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Background: Diabetes is a heterogeneous group of metabolic disorders characterized by
hyperglycemia. The disease is highly associated with micro-vascular and macro-vascular
complications. Thus, the main aim of this study was to compare basic coagulation profiles
and platelet parameters among type 1 diabetes mellitus (T1DM), type 2 diabetes mellitus
(T2DM), and healthy controls.

Methods: A comparative cross-sectional study was conducted at Dessie Referral Hospital
from February to April 2019. A total of 180 study participants consisting of (60 T1DM, 60
T2DM, and 60 healthy controls) were enrolled using a systematic random sampling techni-
que. Basic coagulation profiles and platelet parameters were determined using the
HUMACLOT JUNIOR coagulometer and DIRUI BF 6500 automated hematology analy-
zer respectively. Non-parametric Kruskal-Wallis test supplemented with Dunn-Bonferroni
correction and Spearman rank-order correlation test were used to compare basic coagulation
profiles and platelet parameters among the groups. The test result was expressed in median
and interquartile range and presented in texts and tables. P-value < 0.05 was considered to be
statistically significant.

Results: Prothrombin time (PT) and international normalization ratio (INR) were
significantly reduced in T2DM as compared to TIDM and healthy controls (p <0.05).
Platelet distribution width (PDW) and mean platelet volume (MPV) were significantly
increased in both TIDM and T2DM as compared to healthy controls (p <0.05).
Moreover, PT and INR were negatively correlated with fasting blood glucose (FBG)
among T1DM and PT, INR and activated partial thromboplastin time (APTT) were
negatively correlated with FBG among T2DM.

Conclusion: Basic coagulation profiles and platelet parameters were significantly different
between diabetes and controls where PT and INR in T2DM were significantly reduced as
compared to T1IDM and controls. However, PDW and MPV were significantly elevated in
both TIDM and T2DM as compared to controls. Moreover, FBG was significantly nega-
tively correlated with PT and INR among T1DM and FBG was significantly negatively
correlated with PT, INR, and APTT among T2DM. Therefore, T2DM may be related to
increased risk of thrombosis indicated by reduced PT and INR and high PDW and MPV than
T1DM and controls. Basic coagulation profiles and platelet parameters should be regularly
tested for early diagnosis and proper management of diabetes-related thrombosis.
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Background
Diabetes mellitus (DM) is a heterogeneous group of meta-
bolic disorders characterized by hyperglycemia due to
defects in insulin secretion, insulin action, or both. The
disease is highly associated with micro-vascular and
macro-vascular complications.'” Diabetes can be diag-
nosed using laboratory test if one or more of the following
criteria are met: If fasting plasma glucose level >7.0
mmol/l (126 mg/dl) or two-hour plasma glucose level
>11.1 mmol/l (200 mg/dl) following a 75g oral glucose
load or a random glucose level > 11.1 mmol/l (200 mg/dl)
or HbAlc > 48 mmol/l (equivalent to 6.5%).! Moreover,
both TIDM and T2DM may be related to multiple con-
sequences as glucose levels are associated with many
physiological processes including lipid metabolism, the
regulation of inflammation, vasodilatation, basic cell
growth, and replication in uncontrolled diabetes.’
Diabetes is a risk factor for cardiovascular disease
(CVD). Besides, some antecedent environmental and
genetic factors precede the development of both diabetes
and CVD. Independent risk factors including obesity,
hypertension, toxins, and other genetic factors may be
the possible risk factor and significantly related to glucose
intolerance, hyperinsulinemia, dyslipidemia, insulin resis-
tance syndrome, inflammation, thrombophilia, dysglyce-
endothelial
dysfunction, and the generation of procoagulant and

mia, oxidative stress, inflammation,
atherogenic lipoproteins which might be the common pos-
sible risk factors for both DM and CVD.**

The incidence and prevalence of DM rise quickly and
becoming one of the most prevalent and costly chronic
diseases worldwide.' International Diabetes Federation
(IDF) reported in 2017, the number of people with DM
was 424.9 million with an overall prevalence of 8.8%. In
the same year, IDF reported an estimated 15.5 million
adults aged 20-79 years were living with DM in the
Africa region representing a regional prevalence of
3.3%." Accelerated micro and macrovascular complica-
tions occurred in both types of diabetes. Moreover, both
T1DM and T2DM are considered to be the risk factors for
increased cardiovascular disease and stroke in unmanaged
and poor glycemic control conditions.”* Acute complica-
tions such as diabetic ketoacidosis, and hyperosmolar
hyperglycemic state (HHS) and cardiovascular disease,
stroke, chronic kidney failure, foot ulcers, impotence,
and damage to the eyes commonly manifested as chronic

complications of diabetes.’”

