
INTRODUCTION

The term Chronic Obstructive Pulmonary Disease 
(COPD) was first used by Dr. William Briscoe at the 9th 
Aspen Emphysema Conference in 1965, and was a 
nomenclature coined to encompass the two 
diseases previously known as Emphysema and 
Chronic Bronchitis1. COPD presents as chronic 
inflammation of the lungs with the eventual 
sequelae of respiratory compromise and distress 2-4. 
This disease has the hallmark symptoms of 
breathlessness, excessive sputum production and a 

chronic cough, which leaves the sufferer with 
progressively deteriorating respiratory function and 
a severe decrease in their quality of life 3. The Global 
Initiative for Obstructive Lung Disease (GOLD) has 
recommended that COPD be diagnosed based on 
the clinical symptoms of chronic bronchitis (cough 
and sputum production for at least 3 months/year 
for at least two years) or emphysema 
(breathlessness and coughing), confirmed by 
obstructed airflow measured with spirometry4.

COPD is an emerging burden on the global 

healthcare system as it is quickly climbing to 
become a leading cause of morbidity and 
mortality. In a study done it was found that COPD 
alone is responsible for approximately 2.75 million 
deaths worldwide and the World Health 
Organization (WHO) has estimated that by the year 
2020, COPD will be the 5th leading cause of death 
and disability5-6, In 2012 an international survey 
BREATHE was carried out in 11 countries from North 
African regions and the Middle East including 
Pakistan7 . The survey revealed that the prevalence 
rate of COPD in those 11 countries was 3.6% and the 
prevalence rate in Pakistan of COPD was 2.1% in the 
population aged 40 years and above. According to 
a retrospective case series study conducted at the 
Aga Khan University Hospital Karachi, the 
prevalence of airflow obstruction is 5.7%8.

The truth of the matter is that the epidemiological 
findings regarding COPD are severely 
underestimated due to the fact that patients are 
not diagnosed as having the disease until it is 
clinically apparent and fairly advanced5. A good 
example of this circumstance comes from a 
Swedish study that estimated that only 20-30% of 
subjects with COPD who met the COPD criteria had 
been diagnosed as having COPD . It is due to this 
reason that epidemiological data on COPD in the 
Middle East and North African regions is confined 
and limited to small areas and does not reflect 
national prevalence estimates.

In contrast to COPD, restrictive lung disease is a 
significant lung pathology characterized by 
reduced lung volumes. Lung volumes can be 
reduced either because of intrinsic factors such as 
an alteration in lung parenchyma, or because of 
extrinsic factors including disease of the pleura, 
chest wall, or neuromuscular apparatus. Most 
commonly they occur due to interstitial disease of 
the lung following fibrosis. In case of intrinsic lung 
disease, the physiological effects of diffuse 
parenchymal disorders reduce all lung volumes by 
the excessive elastic recoil of the lungs, relative to 
the outward recoil forces of the chest wall. 
Expiratory airflow is reduced in proportion to lung 
volume. Intrinsic factors include; pneumonia, 
tuberculosis, lung cancers and sarcoidosis. Diseases 
of extrinsic structures result in lung restriction, 
impaired ventilatory function, and respiratory failure 
(e.g., non-muscular diseases of the chest wall, 
neuromuscular disorders). Pleural effusion, kyphosis, 
obesity, ascites and muscular dystrophy are a few 
examples of pathologies that can cause restricted 
lung capacity.

The aim of our study therefore is to determine the 
prevalence of COPD and Restrictive Lung 
pathologies and to associate key risk factors with 
them. Any targeted research specific to the 
prevalence and risk factors of COPD and Restriction 
in Pakistan is scarce. With the help of 

self-administered questionnaires we hope to raise 
awareness about this debilitating disease and to 
promote a system of early diagnosis and finding 
and eliminating contributing risk factors.

METHODS

This cross sectional study was conducted in Primary 
Health Care center Sikanderabad where majority is 
Pashtun population comprising 100000 people 
approximately. Study was conducted between 
June 2017 till May 2018. Sample size was calculated 
from WHO calculator that came out to be 150.

A modified version of the American Thoracic 
Society division of lung disease questionnaire was 
used to record the presence of respiratory 
symptoms. It included questions regarding frequent 
cough (defined as presence of cough on most days 
for 3 consecutive months or more during the year), 
chronic cough (defined as presence of cough for 3 
consecutive months in 2 consecutive years), 
frequent phlegm (defined as bringing up phlegm 
on most days of month, for 3 consecutive months or 
more in a year), chronic phlegm (presence of 
phlegm for 3 consecutive months in 2 consecutive 
years), frequent wheezing (whistling sound heard 
on expiration within 2 years), chronic wheezing 
(whistling sounds heard on expiration more than 2 
years).  MRC dyspnea scale is categorized into 5 
grades. Grade 0 is not troubled by breathlessness 
except on strenuous exercise. Grade 1 is short of 
breadth when hurrying on a level or walking up a 
slight hill. Grade 2 is walks slower than most people 
on a  level, stops after a mile or so, or stops after 15 
min walking at own pace. Grade 3 is stops for 
breadth after walking 100 yards or after a few 
minutes on level ground. Grade 4 is too breathless 
to leave the house or breathless while undressing.

The age, height and sex predicted values of Forced 
Vital Capacity (FVC), forced expiratory volume in 
one second (FEV1) and their ratio (FEV1/FVC) were 
recorded in milliliters (ml) and percentages. 
Predicted lung volumes i.e. forced vital capacity 
(FVC), forced expiratory volume in one second 
(FEV1) and their ratio (FEV1/FVC) were recorded 
using portable spirometer. Predicted percentage of 
≥ 80% for FVC and FEV1 and FEV1/FVC ratio of ≥0.7 
were considered as cut off for lung function tests to 
be normal. These cut-offs are generally used 
internationally for categorizing lung volumes as 
normal or abnormal10.

Obstructive lung function was defined as having 
FEV1<80% and FEV1/FVC <70% and restrictive lung 
function was defined as having FEV1<80% and 
FEV1/FVC >70% .Those whose FEV1 did not improve 
>12% post bronchodilation were labeled COPDers.

Participants were explained the procedure of 
spirometry in detail and were allowed to practice 

until they felt comfortable. Participants were asked 
to refrain from smoking for at least 1 hour prior to the 
procedure. Spirometry was conducted in standing 
position without nose clips and ATS repeatability 
criteria were used for quality assessment of the 
spirometry maneuver. Results of three acceptable 
readings were recorded and best of the three 
readings was used for analysis in this study. A trained 
technician who was also well versed with local 
language conducted spirometry.

Data was analyzed using SPSS 20. Mean and 
standard deviation were taken out for numerical 
data. Categorical data was shown in frequency 
and percentage. Chi-square was taken out to see 
association of risk factors with the outcome. P-value 
<0.05 was considered significant.

RESULTS

Mean age of the study population was 27.67 years 
with standard deviation of 19.53. 57% of males and 
16.7 % of females had some sort of obstruction. 
Result was statistically significant (p-value 0.000) 
55.6% and 84.6% of those who had COPD were 
males and females respectively. Again statistically 
significant (p-value0.000).

32.9% of subjects participating in the study had 
obstruction P -value 0.402 so result was not 
statistically significant.  69.7% of those with COPD 
had past history present but the results were 
insignificant (p-value0.471).

77.8% of those with obstruction had chemical 
exposure in the past, which was statistically 
significant (<0.00). 61.1% of those with COPD had 
chemical exposure but it was not statistically 
significant (p-value 0.246)(Table 1).

82.5% of those who had obstruction were smokers, 
which was statistically significant. (p-value <0.00) 
42.5% of those with COPD were smokers which was 
also statistically significant (p-value <0.00) 80% of 
those with obstructive lung pathology smoked more 
than 11 years .87.5% , 71.4% and 24.5% with 
obstruction had smoked 6-10 yrs, 1-5 years and 0 
years respectively which is statistically significant 
(p-value 0.000) Similarly statistically significant results 
were seen (p-value 0.00) with those who did not 
achieve reversibility and were labeled COPD. 100%, 
37.5%, 28.6% and 75.4% of those who had COPD 
smoked more than 11 years, 6-10 yrs, 1-5 years and 
0 years respectively.

45% of those who had obstructive lung disease and 

63.3% of subjects with COPD presented with cough, 
both statistically significant (p-value 0.000).  71.4% of 
subjects who had obstruction produced phlegm 
that was statistically significant( p-value 0.000) 76.2% 
of subjects with  COPD had phlegm but was not 
statistically significant( p-value 0.376) Obstruction 
was present in 82.2%  of those with wheeze and 
33.9% of subjects with COPD were wheezers, both 
statistically significant results ( p-value 0.000) 100% of 
subjects with COPD had grade 4 dyspnea. 80%, 
56.2, 54.0 and 92% of subjects with COPD had 
mrcdyspnea score of 3,2,1 an0 respectively but the 
results were not statistically significant p-value 0.049 
(Table 2).

39.3% of those with obstructive pathology had pets 
in their houses and 73.2% of COPDers were pet 
keepers but the results were not statistically 
significant, p-value 0.565 and 0.368 respectively.
75% , 61.5 %, 68.2% and 77.8% of those who had 
COPD had formal education of more than 11 years, 
6-10 years, 1-5 years and 0 years respectively but 
the results were statistically insignificant (p value 
0.589).

