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disease: a cross-sectional study
Shuwu Wei1,2, Xinyu Pan1, Yao Xiao1,2, Ruishuang Chen1

and Junping Wei1*

1Department of Endocrinology, Guang’anmen Hospital, China Academy of Chinese Medical Sciences,
Beijing, China, 2Beijing University of Chinese Medicine, Beijing, China
Objective: The activation of platelets in individuals with type 2 diabetes mellitus

(T2DM) triggers inflammation and hemodynamic abnormalities, contributing to

the development of diabetic kidney disease (DKD). Despite this, research into the

relationship between plateletcrit (PCT) levels and DKD is sparse, with inconsistent

conclusions drawn regarding the connection between various platelet

parameters and DKD. This highlights the necessity for comprehensive, large-

scale population studies. Therefore, our objective is to explore the association

between PCT levels and various platelet parameters in relation to DKD.

Methods: In this cross-sectional study, hematological parameter data were

collected from a cohort of 4,302 hospitalized Chinese patients. We analyzed

the relationships between PCT, platelet count (PLT), mean platelet volume (MPV),

platelet distribution width (PDW), platelet large cell ratio (P-LCR), and DKD, along

with the urinary albumin-to-creatinine ratio (UACR), and estimated glomerular

filtration rate (eGFR). Receiver operating characteristic (ROC) curve analysis was

conducted to evaluate the diagnostic potential of these parameters.

Results: DKD patients exhibited significantly higher PCT levels compared to

those without DKD. Multivariate regression analysis identified elevated PCT and

PLT levels as potential independent risk factors for both DKD and UACR, while

lower MPV levels might serve as independent protective factors for eGFR. The

areas under the ROC curve for PCT in relation to DKD and UACR (≥30mg/g) were

0.523 and 0.526, respectively. The area under the ROC curve for PLT in relation to

UACR (≥30 mg/g) was 0.523.

Conclusion: PCT demonstrates a weak diagnostic value for T2DM patients at risk of

developing DKD and experiencing proteinuria, and PLT shows a similarly modest

diagnostic utility for detecting proteinuria. These insights contribute to a deeper

understanding of the complex dynamics involved in DKD. Additionally, incorporating

these markers into routine clinical assessments could enhance risk stratification,

facilitating early interventions and personalized management strategies.
KEYWORDS
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Introduction

As a chronic, systemic metabolic disease, type 2 diabetes

mellitus (T2DM) has emerged as a global health concern,

contributing to disability, frailty, and a reduction in life

expectancy. In 2021, the crude prevalence of diabetes among

individuals aged 20–79 was reported to be 10.5%. Projections

indicate an anticipated increase to 11.3% by 2030 and further to

12.2% by 2045. Notably, during this period, the global population is

expected to grow by 20%, while the number of individuals with

diabetes is estimated to surge by 46% (1). Diabetic kidney disease

(DKD), a serious microvascular complication of diabetes, accounts

for over 50% of the leading causes of end-stage renal disease (ESRD)

globally (2, 3). A substantial portion of DKD, particularly that

arising from T2DM, is preventable through early diagnosis and

appropriate therapeutic interventions.

The increase in urinary albumin is currently recommended as

the clinical biomarker for screening DKD in diabetic patients (4–6).

However, its diagnostic value for early-stage DKD identification is

limited due to renal injury that precedes albuminuria (7).

Consequently, there is a heightened emphasis on finding new

biomarkers associated with the onset and progression of DKD at

an early stage. Numerous studies have highlighted that chronic

inflammation and hemodynamic abnormalities stemming from

hyperglycemia and insulin resistance contribute to the

deterioration of kidney function in patients with T2DM (8–10).

Nonetheless, the assessment of altered levels of inflammatory

markers, including interleukin-8, high-sensitivity C-reactive

protein, and tumor necrosis factor-alpha (11), along with

hemodynamic indices such as fibrinogen (12, 13), has been

consistently hampered by cost and technical challenges. These

limitations restrict their practical application in daily

clinical settings.

The pathophysiology of DKD involves heightened platelet

adhesion, activation, and aggregation. These processes are

prompted by the dysregulation of various signaling pathways and

metabolic disturbances, including insulin resistance, hyperglycemia,

and dyslipidemia (14–17). The increased activation of platelets and

the elevated release of prothrombotic and proinflammatory agents

in diabetes can be attributed to several factors. These include the

reduced bioavailability of nitric oxide and the augmented

phosphorylation and glycosylation of cellular proteins (18).

