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Abstract

Background: Hematological changes influencing blood cells are appeared to be related with type 2 diabetes mellitus is
commonly associated with vascular complications. In recent years, there has been renewed interest and increasing evidence
that hematological abnormalities can be used as indicators of endothelial dysfunction and inflammation in T2DM. Hence
aim of this study was to assessments of abnormal hematological indices and anthropometric parameters associated with
type 2 diabetes.

Methods: This study involved 70 people with T2DM (male/females, 47/23) and 70 age and sex matched Healthy people
without T2DM (Male/females, 46/24). Anticoagulated blood samples were collected from fasting individuals and
hematological Indices analyzed by automated blood cell counter and fasting blood sugar by automated chemistry analyzer.
Result: Male people with T2DM were characterized by significantly elevated levels of; body mass index (BMI), systolic
blood pressure (SBP), diastolic blood pressure (DBP), mean cell hemoglobin (MCH), red blood cell distribution width
(RDW), platelet count (PLT), mean platelet volume (MPV), platelet distribution width (PDW), FBS (P<0.05) as compared
with healthy people without T2DM group. Similarly, female people with T2DM were characterized by significantly
elevated levels of DBP, HCT, MCHC, RDW, WBC, PLT, MPV, PCT, and FBS (P<0.05) as compared with non-diabetic
female control. .

Conclusions: This examination demonstrated statistically significant difference in some hematological parameters of
diabetic patients compared with controls. Thus, hematological indices could be useful indicators diabetic complication in
type 2 DM patients

Keywords: Diabetes, oxidative stress, hematological abnormalities, vascular complications.

*Correspondence Info:

Dr. N. Gnanasekaran

Department of Medical Biochemistry,

School of Medicine, College of Health Sciences,
Addis Ababa University, Ethiopia

*Article History:

Received: 02/11/2019

Revised: 24/11/2019

Accepted: 28/11/2019

DOI: https://doi.org/10.7439/ijbar.v10i11.5296

How to cite: Olana C, Seifu D, Menon M.K.C and Natesan G. Abnormal hematological indices and anthropometric parameters
associated with type 2 Diabetes. International Journal of Biomedical and Advance Research 2019; 10(11): e5296. Doi:
10.7439/ijbar.v10i11.5296 Available from: https://ssjournals.com/index.php/ijbar/article/view/5296

Copyright (c) 2019 International Journal of Biomedical and Advance Research. This work is licensed under a Creative Commons Attribution 4.0 International License

1. Introduction

The world has gained great ground in reducing premature deaths occurred [1]. All inclusive, the

deaths from the infectious transmittable malady, however,
this achievement has made ready for the pandemic of non-
(NCD). NCD, particularly
diabetes, chronic obstructive

communicable disease
cardiovascular malady,
pulmonary disease, and a few malignancies, now represent
57 million deaths and 15 million deaths were premature (30
to 70 years). The death happens in low-and middle wage
nations, where 78% of all NCD deaths and 85% of
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pervasiveness of Diabetes Mellitus (DM) is 8.5% and it is
assessed that one of every 10 adults will have DM on the
world by 2035 [2]. Sub Saharan African nations are relied
upon to encounter the quickest increment in the number of
individuals living with type 2 DM in the following two
decades overall. Ethiopia is the third most fast growing
nation in the African continent with 5.2 % prevalence of
DM [3].
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Type 2 diabetes is the main source of
microvascular intricacies and presents an overabundance
danger of cardiovascular malady and death [4, 5].
Microvascular and macrovascular difficulties frequently
happen correspondingly and share comparable hazard
factors and obsessive pathways [6, 7].

The nearness of microvascular ailment expands the
danger of cardiovascular grimness and mortality in
individuals with type 2 diabetes, free of the major built-up
cardiovascular hazard factors [8]. Cardiovascular intricacies
are frequently present as of now at the season of the finding
of T2DM and subjects with impaired glucose tolerance have
a roughly twofold increment in the danger of macrovascular
ailments [9]. Ethiopia is confronting a double burden
problem because type 2 DM is right now expanding because
of various factors, for example, aging, urbanization, and
obesity. Despite the fact that the rate composes 2 DM and
its related vascular complexities
information about the issue is limited [10].

Recently, there has been reestablished enthusiasm
for hematological parameters, for example, white blood cell
(WBC), mean platelet volume (MPV), platelet distribution
width (PDW), platelet crit (PCT) are assigned as indicators
of endothelial dysfunction and chronic inflammation.DM is
considered as a "prothrombotic state" inferable from
hyperglycemia, dyslipidemia, and insulin resistance causing
endothelial and pericyte damage. Modified platelet
morphology and capacity has been seen in diabetes as
improved platelet activities which may add to this
"prothrombotic state". Increased white blood cell count
(WBC) is an established marker of cardiovascular diseases
in diabetes. Moreover, the relationship of raised MPV,
PDW, PCT and platelet counts associated with endothelial
dysfunctions, metabolic disorder, diabetes, coronary artery
disease and malignancy have been indicated [11-15].

