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Abstract

Diabetes mellitus is characterized by major changes in the
coagulation and fibrinolytic system. The study was aimed at
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assessing the degree of changes in the coagulation and fibrinolytic
system in patients with type 2 diabetes mellitus in North-central
Nigeria. This was a hospital based comparative Cross-sectional
study involving 78 type 2 diabetics and 78 healthy controls. Full
blood count was performed using Sysmex XP 300 according to
manufacturer’s instructions. Prothrombin time was determined
using one stage test of Owren. Activated partial thromboplastin
time was determined by method of Proctor and Rapaport.
Fibrinogen assay was determined using AssayMax Human
Fibrinogen ELISA. Plasminogen Activator Inhibitor type-1 was
determined using the AssayMax Human PAI-1 ELISA kit. The
mean age of the subjects and controls were 60.73 + 10.8 and 59.65
+ 12.7 years respectively. The mean diastolic blood pressure of
subjects with Diabetes was significantly higher than that of the
controls (91.84 + 11.02 vs 87.58 + 11.3: p-value =0.002). The
mean Prothrombin time, Fibrinogen concentration and PAI- 1 level
were significantly higher in the subjects than the controls (p =
0.047,0.031 & 0.020). No significant differences were observed in
Platelet count, APTT and INR (P=0.938, 0.664 & 0.059 respective-
ly). This study confirms that diabetes mellitus is a cause of hyper-
coagulable state as evidenced by the significant alteration in the
coagulation and fibrinolytic system. There is need for proper gly-
caemic control in patients with diabetes.

Introduction

Diabetes Mellitus (DM) is a metabolic and complex endocrine
disease. The prevalence is rapidly rising all over the globe and has
thus been described as epidemic of the twenty-first century.!
Factors contributing to this rising trend include urbanization and
lifestyle changes, including increasingly sedentary lifestyles, less
physical demanding work and global nutrition, marked by
increased intake of foods that are high in energy but nutrient-
poor.!2 Diabetes used to be a disease of middle age and elderly but
with epidemiologic transition it is being seen more among young
adults.? It is an important public health problem, one of the four
priority non-communicable diseases targeted for action by world
leaders.* About 85-90% of all cases are type 2 diabetes, however
the two conditions can overlap.> In 2016, WHO estimated that
about 422million adults were living with diabetes mellitus while
the prevalence of diabetes for all age groups rose from 2.8% in the
year 2000 to 8.5% in 2014.127 The prevalence of diabetes varies
from 1-7% in Nigeria. Type 2 Diabetes accounts for 13.4% of med-
ical admissions in Enugu, 14.6% in Abia and 5.1% in Ilorin.%-10
Furthermore, a study done by Edem ef al. put the incidence at 4%
in Calabar, South-South Geopolitical region.!!

Diabetes and cardiovascular disease are not of mandatory noti-
fication and are currently the greatest public health problem
responsible for the increased morbidity and mortality seen in the
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21st century.'> The WHO estimates that diabetes accounted for 1.5
million deaths worldwide in 2012 making it the 8™ leading cause
of death.! Microvascular and macrovascular abnormalities are the
major complications of diabetes mellitus.!>!* The most common
microvascular complications are nephropathy, retinopathy and
neuropathy and the most important macrovascular complications
include coronary artery disease, strokes and peripheral arterial dis-
ease.!>17

Diabetes mellitus is accompanied by major changes in all
aspect of haemostasis. Vascular endothelium, platelet, coagulation
factors and co-factors, the natural anticoagulant as well as fibri-
nolytic pathway are adversely affected in this disease. The levels
of coagulation factors are all increased in diabetes. Factor VII,
VIII, vWF and fibrinogen levels are significantly enhanced where-
as levels of naturally occurring anticoagulants such as antithrom-
bin, protein C and S are reduced and increase level of plasminogen
activator inhibitor type-1 which decreases fibrinolysis thus sup-
porting diabetes as a cause of hypercoagulable state.'® About 80%
of diabetics die from thrombotic events with 75% to 80% of these
deaths resulting from cardiovascular events and the risk of which
doubled in diabetes resulting in significant reduction in life
expectancy.'®!1? An increase in FVIII and fibrinogen plasma levels
are considered an independent risk factor for thrombo-embolism.
Hypofibrinolysis is a key abnormality in individual with diabetes.
Plasminogen activator inhibitor type 1 (PAI-1) is an important
inhibitor of the fibrinolytic pathway. Its level is significantly ele-
vated in patient with type 2 diabetes mellitus and it’s an independ-
ent risk factor for cardiovascular disease. Plasminogen activator
inhibitor (PAI-1) inhibits plasmin, t-PA and u-PA, thus favoring
permanence of fibrin clot.20

