152–209) 174 (136–220) 0.652

Triglycerides (mg/dL), 
median (IQR) 129 (91–171) 130 (94–173) 110 (79–162) 0.098

HDL (mg/dL),
median (IQR) 44.0 (38.0–52.0) 44.0 (38.0–52.0) 44.0 (35.5–54.5) 0.611

LDL (mg/dL),
median (IQR) 105 (84–127) 105 (84–126) 107 (80–142) 0.748

CRP (mg/L), median (IQR) 5.37 (3.40–13.15) 5.20 (3.20–10.92) 18.50 (5.40–77.05) <0.001
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Table 4. Cont.

Characteristic Total
(n = 415)

Survivors
(n = 374)

Nonsurvivors
(n = 41) p

pH, median (IQR) 7.39 (7.35–7.42) 7.39 (7.35–7.42) 7.36 (7.31–7.42) 0.067
pO2 (mmHg),
median (IQR) 37.5 (26.5–45.8) 37.3 (26.5–45.6) 38.5 (27.5–51.4) 0.340

pCO2  (mmHg),
median (IQR) 43.9 (38.9–48.5) 44.0 (39.4–48.5) 41.7 (37.5–47.0) 0.107

HCO3  (mmol/L),
median (IQR) 26.1 (23.8–28.5) 26.1 (24.0–28.5) 25.4 (21.4–28.3) 0.049

Lactate (mmol/L),
median (IQR) 1.50 (1.10–1.90) 1.40 (1.10–1.80) 1.60 (1.30–2.50) 0.011

Among patients with ischemic stroke, the TyG index was similar between survivors 
and nonsurvivors, whereas the PNI was lower in nonsurvivors (41.12 ± 8.77 vs. 46.82 ± 6.83, 
p = 0.001). WBC and neutrophil counts and creatinine, urea, and CRP levels were higher in 
nonsurvivors, while lymphocyte counts and albumin levels were lower. Blood gas analysis 
showed lactate levels of 1.60 mmol/L (IQR, 1.25–2.70) in nonsurvivors and 1.40 mmol/L 
(IQR, 1.10–1.80) in survivors (p = 0.027). Bicarbonate levels were lower in nonsurvivors 
than in survivors (25.3 [IQR, 21.4–28.1] vs. 26.1 [IQR, 23.9–28.5], p = 0.039). Other blood 
gas parameters (pH, pO2 , and pCO2 ) were similar between groups. Laboratory values in 
patients with ischemic stroke, stratified by mortality status, are compared in Table 5.

Table 5. Comparison of laboratory values in patients with ischemic stroke by mortality status.

Characteristic Total
(n = 389)

Survivors
(n = 356)

Nonsurvivors
(n = 33) p

TyG index, mean ± SD 9.14 ± 0.69 9.15 ± 0.70 9.03 ± 0.62 0.350
PNI, mean ± SD 46.33 ± 7.18 46.82 ± 6.83 41.12 ± 8.77 0.001

WBC (×103 /mm3 ),
median (IQR) 8.50 (7.00–10.60) 8.30 (6.90–10.30) 11.30 (8.70–13.15) <0.001

Hemoglobin (g/dL), 
median (IQR) 13.90 (12.50–15.10) 13.90 (12.60–15.10) 12.70 (11.60–14.65) 0.071

Lymphocytes (×103 /mm3 ), 
median (IQR) 1.78 (1.29–2.35) 1.81 (1.32–2.37) 1.44 (0.97–2.15) 0.038

Neutrophils (×103 /mm3 ), 
median (IQR) 5.57 (4.30–7.74) 5.41 (4.26–7.36) 8.11 (5.85–11.46) <0.001

Platelets (×103 /mm3 ), 
median (IQR) 240 (196–294) 240 (200–295) 211 (161–285) 0.073

Glucose (mg/dL),
median (IQR) 131 (104–192) 130 (103–193) 139 (108–200) 0.707

Creatinine (mg/dL), 
median (IQR) 0.80 (0.66–1.00) 0.79 (0.64–0.97) 0.97 (0.74–1.44) 0.002

Urea (mg/dL),
median (IQR) 41.0 (32.5–53.5) 40.0 (32.0–52.0) 61.0 (42.0–90.0) <0.001

Albumin (g/L),
median (IQR) 37.0 (34.0–40.0) 38.0 (34.0–40.0) 34.0 (28.5–37.0) <0.001
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Table 5. Cont.

