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Abstract 

Introduction: Gestational diabetes mellitus (GDM) is associated with chronic low-grade 

inflammation and an increased risk of thromboembolic complications. Tissue factor-positive 

microparticles (TF⁺MPs) link inflammatory and coagulation pathways, but their cellular origin 

and immunometabolic determinants in GDM remain unclear. 

Objectives: To characterize neutrophil-, monocyte-, and endothelial-derived TF⁺MPs in GDM 

and to assess their relationships with metabolic and inflammatory markers. 

Patients and methods: We studied 70 women with GDM and 55 healthy pregnant controls at 

28-33 weeks’ gestation. Neutrophil-derived (TF⁺CD66b⁺), monocyte-derived (TF⁺CD14⁺), and 

endothelial-derived (TF⁺CD144⁺) MPs were quantified by flow cytometry. Glycated 

hemoglobin (HbA1c) and interleukin-18 (IL-18) were measured as markers of recent glycemic 
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exposure and inflammatory response, respectively. Statistical analyses included the Mann-

Whitney U test, Cliff’s delta, correlation analysis, and receiver operating characteristic (ROC) 

curve analysis. 

Results: Women with GDM exhibited significantly higher counts of TF⁺CD66b⁺ MPs 

compared with controls (P <0.001; δ = 0.71). The percentage of TF⁺CD66b⁺ MPs relative to 

total TF⁺MPs showed marked separation between groups (AUC = 0.905). TF⁺CD14⁺ MPs were 

increased (P = 0.001; δ = 0.34), whereas TF⁺CD144⁺ MPs did not differ significantly (P = 0.29; 

δ = 0.11). TF⁺CD66b⁺ MPs correlated positively with HbA1c (R = 0.56, P <0.001) and IL-18 

(R = 0.34, P = 0.004), with no associations observed for maternal BMI, fasting glucose, or 

glucose-lowering therapy. 

Conclusions: GDM is associated with marked enrichment of TF⁺CD66b⁺ MPs, reflecting 

immunometabolic neutrophil activation rather than obesity-related effects. These findings 

identify TF⁺CD66b⁺ MPs as a downstream marker linking metabolic and inflammatory 

pathways in GDM. 

 

 

 



Introduction 

Gestational diabetes mellitus (GDM) is one of the most common metabolic complications of 

pregnancy and is defined by disturbances in glucose homeostasis [1]. Recent population-based 

data from Poland have demonstrated substantial national trends in the prevalence and outcomes 

of GDM, highlighting its clinical and public health relevance [2]. In parallel, current research 

has increasingly focused on identifying novel predictive biomarkers, including specific 

lipidome patterns, to enhance early risk assessment and better understand the metabolic 

heterogeneity of GDM [3]. Increasing evidence, however, indicates that GDM is also 

accompanied by chronic low-grade systemic inflammation and an increased risk of 

thromboembolic complications during pregnancy and the postpartum period [4,5]. These 

observations suggest that inflammatory and procoagulant pathways may contribute to the 

pathophysiology of GDM beyond hyperglycemia alone. 

Circulating microparticles may provide a link between these processes, as they are released 

during cellular activation, stress, or cell death and can carry surface molecules involved in 

inflammation and coagulation [6,7]. At the same time, the composition and proportions of 

individual MP subpopulations, derived from neutrophils, other leukocytes, and platelets, change 

depending on physiological or pathological conditions, which may reflect the intensity of 

inflammatory processes and vascular disturbances associated with disease [8].  

Among these MP subpopulations, particular interest has focused on MPs expressing tissue 

factor (TF+MPs), a potent initiator of the extrinsic coagulation cascade that confers strong 

procoagulant properties to this MP subpopulation [9]. Elevated levels of TF+MPs have been 

reported in a range of inflammatory and thrombotic disorders [10] and are increasingly 

considered markers of inflammation-associated coagulation activation [11,12]. 

Pregnancy itself is characterized by physiological adaptations that favor coagulation [13]. In 

the context of GDM, these changes may be further amplified by metabolic stress and immune 



activation [14]. Cells of the innate immune system, particularly neutrophils and monocytes, 

play a central role in inflammatory and procoagulant responses and are capable of expressing 

tissue factor and releasing TF+MPs upon activation [15]. This activation is often driven by 

specific inflammatory mediators, among which interleukin-18 (IL-18) serves as a key link 

between metabolic stress and innate immune activation and acts as a potent inducer of 

neutrophil priming [16]. Elevated IL-18 levels have been implicated in the chronic low-grade 

inflammation characteristic of gestational diabetes mellitus [17]. Therefore, IL-18 was selected 

as a focused mechanistic marker of innate immune activation rather than as a general screening 

marker of systemic inflammation.  

