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ABSTRACT

Background: Poor glycemic control has been reported to be associated with increased vascular complications in
diabetes mellitus (DM) patients. High fibrinogen level has been described as an independent risk factor for
cardiovascular diseases. High fibrinogen has been suggested to be involved in the excess rate of cardiovascular
diseases in patients with type 2 DM. The present study was undertaken to find correlation between glycemic control
and plasma fibrinogen level in patients with type 2 DM.

Methods: Three hundred ten patients aged >30 years of either sex were included in this cross sectional study.
Estimation of glycated haemoglobin (HbAlc), serum fibrinogen, serum total cholesterol (TC), serum triglycerides
(TG), serum high density lipoprotein (HDL) cholesterol, and serum low density lipoprotein (LDL) cholesterol was
done. Categorical and continuous variables were tested using Chi-Square test/Fisher’s exact test and unpaired ‘t’ test
respectively. Pearson’s correlation was used to study correlation between serum fibrinogen levels and HbAlc, Body
mass index (BMI), TC, LDL cholesterol, HDL cholesterol, and TG.

Results: Mean serum fibrinogen levels were significantly higher in DM patients whose HbAlc, LDL cholesterol and
TG levels were higher. Correlation between serum fibrinogen was 0.59, and 0.45 with HbAlc, and BMI respectively.
Multivariate step-wise regression analysis showed higher HbAlc and higher BMI were the independent and
significant predictors of higher serum fibrinogen levels. HbAlc was the stronger predictor of serum fibrinogen than
BMI.

Conclusions: Fibrinogen levels were independently associated with HbAlc value in patients with type 2 DM.

Keywords: Glycated haemoglobin, Serum fibrinogen, Serum total cholesterol, Serum triglycerides, Serum high
density lipoprotein cholesterol, Serum low density lipoprotein cholesterol

INTRODUCTION

Diabetes mellitus (DM) is defined as “a chronic disease
caused by inherited and/or acquired deficiency in
production of insulin by the pancreas, or by the
ineffectiveness of the insulin produced (insulin
resistance). Patients with type 2 DM have been reported

to be at increased risk of developing cardiovascular
related diseases such as myocardial infarction, stroke, and
atherothrombosis. Many studies elucidated that DM
affects vascular integrity by its effect on endothelium,
smooth muscle function, as well as propensity to
thrombosis, in addition to increased level of procoagulant
factors and decreased fibrinolytic activity.? Poor
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glycemic control has been reported to be associated with
increased  vascular  complications in  diabetics.?
Fibrinogen is the major coagulation protein in the blood
from which fibrin clot is formed. It is an important
determinant of plasma viscosity, platelet aggregation and
thrombus formation; also it is an acute-phase reactant that
increases in inflammatory states.2*5 High fibrinogen
level has been described as an independent risk factor for
cardiovascular diseases.®” It has been suggested to be
involved in the excess rate of cardiovascular diseases in
patients with type 2 DM.2 Fibrinogen, itself is determined
by several modifiable and non-modifiable determinants
like age, sex, smoking, body mass index (BMI),
hypertension, alcoholism, glycemic control and chronic
kidney disease.®*°

The primary objective of the present study was to find
correlation between glycemic control and plasma
fibrinogen level in patients with type 2 DM whereas the
secondary objectives were to find the correlation between
serum fibrinogen and other parameters like age, gender,
duration of DM, BMI and hypertension.?®

METHODS

This cross sectional study was conducted between May
2015 and July 2017. After approval from the scientific
advisory committee and institutional ethics committee,
written informed consent was obtained from all patients.

Three hundred ten patients aged >30 years of either sex
having type 2 DM who attended medicine outpatient
department, DM outpatient department or admitted in
Poona Hospital and Research Centre, Pune were
included. Patients with known diagnosis of type-1 DM,
patients on lipid lowering drugs, patients with functional
thyroid disorder, chronic renal failure, nephrotic
syndrome, liver disease, patients with coronary artery
disease or presenting with acute coronary syndrome,
ischemic stroke in last one year, patients with
malignancy, acute/chronic infection patients, chronic
alcoholic, smokers, familial  hypercholesterolemic
syndrome, females who were pregnant or on oral
contraceptives or on hormone replacement therapy were
excluded from this study.