Frequency of Restrictive Lung Disease was 4.7% in 
our study. Of those with restriction 6 were females 
and there was only 1 male. In the diseased 
population, 1 (1.3%) had past history of restrictive 
disorder with p- value 0.05 that is statistically 
significant. Most people with restrictive lung disorder 
belonged to Pushtoon community 6 (5.7%) and 
1(1.3%) was Urdu speaking but the result is 
statistically insignificant (p value 0.719). 1 person 
(5.6%) had exposure to chemicals, again statistically 
insignificant (p-value 0.599) Subjects with restrictive 
lung disease were mostly illiterate i.e. 5(11.1%), 
2(2.3%) had primary education but the relation is 
statistically insignificant (p-value 0.196). There was 
only 1 smoker (2.5%) identified with restriction ( p 
value 0.701), but the duration of smoking was less 
than 1 year(p value 0.57), both statistically 
insignificant. When clinical presentation was looked 
upon, cough, phlegm and wheeze was present in 6 
(5% p-value 0.9), 1 (4.8% p-value 0.9) and 5 (8.1% 
p-value 0.104) subjects respectively. MRC dyspnea 
score came out to be statistically significant 
(p-value 0.001). Most of the people with restriction 
had Grade 2 level dyspnea  in which one walks 
slower than most people on a  level, stops after a 
mile or so, or stops after 15 min walking at own 
pace. They were 4 individuals (25%). 2 (2.1%) had no 
dyspnea and 1 (10%) was identified with grade 3 
dyspnea in which an individual stops for breadth 
after walking 100 yards, or  after a few minutes on 
level ground.
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ABSTRACT

Background: Diabetes mellitus is considered as hypercoagulable state, where hypercoagulability of blood 
result in acceleration of atherosclerosis and diabetic microvascular complications. Three recognized 
diabetic microvascular complications include diabetic neuropathy, diabetic nephropathy and diabetic 
retinopathy. The aim of the present study was to evaluate association of plasma fibrinogen levels with other 
variables in patients with any of the three-recognized diabetic microvascular complications: diabetic 
neuropathy, diabetic retinopathy or diabetic nephropathy.

Methods: 104 patients of T2DM from in Medical unit-II and ophthalmology ward, Services Hospital, Lahore 
from April to October 2017 were included in present study. The patients were divided into two groups of 52 
patients each. Group 1 comprised of Type 2 Diabetes Mellitus patients without any diabetic microvascular 
complications and Group II: Type 2 Diabetes Mellitus patients with any of three recognized diabetic 
microvascular complications: diabetic neuropathy, diabetic nephropathy and diabetic retinopathy (52 
patients). Plasma fibrinogen levels, blood sugar fasting (BSF), HbA1c and BMI were evaluated in all patients.

Results: Spearman’s rank correlation coefficient, applied for measuring correlation of variables, showed 
statistically significant correlation (P < 0.05) of BSF r = 0.39; HbA1c r = 0.48 to plasma fibrinogen in patients with 
any of the three diabetic microvascular complications.

Conclusion: Higher fibrinogen levels (Clotting factor I) in plasma contribute significantly to establishment of 
microvascular complications in type-II diabetes mellitus patients. Fibrinogen levels were positively correlated 
with HbA1c and blood sugar fasting.
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INTRODUCTION

Diabetes mellitus (DM) is defined as a metabolic 
disorder due to multiple etiological factors and is 
featured by chronic hyperglycemia amalgamated 
with derangements of carbohydrate, protein and 
fat metabolisms causing long–term morbidity, 
dysfunction and failure of multiple body organs.1

Type II diabetes mellitus (T2DM), due to gradual loss 

of pancreatic β-Cell function, results in impaired 
secretion of insulin and increased requirement for 
insulin due to insulin resistance. Microvascular 
complications of DM include diabetic neuropathy, 
diabetic nephropathy and diabetic retinopathy, 
which are conditions manifesting from prolonged 
excess glucose levels in the small blood vessels 
supplying various body tissues2-5.

The pathophysiology of vascular complications 

include hypercoagulable state and disturbed 
coagulation cascade in diabetes leading to 
extensive platelet aggregation and hence more 
clot formation.6 Many factors can affect plasma 
fibrinogen levels. It increases with an advancing 
age, body mass index (BMI), diabetes mellitus, 
tobacco smoking and in post-menopausal women. 
It declines with regular physical exercise, moderate 
alcohol consumption, high density lipoprotein 
cholesterol (HDL cholesterol) and with synthetic 
hormone therapy.7, 8

Platelet aggregation seems to execute a major role 
in pathophysiology of hemostasis and thrombosis. 
This aggregation takes place through the interface 
of plasma fibrinogen with its receptor on platelets 
which is Glycoprotein IIb-IIIa complex. Fibrinogen is 
an active participant in a number of 
pathophysiological processes in the body including 
inflammation, thrombogenesis and atherogenesis.9

In the past few years, variation in hematological 
indices has been related to development of 
microvascular complications in diabetics. Few 
hematological factors such as blood viscosity and 
others are thought to participate significantly for 
microvascular complications in diabetics.10

The aim of our study was to evaluate an association 
of plasma fibrinogen with blood levels of glycated 
hemoglobin (HbA1c), fasting glucose and BMI in 
patients having any of the three diabetic 
microvascular complications.

METHODS

This Cross-sectional study was conducted in 
Medical unit-II and Ophthalmology ward, Services 
Hospital, Lahore and in the Institute of Molecular 
Biology and Biotechnology (IMBB), The University of 
Lahore from 15th April 2017 to 15th October 2017. 
Informed consent was taken from all patients 
recruited and their demographic data was 
recorded. The clinical parameters were also noted.

The study included one hundred and four patients 
of Type-II Diabetes Mellitus with an age range 20-75 
males and females.. These patients were divided 
into two groups for comparison; Group I: Type-II 
Diabetes Mellitus (T2DM) patients without any 
microvascular complication (52 patients). Group II: 
Type 2 Diabetes Mellitus patients with any of the 
three recognized microvascular complications: 
Diabetic neuropathy, diabeticretinopathy or 
diabetic nephropathy (52 patients). Patients with 
any systemic illness altering the blood coagulability, 
inherited bleeding disorders, severe liver or cardiac 
failure or cancer, on oral contraceptive pills or who 
underwent surgical operation in last six months, or 
genetic disorders like hemoglobinopathies were 
excluded.

Hematological and biochemical analysis were 
done by using Amax destiny plus fully automated 
coagulation analyzer by Trinity Biotech. Hemoglobin 
A1c (HbA1c), fasting plasma glucose were 
measured on chemistry analyzer (Hitachi 902fully 
automated analyzer) manufactured by Roche 
Diagnostics Germany. Body mass index (BMI) was 
done by using the formula: weight measured in 
kilograms divided by height measured in square 
meter (kg/m2).11

The statistical analysis of the data was done by 
using Statistical Package for the Social Sciences; 
SPSS version 21 for windows (SPSS Inc., Chicago, IL, 
USA). Descriptive results were expressed as: mean ± 
SD (standard deviation). An independent samples 
t-test was utilized to compare means of variables. 
Spearman’s rank correlation coefficient was utilized 
for finding correlation between plasma fibrinogen 
levels and other clinical and laboratory parameters. 
P values < 0.05 were considered statistically 
significant.

RESULTS

In our study, 104 T2DM patients were registered and 
were divided in two groups for comparison:
The mean age of the patients in Group I was 56.02 ± 
8.52 years and mean age of the patients in Group II 
was 55.12 ± 9.91 years. The mean blood sugar 
fasting in Group I was 133.71 ± 29.80 and mean 
blood sugar fasting in Group II was 159.12 ± 37.12.  
Mean HBA1c in Group I was 6.73 ± 1.25 and mean 
HBA1c in Group II was 8.13± 1.50. Mean plasma 
fibrinogen in Group I was 295.98 ± 59.70 and mean 
fibrinogen level in Group II was 351 ± 62.78 .Mean 
BMI in Group I was 23.70 ± 3.96 and mean BMI in 
Group II was  22.98 ± 4.15 (Table 1).

An independent samples t-test revealed that there 
was a significant difference between the two 
groups statistically as regards plasma fibrinogen 
levels, blood sugar fasting and HbA1c (Table 1). 
According to Spearman’s rank correlation 
coefficient, following variables were statistically 
significantly correlated (P < 0.05) to plasma 
fibrinogen levels: Blood sugar fasting r = 0.59; HbA1c 
r = 0.79 (Table 2).

A bivariate Spearman’s rank correlation coefficient 
was used to examine whether there was a 
relationship between diabetic microvascular 
complications and plasma fibrinogen. Using a 
two-tailed 0.05 criterion, the results revealed a 
significant and positive relationship between the 
two variables [r (104) = 0.46, p <0.05]. The correlation 
was moderate in strength. Higher levels of plasma 
fibrinogen were associated with diabetic 
microvascular complications (Table 3).
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INTRODUCTION

Diabetes mellitus (DM) is defined as a metabolic 
disorder due to multiple etiological factors and is 
featured by chronic hyperglycemia amalgamated 
with derangements of carbohydrate, protein and 
fat metabolisms causing long–term morbidity, 
dysfunction and failure of multiple body organs.1

Type II diabetes mellitus (T2DM), due to gradual loss 

of pancreatic β-Cell function, results in impaired 
secretion of insulin and increased requirement for 
insulin due to insulin resistance. Microvascular 
complications of DM include diabetic neuropathy, 
diabetic nephropathy and diabetic retinopathy, 
which are conditions manifesting from prolonged 
excess glucose levels in the small blood vessels 
supplying various body tissues2-5.