In contrast, endothelial-derived MPs are commonly considered markers of endothelial injury or 

dysfunction [18]. Assessing the relative contribution of immune cell-derived versus endothelial-

derived TF+MPs may therefore help clarify whether the procoagulant state observed in GDM 

primarily reflects immune cell activation or overt endothelial involvement. 

Although alterations in circulating MPs have been described in metabolic and inflammatory 

diseases [8,19], data specifically addressing the cellular origin of TF+MPs in gestational 

diabetes mellitus remain limited. In particular, the relationships between chronic glycemic 

exposure, inflammatory signaling, and TF+MPs profiles have not been well characterized, nor 

is it clear whether these associations are independent of maternal adiposity or glucose-lowering 

therapy. 

Therefore, the aim of the present study was to characterize circulating TF+MPs of neutrophil, 

monocyte, and endothelial origin in women with GDM during the third trimester of pregnancy. 

We also examined their relationships with markers of chronic glycemic exposure and 

inflammation, while accounting for maternal body mass index (BMI) and glucose-lowering 

treatment. By focusing on TF+MPs, this study aimed to provide insight into immunometabolic 



and procoagulant processes in GDM that are not captured by conventional clinical risk 

assessment. 

 

Patients and methods 

Study population and recruitment 

The study included a total of 125 pregnant women, comprising 70 patients diagnosed with 

gestational diabetes mellitus and 55 healthy pregnant controls. All participants were 

consecutively recruited during routine or follow-up antenatal visits and examined in the third 

trimester of pregnancy (28-33 weeks of gestation). 

Patients with GDM were recruited from the Diabetes Outpatient Clinic for Pregnant Women at 

the University Hospital in Krakow, Poland. The control group consisted of healthy pregnant 

women with normal glucose tolerance, recruited from a private obstetric practice in the same 

geographical area. 

The diagnosis of GDM was established based on a 75-g oral glucose tolerance test (OGTT) 

performed between 24 and 28 weeks of gestation, in accordance with the International 

Association of Diabetes and Pregnancy Study Groups (IADPSG) criteria [1]. GDM was 

diagnosed if at least one of the following plasma glucose thresholds was met or exceeded: 

fasting glucose ≥92 mg/dl (5.1 mmol/l), 1-hour glucose ≥180 mg/dl (10.0 mmol/l), or 2-hour 

glucose ≥153 mg/dl (8.5 mmol/l). 

At the time of blood sampling for microparticle (MP) analysis (28-33 weeks of gestation), 

patients with GDM were undergoing standardized clinical management. Thirty-three women 

were managed with diet alone, while 37 required insulin therapy to achieve glycemic targets. 

Glycemic control in the GDM group was routinely monitored according to clinical standards, 

including measurement of glycated hemoglobin (HbA1c). 



To ensure the specificity of circulating MP profiles, the following exclusion criteria were 

applied to both groups: pre-existing diabetes mellitus (type 1 or type 2), chronic or pregnancy-

induced hypertension (including preeclampsia), multiple pregnancy, active infection, chronic 

inflammatory or autoimmune diseases, and chronic kidney or liver disorders. 

The study protocol was approved by the Bioethics Committee of the Jagiellonian University 

(No. 122.6120.259.2016). All participants provided written informed consent prior to 

enrollment, in accordance with the Declaration of Helsinki. 

 

Methods 

Clinical and Laboratory Assessments 

Pre-pregnancy body weight and height were self-reported by the participants at the time of 

enrollment and were used to calculate pre-pregnancy BMI. 

Fasting plasma glucose (FPG) concentration was measured at the Department of Clinical 

Biochemistry, Jagiellonian University Medical College, using a fully automated biochemical 

analyzer (Erba Mannheim XL-180, Mannheim, Germany) based on the glucose oxidase 

enzymatic method. Glycated hemoglobin (HbA1c) was measured only in women with GDM 

and was used in the present study as an indicator of recent glycemic exposure. HbA1c levels 

were determined using ion-exchange chromatography on the D-10 Hemoglobin Testing System 

(Bio-Rad Laboratories, Hercules, CA, USA). Serum interleukin-18 (IL-18) concentrations were 

determined using a commercially available enzyme-linked immunosorbent assay (ELISA) kit 

(SunRed Biotechnology Company, Shanghai, China), according to the manufacturer’s 

instructions. 