Hematological indices being a basic, economic
test, done as a part of complete blood cell counts in a recent
time of automated blood analyzers can be checking the
patients for hematological abnormalities and subsequently
expanded to thrombogenicity. It is underlined that it tends to
be exceptionally basic, fast and cost-effective tool,
particularly in developing nation like Ethiopia with
constrained assets to  distinguish

are rising, current

early  vascular
complications in diabetic patients.

Hence the goal of this investigation is to decide to
assess hematological profile among T2DM and compared
with non-diabetic controls. This examination may be
elucidated by the relationship between hematological

indices and diabetic complications.
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2. Materials and Methods

2.1 Study area, design, and period
Hospital-based,  cross-sectional  study  with

comparative nature was conducted on people with T2DM in
the Federal police Specialized Hospital, Addis Ababa, and
Ethiopia. All adult people with T2DM out patients in
federal police specialized hospital (FPSH) and healthy
people without T2DM were consisted in the study and were
randomly selected from the police members.
2.2 Study population

This study included all adult people with T2DM
(>18 years of age) attending federal police specialized
hospital (FPSH) outpatient department in the time interval
of the study period. However, T2DM people with a history
of known hematologic diseases like; hemolytic anemias,
post-hemorrhagic anemia, renal anemia, Hematologic
diseases with WBC count > 15,000/mm® and platelet count
> 500,000/mm® that may affect hematological profiles were
excluded from the study.
2.3 Sample Size Determination

The required sample size was determined using
single population formula for estimating single population
proportion. Avoid error in non response rate, 10% of the
calculated sample size was added. Therefore, the total
sample was; n = 64.08+10% (64.08) = 64.08+6.408 = 70.
2.4 Variables

Hematological profiles like; RBC, Hemoglobin,
Hematocrit, MCH, MCHC, Red blood cell distribution
width (RDW), WBC, PLT, Mean platelet volume (MPV),
Platelet distribution width (PDW) and Platelet Crit (PCT)
were considered as dependent variables of this study. On the
other hand, anthropometric and clinical characteristics like;
Age, Sex, Body mass index (BMI), systolic blood pressure
(SBP), Diastolic blood pressure (DBP) and duration of
diabetes were also taken as independent variables.
2.5 Blood sample and data collection procedures

After the study participants had been asked for
their consent to be interviewed and to give a blood sample,
about 2 ml of the blood was withdrawn from the study
participants, who had fasted overnight and collected in
EDTA-coated tubes and hematological profiles
determined for all samples using hematological analyzer
(automated cell-dyne 1800). The blood sample was
collected by qualified healthcare professionals in the
hospital for immediate laboratory analyses. The collected
blood was immediately analyzed to protect blood cells from
hemolysis. In addition, the questionnaire was filled with a
face-to-face interview, and some anthropometric indicators
were also assessed and measured side by side as well.

were
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3. Results
3.1 Anthropometric and clinical characteristics

The anthropometric and clinical characteristics of
the patients and controls were illustrated in Table 1. The
study showed statistically higher values of body mass index
(BMI, P=0.001), systolic blood pressure (SBP, P=0.002)
and diastolic blood pressure (DBP, P=0.019) with no
difference in the mean age (P>0.05) of male T2D patients.
However, there was no significant difference in the mean
values of age, BMI and SBP (P>0.05) but higher values of
DBP (P=0.008) was observed in female patients.

3.2 Platelet indices

Analysis of the platelet indices in male patients had
statistically higher values of platelet count (PLT, P=0.024),
mean platelet volume (MPV, P=0.000) and platelet
distribution width (PDW, P=0.001) with no change in the
mean values of platelet crit (PCT, P=0.603).

Similarly, female patients had remarkably elevated
values of platelet indices like PLT count (P=0.000), MPV
(P=0.000) and PCT (P=0.005) with no difference values in
PDW (P=0.154) Table 2.