The pathophysiology of vascular complications 

include hypercoagulable state and disturbed 
coagulation cascade in diabetes leading to 
extensive platelet aggregation and hence more 
clot formation.6 Many factors can affect plasma 
fibrinogen levels. It increases with an advancing 
age, body mass index (BMI), diabetes mellitus, 
tobacco smoking and in post-menopausal women. 
It declines with regular physical exercise, moderate 
alcohol consumption, high density lipoprotein 
cholesterol (HDL cholesterol) and with synthetic 
hormone therapy.7, 8

Platelet aggregation seems to execute a major role 
in pathophysiology of hemostasis and thrombosis. 
This aggregation takes place through the interface 
of plasma fibrinogen with its receptor on platelets 
which is Glycoprotein IIb-IIIa complex. Fibrinogen is 
an active participant in a number of 
pathophysiological processes in the body including 
inflammation, thrombogenesis and atherogenesis.9

In the past few years, variation in hematological 
indices has been related to development of 
microvascular complications in diabetics. Few 
hematological factors such as blood viscosity and 
others are thought to participate significantly for 
microvascular complications in diabetics.10

The aim of our study was to evaluate an association 
of plasma fibrinogen with blood levels of glycated 
hemoglobin (HbA1c), fasting glucose and BMI in 
patients having any of the three diabetic 
microvascular complications.

METHODS

This Cross-sectional study was conducted in 
Medical unit-II and Ophthalmology ward, Services 
Hospital, Lahore and in the Institute of Molecular 
Biology and Biotechnology (IMBB), The University of 
Lahore from 15th April 2017 to 15th October 2017. 
Informed consent was taken from all patients 
recruited and their demographic data was 
recorded. The clinical parameters were also noted.

The study included one hundred and four patients 
of Type-II Diabetes Mellitus with an age range 20-75 
males and females.. These patients were divided 
into two groups for comparison; Group I: Type-II 
Diabetes Mellitus (T2DM) patients without any 
microvascular complication (52 patients). Group II: 
Type 2 Diabetes Mellitus patients with any of the 
three recognized microvascular complications: 
Diabetic neuropathy, diabeticretinopathy or 
diabetic nephropathy (52 patients). Patients with 
any systemic illness altering the blood coagulability, 
inherited bleeding disorders, severe liver or cardiac 
failure or cancer, on oral contraceptive pills or who 
underwent surgical operation in last six months, or 
genetic disorders like hemoglobinopathies were 
excluded.

Hematological and biochemical analysis were 
done by using Amax destiny plus fully automated 
coagulation analyzer by Trinity Biotech. Hemoglobin 
A1c (HbA1c), fasting plasma glucose were 
measured on chemistry analyzer (Hitachi 902fully 
automated analyzer) manufactured by Roche 
Diagnostics Germany. Body mass index (BMI) was 
done by using the formula: weight measured in 
kilograms divided by height measured in square 
meter (kg/m2).11

The statistical analysis of the data was done by 
using Statistical Package for the Social Sciences; 
SPSS version 21 for windows (SPSS Inc., Chicago, IL, 
USA). Descriptive results were expressed as: mean ± 
SD (standard deviation). An independent samples 
t-test was utilized to compare means of variables. 
Spearman’s rank correlation coefficient was utilized 
for finding correlation between plasma fibrinogen 
levels and other clinical and laboratory parameters. 
P values < 0.05 were considered statistically 
significant.

RESULTS

In our study, 104 T2DM patients were registered and 
were divided in two groups for comparison:
The mean age of the patients in Group I was 56.02 ± 
8.52 years and mean age of the patients in Group II 
was 55.12 ± 9.91 years. The mean blood sugar 
fasting in Group I was 133.71 ± 29.80 and mean 
blood sugar fasting in Group II was 159.12 ± 37.12.  
Mean HBA1c in Group I was 6.73 ± 1.25 and mean 
HBA1c in Group II was 8.13± 1.50. Mean plasma 
fibrinogen in Group I was 295.98 ± 59.70 and mean 
fibrinogen level in Group II was 351 ± 62.78 .Mean 
BMI in Group I was 23.70 ± 3.96 and mean BMI in 
Group II was  22.98 ± 4.15 (Table 1).

An independent samples t-test revealed that there 
was a significant difference between the two 
groups statistically as regards plasma fibrinogen 
levels, blood sugar fasting and HbA1c (Table 1). 
According to Spearman’s rank correlation 
coefficient, following variables were statistically 
significantly correlated (P < 0.05) to plasma 
fibrinogen levels: Blood sugar fasting r = 0.59; HbA1c 
r = 0.79 (Table 2).

A bivariate Spearman’s rank correlation coefficient 
was used to examine whether there was a 
relationship between diabetic microvascular 
complications and plasma fibrinogen. Using a 
two-tailed 0.05 criterion, the results revealed a 
significant and positive relationship between the 
two variables [r (104) = 0.46, p <0.05]. The correlation 
was moderate in strength. Higher levels of plasma 
fibrinogen were associated with diabetic 
microvascular complications (Table 3).

In Raman spectrum of Hydroxyapatite phosphate 
group can be seen at 963 cm-1, which is used for 
quantitative analysis. Peaks at 1077 and 1044 are 
the ν3 and at 963 cm-1 is ν1 of P – O. The presence of 
peak at 603 cm-1 indicates the ν4 of the O – P – O7,10,11.
 
Figure 2 shows the Raman spectrum of 
fluoroapatite, in which the peaks at 1046 and 967 
cm-1 shows the ν3 and ν1 stretch of phosphate 
respectively. The peaks at 591 and 437 cm-1 
indicates the ν4 and ν2 bends respectively12.

DISCUSSION

Several studies have been done to find out the 
biocompatibility of HA and none of them shows any 
toxicity, inflammatory response or fibrous tissue 
formation between the implant and the bone. HA 
have poor mechanical properties as all other 
bioactive material. That is why HA cannot be used 
in load bearing applications and is not suitable for 
bone substitute. HA is available in the form of 
porous, dense, granules and coatings. To improve 
the mechanical properties of HA, it can be used 
with metals such as magnesium, zinc, titanium and 
strontium4,5,13. To improve the mechanical properties 
of HA, composites containing HA can be 
synthesized. HA is a highly bioactive material, 
having many clinical applications as bone 
replacements. It is used in dental and orthopaedic 
application for repairing bone defects, immediate 
tooth replacement, alveolar ridge augmentation 
and reconstruction of maxillofacial deformities6. 

HA was first used in 1981 for the filling of periodontal 
lesion, since then it’s been extensively used in 
medical field5. Hydroxyapatite material implants 
cannot be used under heavy loads, such as artificial 
teeth or bones as the fracture toughness of HA is 
very low if compared with human bone. The clinical 
applications of HA are restricted to small unloaded 
implants, powders, coatings and implants in low 
stress bearing areas14, 15. 

The Fluoride in the Fluoroapatite inhibits the 
bacterial growth thus making it the material of 
choice to incorporate in dental restorative 
materials.  Presence of fluoride results in the low 
solubility and good acid resistance which are the 
essential property of a restorative material to survive 
in the harsh oral environment. But the excess 
fluoride may result in fluorosis. Fluoride and 
hydroxide ions share the same charge and almost 
same radius and are able to replace each other in 
the mineral structures16. Chen and Miao have 
incorporated Fluoride in hydroxyapatite to form 
fluorohydroxyapatite and concluded that the 
resultant material have better thermal and 
chemical stability than hydroxyapatite17. 

Sol-gel method is considered more advantageous 
as compared to others because the product 
obtained is pure, homogenous, highly crystalline, 
nano sized and requires comparatively low synthesis 
temperature5-7. The sol-gel process is a wet 
chemical method that does not require too high 
sintering temperature. Molecular mixing of calcium 

and phosphorus can be achieved by this method8. 
There are six stages of sol-gel method, which are 
mixing, gelation, aging, drying, sintering and 
crushing. Calcium and Phosphorus precursors are 
mixed in a molar ratio of 1.67. The mixture is then 
heated and stirred till the white transparent gel is 
obtained. The obtained gel is then dried for 24 hours 
in an air oven. Here a dried porous material is 
obtained which is placed in a furnace for sintering. 
The powder obtained from sintering is then allowed 
to cool and then crushed with the help of mortar 
and pestle to achieve the similar size particles7,8. The 
obtained materials are then observed under FTIR 
and Raman spectroscopy for confirming the 
chemical structure which is a reliable method of 
characterizing the materials chemically18. 

CONCLUSION

In the present study, Hydroxyapatite and 
Fluoroapatite were prepared by sol gel method. Sol 
gel method is proved to be a reliable and simple 
method for the formation of nano sized 
Hydroxyapatite and Fluoroapatite.

