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Objective: Fasting blood glucose (FBG) is a recognized risk factor for Ischemic Stroke, but little research has examined the 
interaction among FBG, Platelet Distribution Width (PDW) and the severity of neuronal damage. Thus, the present study constructs 
a moderated mediation model aimed to elucidate the relationships among FBG, PDW, and NIHSS scores in patients with acute 
ischemic stroke (AIS).
Methods: We conducted a cross-sectional study on 431 AIS patients. Upon hospital admission, we assessed the patients’ NIHSS 
scores and collected blood samples to measure FBG and PDW levels. The relationship between FBG and NIHSS scores moderated by 
PDW was analyzed by linear curve fitting analysis, multiple linear regression analysis, and moderated mediation analysis respectively.
Results: In the tertile grouping based on FBG, both PDW and NIHSS scores of AIS patients demonstrated an increase corresponding 
with rising levels of FBG (p<0.001 for both). Multiple linear regression analysis revealed that, the β coefficients (95% CI) for the 
relationship between FBG and NIHSS scores were 1.49 (1.27–1.71, p<0.01) post-adjustment for potential confounders. The β 
coefficients (95% CI) for the relationship between FBG and PDW were 0.02 (0.01–0.04, p<0.01) post-adjustment. Likewise, for the 
relationship between PDW and NIHSS scores, the β coefficients (95% CI) were 4.33 (3.07–5.59, p<0.01) after adjustment. These 
positive association remained consistent in sensitivity analysis and hierarchical analysis. Smoothed plots suggested that there are linear 
relationships between FBG and PDW and NIHSS scores respectively. Further mediation analysis indicated that increased PDW 
significantly (p<0.01) mediated 5.91% of FBG-associated increased NIHSS scores.
Conclusion: This study suggested that FBG levels were associated with NIHSS scores, and the FBG-associated neurological 
impairment may be partially mediated by PDW. These findings underscore the importance of monitoring FBG and PDW levels in 
AIS patients, potentially guiding risk intervention strategies.
Keywords: acute ischemic stroke, fasting blood glucose, platelet distribution width, multivariate analysis, mediation analysis

Introduction
Acute Ischemic Stroke (AIS) is characterized by the abrupt cessation of blood supply to specific areas of the brain, 
leading to the loss of neurological function. It is one of the leading causes of adult death and long-term disability 
worldwide. Globally, over 13.7 million people suffer from strokes annually, with approximately 70% (9.5 million) of 
these strokes being ischemic.1 The incidence of AIS is closely associated with cerebral arteriosclerosis and hemodynamic 
abnormalities and is related to traditional risk factors such as diabetes, hypertension, heart disease, smoking, obesity, and 
an unhealthy lifestyle.2 Among these, elevated fasting blood glucose (FBG) levels are widely considered an independent 
risk factor for AIS, increasing the risk irrespective of diabetic status.3 In patients with AIS, an elevated FBG level at 
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admission is a common finding and is associated with poor function, increased mortality, and a higher rate of 
complications regardless of the stroke subtype or severity.4,5 Recent meta-analyses have shown that FBG levels are 
positively correlated with stroke risk in a nonlinear dose-response relationship.6 Furthermore, studies have indicated that 
high FBG levels are associated with a higher mortality risk and poor prognosis in AIS patients, irrespective of stroke 
severity, diabetes, infarct volume, or age.7 However, despite its recognized importance, current understanding of how 
FBG may affect the extent of neurological damage and recovery process in AIS patients through different biomarkers is 
still limited.

Platelet Distribution Width (PDW) is a parameter reflecting the heterogeneity of platelet (PLT) volume in peripheral 
blood. A higher PDW value indicates greater variability in PLT volume and volume heterogeneity.8 Recent studies have 
found that PDW is related to the degree of PLT activation, and an increase in PDW levels may be a useful marker for 
inflammatory responses and prothrombotic states.9 The occurrence of cerebral infarction results from thrombus formation 
in the cerebral vessels, with typical thrombi composed of varying proportions of fibrin, PLTs, red blood cells (RBCs), and 
white blood cells (WBCs).10 PLT s are rapidly activated and accumulate at the site of thrombus formation in the initial 
stages of thrombus formation.10 Arboix et al found that hematological disorders, particularly essential thrombocythemia, 
are the most common cause of AIS due to unusual etiologies, in this context, coagulation and fibrinolytic dysfunctions, 
platelet hyperactivity, and erythrocyte abnormalities play a critical and indispensable role in the pathogenesis of AIS.11 

Previous studies observed that high PDW is an independent predictor of poor prognosis in patients with heart failure, 
associated with enhanced PLT activation.12 A recent study suggested that PDW is an important risk factor for stroke 
because it can reflect a pre-thrombotic state, potentially serving as a novel biomarker for predicting stroke.13