The costs involved in treating diabetes and its associated com-
plications are high and most of these are borne by the affected indi-
vidual as the level of health insurance coverage is still low in
Nigeria, thus impacting harshly on the finances of individuals,
their families as well as on the economy of the nation. It is there-
fore important for the government to invest heavily in primary pre-
vention (to reduce the incidence of DM) and secondary prevention
(to reduce the immediate and long-term complications of diabetic
patients).

There is paucity of data on coagulation system in diabetic
patients in Nigeria and especially in University of Ilorin Teaching
Hospital that serves as a referral centre for other neighboring
states. The aim of this study therefore was to assess the degree of
impairment of coagulation and fibrinolytic factors among type 2
diabetes mellitus patients in Ilorin, Nigeria.

Materials and Methods

Study design

This was a hospital based comparative case-control study.
Approval for this study was sought and obtained from the Hospital
Ethics and Research Committee (Ethics Committee number: ERC
PAN/2016/05/1539).

Written and informed consent was obtained from the patients
after thorough explanation of the aim of the study and the proce-
dure involved in a language best understood by them.

Fishers formula?! was used in calculating the sample size and
70 was the minimum sample size calculated and 10% attrition rate
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was also factored in arriving at the sample size of 78 for this study.

A total of 78 type 2 diabetic patients (both new and follow up
cases) diagnosed based on WHO criteria for diagnosis of diabetes,
who met the inclusion criteria for this study were recruited using
convenience sampling method. Patients with impaired hepatic syn-
thetic function, varicose veins, previous history of heart disease,
history of bleeding disorders, use of antiplatelet or anticoagulant
medications, as well as those who refused to give consent, were
excluded from the study. Seventy-eight age and sex matched staff
of the hospital and voluntary blood donors who consented to par-
ticipate in this study and met the inclusion criteria as the subject
were selected using simple random sampling, and used as controls.

Structured interviewer administered questionnaires were used
to obtain relevant data and history from each participant. Each sub-
ject was examined following this sequence: general physical
examination, abdominal and cardiac examination. Blood pressure
was measured with a mercury sphygmomanometer (Accosson
England) with a standard cuff (25cm=12cm) in sitting position on
the right arm after at least 30 minutes rest. The weight and height
were determined using standard weighing scale and stadiometer.
Body Mass Index (BMI) was calculated using WHO reference
method and documented; 7.5mL of venous blood collected was
immediately separated into two: 4.5mL into plastic tube containing
0.5mL trisodium citrate and 3.0mL into EDTA bottle. Appropriate
referral was made to managing consultants for the diabetic subject
with complications.4.5mL of sample taken was dispensed into
plastic tube containing 0.5mL trisodium citrate (3.8%) tightly
capped and mixed gently. The sample was centrifuged at 2000g for
15 minutes, there after the plasma was transferred into a plastic
centrifuge tube without disturbing the buffy coat and cell layers.
The plasma in the centrifuge tube was spun again at 2000g for
another 15 minutes to obtain platelet poor plasma. The platelet
poor plasma was separated using a plastic transfer pipette and
placed in plastic aliquot tubes and then tightly capped. The sample
was stored at -80°C until assayed for the coagulation tests; PT,
APTT, Fibrinogen and Plasminogen activator inhibitor type 1
(PAI-1). The sample in the Ethyelene Diamine Tetra acetic Acid
(EDTA) bottle was used for analysis of full blood count, which was
performed using Sysmex XP 300, automated cell counter with
strict adherence to manufacturer’s instructions within two hours of
sample collection.