ACKNOWLEDGEMENTS

The authors would like to thank to the School of 
Engineering and Materials, Queen Mary University 
of London, London, United Kingdom, for all the help 
during the experiment.

REFERENCES

1. Rehman I, Moshaverinia A, Ansari S, Moshaverinia 
M, Roohpour N, Darr JA. Effects of incorporation of 
hydroxyapatite and fluoroapatite nanobioceramics 
into conventional glass ionomer cements (GIC). 
Acta Biomater 2008;4(2):432-40.
2. Sheikh L, Sinha S, Singhababu YN, Verma V, 
Tripathy S, Nayar S. Traversing the profile of 
biomimetically nanoengineered iron substituted 
hydroxyapatite: synthesis, characterization, 
property evaluation, and drug release modeling. 
RSC Advances 2018;8(35):19389-401.
3. Wong LH, Tio B, Miao X. Functionally graded 
tricalcium phosphate/fluoroapatite composites. 
Mater Sci Eng C 2002;20(1-2):111-5.
4. Aljerf L, Choukaife AE. Hydroxyapatite and 
Fluoroapatite Behavior with pH Change. Int Med J 
2017;24(5):407-10.
5. Sopyan I, Singh R, Hamdi M. Synthesis of nano 
sized hydroxyapatite powder using sol-gel 
technique and its conversion to dense and porous 
bodies. New Delhi, INDE: India National Science 
Academy; 2008. 6 p.
6. Kuriakose TA, Kalkura SN, Palanichamy M, Arivuoli 

D, Dierks K, Bocelli G, et al. Synthesis of 
stoichiometric nano crystalline hydroxyapatite by 
ethanol-based sol-gel technique at low 
temperature. J Cryst Growth 2004;263(1-4):517-23.
7. Kala JBA, T A. Preparation and Characterization 
of Precipitated Nano Hydroxyapatite. AJBAS 
2018;12(2):10-4.
8. Feng W, Mu-sen L, Yu-peng L, Yong-xin Q. A 
simple sol-gel technique for preparing 
hydroxyapatite nanopowders. Material Letter 
2005;59(8-9):916-9.
9. Salehi S, Fathi MH. Fabrication and 
characterization of sol-gel derived 
hydroxyapatite/zirconia composite nanopowders 
with various yttria contents. Ceramics Int 
2010;36(5):1659-67.
10. Kontoyannis CG, Bouropoulos NC, Koutsoukos 
PG. Raman spectroscopy: A tool for the 
quantitative analysis of mineral components of solid 
mixtures. The case of calcium oxalate monohydrate 
and hydroxyapatite. Vib Spectrosc 
1997;15(1):53-60.
11. Rehman IU, Khan AS, Ahmed Z, Edirisinghe MJ, 
Wong FSL. Preparation and characterization of a 
novel bioactive restorative composite based on 
covalently coupled 
polyurethane-nanohydroxyapatite fibres. Acta 
Biomater 2008;4(5):1275-87.
12. Williams Q, Knittle E. Infrared and raman spectra 
of Ca5(PO4)3F2-fluorapatite at high pressures: 
Compression-induced changes in phosphate site 
and Davydov splittings. J Physic Chem Solid 
1996;57(4):417-22.
13. Mardziah CM, Sopyan I, Ramesh S. 
Strontium-Doped Hydroxyapatite Nanopowder via 
Sol-Gel Method: Effect of Strontium Concentration 
and Calcination Temperature on Phase Behavior. 
Trends Biomaterial Artific Organ 2009;23(2):105-13.
14. Suchanek W, Yashima M, Kakihana M, 
Yoshimura M. Hydroxyapatite ceramics with 
selected sintering additives. Biomaterials 
1997;18(13):923-33.
15. Tavakkoli-Gilavan M, Abdizadeh H, 
Golobostanfard MR. Biomineralization behavior of 
e l e c t r o p h o r e t i c - d e p o s i t e d 
hydroxyapatite-tricalcalcium phosphate biphasic 
composite. App Surface Sci 2018;458:988-95.
16. Kanchana P, Sekar C. Influence of sodium 
fluoride on the synthesis of hydroxyapatite by gel 
method. J Cryst Growth 2010;312(6):808-16.
17. Chen Y, Miao X. Thermal and chemical stability 
of fluorohydroxyapatite ceramics with different 
fluorine contents. Biomaterials 2005;26(11):1205-10.
18. Khan S, Privani M, Nathani MA. Chemical 
Characterization of Silorane by FTIR and Raman 
Spectroscopy. Pak J Med Dent 2015;04(03):17-9.



37

IMRAN ALI ZAIDI, ANILA JALEEL, KIRAN NAMOOS, HASSAN ALI, AMNA IQTIDAR, FAROUK QAMAR MALIK

PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2019, VOL. 8 (02)

INTRODUCTION

Diabetes mellitus (DM) is defined as a metabolic 
disorder due to multiple etiological factors and is 
featured by chronic hyperglycemia amalgamated 
with derangements of carbohydrate, protein and 
fat metabolisms causing long–term morbidity, 
dysfunction and failure of multiple body organs.1

Type II diabetes mellitus (T2DM), due to gradual loss 

of pancreatic β-Cell function, results in impaired 
secretion of insulin and increased requirement for 
insulin due to insulin resistance. Microvascular 
complications of DM include diabetic neuropathy, 
diabetic nephropathy and diabetic retinopathy, 
which are conditions manifesting from prolonged 
excess glucose levels in the small blood vessels 
supplying various body tissues2-5.

The pathophysiology of vascular complications 

include hypercoagulable state and disturbed 
coagulation cascade in diabetes leading to 
extensive platelet aggregation and hence more 
clot formation.6 Many factors can affect plasma 
fibrinogen levels. It increases with an advancing 
age, body mass index (BMI), diabetes mellitus, 
tobacco smoking and in post-menopausal women. 
It declines with regular physical exercise, moderate 
alcohol consumption, high density lipoprotein 
cholesterol (HDL cholesterol) and with synthetic 
hormone therapy.7, 8

Platelet aggregation seems to execute a major role 
in pathophysiology of hemostasis and thrombosis. 
This aggregation takes place through the interface 
of plasma fibrinogen with its receptor on platelets 
which is Glycoprotein IIb-IIIa complex. Fibrinogen is 
an active participant in a number of 
pathophysiological processes in the body including 
inflammation, thrombogenesis and atherogenesis.9

In the past few years, variation in hematological 
indices has been related to development of 
microvascular complications in diabetics. Few 
hematological factors such as blood viscosity and 
others are thought to participate significantly for 
microvascular complications in diabetics.10

The aim of our study was to evaluate an association 
of plasma fibrinogen with blood levels of glycated 
hemoglobin (HbA1c), fasting glucose and BMI in 
patients having any of the three diabetic 
microvascular complications.

METHODS

This Cross-sectional study was conducted in 
Medical unit-II and Ophthalmology ward, Services 
Hospital, Lahore and in the Institute of Molecular 
Biology and Biotechnology (IMBB), The University of 
Lahore from 15th April 2017 to 15th October 2017. 
Informed consent was taken from all patients 
recruited and their demographic data was 
recorded. The clinical parameters were also noted.

The study included one hundred and four patients 
of Type-II Diabetes Mellitus with an age range 20-75 
males and females.. These patients were divided 
into two groups for comparison; Group I: Type-II 
Diabetes Mellitus (T2DM) patients without any 
microvascular complication (52 patients). Group II: 
Type 2 Diabetes Mellitus patients with any of the 
three recognized microvascular complications: 
Diabetic neuropathy, diabeticretinopathy or 
diabetic nephropathy (52 patients). Patients with 
any systemic illness altering the blood coagulability, 
inherited bleeding disorders, severe liver or cardiac 
failure or cancer, on oral contraceptive pills or who 
underwent surgical operation in last six months, or 
genetic disorders like hemoglobinopathies were 
excluded.

Hematological and biochemical analysis were 
done by using Amax destiny plus fully automated 
coagulation analyzer by Trinity Biotech. Hemoglobin 
A1c (HbA1c), fasting plasma glucose were 
measured on chemistry analyzer (Hitachi 902fully 
automated analyzer) manufactured by Roche 
Diagnostics Germany. Body mass index (BMI) was 
done by using the formula: weight measured in 
kilograms divided by height measured in square 
meter (kg/m2).11

The statistical analysis of the data was done by 
using Statistical Package for the Social Sciences; 
SPSS version 21 for windows (SPSS Inc., Chicago, IL, 
USA). Descriptive results were expressed as: mean ± 
SD (standard deviation). An independent samples 
t-test was utilized to compare means of variables. 
Spearman’s rank correlation coefficient was utilized 
for finding correlation between plasma fibrinogen 
levels and other clinical and laboratory parameters. 
P values < 0.05 were considered statistically 
significant.

RESULTS

In our study, 104 T2DM patients were registered and 
were divided in two groups for comparison:
The mean age of the patients in Group I was 56.02 ± 
8.52 years and mean age of the patients in Group II 
was 55.12 ± 9.91 years. The mean blood sugar 
fasting in Group I was 133.71 ± 29.80 and mean 
blood sugar fasting in Group II was 159.12 ± 37.12.  
Mean HBA1c in Group I was 6.73 ± 1.25 and mean 
HBA1c in Group II was 8.13± 1.50. Mean plasma 
fibrinogen in Group I was 295.98 ± 59.70 and mean 
fibrinogen level in Group II was 351 ± 62.78 .Mean 
BMI in Group I was 23.70 ± 3.96 and mean BMI in 
Group II was  22.98 ± 4.15 (Table 1).