Diabetes is significantly associated with metabolic
and vascular disturbances.'® An atherothrombotic disease
that can affect the coronary, cerebral circulation and
peripheral arteries are accelerated among T1DM and
T2DM patient.'"'? Atherothrombosis is the leading
cause of morbidity and mortality in diabetes as it
increases the risk of coronary heart disease, stroke, and
peripheral arterial disease by 2- to 4-folds.'? Eighty per-
cent of the patient with DM died due to thrombotic
complications and 75% of these death being due to car-
diovascular complications.''™'* The pathophysiological
mechanisms related to the diabetic pro-thrombotic state
are endothelial dysfunction, platelet hyperactivation, and
increased activation of pro-thrombotic coagulation fac-
tors coupled with decreased fibrinolysis. Hyperglycemia
and insulin deficiency in TIDM and hyperglycemia, IR,
dyslipidemia, low-grade inflammation, oxidative stress,
and other metabolic disorder in T2DM are the main
contributors to the occurrence of diabetic pro-
thrombotic conditions."”

Hyperglycemia, IR, dyslipidemia, hypertension, and
the presence of excess free fatty acids may cause endothe-
lial dysfunction through multiple mechanisms.'' In most
cases, hyperglycemia can directly influence the vulnerabil-
ity of vascular endothelium by changing its glycocalyx
layers thereby this process enhances platelet-endothelial
cell adhesion and release of coagulation factors and there-
fore, triggers occlusive thrombus formation.'®'” Besides,
hyperglycemia and IR increase the accumulation of reac-
tive oxygen species and reactive nitrogen species through
the process of oxidative stress that can change the struc-
ture and functional activity of vascular endothelium. In
general, hyperglycemia and IR could cause the disturbance
between vasodilators and vasoconstrictors which increases
the risk of atherosclerosis and thrombus formation.'":'*

Hyperglycemia and IR in diabetes can change and
up-regulate the gene expression pathway involving the
coagulation protein as it may increase the generation of
oxidative stress. Therefore, this process increases the
synthesis of pro-thrombotic coagulation factors such as
fibrinogen, tissue factor (TF) and factor VII (FVII),
plasminogen activator inhibitor-1 (PAI-1), and other
pathological pro-inflammatory cytokines. Moreover,
hyperglycemia can trigger the formation of glycated
fibrinogen through the glycation process resulted in the
formation of fibrin clot which is dense in structure and
resistant to fibrinolysis. Therefore, this change may

increase the risk of atherothrombosis and CVD.'!»!%18
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In diabetes, hyperglycemia, insulin resistance, insulin
deficiency, cellular abnormalities, metabolic disorder,
inflammation, and oxidative stress are involved in dysre-
gulation of several signaling pathways stimulating platelet
enhanced adhesion, activation, and aggregation."> It is
found that hyperglycemia causes platelet to become large
and hyperactivated. Therefore, larger platelets release
more prothrombotic factors such as thromboxane A,."
In addition, markers of fibrinolysis are abnormal in people
with metabolic syndrome, and fibrinolytic dysfunction is
markedly increased.”’

Different studies involved coagulation profiles and pla-
telet parameters among diabetic patient-reported contrast-
ing findings. Some studies reported that normal APTT and
PT,*"** and some other studies reported that significantly
prolonged APTT and PT among patients with T2DM?*~*
and some other related studies also reported that shortened
APTT and PT among T2DM patient.>*® Activated partial
thromboplastin time is a screening test for intrinsic and
common pathways of coagulation and PT is a screening
test for extrinsic and common pathways of coagulation
systems standardized by using INR to normalize for the
variable responsiveness of thromboplastin reagents.?’
Platelet count and platelet indices are important para-
meters that can reflect the number, size, and activity of
platelets.® Basic coagulation tests and platelet parameters
serve as important biomarkers to assess the coagulation
factors and platelet parameters to predict the progression
of cardiovascular and thrombosis complications among
diabetic patients.

