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 Background: Type 2 diabetes mellitus (T2DM) is one of the degenerative diseases that continues to increase. 

Diabetes is one of the three biggest causes of death in Indonesia in 2017. This burden is exacerbated by the 

presence of uncontrolled diabetes cases, which have a negative impact on almost every system of the human 

body. Coagulopathy, which is defined as a disorder of the blood clotting process, is one of the clinical 

manifestations of uncontrolled T2DM. Chronic hyperglycemia in T2DM can affect the hypercoagulation process 

which includes changes in platelet activation time, endothelial cell function, and fibrinolysis.  

Objective: To determine and analyze the differences in coagulation and fibrinolysis profiles of controlled and 

uncontrolled T2DM patients.  

Method: The design of this study was cross-sectional with a target population of adult T2DM patients at the 

Diponegoro National Hospital in Semarang City. Data collection on respondents includes filling out questionnaires 

and taking blood samples to examine the coagulation and fibrinolysis profiles and Hba1C levels of respondents  

Results: There were no abnormalities in prothrombin time (PT) and activated partial prothrombin time (APTT) 

values in the two groups of this study and there was also no difference in the mean values of PT and APTT between 

the two groups in this study. Increased D-dimer concentrations occurred in both groups but there was no 

significant difference between the two groups (p > 0.05).  

Conclusion: There was no significant difference in PT, APTT, and D-dimer values in the two groups of the study. 

Keywords: type 2 diabetes mellitus, activated partial prothrombin time, prothrombin time 
 

INTRODUCTION 

According to International Diabetes Federation in 2021, 

global prevalence of type 2 diabetes mellitus (T2DM) is 536.6 

million cases (10.5%) in adults and will continue to increase to 

783.2 cases (12.2%) of T2DM worldwide in 2045 [1]. Indonesia is 

one of the developing countries with the most T2DM case in the 

world. In 2019, it was reported that there were 10.9 million case 

in Indonesia and this number is expected to continue to 

increase to reach 16.6 million in 2045 [2]. Semarang City Health 

Office revealed that throughout 2023, T2DM cases in Semarang 

City had reached 5,991 cases, which was an increase from the 

previous year [3]. 

Diabetes mellitus (DM) is one of biggest causes of death in 

Indonesia based on Basic Health Research 2017 [4]. This 

burden is exacerbated by the presence of uncontrolled 

diabetes cases that can trigger disorders of the hemostasis 

system [5, 6]. Hemostasis is body mechanism to stop bleeding 

spontaneously. Hemostasis aims to maintain blood thinness 

and close damage to blood vessel walls, thereby reducing 

blood loss when damage occurs. Vascular system, platelets, 

coagulation and fibrinolysis are related to each other in a 

homeostasis system. Hyperglycemia in T2DM not only disrupts 

metabolic balance but also contributes to endothelial 

dysfunction and inflammatory cytokine production, further 

exacerbating the prothrombotic state [7]. 

Previous studies have shown that female gender, older age, 

duration of T2DM, obesity, and patients with poor glycemic 

control can also increase the risk of coagulation disorder [8]. 

Hypercoagulable condition that occurs in patients with T2DM 

can trigger macroangiopathy and cardiovascular dysfunction. 

DM patients with HbA1c ≤ 7% tend to have a lower risk of 

recurrent angina. Chronic hyperglycemia in T2DM can affect 

the hypercoagulation process which includes changes in 

platelet activation time, endothelial cell function, and 

fibrinolysis [9]. This hypercoagulation is caused by an 

imbalance between the blood vessel endothelium and blood 
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coagulation factors [8]. The inflammatory process that also 

increases in T2DM patients is also suspected to be one of the 

causes of hypercoagulation in patients [10].  

D-dimer is a soluble fibrin degradation product derived 

from the degradation of cross-linked fibrin mediated by 

plasmin. Therefore, D-dimer can be considered as a biomarker 

of coagulation and fibrinolysis activation [11]. Increased D-

dimer indicates an increase in systemic fibrin formation and an 

increase in thrombosis production [12]. Activated partial 

prothrombin time (APTT) and prothrombin time (PT) are also 

blood test parameters that can be used to evaluate the 

patient’s coagulation status. Shorter APTT and PTT times 

indicate an increase in thromboembolism formation that can 

trigger atherosclerosis in T2DM patients [13, 14]. Moreover, 

persistent hyperglycemia may lead to non-enzymatic glycation 

of coagulation proteins, altering their structure and function 

[15]. Recent studies also link oxidative stress and dyslipidemia 

in T2DM as contributors to the prothrombotic profile observed 

in affected individuals [16]. 