An independent samples t-test revealed that there 
was a significant difference between the two 
groups statistically as regards plasma fibrinogen 
levels, blood sugar fasting and HbA1c (Table 1). 
According to Spearman’s rank correlation 
coefficient, following variables were statistically 
significantly correlated (P < 0.05) to plasma 
fibrinogen levels: Blood sugar fasting r = 0.59; HbA1c 
r = 0.79 (Table 2).

A bivariate Spearman’s rank correlation coefficient 
was used to examine whether there was a 
relationship between diabetic microvascular 
complications and plasma fibrinogen. Using a 
two-tailed 0.05 criterion, the results revealed a 
significant and positive relationship between the 
two variables [r (104) = 0.46, p <0.05]. The correlation 
was moderate in strength. Higher levels of plasma 
fibrinogen were associated with diabetic 
microvascular complications (Table 3).

Table 1: Age, BMI, Plasma Fibrinogen, Blood Glucose and HbA1c in patients with and without
microvascular complications. The values are shown as mean ±Standard error of mean.

Table 3: Relationship between diabetic microvascular complications and plasma fibrinogen.
Statistical analysis by bivariate Spearman’s rank correlation coefficient.

Table 2: Relationship between plasma fibrinogen and variables.

Independent samples T test: P < 0.05: Statistically significant

Statistical analysis by Spearman’s rank correlation coefficient

TEST NAME T2DM WITH MVC (n=52) T2DM WITHOUT MVC (n=52) P VALUE 

Age (years) 56.02± 1.18 55.12± 1.37 0.62 
Body mass index (BMI) 22.98±0.57 23.70±0.54 0.37 

Plasma fibrinogen 351.08±8.70 295.98±8.27 .000 
Blood sugar fasting 159.12±5.14 133.71±4.13 .000 

HBA1c 8.13±0.20 6.73±0.17 .000 

Tested variables N Spearman’s rho correlation coefficient(r) P value 

Blood sugar fasting 104 .587 .000 
HBA1c 104 .785 .000 

BMI 104 .048 .628 
Age 104 -.021 0.83 

 Groups Fibrinogen 

Spearman's rho Groups Correlation Coefficient 1.000 .458** 
Sig. (2-tailed) . .000 
N 104 104 

Fibrinogen Correlation Coefficient .458** 1.000 
Sig. (2-tailed) .000 . 
N 104 104 

DISCUSSION

Diabetes Mellitus is one of the major causes of 
morbidity not only in developed but also in 
developing countries. Blood hypercoagulability in 
diabetes mellitus may result in acceleration of 
atherosclerosis and development of diabetic 
microvascular complications.12

One of the contributing factor to increased blood 
viscosity and hypercoagulability is elevated plasma 
fibrinogen levels which is considered as a cardinal 
risk factor for development of diabetic 
microvascular complications.13

Our study shows significantly elevated plasma 
fibrinogen level in T2DM patients with diabetic 
microvascular complications i.e. diabetic 
neuropathy, diabetic retinopathy or diabetic 
nephropathy as compared to T2DM patients 
without any diabetic microvascular complication. 

The findings are consistent with study done by 
Mohan et al. that showed significantly increased 
serum fibrinogen level in 30 diabetic patients with 
complications as compared to controls.14 Neetha et 
al. studied plasma fibrinogen levels in 61 patients 
with diabetic retinopathy and compared them with 
those without diabetic retinopathy. The study 
pointed out that increased plasma fibrinogen level 
significantly contributes to the initiation and 
development of diabetic retinopathy. 15

Aslam et al. concluded significant correlation of 
plasma fibrinogen levels with the three 
microvascular complications, suggesting that 
hyperfibrinogenemia leads to increased vascular 
complications in type 2 diabetes mellitus patients.16 
Sarangi et al. point out the role of plasma fibrinogen  
in establishment of diabetic retinopathy.17

Our study showed significant correlation between 
plasma fibrinogen level and blood sugar fasting 

and HbA1C. Significant positive correlation exists 
between plasma fibrinogen levels and blood sugar 
fasting, and plasma fibrinogen and HbA1c. 
However no significant correlation was found 
between plasma fibrinogen and body mass index in 
the study.

In diabetic microangiopathy there are numerous 
proposed phenomena explaining elevated 
fibrinogen level in patient of diabetes mellitus. Firstly 
it is thought to be linked with low grade 
inflammation. Exaggerated platelets, leukocytes 
activation and the presence of heterotypic 
aggregations have been documented in diabetic 
microangiopathy.18 Furthermore cytokines such as 
Interleukin-6 levels are increased in diabetes which  
is believed to stimulate liver cells, that synthesizes 
more fibrinogen, thus suggesting a crucial 
connection between inflammation and 
hypercoagulation.19 Insulin resistance is considered 
another important risk factor which leads to 
escalated fibrinogen hepatic production in patients 
of T2DM.20

Gupta et al. found positive correlation of 
glycosylated hemoglobin (HbA1c) with fibrinogen 
level21. Similarly Azad et al. found significant positive 
correlation of HbA1c with plasma fibrinogen level in 
patients with diabetic retinopathy22.

Studies by Coban et al. and Mir et al. showed 
positive correlation between plasma fibrinogen 
level fasting blood sugar.23,24

In our study, non significant correlation was 
observed between plasma fibrinogen levels and 
BMI, which  is in agreement with study Lyer et al.25 
but Bembde et al.26 showed significant correlation.

This study suggests that an important role of plasma 
fibrinogen in development of microvascular 
complications in diabetes mellitus patients. 
However, this study had several limitations. Firstly, 
the number of patients enrolled was relatively small. 
Secondly, the study design was cross-sectional. 

Additional large-scale, prospective studies are 
needed to further evaluate the role of plasma 
fibrinogen levels in development of microvascular 
complications in diabetic patients. It is 
recommended based on this study that early drug 
therapy and management may be initiated to 
lower plasma fibrinogen levels in order to prevent 
initiation and progression of diabetic microvascular 
complications. 

CONCLUSION

Higher fibrinogen levels (Clotting factor I) in plasma 
may contribute significantly to establishment of 
microvascular complications in type-II diabetes 
mellitus patients. Fibrinogen levels are positively 

correlated with HbA1c and blood sugar fasting.
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In Raman spectrum of Hydroxyapatite phosphate 
group can be seen at 963 cm-1, which is used for 
quantitative analysis. Peaks at 1077 and 1044 are 
the ν3 and at 963 cm-1 is ν1 of P – O. The presence of 
peak at 603 cm-1 indicates the ν4 of the O – P – O7,10,11.
 
Figure 2 shows the Raman spectrum of 
fluoroapatite, in which the peaks at 1046 and 967 
cm-1 shows the ν3 and ν1 stretch of phosphate 
respectively. The peaks at 591 and 437 cm-1 
indicates the ν4 and ν2 bends respectively12.

DISCUSSION

Several studies have been done to find out the 
biocompatibility of HA and none of them shows any 
toxicity, inflammatory response or fibrous tissue 
formation between the implant and the bone. HA 
have poor mechanical properties as all other 
bioactive material. That is why HA cannot be used 
in load bearing applications and is not suitable for 
bone substitute. HA is available in the form of 
porous, dense, granules and coatings. To improve 
the mechanical properties of HA, it can be used 
with metals such as magnesium, zinc, titanium and 
strontium4,5,13. To improve the mechanical properties 
of HA, composites containing HA can be 
synthesized. HA is a highly bioactive material, 
having many clinical applications as bone 
replacements. It is used in dental and orthopaedic 
application for repairing bone defects, immediate 
tooth replacement, alveolar ridge augmentation 
and reconstruction of maxillofacial deformities6. 

HA was first used in 1981 for the filling of periodontal 
lesion, since then it’s been extensively used in 
medical field5. Hydroxyapatite material implants 
cannot be used under heavy loads, such as artificial 
teeth or bones as the fracture toughness of HA is 
very low if compared with human bone. The clinical 
applications of HA are restricted to small unloaded 
implants, powders, coatings and implants in low 
stress bearing areas14, 15. 

The Fluoride in the Fluoroapatite inhibits the 
bacterial growth thus making it the material of 
choice to incorporate in dental restorative 
materials.  Presence of fluoride results in the low 
solubility and good acid resistance which are the 
essential property of a restorative material to survive 
in the harsh oral environment. But the excess 
fluoride may result in fluorosis. Fluoride and 
hydroxide ions share the same charge and almost 
same radius and are able to replace each other in 
the mineral structures16. Chen and Miao have 
incorporated Fluoride in hydroxyapatite to form 
fluorohydroxyapatite and concluded that the 
resultant material have better thermal and 
chemical stability than hydroxyapatite17. 

