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INTRODUCTION 

Diabetes mellitus comprises a group of common 

metabolic disorders that share the phenotype of 

hyperglycemia. The worldwide prevalence of diabetes 

mellitus has risen dramatically over the past two decades 

and the prevalence of type 2 diabetes mellitus is expected 

to rise more rapidly in future because of increasing 

obesity and reduced activity levels.
1
 In the past decade, 

the potential role of hemostatic factors, particularly 

fibrinogen, in atherosclerosis and its complications has 

generated considerable attention. Studies have shown that 

formation of an occlusive thrombus, on a damaged 

atherosclerotic lesion is the most common precipitating 

factor of acute myocardial infarction. Evidence also 

suggests that fibrinogen has a role; both in the early 

stages of plaque formation and late complications of 

cardiovascular disease.
2
 The excess cardiovascular 

morbidity and mortality among diabetics have not been 

fully explained by major risk factors such as 

hypertension, cigarette smoking and 

hypercholesterolemia. Increased attention is being paid 
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to, disordered hemostatic mechanism in pathogenesis of 

both large vessel and small vessel disease in diabetes.
3
 

Impaired glucose tolerance exerts an influence by 

enhancing thrombogenic factors such as, fibrinogen in the 

diabetics.
4
 Fibrinogen, itself is determined by several 

modifiable and non-modifiable determinants like age, 

sex, smoking, body mass index (BMI), hypertension, 

alcoholism, glycemic control, lipid profile and urine 

albumin excretion rate.
5,6

 

The present study was undertaken to know the levels of 

fibrinogen in type 2 diabetes mellitus and its relation with 

glycemic control. Diabetic patients have higher 

cardiovascular morbidity than non-diabetic subjects. 

Several studies have shown that haemostatic factor 

especially hyperfibrinogenemia is implicated as a source 

of atherosclerosis and its complications.
7,8

 Studies have 

reported that fibrinogen levels were higher in diabetics 

than in controls.
3,4,5,9

 In view of above concepts and due 

to paucity of similar studies in Indian patients, this study 

had been undertaken to know the significance of 

fibrinogen as risk factor in type 2 diabetes mellitus and its 

relation with glycemic control.  

METHODS 

The proposed comparative and cross-sectional 

observational study was conducted at Diabetic clinic, 

Index Medical College Hospital & Research Centre, 

Nemawar Road, Indore. The subjects (type 2 DM 

patients) was drawn from among the patients who were 

attended Diabetic clinic, Index Medical College Hospital 

& Research Centre, Nemawar Road, Indore and healthy 

subjects (age and sex matched) from relative 

accompanied with  the patients in Diabetic OPD and 

nearby surrounding areas at Indore. The type 2 DM 

patients and healthy subjects (age and sex matched) were 

included in group 1 and group 2 respectively for the 

study. Institutional Ethics Committee permission was 

sought. Individual informed consent was taken before 

enrolment subjects (including type 2 diabetes patients and 

healthy subjects) for the study. Clinical presentation, 

history of type 2 diabetes and other socio-demographic 

baseline data were collected by using pre-structured 

questionnaire in both type 2 diabetic patients and in 

controls. The various parameters which were studied 

include age of the patient (in years), sex, smoking history, 

blood pressure (mm Hg), BMI (kg/m
2
), history of 

ischemic heart disease (IHD), plasma fibrinogen levels 

(mg/dl) by „„Clauss method‟‟ and glycosylated 

hemoglobin (%) by„„immuno-turbidimetric test method‟‟. 

Blood Sugar levels (FBS, PPBS), plasma fibrinogen 

levels, glycated hemoglobin, and lipid profile (total 

cholesterol, triglycerides, HDL and LDL) were measured 

in both the cases and controls. 