This study will analyze the differences in coagulation and 

fibrinolysis profiles of controlled and uncontrolled T2DM 

patients based on their Hba1C levels. This study is expected to 

be an additional reference for knowledge related to the 

analysis of T2DM with hypercoagulation events. Not many 

studies have been conducted on this topic. This study is 

expected to add reference materials to studies related to the 

topic as a scientific reference for compiling promotive and 

preventive efforts to prevent clinical manifestations that 

worsen the condition of T2DM patients. 

METHOD 

This study employed a cross-sectional design and was 

conducted from August to September 2024 at Diponegoro 

National Hospital, Semarang. The sampling technique used 

was purposive sampling according to the inclusion criteria. 

Participants were included based on the following criteria: 

male or female patients aged between 30 to 60 years, not 

experiencing fever at the time of examination, not taking 

anticoagulant medications, and willing to participate 

throughout the study by signing informed consent. Exclusion 

criteria included patients with a history or diagnosis of 

pulmonary disease, cardiovascular disease, liver disease, 

autoimmune disease, or kidney disease other than diabetic 

nephropathy. This purposive sampling approach has been 

recommended in clinical studies where strict inclusion criteria 

are necessary to minimize confounding variables [17]. 

A total of 60 patients with T2DM participated in this study. 

They were divided into two equal groups: the uncontrolled DM 

group, consisting of 30 patients with HbA1c levels above 7%, 

and the controlled DM group, consisting of 30 patients with 

HbA1c levels less than or equal to 7%. Ethical approval was 

obtained from the Research and Health Ethics Commission of 

the Faculty of Medicine, Diponegoro University with certificate 

number 257/ECC/KEPK/FK-UNDIP/V/2024. 

Blood samples were collected from the median cubital 

vein, with a total of 6 cc of blood drawn from each participant. 

The blood was divided equally into two tubes, with 3 cc placed 

into a 3.6% sodium citrate tube, which was inverted eight times 

to ensure proper mixing for coagulation testing. This process 

could be conducted simultaneously with EDTA blood 

collection for hematological or other examinations. The 

samples were then centrifuged at 1,500 g for 10 minutes to 

obtain citrate plasma. Laboratory assessments included 

measurements of HbA1c, PT, APTT, and D-dimer levels. 

PT, APTT, and D-dimer levels were measured using 

immunoturbidimetric and clot-based coagulation assays on 

the Coatron A4 analyzer (TECO GmbH, Germany). D-dimer 

quantification was performed using the blue D-dimer LC Kit 

(Cat. No. D2020-010), an immunoturbidimetric assay that 

utilizes latex particles coated with monoclonal antibodies, 

measured at 400-470 nm. For PT, the TEClot PT-S reagent (Cat. 

No. A0230-010), which contains rabbit brain extract and 

calcium chloride, was employed to assess the extrinsic 

coagulation pathway. APTT was measured using the TEClot 

APTT-S reagent (Cat. No. A0300-050), which includes 

phospholipids and colloidal silica as activators for evaluating 

the intrinsic pathway. All reagents were prepared and used 

according to the manufacturer’s protocols, with strict 

adherence to temperature and handling guidelines to ensure 

assay accuracy and precision. 

All data were analyzed using SPSS version 22. The 

normality of the data distribution was tested using the 

Kolmogorov-Smirnov test. Continuous variables with a normal 

distribution were presented as mean (M) ± standard deviation 

(SD), whereas those with a non-normal distribution were 

presented as median (minimum-maximum). Independent t-

tests were used to compare normally distributed variables 

between the controlled and uncontrolled DM groups, while the 

Mann-Whitney U test was used for non-normally distributed 

variables. The relationship between variables was analyzed 

using Pearson or Spearman correlation tests, depending on the 

data distribution. 