Methods and Materials
Study Design, Period, and Area

A comparative cross-sectional study was conducted from
February to April 2019 at Dessie Referral Hospital,
Northeast Ethiopia. The hospital provides emergency, anti-
retroviral therapy services, chronic care, surgical, dental,
medical, pediatric, gynecologic, obstetric, and other ser-
vices for more than 4 million clients.

Study Participants

The study was conducted on a total of 180 study partici-
pants. Study participants who had a history of known
inherited bleeding disorders, hypertension, chronic renal
disease, chronic liver disease, any history of malignancy,
infectious diseases (human immunodeficiency virus (HIV),
hepatitis B virus (HBV) and hepatitis C virus (HCV)),

those with the habit of smoking, regular chat chewing
and alcohol drinker were excluded from the study.
Moreover, pregnant and lactating mothers, patients receiv-
ing anticoagulant and antiplatelet agent therapy, and oral
contraceptive users were also excluded from the study.

Sample Size Determination and Sampling

Techniques

The rule of thumb that has been recommended by van
Voorhis and Morgan, has been applied to determine the
sample size.”’ Thus, a total of 180 study participants (60
T1DM, 60 T2DM, and 60 age and gender-matched con-
trols) were enrolled in the study. A systematic random
sampling technique was employed to recruit diabetic
cases from Dessie referral hospital chronic care clinics
and controls from Dessie Blood Bank.

Data Collection and Laboratory Analysis

Socio-demographic characteristics and clinical information
of study participants were collected using a structured ques-
tionnaire. Blood sample was collected from the study parti-
cipants following standard operating procedures (SOPs) by
qualified laboratory personnel after informed consent has
been obtained. Following an aseptic vein puncture, about
5.7 mL of fasting blood sample was collected with a sterile
disposable syringe then; about 2.7 mL of the collected blood
sample was dispensed into the test tube containing 0.3 mL of
3.2% trisodium citrate. Platelet-poor plasma (PPP) was
obtained by centrifuging at 1500 g for 15 minutes. APTT,
PT, and INR were determined using the HUMAN CLOT
JUNIOR coagulation analyzer (Wiesbaden, Germany). First,
50 microliters (uL) of test PPP were warmed at 37°C for 5
minutes. At the same time, the APTT reagent and calcium
chloride buffer solution were simultaneously incubated then,
50 pL of APTT reagents were added to the warmed platelet-
poor plasma and then incubated at 37°C for 3 minutes
followed by the addition of 50 uL pre-warmed calcium
chloride buffer solution. Therefore, the analyzer read the
clotting time of APTT and displayed the result in seconds.
The PT reagent which contains lyophilized thromboplastin
of rabbit brain was reconstituted by mixing one vial of
thromboplastin reagent and one vial calcium chloride buffer
solution followed by the vial stand undistributed for 30
minutes at room temperature then, the mixture incubated at
37°C for 10 minutes. One hundred pL of the test PPP was
added into the test cuvette followed by incubation at 37°C
for 3 minutes. Subsequently, 200 pL of the pre-warmed PT
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reagent rapidly added and the time is taken for clot forma-
tion (in seconds) was recorded and at the same time, INR
was calculated and displayed from PT output. For platelet
analysis, about 3 mL of whole blood was dispensed into
EDTA test tube and properly mixed. Platelet parameters
were determined using DIRUI BF 6500 automated hematol-
ogy analyzer (DIRUI INDUSTRIAL CO. LTD., PR,
CHINA).

Data Quality Management

Blood sample was collected and processed according to
the SOPs. Samples were properly mixed and homogenized
by inverting 8—10 times and safety procedures and speci-
men handling procedures were strictly followed. The per-
formance of automated instruments was maintained by
daily running of two-level controls (Normal and patholo-
gical) for coagulometer and daily background checking for
hematology analyzer was conducted. Daily cleaning of
automated analyzers and other equipment before leaving
the laboratory was conducted. Training was given and
regular conducted for data

daily supervision was

collectors.

