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ABSTRACT

BACKGROUND

Elevation of plasma fibrinogen is thought to be one of the major risk factors associated with increase in blood viscosity in patients
with diabetic retinopathy. Diabetic retinopathy being a microangiopathy, the study was done with the aim to assess the
relationship between serum fibrinogen levels in patients with and without diabetic retinopathy.

MATERIALS AND METHODS
This study was conducted at Government Medical College, Srinagar, in which 101 diabetic patients with and without retinopathy
were evaluated. These patients were classified into two groups:
1) Patients with diabetic retinopathy, which included 50 patients.
2) Patients without diabetic retinopathy, which included 51 patients.
Each patient was subjected to a comprehensive ocular examination and the results were recorded and analyzed in detail.

RESULTS

Our study which was prospective, non-randomized hospital based study was undertaken for the period of 18 months to see the
association between fibrinogen levels in the blood and the development of diabetic retinopathy. Our study included 101 patients
with type-2 diabetes. Among this Group-1 included 50 patients with diabetic retinopathy and Group-2 included 51 patients
without diabetic retinopathy. In our study, total number of female patients were 65 (64.35%) and males were 36 (35.64%). The
mean age for males and females was 57.5 and 54.6 years respectively. Mean duration of diabetes in patients with retinopathy and
without retinopathy was 10.9 and 5.7 years respectively. It was observed in our study that most of the patients with diabetic
retinopathy had compromised visual acuity in one or both eyes, i.e.,, Vn>6/60. We found that out of 50 patients with diabetic
retinopathy, 36 (72%) patients were having raised serum fibrinogen levels, while as out of 51 patients without diabetic
retinopathy 17 (33.33%) patients were having raised serum fibrinogen levels, and mean serum fibrinogen levels in patients with
and without retinopathy was 5.310g/1 and 3.783g/], thus fibrinogen levels were significantly higher in diabetics with retinopathy
(p <0.001).

CONCLUSION
High plasma fibrinogen levels contribute significantly to the development of diabetic retinopathy.
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INTRODUCTION

Diabetic retinopathy is the progressive dysfunction of the
retinal vasculature caused by chronic hyperglycemia.l
Diabetic retinopathy is a common and specific microvascular
complications of diabetes and remains the leading cause of
vision loss world wide.23 Although, diabetes affects the eyes
in many ways, diabetic retinopathy is the most common and
serious ocular complication.
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Among all the diabetics, about a third have signs of
diabetic retinopathy and a third of these might have vision
threatening retinopathy defined as severe retinopathy or
macular oedema.*> Apart from its effects on vision, the
presence of diabetic retinopathy also signifies a heightened
risk of life threatening macrovascular complications.6

A number of risk factors associated with diabetes
mellitus have been found to contribute or accelerate the
process of retinopathy. These include hyperglycaemia,
hypertension, dyslipidaemia, duration of diabetes, pregnancy,
puberty and cataract surgery.” In addition to the above
mentioned risk factors, diabetics have been found to have
increased blood viscosity, especially in those having diabetic
retinopathy. Diabetes may induce procoagulant expression by
vascular endothelium, thereby increasing formation of fibrin
and delaying tissue repair following injury.
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However, there are also indications of a deviation of the
haemostatic balance within the vascular system associated
with a systemic rather than a local prothrombotic/
procoagulant state coagulation activation results in formation
of thrombin from prothrombin. This involves several
coagulation factors, mainly elevated plasma fibrinogen levels,
activated platelets and hypofibrinolysis.8 Among the various
factors studied, plasma fibrinogen was found to be raised
causing increased blood viscosity, especially in diabetic
retinopathy.

Fibrinogen is a glycoprotein of a molecular weight of
approximately 3,40,000 Daltons, present in plasma at
concentration in the range of 2 to 4g/1 (200-400 mg/dl).° It is
synthesis in liver (1.7 to 5g/day).l® It is converted by
thrombin into fibrin during blood coagulation.1! The half-life
of fibrinogen is about 3-5 days.