Prothrombin time was determined using commercially pre-
pared reagents based on the one stage test of Owren.?? Activated
partial thromboplastin time was determined using commercially
prepared reagents based on method of Proctor and Rapaport.?3
Fibrinogen assay was determined using AssayMax Human
Fibrinogen ELISA (commercially prepared and obtained from
Assaypro LLC, 3400 Harry S Truman Blvd,St Charles, MO
63301). Plasminogen Activator Inhibitor type -l1wasdetermined
using the AssayMax Human PAI-1 ELISA kit (Product of Saint
Charles, Missouri, USA).

Data entry and analysis were done with a micro-computer
using Statistical Package for the Social Sciences (SPSS) version
20.0 computer software packages. Data collected from the study
proforma were entered using numeric codes. All subjects were
grouped. Results were presented in tabular forms or figures as
found applicable. Categorical data were compared by chi square
and statistical significance were tested at predetermined P value of
<0.05 while Mann- Whitney U tests were used to determine signif-
icant differences between skewed data.
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Table 1. Socio-demographic characteristics of respondents.

Results
A total of 156 participants, including 78(100.0%) type 2 dia-
betic subjects and 78(100.0%) age and sex matched non- diabetic Age group (years)
healthy controls, were recruited for this study. The mean age of the =50 12 (154) 11 (141)
oy ’ o g 50 — 65 52 (66.7) 54 (69.2)
subjects and controls were 60.7 + 10.8 and 59.7 + 12.7 years N 14 (17.9) 13 (16.7)
respectively. Majority of the subjects (66.7%) were within the ages Sex
of 50 - 65 years. There were more female participants than males Male 20 (25.6) 34 (43.6)
(65.4% compared 34.6%, Table 1). Female 58 (74.4) 44 (56.4)
About 30% of the subjects and controls were obese. More Marital status
patients with type 2 diabetes (10.3%) took alcohol as compared to Single 1(1.3) 5 (6.4)
the controls (3.8%). The mean diastolic blood pressure of subjects Married 63 (80.8) 69 (88.5)
with DM was significantly higher than that of the controls (91.8 + quarateq y 1(13)
11.0 versus 87.6 + 11.3: p-value =0.002), There were however no Widow /widower 14(17.9) 3(38)
statistically significant differences in the BMI and Systolic blood Level of Education )
pressures between both groups (Table 2). NQ formal education 29 (312) 18 (23.1)
The mean Prothrombin time, Fibrinogen concentration and iy 002) 8(103)
. L £er . Seconda 8 (10.3) 8 (10.3)
Iy
PAI-1 level was significantly higher in the subjects than in the con- Tertiary 31.(39.7) 43 (55.1)
trols (p = 0.047, 0.031 & 0.020). No significant differences were Arabic . 1(13)
observed in Platelet count, APTT and INR between subjects and Religion
controls (P=0.938, 0.664 &0.059 respectively, Table 3). Islam 43 (55.1) 22 (28.2)
There were no significant correlations between Fibrinogen Christianity 35 (44.9) 56 (71.8)
level with BMI, Diastolic blood pressure and systolic blood pres- Occupation
sure among the subjects and control (p=0.975, 0.675 & 0.545). Unemployed 12 (154) 7(9.0)
There was also no significant correlation between PAI-1 with BMI, Unskilled Labor 34 (43.6) 28 (35.9)
Diastolic blood pressure and systolic blood pressure among the Skilled Labor 4(5.1) 11 (14.1)
subjects and control (p=0.637, 0.563&0.524, Tablc 4). Professional 28 (35.9) 32 (41.0)
Ethnicity
Yoruba 74 (94.9) 73 (93.6)
Igbo 3(3.8) 2 (2.6)
: : Hausa - 1(1.3
Discussion Nupe 1(13) 1 51-3%
The mean age of respondents with Type 2 diabetes in this study Baruten - 1(13)
Table 2. Comparison of clinical parameters between type 2 diabetics and controls.
BMI (kg/m?) 213 3151
Range Mean=+ (SD) 28.72+ 5.97 27.83+ 6.04 22.50 0.065
Systolic Blood
Pressure (mmHg) 100.0 90.00 0.815
Range Mean + (SD) 142.5+ 21.33 134.7£ 17.7 10.50
Diastolic Blood
Pressure (mmHg) 50.00 50.00
Range Meanz+ (SD) 91.84+ 11.02 87.58+ 11.3 25.50 0.002
Table 3. Comparison of haematological and haemostatic parameters between Type 2 Diabetics and controls.
Platelet Count (x10%) 259.1 (129.4) 267.8 (163.1) 29.00 0.938
Mean (SD) Median 220.0 245.0
PT (secs) 12.80 (1.90) 12.69 (1.99) 50.25 0.047
Mean (SD) Median 12.00 12.00
INR 1.07 (0.165) 1.06 (0.172) 75.23 0.059
Mean (SD) Median 1.00 1.00
APTT (secs) 31.52 (5.47) 33.10 (6.99) 13.000 0.6640
Mean (SD) Median 30.00 32.00
PAI1 (ng/mL) 2.94 (2.54) 1.68 (3.47) 13.000 0.020
Mean (SD) Median 2.08 1.60
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was 60.73 + 10.8, a finding similar to an earlier study by Adediran
et al who reported a mean age of 56.7+ 12 and 55.7 + 8.5 years
among female and male subjects respectively.* It is however
much higher than 51.8+10.2 years reported by Alao et al. in the
Northern part of Nigeria.?S This could be attributed to the lower
sample population in the Alao study, and also to the fact that the
study was carried out in northern Nigeria, where cultural beliefs,
poverty, and illiteracy may contribute to a poor health seeking atti-
tude among the elderly.