Blood sampling and microparticle analysis 

Venous blood samples were collected into tubes containing 3.2% sodium citrate. Circulating 

microparticles were isolated by a double centrifugation protocol to remove cells and platelets, 



followed by high-speed centrifugation (10,000 × g for 30 minutes at 4°C) to pellet 

microparticles.  

MP analysis was performed by flow cytometry using a BD FACSCanto flow cytometer (Becton 

Dickinson, San Jose, CA, USA). For MP phenotyping, a no-wash staining protocol was applied. 

Samples were incubated with fluorochrome-conjugated monoclonal antibodies against tissue 

factor (TF-142-APC), CD14-FITC, CD66b-Pacific Blue, and CD144-PE (all from BioLegend, 

San Diego, CA, USA). Phosphate-buffered saline without calcium and magnesium ions 

(Corning, USA), filtered through a 0.1 µm pore size membrane (Millipore, USA) to eliminate 

background noise and nanoparticles, was used for sample preparation and as the staining buffer. 

Appropriate isotype controls (mouse IgG1-PE, mouse IgG1-APC, and mouse IgM-Pacific 

Blue; BioLegend, USA) were included to define nonspecific binding and confirm negligible 

background fluorescence across all channels. 

The gating strategy used for the identification of TF⁺MPs and TF⁺MP subpopulations is shown 

in Supplementary Figures S1 and S2. The microparticle gate was established using size-

calibration beads (Megamix-Plus SSC, BioCytex, Marseille, France) and then applied to the 

analyzed samples. Unstained samples were used to assess the background signal and to define 

the threshold for TF positivity in the APC channel. TF⁺MPs were identified as APC-positive 

events within the predefined microparticle gate. Within the TF⁺MP gate, subpopulations were 

further identified according to co-expression of CD14, CD66b, or CD144. Representative 

histograms from stained samples, unstained samples, and isotype controls were used to define 

marker-positive events and nonspecific fluorescence. Flow cytometry data were analyzed using 

Kaluza Analysis software, version 1.3. 

Both the total number of TF+MPs and selected TF+ MP subpopulations were analyzed, including 

neutrophil-derived TF+MPs (TF⁺CD66b⁺), monocyte-derived TF+MPs (TF⁺CD14⁺), and 

endothelial-derived TF+MPs (TF⁺CD144⁺).   



In addition, the percentages of neutrophil-, monocyte-, and endothelial-derived microparticles 

relative to total TF+MPs were calculated as follows: 

Neu% =
TF⁺CD66b⁺

TF+MPs 
 x 100%;  Mono% =

TF⁺CD14⁺

TF+MPs  
 x 100%;    Endo% =

TF+CD144+

TF+MPs 
 x 100%,  

Statistical analysis 

Statistical analyses were performed using Statistica software, version 14.1 (TIBCO Software 

Inc., Palo Alto, CA, USA). The distribution of continuous variables was assessed using the 

Shapiro–Wilk test. As most variables demonstrated a non-normal distribution, data are 

presented as median with interquartile range (IQR). 

Comparisons between two independent groups were performed using the Mann–Whitney U 

test. Effect size was estimated using Cliff’s delta (δ), a nonparametric measure of the magnitude 

of between-group differences, with values interpreted as negligible (|δ| < 0.15), small (0.15 ≤ 

|δ| < 0.33), medium (0.33 ≤ |δ| < 0.47), or large (|δ| ≥ 0.47) [20]. Associations between TF+ MP 

levels and clinical or biochemical parameters were assessed using Spearman’s rank correlation 

coefficient. All tests were two-tailed, and a P value <0.05 was considered statistically 

significant. 

The discriminative performance of selected TF+MP subpopulation percentages was evaluated 

using receiver operating characteristic (ROC) curve analysis, and the area under the curve 

(AUC) with 95% confidence intervals was calculated. Optimal cut-off values were determined 

using the Youden index, and corresponding sensitivity and specificity values were calculated at 

the Youden-derived cut-off.  