Existing studies have explored platelet parameters as both cost-

effective and easily accessible indicators through a complete blood

count. These parameters function as hematological and

inflammatory markers linked to DKD. They include platelet

count (PLT) (19–21), mean platelet volume (MPV) (21–25),
Abbreviations: T2DM, type 2 diabetes mellitus; DKD, diabetic kidney disease;

PCT, plateletcrit; PLT, platelet count; MPV, mean platelet volume; PDW, platelet

distribution width; P-LCR, platelet large cell ratio; UACR, urinary albumin-to-

creatinine ratio; eGFR, estimated glomerular filtration rate; ROC, receiver

operating characteristic; ESRD, end-stage renal disease; HDL, high-density

lipoprotein; LDL, low-density lipoprotein; HbA1c, Hemoglobin A1c; SD,

standard deviation; IQR, interquartile ranges; Cis, confidence intervals; BMI,

body mass index.
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platelet distribution width (PDW) (21, 25), and platelet large cell

ratio (P-LCR) (25). However, the findings from these studies exhibit

inconsistencies, indicating the need for further research to validate

their utility in DKD diagnosis and management.

The plateletcrit (PCT), an underestimated platelet index, serves

as an integrated marker derived from the combination of PLT and

MPV, calculated as PCT = PLT# × MPV. This composite measure

provides more precise information than other platelet indices,

offering a comprehensive evaluation of the total platelet mass. It

has proven to be an effective screening tool for detecting

quantitative abnormalities in platelets. The PCT index has been

employed to assess its predictive value of prognosis in various

medical conditions, including saphenous vein graft disease (26),

polycythemia vera (27), livedoid vasculopathy (28), hepatitis A

infection (29), and non-small cell lung cancer (30), among others.

Additionally, a close association has been observed between lower

PCT levels and compromised peripheral nerve conduction function

as well as the presence of neuropathy in individuals with T2DM.

This correlation suggests that PCT may serve as a potential

biomarker for distal symmetric polyneuropathy (31).

It is noteworthy that there is a scarcity of studies examining the

clinical significance of PCT in DKD involving a substantial number

of participants. Furthermore, existing research on the association

between other platelet parameters and DKD has yielded conflicting

results. In this large hospital-based sample study, we endeavor to fill

this gap by exploring the relationship between PCT levels, various

platelet parameters, and the prevalence of DKD in patients

with T2DM.
Materials and methods

Study design and participants

A total of 6,306 individuals aged 18 years and older with T2DM

admitted to Guang’anmen Hospital from February 2017 to

February 2022 were enrolled in the study. Participants who lacked

routinely analyzed results for platelet characteristic (n = 322) were

excluded from the study. Additionally, individuals who had

undergone antiplatelet therapy (n = 1,682) were also excluded.

Consequently, the final number of participants included in the

analyses was 4,302. This retrospective study obtained approval from

the Medical Ethics Committee of Guang’anmen Hospital, affiliated

with the China Academy of Chinese Medical Sciences (approval no.

2023-187-KY), and was conducted in strict adherence to the

principles outlined in the Declaration of Helsinki.
Measurements

Demographic details, blood pressure records, and medical

histories were meticulously extracted from the electronic medical

records of inpatients by the same trained personnel. Key platelet

characteristics, including PLT, MPV, PDW, P-LCR, and PCT, were

routinely analyzed using the XS-800i system (Sysmex, Japan).

Levels of total cholesterol, triglycerides, high-density lipoprotein
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(HDL), and low-density lipoprotein (LDL) were measured using the