Characteristic Total
(n = 389)

Survivors
(n = 356)

Nonsurvivors
(n = 33) p

Total bilirubin (mg/dL), 
median (IQR) 0.57 (0.42–0.79) 0.56 (0.41–0.78) 0.69 (0.51–0.95) 0.053

Total cholesterol (mg/dL), 
median (IQR) 177 (152–209) 179 (152–209) 169 (136–216) 0.458

Triglycerides (mg/dL), 
median (IQR) 130 (94–172) 132 (95–175) 115 (84–162) 0.242

HDL (mg/dL),
median (IQR) 44.0 (37.0–52.0) 44.0 (38.0–52.0) 44.0 (35.5–52.5) 0.557

LDL (mg/dL),
median (IQR) 105 (84–126) 105 (84–126) 106 (80–141) 0.986

CRP (mg/L), median (IQR) 5.31 (3.39–13.10) 5.20 (3.20–10.77) 30.00 (5.40–95.45) <0.001
pH, median (IQR) 7.39 (7.35–7.42) 7.39 (7.35–7.42) 7.35 (7.31–7.42) 0.083

pO2 (mmHg),
median (IQR) 36.9 (26.2–45.7) 36.8 (26.1–45.4) 38.5 (27.0–51.4) 0.321

pCO2 (mmHg), mean ± SD 44.0 ± 7.4 44.2 ± 7.1 42.3 ± 9.4 0.169
HCO3 (mmol/L),

median (IQR) 26.0 (23.8–28.5) 26.1 (23.9–28.5) 25.3 (21.4–28.1) 0.039

Lactate (mmol/L),
median (IQR) 1.40 (1.10–1.90) 1.40 (1.10–1.80) 1.60 (1.25–2.70) 0.027

Among patients with hemorrhagic stroke, the TyG index was similar between survivors 
and nonsurvivors, whereas the PNI was lower in nonsurvivors (39.79 ± 3.79 vs. 48.17 ± 7.32,
p = 0.006). Albumin levels were also lower in nonsurvivors. No statistically significant 
differences were observed in the other laboratory values, and blood gas parameters were 
similar between groups. Laboratory values in patients with hemorrhagic stroke, stratified 
by mortality status, are compared in Table 6.

Table 6. Comparison of laboratory values in patients with hemorrhagic stroke by mortality status.

Characteristic Total
(n = 26)

Survivors
(n = 18)

Nonsurvivors
(n = 8) p

TyG index, mean ± SD 8.86 ± 0.68 8.94 ± 0.69 8.65 ± 0.63 0.321
PNI, mean ± SD 45.59 ± 7.48 48.17 ± 7.32 39.79 ± 3.79 0.006

WBC (×103 /mm3 ),
median (IQR) 9.85 (8.43–14.18) 8.85 (8.15–13.60) 11.95 (9.72–16.12) 0.165

Hemoglobin (g/dL),
mean ± SD 13.40 ± 2.11 13.46 ± 2.17 13.26 ± 2.13 0.835

Lymphocytes (×103 /mm3 ), 
median (IQR) 1.07 (0.89–2.35) 1.58 (0.91–2.40) 0.95 (0.53–1.10) 0.119

Neutrophils (×103 /mm3 ), 
median (IQR) 7.09 (5.14–12.50) 6.75 (4.71–10.16) 10.14 (7.43–14.36) 0.085

Platelets (×103 /mm3 ), 
mean ± SD 234 ± 77 253 ± 58 192 ± 100 0.142
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Table 6. Cont.

Characteristic Total
(n = 26)

Survivors
(n = 18)

Nonsurvivors
(n = 8) p

Glucose (mg/dL),
median (IQR) 136 (111–151) 136 (116–154) 134 (98–144) 0.291

Creatinine (mg/dL), 
median (IQR) 0.77 (0.62–0.96) 0.77 (0.62–0.90) 0.83 (0.56–2.00) 0.523

Urea (mg/dL),
median (IQR) 40.5 (29.5–49.0) 37.0 (27.8–46.2) 46.0 (35.0–115.5) 0.173

Albumin (g/L), mean ± SD 37.3 ± 3.8 38.4 ± 3.2 34.8 ± 4.0 0.022
Total bilirubin (mg/dL), 

median (IQR) 0.61 (0.44–0.74) 0.61 (0.42–0.73) 0.55 (0.43–0.99) 0.802

Total cholesterol (mg/dL), 
mean ± SD 181 ± 47 183 ± 39 177 ± 64 0.771

Triglycerides (mg/dL), 
median (IQR) 98 (81–138) 106 (88–138) 91 (63–161) 0.374

HDL (mg/dL), mean ± SD 46.4 ± 12.5 47.7 ± 11.7 43.5 ± 14.7 0.439
LDL (mg/dL), mean ± SD 113 ± 44 113 ± 44 112 ± 46 0.971
CRP (mg/L), median (IQR) 7.55 (3.67–15.35) 7.04 (3.65–12.62) 9.87 (3.91–46.73) 0.222

pH, median (IQR) 7.40 (7.36–7.43) 7.41 (7.38–7.43) 7.38 (7.28–7.43) 0.253
pO2  (mmHg),
median (IQR) 40.4 (33.1–57.6) 41.5 (37.4–57.6) 36.2 (28.7–89.2) 0.541

pCO2  (mmHg), mean ± SD 43.0 ± 6.0 43.3 ± 6.2 42.4 ± 5.9
HCO3  (mmol/L),

median (IQR) 27.6 (23.7–28.8) 27.6 (25.4–28.8) 27.0 (17.7–30.0) 0.697

Lactate (mmol/L),
median (IQR) 1.55 (1.10–2.05) 1.30 (0.88–2.23) 1.75 (1.35–2.00) 0.343