The National Institutes of Health Stroke Scale (NIHSS) is one of the standard methods for assessing the severity of 
a stroke. In practice, the NIHSS is used for early prediction and serial assessment of neurological deficits, with good 
reliability and validity. Clinically significant changes in NIHSS scores often occur after the initial onset of a stroke, 
reflecting secondary neurological damage or improvement in neurological function.14

Previous studies on the relationship between FBG and AIS have mainly focused on prognosis and mortality, while the 
interaction between FBG, PDW, and the severity of neurological damage remains unclear. Specifically, there is a lack of 
a systematic research model to elucidate the potential mediating and moderating mechanisms among these variables. 
Therefore, this study constructs a moderated mediation model aimed at elucidating the relationship between FBG and 
NIHSS scores, mediated by PDW.

Subjects and Methods
Ethics
In accordance with the Declaration of Helsinki, this study was approved by the ethics committee of Shanghai Jiao Tong 
University School of Medicine Affiliated Renji Hospital, Shanghai, China (Ethics Approval Number 2022-KSSC-01). 
All study subjects or their immediate family members (Patients with consciousness disorder or dysarthria after AIS) 
provided informed consent prior to sample collection.

Design
The study was performed in a cross-sectional design aimed to explore the association between FBG and NIHSS scores 
and moderated by PDW in the AIS patients. Consecutive AIS patients were enrolled in this study from Renji Hospital 
Baoshan Branch and the First Affiliated Hospital of Anhui Medical University in China during January 1, 2018, and 
August 31, 2019. In the hospital’s Stroke Registry Database, patient data were recorded.

Study Subjects
Patients were diagnosed with AIS according to the criteria defined by the World Health Organization criteria.15 The 
inclusion criteria were (1) acute onset of ischemic stroke within 24 hours, (2) Ischemic stroke symptoms and signs that 
can be clinically evaluated, (3) confirmation by computed tomography (CT) or magnetic resonance imaging (MRI) of the 
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brain within 24 hours after admission, follow-up CT or MRI was performed within 14 days of admission or in any case of 
neurological deterioration, and (4) aged ≥40 years.

The following exclusion criteria were employed:16 (1) intracerebral hemorrhage, (2) transient ischemic attack, (3) 
Cardiogenic cerebral embolism, (4) massive cerebral infarction caused by occlusion of the internal carotid artery trunk, 
the middle cerebral artery trunk, or complete occlusion of its cortical branches involves at least 2/3 of the middle cerebral 
artery territory on the affected side within 48 hours of onset, (5) malignancies, (6) leukemia, megaloblastic anemia, post- 
splenectomy, giant platelet syndrome, primary thrombocytopenia, and aplastic anemia, (7) acute myocardial infarction, 
cardiac valvulopathy, and (8) clinical and laboratory data were not available for analysis, including unintegrated patient 
data.

Clinical Characteristics and Laboratory Data
All patients’ medical records and sample data were kept in our hospital described in our previous study.17 The baseline 
data for demographic characteristics, medical history (ischemic stroke, hypertension, diabetes, atrial fibrillation, cardiac 
insufficiency, pneumonia), and drugs used before admission (antiplatelet drugs, anticoagulant drugs, lipid lowering drugs, 
antidiabetic drugs, and antihypertensive drugs) were collected in detail by interviewed with patients and their family 
members upon admission.

Fasting venous blood samples were obtained within one hour after admission and before administration of therapy, 
including intravenous recombinant tissue type plasminogen activator (rt-PA) and any angioplasty procedure in the emergency 
room. Blood sample was collected into an EDTA-containing vacuum tubes to assess levels of FBG, which were measured with 
a commercially available quantitative test kit (semi-automatic coagulation instrument) purchased from the Biotechnology Co., 
Ltd (Shanghai, China). The intra-assay and interassay coefficients of variation were 5.0% and 10.0%, respectively, while the 
normal reference range of FBG levels ranged between 3.9 to 6.1 mmol/L. Additionally, another blood specimen was collected 
using an EDTA vacuum tube to detect the level of PDW, which was measured by an XFA6100 automatic hematology analyzer. 
Intra- and interassay coefficients of variation were 4% and 10%, respectively. The normal range of PDW in our laboratory was 
between 9.8 fL and 16.1 fL. Routine blood examinations including RBC count, WBC count, PLT count, Mean platelet volume 
(MPV), hemoglobin (HGB). Blood biochemical examinations including alanine aminotransferase (ALT), total bilirubin 
(TBIL), total protein, uric acid (UA), creatinine, Homocysteine (HCY), total cholesterol (TC), low-density lipoprotein 
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and Glycosylated hemoglobin. Blood clotting examina-
tions including international normalized ratio (INR), prothrombin time (PT). Tumor index including alpha fetoprotein (AFP), 
and carcinoembryonic antigen (CEA) were also measured using fasting blood samples collected by venipuncture. All 
determinations were performed by laboratory technicians blinded to all clinical data.