3.3 RBC indices

The mean values of the RBC indices indicated in

Table 3. In the male subjects showed that, the mean values
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of red blood cell distribution width (RDW, P=0.001), mean
cell volume and mean cell hemoglobin (MCH, P=0.03)
were notably elevated. On the other hand, comparison of
female subjects revealed that, HCT (P=0.005), RDW
(P=0.012) and MCHC (P=0.015) were remarkably elevated.
Similarly, numerically higher values of HGB (P=0.057) and
MCV (P=0.271) but lower RBC count (P=0.863) was
observed in female patients.
3.4 White blood Cell (WBC) indices

As indicated in Table 4 the results of the present
study showed that, there were no significant differences
observed in the average values of WBC count (P=0.09),
Neutrophil (Neu, P=1.532), Lymphocyte (Lymph, P=0.329)
and mixed cells (MID, P=0.088) in male patients. Female
patients had significantly higher average levels of WBC
count (P=0.000) with no statistical difference in the mean
values of Neu, Lymph and MID (P>0.05).
3.5 Correlation Analysis

As indicated in table below, SBP, DBP, and RBCs
were negatively correlated with MPV and this correlation
was not statistically significant. However, PDW was
positively and significantly (P=0.001) correlated with MPV.

Table 1: Comparison of the Anthropometric and Clinical Characteristics of Male/Female Patients with Male/Female healthy

individuals
Variable name Males (Mean = SD) p-value Females (Mean = SD) P_value
Patient (N=47) | Control (N=46) Patient (N=23) | Control (N=24)

Age(years) 53.17+£11.64 53.07+£10.17 0.96 49.74+9.89 47.88+8.38 0.499
BMI(Kg/m?) 25.47+2.64 23.4342.88 0.001 27.52+3.95 25.3844.567 0.092
SBP(mmHg) 125.74+11.56 119.13+8.39 0.002 124.78+10.39 120.83+8.3 0.156
DBP(mmHg) 82.23+8.65 78.26+7.4 0.019 83.48+7.141 77.92+6.58 0.008
FBS(mg/dl) 152.79+68.48 97.67+12.90 0.001 165.13+53.51 95.294+7.937 0.001
DMD (years) 8.21+7.45 - 7.30+4.46 - -

Results are presented as mean + standard deviation and P<0.05 is statistically significant (indicated in bold).
SBP - Systolic Blood Pressure, DBP - Diastolic Blood Pressure, BMI - Body mass Index, DMD - Duration of Diabetes.

Table 2: Comparisons of the Platelet indices in Male/Female Patients with Male/Female Healthy individuals

Males (Mean £ SD) P-Value Females (Mean £ SD) Povalue
Variable name | Patient (N=47) | Control (N=46) Patient (N=23) | Control (N=24)
PLT(x10°/L) 310.64+160.72 251.46+69.26 0.024 336.43+64.49 247.04+64.82 0.001
MPV(fL) 10.87£1.69 9.47+1.34 0.001 10.6+1.36 9.08+1.122 0.001
PDW(10(GSD)) 16.93+£0.27 16.21+0.54 0.001 16.5140.59 16.21+0.81 0.154
PCT (%) 0.26+0.05 0.25+0.06 0.603 0.29+0.07 0.24+0.06 0.005

Results are presented as mean + standard deviation and P<0.05 is statistically significant (indicated in bold). PLT - Platelet count, MPV - Mean Platelet
volume, PDW - Platelet distribution Width, PCT — Platelet Crit, fL-femtolitre, GSD-Geometric standard deviation.

Table 3: Comparisons of the RBC indices in Male/Female patients with Male/Female Healthy individuals

. Males (Mean £ SD) Females (Mean £ SD)
Variable name Patient (N=47) | Control (N=46) P-Value Patient (N=23) | Control (N=24) P-value

RBC(x10%L) 5.64+0.568 5.78+0.417 0.167 5.394+0.499 5.42+0.504 0.863
HGB(g/dL) 16.55+1.417 16.35+0.924 0.413 15.17+1.267 14.54+0.932 0.057
HCT (%) 51.2143.967 50.52+2.681 0.329 47.70£3.430 45.29+1.899 0.005
MCH(pg) 29.72+2.534 28.78+1.413 0.03 28.30+2.285 28.46+1.179 0.771
MCHC(g/dL) 32.33+0.967 32.19+1.056 0.523 31.61+0.583 32.21+0.977 0.015
RDW (%) 14.28+1.862 12.76+0.993 0.001 14.04+1.397 13.08+1.10 0.012

Results are presented as mean + standard deviation and P<0.05 is statistically significant (indicated in bold).
RBC-red blood cell count, HGB-hemoglobin, HCT- hematocrit, MCH- mean cell hemoglobin, MCHC- mean cell hemoglobin concentration, RDW- red

blood cell distribution width, g/dl — gram per deciliter, pg - picogrem
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Table 4: Comparisons of the WBC and Platelet indices in Male/Female patients with Male/Female Healthy individuals