Beckman Coulter AU 680 system (Brea, USA). Hemoglobin A1c

(HbA1c) assessments were performed through high-performance

liquid chromatography on the MQ-2000PT device (Shanghai,

China). Morning urine samples, which were promptly

refrigerated, were analyzed for urine albumin and creatinine levels

using the Beckman Coulter AU 680 system (Brea, USA). The urine

albumin-to-creatinine ratio (UACR) was then calculated. The

estimated glomerular filtration rate (eGFR) was determined using

the chronic kidney disease epidemiology collaboration equation,

specifically designed for individuals of Asian origin. DKD was

defined as UACR ≥30 mg/g and/or eGFR <60 mL/min per 1.73

m, following the criteria set by the American Diabetes

Association (32).
Statistical analysis

The current analysis was conducted using IBM SPSS Statistics,

Version 26 (IBM Corporation, Armonk, NY, USA). Significance

was established at a two-sided P-value <0.05. Continuous variables

were presented as means ± standard deviation (SD) or medians ±

interquartile ranges (IQR), while categorical variables were

expressed as percentages (%). For the comparison of continuous

and categorical variables, Nonparametric rank sum test or Student’s

t-test and chi-square test were used, respectively. The PCT levels

were divided into quartiles for analysis. Regression analysis was

utilized to explore associations between platelet characteristics and

DKD, UACR, and eGFR. The results were summarized as odds

ratios or beta with 95% confidence intervals (CIs). The cutoff values

for PCT and PLT that provided the largest Youden index for

predicting DKD or UACR were identified through receiver

operating characteristic (ROC) curve analysis.
Results

The general and sociodemographic characteristics of the study

participants are shown in Table 1. The analysis ultimately included

4,302 diabetic participants, with a median age of 59 years

(interquartile range: 8 years, minimum: 19 years, maximum: 91

years). Among these participants, 2,821 (65.6%) were diagnosed

without DKD (non-DKD), while 1,481 (34.4%) were diagnosed

with DKD. Compared to non-DKD participants, those with DKD

exhibited significantly higher values in several parameters,

including age, the number of men, duration of diabetes, HbA1c,

total cholesterol, triglycerides, LDL, UACR, systolic blood pressure,

and PCT (all with P-values <0.05). Although no differences were

observed in diastolic blood pressure, PLT, MPV, PDW, and P-LCR

between the two groups, HDL and eGFR were significantly lower in

DKD patients than in those without DKD (P < 0.05).

The characteristics of the participants, categorized by PCT

quartiles, are presented in Table 2. The participants in the highest

PCT quartile, compared to those in the lowest quartile, tended to be

younger, had a higher prevalence of females, and exhibited elevated

levels of HbA1c, total cholesterol, triglycerides, LDL, and UACR.
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Additionally, a higher prevalence of DKD and lower eGFR were

observed in this group (all P for trend <0.05).

We developed various models to assess the independent effects

of PCT levels on DKD, UACR, and eGFR. As presented in Table 3A,

elevated PCT levels were associated with an increased likelihood of

DKD, elevated UACR, and reduced eGFR, even after controlling for

various confounding variables. These associations remained

statistically significant in model 0, which included no

adjustments, and in model 1, which included minimal

adjustments. The positive correlations between PCT levels and

both DKD and UACR were also observed in the fully adjusted

model 2. Multifactorial analysis identified PCT as an independent

risk factor for DKD and elevated UACR, potentially contributing to

a decrease in eGFR.

We evaluated the associations between PCT quartile levels and

DKD, UACR, and eGFR in Table 3B. Elevated PCT quartile levels

were found to be significantly associated with an increased
TABLE 1 General and sociodemographic characteristics of the
participants by DKD.

Characteristics Non-
DKD

DKD P-
values

N 2,821 1,481 –

Age, years 59 ± 14 61 ± 16 <0.001

Men, % 1,525
(63.5%)

876 (68.2%) 0.001

Duration of diabetes, years 14 ± 11 15 ± 12 <0.001

HbA1c, % 8.4 ± 2.5 8.8 ± 2.7 <0.001

Total cholesterol, mmol/L 4.62 ± 1.56 4.73 ± 1.81 0.002

Triglycerides, mmol/L 1.45 ± 1.01 1.77 ± 1.35 <0.001

HDL, mmol/L 1.12 ± 0.35 1.09 ± 0.34 0.001

LDL, mmol/L 2.93 ± 1.17 3.01 ± 1.31 0.009

UACR, mg/g 8.63 ± 8.11 101.86
± 340.46

<0.001

eGFR, mL/min per 1.73 m2 104.00
± 20.26

88.44 ± 48.54 <0.001

Systolic blood
pressure, mmHg

136 ± 19.5 139 ± 20 <0.001

Diastolic blood
pressure, mmHg

80 ± 14 80 ± 15 0.722

PCT, ng/mL 0.23 ± 0.07 0.24 ± 0.08 0.014

PLT, × 109/L 224.0 ± 74.0 229.0 ± 79.5 0.057

MPV, fL 10.4 ± 1.2 10.4 ± 1.2 0.479

PDW, fL 12.0 ± 2.6 12.0 ± 2.8 0.943

P-LCR, % 28.2 ± 9.9 28.0 ± 10.4 0.603
fr
The data are presented as means ± SD for continuous variables with a normal distribution,
medians ± IQR for continuous variables with a skewed distribution, and as numerical
proportions for categorical variables. For comparing continuous and categorical variables,
Nonparametric rank sum test or Student’s t-test and chi-square test were used, respectively.
DKD, diabetic kidney disease; HDL, high-density lipoprotein; LDL, low-density lipoprotein;
UACR, urine albumin-to-creatinine ratio; eGFR, estimated glomerular infiltration rate; PCT,
plateletcrit; PLT, platelet count; MPV, mean platelet volume; PDW, platelet distribution
width; P-LCR, platelet-larger cell ratio.
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prevalence of DKD and increased UACR after adjusting for