Linear regression analyses were performed in women with GDM to identify clinical and 

biochemical determinants of neutrophil-derived TF⁺MP levels. Due to skewed distributions, 

TF⁺CD66b⁺ microparticle counts and IL-18 concentrations were log-transformed prior to 

analysis. Univariable linear regression models were initially constructed, followed by 



multivariable linear regression including HbA1c and IL-18 as independent variables. Model 

assumptions were assessed, and standardized regression coefficients (β) were reported.  

 

Results  

Study population 

The clinical and biochemical characteristics of the study participants are presented in Table 1. 

The GDM and control groups were comparable in terms of gestational age at sampling and pre-

pregnancy BMI. FPG concentrations measured at blood collection did not differ significantly 

between groups, indicating comparable glycemic status at the time of microparticle analysis. In 

contrast, circulating IL-18 concentrations differed significantly between the GDM and control 

groups (P <0.001). 

Circulating microparticle profiles 

Analysis of circulating TF+MPs revealed marked differences between women with GDM and 

healthy pregnant controls (Figures 1-2). Despite a significantly lower total count of circulating 

TF+MPs in the GDM group compared with controls [3107 (1780–5053) vs. 4080 (2823-5876) 

per µl; P = 0.02; Cliff’s δ = −0.27], the relative contribution of leukocyte-derived TF+MP 

subpopulations was substantially altered. 

TF+CD66b⁺ MPs were markedly increased in women with GDM, both in absolute counts 

[481.00 (173.33-832.00) vs. 86.67 (39.00-130.00) per µl] and as Neu% [16.29 (7.37-25.95)% 

vs. 1.95 (1.07-2.80)%] (Figures 1-2), with large effect sizes for both comparisons (P <0.001; δ 

= 0.71 and δ = 0.81, respectively). TF⁺CD14⁺ MPs were also significantly elevated in GDM, 

both in absolute counts [270.83 (130.00-606.67) vs. 138.67 (60.67-303.33) per µl] and as 

Mono% [10.16 (4.25-16.67)% vs. 3.24 (1.89-6.11)%] (Figures 1-2), with medium to large effect 

sizes (P = 0.001; δ = 0.34 and P <0.001; δ = 0.54, respectively).  



In contrast, TF+CD144⁺ MPs did not differ significantly between groups in absolute counts 

[881.83 (329.33-1525.33) vs. 752.63 (334.29-1144.00) per µl; P = 0.29; δ = 0.11]; however, 

Endo% was significantly higher in the GDM group [29.47 (16.17-38.18)% vs. 17.44 (12.83-

23.60)%; P <0.001; δ = 0.43]. 

Influence of glycemic control strategy 

Within the GDM group, TF+MPs profiles did not differ according to the method of glycemic 

control. No significant differences were observed in total TF+MPs or in any TF+MP 

subpopulation between women treated with diet alone and those requiring insulin therapy (all 

P >0.05). 

Correlations with clinical and metabolic parameters 

No significant correlations were observed between circulating TF+MP counts or the percentages 

of TF+MP subpopulations and pre-pregnancy BMI, FPG, or gestational age (all R <0.3; all P 

>0.05). 

In women with GDM, HbA1c correlated positively with all analyzed TF⁺MP counts and 

percentages, with the strongest association observed for TF⁺CD66b⁺ MPs. This neutrophil-

derived subpopulation also demonstrated a weaker, yet statistically significant, positive 

correlation with IL-18 (Figure 3). Total TF⁺MP levels correlated positively with leukocyte-

derived TF⁺MP subpopulation counts, whereas the percentages of these subpopulations showed 

only weak or negligible correlations with total TF⁺MP counts (all R <0.4, P >0.05). 

Multivariable linear regression analysis 

Regression analyses were performed within the GDM group. Both HbA1c and IL-18 were 

independently associated with log-transformed TF⁺CD66b⁺ counts. The overall model 

explained 34% of the variance in TF⁺CD66b⁺ MP counts (R² = 0.34), with HbA1c emerging as 

the stronger predictor (standardized β = 0.49, P <0.001), while IL-18 also remained a significant 

contributor (standardized β = 0.23, P = 0.03). 



Group separation (ROC analysis) 

Receiver operating characteristic (ROC) curve analysis was performed to quantify group 

separation based on selected TF⁺MP subpopulation percentages between women with GDM 

and healthy pregnant controls (Figure 4). Among the analyzed markers, Neu% demonstrated 

the highest group separation, followed by Mono%, whereas Endo% showed limited, yet 

statistically significant, group separation. Detailed ROC characteristics, including AUC values, 

optimal cut-off points, and corresponding sensitivity and specificity estimates, are presented in 

Table 2. 