. Males (Mean = SD) Females (Mean = SD)
Variable name |75 © o "N=47) | Control (N=46) | *~ V"€ ["patient (N=23) | Control (N=24) | ©-¥2Iue
WBC(x107L) | 6.77+1.844 6.20+131 0.09 7.48+1.620 5.83+1.007 0.001
Neu(%) 58.04+8.645 60.83+4.281 1532 | 60.1347.665 | 60.63+3.797 | 0.779
Lymph(%) 33.28+8.428 31.2243.514 | 0329 | 32.04+7.119 | 31.63£2.716 0.79
MID(%) 8.49+1.53 7.96+1.445 0.088 77441 544 7.83+1.736 0.845

Results are presented as mean + standard deviation and P<0.05 is statistically significant (indicated in bold).
WBC- white blood cell count, Neu- Neutrophil, Lymph- Lymphocyte, MID- Mixed cell

Table 5: Pearson correlations of MPV with various parameters in diabetic individuals

Variable name Cl());?;zggnlzi)tl;l:; 0 P- value
DBP -0.001 0.995
SBP -0.008 0.946
RBC -0.137 0.258
RDW 0.129 0.286
PDW 0.373 0.001

Results are presented as mean + standard deviation and P<0.05 is statistically significant (indicated in bold).

4. Discussion

The present study revealed, statistically higher
values of BMI in male and only a numerical difference in
female people with T2DM. This is in consonance with
Bukhari et al who reported higher values in both male and
female people with T2DM [16]. Similarly, Sarah et al
demonstrated significant values of BMI in T2DM patients
[17]. Ganz et al suggested that, BMI is strongly and
independently associated with the risk of T2D and the
magnitude of this association is larger for higher BMI
values [18].

Our finding of the blood pressure shows that SBP
was significantly higher in males but not in females with
T2DM. However, DBP was significantly higher in both
males and females with T2DM compared to the
corresponding values in their respective healthy people
without T2DM. This result is in agreement with the findings
of Alao et al; Bukhari et al., who reported significantly
higher values of both SBP and DBP in both sexes of people
with T2DM [16, 19]. Hyperglycemia causes microvascular
complications in many organs including diabetic
nephropathy the leading cause of end-stage renal disease
(ESRD) in developed countries [20]. In addition, Gurley &
Coffman suggested that diabetes may lead to other vascular
complications, including systemic hypertension through
activation of the intrarenal rennin -angiotensin system [21].
As reported by He et al., the metabolic receptor G-protein
coupled receptor 91 (GPRO91) is highly expressed in the
kidney and activated by the citric acid cycle intermediate
succinate because succinate is locally accumulated in the
intact diabetic kidney [22]. Toma and his colleagues
suggested that, high glucose and succinate-induced GPR91
activation trigger paracrine signaling from the (juxta)
glomerular endothelium to the adjacent rennin producing JG
cells to increase rennin synthesis and release the rate-
limiting step of RAS activation [23]. This may explain
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elevated values of Systolic (SBP) and diastolic (DBP) blood
pressures in the present study. On the other hand, increased
SBP and DBP in patients of this study may be explained in
terms of advanced glycation end products (AGE). It has
been suggested that AGE and its cell surface receptor
(RAGE) are the typical molecular consequence of diabetes
[24]. AGEs also quench NO (nitric oxide) in vitro and may
reduce NO-dependent vasodilatation. It also induced the
production of the endothelin-1 by
endothelial cells through nuclear factor-kB activation [25].
Therefore, since endothelin-1 is a potent vasoconstrictor, it
increases the systemic blood pressure.

In this study, analysis of the platelet indices
demonstrated that mean platelet volume and platelet counts
were significantly higher among both sexes in people with
T2DM. This is in corroboration with the studies conducted
by, Kodiatte et al.,; Demirtas et al.,; Alhadas et al.,
[26,27,28]. In contrast, Hekimsoy et al., reported the
remarkably low level of platelet count in people with T2DM
[29]. The MPV and platelet counts are indicators of
thrombotic potential and risk factors for microvascular
complications in diabetes [30, 31]. According to Chen et al
increased insulin resistance and glycemic status increases
platelet count in hyperglycemia [32]. Taniguchi et al, has
been indicated that increased platelet
independently predict insulin resistance among non-obese
Japanese type 2 DM patients [33]. Platelet size is another
aspect that deserves attention because it seems to be related

vasoconstrictor

count may

to their function. It has been demonstrated that, platelets
with greater volume are younger, more reactive and
aggregatable. Hence, they contain denser granules, secrete
more serotonin and B-thromboglobulin, and produce more
thromboxane A2 leading to increased thrombotic potential
when compared with smaller and less active platelets [25,
27]. Thus, large circulating platelets are reflected by an
increase in MPV which is the indicator of the average size,
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a marker of platelet function and activity. In diabetic
patients, higher level of MPV could predict an increased
risk factor for thrombosis and chronic complications [28,
34, 35].