potential confounders. However, following adjustment for

potential confounders, no significant associations were observed
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between PCT quartile levels and eGFR. In comparison to

participants in the first quartile of PCT levels, those in the highest

quartile exhibited a significant 65% increase in the odds of having

DKD after adjustments for age, sex, and duration of diabetes (P for

trend <0.001). These associations persisted after further

adjustments for additional variables, including HbA1c, systolic

and diastolic blood pressure, total cholesterol, triglycerides, HDL,

and LDL (P for trend <0.001). Notably, the participants in the

highest PCT quartile showed a significant 52% increase in the

prevalence of DKD compared to those in the first quartile. While

elevated PCT levels were significantly associated with increased

eGFR before any adjustments (P for trend = 0.003), no such

association was observed after adjusting in model 1 for age, sex,

and duration of diabetes (P for trend = 0.153) nor in model 2 after

adjusting for a comprehensive set of variables (P for trend = 0.244).

Furthermore, our findings revealed that, compared with the lowest

quartile, individuals in the highest quartile exhibited the highest

beta for UACR in model 1, and the associations between PCT levels

and UACR persisted in model 2 (both P for trend <0.001).

As illustrated in Figure 1, PLT levels exhibit a significant

positive correlation with the likelihood of DKD and UACR across

three distinct analytical models (model 0, model 1, and model 2). In

contrast, PLT levels show a negative correlation with eGFR in the

basic model 0. However, no significant associations were found

between PCT levels and eGFR in the intermediate model 1 or the

fully adjusted model 2. MPV reveals a negative correlation with

eGFR in the fully adjusted model 2, while no association was noted
frontiersin.o
TABLE 3A Associations between PCT levels and DKD, UACR, and eGFR.

PCT levels, ng/mL

OR or b (95% CIs) P value

DKD0 4.51 (1.53, 13.32) 0.006

DKD1 26.03 (8.11, 83.58) <0.001

DKD2 20.54 (5.86, 72.04) <0.001

UACR0 273.67 (109.50, 437.83) 0.001

UACR1 439.59 (266.81, 612.36) <0.001

UACR2 398.73 (221.31, 576.15) <0.001

eGFR0 17.65 (4.85, 30.46) 0.007

eGFR1 -12.84 (-24.91, -0.76) 0.037

eGFR2 -10.42 (-22.96, 2.13) 0.104
Binary logistic regression analysis was performed to identify the relationships between the
prevalence of DKD and PCT levels, and the findings were summarized as odds ratios with 95%
CIs. Linear regression analysis was utilized to examine the associations between UACR and
eGFR with PCT levels, and the results were summarized as beta accompanied by 95% CIs. For
the numbers rendered in superscript: 0, the model was not adjusted; 1, the model was adjusted
for age, sex, and duration of diabetes; and 2, the model was adjusted for age, sex, duration of
diabetes, HbA1c, systolic blood pressure, diastolic blood pressure, total cholesterol,
triglycerides, HDL, and LDL. DKD, diabetic kidney disease; UACR, urine albumin-to-
creatinine ratio; eGFR, estimated glomerular infiltration rate; PCT, plateletcrit.
TABLE 2 General and sociodemographic characteristics of the participants by PCT quartile levels.

Characteristics Quartile
0 (≤0.20)

Quartile 1
(>0.20,
≤0.23)

Quartile 2
(>0.23,
≤0.27)

Quartile
3 (>0.27)