Sol-gel method is considered more advantageous 
as compared to others because the product 
obtained is pure, homogenous, highly crystalline, 
nano sized and requires comparatively low synthesis 
temperature5-7. The sol-gel process is a wet 
chemical method that does not require too high 
sintering temperature. Molecular mixing of calcium 

and phosphorus can be achieved by this method8. 
There are six stages of sol-gel method, which are 
mixing, gelation, aging, drying, sintering and 
crushing. Calcium and Phosphorus precursors are 
mixed in a molar ratio of 1.67. The mixture is then 
heated and stirred till the white transparent gel is 
obtained. The obtained gel is then dried for 24 hours 
in an air oven. Here a dried porous material is 
obtained which is placed in a furnace for sintering. 
The powder obtained from sintering is then allowed 
to cool and then crushed with the help of mortar 
and pestle to achieve the similar size particles7,8. The 
obtained materials are then observed under FTIR 
and Raman spectroscopy for confirming the 
chemical structure which is a reliable method of 
characterizing the materials chemically18. 

CONCLUSION

In the present study, Hydroxyapatite and 
Fluoroapatite were prepared by sol gel method. Sol 
gel method is proved to be a reliable and simple 
method for the formation of nano sized 
Hydroxyapatite and Fluoroapatite.
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INTRODUCTION

Diabetes mellitus (DM) is defined as a metabolic 
disorder due to multiple etiological factors and is 
featured by chronic hyperglycemia amalgamated 
with derangements of carbohydrate, protein and 
fat metabolisms causing long–term morbidity, 
dysfunction and failure of multiple body organs.1

Type II diabetes mellitus (T2DM), due to gradual loss 

of pancreatic β-Cell function, results in impaired 
secretion of insulin and increased requirement for 
insulin due to insulin resistance. Microvascular 
complications of DM include diabetic neuropathy, 
diabetic nephropathy and diabetic retinopathy, 
which are conditions manifesting from prolonged 
excess glucose levels in the small blood vessels 
supplying various body tissues2-5.

The pathophysiology of vascular complications 

include hypercoagulable state and disturbed 
coagulation cascade in diabetes leading to 
extensive platelet aggregation and hence more 
clot formation.6 Many factors can affect plasma 
fibrinogen levels. It increases with an advancing 
age, body mass index (BMI), diabetes mellitus, 
tobacco smoking and in post-menopausal women. 
It declines with regular physical exercise, moderate 
alcohol consumption, high density lipoprotein 
cholesterol (HDL cholesterol) and with synthetic 
hormone therapy.7, 8

Platelet aggregation seems to execute a major role 
in pathophysiology of hemostasis and thrombosis. 
This aggregation takes place through the interface 
of plasma fibrinogen with its receptor on platelets 
which is Glycoprotein IIb-IIIa complex. Fibrinogen is 
an active participant in a number of 
pathophysiological processes in the body including 
inflammation, thrombogenesis and atherogenesis.9

In the past few years, variation in hematological 
indices has been related to development of 
microvascular complications in diabetics. Few 
hematological factors such as blood viscosity and 
others are thought to participate significantly for 
microvascular complications in diabetics.10

The aim of our study was to evaluate an association 
of plasma fibrinogen with blood levels of glycated 
hemoglobin (HbA1c), fasting glucose and BMI in 
patients having any of the three diabetic 
microvascular complications.

METHODS

This Cross-sectional study was conducted in 
Medical unit-II and Ophthalmology ward, Services 
Hospital, Lahore and in the Institute of Molecular 
Biology and Biotechnology (IMBB), The University of 
Lahore from 15th April 2017 to 15th October 2017. 
Informed consent was taken from all patients 
recruited and their demographic data was 
recorded. The clinical parameters were also noted.

The study included one hundred and four patients 
of Type-II Diabetes Mellitus with an age range 20-75 
males and females.. These patients were divided 
into two groups for comparison; Group I: Type-II 
Diabetes Mellitus (T2DM) patients without any 
microvascular complication (52 patients). Group II: 
Type 2 Diabetes Mellitus patients with any of the 
three recognized microvascular complications: 
Diabetic neuropathy, diabeticretinopathy or 
diabetic nephropathy (52 patients). Patients with 
any systemic illness altering the blood coagulability, 
inherited bleeding disorders, severe liver or cardiac 
failure or cancer, on oral contraceptive pills or who 
underwent surgical operation in last six months, or 
genetic disorders like hemoglobinopathies were 
excluded.

Hematological and biochemical analysis were 
done by using Amax destiny plus fully automated 
coagulation analyzer by Trinity Biotech. Hemoglobin 
A1c (HbA1c), fasting plasma glucose were 
measured on chemistry analyzer (Hitachi 902fully 
automated analyzer) manufactured by Roche 
Diagnostics Germany. Body mass index (BMI) was 
done by using the formula: weight measured in 
kilograms divided by height measured in square 
meter (kg/m2).11

The statistical analysis of the data was done by 
using Statistical Package for the Social Sciences; 
SPSS version 21 for windows (SPSS Inc., Chicago, IL, 
USA). Descriptive results were expressed as: mean ± 
SD (standard deviation). An independent samples 
t-test was utilized to compare means of variables. 
Spearman’s rank correlation coefficient was utilized 
for finding correlation between plasma fibrinogen 
levels and other clinical and laboratory parameters. 
P values < 0.05 were considered statistically 
significant.

RESULTS

In our study, 104 T2DM patients were registered and 
were divided in two groups for comparison:
The mean age of the patients in Group I was 56.02 ± 
8.52 years and mean age of the patients in Group II 
was 55.12 ± 9.91 years. The mean blood sugar 
fasting in Group I was 133.71 ± 29.80 and mean 
blood sugar fasting in Group II was 159.12 ± 37.12.  
Mean HBA1c in Group I was 6.73 ± 1.25 and mean 
HBA1c in Group II was 8.13± 1.50. Mean plasma 
fibrinogen in Group I was 295.98 ± 59.70 and mean 
fibrinogen level in Group II was 351 ± 62.78 .Mean 
BMI in Group I was 23.70 ± 3.96 and mean BMI in 
Group II was  22.98 ± 4.15 (Table 1).

An independent samples t-test revealed that there 
was a significant difference between the two 
groups statistically as regards plasma fibrinogen 
levels, blood sugar fasting and HbA1c (Table 1). 
According to Spearman’s rank correlation 
coefficient, following variables were statistically 
significantly correlated (P < 0.05) to plasma 
fibrinogen levels: Blood sugar fasting r = 0.59; HbA1c 
r = 0.79 (Table 2).

A bivariate Spearman’s rank correlation coefficient 
was used to examine whether there was a 
relationship between diabetic microvascular 
complications and plasma fibrinogen. Using a 
two-tailed 0.05 criterion, the results revealed a 
significant and positive relationship between the 
two variables [r (104) = 0.46, p <0.05]. The correlation 
was moderate in strength. Higher levels of plasma 
fibrinogen were associated with diabetic 
microvascular complications (Table 3).
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DISCUSSION

Diabetes Mellitus is one of the major causes of 
morbidity not only in developed but also in 
developing countries. Blood hypercoagulability in 
diabetes mellitus may result in acceleration of 
atherosclerosis and development of diabetic 
microvascular complications.12

One of the contributing factor to increased blood 
viscosity and hypercoagulability is elevated plasma 
fibrinogen levels which is considered as a cardinal 
risk factor for development of diabetic 
microvascular complications.13

Our study shows significantly elevated plasma 
fibrinogen level in T2DM patients with diabetic 
microvascular complications i.e. diabetic 
neuropathy, diabetic retinopathy or diabetic 
nephropathy as compared to T2DM patients 
without any diabetic microvascular complication. 

The findings are consistent with study done by 
Mohan et al. that showed significantly increased 
serum fibrinogen level in 30 diabetic patients with 
complications as compared to controls.14 Neetha et 
al. studied plasma fibrinogen levels in 61 patients 
with diabetic retinopathy and compared them with 
those without diabetic retinopathy. The study 
pointed out that increased plasma fibrinogen level 
significantly contributes to the initiation and 
development of diabetic retinopathy. 15

Aslam et al. concluded significant correlation of 
plasma fibrinogen levels with the three 
microvascular complications, suggesting that 
hyperfibrinogenemia leads to increased vascular 
complications in type 2 diabetes mellitus patients.16 
Sarangi et al. point out the role of plasma fibrinogen  
in establishment of diabetic retinopathy.17

Our study showed significant correlation between 
plasma fibrinogen level and blood sugar fasting 

and HbA1C. Significant positive correlation exists 
between plasma fibrinogen levels and blood sugar 
fasting, and plasma fibrinogen and HbA1c. 
However no significant correlation was found 
between plasma fibrinogen and body mass index in 
the study.

In diabetic microangiopathy there are numerous 
proposed phenomena explaining elevated 
fibrinogen level in patient of diabetes mellitus. Firstly 
it is thought to be linked with low grade 
inflammation. Exaggerated platelets, leukocytes 
activation and the presence of heterotypic 
aggregations have been documented in diabetic 
microangiopathy.18 Furthermore cytokines such as 
Interleukin-6 levels are increased in diabetes which  
is believed to stimulate liver cells, that synthesizes 
more fibrinogen, thus suggesting a crucial 
connection between inflammation and 
hypercoagulation.19 Insulin resistance is considered 
another important risk factor which leads to 
escalated fibrinogen hepatic production in patients 
of T2DM.20

Gupta et al. found positive correlation of 
glycosylated hemoglobin (HbA1c) with fibrinogen 
level21. Similarly Azad et al. found significant positive 
correlation of HbA1c with plasma fibrinogen level in 
patients with diabetic retinopathy22.

