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Introduction

Abstract
Aims and objective: Fibrinogen is an indicator of an inflammatory
vascular changes and endothelial dysfunction. It has been identified
as an independent risk factor for cardiovascular disease and it
is closely associated with traditional cardiovascular risk factors.
Diabetic patients have higher cardiovascular morbidity than non
-diabetic individuals. Patients with diabetes mellitus have 2 to 4 times
increased risk for cardiovascular disease than non-diabetic patients.
Several studies have shown that haemostatic factor especially
hyperfibrinogenemia is implicated as a source of atherosclerotic
changes and its complications. Fibrinogen which is an acute phase
protein plays a key role in the pathogenesis of atherosclerosis and
complication of atherothombosis disease. Pathogenesis of noninsulin
dependent diabetes mellitus (NIDDM), widely known as type 2
diabetes is observed to closely relate with acute phase response
which is predominately cytokine mediated. The role of inflammation
in insulin dependent type 1 diabetes (IDDM) is still contradictory. By
estimating circulating fibrinogen in NIDDM and IDDM patients, we
tried to establish this hypothesis.
Methods: Freshly diagnosed twelve IDDM cases, twenty-five
NIDDM cases and twenty-five NIDDM cases under oral hypoglycemic
agent for at least 5 years were selected for this study and were
estimated their glycemic status and the level of fibrinogen. Thirty
normal controls were also selected.

Results: Freshly diagnosed IDDM and NIDDM cases showed
significantly higher levels of the fibrinogen in compare to control.
Plasma fibrinogen was higher and had positive correlation with
increased duration of diabetes. NIDDM cases had slightly elevated
values of fibrinogen in compared to the IDDM cases. There are no
significant change of fibrinogen level is found in NIDDM cases after
treating by oral hypoglycemic drugs for at least 5years in compare of
freshly diagnosed NIDDM cases.
Conclusion: By evaluating the plasma level of fibrinogen in
different categories it can be postulated that NIDDM patients had a
higher plasma fibrinogen level in compare to control. Fibrinogen
level was significantly correlated with glycemic control. This line
of pathological basis should be further explored for diagnosis,
management and follow up.
Key words: NIDDM; IDDM; fibrinogen; glycemic status; low grade
chronic inflammation
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Diabetes mellitus is the most common metabolic disorder
characterized by metabolic abnormalities and long term
complications. The chronic complications of diabetes mellitus
affect many organ systems and are responsible for the majority
of morbidity and mortality associated with the disease [1]. The
worldwide prevalence of diabetes mellitus has been increased
dramatically over the past two decades and the prevalence of
noninsulin dependent diabetes mellitus (NIDDM) is expected
to rise more rapidly in future because of increasing obesity and
reduced activity levels. 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 most common precipitating factor
of acute myocardial infarction is formation of an occlusive
thrombus; on a damaged atherosclerotic lesion. Evidence also
suggests that both in the early stages of plaque formation and
late complications of cardiovascular disease fibrinogen has a
major role [2].Major risk factors such as hypertension; cigarette
smoking and hypercholesterolemia cannot fully explain the
excess cardiovascular morbidity and mortality among diabetics.
Extensive research activities are being paid to; disordered
hemostatic mechanism in pathogenesis of both large vessel and
small vessel disease in diabetes [3]. In Diabetic patient impaired
glucose tolerance exerts an influence by enhancing thrombogenic
factors such as; fibrinogen [4]. Several modifiable and nonmodifiable determinants like age; sex; smoking; body mass index
(BMI); hypertension; alcoholism; glycemic control; lipid profile
and urine albumin excretion rate determined the fibrinogen
level[5-6].
Fibrinogen is the one of the most important coagulation
protein in blood which is also acted for the precursor of fibrin and
blood viscosity and platelet aggregation is mainly determined
by concentration of plasma fibrinogen level. Because level of
fibrinogen can be reduced considerably by life style modification;
that also affect levels of established risk factors (such as regular
exercise; smoking cessation; and moderate alcohol consumption);
there is possibility that for disease prediction or prevention
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measurement (or modification) of fibrinogen may help in [7].