P for trend

N 1247(0.18) 918 (0.22) 1,104 (0.25) 1,033 (0.31) –

Age, years 62± 13 60 ± 13 58 ± 15 57 ± 17 <0.001

Men, % 874 (70.1%) 565 (61.5%) 556 (50.4%) 406 (39.3%) <0.001

Duration of diabetes, years 14 ± 11 14 ± 11 14 ± 12 14 ± 12 0.624

HbA1c, % 8.2 ± 2.4 8.4 ± 2.6 8.6 ± 2.7 9.0 ± 2.7 <0.001

Total cholesterol, mmol/L 4.36 ± 1.51 4.62 ± 1.58 4.8 ± 1.61 5.05 ± 1.92 <0.001

Triglycerides, mmol/L 1.45 ± 1.12 1.55 ± 1.21 1.53 ± 1.12 1.8 ± 1.49 <0.001

HDL, mmol/L 1.09 ± 0.34 1.10 ± 0.36 1.13 ± 0.35 1.12 ± 0.34 0.178

LDL, mmol/L 2.73 ± 1.11 2.91 ± 1.20 3.10 ± 1.17 3.14 ± 1.28 <0.001

UACR, mg/g 12.57 ± 33.56 12.76 ± 37.41 12.26 ± 35.51 15.51 ± 54.14 0.001

eGFR, mL/min per 1.73 m2 99.85 ± 29.91 99.79 ± 26.35 101.64 ± 26.06 101.74 ± 25.74 0.003

Systolic blood pressure, mmHg 136 ± 21 136 ± 20 138 ± 20 137 ± 20 0.319

Diastolic blood pressure, mmHg 80 ± 13 80 ± 14 81 ± 14 81 ± 15 0.514

DKD, % 416 (33.4%) 298 (32.5%) 366 (33.2%) 401 (38.8%) 0.005
The data are presented as means ± SD for continuous variables with a normal distribution, medians ± interquartile ranges for continuous variables with a skewed distribution, or as numerical
proportions for categorical variables. Binary logistic regression analysis was conducted to identify associations between the gender distribution (specifically the number of males) and the
prevalence of DKD with PCT quartile levels. Linear regression analysis was utilized to explore associations between age, duration of diabetes, HbA1c, total cholesterol, triglycerides, HDL, LDL,
UACR, eGFR, and blood pressure with PCT quartile levels. DKD, diabetic kidney disease; HDL, high-density lipoprotein; LDL, low-density lipoprotein; UACR, urine albumin-to-creatinine ratio;
eGFR, estimated glomerular infiltration rate.
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in the basic model 0 or the intermediate model 1. Multifactor

analysis indicates PLT as an independent risk factor for both DKD

and UACR. Additionally, MPV emerges as a potential independent

risk factor for eGFR. Notably, no significant associations were

found between the prevalence of DKD or the levels of UACR and

eGFR with PDW and P-LCR across all models (model 0, model 1,

and model 2) (all P >0.05).
Frontiers in Endocrinology 05
Figure 2 presents the diagnostic abilities of PCT, PLT, MPV,

PDW, and P-LCR for DKD as determined through ROC curve

analysis. The area under the ROC curve for PCT levels in predicting

DKD was found to be 0.523 (P < 0.05). The optimal cutoff point,

determined by the highest Youden Index, for PCT was established

at 0.255, with a sensitivity of 39.6% and a specificity of 65.2%,

suggesting that when PCT levels exceed 0.255, the predictive
TABLE 3B Associations between PCT quartile levels and DKD, UACR, and eGFR.

PCT quartile levels, ng/mL
P for trend

Quartile 0 Quartile 1 Quartile 2 Quartile 3

DKD0 Ref. 0.96 (0.80, 1.15) 0.99 (0.83, 1.18) 1.27 (1.07, 1.51) 0.005

UACR0 Ref. 14.44 (-12.65, 41.56) 11.88 (-13.87, 37.64) 44.58 (18.36, 70.81) 0.001