Fibrinogen level was measured by “Clauss method” using 

“Tulip Diagnostic (P) Ltd” fibrinogen kit. A calibration 

curve would be prepared by making serial dilutions of 

calibration plasma with Owren's veronal buffer (1 in 5, 1 

in 10, 1 in 20, and 1 in 40). 0.2 ml of each dilution was 

warmed to 37°C for 3 minutes, then 0.1 ml of bovine 

thrombin solution added, and the clotting time was 

measured. Each test was performed in duplicate, the 

average would be calculated and a calibration curve 

would be constructed (The clotting time in seconds 

against the fibrinogen concentration in g/l) on log/log 

graph paper. The 1 in 10 dilution was considered to be 

100% fibrinogen concentration. 1 in 10 dilutions was 

made from each patient's plasma, thrombin time would be 

measured as mentioned above, also in duplicate, and the 

fibrinogen level would be determined in g/l from the 

calibration curve.
10-13

 

HbA1C was measured by "particle enhanced 

immunoturbidimetric test” using Erba Manheim Kit and 

reader II. Glycosylated Hemoglobin (GHb) is normal 

adult hemoglobin (HbA1) which is covalently bonded to 

a glucose molecule. GHb concentration is dependent on 

the average blood glucose concentration.Results were 

calculated automatically by the instrument.
14,15

 

Estimation of glucose and lipid profile parameters 

Fasting plasma glucose (FPG, ref. 75-100 mg/dl), serum 

total cholesterol (TC, ref. 130-250 mg/dl), triglyceride 

(TG, ref. <160 mg/dl), and high‑density lipoprotein 

cholesterol (HDLC, ref. 30-55 mg/dl) were measured 

using commercially available kits (Oxidase‑peroxidase 

method) in a spectrophotometer. Low‑density lipoprotein 

cholesterol was calculated (c‑LDL, ref. 70-165 mg/dl) by 

applying Freidewald’s formula (c‑LDL=[TC-TG/5]-

HDLC). Diabetes mellitus was defined as FPG of ≥126 

mg/dl or as receiving anti‑hyperglycemic drug 

treatment.
16

 

Data analyzed at the end of study. The data was arranged 

in a Microsoft Excel worksheet. Quantitative data were 

presented as mean±standard deviation, while qualitative 

data were demonstrated as frequency and percentage.  

The Student‟s t test was used to find the significant 

difference among the continuous variables between the 2 

groups [diabetic patients in group 1 and healthy subjects 

in group 2]. Pearson correlation (r) was used to assess the 

degree of association between variables in different 

groups. Linear regression analysis was used to quantify 

the association between variables among different 

subgroups. P≤0.05 was considered statistically significant 

and SPSS 17 was used for analyses (IBM SPSS 17 

software, USA). 

RESULTS 

In the present study fibrinogen levels were estimated in 

91 type 2 diabetes subjects (Group 1) and 96 (Group 2) 

age and sex matched controls. Fibrinogen levels were 

correlated with glycosylated hemoglobin (HbA1c).  

The mean age in the cases and controls was 53.71 and 

53.55 years respectively, with no significant difference in 
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mean age (Table 1). The youngest age was 33 years. The 

eldest age was 78 years. The maximum numbers of 

patients were in the age group 51-70 years (67%). Among 

the 91 patients studied 63.74% were males and 36.26% 

were females (Table 1). In this study M: F ratio is 1.74:1. 

The mean plasma fasting blood sugar level in type 2 

diabetes patients or cases (Group 1) was 194.49±87.72 

mg/dl. The mean plasma fasting blood sugar level in 

controls was 94.35±14.52 mg/dl (Table 2). Cases had a 

higher plasma fasting blood sugarlevel when compared to 

controls and normal range (70-100 mg/dl) and it was 

statistically highly significant (P<0.001) (Table 2). 

The mean plasma postprandial blood sugar level in type 2 

diabetes patients (Group 1) was 345.65±116.72 mg/dl 

(Table 3). The mean plasma postprandial blood sugar 

level in controls was 141.73±44.33 mg/dl. Cases had a 

higher plasma postprandial blood sugar level when 

compared to controls and it was statistically highly 

significant (P <0.001). 

Table 1: Baseline characteristics of the study 

population. 

