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Abstract: Objectives: Metabolic syndrome (MS) is a cluster of metabolic disorders characterized by damage to 
multiple organs. Platelet distribution width (PDW) has been used to assess the progression of several metabolic 
disorders, including left ventricular hypertrophy (LVH) and diabetic nephropathy (DN). Therefore, this study aimed to 
evaluate the predictive value of PDW in relation to organ damage in patients with MS. Methods: The study included 
151 patients with MS and 113 healthy controls. Clinicopathological data, including sex, age, abdominal circumfer-
ence, blood pressure, and body mass index (BMI), were collected. The predictive potential of PDW was assessed 
by analyzing its correlation with MS progression, LVH, atherosclerosis, and kidney function. Results: The analysis 
revealed that patients in the MS group had higher levels of BMI, abdominal circumference, systolic blood pressure 
(SBP), diastolic blood pressure (DBP), triglycerides (TG), and fasting plasma glucose (FPG), and lower levels of high-
density lipoprotein cholesterol (HDL-C), compared with controls. PDW was positively correlated with BMI, abdominal 
circumference, SBP, DBP, and FPG, and negatively correlated with HDL-C. FPG, SBP, and HDL-C were identified as 
independent parameters contributing to changes in PDW. Furthermore, heart function was positively related to PDW 
levels, while kidney function was negatively related. Logistic regression analysis further demonstrated that PDW 
was an independent risk factor for LVH, atherosclerosis, and kidney dysfunction. Conclusions: PDW could serve as 
a promising predictive indicator for organ damage associated with the progression of MS.

Keywords: Atherosclerosis, kidney dysfunction, left ventricular hypertrophy, metabolic syndrome, platelet distribu-
tion width

Introduction

Metabolic syndrome (MS) is defined as a clus-
ter of metabolic disorders, including being over-
weight, obesity, hypertension, high triglycer-
ides, low lipoprotein cholesterol (HDL), and hy- 
perglycemia or diabetes [1, 2]. In recent years, 
numerous studies have shown that the preva-
lence of MS is rising annually [3] and it affects 
approximately one-quarter to one-third of adu- 
lts worldwide [4]. For example, the prevalence 
of MS in the United States is 34.7% among in- 
dividuals over 18 years old [5]. In developing 
countries like China, the overall prevalence of 
MS is 24.5% among people aged 15 and older 
[6], with the rate increasing with age [7, 8]. 
Consequently, the growing population with MS 
has become a significant public health con-

cern, making it critical to reduce the incidence 
of MS and manage its progression effectively.

Platelet distribution width (PDW) is a commonly 
used index that reflects the variability in plate-
let size. A decrease in PDW indicates uniformity 
in platelet size, while an increase suggests 
more active platelets with variable sizes [9]. 
Typically, elevated PDW levels are associated 
with platelet activation and are closely linked to 
the onset of various diseases [10]. For instance, 
studies have demonstrated that patients with 
hypertension, diabetes, obesity, and dyslipid-
emia exhibit increased consumption of periph-
eral platelets, low systemic inflammation, oxi-
dative stress, and insulin resistance. In res- 
ponse to these changes in platelet function, the 
body compensates by producing larger, more 
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active platelets [10]. Given that the pathophysi-
ology of MS involves inflammation, insulin re- 
sistance, oxidative stress, and endothelial dys-
function - factors that can trigger platelet hyper-
activity [11] - PDW may hold predictive value for 
the progression of MS. A similar conclusion  
was preliminarily drawn by Yang et al. [12], who 
observed that PDW levels were elevated in 
older adults with MS. However, their study ex- 
plored various platelet parameters and did not 
focus specifically on PDW, leaving its precise 
role in MS progression unclear.