Data Management and Analysis

Data were coded, entered, and cleaned using Epi Data 3.1
version and then exported to statistical package for social
sciences (SPSS) version 21.0 (IBM Corporation, Armonk,
NY, USA). The Kolmogorov—Smirnov test was conducted
to check the normality of continuous variables. Levene’s
tests were conducted to check the homogeneity of var-
Kruskal-Wallis test supplemented with Dun-
Bonferroni correction was used to compare the median

1ance.

of continuous variables. Spearman rank-order correlation
test was used to determine the correlation between fasting
blood glucose (FBG), PT, INR, APTT, platelet count,
PDW, and MPV. The results were summarized using med-
ian and interquartile range (IQR) and presented using
tables and texts. P-value < 0.05 was considered as statis-
tically significant.

Results

Socio-Demographic Characteristics of
Study Participants

In this study, a total of 180 adult study participants were
included. The study participants were categorized into

three groups; T1DM, T2DM, and healthy blood donors
as a control, and 60 adult individuals were involved in

each study group. The median age of the study partici-
pants were 30, 34.5, and 31.0 years for the respective
T1DM, T2DM, and control groups. From the total study
participants, 95 of them (52.8%) were males (Table 1).

Clinical Characteristics of Study

Participants on Diabetes

A total of 120 DM study participants comprised of 38
(63.3%) of TIDM and 33 (55%) of T2DM were below 5
years based on the duration of treatment (Table 2).

Basic coagulation abnormality was high in T2DM in
which 11.7% of TIDM and 16.7% of T2DM had shor-
tened PT whereas 53.3% of TIDM and 63.3% of T2DM
had shortened APTT (Table 3).

Table | Socio-Demographic Distribution of Study Participants at
Dessie Referral Hospital, Northeast Ethiopia from February to
April 2019 (N=180)

Variables Category | TIDM; T2DM; Controls;
N=60 N=60 N=60
n (%) n (%) n (%)
Age 18-24 18 (30.0) 13 (21.7) 17 (28.3)
25-34 17 (28.3) 17 (28.3) 21 (35.0)
35-44 15 (25.0) 14 (23.3) 13 (21.7)
245 10 (16.7) 16 (26.7) 9 (15.0)
Gender Male 35 (58.3) 29 (48.3) 31 (51.7)
Female 25 (41.7) 31 (51.7) 29 (48.3)
Residence Urban 37 (61.7) 38 (63.3) 49 (81.7)
Rural 23 (38.3) 22 (37.7) I (18.3)
Religion Orthodox 12 (20.0) 20 (33.3) 20 (33.3)
Muslim 46 (76.7) 37 (61.7) 34 (56.7)
Protestant | 2 (3.3) 3 (5.0) 6 (10.0)
Educational | llliterate 11(18.3) 16 (26.7) 4 (6.7)
level
Primary 22 (36.7) 14 (23.3) 4 (6.7)
school
Secondary 12 (20.0) 15 (25) 10 (16.7)
school
Diploma 12 (20.0) I (18.3) 23 (38.2)
Degree 3 (5.0 4 (6.7) 19 31.7)
and above
Marital Single 22 (36.7) 14 (23.3) 24 (40.0)
status Married 36 (60.0) 42 (70.0) 33 (55.0)
Divorced 2 (3.3) 4 (6.7) 3 (5.0)

Abbreviations: TIDM, type | diabetes mellitus; T2DM, type 2 diabetes mellitus.
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Table 2 Clinical Characteristics of TIDM and T2DM Study
Participants at Dessie Referral Hospital, Northeast Ethiopia
from February to April 2019 (N=120)

Variables Category TIDM; T2DM;
N=60 N=60
n (%) n (%)
Medication Regimen Insulin 60(100) -
Metformin 37 (61.6)
Glibenclamide 7(11.7)
Metformin and 12 (20.0)
Glibenclamide
Insulin and Oral 4 (6.7)
hypoglycaemic
Agents
Diabetic Ketoacidosis | Yes 4 (6.7) -
No 56 (93.3) | 60 (100)
HHS Yes 1 (1.7) 1 (1.7)
No 59 (98.3) | 59 (98.3)
Foot ulcer Yes - 3 (5.0
No 60 (100) | 57 (95.0)
Visual Disturbance Yes - 4 (6.7)
No 60 (100) | 56 (93.3)
Neuropathy Yes 1 (1.7) 2 (3.3)
No 59 (98.3) | 58 (96.7)
Duration of Treatment | 0-5 years 38 (63.3) | 33 (55.0)
6—10 years 17 (28.3) | 7 (283)
> 10 years 5(83) 10 (16.7)
Duration of DM 0-5 years 38 (63.3) | 33 (55.0)
6—10 years 17 (28.3) | 7 (283)
> |0 years 5(8.3) 10 (16.7)