Estimation of glycated haemoglobin (HbAlc), serum
fibrinogen, serum total cholesterol (TC), serum
triglycerides (TG), serum high density lipoprotein (HDL)
cholesterol, and serum low density lipoprotein (LDL)
cholesterol was done.

Expected values of TC, HDL cholesterol, LDL
cholesterol, TG as per National cholesterol education
program Adult treatment Plan 111 (NCEP ATP III) are as
follows: 1t

TC (mg/dL)

e Desirable-<200,

e Borderline high-200-239,
e High->240.

HDL cholesterol (mg/dL)

e <40 mg/dl-Low,
e >60 mg/dl-High.

LDL cholesterol (mg/dL)

<100-Optimal,

100-129-Near optimal/above optimal,
130-159-Borderline high,
160-189-High,

>190-Very high.

TG (mg/dL)

Normal-<150,

Borderline high-150-199,
High-200-499,

Very high->500.

American diabetes association (ADA) goal for optimal
blood glucose control was used as standard reference for
the present study (<=7 good control, >7 poor control).*?

On the basis of a previously published study, a sample
size of 310 patients was calculated by a formula with 80
% power and 5 % probability of Type | error to reject null
hypothesis.!34

Data collected were entered in Excel 2007 and analysis of
data was done using Statistical package for social
sciences (SPSS) version 21, IBM, USA. The data on
categorical variables is shown as n (% of cases) and data
on continuous variables is shown as mean * standard
deviation (SD). The inter-group statistical significance of
difference of categorical variables was tested using Chi-
Square test or Fisher’s exact test. The inter-group
statistical significance of difference of means of
continuous variables between two groups was tested
using unpaired ‘t’ test. Pearson’s correlation was used to
study correlation between serum fibrinogen levels and
BMI, HbAlc, TC, LDL cholesterol, HDL cholesterol,
and TG. The confidence limit for significance was fixed
at 95% level with p-value <0.05.

RESULTS

The study included 198 male (63.9 %) and 112 female
(36.1%) type 2 DM patients. Thirty-nine (12.6%),
113/310 (36.5%), 80/310 (25.8%) and 78/310 (25.1%)
patients were between the age group of 30-49, 50-59, 60-
69 and >70 years respectively. Mean age of the patients
was 61+10.9 years. Of 310 patients, 91 (29.4%), 189
(61.0%) and 30 (9.6%) had duration of DM between 1.0-
9.0, 10.0-19.0, and >20.0 years respectively. Of 310
patients 237 (76.5%) had hypertension. Eighty-seven
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(28.0%), 89 (28.7%), and 134 (43.2%) patients had BMI
<23.0, 23.0 <25.0 and >25.0kg/m? respectively. Mean
serum fibrinogen levels were 359.2, 352.9, 365.9, 359.1,
372.5 and 397.3mg/dL in 30-39, 40-49, 50-59, 60-69, 70-
79.0 and >80 years age groups respectively which was
not statistically significant. Mean serum fibrinogen levels
were 371.1 and 354.5mg/dL in males and females
respectively which was not statistically significant.

The mean + standard deviation of HbAlc of entire study
group was 8.3 % + 1.4%. The mean + standard deviation
of HbAlc in males and females was 8.2%+1.5% and
8.3%+1.4% respectively. Table 1 depicts HbAlc levels
and gender.

Table 1: Distribution of patients according levels of
HbA1c and gender.

HbAlc Males (% Females (%) Total (%

<7.0 29 (14.6) 22(19.6) 51(16.5)
7.00-10 144(72.7)  78(69.6) 222(71.6)
>10.00 25(12.6) 12(10.7) 37(11.9)
Total  198(100.0)  112(100.0)  310(100.0)

Mean serum fibrinogen levels were 221.0, 289.1, 346.7
and 427.2 mg/dL in patients whose BMI was <18.5, 18.5
<23, 23 <25 and >25.0kg/m? respectively which was
statistically  significant (p=0.0001). Mean serum
fibrinogen levels were 364.9, 366.5, and 356.9mg/dL in
patients who had duration of DM between 1.0-9.0, 10.0-
19.0, and >20.0 years respectively which was not
statistically significant (p=0.937). Mean serum fibrinogen
levels were 279.3, 356.3, and 536.5mg/dL in patients
whose HbAlc was <7.0, 7.0-10.0 and >10.0 respectively
which was statistically significant (p=0.0001). Mean
serum fibrinogen levels were 380.1, and 360.5mg/dL in
patients who had hypertension and didn’t have
hypertension respectively which was not statistically
significant (p=0.279).