Recent studies have connected PDW levels 
with organ damage related to MS. A cross-sec-
tional study by Yarlioglues et al. demonstrated 
that platelet activation was independently as- 
sociated with the left ventricular mass index 
[13]. Similarly, Fujita et al. [14] found a correla-
tion between the degree of left ventricular 
hypertrophy (LVH) and PDW levels. Yuan et  
al. [15] also reported significantly higher PDW  
levels in ischemic stroke patients compared  
to healthy controls. Additionally, Cui et al. [16] 
found that patients with diabetic nephropathy 
had higher PDW levels than those with diabetes 
alone, suggesting that PDW changes are clo- 
sely related to the progression of diabetic ne- 

phropathy. Taken together, it is reasonable to 
speculate that there may be an association 
between organ damage and changes in PDW in 
patients with MS.

In light of these studies, we conducted a retro-
spective study involving 151 MS patients to 
evaluate the potential relationship between 
PDW and organ damage in MS. Clinicopatho- 
logical data, PDW, and organ function indica-
tors from both patients and healthy controls 
were collected and analyzed. The findings of 
this study may provide valuable information for 
clinicians in assessing organ damage related to 
MS.

Materials and methods

Patients and clinicopathological information 
collection

A total of 151 MS patients and 113 heal- 
thy controls were enrolled between November 
2019 and November 2021 at the General 
Hospital of Ningxia Medical University (Figure 
1). Based on the clinical data from our institute, 
the estimated probability of elevated platelet 
distribution width (PDW) in the control group 

Figure 1. Flow chart for inclusion and exclusion of the patients. 
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was 15%-20%. Assuming an expected odds 
ratio (OR) of 2.0, with α = 0.05 and β = 0.2, the 
required sample size for both the case and con-
trol groups was calculated using PASS 11 soft-
ware, yielding N1 = N2 = 85. Considering a 10% 
non-response rate, the adjusted required sam-
ple size was N1 = N2 = 85 ÷ 0.9 = 95. Since the 
sample sizes for both the control and case 
groups in this study exceeded 95, the sample 
size was deemed sufficient. 

Metabolic syndrome (MS) was diagnosed ac- 
cording to the following criteria [17]: 1) Central 
and/or abdominal obesity: waist circumference 
≥ 90 cm for men and ≥ 85 cm for women. 2) 
Fasting plasma glucose (FPG) ≥ 6.10 mmol/L 
(110 mg/dL) or blood glucose ≥ 7.80 mmol/L 
(140 mg/dL) two hours after glucose load, or a 
prior diagnosis of diabetes mellitus. 3) Hyper- 
tension: blood pressure ≥ 130/85 mmHg, or a 
prior diagnosis of hypertension. 4) Fasting tri-
glycerides (TG) ≥ 1.7 mmol/L (150 mg/dL). 5) 
Fasting high-density lipoprotein cholesterol 
(HDL-C) < 1.0 mmol/L (40 mg/dL). A diagnosis 
of MS required the presence of three or more  
of the above criteria. Patients were excluded if 
they met any of the following conditions: sec-
ondary hypertension, autoimmune diseases, 
malignant tumors, severe valvular heart dis-
ease, blood disorders, hyperthyroid heart dis-
ease, congenital heart disease, chronic liver 
and kidney diseases, various acute and chronic 
infections, chronic obstructive pulmonary dis-
ease, or if they were taking oral glucocorticoids, 
immunosuppressants, antihypertensive drugs, 
or lipid-lowering drugs, or if their data were 
incomplete.

Additionally, general clinicopathological infor-
mation, including sex, age, abdominal circum-
ference, blood pressure, and body mass index 
(BMI), was collected. All data collection and an- 
alysis were approved by the Ethics Committee 
of the General Hospital of Ningxia Medical Un- 
iversity and were conducted in accordance with 
the Declaration of Helsinki. All participants pro-
vided written informed consent.