Elevated levels of MPV in people with T2DM of
the present study may also be explained in terms of
oxidative stress. Increased ROS in diabetes induces
nonenzymatic glycation of proteins on the surface of the
platelet [36]. Such glycation leads to over-accumulation of
advanced glycation end products (AGEs)[37,38]. Some of
these AGE cause externalization of platelet membrane
phosphatidylserine that may cause changes in protein
structure (conformation) and alterations of membrane lipid
dynamics [39,40]. This may also explain the increased
values of MPV in patients of the present study.

Regarding PDW, the present study showed that
there was no significant difference between female people
with and without T2DM. However, we observed that male
with T2DM had significantly elevated values of PDW.
According to Vagdatli et al, activated platelets undergo a
structural change from discoid to a spherical shape and
produces pseudopodia leading to a change in the PDW [41].
Due to this reason, activated platelets may be different in
size from non-activated platelets. PDW has also been
reported as significantly elevated in people with T2DM with
complications when compared with people with T2DM
without complications [28,40]. Thus, different sizes of
platelets can be found, a consequence of which was the
enlarged histogram plotting of PDW and increased levels of
PDW [27,40].

Plateletcrit (PCT) is the other platelet parameter
which has no significant difference in males, however, the
significant elevation was observed in females with T2DM
of the present study. This is in agreement with, Alhadas et
al., [28]. In normal individuals, when platelet volume is
increased, platelet count tends to decrease in order to
maintain the values of PCT within normal ranges. Thus,
platelet mass or PCT must be kept at constant levels.
However, in people with T2DM, platelets become larger
and more reactive through different mechanisms leading to
the increased platelet mass thereby increasing PCT.
According to Alhadas et al., this parameter
significantly elevated when there is a chronic complication.
In general Platelet indices (PLT, PCT, MPV, and PDW) are
determinants of platelet functionality, among which MPV
and PDW stand out due to their involvement in the
development of thromboembolic complications [28].

Our data demonstrated that RBC count was
lowered in people with T2DM of both genders but this
difference was not statistically significant. Wang et al.,
suggested that decreased RBC count is an independent
predictor of the risk of microvascular complications in

IJBAR (2019) 10 (11)
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people with T2DM and this is mediated partly through an
effect of decreased RBC count on RBC function [42].

Decreased RBC count in this study may be
explained in terms oxidative stress which can result in the
mechanical alterations of RBC membrane protein. Altered
membrane proteins are associated with the development of
microvascular complications in diabetes. The biconcave
discoid shape of RBC is maintained by the membrane
cytoskeleton which is known to be the major determinant of
the cells dynamic behavior. Normal RBCs tend to orient
themselves with flow streamlines under high shear
(deforming) forces implying that, these cells are highly
deformable bodies. They also behave as elastic bodies
because the shape change is reversible when deforming
forces are removed [43]. The most important component of
the RBC membrane cytoskeleton network (network of
proteins lying beneath the cell membrane) is a protein called
spectrin. However, in diabetes chronic hyperglycemia
causes a non-enzymatical glycosylation of spectrin network
for further oxidation leading to erythrocyte membrane
abnormalities and accelerated aging of RBCs[43,44]. This
might be responsible for increased impairment of RBC
deformability among people with T2DM.

Hyperglycemia increase generation of superoxide
anion that may cause several structural and functional
modifications of the RBCs. One of the major modifications
in this context is the aggregation and attachment of
hemoglobin to the inside of the RBC membrane which is a
cytoskeletal spectrine protein network [45). This may result
in the alteration of the cell shape and mechanical properties
of RBCs. hemoglobin attachment to spectrin network also
increases the intracellular or cytosolic viscosity of the
erythrocytes which is related to the mean cell hemoglobin
concentration (MCHC)[42,43]. In this present study,
MCHC was elevated in people with T2DM and the
difference was statistically significant in females and
insignificant in males. Increased MCHC may result in the
reduction of RBCs membrane flexibility (deformability) and
increase the membrane rigidity[44]. Reduced deformability
may result in the complete standstill of RBCs moving
through capillary segments that may lead to increased
thrombogenic state and then atherosclerosis.

Regarding RDW our data revealed that the
parameter was remarkably elevated in people with T2DM of
both genders corroborating the results of Nada, 2015[46].
RDW is a quantitative measure of the red blood cell volume
(RBCV) heterogeneity. Thus the higher the values of RDW
are the greater heterogeneity in cell sizes [45]. Chronic
inflammation and increased oxidative stress in diabetes
cause the impairment of erythropoiesis and degradation of
RBCs by fragmentation or agglutination related to
anisocytosis [47]. This may shorten the RBCs lifespan

www.ssjournals.com
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leading to decreased RBC count (49) which may also
explain the result of the present study. It has been shown
that increased RDW is an independent predictor of the
overall and cardiovascular mortality in the general
population and in those with various high risks [45].
Diabetes is thus, a known disorder that reduces the lifespan
of RBCs resulting in the increased variability of the RBC
volume (RDW). Increased RDW causes impairment on
RBCs deformability and negatively affects blood flow
through microcirculation because of the complete standstill
movement of RBCs[42,46]. This may result in the increased
thrombogenic state and atherosclerosis.