Groups
In this study, all AIS patients were grouped based on two criteria. Firstly, in the baseline characteristics analysis, patients 
were categorized into tertiles T1 (low), T2 (middle) and T3 (high) according to FBG levels. Additionally, AIS patients 
were classified based on PDW levels, with values exceeding 16.1 fL indicating high PDW. Patients were also stratified 
based on a NIHSS scores threshold of 15. In the multiple linear regression analysis, AIS patients were further divided 
into tertiles T1 (low), T2 (middle) and T3 (high) according to PDW levels. Secondly, hierarchical analysis was conducted 
based on the clinical normal reference values for various indicators. Abnormal ranges were defined as RBC 
counts≤4.0×1012/L, LDL levels >1.8 mmol/L, TC levels >5.2 mmol/L, TBIL levels >17.1 μmol/L, creatinine levels 
>71 μmol/L, and UA levels >360 μmol/L, each indicative of respective parameter abnormalities.

Statistical Analysis
The characteristics of study participants at baseline are presented by FBG level. Categorical variables expressed as n (%) 
were analyzed using x2 and Fisher’s exact tests. Continuous variables were presented as means with standard deviations 
(Mean ± SD) for normal distribution data, which were analyzed by t tests, and they were expressed as median 
(interquartile range, IQR) for abnormal distribution data, which were analyzed by Mann–Whitney U-tests. The associa-
tion among FBG, PDW, and NIHSS scores were assessed by linear curve fitting analyses (generalize additive models) 
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and multivariate linear regression analysis. Age and gender were included in the multivariate models as conventional 
adjustment factors, and baseline variables considered clinically relevant to FBG and NIHSS scores or that showed 
a univariate relationship with FBG levels or NIHSS scores were selected into multivariate linear regression model. Both 
non-adjusted and adjusted models were used, and stratified analyses and interaction testing were performed. This study 
examined the proportion of mediation through PDW in the associations of FBG levels and NIHSS scores using the 
Process SPSS macro tool based on the mediation method recommended by Hayes.18 Statistical analyses were performed 
using the Statistical Package for the Social Sciences Software (SPSS) (version 24.0, Chicago, IL, USA) and R (version 
3.6.3). The statistical significance level was set at a two-tailed p-value of <0.05.

Results
Baseline Characteristics
At the time of the final survey in October 2023, a total of 511 consecutive AIS candidates were recruited for the study. 
Among these AIS candidates, patients who had met any exclusion criteria were excluded (n=29), patients who had 
missing data related to FBG, PDW, and NIHSS scores were also excluded from the eligible candidates for the study 
(n=22). Further exclusions involved candidates with implausible FBG values (<3.0 mmol/L) (n=18) and unreliable PDW 
measurements (<10 fL) (n=11). Following these rigorous selection criteria, a cohort of 431 AIS subjects was finalized for 
subsequent analyses. The participant selection and screening process is delineated in Figure 1.

Figure 1 A flowchart of the study.
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Among 431 study AIS subjects, women accounted for 46.17% (n=199) and men for 53.83% (n=232). The age of the 
enrolled subjects ranged from 40–99 yr (women, 49–99 yr; men, 40–91 yr) with a mean age of 73.06±10.84 yr (women, 
76.39±10.22 yr; men, 70.20±10.56 yr). The disease duration before admission ranged from 0.5–46 hours with a median 
and interquartile range of 7.0 (4.0–17.5) hours. The FBG levels ranged from 3.80–14.50 mmol/L, with a mean level of 
6.09±1.85 ng/mL. The NIHSS scores ranged from 1–20, with a mean level of 9.14±5.08. The PDW values ranged from 
15.2–17.4 fL, with mean values of 16.14±0.36 fL. The baseline characteristics of the included patients are shown in 
Table 1 and Supplement Table 1.