Routine blood testing 

All participants fasted for more than 8 hours 
prior to blood collection. The following morning, 
5 ml of peripheral venous blood was collected 
for the measurement of PDW, mean platelet 
volume (MPV), platelet count (PLT), fasting plas-

ma glucose (FPG), serum creatinine (Scr), tri-
glycerides (TG), total cholesterol (TC), high-den-
sity HDL-C, and low-density lipoprotein choles- 
terol (LDL-C). A 95% cut-off value was used as 
the reference for PDW elevation, with any PDW 
value above this threshold considered indica-
tive of an increase in platelet distribution width. 
In this study, the upper limit of the 95% refer-
ence value for PDW was 12.15 fL.

Assessment of organ damage

The potential damage to organs associated 
with metabolic syndrome (MS) was assessed 
using various strategies. For the heart, the left 
ventricular diastolic diameter (LVDd), interven-
tricular septal thickness (IVST), left ventricular 
posterior wall thickness (LVPWT), left ventricu-
lar ejection fraction (LVEF), and left ventricular 
mass index (LVMI) were measured using a GE 
Vivid 7 cardiac ultrasound system. For the kid-
neys, the glomerular filtration rate (GFR) was 
calculated using a simplified MDRD formula 
[18]: for males, estimated glomerular filtra- 
tion rate (eGFR) = 175 × Scr (mg/dL)^(-1.234) × 
age^(-0.179); for females, eGFR = 175 × Scr 
(mg/dL)^(-1.234) × age^(-0.179) × 0.79. Pa- 
tients with eGFR < 90 mL/min/m2 were diag-
nosed with reduced glomerular filtration rate. 
For the cervical vessels, carotid intima-media 
thickness (CIMT) was measured using a Philips 
HD15 color Doppler ultrasound system. The cri-
teria for carotid intima-media thickening were 
as follows: normal < 1.0 mm, thickening ≥ 1.0 
mm, and plaque formation ≥ 1.5 mm.

Statistical analysis

Categorical data were expressed as counts and 
proportions, and differences between groups 
were analyzed using chi-square analysis. Nor- 
mally distributed continuous data were expres- 
sed as mean ± standard deviation (SD), while 
abnormally distributed continuous data were 
expressed as median (interquartile range). Di- 
fferences between groups were analyzed using 
the t-test for normally distributed data and the 
Wilcoxon rank-sum test for abnormally distrib-
uted data. The relationship between PDW and 
organ damage was analyzed using Pearson cor-
relation analysis for normally distributed data 
and Spearman correlation analysis for abnor-
mally distributed data. The logistic regression 
and receiver operating curve (ROC) methods 
were employed to assess the predictive value 
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of PDW regarding the organ damage of MS 
patients. For logistic analysis, the 95% percen-
tile was used the reference for elevated PDW, 
with any PDW value above this threshold con-
sidered an indicator of increased platelet distri-
bution width. All statistical analyses and graph 
plotting were conducted using GraphPad Prism 
version 8.0.0 for Windows (GraphPad Soft- 
ware, San Diego, California, USA, www.graph-
pad.com), with a significance level set at 0.05.

Results

Clinicopathological information

The current analysis included 151 cases of 
metabolic syndrome (MS) and 113 healthy con-
trols. The MS group comprised 89 males and 
62 females, with an average age of 52.07 ± 
8.68 years, while the control group included 55 
males and 58 females, with an average age of 
50.43 ± 8.28 years. There was no significant 
difference in the male proportion or age be- 
tween the two groups. Detailed information on 
other clinicopathological parameters, such as 
BMI and abdominal circumference, is present-
ed in Table 1. Based on the analysis, patients 
in the MS group had higher levels of BMI, ab- 
dominal circumference, systolic blood pressure 
(SBP), diastolic blood pressure (DBP), TG, and 
FPG, as well as lower levels of HDL-C compar- 
ed to the controls (P < 0.001) (Table 1). 
Moreover, PDW was elevated in the MS group, 
and this difference was statistically significant 
(P < 0.001).