The majority of the respondents in this study were between
4665 years of age. This is similar to an earlier study report by Iloh
et al., who found that type 2 diabetes was commonest in patients
between 40-60 years.20 The International Diabetes Federation
states that 80% of people living with type 2 diabetes are middle
aged, and live in low and medium income countries such as
Nigeria, thus corroborating the findings of this current study.?’

There was also a higher number of female respondents com-
pared to males in this study, and the percentage of females with
type 2 diabetes was 74.4%. This finding was similar to what was
reported by Alao et al. and Iloh et al.?>-2¢ study done in Turkey
revealed a similar finding of more women with Type 2 Diabetes,
and reported prevalence of 53.2% and 46.8% among women and
men respectively.?® More studies in the developed countries, how-
ever show an increase in the prevalence of men with Type 2
Diabetes in contrast to the findings of this study. Nordstrom et al.
in Sweden reported 14.6% of men and 9.6% of women having type
2 diabetes, while Lipscombe and Hux in Canada reported a preva-
lence of 19.1% to 15.4% between middle aged men and
women.2%30 The observed increase in prevalence of men with Type
2 Diabetes mellitus as compared to the index study can be attrib-
uted to the better health seeking attitudes and reduced influence of
negative cultural beliefs among men in developed countries, com-
pared to Nigerian men.

The current study reports that 60.8% of type 2 diabetic subjects
were either obese or overweight with an equal distribution among
the two groups. This constituted the majority of patients. Fadupin
et al. also reported a similar finding among type 2 diabetics in
Ibadan.’! This is also similar to studies carried out by Mugharbel
et al. in India.?? The mean BMI in the index study was also higher
in subjects when compared to controls (28.72+5.97 vs 27.83+
6.04) and is similar to several earlier reports.25-26 Obesity has been
shown to have a significant positive association with suboptimal
glycemic control and insulin resistance, while it is negatively asso-
ciated with insulin sensitivity.?!32 The findings in the index study
are thus unsurprising, and suggest a closer relationship between

Table 4. Correlation between PAI 1 (ng/mL) and Fibrinogen lev-
els (mg/dL) with clinical parameters among Diabetics and
Controls.

PAI-1
Systolic Pressure 0.153, 0.381 0.047, 0.637
Diastolic Pressure 0.217,0.217 0.058, 0.563
BMI 0.069, 0.686 -0.108, 0.524
Duration of treatment -0.130, 0.447 --
Fibrinogen
Systolic Pressure 0.127, 0.468 0.043, 0.975
Diastolic Pressure 0.197, 0.258 -0.047, 0.675
BMI -0.108, 0.524 -0.067, 0.545

Duration of treatment -0.049, 0.774 --

*= Pearson’s correlation coefficient; PAI-1: Plasminogen activator Inhibitor Type 1.

OPEN 8ACCESS

Article

'

BMI and onset of type 2 diabetes.?” In this study, it was observed
that while more of the control participants had normal BMI, an
equal number of them were obese when compared with type 2 dia-
betic subjects. This finding is disturbing considering the numerous
risk factors associated with obesity. It can also be attributed to the
ongoing westernization and an increase in sedentary lifestyle in the
population among third world countries.?