Abbreviations: IQR, interquartile range; HHS, hyperglycemic hyperosmolar state;
FBG, fasting blood glucose.

Comparison of Basic Coagulation Profiles
and Platelet Parameters Among TI1DM,
T2DM, and Healthy Controls

The non-parametric Kruskal-Wallis test was used to com-
pare the median value among the groups. The finding of the
Kruskal-Wallis test for PT, INR, PDW, and MPV showed

a statistically significant median (IQR) difference among
T1DM, T2DM, and healthy controls (p <0.05) (Table 4).

Multiple Comparisons of Basic Coagulation
Profiles and Platelet Parameters Among

T1DM, T2DM, and Healthy Controls

Dunn-Bonferroni correction was conducted for multiple
comparisons between the groups. In multiple pairwise

comparisons with Dunn-Bonferroni correction, the median
and IQR of PT and INR among T2DM were the statisti-
cally significant difference as compared to TIDM and
healthy controls (p<0.05). The median and IQR of PDW
and MPV in both TIDM and T2DM showed a statistically
significant difference as compared to healthy controls (p
<0.05) (Table 5).

Correlation of FBG with Basic

Coagulation Profiles and Platelet
Parameters Among TI1DM and T2DM

In this study, Spearman rank order correlation showed that
there were statistically significant negative correlation
between FBG, PT and INR in T1DM (rho= - 0.260,
p =0.045), tho = —0.273, p =0.035)) respectively and
there were statistically significant negative correlation
between FBG, PT, INR and APTT in T2DM (rho =
—0.399, P=0.002), rho =0.392, p=0.002), rho=—0.303,
p=0.019)) (Table 6).

Discussion

Atherothrombotic disease is the leading cause of morbidity
and mortality in patients with diabetes which is usually
with  both
abnormalities.'® Diabetes considered to be the independent

associated metabolic and  vascular
risk factor for the development of atherosclerosis.
Therefore, atherosclerosis is the main cause of macrovas-

cular complications,'**

and therefore, causes increased
platelet activation, activation of coagulation factors, and
hypo fibrinolysis significantly associated with an increased
risk of cardiovascular disease.'**>°

In this study, PT and INR were significantly reduced in
T2DM patients as compared to TIDM and healthy con-
trols. This result was similar to the finding reported in
India and Nigeria®®®' where PT was reduced among
T2DM and in Gahanna®® PT and INR was found signifi-
cantly reduced among T2DM as compared to controls
(p<0.05). The possible reason for this might be due to
the presence of different factors associated with hypergly-
cemia, IR, dyslipidemia, low-grade inflammation, and oxi-

dative stress possibly the common contributors for

endothelial dysfunction, platelet hyperactivation, and
increased activation of prothrombotic coagulation
factors.'>'®

On contrary, a study conducted in Egypt'® and
Sudan®® showed that PT between T2DM and controls
had no significant difference. The reason for this
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Table 3 Basic Coagulation Profiles and Platelet Parameters of Study Participants at Dessie Referral Hospital, Northeast Ethiopia from

February to April 2019 (N=180)

Variables Category TIDM T2DM Controls Reference Range
n (%) n (%) n (%)

PT (sec.) Shortened 7(11.7) 10 (16.7) 2 (3.3) 14-16 sec
Normal 32 (53.3) 40 (66.7) 32 (53.3)
prolonged 21 (35) 10 (16.7) 26 (43.3)

INR shortened 5(83) 5(83) 0 (0) 0.8-1.2
Normal 38 (63.3) 47 (78.3) 40 (66.7)
prolonged 17 (28.3) 8 (13.3) 20 (33.3)