Our data showed a numerical difference of
hematocrit (HCT) value in male and a significant elevation
in female people with T2DM. The possible explanation for
this is that increased sugar level increases the blood
osmolarity and capillary permeability in diabetes. This may
result in the increased hematocrit value and subsequently
blood viscosity. Cho et al suggested that hyperglycemia
may cause an osmotic diuresis and hence may lower plasma
volume leading to increased hematocrit[45]. HCT is one of
the major determinants of whole blood viscosity (WBV)
because the level of HCT is positively associated with the
level of WBV. Thus, HCT increases blood viscosity [44].
Abnormally high blood viscosity is known to play a role in
aggravating myocardial ischemia by diminishing oxygen
delivery due to atherosclerotic plaque at the coronary artery.
Elevated blood viscosity also increases injurious forces at
the endothelial wall and adversely affects the endothelial
function. Increased HCT through a mechanism of increasing
blood viscosity contributes to the inflammatory process and
may increase the thrombogenic states [48]. Thus, increased
HCT value in the present study may suggests that, HCT is
also considered as one of the hematological profiles which
may contributes to cause atherosclerosis when elevated.

The present study demonstrated that the significant
elevation of Platelet parameters such as PLT, MPV in both
sexes but RDW only in male but not in the female. In
contrast PCT elevated in female but not in the male. Total
WBC was elevated in female but not in male patients and
decreased total RBC may strengthen the notion that the
parameters are considered as inflammatory markers. This
suggests that hematological parameters might be a useful
prognostic marker of cardiovascular complications and thus
used in control of T2D disease progression. Therefore, they
may contribute to the early detection of complications and
may have a role in the potential reduction of morbidity and
mortality in diabetic patients. This study in Ethiopian
population can be considered as an initial one that
necessitates further studies to define the relation between
hematological parameters with its prognostic value and
different diabetic complications.

IJBAR (2019) 10 (11)

Page 6 of 8

e5296

Declarations
Ethics approval and consent to participate

All participants in the study had information on the
study. A consent form was prepared with a detailed
explanation of objectives, risks, and benefits to the study
subjects and the assurance of confidentiality of responses
were given to participants. Assurances were given to the
participants on the confidentiality of collected data. The
project proposal was reviewed and approved by the Ethics
and Research Review Committee of the Departments of
Biochemistry (DRERC) that was approved on meeting No.
DRERC: 03/15 protocol number 07/15 and Ref. No.
SOM/BCHM/29/2007. Samples and data were collected
after written informed consent had been obtained from
study participants. Confidentiality, anonymity, neutrality,
accountability, and academic honesty were maintained
throughout the study.

Consent for publication

As a major aspect of the informed consent process,
all members in this examination gave the exploration group
consent for their information to be recorded, interpreted,
anonymised, investigated and utilized in the arrangement of
any logical distribution.

Availability of data and materials

The datasets produced are available online in the
repository of the Addis Ababa University Library in the
form of a thesis.

Competing interests

The authors declare that they have no competing
interests.
Funding

The study was supported by Grants of Addis
Ababa University .The funders had no job in the plan of the
examination and collection, investigation, and elucidation of
information and in composing the original copy or choice to
publish.
Authors’ contributions

This work was carried out in collaboration between
all authors. Author CO carried out all kinds of experimental
parts and statistical analyses of data and managed the
literature searches. Authors DS, MKCM and NG wrote the
research protocol, worked in the analysis of data, wrote the
first draft of the manuscript, and managed the literature
searches. The latter also supervised the research work.

Acknowledgements
The authors thank the study participants who
agreed to participate in this study as well as Addis Ababa

www.ssjournals.com




Chala Olana et al / Abnormal hematological indices and anthropometric parameters associated with type 2 Diabetes

University, Federal Police Specialized Hospital for their
support during the study.

References

[1].

[2].
[3].

[4].

[5].

[6].

[7].

[8].

[9].

[10].

[11].

[12].

IJBAR (2019) 10 (11)

WHO. Noncommunicable
2018. WHO; Geneva: 2018.
WHO. Global report on diabetes. 2018.

IDF, International diabeties federation. Diabetes Atlas
7" edition. Brusseles; 2018.