Studies by Coban et al. and Mir et al. showed 
positive correlation between plasma fibrinogen 
level fasting blood sugar.23,24

In our study, non significant correlation was 
observed between plasma fibrinogen levels and 
BMI, which  is in agreement with study Lyer et al.25 
but Bembde et al.26 showed significant correlation.

This study suggests that an important role of plasma 
fibrinogen in development of microvascular 
complications in diabetes mellitus patients. 
However, this study had several limitations. Firstly, 
the number of patients enrolled was relatively small. 
Secondly, the study design was cross-sectional. 

Additional large-scale, prospective studies are 
needed to further evaluate the role of plasma 
fibrinogen levels in development of microvascular 
complications in diabetic patients. It is 
recommended based on this study that early drug 
therapy and management may be initiated to 
lower plasma fibrinogen levels in order to prevent 
initiation and progression of diabetic microvascular 
complications. 

CONCLUSION

Higher fibrinogen levels (Clotting factor I) in plasma 
may contribute significantly to establishment of 
microvascular complications in type-II diabetes 
mellitus patients. Fibrinogen levels are positively 

correlated with HbA1c and blood sugar fasting.
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In Raman spectrum of Hydroxyapatite phosphate 
group can be seen at 963 cm-1, which is used for 
quantitative analysis. Peaks at 1077 and 1044 are 
the ν3 and at 963 cm-1 is ν1 of P – O. The presence of 
peak at 603 cm-1 indicates the ν4 of the O – P – O7,10,11.
 
Figure 2 shows the Raman spectrum of 
fluoroapatite, in which the peaks at 1046 and 967 
cm-1 shows the ν3 and ν1 stretch of phosphate 
respectively. The peaks at 591 and 437 cm-1 
indicates the ν4 and ν2 bends respectively12.

DISCUSSION

Several studies have been done to find out the 
biocompatibility of HA and none of them shows any 
toxicity, inflammatory response or fibrous tissue 
formation between the implant and the bone. HA 
have poor mechanical properties as all other 
bioactive material. That is why HA cannot be used 
in load bearing applications and is not suitable for 
bone substitute. HA is available in the form of 
porous, dense, granules and coatings. To improve 
the mechanical properties of HA, it can be used 
with metals such as magnesium, zinc, titanium and 
strontium4,5,13. To improve the mechanical properties 
of HA, composites containing HA can be 
synthesized. HA is a highly bioactive material, 
having many clinical applications as bone 
replacements. It is used in dental and orthopaedic 
application for repairing bone defects, immediate 
tooth replacement, alveolar ridge augmentation 
and reconstruction of maxillofacial deformities6. 

HA was first used in 1981 for the filling of periodontal 
lesion, since then it’s been extensively used in 
medical field5. Hydroxyapatite material implants 
cannot be used under heavy loads, such as artificial 
teeth or bones as the fracture toughness of HA is 
very low if compared with human bone. The clinical 
applications of HA are restricted to small unloaded 
implants, powders, coatings and implants in low 
stress bearing areas14, 15. 

The Fluoride in the Fluoroapatite inhibits the 
bacterial growth thus making it the material of 
choice to incorporate in dental restorative 
materials.  Presence of fluoride results in the low 
solubility and good acid resistance which are the 
essential property of a restorative material to survive 
in the harsh oral environment. But the excess 
fluoride may result in fluorosis. Fluoride and 
hydroxide ions share the same charge and almost 
same radius and are able to replace each other in 
the mineral structures16. Chen and Miao have 
incorporated Fluoride in hydroxyapatite to form 
fluorohydroxyapatite and concluded that the 
resultant material have better thermal and 
chemical stability than hydroxyapatite17. 

Sol-gel method is considered more advantageous 
as compared to others because the product 
obtained is pure, homogenous, highly crystalline, 
nano sized and requires comparatively low synthesis 
temperature5-7. The sol-gel process is a wet 
chemical method that does not require too high 
sintering temperature. Molecular mixing of calcium 

and phosphorus can be achieved by this method8. 
There are six stages of sol-gel method, which are 
mixing, gelation, aging, drying, sintering and 
crushing. Calcium and Phosphorus precursors are 
mixed in a molar ratio of 1.67. The mixture is then 
heated and stirred till the white transparent gel is 
obtained. The obtained gel is then dried for 24 hours 
in an air oven. Here a dried porous material is 
obtained which is placed in a furnace for sintering. 
The powder obtained from sintering is then allowed 
to cool and then crushed with the help of mortar 
and pestle to achieve the similar size particles7,8. The 
obtained materials are then observed under FTIR 
and Raman spectroscopy for confirming the 
chemical structure which is a reliable method of 
characterizing the materials chemically18. 

CONCLUSION

In the present study, Hydroxyapatite and 
Fluoroapatite were prepared by sol gel method. Sol 
gel method is proved to be a reliable and simple 
method for the formation of nano sized 
Hydroxyapatite and Fluoroapatite.
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INTRODUCTION

Diabetes mellitus (DM) is defined as a metabolic 
disorder due to multiple etiological factors and is 
featured by chronic hyperglycemia amalgamated 
with derangements of carbohydrate, protein and 
fat metabolisms causing long–term morbidity, 
dysfunction and failure of multiple body organs.1

Type II diabetes mellitus (T2DM), due to gradual loss 

of pancreatic β-Cell function, results in impaired 
secretion of insulin and increased requirement for 
insulin due to insulin resistance. Microvascular 
complications of DM include diabetic neuropathy, 
diabetic nephropathy and diabetic retinopathy, 
which are conditions manifesting from prolonged 
excess glucose levels in the small blood vessels 
supplying various body tissues2-5.

The pathophysiology of vascular complications 

include hypercoagulable state and disturbed 
coagulation cascade in diabetes leading to 
extensive platelet aggregation and hence more 
clot formation.6 Many factors can affect plasma 
fibrinogen levels. It increases with an advancing 
age, body mass index (BMI), diabetes mellitus, 
tobacco smoking and in post-menopausal women. 
It declines with regular physical exercise, moderate 
alcohol consumption, high density lipoprotein 
cholesterol (HDL cholesterol) and with synthetic 
hormone therapy.7, 8

Platelet aggregation seems to execute a major role 
in pathophysiology of hemostasis and thrombosis. 
This aggregation takes place through the interface 
of plasma fibrinogen with its receptor on platelets 
which is Glycoprotein IIb-IIIa complex. Fibrinogen is 
an active participant in a number of 
pathophysiological processes in the body including 
inflammation, thrombogenesis and atherogenesis.9

In the past few years, variation in hematological 
indices has been related to development of 
microvascular complications in diabetics. Few 
hematological factors such as blood viscosity and 
others are thought to participate significantly for 
microvascular complications in diabetics.10

The aim of our study was to evaluate an association 
of plasma fibrinogen with blood levels of glycated 
hemoglobin (HbA1c), fasting glucose and BMI in 
patients having any of the three diabetic 
microvascular complications.

METHODS

This Cross-sectional study was conducted in 
Medical unit-II and Ophthalmology ward, Services 
Hospital, Lahore and in the Institute of Molecular 
Biology and Biotechnology (IMBB), The University of 
Lahore from 15th April 2017 to 15th October 2017. 
Informed consent was taken from all patients 
recruited and their demographic data was 
recorded. The clinical parameters were also noted.

The study included one hundred and four patients 
of Type-II Diabetes Mellitus with an age range 20-75 
males and females.. These patients were divided 
into two groups for comparison; Group I: Type-II 
Diabetes Mellitus (T2DM) patients without any 
microvascular complication (52 patients). Group II: 
Type 2 Diabetes Mellitus patients with any of the 
three recognized microvascular complications: 
Diabetic neuropathy, diabeticretinopathy or 
diabetic nephropathy (52 patients). Patients with 
any systemic illness altering the blood coagulability, 
inherited bleeding disorders, severe liver or cardiac 
failure or cancer, on oral contraceptive pills or who 
underwent surgical operation in last six months, or 
genetic disorders like hemoglobinopathies were 
excluded.

Hematological and biochemical analysis were 
done by using Amax destiny plus fully automated 
coagulation analyzer by Trinity Biotech. Hemoglobin 
A1c (HbA1c), fasting plasma glucose were 
measured on chemistry analyzer (Hitachi 902fully 
automated analyzer) manufactured by Roche 
Diagnostics Germany. Body mass index (BMI) was 
done by using the formula: weight measured in 
kilograms divided by height measured in square 
meter (kg/m2).11

The statistical analysis of the data was done by 
using Statistical Package for the Social Sciences; 
SPSS version 21 for windows (SPSS Inc., Chicago, IL, 
USA). Descriptive results were expressed as: mean ± 
SD (standard deviation). An independent samples 
t-test was utilized to compare means of variables. 
Spearman’s rank correlation coefficient was utilized 
for finding correlation between plasma fibrinogen 
levels and other clinical and laboratory parameters. 
P values < 0.05 were considered statistically 
significant.