Plasma fibrinogen is one of the most important markers
of inflammation and is also a potent prothrombotic factor
responding endothelium tissues injury. Vascular changes due
to inflammation and endothelial dysfunction used to indicate
by level of fibrinogen. Fibrinogen as an acute phase protein
has an important role in the pathogenesis of atherosclerosis
and complication of atherothombosis disease. Elevated level
of plasma fibrinogen is considered as an important risk factor
for atherosclerotic vascular changes. Patient with noninsulin
dependent diabetes mellitus (NIDDM) frequently have increased
fibrinogen levels [8]. The entire coagulation cascade used to
get disturbed and dysfunction in diabetes. Increased level of
fibrinogen and plasminogen activator inhibitor I stimulates
both thrombosis and defective dissolution of clot once formed.
Increased level of fibrinogen in high risk patients with peripheral
vascular disease indicate an increased risk of poor outcome;
particularly for fatal cardiovascular morbidity and mortality
[9]. For few decades; attention has been concentrated on
fibrinogen; regarding its elevated role in the pathogenesis of
cardiovascular risks in diabetic patients. Many extensive study
even shown that thrombotic (smoking; low fruit/vegetable
intake; fibrinogen and homocysteine) as well as atherosclerotic
changes (hypertension; high fat diet; dyslipidemia) were
important risk factors in premature coronary heart disease
(CHD) [10]. Together with other haemostatic factors; fibrinogen
may stimulate atherosclerotic changes and thrombosis through
effects shown on platelet aggregation in vitro; blood viscosity and
formation of foam cell. But till now; not extensive studies have
been established a clear relationship between plasma fibrinogen
levels as a low grade inflammatory markers and patients of
NIDDM. The high prevalence as well as incidence of conventional
coronary risk factors in patients with NIDDM not able to establish
the proper explanation of increased cardiovascular-related
morbidity and mortality in these patients. Fibrinogen may have a
role in this excess risk. Fibrinogen is widely identified as a major
independent risk factor of cardiovascular disease [11]. It is acting
as one of the very important acute phase proteins and a positive
marker of inflammation which are considered as predictive risk
of myocardial infarction; stroke; peripheral arterial disease and
sudden cardiac death. Plasma fibrinogen is also an important
component of the coagulation cascade as well as a major
determination factor of blood viscosity and flow of blood
through vessels. Increasing proportion of suggestion from
different epidemiological studies suggest that an increased
risk of cardiovascular disorders including ischemic heart
disease; stroke and others cardiovascular complication like
thromboembolism are closely related with elevated plasma
fibrinogen levels [12-13]. It has been shown that in diabetic
patients high fibrinogen concentration enhances the risk
of cardiovascular disease[14-16]. Insulin acutely increases
fibrinogen production in an individual with NIDDM but not in
individual without diabetes. There is significant correlation
between fibrinogen level and fasting blood sugar level (FBS) [17].
The present study was undertaken to know the levels of
fibrinogen in IDDM as well as in NIDDM patients and its relation
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with glycemic control. Diabetic patients have higher cardiovascular
morbidity than non-diabetic individuals. Several studies have
shown that haemostatic factor especially hyperfibrinogenemia
is implicated as a source of atherosclerosis and its complications
[18-19]. Studies have reported that fibrinogen levels were higher
in diabetics than in controls. 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
NIDDM patients and its relation with glycemic control [20].

Aims and Objectives

The aims of the present study are

1. To detect the elevation of plasma level of fibrinogen; if any; in
newly diagnosed untreated IDDM patients (group1); in newly
diagnosed untreated NIDDM patients (group 2); NIDDM
patients under treatment for at least five years(group3) and
controls( group 4)
2. Compare the level of fibrinogen in above four groups of
patients (p value)

3. Correlation of glycemic status with fibrinogen level in above
four groups of patients (r value)

Subjects and Methods

Study design; inclusion and exclusion criteria:

Following four groups of subjects were selected for present
study:

i) 12 newly diagnosed untreated insulin dependent diabetes
mellitus (IDDM) patient
ii) 25 newly diagnosed untreated noninsulin dependent diabetes
mellitus (NIDDM) patients within the age limit of 30-60 years
iii) 25 NIDDM patients who are under treatment of oral
hypoglycemic drugs for at least 5 yrs between the age limit of
30-60 yrs.
iv) 30 nondiabetic healthy controls.