 

Discussion 

The present study demonstrates a marked reorganization of the circulating tissue factor-positive 

microparticle (TF⁺MP) pool in women with GDM.  

Although the total number of circulating TF⁺MPs was significantly lower in GDM compared 

with healthy pregnant controls (3107 vs 4080 per µl; P =0.02; δ= -0.27 ), their cellular origin 

was shifted toward leukocyte-derived subpopulations, most notably neutrophils. This 

redistribution suggests qualitative rather than quantitative alterations in the TF⁺MP 

compartment. 

Both diabetes and pregnancy are recognized prothrombotic states, and numerous studies have 

reported increased numbers of circulating microparticles or related extracellular vesicles in 

these conditions [21,22,23,24]. In type 2 diabetes and gestational diabetes, elevated numbers of 

circulating vesicles have been linked to chronic inflammation, metabolic dysregulation, and 

vascular alterations [23,25]. However, experimental and clinical evidence indicates that the 

thrombogenic relevance of circulating microparticles depends not solely on their abundance, 

but critically on their cellular origin and molecular cargo [9,25].  



In particular, leukocyte-derived TF⁺MPs have been shown to exert a disproportionate 

procoagulant influence compared with vesicles derived from endothelial cells or platelets 

[9,11]. Accordingly, a reduced total TF⁺MP pool does not contradict a prothrombotic phenotype 

when TF antigen is selectively redistributed toward leukocyte-derived vesicles [26,27]. 

More than one mechanism may contribute to the lower total count of circulating TF⁺MPs 

observed in GDM, including selective enrichment of leukocyte-derived vesicles [27], altered 

clearance [28], and changes in vesiculation dynamics under conditions of metabolic and 

inflammatory stress [29].  

Among the observed changes, enrichment of TF+CD66b⁺ MPs was the most pronounced. 

TF+CD66b⁺ MPs were markedly increased in women with GDM (P <0.001), with a particularly 

large effect size observed for Neu% (δ = 0.81). Activated neutrophils can express tissue factor, 

release TF-bearing microparticles, and amplify thrombin generation through TF-FVIIa-FXa 

signaling pathways, with downstream activation of protease-activated receptor signaling on 

endothelial cells and leukocytes [30,31]. Neutrophils are increasingly recognized as central 

players in immunothrombosis [32], a process in which innate immune activation and 

coagulation are tightly coupled [33]. Neutrophil-driven prothrombotic features, including 

elevated markers related to neutrophil extracellular trap formation, have been documented in 

clinical cardiovascular settings and are linked to enhanced thrombotic potential [34]. 

Pregnancy itself is associated with physiological neutrophil priming, but GDM appears to 

exaggerate this response [35]. Prior studies have documented increased neutrophil activation 

markers, altered neutrophil-to-lymphocyte ratios, and enhanced neutrophil extracellular trap 

formation in GDM, even in the absence of overt hyperglycemia [35,36]. Our data extend these 

observations by identifying neutrophil-derived TF⁺MPs as a dominant circulating TF 

compartment in GDM. 



In addition to neutrophils, monocytes are a major inducible source of circulating tissue factor 

under inflammatory conditions [37]. Although TF+CD14+ MPs have not been extensively 

characterized in gestational diabetes, their presence is consistent with the established role of 

monocytes in linking inflammatory and metabolic signals to coagulation. The medium effect 

size observed for TF+CD14+ MPs in the present study (δ = 0.34) may reflect effective metabolic 

control in this cohort, rather than the absence of monocyte involvement. Importantly, the 

increased Mono% (median 10.16 vs 3.24; P <0.001; δ=0.54) suggests that monocytes 

participate in the qualitative remodeling of the TF⁺MP pool in GDM, with a large effect size for 

the relative contribution of this subpopulation. 

Absolute counts of TF+CD144+ MPs did not differ significantly between groups (881.83 vs 

752.63 per µl; P = 0.29; δ=0.11), suggesting that overt endothelial damage is not a dominant 

feature of GDM at this stage of pregnancy. However, the higher Endo% (29.47 vs 17.44; P 

<0.001; δ = 0.43) indicates that TF+CD144+ MPs make up a greater proportion of the total 

TF⁺MP population in GDM. 