3.3. Laboratory Findings by Early Mortality Status
The PNI was lower in patients in the early mortality group than in survivors (41.86 

± 8.42 vs. 46.88 ± 6.85, p < 0.001). WBC and neutrophil counts and urea, creatinine, and 
CRP levels were significantly higher in the early mortality group, whereas lymphocyte and 
platelet counts and albumin levels were lower. Blood gas analysis showed lower pH and 
bicarbonate levels in the early mortality group than in survivors: pH, 7.36 (IQR, 7.31–7.42) 
versus 7.39 (IQR, 7.35–7.42), p = 0.021; bicarbonate, 24.8 ± 4.3 versus 26.2 ± 3.6, p = 0.036. 
Lactate levels in the early mortality group were 1.90 mmol/L (IQR, 1.40–2.68), which was 
higher than in survivors (p < 0.01). Laboratory values in the overall stroke cohort, stratified 
by early mortality status, are compared in Table 7.

Table 7. Comparison of laboratory values in the overall stroke cohort (ischemic and hemorrhagic 
stroke combined) by early mortality status.

Characteristic Total
(n = 406)

Survivors
(n = 374)

Early mortality
(n = 32) p

TyG index, mean ± SD 9.13 ± 0.69 9.14 ± 0.70 9.03 ± 0.62 0.391
PNI, mean ± SD 46.49 ± 7.10 46.88 ± 6.85 41.86 ± 8.42 <0.001
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Table 7. Cont.

Characteristic Total
(n = 406)

Survivors
(n = 374)

Early mortality
(n = 32) p

WBC (×103 /mm3 ),
median (IQR) 8.55 (7.10–10.60) 8.40 (7.00–10.32) 11.80 (9.20–15.78) <0.001

Hemoglobin (g/dL), 
median (IQR) 13.90 (12.50–15.03) 13.90 (12.50–15.03) 12.95 (11.80–15.15) 0.418

Lymphocytes (×103 /mm3 ), 
median (IQR) 1.78 (1.26–2.35) 1.81 (1.30–2.36) 1.35 (0.95–2.15) 0.018

Neutrophils (×103 /mm3 ), 
median (IQR) 5.64 (4.37–7.76) 5.47 (4.28–7.40) 9.46 (6.29–13.59) <0.001

Platelets (×103 /mm3 ), 
median (IQR) 240 (197–293) 241 (202–294) 207 (152–276) 0.013

Glucose (mg/dL),
median (IQR) 132 (104–186) 131 (104–186) 139 (108–184) 0.709

Creatinine (mg/dL), 
median (IQR) 0.79 (0.64–0.99) 0.79 (0.64–0.96) 0.96 (0.72–1.46) 0.004

Urea (mg/dL),
median (IQR) 41.0 (32.0–53.0) 40.0 (32.0–52.0) 60.5 (40.0–97.8) <0.001

Albumin (g/L),
median (IQR) 38.0 (34.0–40.0) 38.0 (34.0–40.0) 34.0 (30.0–37.8) 0.001

Total bilirubin (mg/dL), 
median (IQR) 0.58 (0.42–0.79) 0.56 (0.41–0.77) 0.69 (0.48–1.02) 0.058

Total cholesterol (mg/dL), 
median (IQR) 179 (152–210) 179 (152–209) 174 (142–227) 0.902

Triglycerides (mg/dL), 
median (IQR) 130 (92–171) 130 (94–173) 118 (81–166) 0.240

HDL (mg/dL),
median (IQR) 44.0 (38.0–52.0) 44.0 (38.0–52.0) 44.0 (36.2–54.8) 0.813

LDL (mg/dL),
median (IQR) 105 (84–127) 105 (84–126) 110 (84–146) 0.476

CRP (mg/L), median (IQR) 5.32 (3.39–13.03) 5.20 (3.20–10.92) 23.65 (5.39–101.80) <0.001
pH, median (IQR) 7.39 (7.35–7.42) 7.39 (7.35–7.42) 7.36 (7.31–7.42) 0.021

pO2  (mmHg),
median (IQR) 37.0 (26.5–45.7) 37.3 (26.5–45.6) 35.8 (26.6–49.1) 0.810

pCO2  (mmHg),
median (IQR) 44.0 (39.2–48.5) 44.0 (39.4–48.5) 42.2 (38.1–48.3) 0.463

HCO3  (mmol/L),
mean ± SD 26.1 ± 3.6 26.2 ± 3.6 24.8 ± 4.3 0.036

Lactate (mmol/L),
median (IQR) 1.50 (1.10–1.90) 1.40 (1.10–1.80) 1.90 (1.40–2.68) 0.001

Laboratory parameters in patients with ischemic stroke were compared between those 
who died within the first 30 days (n = 27) and survivors (n = 356). The PNI was lower in the 
early mortality group (42.46 ± 8.90 vs. 46.82 ± 6.83, p = 0.002). WBC and neutrophil counts 
and urea, creatinine, and CRP levels were significantly higher in the early mortality group, 
whereas albumin levels and platelet counts were lower. Lactate levels were also higher in 
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the early mortality group (1.90 [IQR, 1.40–2.70] vs. 1.40 [IQR, 1.10–1.80], p = 0.002). No 
significant differences were observed in the other blood gas parameters, including pH, pO2 , 
pCO2 , and HCO3 . Laboratory values in patients with ischemic stroke, stratified by early 
mortality status, are compared in Table 8.