eGFR0 Ref. 2.01 (-0.10, 4.11) 2.86 (0.85, 4.86) 3.02 (0.98, 5.07) 0.003

DKD1 Ref. 1.05 (0.88, 1.27) 1.17 (0.98, 1.40) 1.65 (1.37, 1.98) <0.001

UACR1 Ref. 22.99 (-4.10, 50.08) 28.29 (2.09, 54.49) 68.91 (41.41, 96.42) <0.001

eGFR1 Ref. 0.09 (-1.80, 1.98) 0.01 (-1.82, 1.84) -1.38 (-3.31, 0.54) 0.153

DKD2 Ref. 1.02 (0.84, 1.23) 1.11 (0.92, 1.33) 1.52 (1.25, 1.84) <0.001

UACR2 Ref. 17.05 (-9.46, 43.56) 18.44 (-7.30, 44.18) 57.52 (30.08, 84.96) <0.001

eGFR2 Ref. 0.15 (-1.73, 2.02) -0.02 (-1.84, 1.80) -1.13 (-3.07, 0.81) 0.244
Binary logistic regression analysis was performed to identify the relationships between the prevalence of DKD and PCT quartile levels, and the findings were summarized as odds ratios with 95%
CIs. Linear regression analysis was utilized to examine the associations between UACR and eGFR with PCT quartile levels, and the results were summarized as beta accompanied by 95% CIs. For
the numbers rendered in superscript: 0, the model was not adjusted; 1, the model was adjusted for age, sex, and duration of diabetes; and 2, the model was adjusted for age, sex, duration of
diabetes, HbA1c, systolic blood pressure, diastolic blood pressure, total cholesterol, triglycerides, HDL, and LDL. DKD, diabetic kidney disease; UACR, urine albumin-to-creatinine ratio; eGFR,
estimated glomerular infiltration rate; PCT, plateletcrit.
FIGURE 1

Associations between the levels of PLT, MPV, PDW, P-LCR and DKD, UACE, and eGFR. 0, the model was not adjusted; 1, the model was adjusted for
age, sex, and duration of diabetes. 2, the model was adjusted for age, sex, duration of diabetes, HbA1c, systolic blood pressure, diastolic blood
pressure, total cholesterol, triglycerides, HDL, and LDL. DKD, diabetic kidney disease; UACR, urine albumin-to-creatinine ratio; eGFR, estimated
glomerular infiltration rate; PLT, platelet count; MPV, mean platelet volume; PDW, platelet distribution width; P-LCR, platelet-larger cell ratio.
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accuracy for DKD is 0.523. The confidence interval for this

prediction spans from 0.504 to 0.541. The true positive rate is

0.396, indicating the proportion of actual DKD cases correctly

identified as such, whereas the true negative rate is 0.652,

denoting the proportion of non-DKD cases accurately classified.

Figure 3 shows the diagnostic capabilities of PCT levels for

detecting UACR ≥30 mg/g, as assessed through ROC curve analysis.
Frontiers in Endocrinology 06
The area under the ROC curve was 0.526 (P < 0.05). The cutoff with

the biggest Youden index for PCT was 0.255. At this cutoff, the

sensitivity was calculated to be 39.9%, and the specificity was 65.0%.

Consequently, when PCT levels surpass 0.255, the predictive

accuracy for UACR ≥30 mg/g is estimated at 0.526, within a

confidence interval of 0.508 to 0.545. The true positive rate is

0.399, while the true negative rate is 0.650. Comparatively, PCT
FIGURE 2

ROC curves in predicting DKD by the levels of PCT, PLT, MPV, PDW, and P-LCR. ROC, receiver operating characteristic; DKD, diabetic kidney
disease; PLT, platelet count; MPV, mean platelet volume; PDW; platelet distribution width; P-LCR, platelet-larger cell ratio.
FIGURE 3

ROC curves in predicting UACR ≥ 30mg/g by the levels of PCT, PLT, MPV, PDW, and P-LCR. ROC, receiver operating characteristic; UACR, urine
albumin-to-creatinine ratio; PLT, platelet count; MPV, mean platelet volume; PDW, platelet distribution width; P-LCR, platelet-larger cell ratio.
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demonstrated a slightly superior diagnostic value for UACR ≥30

mg/g than PLT levels, as the area under the ROC curve for PLT was

0.523. With PLT levels exceeding 241.5, the predictive accuracy for

UACR ≥30 mg/g is 0.523, accompanied by a confidence interval

ranging from 0.504 to 0.542. The true positive rate is 0.417, while

the true negative rate is 0.627.

Figure 4 clearly illustrates that PCT, PLT, MPV, PDW, and P-

LCR lacked diagnostic abilities in identifying cases with an eGFR

<60 mL/min per 1.73 m².

In Figure 5, we delved into the associations between PCT

quartile levels and the prevalence of DKD, as well as UACR,

specifically in patients with an eGFR ≥90 mL/min per 1.73 m².

Our findings indicate a significant association between higher

quartiles of PCT levels and an increased occurrence of DKD and

elevated UACR, even after controlling for potential confounders.

When comparing individuals in the highest quartile of PCT levels to

those in the first quartile, the likelihood of having DKD was

significantly higher by 84%. This was after adjustments were

made for age, sex, and duration of diabetes (P for trend <0.001).

Further adjustments for a comprehensive set of variables, including

age, sex, duration of diabetes, HbA1c, systolic blood pressure,

diastolic blood pressure, total cholesterol, triglycerides, HDL, and

LDL, confirmed the persistence of these associations. The odds of

having DKD in the highest quartile were significantly increased by

53% (P for trend <0.001). Additionally, our analysis uncovered that,

relative to the lowest quartile, individuals in the highest quartile

displayed the greatest beta values for UACR in model 1. This

association between elevated PCT levels and increased UACR

remained statistically significant in model 2 (both P for

trend <0.05).