Association between platelet parameters and 
progression of MS

Further logistic regression analysis revealed 
that, in the univariate analysis with PDW as the 
response variable, BMI, abdominal circumfer-
ence, SBP, DBP, FPG, and HDL-C significantly 
influenced the elevation of PDW (P < 0.05) 
(Figure 2A). However, in the multivariate analy-
sis including these parameters, only FPG, SBP, 
and HDL-C were identified as independent fac-
tors contributing to the changes in PDW (P < 
0.05) (Table 2). The predictive value of PDW re- 
garding organ damage in MS patients was fur-
ther analyzed using ROC analysis, and the re- 
sult showed that the model’s AUC was 0.679 
(95% CI: 0.614-0.744), with a specificity of 75% 
and a sensitivity of 62% (Figure 2B). This indi-
cates that the model can effectively identify 
most cases of the disease while minimizing 
false positives to the greatest extent possible, 
which provides an economical and effective 
approach for screening MS patients in commu-
nity settings.

Association between PDW and organ damags 
in MS patients

The subsequent correlation analysis demon-
strated that LVDd, IVST, LVPWT, LVMI, CIMT, 
and Scr were positively correlated with PDW le- 
vels, while ejection fraction (EF) and eGFR were 
negatively correlated with PDW levels (Table 3). 
This indicates that changes in PDW correspond 
to changes in overall organ function.

Table 1. Clinicopathological information
Parameters Control (n = 113) MS (n = 151) F/t/z value P value
Male [n (%)] 55 (48.67%) 89 (58.94%) 2.75 0.097
Age (Year) 50.43 ± 8.28 52.07 ± 8.68 1.55 0.122 
BMI (kg/m2) 22.95 ± 2.43 26.27 ± 3.74 8.22 < 0.001
Abdominal circumference (cm) 80.85 ± 8.01 94.11 ± 9.50 11.98 < 0.001
SBP (mmHg) 119.59 ± 10.83 137.09 ± 17.29 9.45 < 0.001
DBP (mmHg) 73.62 ± 7.98 84.77 ± 10.81 9.24 < 0.001
TG (mmol/l) 1.27 (0.85, 1.74) 2.11 (1.48, 2.94) -7.15 < 0.001
TC (mmol/l) 4.52 ± 0.90 4.52 ± 1.35 -0.01 0.993
LDL-C (mmol/l) 2.63 ± 0.73 2.47 ± 0.94 -1.57 0.120 
HDL-C (mmol/l) 1.29 ± 0.27 0.93 ± 0.28 -10.47 < 0.001
FPG (umol/l) 4.98 ± 0.60 8.28 ± 1.42 11.43 < 0.001
PDW (%) 11.50 ± 1.23 13.96 ± 2.34 10.53 < 0.001
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglycerides; TC, total cholesterol; LDL-C, 
low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; FPG, fasting plasma glucose; PDW, platelet 
distribution width.
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elevated LVMI (P < 0.05). The multivariate  
logistic regression analysis (Figure 3B) con-
firmed PDW as an independent predictor of 
LVMI (P < 0.05), consistent with the ROC curve 
analysis (Figure 3C), which showed good pre-
dictive performance (AUC = 0.680, 95% CI: 
0.430-0.930).

Similarly, for CIMT, representing atherosclero-
sis, univariate logistic regression analysis (Fi- 
gure 4A) showed significant associations be- 
tween elevated CIMT and SBP, DBP, HDL-C, and 
PDW (P < 0.05). Multivariate logistic regression 
analysis (Figure 4B) also identified PDW as an 
independent predictor of elevated CIMT (P < 
0.05), although the ROC curve (Figure 4C) indi-
cated moderate predictive ability (AUC = 0.662, 
95% CI: 0.596-0.729).

Finally, regarding renal function, univariate lo- 
gistic regression analysis (Figure 5A) demon-
strated significant associations between eGFR 
and BMI, SBP, and PDW (P < 0.05). Multivaria- 
te logistic regression analysis (Figure 5B) con-
firmed PDW as an independent predictor of 
eGFR (P < 0.05), and the ROC curve (Figure 5C) 

Figure 2. Univariate logistic regression analysis of factors influencing MS progression and ROC analysis of the pre-
dictive value of platelet distribution width (PDW) regarding metabolic syndrome (MS) progression. A. Forest plot of 
the logistic analysis. B. ROC analysis of PDW the predictive value of PDW regarding MS progression. BMI, body mass 
index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; TG, triglycerides; TC, 
total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol. 