As depicted in Table 2, the distribution of mean serum
fibrinogen did not differ significantly in patients whose
TC levels >200mg/dL and whose TC levels were
<200mg/dL. The distribution of mean serum fibrinogen
did not differ significantly in patients whose HDL
cholesterol levels >40mg/dL and whose HDL cholesterol
levels were <40mg/dL. There was statistically significant
difference in mean serum fibrinogen in patients whose
LDL cholesterol levels >130mg/dL and whose LDL
cholesterol levels were <130mg/dL. There was
statistically ~significant difference in mean serum
fibrinogen in patients whose TG levels >150mg/dL and
whose TG levels were <150mg/dL

Correlation between serum fibrinogen with TC, LDL
cholesterol, HDL cholesterol, TG, HbAlc, and BMI was
0.11, 0.20, -0.11, 0.11, 0.59, and 0.45 respectively.
Multivariate step-wise regression analysis showed higher
HbAlc and higher BMI were the independent and

significant predictors of higher serum fibrinogen levels
(P-value<0.001 for both). Moreover, HbAlc was the
stronger predictor of serum fibrinogen than BMI.

Table 2: Distribution of serum fibrinogen level with
various parameters of lipid profile in diabetics.

Serum Fibrinogen in

Lipid Profile ma/dl (SD P-value

Total Cholesterol (mg/dl)

<200 360.6+£128.1

> 200 374.0+146.8 0410

LDL Cholesterol (mg/dl)

<130 350.4+121.1

>130 401.0+157.9 0.003

HDL Cholesterol (mg/dl)

<40 374.3+135.5

> 40 358.3+133.8 0.303

Triglycerides (mg/dl)

<150 349.4+128.6

> 150 385.7+139.9 0.018
DISCUSSION

The study was conducted in 310 type 2 DM patients to
find correlation between serum fibrinogen and glycemic
control and other parameters like age, sex, BMI, duration
of diabetes and hypertension.

The mean * standard deviation of age of the entire study
group was 61.0+10.9 years. Mahendra et al, Dhawale et
al, and Mohan et al reported mean age of patients as
59.9+7.9, 48.0+15.0, and 53.8+10.4 respectively.'>17

In the present study serum fibrinogen did not show
significant correlation with age (P-value>0.05). The
studies conducted by Jain et al, Bembde, Saini et al and
Bruno et al reported that serum fibrinogen had a
significant correlation with age.'%8-20 They reported that
mean serum fibrinogen levels increased with increase in
age. In the present study mean serum fibrinogen level in
males (371.1+139.5) was higher than in females
(354.5+125.2) but this difference was not statistically
significant. Similar observation was made in some other
studies.1%1819 In the present study the serum fibrinogen
level did not show significant correlation with duration of
DM (P-value >0.05). This was in accordance with the
studies conducted by Jain et al and Saini et al.2%% In the
present study serum fibrinogen level showed significant
and positive correlation with BMI. Similar findings were
reported by other studies.!®681% |n the present research
distribution of mean serum fibrinogen did not differ
significantly between hypertensive and non-hypertensive
cases studied (P-value>0.05). Similar findings were
reported by Jain et al, Bembde and Saini et al.10181°
reported that fibrinogen levels were associated with
hypertension (p<0.01).
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The mean + standard deviation of HbAlc of entire study
group was 8.3 %+1.4%. The mean + standard deviation
of HbAlc in males and females was 8.2 %+1.5% and
8.3%=1.4% respectively. These findings were similar to
study conducted by Bembde in which the mean HbAlc
value amongst type 2 DM cases was 8.5%=*1.69%.%
Alchieve study conducted in 20,554 Indian type 2 DM
patients reported that the mean HbAlc was 9.2%.2* In the
present study mean HbAlc level was lower as compared
to Alchieve study. This difference from Alchieve study
can be due to the small size of the patients in our study.
Unnikrishnan et al reported younger age, duration of DM,
and high triglyceride levels were associated with poor
glycemic control.??