Figure 6 encapsulates the crucial outcomes of our

current research.
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Discussion

In individuals with T2DM, insulin resistance may lead to vascular

dysfunction characterized by reduced production of prostacyclin and

nitric oxide by the vascular endothelium. This reduction can promote

increased platelet activity, significantly impacting the disease’s

progression (33, 34). Activated platelets, with their dual influence,

play a pivotal role in both the development of T2DM and the onset of

DKD. They are key contributors to inflammation and hemodynamic

abnormalities. The combined effects of systemic and local

inflammation, alongside hemodynamic irregularities, are substantial

factors in the exacerbation of T2DM and its progression toward

DKD. This complex process involves the interaction of numerous

bioactive proteins that regulate inflammation and blood flow

abnormalities. These proteins are released from the organelles of

activated platelets (35, 36). Activated platelets have the capability to

produce cytokines or chemokines, such as transforming growth

factor-beta. These substances promote not only the production of

the extracellular matrix but also its degradation while simultaneously

upregulating receptors for matrix interactions. The critical role of

these proteins in driving the progression of DKD is well documented

(37, 38). Furthermore, the heightened reactivity of platelets is linked

to higher levels of procoagulant and tissue factors. This heightened

reactivity, combined with the activation of coagulation mechanism

and the dysfunction of anticoagulant substances, makes platelets in

diabetic patients more likely to adhere to endothelial cells and form

aggregates than those in non-diabetic individuals. Such tendencies

facilitate thrombus formation, which, in turn, initiates local vascular

changes (39, 40). These changes further influence the morphology

and functionality of platelets (41). Activated platelets play a

significant role in enhancing coagulation function and

inflammation, leading to endothelial dysfunction, increased
FIGURE 4

ROC curves in predicting eGFR <60 mL/min per 1.73 m² by the levels of PCT, PLT, MPV, PDW, and P-LCR. ROC, receiver operating characteristic;
eGFR, estimated glomerular infiltration rate; PLT, platelet count; MPV, mean platelet volume; PDW, platelet distribution width; P-LCR, platelet-larger
cell ratio.
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FIGURE 5

Associations between PCT quartile levels with DKD and UACR in patients with an eGFR ≥ 90 mL/min per 1.73 m2. 0, the model was not adjusted; 1,
the model was adjusted for age, sex, and duration of diabetes; 2, the model was adjusted for age, sex, duration of diabetes, HbA1c, systolic blood
pressure, diastolic blood pressure, total cholesterol, triglycerides, HDL, and LDL. DKD, diabetic kidney disease; UACR, urine albumin-to-creatinine
ratio; PCT, plateletcrit.
FIGURE 6

Crucial outcomes of the current research.
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capillary permeability, renal protein leakage, and the presence of

albumin in urine. Our research supports these findings, identifying a

correlation between heightened platelet activation and the incidence

and progression of proteinuria. Previous studies have underscored

the significance of increased platelet activation and aggregation as

major factors contributing to vascular complications in diabetes (33).

Notably, platelet activation has been recognized as a precursor to the

onset of microvascular disease in diabetic patients (14). The changes

induced by platelet activation, including variations in platelet count,

morphology, and function, are observable through parameters such

as PCT, PLT, MPV, PDW, and P-LCR.

Platelet parameters are increasingly recognized as novel

biomarkers for inflammation and hemodynamic disturbances,

valued for their accessibility, cost-effectiveness, minimal

invasiveness, and broad applicability in daily clinical practice.

Despite their potential, there remains a scarcity of evidence

regarding the association between PCT levels and DKD, and the

findings concerning the relationship between other platelet

parameters (PLT, MPV, PDW, and P-LCR) and DKD are still

subject to debate. Thus, it is imperative to explore the relationships

between platelet parameters and DKD within the same population.

Our research marks a pioneering endeavor in conducting a

comprehensive, large-scale population study to investigate the links

between PCT levels, other platelet indices, and DKD in humans. The

results of our current cross-sectional study reveal distinct

associations, showing that patients with DKD exhibited

significantly higher PCT levels compared to those without DKD.

Furthermore, elevated levels of PCT and PLT were independently

correlated with a greater likelihood of DKD and an increased UACR.