The synthesis of fibrinogen is controlled by the gene,
which codes for the [B-chain synthesis.® An increase in
fibrinogen levels is found in cases of diabetes, inflammatory
syndrome, obesity.12 A decrease of fibrinogen level is
observed in DIC, fibrinogenolysis.? Prolonged poor metabolic
control leads to chronic fibrinogen hypersecretion. In
addition increased levels of inflammatory factors can cause
further increases in fibrinogen levels and increased
coagulation activation associated with increased fibrinogen.
For this latter process, anticoagulant treatment improves the
situation; however, in incipient diabetic nephropathy
anticoagulation has no effect.

The general idea is that improved glycaemic control will
reduce fibrinogen levels. Fibrinogen is a recognised risk
factor for macrovascular disease and increased levels may
exert effects through a variety of mechanisms including
increased blood viscosity, increased size of fibrin clots,
increased tissue deposition and stimulation of atherosclerosis
and vascular thickening thus involved in the pathogenesis of
thrombotic cardiovascular events.!? Some of these
mechanisms may also be relevant to micro-angiopathy.

Thus increased fibrinogen levels may contribute to the
observed increased prevalence of micro-thrombosis in the
retinal capillaries of diabetic individuals. In diabetes,
increased capillary leakage may further increase the
exposure of tissue to increases in fibrinogen and in the case of
coagulation it may increase fibrin deposition. In addition to
increased level, fibrinogen modification of fibrinogen and
fibrin also plays an important role.

Thus fibrin deposition may be increased when glycated
fibrinogen is involved, since this has a reduced susceptibility
to plasmin. It has been reported that glycation of fibrinogen
may result in a fibrin network with a reduced porosity and
reduced fibre thickness, which results in a reduced lysability
of clots.13

MATERIAL AND METHODS

Our study was a prospective hospital based non-randomized
study. This study was conducted at Department of
Ophthalmology, Government Medical College, Srinagar, which
is the sole referral tertiary care hospital for the Kashmir
Valley. The study was conducted for a period of 18 months
from August 2011 to January 2013. Approval was taken from
the institutional ethics committee for the study.

Inclusion Criteria

o Known cases of diabetes,

¢ Newly diagnosed cases with Fasting Blood Sugar (FBS)
2126mg% or Post-Prandial Blood Sugar (PPBS)
2200mg%.
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Exclusion Criteria

e Systemic illnesses altering the blood coagulation profile.

¢ Inherited diseases, which cause either hypercoagulability
or bleeding tendencies.

» Patients on anticoagulants.

e Severe liver, cardiac or renal failure.

» Patients with opacities of media obstructing view of the
fundus.

Complete history of the patients regarding the ocular
complaints, type of diabetes, duration of diabetes and
treatment and other systemic illnesses were noted. Any
previous history of eye surgery, eye trauma and any laser
treatment were recorded. History of diabetes in the family
was noted.

On examination, visual acuity was done at six meters
distance with Snellen chart. E-chart was used for illiterate
people. Examination of the eye in diffuse light was done to
detect any gross abnormality of anterior segment. Slit lamp
examination was done in every patient in a systematic
manner, status of conjunctiva, cornea, anterior chamber, iris,
pupillary reaction and lenticular status was noted.
Intraocular pressure was recorded in every patient. Detailed
fundus examination with direct and indirect ophthalmoscopy
was done. Fundus fluorescein angiography was done as and
when indicated. Investigations like FPG (Fasting Plasma
Glucose), PPPG (Post Prandial Plasma Glucose) and Plasma
Fibrinogen were done.

Based on the fundus examination findings, the patients
were classified into two groups for comparison:

1) Group 1: Diabetics with retinopathy,

2) Group 2: Diabetics without retinopathy.

Patients in Group 1 were graded as per the ETDRS
(Early Treatment Diabetic Retinopathy Study) classification
of diabetic retinopathy.1 If a patient had different grades of
retinopathy in both eyes, the more severe grade was taken
into consideration.