Type 2 DM has been described as a hypercoagulable state.!3:14
This results in a tendency to shift the thrombo-haemorheologic
balance in favour of thrombosis with a consequent shortening of
the Prothrombin time and APTT.25 In this study, the mean values
for the PT and APTT were in the normal range, as were INR values
in subjects and controls. However, while the mean APTT was
shorter in type 2 diabetic subjects than controls, the mean pro-
thrombin time was found to be longer in diabetics. These results
are similar to those of Erem et al., who found a slightly higher
APTT among controls, but a higher Prothrombin level among
Diabetics, though all values were in the normal range.?® Karim et
al. and Zhao et al. reported significantly shorter PT and APTT val-
ues among Diabetics when compared to controls.3334The index
study population comprised of both hypertensive and non-hyper-
tensive Type 2 Diabetics. Adonu et al. found significantly short-
ened APTT values among hypertensive diabetics in Eastern
Nigeria.’> However, there have been contrasting views as several
other studies found no significant difference between the two
groups.3%37 Also, Alao et al. reported prolonged PT and APTT val-
ues among type 2 diabetics.?> These findings emphasize the fact
that a lot of details surrounding coagulation in diabetes are still
unknown. The hypercoagulable state is reportedly due to an
increase in factor VIII concentrations and increased factor VIII
binding to vWF among Type 2 Diabetics.?’ Hypercoagulability
markers, such as prothrombin fragment 1 + 2 (F1 +2), Thrombin-
Antithrombin Complex (TAT) and fibrinopeptide A (FPA) are also
elevated in diabetic patients.?” It is known that the increase in coag-
ulation factors are related to the dyslipidemic conditions associated
with Type 2 Diabetes.

This present study found that fibrinogen levels were signifi-
cantly higher in the diabetic respondents than in controls. This is
unsurprising considering the fact that fibrinogen is an acute phase
protein, and the interplay between hyperglycemia and the endothe-
lium consequently leads to inflammation-induced increases in fib-
rinogen levels. Several other studies also reported similar
findings.2+?8-38 These results are further buttressed by Kannel et
al., who found a significant positive correlation between plasma
glucose and fibrinogen levels, while Festa has suggested that
raised fibrinogen levels are predictive of development of Type 2
diabetes in healthy individuals.3%40

Plasminogen Activator Inhibitor type 1 is a primary regulator
of fibrinolysis and its actions on Tissue plasminogen activator
make it central in the fibrinolytic pathway. It is expected that,
given the hypofibrinolytic and hypercoagulable state in Type 2
Diabetes, PAI-1 levels among Diabetics will be elevated when
compared to healthy controls. This study found higher mean PAI-
1 values among the Diabetic subjects. This is similar to the find-
ings reported by several earlier studies.?®4143 There is a paucity of
published reports regarding PAI-1 levels among Nigerians with
type 2 Diabetes. However, Adediran et al. reported a significant
decrease in fibrinolysis by comparing Euglobin clot lysis times
among Diabetics and controls.?*

These observed differences are thus not surprising, and can be
attributed to PAI-1 synthesis by adipocytes, with visceral fat
secreting more PAI -1 than subcutaneous fat in the obese pheno-
type.®3 In this study, 68% of Diabetic respondents were either over-
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weight, obese or morbidly obese. Experimental studies also show
that glucose up-regulates PAI-1 gene expression in vascular
smooth muscle cells, endothelial cells, and adipose tissue.3° Thus,
it could be expected that as glucose levels rise, enhanced PAI-1
gene expression would result in elevated circulating PAI-1 concen-
trations in diabetes and thus corroborating diabetes as a hyperco-
agulable state.

Conclusions

The mean Prothrombin time, Fibrinogen concentration and
PAI- 1 level were significantly higher in the type 2 diabetics than
controls subjects and thus these findings confirms that diabetes
mellitus is a cause of hypercoagulable state as evidenced by the
significant alteration in the coagulation and fibrinolytic system in
this disease. This further buttresses the need for proper glycaemic
control in order to avert the risk of cardiovascular event in affected
patient.
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