The Relationship Between FBG and NIHSS Scores
In the multiple linear regression analyses examining the relationship between FBG and NIHSS scores, baseline variables 
identified as relevant through difference analysis or previous references or that showed a univariate relationship with NIHSS 
scores were selected for the multivariate linear regression model (Supplement Table 2). Thus, sex, age, RBC, PLT, HGB, TC, 
LDL-C, PDW, and the use of antidiabetic drugs were acknowledged as confounders affecting NIHSS scores. The multiple 
linear regression analysis yielded β coefficients (95% CI) of 1.64 (1.44–1.85, p<0.01) and 1.49 (1.27–1.71, p<0.01) for the 
FBG-NIHSS relationship, both pre- and post-adjustment for these confounders. Post-adjustment for confounding variables, 

Table 1 Characteristics and Laboratory Findings of the Participants According to FBG Levels (n = 431)

Characteristics FBG levels (mmol/L) (tertile) P-value

Low Middle High

Basic information
N 142 140 149

Sex (men) (%) 72 (50.70) 77 (55.00) 83 (55.70) 0.655

Age (years) 74.95 ± 10.47 73.09 ± 10.77 71.21 ± 11.02 0.013
Disease duration(hours) 7.00 (3.50–18.88) 7.00 (4.88–17.00) 7.00 (3.50–12.00) 0.294

NIHSS score 5.76 ± 4.04 8.46 ± 3.58 12.99 ± 4.59 <0.001

Medical history
Hypertension (%) 121 (85.21) 123 (87.86) 138 (92.62) 0.130

Diabetes (%) 25 (17.61) 33 (23.57) 91 (61.07) <0.001

CHD (%) 42 (29.58) 32 (22.86) 45 (30.20) 0.308
AF (%) 4 (2.82) 5 (3.57) 5 (3.36) 0.934

Medication use before admission
Antihypertensive drugs (%) 117 (82.39) 119 (85.00) 124 (83.22) 0.834
Lipid lowering drugs (%) 54 (38.03) 52 (37.14) 63 (42.28) 0.630

Antidiabetic drugs (%) 24 (16.90) 30 (21.43) 85 (57.05) <0.001

Anticoagulant drugs (%) 1 (0.70) 4 (2.86) 2 (1.34) 0.340
Antiplatelet drugs (%) 124 (87.32) 114 (81.43) 131 (87.92) 0.226

OCSP classification
TACI (%) 18 (12.68) 15 (10.71) 15 (10.07) 0.764
PACI (%) 42 (29.58) 44 (31.43) 45 (30.20) 0.943

POCI (%) 26 (18.31) 23 (16.43) 33 (22.15) 0.449

LACI (%) 56 (39.44) 58 (41.43) 56 (37.58) 0.800
Blood routine indicators
WBC (109/L) 6.93 ± 2.62 6.90 ± 2.06 7.44 ± 2.35 0.086

RBC (1012/L) 4.24 ± 0.57 4.43 ± 0.56 4.51 ± 0.70 0.001
PLT (109/L) 222.50 ± 64.90 219.38 ± 77.29 218.87 ± 65.01 0.891

MPV (fL) 9.69 ± 1.11 10.00 ± 1.26 10.08 ± 1.17 0.012

PDW (fL) 16.05 ± 0.34 16.17 ± 0.39 16.21 ± 0.34 <0.001
HGB (g/L) 122.97 ± 20.32 129.34 ± 18.12 132.41 ± 23.26 <0.001

(Continued)
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the β coefficient (95% CI) for the FBG-NIHSS relationship exhibited a graded increase in line with the FBG level tertiles, as 
indicated by trend analysis (p<0.01) (Table 2), which showed a statistical significance. Hierarchical analyses stratified by sex, 
age, RBC, PLT, HGB, TC, LDL-C, PDW, and antidiabetic drugs consistently supported the statistically significant link 
between FBG and NIHSS scores, and interaction analysis also affirmed that these confounders had no significant interaction 
effect in the FBG-NIHSS scores relationship (Supplement Table 3). Additionally, this study conducted sensitivity analyses 
among AIS patients with hypertension, diabetes, and non-CHD, with all models demonstrating a significant positive 
correlation between FBG levels and NIHSS scores (Supplement Table 4). The smooth curve fitting plot, after adjusting for 
the mentioned confounders, depicted a linear relationship between FBG and NIHSS scores (Figure 2A).

The Relationship Between FBG and PDW
The baseline characteristics of the included patients grouped by PDW level are shown in Supplement Table 5. Comparing 
the groups with PDW levels ≤16.1 fL and >16.1 fL, the >16.1 fL group exhibited a higher mean FBG level than the 
≤16.1 fL group (6.48 ± 2.14 mmol/L vs 5.67 ± 1.38 mmol/L, p<0.001).

In multiple linear regression analyses examining the FBG-PDW relationship, variables deemed relevant through 
difference analysis or previous references or that showed a univariate relationship with PDW were incorporated into 
a multivariate model (Supplement Table 6). Consequently, sex, age, disease duration, diabetes, CHD, RBC, PLT, LDL-C, 

Table 1 (Continued). 