ESTIMATION OF PLASMA FIBRINOGEN:

Test Principle: In presence of excess of thrombin, the
clotting time of diluted plasma has a direct bearing on the
level of plasma fibrinogen.1516

PROCEDURE

Specimen Collection and Treatment

e A 2ml of venous blood was collected, from which 9
volume blood was mixed with 1 volume of trisodium
citrate anticoagulant.

¢ Centrifugation is done for 10 minutes at 2500g.

¢ Plasma so obtained is diluted with sodium azide buffer in
1:20 dilution (0.1ml plasma +1.9ml of buffer solution).

e 100ul of processed plasma is then mixed with 50ul
lyophilized titrated calcium thrombin containing a
specific heparin inhibitor to allow the assay of fibrinogen
in heparinized plasma samples.

e Assay results were shown by the stago autoanalyser
coagulometer. The normal plasma fibrinogen level ranges
from 2 to 4g/1.

STATISTICAL ANALYSIS

Statistical software GraphPad InStat-3 and primer of biostat
was used for stastistical analysis. The data was expressed as
mean (+SD) and percentage values as necessary. Statistical
method involved included independent student-t test for
normally distributed continuous variables and the Pearson
Chi-square test or two tailed Fisher exact test for categorical
variables.
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ANOVA was used for comparison of more than two
continuous variables. All the values were calculated as two-
tailed; a P value <0.05 was considered statistically significant.

RESULTS

The total number of patients included in our study where 101
in which females were 65 (64.35%) and males were 36
(35.64%). The mean age for males was 57.5 years and
females was 54.6 years, 66.33% of cases in our study were
between 41-60 years of age (Table-1 and Fig 1). Mean
duration of diabetes in patients with and without retinopathy
was 10.9 and 5.7 respectively. Total number of diabetic
patients with and without retinopathy were 50 and 51
respectively.

There was statistical significant relationship between
duration of diabetes and development of diabetic retinopathy
p<0.001 (Table-2 and Fig 2). Total number of males with and
without retinopathy in our study were 16 and 20 respectively
and total number of females with and without retinopathy in
our study were 34 and 31 respectively, but there was no
statistically significant relationship of diabetic retinopathy
with sex (p=0.449) (Table-3 and Fig 3). It was seen that most
of the patients with diabetic retinopathy had compromised
visual acuity in one or both eyes, i.e. Va>6/60 lying in red
zone of bar plot, while as few patients were having good
visual acuity, i.e. visual acuity between 6/6 to 6/9P lying in
green zone of bar plot; vice versa was true in patients without
retinopathy (Table-4 and Fig 4).

In our study, out of 50 patients with diabetic
retinopathy 36(72%) patients were having raised serum
fibrinogen levels, while as 14(28%) were having normal
serum fibrinogen levels. In comparison out of 51 patients
without diabetic retinopathy, 17(33.33%) patients were
having raised serum fibrinogen levels while as 34(66.66%)
were having normal serum fibrinogen levels. Mean serum
fibrinogen levels in patients with and without retinopathy
was 5.310g/1 and 3.783g/1. The difference in the mean values
of serum fibrinogen levels in patients with and without
diabetic retinopathy was statistically significant (p<0.001)
(Table-5 and Fig 5 A and B).

Also when relationship between serum fibrinogen levels
and fasting blood sugar level was seen, 65.11% of patients
having normal blood sugar fasting levels had normal serum
fibrinogen levels and 65.51% of patients having raised blood
sugar fasting levels also had raised serum fibrinogen levels.
On comparing the mean serum fibrinogen level of patients
with normal and raised fasting blood sugar levels which came
out to be 3.995g/l and 4.942/1 respectively, significant
difference was seen between two groups p=0.003 (Table-6
and Fig 6).