Table 2. Multivariate logistic regression analysis of clinicopathological parameters and platelet distri-
bution width (PDW)
Parameter B S.E. Wald P value OR value
FPG 0.170 0.068 6.183 0.013* 1.186
HLD-C -1.898 0.746 6.480 0.011* 0.150 
SBP 0.039 0.014 7.546 0.006* 1.400
FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; SBP, systolic blood pressure. * represents P < 0.05.

Table 3. Association between platelet dis-
tribution width (PDW) and organ damages 
detected by correlation analysis
Parameter R value P value
LVDd 0.361 < 0.001 
IVST 0.258 0.014
LVPWT 0.276 0.031
LVMI 0.299 < 0.001
EF -0.391 < 0.001
CIMT 0.438 < 0.001
Scr 0.396 < 0.001
eGFR -0.309 < 0.001
LVDd, left ventricular diastolic diameter; IVST, interven-
tricular septal thickness; LVPWT, left ventricular posterior 
wall thickness; LVMI, left ventricular mass index; Scr, 
serum creatinine; eGFR, estimated glomerular filtration 
rate.

To further investigate the predictive value of 
PDW for target organ damage in MS patients, 
we performed logistic regression analysis com-
bined with ROC curve analysis. For LVH, univari-
ate logistic regression analysis (Figure 3A) 
revealed that waist circumference, SBP, HDL-C, 
and PDW were significantly associated with 
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displayed moderate predictive performance 
(AUC = 0.574, 95% CI: 0.449-0.699). These 
findings consistently suggest that PDW is an 
independent predictor of target organ damage 
in MS patients.

Discussion

Metabolic syndrome (MS) is a multifactorial dis-
order, characterized by a combination of sever-
al metabolic risk factors including abdominal 
obesity, hypertension, dyslipidemia, and insulin 
resistance [19, 20]. It significantly increases 
the risk of developing cardiovascular diseases, 
type 2 diabetes, and chronic kidney disease, 
contributing to a substantial burden on public 
health globally [2, 3, 5]. As the prevalence of 
MS continues to rise, particularly in aging popu-

lations and in countries undergoing rapid indus-
trialization like China, identifying effective bio-
markers for early diagnosis and prediction of 
disease progression has become crucial for 
mitigating its long-term impact [7]. Multiple 
studies have confirmed that MS is a risk fac- 
tor for target organ damage, including athero-
sclerotic disease, chronic kidney disease, and 
ventricular hypertrophy [21-23]. The long-term 
course of MS increases the risk of poor progno-
sis and mortality rates among MS patients. 
Therefore, early and accurate prediction of MS 
is crucial for effective clinical management of 
the disorder. 

In the current study, we employed PDW as a 
potential predictive indicator for the progres-
sion of MS. PDW, a marker of platelet heteroge-

Figure 3. Univariate logistic regression analysis of factors influencing left ventricular hypertrophy (LVH), multivariate 
logistic regression analysis of LVH in relation to platelet distribution width (PDW) and other factors, and receiver 
operating curve (ROC) analysis of the predictive value of PDW for LVH. A. Forest plot of univariate logistic analysis. 
B. Forest plot of multivariate logistic analysis. C. ROC analysis of PDW, demonstrating the predictive value of PDW 
for LVH. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglycerides; TC, 
total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; FPG, fasting 
plasma glucose. 
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neity, has been recognized as a reflection of 
platelet activation, which is known to play a piv-
otal role in inflammatory processes, vascular 
injury, and thrombosis [10]. Elevated PDW is 
commonly seen in conditions characterized  
by systemic inflammation, such as obesity, dia-
betes, hypertension, and dyslipidemia - all of 
which are integral components of MS [11]. We 
analyzed data from 264 patients, and the 
results showed PDW levels were significantly 
elevated in MS patients and was in a positive 
correlation with impaired function in the arter-
ies, heart, and kidneys. This observation is  
consistent with previous studies that have sug-
gested a strong association between platelet 
activation and MS-related factors, such as 
insulin resistance, oxidative stress, and endo-
thelial dysfunction [10, 11, 24]. In particular, 
insulin resistance, a hallmark of MS, has been 
shown to induce platelet hyperactivity by alter-
ing platelet function and enhancing platelet 