Blood biochemical indicators
ALT (U/L) 13.40 (9.80–19.95) 17.00 (12.88–25.30) 19.60 (14.70–25.80) <0.001

TBIL (μmol/L) 10.80 (7.93–14.80) 13.00 (9.57–17.65) 11.80 (8.80–16.00) 0.003

Total protein (g/L) 66.72 ± 7.58 68.93 ± 7.06 69.99 ± 8.83 0.002
UA (μmol/L) 281.01 ± 97.83 304.16 ± 111.57 287.13 ± 104.92 0.159

Creatinine (μmol/L) 84.49 ± 46.69 75.14 ± 27.65 79.81 ± 38.45 0.125

Urea (mmol/L) 5.98 ± 2.46 5.86 ± 2.44 6.39 ± 4.62 0.376
HCY (μmol/L) 17.56 (11.28) 20.00) 12.50 (7.00–18.00) 13.00 (7.00–20.00) 0.188

TC (mmol/L) 4.34 ± 1.01 4.49 ± 1.08 4.57 ± 1.11 0.167

LDL-C (mmol/L) 2.73 ± 0.93 2.89 ± 0.98 2.89 ± 1.01 0.247
HDL-C (mmol/L) 1.24 ± 0.36 1.23 ± 0.31 1.27 ± 0.34 0.636

FBG (mmol/L) 4.60 ± 0.31 5.52 ± 0.31 8.03 ± 1.89 <0.001

Glycosylated hemoglobin (%) 5.91 ± 0.81 6.08 ± 0.67 7.00 ± 1.21 <0.001
Clotting index
INR 0.95 ± 0.07 0.96 ± 0.07 0.94 ± 0.10 0.080

PT (second) 27.99 ± 3.85 27.71 ± 3.95 27.07 ± 3.84 0.116
Tumor index
AFP (ng/mL) 1.75 (1.00–2.60) 1.60 (0.90–2.90) 2.20 (1.00–2.80) 0.565

CEA (ng/mL) 1.30 (0.84–2.05) 1.50 (0.86–2.44) 1.60 (0.98–2.45) 0.020

Abbreviations: WBC, White blood cell; RBC, Red blood cell; PLT, Platelet; MPV, Mean platelet volume; PDW, Platelet distribution width; HGB, Hemoglobin; 
ALT, Alanine aminotransferase; TBIL, Total bilirubin; UA, Uric acid; HCY, Homocysteine; TC, Total cholesterol; LDL-C, Low density lipoprotein cholesterol; 
HDL-C, High density lipoprotein cholesterol; FBG, Fasting blood glucose; INR, International standard ratio; PT, Partial thromboplastin; AFP, Alpha fetoprotein; 
CEA, Carcinoembryonic antigen; TACI, Total anterior circulation infarction; PACI, Partial anterior circulation infarction; POCI, posterior circulation infarction; 
LACI, Lacunar infarction; CHD, Coronary heart disease; AF, Atrial fibrillation.

Table 2 Adjusted βs and 95% CIs for FBG Levels (Three Equal Parts) and NIHSS Scores (n = 431)

Variable FBG levels (mmol/L) P for trend  
(Increased 1 mmol/L)

Total T1 (low) T2 (middle) T3 (high)

FBG levels 6.09 ± 1.85 4.60 ± 0.31 5.52 ± 0.31 8.03 ± 1.89 /

Model 1 1.64 (1.44, 1.85) <0.01 Ref 2.70 (1.75, 3.66) <0.01 7.23 (6.28, 8.17) <0.01 2.55 (2.22, 2.88) <0.01

Model 2 1.62 (1.41, 1.83) <0.01 Ref 2.64 (1.68, 3.59) <0.01 7.13 (6.18, 8.07) <0.01 2.52 (2.18, 2.85) <0.01
Model 3 1.49 (1.27, 1.71) <0.01 Ref 2.10 (1.21, 2.99) <0.01 6.39 (5.45, 7.33) <0.01 2.29 (1.96, 2.62) <0.01