Height and weight of all subjects were recorded and body
mass index (BMI) was calculated. None of the ninety two
volunteers were alcoholics or smokers. Patients of hypertension
and ischemic heart disease were included in this study. Informed
consent was taken from the individual subjects prior to blood
collection. The study was undertaken in Kasturba Medical
College; Mangalore; India and approved by institutional ethical
committee.

Fibrinogen assay
Principle

Fibrinogen assay in plasma was carried out by Biuret method
[21].Fibrinogen present in the plasma is converted to fibrin in
presence of calcium chloride. The fibrin clot formed is collected
and then digested with NaOH. Protein content of the clot is
determined using a red filter.
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Procedure
1. 0.5 ml of plasma was mixed with 14 ml of distilled water and
0.5 ml of 2.5% calcium chloride solution in a small beaker and
incubated at 37ºC until a clot was formed. Then a glass rod was
rotated to collect the clot on to it.

2. The rod was pressed against the side of the beaker to squeeze
out any solution and to compress the clot. Care was taken to
pick up any small piece of clot on the rod; which may have
become detached and was dried by pressing carefully against
a filter paper. Then it was transferred into a test tube into
which the digestion was to be carried out.
3. After that; the clot was digested with 0.5 ml of 0.1N NaOH in
a boiling water bath. After cooling; 3.5 ml of working Biuret

Table 1: The anthropometric data of the subjects participated in the study
Age (yrs)
BMI

reagent was added to the tube

4. The OD of the blue color developed was read at 555nm after
standing the tube in a water bath at 37ºC for 5 minutes.
5. 0.5 ml of standard protein solution (800mg/dl) and 0.5 ml of
distilled water as blank were treated similarly.

Calculation

Concentration
=
of fibrinogen

Results
Results should be discussed in (Table 1,2,3,4)

Group I(n=12)

Group II (n=25)

Group III (n=25)

(Mean ± SD)

(Mean ± SD)

(Mean ± SD)

(Mean ± SD)

18.33 ± 7.64

48.22 ± 7.11

51.32 ± 7.56

44.97 ± 15.06

19.50 ± 1.23

24.03 ± 1.46

Table 2: The compare of mean value of fibrinogen and glycemic status in different groups.
Fibrinogen(mg/dl)
RBS(mg/dl)

Absorption of sample
× 800
Absorption of standard

24.20 ± 2.40

Group IV(n=30)

21.75 ± 2.27

Group I

Group II

Group III

Group IV

(Mean ± SD)

(Mean ± SD)

(Mean ± SD)

(Mean ± SD)

434.65 ± 46.36

572.25 ± 82.26

581.74 ± 79.09

335.34 ± 42.19

338.25 ± 50.97

193.26 ± 35.30

93.61 ± 33.65

Table 3: Comparison of level fibrinogen (mg/dl) between different groups in Table-3 (p value < 0.05 is considered significant.)

94.20 ± 7.00

Comparison between groups

Level(mg/dl)

Level(mg/dl)

p value

Comparison between Group I and Group IV

434.65 ± 46.36 (I)

335.34 ± 42.19(IV)

< 0.0001*

Comparison between Group III and Group IV

581.74 ± 79.09(III)

335.95 ± 42.19(IV)

< 0.0001*

Comparison between Group II and Group III

572.25 ± 82.26(II)

581.74 ± 79.09(III)

Comparison between Group II and Group IV
Comparison between Group I and Group II

572.25 ± 82.26(II)

335.34 ± 42.19(IV)

434.65 ± 46.36(I)

Table 4: Correlation of RBS with fibrinogen in all the groups (r value).