Characteristics 

Patients with 

type 2 

diabetes 

Control 

Subjects 

p 

value  

No of subjects 91 96  

Mean age  

(in yrs) 
53.61± 11.99 53.55±11.66 0.97 

Male (n) 58 (63.74%) 61 (63.54%)  

Female (n) 33 (36.26%) 35 (36.46%)  

Hypertension 32 (35.16%) Nil  

IHD 13 (14.29%) Nil  

Smoking 21 (23.08%) 17 (17.71%)  

Weight (Kg) 68.69 ± 10.36 66.23 ±7.47 0.063 

Height (meters) 1.65 ± 0.06 1.66 ± 0.06 0.2561 

BMI 25.23±3.96 24.03±1.95 0.0088 

 

Table 2: Student`s t test comparing fasting blood sugar (FBS) value between the case (n=91) and control group 

(n=96). 

 N Mean Std. deviation Std. error mean p-value 

FBS1 (Group 1) 91 194.4945 87.71613 9.19515 
0.001 

FBS2 (Group 2 or Control) 96 94.3542 14.52401 1.48235 

Table 3: Student`s t test comparing postprandial blood sugar (PPBS) value between the case (n=91) and control 

group (n=96). 

  N Mean Std. deviation Std. error mean p-value 

PPBS 1 (cases) 91 345.6484 116.72031 12.23561 
 0.001 

PPBS 2 (controls) 96 141.7292 44.33924 4.52535 

Table 4: Student`s t test comparing fibrinogen levels between the diabetic subset (n=91) and control group (n=96). 

  N Mean Std. deviation Std. error mean p-value 

Fibrinogen 1 (Cases) 91 386.0440 132.86484 13.92802 
 0.001 

Fibrinogen 2 (Controls) 96 314.3750 97.41731 9.94261 

 

The study parameters in the two groups are shown in (Table 4). It was seen that in the diabetic subset, the plasma 

fibrinogen levels are significantly higher than the non-diabetic subset (386.04±132.87 vs. 314.38±97.42; p<0.001). 

Table 5-8 shows the comparison of the various parameters in between the two groups. It was seen that the diabetic subset 

had significantly higher levels of total serum cholesterol (196.53±36.19 vs. 166.02±27.08; p=0.001), LDL levels 

(130.67±35.69 vs. 102.97±27.30; p=0.001), and HDL levels (38.88±5.03 vs. 43.51±2.19; p=0.001). The triglyceride levels 

were also higher (141.92±51.23 vs. 99.53±31.65; p=0.001) in the diabetic subset than control group. Aberrations in lipid 

profile were more in diabetic subjects than control group. Further, dyslipidemia with regard to TC and atherogenic 

lipoprotein was higher in diabetic female subjects than male diabetic subjects. Thus this data highlights that dyslipidemia 

is a common feature in diabetes which should be monitored to avert cardiovascular events. 

The mean HbA1C level in type 2 diabetes patients (Group 1) was 9.66±2.60 (Table 9). The mean HbA1C level in controls 

was 5.49±0.27. Cases had a higher HbA1C level when compared to controls and normal range (4-6%) and it was 

statistically highly significant (P <0.0001). The mean HbA1c values indicated poor metabolic control among the diabetics. 
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Table 5: Student`s t test comparing LDL levels between the diabetic subset (n=91) and control group (n=96). 

 N Mean Std. deviation Std. error mean p-value 

LDL Gr. 1 91 130.6813 35.69061 3.74139 
0.001 

LDL Gr. 2 96 102.9688 27.30354 2.78666 

Table 6: Student`s t test comparing HDL levels between the diabetic subset (n=91) and control group (n=96). 

 N Mean Std. deviation Std. error mean p-value 

HDL Gr.1 91 38.8791 5.03065 0.52736 
0.001 

HDL Gr. 2 96 43.5104 2.19087 0.22360 

Table 7: Student`s t test comparing triglyceride levels between the diabetic subset (n=91) and control group (n=96). 