Notes: Model 1: unadjusted. Model 2: adjusted for sex and age. Model 3: adjusted for sex, age, RBC, PLT, HGB, TC, LDL-C, PDW, and antidiabetic drugs.
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TC, TBIL, Creatinine, UA, lipid lowering drugs, antidiabetic drugs, and antiplatelet drugs were identified as confounders 
for PDW. The multiple linear regression analysis revealed β coefficients (95% CI) of 0.04 (0.02–0.06, p<0.01) and 0.02 
(0.01–0.04, p<0.01) for the FBG-PDW relationship, both before and after adjustment for these confounders. Post- 
adjustment, the β coefficient (95% CI) for the FBG-PDW relationship showed a graded increase in accordance with FBG 
level tertiles, as determined by trend analysis (p=0.03) (Table 3), which showed a statistical significance. Hierarchical 
analyses stratified by sex, age, disease duration, diabetes, CHD, RBC, PLT, LDL-C, TC, TBIL, creatinine, UA, lipid- 
lowering drugs, antidiabetic drugs, and antiplatelet drugs further corroborated the statistically significant association 
between FBG and PDW, and interaction analysis confirmed that these confounders did not exhibit a significant 
interaction effect in the FBG-PDW relationship (Supplement Table 7). Similarly, in sensitivity analyses among AIS 
patients with hypertension, diabetes, and non-CHD, all models observed consistent findings (Supplement Table 8). After 
adjusting for the aforementioned confounders, the smooth curve fitting plot demonstrated a linear relationship between 
FBG and PDW (Figure 2B).

The Relationship Between PDW and NIHSS Scores
In the multiple linear regression analyses exploring the PDW-NIHSS scores relationship, baseline variables identified as 
relevant through difference analysis or previous references or that showed a univariate association with NIHSS scores were 
incorporated into a multivariate regression model (Supplement Table 2). Thus, sex, age, RBC, PLT, HGB, TC, LDL-C, PDW, 
and the use of antidiabetic drugs were acknowledged as confounders influencing NIHSS scores. The multiple linear regression 
analysis yielded β coefficients (95% CI) of 6.20 (5.01–7.38, p<0.01) and 4.33 (3.07–5.59, p<0.01) for the PDW-NIHSS 
relationship, both before and after adjustment for these confounders. Following adjustment for these variables, the β 
coefficient (95% CI) for the PDW-NIHSS relationship demonstrated a graded increase in line with the tertiles of PDW 
scores, as determined by trend analysis (p<0.01) (Table 4), which showed a statistical significance. Hierarchical analyses 

Figure 2 (A) The smooth curve fitting plot between FBG and NIHSS scores. A curve relationship between FBG and NIHSS scores was detected after adjusting for sex, age, 
RBC, PLT, HGB, LDL, TC, PDW, and antiplatelet drugs. (B) The smooth curve fitting plot between FBG and PDW. A linear relationship between FBG and NIHSS scores was 
detected after adjusting for sex, age, disease duration, diabetes, CHD, RBC, PLT, LDL-C, TC, TBIL, Creatinine, UA, lipid lowering drugs, antidiabetic drugs, and antiplatelet 
drugs. (C) The smooth curve fitting plot between PDW and NIHSS scores. A curve relationship between FBG and NIHSS scores was detected after adjusting for sex, age, 
RBC, PLT, HGB, TC, LDL-C, FBG, and antidiabetic drugs. Solid lines represent the fitting curve and dotted lines represent the corresponding 95% CI.

Table 3 Adjusted βs and 95% CIs for FBG Levels (Three Equal Parts) and PDW Levels (n = 431)

Variable FBG levels (mmol/L) P for trend  
(Increased 1 mmol/L)

Total T1 (3.8–5.0) T2 (5.1–6.1) T3 (6.2–14.5)

FBG levels 6.09 ± 1.85 4.60 ± 0.31 5.52 ± 0.31 8.03 ± 1.89 /
Model 1 0.04 (0.02, 0.06) <0.01 Ref 0.12 (0.04, 0.20) <0.01 0.17 (0.08, 0.25) <0.01 0.05 (0.02, 0.08) <0.01

Model 2 0.04 (0.02, 0.06) <0.01 Ref 0.11 (0.03, 0.20) <0.01 0.16 (0.08, 0.24) <0.01 0.05 (0.02, 0.08) <0.01

Model 3 0.02 (0.01, 0.04) <0.01 Ref 0.07 (0.00, 0.14) 0.04 0.09 (0.02, 0.17) 0.01 0.03 (0.00, 0.06) 0.03

Notes: Model 1: unadjusted. Model 2: adjusted for sex and age. Model 3: adjusted for sex, age, disease duration, diabetes, CHD, RBC, PLT, LDL-C, TC, TBIL, Creatinine, UA, 
lipid lowering drugs, antidiabetic drugs, and antiplatelet drugs.
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stratified by sex, age, RBC, PLT, HGB, TC, LDL-C, PDW, and antidiabetic drugs consistently supported the statistically 
significant association between PDW and NIHSS scores, with interaction analysis affirmed that these confounders had no 
significant interaction effect in the PDW-NIHSS scores relationship (Supplement Table 9). In sensitivity analyses for patients 
with hypertension, diabetes, and non-coronary heart disease, all models produced consistent results (Supplement Table 10). 
After adjusting for the aforementioned confounders, the smooth curve fitting plot illustrated a linear relationship between 
PDW and NIHSS scores (Figure 2C).