DISCUSSION

During the past decade the potential role of haemostatic
factors, particularly fibrinogen in diabetic retinopathy has
gained considerable interest.17

It has been established through several cross-sectional
prospective epidemiological studies.18 that plasma fibrinogen
concentration is a strong and independent cardiovascular
risk factor along with other risk factors. As elevated serum
fibrinogen is well established risk factor for macrovascular
diseases, various studies have been conducted to evaluate its
role in microangiopathies.

Thus our study which was prospective, non-randomized
hospital based study intended to see the association between
fibrinogen levels in the blood and the development of diabetic
retinopathy. Our study included 101 patients with type-2
diabetes. Among this Group-1 included 50 patients with
diabetic retinopathy of varying severity and Group-2 included
51 patients without diabetic retinopathy.
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The serum fibrinogen levels of two groups were
compared and it was seen that serum fibrinogen was
significantly raised in the patients with diabetic retinopathy.
These results were consistent with results of the various
studies in the past like one of the study carried out by T.
Fujisawa, et al. and Asakawa, et al.1920 Their data suggest that
in patients with type 2 DM, an increased blood viscosity due
to high fibrinogen level as well as an elevated intravascular
pressure play a role in the development of diabetic
retinopathy and also recent study conducted by Kuzhuppilly,
et al.2! which also concluded that high plasma fibrinogen
levels contribute significantly to the development of diabetic
retinopathy.

In our study total number of female patients were
65(64.35%), which outnumbered males 36(35.64%), but
their mean ages were comparable 54.6 years and 57.5 years
respectively (Table-1). There was no statistically significant
relationship of diabetic retinopathy with sex p=0.449
(Table-3).

The difference in the mean ages of the patients with and
without diabetic retinopathy was 54.64 years and 56.11
years, both the groups had similar age distribution pattern
and no significant difference existed between them. These
findings were consistent with the previous study.22

Also no statistical significance in mean age of males and
females was found p=0.204 (Table-1). On the other hand, it
was seen that duration of diabetes was significantly related to
the development and progression of retinopathy p<0.001
(Table-2). These findings are consistent with results of other
studies, which have established that the duration of diabetes
is an important factor in the development of diabetic
retinopathy.232425

In our study we found that visual acuity of group 1 was
compromised in one or both eyes in comparison to group 2;
as when visual acuity of 100 eyes of group 1 was evaluated
37(37%) eyes were having visual acuity of 6/60 or above in
comparison to 102 eyes of group 2 were only 7(6.86%); eyes
were having visual acuity of 6/60 or above. Thus indicating
burden of visual loss due to retinopathy. In our study,
treatment profile of patients showed that 66(65.34%) of
patients were on oral hypoglycemic, 8(7.92%) were
exclusively on insulin and 27(26.73%) were on both Fig 7.

On analyzing the serum fibrinogen levels, it was seen
that the number of patients with raised serum fibrinogen
levels were significantly higher in retinopathy group
36(72%) than patients without retinopathy 17(33.33%). Also
mean serum fibrinogen levels in patients with retinopathy
was higher (5.310g/l) than patients without retinopathy
(3.783g/1).

Thus serum fibrinogen levels of two groups showed
statistically significant relationship p<0.001 (Table-5). On
further comparison within the retinopathy group, no
significant difference was seen between the NPDR and PDR
groups, suggesting that plasma fibrinogen may not contribute
to the severity of retinopathy p=0.403 (Table-7). This finding
is in agreement with the reports of Fujisawa and
Asakawa.19.20

They found that plasma fibrinogen is independently
associated with existence of diabetic retinopathy, but not
significantly different when comparing different grades of
retinopathy. Also duration of DM, which was seen to be the
most important risk factor in our study for the development
of retinopathy did not show any correlation with plasma
fibrinogen levels p=0.335 (Table-8, Fig 8), indicating that
their contributions are independent of each other. The results
were consistent with study conducted by Kuzhuppilly, et al.2!