Table 8. Comparison of laboratory values in patients with ischemic stroke by early mortality status.

Characteristic Total
(n = 383)

Survivors
(n = 356)

Early mortality
(n = 27) p

TyG index, mean ± SD 9.14 ± 0.69 9.15 ± 0.70 9.07 ± 0.60 0.586
PNI, mean ± SD 46.51 ± 7.07 46.82 ± 6.83 42.46 ± 8.90 0.002

WBC (x103 /mm3),
median (IQR) 8.50 (7.00–10.50) 8.30 (6.90–10.30) 11.30 (9.00–15.10) <0.001

Hemoglobin (g/dL), 
median (IQR) 13.90 (12.50–15.10) 13.90 (12.60–15.10) 12.80 (12.10–15.20) 0.362

Lymphocytes (×103 /mm3 ), 
median (IQR) 1.80 (1.29–2.36) 1.81 (1.32–2.37) 1.44 (0.95–2.15) 0.071

Neutrophils (×103 /mm3 ), 
median (IQR) 5.53 (4.29–7.71) 5.41 (4.26–7.36) 9.38 (6.18–12.07) <0.001

Platelets (×103 /mm3 ), 
median (IQR) 240 (197–293) 240 (200–295) 211 (156–276) 0.030

Glucose (mg/dL),
median (IQR) 131 (104–193) 130 (103–193) 149 (110–212) 0.394

Creatinine (mg/dL), 
median (IQR) 0.79 (0.65–0.99) 0.79 (0.64–0.97) 0.92 (0.77–1.41) 0.006

Urea (mg/dL),
median (IQR) 41.0 (32.0–53.0) 40.0 (32.0–52.0) 64.0 (39.0–91.0) <0.001

Albumin (g/L),
median (IQR) 38.0 (34.0–40.0) 38.0 (34.0–40.0) 34.0 (30.0–38.0) 0.005

Total bilirubin (mg/dL), 
median (IQR) 0.57 (0.41–0.79) 0.56 (0.41–0.78) 0.69 (0.54–1.00) 0.064

Total cholesterol (mg/dL), 
median (IQR) 178 (152–210) 179 (152–209) 174 (146–222) 0.992

Triglycerides (mg/dL), 
median (IQR) 130 (92–172) 132 (95–175) 115 (79–155) 0.213

HDL (mg/dL),
median (IQR) 44.0 (37.0–52.0) 44.0 (38.0–52.0) 44.0 (37.0–55.0) 0.819

LDL (mg/dL),
median (IQR) 105 (85–126) 105 (84–126) 108 (85–145) 0.518

CRP (mg/L), median (IQR) 5.27 (3.39–12.70) 5.20 (3.20–10.77) 18.50 (5.38–111.00) <0.001
pH, median (IQR) 7.39 (7.35–7.42) 7.39 (7.35–7.42) 7.35 (7.32–7.42) 0.070

pO2  (mmHg),
median (IQR) 36.8 (26.1–45.4) 36.8 (26.1–45.4) 35.6 (26.3–49.3) 0.791

pCO2  (mmHg),
median (IQR) 44.0 (39.2–48.7) 44.0 (39.4–48.7) 42.0 (38.0–48.5) 0.497
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Table 8. Cont.

Characteristic Total
(n = 383)

Survivors
(n = 356)

Early mortality
(n = 27) p

HCO3  (mmol/L),
mean ± SD 26.1 ± 3.6 26.1 ± 3.6 24.9 ± 3.7 0.094

Lactate (mmol/L),
median (IQR) 1.50 (1.10–1.90) 1.40 (1.10–1.80) 1.90 (1.40–2.70) 0.002

Among patients with hemorrhagic stroke, the TyG index was 8.94 ± 0.69 in survivors 
and 8.79 ± 0.74 in the early mortality group (p = 0.664). The corresponding PNI values 
were 48.17 ± 7.32 and 38.60 ± 4.35, respectively (p = 0.012). Other laboratory parameters 
were not compared because of the small sample size and the presence of only five patients 
in one group. Laboratory values in patients with hemorrhagic stroke, stratified by early 
mortality status, are compared in Table 9.

Table 9. Comparison of laboratory values in patients with hemorrhagic stroke by early mortality status.