This finding is consistent with previous reports showing preserved or only mildly altered 

endothelial MP levels in well-controlled GDM [23], in contrast to the marked endothelial MP 

elevations observed in preeclampsia or overt vascular disease [38]. It supports the concept of 

functional endothelial activation rather than structural injury [39]. 

Notably, TF⁺MP profiles were not associated with BMI or FPG, and did not differ according to 

the method of glycemic control (all R <0.3; all P >0.05). Similar findings have been reported 

for inflammatory and coagulation markers in GDM [40,41,42], suggesting that immune-

coagulation interactions may persist independently of short-term glycemic control. The lack of 

differences between diet-treated and insulin-treated women suggests that the observed TF⁺MP 

alterations are related to intrinsic disease biology rather than treatment intensity, and may reflect 

early aspects of GDM pathophysiology that persist despite metabolic control.  



In contrast, TF+CD66b⁺ MP counts were associated with HbA1c and IL-18 concentrations, and 

multivariable linear regression analysis confirmed that both associations were independent.  

These findings suggest that cumulative metabolic and inflammatory stress, rather than short-

term metabolic fluctuations, is more relevant for neutrophil-driven thromboinflammatory 

activation in GDM. Chronic hyperglycemia may predispose neutrophils to a prothrombotic and 

proinflammatory phenotype through oxidative stress [43], altered intracellular signaling [44], 

and epigenetic reprogramming [45]. In parallel, IL-18 acts as an amplifier of innate immune 

activation, promoting neutrophil priming and cytokine-driven crosstalk with the coagulation 

system [16]. These data support a model in which glycemic stress and inflammation act together 

as complementary drivers of TF⁺CD66b⁺ MP release in GDM. 

Among the analyzed parameters, the Neu% demonstrated marked group separation between 

women with GDM and healthy controls (AUC = 0.905, 95% CI: 0.847-0.962), reflecting a 

pronounced shift in the cellular distribution of TF⁺MPs. This finding highlights the potential of 

TF⁺MP subpopulation percentages as integrative indicators of thromboinflammatory activation 

rather than isolated metabolic disturbances. The use of percentages may be particularly 

advantageous in MP research, as it reduces methodological variability and emphasizes 

biologically relevant changes in cellular contribution. Although clinical application is 

premature, further longitudinal and mechanistic studies are needed to clarify the role of 

TF⁺CD66b⁺ MPs in GDM. 

Limitations 

Several limitations of this study should be acknowledged. First, the cross-sectional design and 

the single time point of sampling preclude conclusions regarding temporal changes in 

microparticle profiles during pregnancy or their relationship to disease progression. Second, 

microparticle characterization was based on surface antigen expression and did not include 

direct assessment of tissue factor activity or other functional properties, limiting insight into the 



biological activity of the detected vesicles. Accordingly, further studies incorporating functional 

assays will be required to determine the pathophysiological relevance of TF⁺MPs in gestational 

diabetes mellitus. Third, inflammatory assessment was limited to IL-18, which was selected a 

priori because of its mechanistic link with metabolic stress and neutrophil activation. We did 

not perform broad cytokine profiling; therefore, the relationships between TF⁺MPs and other 

inflammatory pathways require further investigation. Previous pregnancy complications were 

not systematically analyzed; therefore, we cannot exclude a potential influence of obstetric 

history on the current MP profile. Finally, the study population was relatively homogeneous, 

which may limit the generalizability of the findings to other clinical settings or populations with 

different metabolic or inflammatory profiles. 

Conclusions 

Gestational diabetes mellitus is associated with a marked qualitative shift in circulating tissue 

factor-positive microparticles, characterized by enrichment of leukocyte-derived, particularly 

TF+CD66b⁺ MPs despite reduced total TF⁺MP counts. These findings support the concept of 

GDM as a thromboinflammatory state driven by selective immune cell activation and altered 

cellular distribution of tissue factor. In this context, TF+CD66b⁺ MPs may represent a link 

between inflammation and coagulation in GDM and warrant further functional and longitudinal 

investigation. 
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Table 1. Clinical and biochemical characteristics of the study population. 