APTT (sec.) shortened 32 (53.3) 38 (63.3) 32 (53.3) 24-36 sec
Normal 28 (46.7) 21 (35) 28 (46.7)
prolonged 0 I (1.7) 0

Platelet count (% 10%/ul) Low 2 (3.3) 3 (5) 0 150-400% | 0*/ul
Normal 56 (93.3) 56 (93.3) 60 (100)
high 2 (3.3) I (1.7) 0

PDW (%) Low 8 (13.3) 12 (20) 17 (28.3) 15-18 fl
Normal 29 (48.3) 33 (55) 41(68.3)
high 23 (38.3) 15 (25) 2 (3.3)

MPV (fl) Low 0 I (1.7) 0 7-13 1l
Normal 59 (98.3) 58 (96.7) 60 (100)
high 1(1.7) I (1.7) 0

Abbreviations: PT, prothrombin time; APTT, activated partial thromboplastin time; INR, international normalization ratio; PDW, platelet distribution width; MPV, mean

platelet volume; ul, microliter; fl, femtoliter.

variation might be due to sample size variation, variation
in study design, and the variation in the study population.
On the other hand, a study finding in Nigeria showed PT
was significantly elevated in T2DM as compared to
controls.”® This variation might be due to the presence of
elevated levels of in vitro inhibitor of coagulation such as
D-dimer, thrombin-antithrombin complex, and prothrombin
activation fragment 1+2 which are markers of coagulation
activation that may cause prolonged PT.* In this study, PT

and INR revealed a statistically significant difference
between TIDM and T2DM individuals. This variation
might be due to T2DM have elevated levels of free fatty
acids, elevated insulin levels accompanied with insulin
resistance, and elevated levels of PAI-1 but reduced in
T1DM, which can affect the regulation of many physiolo-
gical processes, including alterations in fibrin clot para-
meters, endothelial dysfunction, atherosclerotic plaque
formation and cardiac lipotoxicity.

Table 4 Comparison of Coagulation Profiles (PT, INR, and APTT) and Platelet Parameters (Platelet Count, PDVV, and MPV)
Among Study Groups at Dessie Referral Hospital, Northeast Ethiopia from February to April 2019 (Kruskal-WVallis Test)

Variables TIDM N=60 T2DM N=60 Controls N=60 P-value
Median [IQR] Median [IQR] Median [IQR]
PT (sec.) 13.2 (2.9) 12.5 (2.9) 13.9 (1.7) 0.001%*
INR 1.13 (0.25) 1.03 (0.25) 1.15 (0.14) 0.001%*
APTT (sec.) 24.4 (5.3) 23.1 (4.0) 23.4 (5.1) 0.212
Platelet count (% 10°/ul) 242.0 (109) 264.5 (109) 277.0 (75) 0.127
PDW (%) 17.1 (2.5) 17.0 (2.5) 15.6 (1.0) 0.004*
MPV (fl) 10.2 (1.5) 10.3 (1.6) 9.7 (1.2) <0.001*
FBG (mg/dl) 200 (200) 239.5 (149) 88.5 (12)

Notes: *Significant at p<0.05, p-value <0.05 considered to statistically significant.
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Table 5 Post Hoc Test with Dunn-Bonferroni Correction for
Multiple Comparisons Among Study Groups at Dessie Referral
Hospital, Northeast Ethiopia from February to April 2019
(Pairwise Multiple Comparisons)

Variables Pairwise Multiple Comparisons (Dunn-

Bonferroni Correction)

TIDM vs TIDM vs T2DM vs

T2DM Controls Controls
PT (sec.) 0.033* 0.910 0.001*
INR 0.025* 0.982 0.001*
PDW (%) 0.711 <0.001* <0.001*
MPV (fl) 1.00 0.007* 0.026*
FBG (mg/dl) 0.338 <0.001* <0.001*

Notes: N=120, *significant at p<0.05, P-value <0.05 considered statistically signifi-
cant.F

Table 6 Correlation of FBG with Basic Coagulation Profiles and
Platelet Parameters Among T1DM and T2DM at Dessie Referral
Hospital, Northeast Ethiopia from February to April 2019
(Spearman Rank-Order Correlation Test)

Group of Variables Correlation p-value

Study Coefficient

Participant (Spearman

Rho)

TIDM PT —0.260 0.045*
INR -0.273 0.035*
APTT —0.158 0.227
Platelet count —0.086 0.512
PDW 0.112 0.395
MPV 0.156 0.234

T2DM PT —0.399 0.002*
INR —0.392 0.002*
APTT —0.303 0.019*
Platelet count —0.161 0.218
PDW 0.150 0.252
MPV 0.015 0.910

Notes: N=120, *significant at p<0.05, P-value <0.05 considered statistically
significant.