Characteristic Total
(n = 23)

Survivors
(n = 18)

Early Mortality
(n = 5) p

TyG index, mean ± SD 8.91 ± 0.69 8.94 ± 0.69 8.79 ± 0.74 0.664
PNI, mean ± SD 46.09 ± 7.82 48.17 ± 7.32 38.60 ± 4.35 0.012

WBC (×103 /mm3 ),
median (IQR) 9.40 (8.20–13.90) 8.85 (8.15–13.60) 13.60 (8.55–16.65) 0.290

Hemoglobin (g/dL),
mean ± SD 13.52 ± 2.21 13.46 ± 2.17 13.76 ± 2.61 0.792

Lymphocytes (×103 /mm3 ), 
median (IQR) 1.28 (0.92–2.35) 1.58 (0.91–2.40) 0.95 (0.55–1.87) 0.446

Neutrophils (×103 /mm3 ), 
median (IQR) 6.96 (5.10–12.13) 6.75 (4.71–10.16) 11.51 (6.16–15.45) 0.174

3.4. Performance of PNI for Predicting In-Hospital Mortality
In the analysis of PNI performance for predicting in-hospital mortality, the AUC in 

the overall cohort was 0.738 (95% CI 0.652–0.824), with a cutoff of 45.3. At this threshold, 
sensitivity was 78%, specificity was 60.2%, the positive predictive value was 17.7%, and the 
negative predictive value was 96.2% (p < 0.001) (Figure 2). In the ischemic stroke subgroup, 
the AUC was 0.716 (95% CI 0.613–0.819), and the optimal cutoff was 40.5. At this threshold, 
sensitivity was 54.5%, specificity was 82.3%, the positive predictive value was 22.2%, and 
the negative predictive value was 95.1% (p < 0.001) (Figure 3). The PNI showed better 
discrimination for mortality in patients with hemorrhagic stroke, with an AUC of 0.872 
(95% CI 0.735–1). The cutoff for this subgroup was 43.75, with 100% sensitivity, 72.2% 
specificity, a positive predictive value of 61.5%, and a negative predictive value of 100%
(p < 0.001) (Figure 4). These analyses are presented in Table 10.
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Figure 2. Receiver operating characteristic curve for PNI in predicting in-hospital mortality in the 
overall stroke cohort (ischemic and hemorrhagic stroke combined).

Figure 3. Receiver operating characteristic curve for PNI in predicting in-hospital mortality in patients 
with ischemic stroke.
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Figure 4. Receiver operating characteristic curve for PNI in predicting in-hospital mortality in patients 
with hemorrhagic stroke.

Table 10. Performance of PNI for predicting in-hospital mortality.

Index AUC
(95% CI)

Cutoff Sensitivity 
(%)

Specificity
(%)

Positive Predictive 
Value (%)

Negative Predictive 
Value (%) p

PNI

In-hospital mortality in the overall stroke cohort (ischemic and hemorrhagic stroke)
0.738 (0.652–0.824) 45.3 78 60.2 17.7 96.2 <0.001

In-hospital mortality in patients with ischemic stroke
0.716 (0.613–0.819) 40.5 54.5 82.3 22.2 95.1 <0.001

In-hospital mortality in patients with hemorrhagic stroke
0.872 (0.735–1) 43.75 100 72.2 61.5 100 <0.001

3.5. Univariable and Multivariable Logistic Regression Analysis of Factors Associated with 
In-Hospital Mortality

To determine whether the association between the PNI and in-hospital mortality was 
independent of other risk factors, we performed univariable and multivariable binary logistic 
regression (Table 11). The multivariable model included the PNI, age, stroke type, and C-
reactive protein (CRP) and was limited to four predictors because of the 41 in-hospital deaths.

In univariable analysis, a lower PNI (OR 0.876 per 1-unit increase, 95% CI 0.831–0.923, 
p < 0.001), older age (OR 1.055 per year, 95% CI 1.021–1.089, p = 0.001), hemorrhagic 
stroke (OR 4.768, 95% CI 1.927–11.797, p < 0.001), and higher CRP (OR 1.013 per mg/L, 
95% CI 1.007–1.019, p < 0.001) were associated with in-hospital mortality. In the multi-
variable model, all four variables remained significantly associated with mortality: PNI 
(adjusted OR 0.933, 95% CI 0.877–0.993, = 0.029), age (adjusted OR 1.054, 95% CI 1.014–1.095,
p = 0.008), hemorrhagic stroke (adjusted OR 7.154, 95% CI 2.594–19.729, p < 0.001), and 
CRP (adjusted OR 1.010, 95% CI 1.004–1.016, p = 0.002). Each 1-unit increase in the PNI 
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was associated with a 6.7% reduction in the odds of in-hospital mortality (adjusted OR 
0.933, 95% CI 0.877–0.993), after adjustment for age, stroke type, and CRP (Table 11).

Table 11. Univariable and multivariable logistic regression analysis of factors associated with in-
hospital mortality.

Variable Univariable 
OR 95% CI p Multivariable 

OR 95% CI p

PNI (per 1 unit) 0.876 0.831–0.923 <0.001 0.933 0.877–0.993 0.029
Age (years) 1.055 1.021–1.089 0.001 1.054 1.014–1.095 0.008
Stroke type

Ischemic Reference – Reference –
Hemorrhagic vs. ischemic 4.768 1.927–11.797 <0.001 7.154 2.594–19.729 <0.001

CRP (per 1 mg/L) 1.013 1.007–1.019 <0.001 1.010 1.004–1.016 0.002

Multivariable analysis was performed with the backward method including PNI, age, stroke type, 
and CRP (n = 413; 41 in-hospital deaths; two patients with missing CRP were excluded). Model 
fit: omnibus χ2  = 52.4, df = 4, p < 0.001; Hosmer–Lemeshow p = 0.422; Nagelkerke R2  = 0.250;
AUC = 0.777. OR, odds ratio; CI, confidence interval; PNI, prognostic nutritional index; CRP, C-
reactive protein.