It was also seen in our study that significant correlation
exists between the plasma fibrinogen levels and fasting
glucose levels.
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As mean serum fibrinogen levels in patients with raised
and normal fasting blood sugar values are 4.942g/l and
3.995g/1 respectively, the difference between the mean
serum fibrinogen levels of two groups is statistically
significant P=0.003 (Table-7).

In our study, difference in the mean serum fibrinogen
level of male (4.079g/1) and female (4.794g/1) seems to be
significant as p=0.033, but the statistical result was under
powered, thus statistical significance between two groups is
questionable and can be due to the fact that female patients
outnumbered male patients in our study population.

CONCLUSION

It was concluded from the current study, that diabetic
retinopathy is independently associated with higher plasma
fibrinogen even after controlling the other major risk factors
of diabetes. The result seen thus opens new avenues for more
studies regarding therapies and management strategies
aimed at altering the blood viscosity and preventing
microvascular occlusion. Estimation of plasma fibrinogen is a
simple cost effective procedure that if established as a marker
for retinopathy and proven modifiable would probably be of
great benefit in controlling if not preventing the sight
claiming disease of diabetic retinopathy. Nevertheless larger
clinical trials and studies are required before this hypothesis
can be established and plasma fibrinogen can become a
dependable and modifiable risk factor in the pathogenesis of
diabetic retinopathy.
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. Male Female Total P value
Age in Yrs.
N % N % N %
<40 2 5.55 7 | 10.76 9 8.91
41-50 8 | 22.22 | 26 | 40.00 | 34 33.66
51-60 16 | 4444 | 17 | 26.15 | 33 32.67
61-70 6 | 1666 | 11 | 1692 | 17 16.83 0.204 (NS)
>70 4 | 1111 | 4 6.15 8 7.92
TOTAL 36 | 35.64 | 65 | 64.35 | 101 100
Mean +SD | 57.5+10.8 | 54.6 +11.0 55.6 +11.0
(Max, Min) (32,80) (35,80) (32,80)

Table 1: Age and Gender Distribution of the Studied Subjects

ET]

35 = gl
an i ®emale
e o Tolal
20 - 17
15 . 3
& 3
10 7 ‘
4 4
5 2
0ooon 5
i
ARE Inyrs 540 150 | o1k Bl/0 [ =0
Male 0 2 a 16 &
Female D 7 6 17 11 q
Totzl o bl 4 33 17

Fig. 1: Age and Gender Distribution

DURATION OF g(;:;;png wgg;%‘gfl)m Total P-value
DIABETES (yrs.)
n| % | N % n | %
<5 12 | 2400 | 28 | 5490 | 40 | 39.60
6-10 13 | 2600 | 17 | 3333 | 30 | 29.70
11-15 15| 3000 | 3 | 588 | 18 | 1782 | <0.001
16-20 10 | 2000 | 3 | 588 | 13 | 1287 | (Sig)
TOTAL 50 | 49.50 | 51 | 5049 | 101 | 100
Mean + SD 109+61 | 57+5.0 83+6.1
(Max, Min) (1.5,28) (0.1,20) (0.1,28)

Table 2: Duration (In yrs) of Diabetes in the Studied Subjects

30

25
2 20
e
u
L
3 15
S
2 10
5
0
<5 6-10 11-15 16-20
H (Group 1) WITH DR no. 12 13 15 10
 (Group 2) WITHOUT DR no. 28 17 3 3

Fig. 2: Duration of Diabetes

Original Article

Page 16040



Jemds.com

Male Female Total P-value

n % N % n %
With DR 16 | 444 | 34 | 523 50 49.5
WithoutDR | 20 | 55.6 | 31| 47.7 51 5.05
Total 36 | 35.64 | 65 | 64.35 | 101 | 100

Patients

0.449
(NS)

Table 3: Relationship of Diabetic Retinopathy with Sex

100%
90%
20%
g 70%
; 60% Without DR
50% ® With DR
g 40%
= 20%
20%
10%
0%
nmo. no.
Male Female
Axis Title
Fig. 3
With DR Without DR
Visual Acuity
REye | LEye | REye L Eye
6/6 TO 6/9P 3 3 19 19
6/12TO6/18P 17 16 14 14
6/24TO6/36P 13 11 14 15
>6/60 17 20 4 3
Table 4: Visual Status of Two Groups