 N Mean Std. deviation Std. error mean p-value 

TGL Gr.1 91 141.9231 51.23350 5.37073 
0.001 

TGL Gr.2 96 99.5313 31.65004 3.23027 

Table 8: Student`s t test comparing cholesterol levels between the diabetic subset (n=91) and control group (n=96). 

 N Mean Std. deviation Std. error mean p-value 

CHOL Gr.1 91 196.5275 36.18666 3.79339 
0.001 

CHOL Gr.2 96 166.0208 27.07610 2.76344 

Table 9: Student`s t test comparing HbA1C levels between the diabetic subset (n=91) and control group (n=96). 

 N Mean Std. deviation Std. error mean p-value 

HbA1C Group 1 91 9.6648 2.60480 0.27306 
0.001 

HbA1C Group 2 96 5.4937 0.27099 0.02766 

 

Figure 1: Bar diagram showing relationship between 

mean plasma fibrinogen levels in diabetics (Fibrin 1) 

& controls (Fibrin 2). 

Figure 2: Scattered diagram showing correlation 

between mean HbA1C and plasma fibrinogen in 

diabetics.  

DISCUSSION 

In the present study diabetics had higher fibrinogen level 

than controls signifying increased cardiovascular risk. 

The various possible mechanisms for 

hyperfibrinogenemia in diabetics could be that a pro-

coagulant state often exists in people of diabetes. 

The mechanisms by which fibrinogen increases 

cardiovascular risks are not fully understood. Fibrinogen 

plays important role in development of atherosclerosis 

starting from the stage of plaque formation till formation 

of occlusive thrombus over a ruptured atherosclerotic 

plaque, which is the most common precipitating cause of 

MI. The various mechanism by which fibrinogen has 

been found to promote atherosclerosis and thrombosis are 

(a) hyperfibrinogenemia increases plasma viscosity, (b) it 

induces reversible RBC aggregation, (c) it binds it 

receptors on platelet membrane and causes platelet 

aggregation, (d) it forms fibrin and fibrinogen 

degradation products (FDPs) which in turn bind LDL and 

sequester more fibrinogen and (e) fibrinogen and FDPs 

stimulate smooth cell proliferation and migration.
17,18

 

All these factors result in increased atherogenesity in 

patients of hyperfibrinogenemia i.e., diabetes and cause 

coronary artery disease. Besides, fibrinogen levels were 
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found to be associated with age, smoking, HTN, BMI, 

glycemic control and IHD.
18 

The correlation between 

glycemic control and fibrinogen levels could be due to (a) 

glycosylate fibrinogen is less susceptible to plasmin 

degradation (b) relative insulin deficiency in diabetic‟s 

results in differential protein synthesis i.e., 29% decrease 

in albumin synthesis and 50% increase in fibrinogen 

synthesis.
19 

Thus, a link between fibrinogen and 

atherosclerosis is undeniable; it is the nature of 

association that is debatable-risk factor or risk marker. 

Several determinants of fibrinogen in health and disease 

are life style dependent, e.g. BMI, smoking etc., and are 

amenable to change. The value of lowering fibrinogen 

levels by life style modifications or drugs is still 

unknown and future cardiovascular research in this area 

is warranted.  

In our cross sectional study, we studied the different 

blood parameters in patients of type 2 diabetics and 

compared the results with the non-diabetic healthy 

population. We found significantly higher levels of 

cholesterol, LDL and triglycerides in the diabetic 

population (group 1); also, the fibrinogens were 

significantly higher in diabetics in comparison to normal 

healthy volunteers. The results from our study showed 

fibrinogen to be significantly higher in diabetic patients 

who also had coronary artery disease than those who had 

only diabetes. Our study also showed fibrinogen to be 

significantly higher in patients with diabetes than the 

control. James et al and Bembde AS et al found 

fibrinogen to be higher in diabetic patients than the 

control.
17,20

 They also showed fibrinogen to be higher in 

patients with coronary artery disease than without the 

disease.  