4. Discussion
Stroke is a leading cause of long-term disability in adults and the second leading cause 

of death worldwide [12]. The pathophysiological mechanisms underlying stroke are either 
ischemic or hemorrhagic. Ischemic stroke results from occlusion of an artery supplying 
the central nervous system, causing a rapid reduction in oxygen and glucose delivery to 
the affected brain region. Hemorrhagic stroke results from rupture of intracranial blood 
vessels and manifests as intracerebral or subarachnoid hemorrhage [13]. The increasing 
occurrence of stroke at younger ages also warrants attention [14].

CSVD is one of the leading causes of vascular cognitive impairment. The earliest 
stages of the disease remain clinically silent and are difficult to detect. Although WMHs 
are widely used neuroimaging markers, traditional cardiovascular risk scores and cognitive 
tests are insufficient in terms of their sensitivity to subclinical cerebrovascular damage [15]. 
ePVSs are increasingly recognized as early markers of CSVD. However, the underlying 
pathophysiology—specifically the role of perivascular fluid dynamics and circulating vas-
cular biomarkers—is not yet fully understood. It is suggested that platelet-driven microvas-
cular activation may be linked to early-stage perivascular dysfunction through alterations 
in perivascular fluid dynamics, and that this process occurs prior to the onset of significant 
white matter damage or cognitive impairment [16].

IR plays an important role in the pathogenesis of ischemic stroke by promoting 
atherosclerotic changes. It may contribute to ischemic stroke by increasing platelet ad-
hesion, activation, and aggregation and by inducing hemodynamic disturbances [17]. IR is
a metabolic state in which insulin-sensitive tissues become less responsive to insulin, result-
ing in disturbances of carbohydrate, lipid, and protein metabolism. It develops under the in-
fluence of several risk factors, including aging, alcohol consumption, smoking, a high-calorie 
diet, a sedentary lifestyle, and obesity. The contribution of IR to the development of condi-
tions such as cardiovascular and cerebrovascular disease is now well established. IR also 
plays an important role in the pathogenesis and clinical outcomes of metabolic syndrome 
and type 2 DM [18]. It is a hallmark of metabolic syndrome and is recognized as a major risk 
factor for stroke. The TyG index, calculated as ln [fasting triglycerides (mg/dL) × fasting
glucose (mg/dL)/2], has been proposed as a reliable surrogate marker of IR [19].

A study comprising 19 cohort studies and 10 case–control or cross-sectional studies, 
with a total of 11,944,688 participants, found that a higher TyG index was associated with 
an increased risk of cerebrovascular disease compared with a lower index. Each 1 mg/dL 
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increase in the TyG index was associated with a 1.19-fold increase in cerebrovascular disease 
risk [20]. Another study assessed the differing associations of the TyG and TyG–body 
mass index (TyG-BMI) indices with short- and long-term mortality in critically ill patients 
with ischemic stroke. Of 1334 patients, 411 (30.81%) died within 1 year and 923 (69.19%) 
survived. The TyG index performed better in predicting short-term mortality at 30 and
90 days, whereas TyG-BMI performed better in predicting long-term mortality at 180 days 
and 1 year. Both indices were identified as valuable mortality predictors in critically ill 
patients with ischemic stroke. Mean age, WBC count, and creatinine level were significantly 
higher in nonsurvivors than in survivors (all p < 0.001): age, 78.31 versus 68.57 years;
WBC count, 11.47 versus 10.12; and creatinine, 1.27 versus 1.04. Hemoglobin levels were 
significantly lower in nonsurvivors (11.60 vs. 12.54, p < 0.001). Triglyceride levels were 
higher in nonsurvivors (149.37 vs. 124.64), but the difference was not statistically significant. 
Glucose levels were significantly higher in nonsurvivors (154.94 vs. 129.79, p < 0.001) [21]. 
In our study, age, WBC count, and creatinine levels were significantly higher among non-
survivors with ischemic stroke. Hemoglobin and triglyceride levels were lower and glucose 
levels were higher in nonsurvivors, although these differences were not statistically signifi-
cant. Among patients with hemorrhagic stroke, nonsurvivors had higher age, WBC counts, 
and creatinine levels and lower hemoglobin, triglyceride, and glucose levels; none of these 
differences were significant.