572.25 ± 82.26(II)

< 0.0001*
< 0.0001*
0.682

PARAMETERS

GROUP I

GROUP II

GROUP III

GROUP IV

Fibrinogen

0.27

-0.23

-0.43

0.06

Group I = IDDM patients (newly diagnosed)

Group II = NIDDM patients (newly diagnosed)

Group III = NIDDM patients (under treatment for at least 5 years)
Group IV = Control

n = number of subjects

SD = Standard Deviation
BMI= Body Mass Index

RBS= Random Blood Sugar
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Statistics
The data was analyzed by the students’ t test and the ANOVA
test. Pearson’s coefficient was applied for correlational analysis.

Discussion

NIDDM patients have a leading role in pathogenesis of
inflammation; atherosclerosis; thrombogenesis and development
of vascular complications and plasma fibrinogen is a low grade
chronic inflammatory marker. For decades; irrespective of
presence of diabetes mellitus; hemostatic factors especially
fibrinogen has been considered as a cause for atherosclerotic
change and its associated complications i.e.; MI; angina etc [22].
Fibrinogen used to plays an important role in development of
atherosclerotic changes starting from the plaque formation upto
formation of occlusive thrombus over a ruptured atherosclerotic
plaque; which is considered to be very important cause of
development of myocardial infarction (MI). By various mechanism
by which fibrinogen promote atherosclerosis and formation
of thrombus are hyperfibrinogenemia which increases plasma
viscosity; it binds its receptors on platelet membrane leading
to platelet aggregation; it induces reversible aggregation of
erythrocytes; it forms fibrin and fibrinogen degradation products
(FDPs) which in turn bind low density lipoprotein (LDL) and
sequester more fibrinogen and fibrinogen with FDPs stimulate
smooth cell proliferation and migration. All these factors result
in increased atherogenesity in patients of hyperfibrinogenemia
i.e.; diabetes and cause coronary artery disease. Besides;
fibrinogen levels were found to be associated with age; smoking;
hypertension (HTN); BMI; glycemic control and ischemic
heart disease (IHD)[23].In the present study ; higher levels of
fibrinogen were seen in patient with hypertension and ischemic
heart disease (IHD) compared to without hypertension and IHD;
however; difference in fibrinogen among cases and controls in
those with hypertension was statistically highly significant and
in those with IHD was statistically significant. The correlation
between glycemic control and fibrinogen levels could be due to
glycosylated fibrinogen is less susceptible to plasmin degradation
and relative insulin deficiency in diabetics results in differential
protein synthesis i.e.; 50% increase in fibrinogen synthesis and
29% decrease in albumin synthesis. Thus; a correlation between
fibrinogen and atherosclerosis cannot be denied; 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 [24].
The aim of this study was to examine the level fibrinogen
which is considered as an important inflammatory marker as a
pathogenetic cause in NIDDM as well as IDDM patients. In our
study; patients with DM had significantly higher fibrinogen
level than controls. Similar results were obtained by previous
studies [25-26] . Bembde AS et al[27] and Stec JJ et al [28]
also found fibrinogen to be higher in diabetic patients than the
control. They also showed fibrinogen to be higher in patients
with coronary artery disease than without the disease. In the

Copyright:
© 2018 Mohiuddin SS.