Our study showed fibrinogen to be significantly 

associated with the glycocylated hemoglobin (HbA1c) 

(Figure 2). Fibrinogen level increased as the value of 

HbA1c became higher. We did not find any significant 

association between duration of diabetes and fibrinogen 

level but fibrinogen level was significantly associated 

with glycaemic control (HbA1c). 

Fibrinogen is also a marker of altered vascular 

physiology in diabetes.
21

 A study from Italy showed that 

diabetic subsets had increased levels of fibrinogen and 

that it correlated with the HbA1c levels.
21

 In our study, 

we did find this correlation (Figure 2). The fibrinogen 

levels were also found to correlate with a higher risk of 

ischaemic stroke, which was independent of the blood 

glucose levels.
22

 

In our study, age was correlated to the fibrinogen levels, 

with a statistical significance (p=0.001). Fibrinogen was 

also elevated in hypertensive or IHD with diabetic 

patients in our study (Table 1). Different studies have 

also found this link between hypertension and the 

fibrinogen levels, which is probably due to increased 

viscosity.
23

 

In our study we observed that in the diabetic subset, the 

plasma fibrinogen levels are significantly higher than the 

non-diabetic subset (386.04±132.87 vs. 314.38±97.42; 

p<0.001) (Table 4/Figure 1). We, therefore, hypothesized 

that hyperfibrinogenemia is possibly linked to the 

underlying inflammation in T2DM and its associated 

vascular complications. High plasma fibrinogen levels 

were associated with an increased risk of cardiovascular 

disease in healthy as much as in high-risk individuals. 

Thus, there is strong and unequivocal evidence from 

epidemiological studies that plasma fibrinogen levels are 

independently related to the presence of, and the 

subsequent development of, vascular disease.
24

 

Our study also re-established correlation between HbA1c 

and fibrinogen levels of the diabetic patient is positive 

i.e., poorer the glycemic status, higher the fibrinogen 

levels (r=0.24), (Figure 2).  

Plasma fibrinogen levels usually increased in type 2 

diabetes, thus suggesting that hyperfibrinogenemia could 

contribute to the excess cardiovascular morbidity and 

mortality in this disease.
3,25-29

 However, the mechanisms 

leading to increased fibrinogen concentration in type 2 

diabetic patients remain unknown. In particular, the 

dynamics of fibrinogen synthesis/secretion in vivo are 

poorly understood, and they have never been directly 

investigated in type 2 diabetes.  

Since our study was cross-sectional, it was limited in its 

ability to find out the relative importance of the above 

factors in risk stratification. Association between 

fibrinogen and HbA1c was weak among type 2 diabetic 

group which was possibly the result of very small sample 

size. For that, prospective studies with a relatively larger 

patient population are needed. 

CONCLUSION 

In this study, the type 2 diabetic patients with or without 

other cardiovascular diseases were found to have 

significantly higher levels of fibrinogen in comparison to 

non-diabetic control subjects. These variables also 

correlated with the vascular risk markers like age, blood 

pressure and blood glucose. However, this association 

was weak among type 2 diabetic group which was 

possibly the result of very small sample size. 

The actual impact of these newer risk factors needs to be 

assessed by doing larger prospective studies. However, 

this study shows that these newer risk factors can be 

measured in diabetic patients for a better risk prediction. 

Also, the need for better blood pressure and blood sugar 

control has to be emphasized.  

Our observation supports the hypothesis that 

inflammation and impaired fibrinolysis may play a 

pathogenetic role in T2DM and its associated micro and 

macrovascular complications. Strong association between 

fibrinogen and glycemic status also points to the fact that 
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fibrinogen may be considered as an inflammatory marker 

in T2DM. Understanding the dysglycemia- inflammation-

coagulation paradigm may be useful in lowering the 

future cardiovascular risk in T2DM. Smaller sample size 

and nature of the study design were the major drawbacks 

of our study. Furthermore, we did not study the effect of 

drugs as well as other anthropometric parameters, which 

might have influenced our outcome. Therefore, our 

results need to be interpreted with caution, and future 

prospective studies are needed to validate our findings. 
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