However, after adjusting for potential baseline confounders, no

definitive association was found between PCT or PLT levels and

eGFR. Moreover, our analysis indicated a correlation between

elevated PCT levels and higher levels of HbA1c and lipids, as

detailed in Table 2. Based on these findings, we hypothesized that

the relationship between PCT levels and eGFR might be modulated

by HbA1c and lipid levels. This speculation stems from the

detrimental impact of a heightened glucose and lipid milieu in

diabetic patients, potentially impacting renal vascular endothelial

function and leading to a decline in glomerular filtration function

(42). These aligned with our research findings. Our results revealed a

positive association between PCT levels and an increased UACR as

well as a higher incidence of DKD among participants with a normal

eGFR (eGFR ≥90 mL/min per 1.73 m2). These results suggest that

changes in PCT levels may initiate in T2DMpatients exhibiting solely

proteinuria. Additionally, the ROC curve analysis suggested that

elevated PCT levels could potentially predict the occurrence of

albuminuria and DKD more effectively than other platelet-related

parameters. Moreover, our findings hinted that an increase in MPV

levels may be independently linked to a reduction in eGFR. However,

no significant relationships were observed between PDW and P-LCR

levels with DKD, UACR, and eGFR. It is noteworthy that PCT,

derived from a combination of PLT count and MPV, may provide

broader clinical insights than any singular platelet parameter (26).

Patients with elevated PCT levels often exhibit an increased platelet
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count, larger platelet volume, and enhanced platelet activity. The

associations between other platelet parameters and DKD seem to be

less definitive, potentially due to the fact that individual platelet

parameters reflect only the quantity or volume of platelets at a specific

level, rendering them less sensitive to changes.

These findings hold significant implications for the clinical

management of diabetic patients. The observation of markedly

elevated PCT levels in individuals with DKD underscores the

potential of PCT as a biomarker for identifying patients at an

increased risk of developing complications related to diabetic

nephropathy. Multivariate analysis further emphasizes the

independent association between elevated levels of PCT and PLT

with both DKD and an increased UACR, providing clinicians

valuable insights into identifying potential risk factors. Moreover,

the ROC curve analyses suggest that PCT and PLT levels can serve

as discriminative markers for DKD and elevated UACR.

Incorporating these biomarkers into routine clinical evaluations

could improve risk stratification processes, facilitating early

intervention and the adoption of personalized management

strategies for patients. The modest yet noticeable predictive

accuracy observed in the ROC curves merits further exploration

and potential validation in larger cohorts. These insights contribute

to an enhanced understanding of the intricate dynamics associated

with DKD. As we improve our predictive capabilities and identify

at-risk individuals, opportunities for customized therapeutic

strategies and preventive interventions become apparent. These

could include intensified monitoring or lifestyle modifications

aimed at slowing the progression of kidney disease. This research

represents a significant step toward bridging the gap between

predictive modeling and its clinical application, thereby enriching

our approach to managing complications associated with diabetes.

Our research was conducted on a large scale involving

hospitalized patients, which ensured a substantial sample size and

enabled rigorous control over participant quality. To yield more

reliable results, we meticulously adjusted for confounding factors.

Nevertheless, as a single-center cross-sectional study, it does not

have the capability to establish causal relationships. Although a

correlation between PCT and DKD was observed, caution should be

exercised in interpreting these findings. Prospective studies are

essential to confirm whether PCT can be considered an

independent risk factor. The study included a relatively small

number of patients with eGFR <60 mL/min per 1.73 m2, which

may restrict the generalizability of the current results to patients

diagnosed with DKD based on eGFR criteria. A noteworthy

limitation was the absence of body mass index (BMI) data for

participants, preventing BMI from being included in the analysis.

Given BMI’s known associations with insulin resistance and

dyslipidemia—factors that can influence the risk and progression

of DKD—the lack of BMI as a confounding variable may hinder our

understanding of the relationships between platelet indices and

DKD. Future research endeavors should consider including BMI

data and stratifying analysis based on BMI. This approach may

reveal relationships between platelet parameters and DKD that were

not apparent due to the absence of BMI data.
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Conclusion

Upon adjusting for potential confounders, our analysis revealed

a significant correlation between elevated levels of PCT and PLT

with an increased likelihood of DKD and the occurrence of

albuminuria. Additionally, PCT was found to have a modest

diagnostic value for DKD and UACR ≥30 mg/g. These findings

suggest that monitoring PCT levels, which is a straightforward,

cost-effective, and widely available method, could prove

advantageous for the early screening of DKD. Nonetheless, to

establish a causal relationship between PCT levels and DKD,

additional cohort studies are imperative.
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