twelve newly diagnosed IDDM patients; the level of fibrinogen
was found to be significantly increased as compared to control
and finding is considered as statistically significant as p value
is found as < 0.0001* . Previous reports on the fibrinogen levels
in IDDM are contradictory. Crooke MA et al [29] has shown
that serum sialic acid and fibrinogen are not elevated in IDDM
patients[30]. Gomes et al [30,31] reported increased level
fibrinogen in IDDM patients. Increased fibrinogen levels; factor
VII and whole blood viscosity was also found by John AD Elia et
al [32] Similar results are reported by Defeo et al [33]. Plasma
fibrinogen levels usually increased in NIDDM patients; thus
suggesting that hyperfibrinogenemia could contribute to the
excess cardiovascular morbidity and mortality in this disease
[34-35]. However; the mechanisms leading to elevated level
of fibrinogen concentration in NIDDM patients still not known.
In particular; the hypothesis of fibrinogen synthesis as well as
secretion in vivo is poorly understood; and they have never been
directly investigated in NIDDM. Twenty-five NIDDM patients
showed increased levels of fibrinogen in compare to control
as denoted by significant p value(< 0.0001*).The findings were
matching with the opinion of most of the authors who worked
with fibrinogen in NIDDM patients [36-38]. The role of chronic
low grade inflammation in the pathogenesis NIDDM seems
possible beyond doubt but at the same time its responsibility in
IDDM cannot be totally ruled out. The course of the disease and
resulting complications are similar in both NIDDM and IDDM.
The most dreaded complication being that of development
of atherosclerosis resulting in cardiovascular diseases. In the
development of ischemic heart diseases fibrinogen is identified
as an independent risk factor. Irrespective of the patients being
NIDDM or IDDM; the risk of developing atherosclerosis remain
the same. Hence there must be some mechanism which links the
pathogenecity of NIDDM and IDDM. Barrazzani R et al [39] infused
insulin to non-diabetics controls; NIDDM and IDDM and studied
its role in fibrinogen production. Insulin replacement activity
suppressed fibrinogen production in non diabetics and IDDM
individuals. Fibrinogen production and its plasma concentration
increased in NIDDM when euglycemia and euaminoaciduria
were maintained. They postulated that an altered response to
insulin causes hyperfibrinogenemia in NIDDM patients. If this
hypothesis holds well; it doesn’t explain hyperfibrinogenemia in
IDDM where the basic pathology is insulin deficiency. Hence there
must be some other factors which stimulate increased fibrinogen
synthesis in IDDM patients contributing to cardiovascular
disease risk. An insulin resistance syndrome score was developed
which is on the basis of clinical risk factor in patient with IDDM
and validated using euglycemic-hyperinsulinemic clamp studies.
Fibrinogen levels were significantly associated with this insulin
resistance syndrome score . This may explain high fibrinogen level
in IDDM patients. But it still does not answer the above findings
since the type subjects in this study were newly diagnosed.
Hence the mechanism of increased fibrinogen synthesis needs
to be proved further [40]. In this study; NIDDM patients with
or without other cardiovascular diseases were found to have
significantly higher levels of fibrinogen in comparison to nondiabetic control subjects. These variables also correlated with the
vascular risk markers like age; blood pressure and blood glucose.
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However; this association was weak among NIDDM group which
was possibly the result of very small sample size.

Conclusion

For centuries is was known to have the existence of two types
of diabetes; IDDM; where the basic defect is an absolute insulin
deficiency due to an autoimmune destruction of the β cells and
NIDDM ; where the basic pathology is decreased secretion of
insulin or an elevated resistance of insulin by tissues which are
insulin insensitive [30]. Then come the era of finding newer and
newer mechanisms involved it the pathology. One that received
wide acceptance and paved way for further research is the role
low grade chronic inflammatory response and activated innate
immunity in the pathogenesis of NIDDM and probably IDDM. In
continuation with the ongoing research world over we tried to
examine whether this hypothesis holds true by determination of
level of fibrinogen as an inflammatory marker and whether the
levels will be elevated or not. We can say with conviction that
there is an activated innate immunity and a resultant increase
in acute phase proteins in newly diagnosed NIDDM patients.
Fibrinogen as an acute phase proteins was also significantly
higher in the newly diagnosed IDDM patient also. Irrespective
of oral hypoglycemic drug used for the treatment; treated group
showed significantly lower acute phase protein levels comparable
to the control group except fibrinogen levels. The observation of
this present study supports the hypothesis that inflammation and
inhibited fibrinolytic condition may play a basic pathogenetic
role in NIDDM and its associated micro and macrovascular
complications affected macro as well microvasculature of body.
Strong correlation between level of fibrinogen and glycemic
status of the body also points to the fact that fibrinogen may
be considered as an inflammatory marker in NIDDM. Proper
understanding the dysglycemia-inflammation coagulation
pattern may be useful in lowering the future cardiovascular risk
in NIDDM.
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