Cordero A, Lopez-Palop R, Carrillo P, Moreno-
Arribas J, Bertomeu-Gonzalez V, Frutos A et al.
Comparison of long-term mortality for cardiac
diseases in patients with versus without diabetes
mellitus. Am J Cardiol. 2016;117(7):1088-94.

Bots SH, van der Graaf Y, Nathoe HM, de Borst GJ,
Kappelle JL, Visseren FL et al. The influence of
baseline risk on the relation between HbAlc and risk
for new cardiovascular events and mortality in patients

diseases country profiles

with type 2 diabetes and symptomatic cardiovascular
disease. Cardiovasc Diabetol. 2016;15(11):101.
Bramlage P, Gitt AK, Schneider S, Deeg E, Tschope
D. Clinical course and outcomes of type-2 diabetic
patients after treatment intensification for insufficient
glycaemic control-results of the 2 year prospective
DiaRegis follow-up. BMC Cardiovasc Disord. 2014;
14:162.

Kontopantelis E, Springate DA, Reeves D, Ashcroft
DM, Rutter M, Buchan I, et al . Glucose, blood
pressure and cholesterol levels and their relationships
to clinical outcomes in type 2 diabetes: a retrospective
cohort study. Diabetologia. 2015;58(31):505—18.
Brownrigg JR, Hughes CO, Burleigh D,
Karthikesalingam A, Patterson BO, Holt PJ, ef al.
Microvascular disease and risk of cardiovascular
events among individuals with type 2 diabetes: a
population-level cohort study. Lancet Diabetes
Endocrinol. 2016;4(71):588-97

Bansal N. Prediabetes diagnosis and treatment: A
review. World J Diabetes. 2015 Mar 15;6(2):296.
Wolde HF, Atsedeweyen A, Jember A, Awoke T,
Mequanent M, Tsegaye AT, et al. Predictors of
vascular complications among type 2 diabetes mellitus
patients at University of Gondar Referral Hospital: a
retrospective  follow-up  study. BMC  Endocrine
Disorders. 2018; 18:52.

Twig G, Afek A, Shamiss A, Derazne E, Tzur D,
Gordon B, Tirosh A. White blood cells count and
incidence of type 2 diabetes in young men. Diabetes
Care. 2013; 36:276-282.

Aypak C, Tiiredi O, Bircan MA, Yiice A. Could mean
platelet volume among complete blood count
parameters be a surrogate marker of metabolic

[13].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[23].

[24].

Page 7 of 8

e5296

syndrome in pre-pubertal children? Platelets. 2014;
25:393-8.

LiJY, Li Y, Jiang Z, Wang RT, Wang XS. Elevated
mean platelet volume is associated with presence of
colon cancer. Asian Pac J Cancer Prev.2014;
15:10501-4.

. Zaccardi F, Rocca B, Pitocco D, Tanese L, Rizzi A,

Ghirlanda G. Platelet mean volume, distribution
width, and count in type 2 diabetes, impaired fasting
glucose, and metabolic syndrome: A meta-
analysis. Diabetes Metab Res Rev. 2015; 31:402-10.
Ergelen M, Uyarel H. Plateletcrit: A novel prognostic
marker for acute coronary syndrome. /nt J
Cardiol. 2014;177:161.

Bukhari SA, Naqvi SA, Nagra SA, Anjum F, Javed S,
Farooq M. Assessing of oxidative stress related
mellitus type 2: Cause
excessive damaging DNA enhanced
homocysteine in diabetic patients. Pak. J. Pharm. Sci.
2015; 28 (2):483-491

Sarah NK, Anaja HP, Akuyam SA Bakari AG. Serum
Total Antioxidant Status In Type 2 Diabetic
Nigerians. [OSR Journal of Nursing and Health
Science 2014, 3:61-65

Ganz ML, Wintfeld N, Li Q, Alas V, Langer J,
Hammer M. The association of body mass index with
the risk of type 2 diabetes: a case—control study nested
in an electronic health records system in the United
States. Diabetol Metab Syndr. 2014;6:50

Alao O, Damulak D, Joseph D, Puepet F.
Haemostatic Profile of Patients with Type 2 Diabetes
mellitus in northern Nigeria. The inter J Endocrinol.
2019; 6(1):1-5.

Ritz E and Dikow R. Hypertension
antihypertensive treatment of diabetic nephropathy.
Nat Clin Pract Nephrol. 2006 2: 562-567

Gurley SB, Coffman TM. The renin-angiotensin
system and diabetic nephropathy. Semin Nephrol.
2007; 27: 144-152

parameters in diabetes

to and

and

. He W, Miao FJ, Lin DC, Schwandner RT, Wang Z,

Gao J, et al. Citric acid cycle intermediates as ligands
for orphan G-protein-coupled receptors. Nature. 2004;
429: 188-193

Toma I, Kang JJ, Sipos A, Vargas S, Bansal E, Hanner
F, et al. Succinate receptor GPR91 provides a direct
link between high glucose levels and renin release in
murine and rabbit kidney. J Clin Invest. 2008;
118(7):2526-34.