RESULTS 

It can be seen Table 1 that the comparison of respondents 

in the two groups in this study has the same number, namely 

18 female respondents and 12 male respondents. The mean 

age of participants in the uncontrolled group was 51.13 ± 11.25 

years, while in the controlled group it was 52.09 ± 11.31 years, 

showing no statistically significant difference between the 

groups (p = 0.87). Gender distribution was identical in both 

groups, with 12 males (40%) and 18 females (60%) in each 

group. The average body weight was similar between the 

groups, with the uncontrolled group averaging 72.43 ± 19.80 kg 

and the controlled group averaging 72.42 ± 19.55 kg (p = 0.98). 

Body mass index (BMI) also did not differ significantly between 

the two groups, with a mean of 29.08 ± 7.19 kg/m² in the 

uncontrolled group and 34.23 ± 40.84 kg/m² in the controlled 

group (p = 0.94). 

Table 2 presents the baseline characteristics of 

hematological assessments in patients with uncontrolled and 

controlled T2DM. The hemoglobin levels were comparable 

between the two groups, with a mean of 13.44 ± 2.81 g/dL in the 

uncontrolled group and 13.31 ± 2.84 g/dL in the controlled 

Table 1. Characteristics of the respondents 

Variable HbA1C > 7 HbA1C ≤ 7 p 

Age (years) 51.13 ± 11.25 52.09 ± 11.31 0.87 

Male 12 (40 %) 12 (40 %)  

Female 18 (60%) 18 (60 %)  

Weight (kg) 72.43 ± 19.80 72.42 ± 19.55 0.98 

BMI (kg/m2) 29.08 ± 7.19 34.23 ± 40.84 0.94 
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group (p = 0.286). Leukocyte counts were also similar, with no 

statistically significant difference observed between the 

uncontrolled group (8.11 ± 2.19 × 10³/uL) and the controlled 

group (7.54 ± 2.38 × 10³/uL) (p = 0.226). Laboratory results such 

as leukocyte and platelet counts are valuable in assessing 

subclinical inflammation and vascular stress in diabetic 

patients [18].  

A significant difference was found in platelet (thrombocyte) 

counts, where the uncontrolled DM group had a higher mean 

value (298.27 ± 76.90 × 10³/uL) compared to the controlled 

group (263.33 ± 59.02 × 10³/uL), with a p-value of 0.032. Fasting 

blood glucose (FBS) and HbA1c levels showed highly significant 

differences between the two groups. The uncontrolled group 

had substantially higher FBS (214.43 ± 94.78 mg/dL) and HbA1c 

levels (10.81 ± 1.87%) than the controlled group (114.45 ± 32.80 

mg/dL and 5.67 ± 1.00%, respectively), both with p-values of 

0.000. Higher thrombocyte counts in uncontrolled T2DM 

patients may reflect a compensatory response to endothelial 

injury [19].  

Serum creatinine levels showed no significant difference 

between the two groups (0.81 ± 1.40 mg/dL vs. 0.86 ± 0.32 

mg/dL; p = 0.342). Similarly, coagulation parameters such as PT 

and APTT did not differ significantly between the uncontrolled 

and controlled groups, with PT values of 11.91 ± 2.81 seconds 

and 12.16 ± 0.84 seconds (p = 0.126), and APTT values of 27.79 

± 4.36 seconds and 28.72 ± 3.13 seconds (p = 0.089), 

respectively. D-dimer levels were also comparable, with no 

statistically significant difference noted (208.63 ± 346.73 ng/mL 

in the uncontrolled group vs. 224.79 ± 263.57 ng/mL in the 

controlled group; p = 0.454). 

Overall, significant differences were only observed in 

thrombocyte counts, FBS, and HbA1c levels, indicating that 

poor glycemic control may be associated with higher platelet 

counts and elevated glucose parameters. Other hematological 

and coagulation parameters did not show notable variations 

between the groups. 

Table 3 presents the correlation between coagulation and 

fibrinolysis parameters with HbA1C levels. The results show a 

weak negative correlation between PT and HbA1C (r = -0.097, p 

= 0.462), as well as between APTT and HbA1C (r = -0.092, p = 

0.484); however, both correlations are not statistically 

significant. In contrast, D-dimer levels exhibit a moderate 

negative correlation with HbA1C (r = -0.358), which is 

statistically significant (p = 0.005). This suggests that higher 

HbA1C levels may be associated with lower D-dimer 

concentrations, indicating a potential link between glycemic 

control and fibrinolytic activity. 

DISCUSSION 

Total respondents in this study were 60 respondents 

divided into 2 groups with each group consisting of 30 

respondents based on HbA1C levels. Gender composition 

respondent in this study was also the same between the two 

groups, consisting of 40% Male and the remaining 60% Female. 