100% -
90%
0% -
70%
0% w > 6/60
6/24TOB/36P
0% 1 w6/ /
Wef12TO6/18 P
40% -
WE6/6 TOG/P
30%
Visual Acuity
20%
10% - l
Reye |

with DR without DR

Reye ‘ L eye L aye

Fig. 4: Visual Acuity of Two Groups
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. Fb Raised Fb Not Raised Total P-value
Patients N % n % N % Fb (Mean + SD)
With DR 36 67.9 14 29.2 50 49.5 (5.310 +1.734) <0.001
Without DR 17 32.1 34 70.8 51 50.5 (3.783 +1.069) (Sig.)
Total 53 52.47 48 47.52 101 100
Table 5: Relationship of Diabetic Retinopathy with Fibrinogen Levels

Hypothesis testing: Independent samples t-test

(Analysis Table)
Variable N | Mean | SD Mean Difference | 95.00% Confidence Interval | Cal.t | Df | p-Value
Fb with DR 50 | 5.310 | 1.734 Lower Limit | Upper Limit
1.526 5.336 | 99 | <0.001
Fb without DR | 51 | 3.783 | 1.069 0.959 2.094
Fig-5a
Two-Sample t-Test
» T T T T -
L " 4%
4
sl . L
TE -:- 47
\
(19 -4 48
| -‘\"-.
Ll 2 [ g I 44
a} .- 3\ d4
)
\ 'u.; rlr
3 : [ {3 Fb with DR
‘ \F Fb without DR
3 | 1 ! | 21 1 ] 1 3
» 0 " 1] L] L] s 10 1] n »
Count Count
40 16
a5 34
«» 30
E
2 25
<
& 20 17
o 14 M Fb RAISED
g 15
. 11 Fb NOT RAISED
5
0
DR PRESENT DR ABSENT
Fb RAISED 36 17
L4 Fb NOT RAISED 14 34

Fig. 5-b: Serum Fibrinogen Level in Relation to Diabetic Retinopathy

Fb Raised | Fb Normal Total Fb
Subjects (Mean + SD)
No. % No. % No. %

(3.995

BSF (NORMAL) | 15 | 34.88 | 28 | 65.11 | 43 | 42.57 +1.475)

(4.942

BSF (RAISED) 38 | 65.51 | 20 | 3448 | 58 | 57.42 +1.621)
Table 6: Serum Fibrinogen Levels in Relation with Fasting Blood Sugar

Hypothesis testing: Independent samples t-test
(Analysis Table)
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Variable N | Mean SD lYlean 95.00% Confidence Cal.t Df p
Difference Interval Value
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-0.947 99 0.003
Fb in 3.015
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Fig. 6: Fibrinogen Level in Relation to Fasting Blood Sugar
SEVERITY OF DR NUMBER (n) | PERCENTAGE (%) | Fb (Mean+SD) P-value
NPDR 34 68.00 5.452 +1.736
PDR 16 32.00 5.007 + 1.686 0.403
TOTAL 50

Table 7: Relationship Between Severity of Diabetic Retinopathy and Fibrinogen Level

M Insulin
H OHG
i Both

Fig-7 : Treatment Profile of Patients
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Duration of Diabetes (YRS) | Number (n) | Percentage % (;2::‘;51]5)) P-value
<5 40 39.60 (4.521+1.630)
6-10 30 29.70 (4.264 +1.490)
11-15 18 17.82 (5.138+1.917) | 0.335
16-20 13 12.87 (4.398+1.410)
TOTAL 101 100

Table 8: Serum Fibrinogen Level in Relation to Duration of Diabetes
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M11-15 18 £.138
M 16-20 13 4.398

Fig. 8: Serum Fibrinogen Level in Relation to Duration of Diabetes
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