The Effect of FBG on NIHSS Mediated by PDW
The outcomes of the multiple linear regression analysis established that the associations between FBG, PDW, and NIHSS 
scores conform to the criteria necessary for testing the moderated mediation model.

Supplement Table 11 and Supplement Table 12 elucidate both the total and direct effects between FBG and NIHSS 
scores, with a significant partial mediation effect by PDW observed in this relationship (Figure 3A). Specifically, 

Table 4 Adjusted βs and 95% CIs for PDW Levels (Three Equal Parts) and NIHSS Scores (n = 431)

Variable PDW levels (fL) P for trend  
(Increased 1 fL)

Total T1 (15.2–15.9) T2 (16.0–16.2) T3 (16.3–17.4)

PDW levels 41.95 ± 2.68 39.43 ± 1.10 41.51 ± 0.52 44.81 ± 2.31 /

Model 1 6.20 (5.01, 7.38) <0.01 Ref 2.06 (0.95, 3.17) <0.01 5.44 (4.39, 6.49) <0.01 7.80 (6.29, 9.31) <0.01
Model 2 6.04 (4.84, 7.24) <0.01 Ref 1.91 (0.80, 3.03) <0.01 5.28 (4.22, 6.34) <0.01 7.56 (6.04, 9.08) <0.01

Model 3 4.33 (3.07, 5.59) <0.01 Ref 1.30 (0.32, 2.28) <0.01 3.74 (2.69, 4.78) <0.01 5.33 (3.83, 6.84) <0.01

Notes: Model 1: unadjusted. Model 2: adjusted for sex and age. Model 3: adjusted for sex, age, RBC, PLT, HGB, TC, LDL-C, FBG, and antidiabetic drugs.

Figure 3 The mediation model-The effect of FBG on NIHSS scores is mediated by PDW. (A) Interaction indexes, a refers to the direct effect of FBG on PDW, b refers the 
direct effect of PDW on NIHSS scores, c refers to the total effect of FBG on NIHSS scores, and c′ refer to the direct effect of FBG on NIHSS scores after controlling the 
indirect (mediated) effect of PDW. (B) The association between FBG and NIHSS scores was significantly positive by low (β=1.472 p<0.001), mean (β=1.486, p<0.001), and 
high (β=1.499, p<0.001) PDW groups.
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increased levels of PDW were found to mediated 5.91% of the risk increase in NIHSS scores due to elevated FBG 
(Table 5). However, no significant interaction effect was observed between FBG and PDW in relation to NIHSS scores 
(p=0.908) (Supplement Table 13). Additionally, a simple slope analysis was conducted for all patients, showing that the 
level of PDW significantly affects the strength of the relationship between FBG and NIHSS scores (Supplement 
Table 14) (Figure 3B). Therefore, these findings suggest that the interaction between FBG and NIHSS scores is mediated 
through PDW.

Discussion
In our study, we observed a significant independent association between FBG levels and NIHSS scores among patients 
with AIS, a relationship that persisted across all subgroups following adjustment for confounding variables. Further 
mediation analysis elucidated the role of PDW as a mediator in the relationship between FBG levels and NIHSS scores. 
Consequently, our findings suggest that FBG levels are correlated with NIHSS scores, and PDW may partially mediate 
the FBG-associated neurological impairment in AIS patients.

Our findings corroborate a significant correlation between FBG levels and NIHSS scores, aligning with previous 
research indicating elevated glucose levels as a crucial predictor of adverse outcomes in patients with AIS.19,20 Notably, 
the FBG levels assessed in this study were derived from a single measurement, which could reflect stress-induced 
hyperglycemia subsequent to AIS, with glucose fluctuations acting as a trigger for oxidative stress and inflammatory 
responses. Hyperglycemia, serving as an inflammatory mediator, may exacerbate inflammatory reactions, thereby leading 
to enhanced neuronal damage.21 Furthermore, as demonstrated by the sensitivity analysis in Supplement Table 4, 
a significant positive correlation between FBG levels and NIHSS scores was observed among patients with diabetes, 
suggesting that chronic hyperglycemia, through various mechanisms, exacerbates AIS, with immunity and inflammation 
recognized as crucial elements in the pathophysiology of stroke. Immune–inflammatory processes are involved in all 
stages of acute stroke, including initial artery occlusion, brain parenchymal damage, and subsequent tissue repair;22 

Glucose and lipid interactions induce endothelial dysfunction, contributing to atherosclerosis and accelerating cerebro-
vascular events.23 These mechanisms collectively intensify neurological impairment. Therefore, early intervention for 
AIS patients with hyperglycemia is imperative.