In accordance with previous studies which showed that 

women have a higher risk of suffering from T2DM when 

compared to men. Women tend to be more prone to obesity 

and psychological stress which are triggers for T2DM [20]. The 

average age of respondents in the study also did not show a 

significant difference between the two research groups, 

namely 51 years for the uncontrolled DM group and 52 for 

controlled DM. 

Risk of developing T2DM will increase with age, especially 

over the age of 40 years and over [21]. Respondents in this 

study were T2DM sufferers, both controlled and uncontrolled, 

without complications of kidney disease, autoimmune disease, 

or other malignant diseases. Results of the blood analysis of 

respondents in this study were that the research respondents 

were in a healthy condition, indicated by the average 

hemoglobin levels of respondents in both the controlled and 

uncontrolled DM groups showing results of 13.44 for the 

uncontrolled DM group and 13.41 for controlled DM. The 

number of leukocytes and platelets also showed a normal 

average number between the two groups as well as for the 

results of creatinine (Table 1)  

PT is a blood laboratory test to see how fast the blood 

clotting process occurs in each individual. One of the clinical 

disorders experienced by T2DM patients is a blood clotting 

disorder, one of the parameters of which is PT measurement. 

PT measurement is used to see extrinsic factors in the blood 

clotting process. Hyperglycemia conditions will trigger a 

decrease/shortening of PT because it is triggered by 

intracellular and extracellular protein glycation which can later 

change the normal function of these blood clotting factors, 

thereby affecting their functional capacity in the blood clotting 

process. The results of the analysis in this study showed that all 

respondents had PT values that were still within normal limits, 

namely between 11-15 seconds. Liver function plays a crucial 

role in PT regulation, and preserved liver status in early-stage 

T2DM patients may explain the normal PT findings [22]. There 

was no significant difference in either the group with higher 

HbA1C and the group of respondents who had HbA1C values 

less than or equal to 7. The results of this study are in 

accordance with several previous studies. The study showed 

that there was no significant difference in PT values between 

the healthy respondent group and respondents with T2DM 

[23]. Other studies have shown that PT in patients with DM 

tends to be shorter than the control group or people without 

DM [24]. The significant results in this study are likely due to the 

condition of the respondents in this study, most of whom did 

not experience other complications other than T2DM. The 

presence of complications caused by prolonged 

hyperglycemia, especially liver disorders, can cause PT 

abnormalities [25, 26]. 

Table 2. Baseline characteristic of hematological assessment 

Variable HbA1C > 7 HbA1C ≤ 7 p 

Hemoglobin (g/dl) 13.44 ± 2.81 13.31 ± 2.84 0.286 

Leukocyte (103/uL) 8.11 ± 2.19 7.54 ± 2.38 0.226 

Trombocyte (103/uL) 298.27 ± 76.90 263.33 ± 59.02 0.032* 

FBS (mg/dl) 214.43 ± 94.78 114.45 ± 32.80 0.000* 

HbA1c (%) 10.81 ± 1.87 5.67 ± 1.00 0.000* 

Creatinin (mg/dl) 0.81 ± 1.40 0.86 ± 0.32 0.342 

PT (second) 11.91 ± 2.81 12.16 ± 0.84 0.126 

aPTT (second) 27.79 ± 4.36 28.72 ± 3.13 0.089 

D-dimer (ng/mL) 208.63 ± 346.73 224.79 ± 263.57 0.454 

Note. *p < 0.05 (Significant) 

Table 3. Correlation between coagulation and fibrinolysis 

profiles with HbA1C 

Characteristic r-value p 

PT (second) -0.097 0.462 

APTT (second) -0.092 0.484 

D-dimer (ng/mL) -0.358 0.005 
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APTT is a laboratory test used to assess the activity of 

intrinsic coagulation factors in the blood. Similar to PT, in this 

study there was no significant difference between the 

controlled and uncontrolled DM groups (p > 0.05). Most 

respondents in this study had APTT values that were still within 

normal limits. In previous studies, it was found that significant 

differences in APTT values were found in comparisons of 

diabetic patients with non-diabetic patients, while differences 

in the duration of diabetes did not cause significant differences 

in APTT values [27]. This insignificant difference indicates that 

respondents in this study had not experienced coagulation 

disorders because most respondents did not have comorbid 

diseases that could increase the risk of APTT value 

abnormalities. Interestingly, the duration of DM itself has not 

been shown to significantly influence APTT values in several 

studies [27]. The study in [24] reported that APTT values in 

T2DM patients were significantly lower than in healthy 

controls. APTT sensitivity to heparin and intrinsic pathway 

abnormalities makes it an essential but sometimes variable 

marker in diabetes-related coagulopathy [28]. 