aggregation [25]. These pathophysiological 
mechanisms are thought to contribute to 
increased platelet turnover, resulting in larger 
and more heterogeneous platelets, thereby 
elevating PDW. Our findings support this link 
and suggest that PDW may serve as a novel 
biomarker to monitor the metabolic disturbanc-
es underlying MS and predict its progression. 
Furthermore, we observed that PDW levels  
correlated with clinical markers of MS progres-
sion, including abdominal circumference, BMI, 
FPG, and TG. These results underline the  
central role of metabolic dysregulation in driv-
ing platelet activation and implicate PDW as a 
useful tool for both early detection and continu-
ous monitoring of MS-related complications. 
Furthermore, ROC curve analysis indicated that 
PDW was an independent risk factor for the 
progression of MS and could be employed as  
a promising predictor regarding target organ 
damage in MS patients. Specifically, the control 

Figure 4. Univariate logistic regression analysis of factors influencing atherosclerosis, multivariate logistic regres-
sion analysis of atherosclerosis in relation to platelet distribution width (PDW) and other factors, and receiver oper-
ating curve (ROC) analysis of the predictive value of PDW for atherosclerosis. A. Forest plot of the univariate logistic 
analysis. B. Forest plot of the multivariate logistic analysis. C. ROC analysis showing the predictive value of PDW for 
atherosclerosis. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglycerides; 
TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; FPG, 
fasting plasma glucose. 
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group data allow us to demonstrate a signifi-
cant difference in the mean PDW between 
patients with metabolic syndrome and healthy 
controls. This comparison strengthens our con-
clusion that elevated PDW is characteristic of 
metabolic syndrome, rather than being a result 
of potential confounding factors.

With the long-term effects of MS progression, 
LVDd, IVST, LVPWT, LVMI, MT, and Scr levels 
were significantly increased in patients, while 
EF and eGFR were significantly decreased [26-
29]. Our data suggest that patients with MS in 
the current study exhibited damage to organ 
function in the heart, brain, and kidneys as veri-
fied by these the previous studies. Additionally, 
the impairments in these indicators were all 
associated with changes in PDW, and logistic 
regression analyses showed that PDW was an 
independent risk factor for left ventricular 
hypertrophy, renal function decline, and carotid 
atherosclerosis. The study by Fujita et al. dem-

onstrated that in patients with cardiovascular 
disorders, PDW was positively correlated with 
left ventricular hypertrophy [14]. The research 
by Gary et al. indicated that platelet activation 
led to increased blood viscosity and inflamma-
tion, closely related to atherosclerotic plaques 
[30, 31]. Other studies have shown that elevat-
ed PDW levels could induce avascular necrosis 
of renal tissue, contributing to decreased renal 
function [32, 33]. These findings support our 
results that elevated PDW can predict the pro-
gression of MS.