A study investigating the relationship between TyG-BMI and 28-day mortality in
1362 critically ill patients with ischemic stroke reported a mean age of 68.41 ± 14.16 years; 
47.50% of patients were men. Patients in the high TyG-BMI group had significantly higher 
28-day in-hospital and ICU mortality rates [22]. A multicenter study of the associations 
between the TyG index, poor functional outcome at discharge, and in-hospital mortality 
included 3216 patients with ischemic stroke (1853 men and 1363 women). Their mean age 
was 68.6 ± 12.9 years, and the median TyG index was 8.65 mg/dL. During hospitalization, 
105 patients (3.3%) died from various causes. A higher TyG index was associated with
a higher risk of in-hospital death [6]. In our study, the median age of patients with ischemic 
stroke was 74 years (IQR, 66.0–81.0), and 197 (50.6%) were men. The TyG index was 
lower in nonsurvivors in both the ischemic and hemorrhagic stroke subgroups, but neither 
difference was statistically significant. We believe that regional differences in dietary habits 
may account for this finding.

A study of 733 critically ill patients with ischemic stroke reported a median age of 
69 years (interquartile range [IQR], 58–79); 409 patients (55.4%) were men. The median 
TyG index was 8.90 (IQR, 8.53–9.34). In-hospital and ICU mortality rates were 19.0% and 
14.9%, respectively. A higher TyG index was significantly associated with all-cause mortal-
ity, including both in-hospital and ICU mortality [23]. A population-based cohort study 
investigated the associations of baseline and long-term TyG indices with subsequent stroke 
and its subtypes in 97,653 participants with no previous history of stroke. Stroke occurred in
5122 participants, including 4277 cases of ischemic stroke, 880 cases of intracerebral hem-
orrhage, and 144 cases of subarachnoid hemorrhage. A linear association was observed 
between the baseline TyG index and stroke, with similar findings for ischemic stroke. How-
ever, no significant association was found between the baseline TyG index and the risk of 
intracranial hemorrhage. Over 11 years of follow-up, higher baseline and time-updated 
long-term cumulative mean TyG indices independently predicted stroke and ischemic 
stroke but not intracerebral hemorrhage [19]. In our study, the TyG index was calculated 
using fasting glucose and fasting triglyceride values obtained from patients at the earliest 
possible time point following hospitalization, and mortality was compared using this single 
measurement. The TyG index was not associated with mortality in the overall cohort or in 
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either stroke subtype. Its lack of predictive value for mortality in patients with hemorrhagic 
stroke in our study is consistent with the literature.

Wang et al. identified the use of a single TyG index measurement, without analysis 
of changes over time or their long-term effects, as a limitation of previous studies. In
a large prospective cohort study designed to characterize the relationship between changes 
in the TyG index and the subsequent risk of CVD and its subtypes, changes in the TyG index 
were identified as an independent predictor of CAD and its subtypes. An increase in the 
TyG index over time was associated with an increased risk of CAD, stroke, and myocardial 
infarction (MI). These findings emphasize the importance of monitoring temporal changes 
in the TyG index to identify individuals at high risk of developing CAD [24].

Most previous studies of the relationship between the TyG index and ischemic stroke 
have relied on a single measurement. However, the TyG index is influenced by numerous bi-
ological and pathological factors, including age, diet, and medication use. The relationship 
between the cumulative TyG index and incident ischemic stroke therefore remains incom-
pletely defined. Wang et al. [7] evaluated the relationship between ischemic stroke and the 
cumulative TyG index, which incorporates both the index value and the duration of exposure 
to an elevated index. Age, sex, BMI, systolic and diastolic blood pressure, HDL choles-
terol, LDL cholesterol, high-sensitivity CRP, smoking, physical exercise, lipid-lowering 
medication use, HT, and diabetes were significantly associated with ischemic stroke. The 
cumulative TyG index was also an independent risk factor for stroke. In analyses restricted 
to individuals without diabetes and those not taking antihypertensive, glucose-lowering, or 
lipid-lowering medications, longer exposure to an elevated TyG index was associated with 
increased stroke risk. Persistent exposure to an elevated TyG index over 6 years increased 
the risk of ischemic stroke by 38%. Longer exposure to a high cumulative TyG index was 
significantly associated with increased stroke risk, particularly ischemic stroke [7]. In our 
study, reliance on a single TyG index measurement during the acute phase may have limited 
its ability to predict mortality. The association between a high cumulative TyG index and 
increased ischemic stroke risk suggests that monitoring and controlling cumulative TyG 
exposure may be beneficial for ischemic stroke prevention.

The PNI is an objective nutritional index derived from serum albumin concentration 
and total lymphocyte count. These commonly measured, inexpensive biomarkers help 
assess nutritional, immune, and inflammatory status [25]. Serum visceral proteins, such as 
albumin and prealbumin, have traditionally been used as markers of nutritional status [26]. 
Low albumin, a serum visceral protein used to indicate malnutrition, may result from 
inadequate protein intake or reduced synthesis associated with increased inflammatory 
cytokine levels and liver failure. Hypoalbuminemia may also arise from renal losses, as in 
nephrotic syndrome, or gastrointestinal losses, as in protein-losing enteropathy [26–28]. 
Stenvinkel et al. reported that serum albumin levels below 3.5 g/dL were associated with 
a fourfold higher risk of death than higher levels and that levels below 3 g/dL indicated 
a critical condition [29]. Although the PNI was originally developed to assess risk in 
gastrointestinal surgery, it is now widely used as an indicator of survival and complications 
in cancer, cardiac disease, kidney disease, and severe infections [30]. In addition to its use 
in cerebrovascular disease, the PNI has been investigated in peripheral nerve disorders in 
relation to disease severity and long-term outcomes [31–33].