Results of D-dimer analysis in both groups of respondents 

in this study showed that there was an increase in D-dimer in 

both groups of respondents, however, there was no significant 

difference in the mean of D-dimer in the two groups (p > 0.05). 

D-dimer in the uncontrolled and controlled DM groups were, 

respectively (208.63 ± 346.73) ng/mL and 224.79 ± 263.57 

ng/mL. Results of this study are in line with previous studies 

that in the condition of DM in patients can increase the 

concentration of D-dimer in blood serum [12, 29]. Elevated D-

dimer levels in early-stage T2DM may suggest the presence of 

silent endothelial dysfunction, even in the absence of clinical 

complications [30]. This fibrinogen elevation leads to the 

formation of denser, more resistant fibrin clots, which are 

harder to degrade by plasmin [31]. The absence of this 

significant difference is also likely due to the respondents in 

this study still being classified as early stage DM without 

complications even though they had high HbA1C levels [29]. 

In our cohort of 60 adults with T2DM (30 controlled vs. 30 

uncontrolled by HbA1c), the two groups were comparable in 

baseline characteristics, with identical sex distribution (40% 

men; 60% women) and similar mean age (51 vs. 52 years). This 

pattern is clinically plausible because women with T2DM often 

present with a higher cardiometabolic risk-factor burden 

(particularly excess adiposity) and may be more affected by 

psychosocial stress pathways that contribute to dysglycemia 

and cardiometabolic risk [32]. Importantly, we limited 

inclusion to patients without major renal, autoimmune, 

malignant, or other systemic comorbidities, and routine 

hematologic/biochemical indices (hemoglobin, leukocytes, 

platelets, and creatinine) were within expected ranges across 

groups—minimizing confounding from overt inflammation, 

anemia, thrombocytopenia, or advanced organ dysfunction 

that could otherwise distort coagulation assays. 

Regarding coagulation and fibrinolysis profiles, the 

absence of significant between-group differences in PT and 

APTT—together with values largely within reference ranges—

should be interpreted in the context of contemporary evidence 

that global clotting times are relatively insensitive to the 

prothrombotic phenotype of T2DM, particularly in 

uncomplicated/early-stage disease. A recent systematic review 

and meta-analysis (Frontiers in Medicine, 2024) found that 

PT/APTT differences are more consistently observed when 

comparing diabetic patients with non-diabetic controls, 

whereas within-diabetes contrasts can be small and 

heterogeneous, and are influenced by comorbidity burden and 

study setting [33]. Mechanistically, modern reviews emphasize 

that diabetes-associated thrombogenicity is driven less by 

prolongation/shortening of screening clotting times and more 

by “qualitative” changes—enhanced thrombin generation, 

formation of denser fibrin networks, and hypofibrinolysis 

mediated by elevated PAI-1 and post-translational 

modifications (including glycation/oxidation) of fibrinogen and 

related proteins—yielding clots that are harder to lyse despite 

normal PT/APTT [34-36]. In this framework, the observed 

elevation of D-dimer in both groups, without a clear HbA1c-

stratified difference, is consistent with low-grade, subclinical 

activation of coagulation/fibrin turnover that can occur even 

before overt vascular complications; clinically, higher D-dimer 

has been associated with increased cardiovascular event risk in 

T2DM populations, supporting its potential value as a risk-

stratification marker rather than a direct discriminator of 

glycemic control alone [12]. Additionally, platelet-fibrinolysis 

interactions (including platelet-associated PAI-1 dynamics) 

may contribute to a hypofibrinolytic milieu even in “well-

controlled” T2DM, which could partly explain why D-dimer 

elevations may persist across HbA1c strata in otherwise stable 

patients [37]. 

CONCLUSION 

In this study, there is no abnormalities in PT and APTT 

values in patients with controlled or uncontrolled DM. There 

was an increase in D-dimer concentration so that it exceeded 

the recommended value for respondents in this study. 
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