In this study, platelet parameters (PDW and MPV)
showed that there was a statistically significant increase
among T1DM and T2DM as compared to healthy controls
(P<0.05). This finding was in agreement with the studies
done in India and Ethiopia which reported an increased in
PDW and MPV in T2DM than controls, respectively.*>**
Similarly, other studies conducted in Turkey and Nigeria
reported that MPV was significantly increased in T2DM as
compared to controls.** >° Moreover, this study was in
concurrent finding in Poland reported that increased

MPV and PDW in T1DM as compared to controls,’” and
a similar finding was reported in Nigeria where high MPV
in TIDM as compared to controls.*® The reason might be
since hyperglycemia causes non-enzymatic glycation of
proteins on the surface of the platelet thereby reduces
membrane fluidity and its elasticity and increases its reac-
tivity through direct osmotic effects on platelets. This
results in osmotic swelling of platelets and may cause an
increased rate of platelet turnover.** On the other hand,
discordance finding was reported in China found that no
significant PDW difference between T2DM and controls.*
The reason for this variation might be due to variation in
sample size and variation in a population.

The present study finding showed that FBG in T1DM was
statistically negatively correlated with PT and INR and FBG
in T2DM was negatively correlated with PT, INR, and APTT.
This finding was in agreement with a study done in Indonesia
that revealed a negative correlation between FBG and PT
among T2DM.*' The reason might be since hyperglycemia
exerted a procoagulant effect indicated by the elevation of
thrombin-antithrombin  complexes,soluble tissue factor,
increased levels of thromboxane A,, VWF, FVIII, tissue
plasminogen activator (TPA), fibrinogen, and increased the
level of PAI The differential effects of hyperglycemia and IR
suggested that patients with hyperglycemia due to IR are
especially susceptible to thrombotic events by concurrent
insulin-induced impairment of fibrinolysis and glucose-
induced activation of coagulation.'""'® On the other hand,
Nnenna et al, and Fadairo et al, in Nigeria reported that
a positive correlation existed between FBG and APTT, PT,
and INR in DM patients.”*** The reason for this variation
might be due to variation in sample size and coagulation
analyzer.

The present study showed that no significant correla-
tion between FBG and APTT, platelet count, PDW, and
MPV in TIDM and no significant correlation between
FBG and platelet count, PDW, and MPV in T2DM.
A similar finding was reported in Iran which found that
no statistically significant correlation between FBG and
platelet count in DM patients.*> The contrary finding was
reported in China which found a significant positive cor-
relation between FBG and platelet count, PDW, and MPV
in T2DM npatients,*® and in Nigeria reported a significant
positive correlation between FBG and platelet count in
TIDM.*® The reason for this variation might be due to
variation in the population, variation sample size, and

variation in automated hematology analyzer.
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Conclusion

In this study, basic coagulation profiles and platelet parameters
were significantly different between diabetes and controls
where PT and INR in T2DM were significantly reduced as
compared to T1DM and controls. However, PDW and MPV
were significantly elevated in both TIDM and T2DM as
compared to controls. Moreover,FBG was significantly nega-
tively correlated with PT and INR among T1DM and FBG was
significantly negatively correlated with PT, INR, and APTT
among T2DM. Therefore, T2DM may be related to increased
risk of thrombosis indicated by reduced PT and INR and high
PDW and MPV than TIDM and controls. Basic coagulation
profiles and platelet parameters should be regularly tested for
early diagnosis and proper management of diabetes-related
thrombosis. A longitudinal study should be conducted to estab-
lish the cause-effect relationship between DM, coagulation
profiles, and platelet parameters. Further study will be required
to determine the association between diabetes-related com-
plications, coagulation profiles, and platelet parameters.
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