Variable  GDM (n=70) Controls (n =55) P value 

Gestational age (weeks) 31 (29-33) 31 (30-32) 0.45 

Pre-pregnancy BMI (kg/m²) 24 (21-28) 23 (20-26) 0.07 

FPG (mmol/l) 4.56 (4.29-4.85) 4.58 (4.33-4.74) 0.89 

HbA1c (mmol/mol) 32 (26-36) NA — 

IL-18 (ng/l) 175 (93-211) 88 (57-139) <0.001 

Data are presented as median (interquartile range). P values were derived using the Mann-

Whitney U test. BMI, body mass index; FPG, fasting plasma glucose; GDM, gestational 

diabetes mellitus; HbA1c, glycated hemoglobin; IL-18, interleukin-18; NA, not available. 

 

Table 2. ROC curve analysis of TF+MPs subpopulation percentages for the discrimination of 

GDM from healthy controls. 

Parameter AUC (95% CI) P value Cut-off Sensitivity 

(%) 

Specificity 

(%) 

Neu% 0.905 (0.847-0.962) <0.001 4.85 84.3 94.5 

Mono% 0.758 (0.674-0.843) <0.001 8.01 58.6 87.3 

Endo% 0.707 (0.615-0.799) <0.001 26.6 57.1 89.1 

Optimal cut-off values were determined using the Youden index. Sensitivity and specificity 

were calculated at the Youden-derived cut-off. AUC, area under the curve; CI, confidence 

interval; Endo%, percentage of endothelial-derived TF⁺MPs; GDM, gestational diabetes 

mellitus; Mono%, percentage of monocyte-derived TF⁺MPs; Neu%, percentage of neutrophil-

derived TF⁺MPs; ROC, receiver operating characteristic; TF⁺MPs, tissue factor-positive 

microparticles.  

 



 

Figure 1. Absolute counts of circulating TF⁺ microparticles in women with GDM and 

healthy pregnant controls 

Absolute counts of circulating TF⁺ microparticles are shown for (A) total TF⁺MPs, (B) 

TF⁺CD14⁺ MPs, (C) TF⁺CD144⁺ MPs, and (D) TF⁺CD66b⁺ MPs in women with GDM and 

healthy pregnant controls. Dots represent individual study participants; horizontal bars indicate 

medians with interquartile ranges. Controls are shown in grey, whereas GDM is shown in green 

for total TF⁺MPs and in blue tones for TF⁺MP subpopulations. *P <0.05, **P <0.01, ***P 

<0.001. 



 

Figure 2. Percentages of circulating TF⁺MP subpopulations in women with GDM and 

healthy pregnant controls 

Percentages of circulating TF⁺MP subpopulations relative to total TF⁺MPs are shown for (A) 

TF⁺CD14⁺ MPs (Mono%), (B) TF⁺CD144⁺ MPs (Endo%), and (C) TF⁺CD66b⁺ MPs (Neu%) 

in women with GDM and healthy pregnant controls. Dots represent individual study 

participants; horizontal bars indicate medians with interquartile ranges. Controls are shown in 

grey, whereas GDM subpopulations are shown in blue tones. ***P <0.001. 



 

 

Figure 3. Correlations between neutrophil-derived TF⁺MPs, HbA1c, and IL-18 in women 

with gestational diabetes mellitus 

Scatter plots illustrating correlations between neutrophil-derived TF+MPs (TF⁺CD66b⁺) and 

(A) glycated hemoglobin (HbA1c), (B) interleukin-18 (IL-18), and (C) the relationship between 

HbA1c and IL-18. All analyses were performed in women with GDM. TF⁺CD66b⁺ MP counts 

are presented on a logarithmic (log₁₀) scale for visualization purposes only. Correlations were 

assessed using Spearman’s rank correlation coefficient. Spearman’s correlation coefficients and 

P values were as follows: (A) R = 0.56, P <0.001; (B) R = 0.34, P = 0.004; (C) R = 0.25, P = 

0.04. 



 

Figure 4. Receiver operating characteristic (ROC) curves illustrating the separation 

between women with GDM and healthy pregnant controls based on TF⁺MP subpopulation 

percentages 

Receiver operating characteristic (ROC) curves illustrating group separation based on selected 

TF+MPs subpopulation percentages in women with GDM and healthy pregnant controls. ROC 

curves are shown for Neu%, Mono%, and Endo%. The diagonal line represents the reference 

line corresponding to no discrimination (AUC = 0.5). Corresponding AUC values are provided 

in Table 2. 
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