The distribution of mean serum fibrinogen differed
significantly across three groups of HbAlc in the present
study (P-value<0.001). Mean serum fibrinogen level in
patients with HbAlc <7% was 279.3+£87.8mg/dl, whereas
patients with HbAlc >10% had mean serum fibrinogen
levels of 536.5+133.8mg/dl. The distribution of mean
serum fibrinogen was significantly higher among patients
with higher levels of HbAlc and showed significant and
positive correlation with HbAlc levels (P-value<0.001).
These findings are similar to other studies.6-20.23

In the present study correlation between serum fibrinogen
was 0.11, 0.20, -0.11, 0.11, 0.59, and 0.45 with TC, LDL
cholesterol, HDL cholesterol, TG, HbAlc, and BMI
respectively. Jain et al, reported fibrinogen levels were
associated with BMI (r = 0.90), TG (r = 0.94), TC (r =
0.99), and HbAlc (r = 0.99) in DM patients in a
significant manner.’® Dhawale et al, reported that mean
fibrinogen level was 381.7+118.1 and 541.1+121.7 in
type 2 DM patients whose TC was <200 and >200mg/dL
respectively.'® P value for relationship of TC with serum
fibrinogen level was 0.05 whereas P value for
relationship of TG, LDL and HDL with serum fibrinogen
level were 0.08, 0.96 and 0.31 respectively. In the present
study mean fibrinogen level was 360.6£128.1 and
374.0+£146.8 in type 2 DM patient whose TC was <200
and >200mg/dL respectively. P values for TC, LDL,
HDL and TG were 0.410, 0.003, 0.303, and 0.108
respectively. The significant association of serum
fibrinogen levels in our study with TC, LDL cholesterol,
and TG with inverse association with HDL cholesterol
were consistent with study conducted by Saini et al and
Ernst et al.**® Bruno et al, reported that in multiple
regression analysis HbAlc was associated with
fibrinogen level.2° Our findings are consistent with this
study.

The correlation between glycemic control and fibrinogen
levels could be due to glycosylated fibrinogen is less
susceptible to plasmin degradation, relative insulin
deficiency in DM patients resulting in differential protein
synthesis i.e., 29% decrease in albumin synthesis and
50% increase in fibrinogen synthesis.?*

Fibrinogen has been well established to be a strong and
independent cardiovascular risk factor in diabetics and in
general population.®>2?° Various mechanisms by which
fibrinogen is found to promote atherosclerosis and
thrombosis are hyperfibrinogenemia increases plasma
viscosity, induces reversible red blood cell aggregation,
binds to receptors on platelet membrane, causes platelet
aggregation, forms fibrin and fibrinogen degradation
products (FDPs) which in turn bind LDL and sequester
more fibrinogen. Fibrinogen and FDPs stimulate smooth
cell proliferation and migration. All these factors result in
increased atherogenicity in patients of
hyperfibrinogenemia i.e., DM and cause coronary artery
disease. It has been demonstrated that elevated fibrinogen
level is significantly associated with intima-media
thickness and subclinical atherosclerosis.*>** Previous
studies reported that fibrinogen independently predicted
future ischaemic stroke risk and increased incidence of
hypertension,2>3536

Limitations of the study were that it was conducted in a
single tertiary care hospital and represents only a small
population. Patient’s treatment history was not taken into
consideration as both anti hypertensive and hypoglycemic
drugs cause derangements in serum fibrinogen levels.

CONCLUSION

Mean serum fibrinogen levels were significantly higher
in DM patients whose HbAlc, LDL cholesterol and TG
levels were higher. Correlation between serum fibrinogen
was 0.59, and 0.45 with HbAlc, and BMI respectively.
Multivariate step-wise regression analysis showed higher
HbAlc and higher BMI were the independent and
significant predictors of higher serum fibrinogen levels
HbAlc was the stronger predictor of serum fibrinogen
than BMI.
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