Nevertheless, the biological mechanisms 
underlying the relationship between MS pro-
gression and elevated PDW have not been fully 
elucidated, although several possibilities have 
been proposed. Generally, MS-induced impair-
ments lead to abnormal function of vascular 
endothelial cells, resulting in roughened blood 
vessel walls. This dysfunction in the vascular 
system facilitates platelet adhesion and aggre-

Figure 5. Univariate logistic regression analysis of factors influencing renal dysfunction, multivariate logistic regres-
sion analysis of renal dysfunction in relation to platelet distribution width (PDW) and other factors, and receiver 
operating curve (ROC) analysis of the predictive value of PDW for atherosclerosis. A. Forest plot of the univariate 
logistic analysis. B. Forest plot of the multivariate logistic analysis. C. ROC analysis of PDW, demonstrating the 
predictive value of PDW for renal insufficiency. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density 
lipoprotein cholesterol; FPG, fasting plasma glucose. 
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gation, ultimately causing excessive platelet 
consumption in peripheral blood, which leads 
to uneven platelet volume and increased levels 
of PDW and mean platelet volume (MVP). It is 
well recognized that platelet activation and 
aggregation play key roles in vascular intimal 
injury, atherosclerosis, and thrombosis. Under 
the influence of multiple factors, platelets in 
MS patients exhibit hyperfunction, leading to 
inflammation and resulting in pathological reac-
tions such as left ventricular hypertrophy, carot-
id atherosclerosis, and decreased glomerular 
filtration rate [34]. Additionally, a significant 
amount of oxygen radicals and lipid peroxida-
tion in MS patients can also lead to the produc-
tion of excessive platelet aggregators in MS 
patients, resulting in elevated PDW levels. 
Other mechanisms, such as insulin resistance-
induced PDW elevation [25] and nitric oxide-
induced PDW elevation, have also been pro-
posed and verified by different studies [35]. 

In the current study, aside from PDW, the le- 
vel of platelet count (PLT) also significantly in- 
creased, consistent with previously published 
works [36, 37], suggests that obesity, abnor-
mal glucose metabolism, abnormal lipid metab-
olism, and hypertension associated with MS 
can further aggravate endothelial cell damage 
and disrupt normal platelet function [38]. 
Consequently, the decreased number of plate-
lets in peripheral blood diminishes feedback 
stimulation, leading to compensatory prolifera-
tion of new platelets in the bone marrow and 
ultimately increasing platelet production and 
elevating PDW levels. 

Despite the promising findings, there are sev-
eral limitations to this study. First, the cross-
sectional design prevents us from drawing ca- 
usal inferences regarding the relationship be- 
tween PDW and organ damage in MS patients. 
Longitudinal studies are needed to confirm 
whether elevated PDW is a causative factor in 
the development of organ damage or merely a 
consequence of the metabolic disturbances in 
MS. Future research should aim to track PDW 
levels over time and assess their ability to pre-
dict the onset and progression of cardiovascu-
lar, renal, and cerebrovascular complications in 
MS. Second, although we found significant 
associations between PDW and organ damage 
markers, the underlying mechanisms driving 
this relationship remain unclear. While platelet 
activation is well established as a key factor in 

the development of vascular and renal dam-
age, more research is needed to elucidate the 
molecular pathways that link PDW elevation to 
target organ injury in MS patients. Investigating 
the role of platelet-derived mediators, such as 
growth factors and inflammatory cytokines, 
could provide a deeper understanding of how 
PDW contributes to the pathophysiology of 
MS-related organ damage. Third, while our 
study was conducted at a single center with a 
well-defined cohort of MS patients, future stud-
ies should aim to validate these findings in larg-
er, more diverse populations. The generalizabil-
ity of our results may be limited by the sample 
size and the demographic characteristics of our 
patient population. Multicenter studies with 
larger sample sizes and more diverse popula-
tions would help confirm the role of PDW as  
a predictive biomarker for MS and its com- 
plications.

Conclusion

Collectively, this retrospective analysis involv-
ing 151 MS patients at a single center demon-
strates that PDW could serve as a promising 
predictive indicator for organ damage associ-
ated with MS progression. Additionally, given 
that PDW differs from traditional risk factors for 
MS, combining the two strategies may improve 
the predictive accuracy of MS. However, this 
analysis has limitations, including selection 
bias and a relatively small sample size. Further 
multicenter studies with larger sample sizes 
are needed to validate these conclusions.
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