RESULTS

In our study, 104 T2DM patients were registered and 
were divided in two groups for comparison:
The mean age of the patients in Group I was 56.02 ± 
8.52 years and mean age of the patients in Group II 
was 55.12 ± 9.91 years. The mean blood sugar 
fasting in Group I was 133.71 ± 29.80 and mean 
blood sugar fasting in Group II was 159.12 ± 37.12.  
Mean HBA1c in Group I was 6.73 ± 1.25 and mean 
HBA1c in Group II was 8.13± 1.50. Mean plasma 
fibrinogen in Group I was 295.98 ± 59.70 and mean 
fibrinogen level in Group II was 351 ± 62.78 .Mean 
BMI in Group I was 23.70 ± 3.96 and mean BMI in 
Group II was  22.98 ± 4.15 (Table 1).

An independent samples t-test revealed that there 
was a significant difference between the two 
groups statistically as regards plasma fibrinogen 
levels, blood sugar fasting and HbA1c (Table 1). 
According to Spearman’s rank correlation 
coefficient, following variables were statistically 
significantly correlated (P < 0.05) to plasma 
fibrinogen levels: Blood sugar fasting r = 0.59; HbA1c 
r = 0.79 (Table 2).

A bivariate Spearman’s rank correlation coefficient 
was used to examine whether there was a 
relationship between diabetic microvascular 
complications and plasma fibrinogen. Using a 
two-tailed 0.05 criterion, the results revealed a 
significant and positive relationship between the 
two variables [r (104) = 0.46, p <0.05]. The correlation 
was moderate in strength. Higher levels of plasma 
fibrinogen were associated with diabetic 
microvascular complications (Table 3).

DISCUSSION

Diabetes Mellitus is one of the major causes of 
morbidity not only in developed but also in 
developing countries. Blood hypercoagulability in 
diabetes mellitus may result in acceleration of 
atherosclerosis and development of diabetic 
microvascular complications.12

One of the contributing factor to increased blood 
viscosity and hypercoagulability is elevated plasma 
fibrinogen levels which is considered as a cardinal 
risk factor for development of diabetic 
microvascular complications.13

Our study shows significantly elevated plasma 
fibrinogen level in T2DM patients with diabetic 
microvascular complications i.e. diabetic 
neuropathy, diabetic retinopathy or diabetic 
nephropathy as compared to T2DM patients 
without any diabetic microvascular complication. 

The findings are consistent with study done by 
Mohan et al. that showed significantly increased 
serum fibrinogen level in 30 diabetic patients with 
complications as compared to controls.14 Neetha et 
al. studied plasma fibrinogen levels in 61 patients 
with diabetic retinopathy and compared them with 
those without diabetic retinopathy. The study 
pointed out that increased plasma fibrinogen level 
significantly contributes to the initiation and 
development of diabetic retinopathy. 15

Aslam et al. concluded significant correlation of 
plasma fibrinogen levels with the three 
microvascular complications, suggesting that 
hyperfibrinogenemia leads to increased vascular 
complications in type 2 diabetes mellitus patients.16 
Sarangi et al. point out the role of plasma fibrinogen  
in establishment of diabetic retinopathy.17

Our study showed significant correlation between 
plasma fibrinogen level and blood sugar fasting 
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and HbA1C. Significant positive correlation exists 
between plasma fibrinogen levels and blood sugar 
fasting, and plasma fibrinogen and HbA1c. 
However no significant correlation was found 
between plasma fibrinogen and body mass index in 
the study.

In diabetic microangiopathy there are numerous 
proposed phenomena explaining elevated 
fibrinogen level in patient of diabetes mellitus. Firstly 
it is thought to be linked with low grade 
inflammation. Exaggerated platelets, leukocytes 
activation and the presence of heterotypic 
aggregations have been documented in diabetic 
microangiopathy.18 Furthermore cytokines such as 
Interleukin-6 levels are increased in diabetes which  
is believed to stimulate liver cells, that synthesizes 
more fibrinogen, thus suggesting a crucial 
connection between inflammation and 
hypercoagulation.19 Insulin resistance is considered 
another important risk factor which leads to 
escalated fibrinogen hepatic production in patients 
of T2DM.20

Gupta et al. found positive correlation of 
glycosylated hemoglobin (HbA1c) with fibrinogen 
level21. Similarly Azad et al. found significant positive 
correlation of HbA1c with plasma fibrinogen level in 
patients with diabetic retinopathy22.

Studies by Coban et al. and Mir et al. showed 
positive correlation between plasma fibrinogen 
level fasting blood sugar.23,24

In our study, non significant correlation was 
observed between plasma fibrinogen levels and 
BMI, which  is in agreement with study Lyer et al.25 
but Bembde et al.26 showed significant correlation.

This study suggests that an important role of plasma 
fibrinogen in development of microvascular 
complications in diabetes mellitus patients. 
However, this study had several limitations. Firstly, 
the number of patients enrolled was relatively small. 
Secondly, the study design was cross-sectional. 

Additional large-scale, prospective studies are 
needed to further evaluate the role of plasma 
fibrinogen levels in development of microvascular 
complications in diabetic patients. It is 
recommended based on this study that early drug 
therapy and management may be initiated to 
lower plasma fibrinogen levels in order to prevent 
initiation and progression of diabetic microvascular 
complications. 

CONCLUSION

Higher fibrinogen levels (Clotting factor I) in plasma 
may contribute significantly to establishment of 
microvascular complications in type-II diabetes 
mellitus patients. Fibrinogen levels are positively 

correlated with HbA1c and blood sugar fasting.
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In Raman spectrum of Hydroxyapatite phosphate 
group can be seen at 963 cm-1, which is used for 
quantitative analysis. Peaks at 1077 and 1044 are 
the ν3 and at 963 cm-1 is ν1 of P – O. The presence of 
peak at 603 cm-1 indicates the ν4 of the O – P – O7,10,11.
 
Figure 2 shows the Raman spectrum of 
fluoroapatite, in which the peaks at 1046 and 967 
cm-1 shows the ν3 and ν1 stretch of phosphate 
respectively. The peaks at 591 and 437 cm-1 
indicates the ν4 and ν2 bends respectively12.

DISCUSSION

Several studies have been done to find out the 
biocompatibility of HA and none of them shows any 
toxicity, inflammatory response or fibrous tissue 
formation between the implant and the bone. HA 
have poor mechanical properties as all other 
bioactive material. That is why HA cannot be used 
in load bearing applications and is not suitable for 
bone substitute. HA is available in the form of 
porous, dense, granules and coatings. To improve 
the mechanical properties of HA, it can be used 
with metals such as magnesium, zinc, titanium and 
strontium4,5,13. To improve the mechanical properties 
of HA, composites containing HA can be 
synthesized. HA is a highly bioactive material, 
having many clinical applications as bone 
replacements. It is used in dental and orthopaedic 
application for repairing bone defects, immediate 
tooth replacement, alveolar ridge augmentation 
and reconstruction of maxillofacial deformities6. 

HA was first used in 1981 for the filling of periodontal 
lesion, since then it’s been extensively used in 
medical field5. Hydroxyapatite material implants 
cannot be used under heavy loads, such as artificial 
teeth or bones as the fracture toughness of HA is 
very low if compared with human bone. The clinical 
applications of HA are restricted to small unloaded 
implants, powders, coatings and implants in low 
stress bearing areas14, 15. 

The Fluoride in the Fluoroapatite inhibits the 
bacterial growth thus making it the material of 
choice to incorporate in dental restorative 
materials.  Presence of fluoride results in the low 
solubility and good acid resistance which are the 
essential property of a restorative material to survive 
in the harsh oral environment. But the excess 
fluoride may result in fluorosis. Fluoride and 
hydroxide ions share the same charge and almost 
same radius and are able to replace each other in 
the mineral structures16. Chen and Miao have 
incorporated Fluoride in hydroxyapatite to form 
fluorohydroxyapatite and concluded that the 
resultant material have better thermal and 
chemical stability than hydroxyapatite17. 

Sol-gel method is considered more advantageous 
as compared to others because the product 
obtained is pure, homogenous, highly crystalline, 
nano sized and requires comparatively low synthesis 
temperature5-7. The sol-gel process is a wet 
chemical method that does not require too high 
sintering temperature. Molecular mixing of calcium 

and phosphorus can be achieved by this method8. 
There are six stages of sol-gel method, which are 
mixing, gelation, aging, drying, sintering and 
crushing. Calcium and Phosphorus precursors are 
mixed in a molar ratio of 1.67. The mixture is then 
heated and stirred till the white transparent gel is 
obtained. The obtained gel is then dried for 24 hours 
in an air oven. Here a dried porous material is 
obtained which is placed in a furnace for sintering. 
The powder obtained from sintering is then allowed 
to cool and then crushed with the help of mortar 
and pestle to achieve the similar size particles7,8. The 
obtained materials are then observed under FTIR 
and Raman spectroscopy for confirming the 
chemical structure which is a reliable method of 
characterizing the materials chemically18. 

CONCLUSION

In the present study, Hydroxyapatite and 
Fluoroapatite were prepared by sol gel method. Sol 
gel method is proved to be a reliable and simple 
method for the formation of nano sized 
Hydroxyapatite and Fluoroapatite.
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