Several studies have examined the PNI in ischemic stroke. One study included
176 patients diagnosed with ischemic stroke in the emergency department, of whom
12 died and 164 survived. The PNI was significantly lower in nonsurvivors than in survivors 
(36.7 [28.7–40.5] vs. 46.05 [39.1–51.3], p < 0.001). Albumin levels were also significantly 
lower in nonsurvivors (3.31 [2.67–3.4] vs. 3.74 [3.39–4.21], p < 0.001) [4]. Another study of
158 patients with acute ischemic stroke reported an in-hospital mortality rate of 18%. Pa-
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tients with a PNI > 380 were classified as not malnourished, whereas those with a PNI ≤ 380
were classified as malnourished. Patients with lower PNI scores were older and had signifi-
cantly higher National Institutes of Health Stroke Scale (NIHSS) scores, as well as higher 
rates of AF, infection, mortality, and hospital admission [5]. In our study, significantly 
lower PNI and albumin values in the mortality and early mortality groups, both in the 
overall cohort and within the ischemic and hemorrhagic stroke subgroups, support their 
association with poor prognosis. Our findings are consistent with the published literature.

Xiang et al. reported that the PNI was independently associated with poor recovery at
3 months in patients with acute ischemic stroke (AIS) treated with intravenous thrombolysis 
(IVT; odds ratio, 2.250; confidence interval, 1.192–4.249; p = 0.012) [34]. In our study,
a highly significant association between a lower PNI and mortality was also observed 
in the overall cohort and in both stroke subtypes. Although the PNI was higher among 
nonsurvivors with ischemic stroke than among those with hemorrhagic stroke, values in 
both groups were lower than the mean for the overall study population. The PNI was 
also significantly lower in patients who died within the first 30 days than in survivors
(41.86 ± 8.42 vs. 46.88 ± 6.85, respectively; p < 0.001).

A study of 260 young patients with ischemic stroke, aged 18–45 years, classified patients 
according to favorable or unfavorable outcomes at 90 days. Outcomes were favorable in 
144 patients and unfavorable in 116. The PNI was significantly lower in patients with 
unfavorable outcomes (41.04 ± 8.01 vs. 48.82 ± 8.19, p < 0.001). A history of diabetes or HT 
was also significantly more common in patients with unfavorable outcomes [35]. Consistent 
with these studies [4,5,34,35], our findings indicate that the PNI is a relevant marker of 
mortality and early mortality in stroke and its subtypes and has significant prognostic value 
in patients with stroke.

The single-center retrospective design of our study, the limited sample size of hemor-
rhagic stroke cases, and the fact that biomarker measurements during hospitalization were 
based on a single assessment are among our primary limitations. Furthermore, the failure 
to include validated clinical scales—such as the National Institutes of Health Stroke Scale 
(NIHSS), the Glasgow Coma Scale (GCS), or the modified Rankin Scale (mRS)—as well as 
the lack of documentation regarding infarct volume, hemorrhage volume, and the location 
of lesions, represent additional limitations of our study.

5. Conclusions
Patients with stroke generally first present to emergency departments, where diagnosis 

must be established promptly. In particular, patients with ischemic stroke who require 
time-sensitive intravenous thrombolysis or endovascular treatment must receive these inter-
ventions as quickly as possible and be managed by a multidisciplinary team. Nevertheless, 
mortality can occur despite treatment, making the assessment of prognosis and mortality 
risk essential. Numerous biomarkers have been investigated as predictors of mortality. In 
this study, we examined the prognostic value of the TyG index and PNI for mortality in 
patients with stroke. The TyG index did not predict mortality in our cohort. However, 
further studies should assess cumulative TyG indices derived from repeated measurements 
during hospitalization rather than relying on a single value. Unlike TyG, the PNI was
a useful biomarker for predicting mortality in the overall stroke cohort and in the ischemic 
and hemorrhagic stroke subgroups. Our findings indicate that the PNI, which can be calcu-
lated from readily available blood test parameters, should be considered when assessing 
prognosis and mortality risk in patients with stroke, particularly at presentation to the 
emergency department. However, although our study indicates that the PNI independently 
predicts mortality or that it should guide risk assessment in the emergency department, we 
consider these findings to be exploratory, as stroke severity measures (such as the NIHSS) 
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and relevant treatment data were not included in our analyses. In short, the PNI is associ-
ated with mortality; however, its independent and clinical predictive value requires further 
evaluation. Furthermore, we believe that for both biomarkers, it is necessary to conduct 
prospective, multicenter studies that involve larger patient cohorts—thereby avoiding limi-
tations such as small sample sizes and single-point measurements—and that incorporate 
repeated measurements taken at multiple time points. Finally, in future studies, combining 
imaging markers indicative of chronic cerebrovascular damage with circulating prognostic 
biomarkers will be of potential value.
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