In clinical practice, MPV and PDW are routinely measured parameters reflecting PLT size related to PLT activation. 
Under physiological conditions, MPV inversely correlates with PLT count; however, this physiological ratio may be 
disrupted in certain pathological conditions.24 Significant increases in PLT production or abnormalities, along with 
enhanced turnover, may result in variations in PLT volume, leading to heterogeneous PLT distribution and elevated 
PDW.25 Previous studies have shown a significantly increased incidence of atrial fibrillation among very elderly 
individuals aged 85 and older with lacunar infarcts, along with more severe focal neurological deficits.26 Therefore, 
we conducted stratified and interaction analyses using 85 years as the cutoff. The results showed that age did not have 
a statistically significant effect on the relationship between PDW and NIHSS scores, but there was a significant trend. 
This suggests that age is a factor worth considering in the PLT-mediated pathogenesis of AIS. Moreover, we observed 
that higher FBG levels were associated with increased levels of PDW and MPV in this study. As risk factors for 
cerebrovascular diseases, elevated glucose levels may activate PLT directly or indirectly, where enhanced adhesion and 

Table 5 Mediated Effects by PDW on the Associations of FBG Levels with NIHSS (n = 
431)

Categories Estimate 95% CI lower 95% CI upper P-value

Mediation: PDW levels

Total effect 1.58 1.35 1.81 <0.001

Mediation effect 0.09 0.01 0.06 <0.001
Direct effect 1.49 1.27 1.71 <0.001

Proportion mediated by PDW 0.0591 (5.91%) 0.02 0.10 <0.001

Note: Adjusting variables: sex, age, RBC, PLT, HGB, TC, LDL-C, and antidiabetic drugs.
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aggregation deplete a significant number of PLTs, thus elevating PDW values.27 Similar to our findings, Zaccardi F et al 
reported in a meta-analysis that subjects with type 2 diabetes mellitus tend to have higher MPV and PDW values 
compared to non-diabetic subjects, with no difference in PLT count.28 Studies suggest that diabetic patients with elevated 
MPV and PDW are at a higher risk of stroke.29 Izzi B and colleagues found that PDW, as a risk factor for thrombotic 
inflammatory diseases, has a greater predictive value than MPV.9 This discovery underscores the potential role of PDW 
in predicting thrombotic and inflammatory diseases, particularly in AIS. An increase in PDW may reflect the activated 
state of PLT in thrombosis and inflammation, providing an important biomarker for early identification and intervention.

Moreover, our study found a significant correlation between PDW and NIHSS scores, with further mediation analysis 
revealing that PDW partially mediates the relationship between FBG and NIHSS scores. To our knowledge, this is the 
first report of PDW mediating FBG-associated neurological impairment. The specific mechanisms remain unclear; 
however, the most plausible hypothesis, based on current studies, suggests that the inflammatory response induced by 
hyperglycemia plays a role. Inflammatory cells, by releasing pro-inflammatory cytokines (TNF-α, IL-1β) and superoxide 
anions, create a pro-inflammatory environment exerting neurotoxic effects;30 concurrently, these cells activate PLTs 
through the release of platelet-activating factors, thereby promoting thrombosis and exacerbating neurological 
damage.30,31 The discovery of this mediating effect provides a deeper understanding of the mechanisms by which 
FBG acts in AIS, offering new insights into the role of PLTs in hyperglycemic conditions.

Despite its significant insights, our study is not without limitations. Firstly, the establishment of causality requires 
larger-scale, prospective cohort studies due to the cross-sectional design of our research. Secondly, evidence of the 
interaction between FBG and PDW, derived from correlational studies, necessitates confirmation through animal or 
human experiments to validate the universality of our findings. Despite these limitations, the exclusion of potential 
confounding participants and the clinical validation of the methodologies employed in this study lend credibility and 
impact to our data and conclusions. In future research, we will employ longitudinal study designs to determine the causal 
relationship between FBG and PDW in the progression of AIS, particularly regarding the dynamic changes in platelet 
activation under hyperglycemic conditions. Additionally, further exploration of the specific mechanisms of FBG and 
PDW in AIS through molecular studies, especially those involving different inflammatory pathways and platelet 
activation, will be instrumental in identifying potential therapeutic targets.

Conclusion
In summary, our results reveal a significant correlation between elevated FBG and NIHSS scores in AIS patients, with 
PDW partially mediating FBG-associated neurological impairment. Future studies will further explore the specific 
mechanisms of FBG and PDW in AIS through longitudinal and molecular biology research.
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