Brownlee M. The pathobiology of diabetic
complications: a unifying mechanism. Diabetes. 2005;
54(6):1615-1625.

www.ssjournals.com



Chala Olana et al / Abnormal hematological indices and anthropometric parameters associated with type 2 Diabetes

[25].

[26].

[27].

[28].

[29].

[30].

[31].

[33].

[34].

[35].

[36].

IJBAR (2019) 10 (11)

Mayer O, Seidlerova J, Filipovsky J, Vagovicova P,
Wohlfahrt P, Citkova R, et al. Soluble receptor for
advanced glycation end products and increased aortic
stiffness in the general population. Hypertens Res.
2016 (39):266-271

Kodiatte TA, Manikyam UK, Rao SB, Jagadish TM,
Reddy M, Lingaiah HK, ef al. Mean Platelet Volume
in Type 2 Diabetes Mellitus. J Lab Physicians. 2012;
4(1): 5-9.

Demirtas L, Degirmenci H, Akbas EM, Ozcicek A,
Timuroglu A, Gurel A, Association of
hematological indicies with diabetes, impaired glucose
regulation and microvascular complications of
diabetes. Int J Clin Exp Med. 2015; 8(7):11420-11427
Alhadas KR, Santos SN, Freitas MM, Viana SM,
Ribeiro LC, Costa MB. Are platelet indices useful in
the evaluation of type 2 diabetic patients? J Bras Patol
Med Lab. 2016; 52(2): 96-102

Hekimsoy Z, Payzin B, Ornek T, Kandogan G. Mean
platelet volume in Type 2 diabetic patients. J Diabetes
Complications. 2014; 18:173-6.

Zuberi BF, Akhtar N, Afsar S. Comparison of mean
platelet volume in patients with diabetes mellitus

et al.

impaired fasting glucose and non-diabetic subjects.
Singapore Med J. 2008, 49(2):114-116.

Akinsegun A, Olusola DA, Sarah JO, Olajumoke O,
Adewumi A, Majeed O, ef al. Mean platelet volume
and platelet counts in type 2 Diabetes: Mellitus on
treatment and non-diabetic mellitus controls in Lagos,
Nigeria. Pan African Medical Journal 2014; 18:42

. Chen LK, Lin MH, Chen ZJ, Hwang SJ, Chiou ST.

Association of Insulin Resistance and Hematologic
Parameters: Study of a Middle-aged and Elderly
Chinese Population in Taiwan. J Chin Med Asso.
2006, 69(6):1-6.

Taniguchi A, Fukushima M, Seino Y, Sakai M, Yoshii
S, Nagasaka S, et al. Platelet count is independently
associated with insulin resistance in nonobese
Japanese type 2 diabetic patients. Metabolism. 2003;
52(10):1246-9.

Chang HA, Hwang HS, Park HK, Chun MY, Sung JY.
The Role of Mean Platelet Volume as a Predicting
Factor of Asymptomatic Coronary Artery Disease.
Korean J Fam Med. 2010; 31:600—6.

Jabeen F, Fawwad A, Rizvi HA, Alvi F. Role of
platelet indices, glycemic control and hs-CRP in
pathogenesis of vascular complications in type-2
diabetic patients. Pak J Med Sci. 2013; 29(1):152-156
Schneider DJ. Factors contributing to increased
Platelet Reactivity in People with Diabetes. Diabetes

Care 2009; 32(4): 525-527. 53.

[37].

[38].

[39].

[40].

[41].

[42].

[43].

[44].

[45].

[46].

[47].

[48].

Page 8 of 8

e5296

Nishikawa T, Edelstein D, Du XL, Yamagishi SI,
Matsumura T, Kaneda Y, Normalizing
mitochondrial superoxide production blocks three
pathways of hyperglycemic damage. Nature. 2000;
404:787-790.

Wautier JL, Schmidt AM. Protein glycation: a firm
link to endothelial cell dysfunction. Circulation
Research. 2004; 95(3):233-238.

Wang Y, Beck W, Deppisch R, Marshall SM, Hoenich
NA, Thompson MG. Advanced glycation end
products elicit externalization of phosphatidylserine in
a subpopulation of platelets via 5-HT2A/2C receptors.
Am J Physiol Cell Physiol. 2007; 293(1): C328-C336
Jindal S, Gupta S, Gupta R, Kakkar A, Singh HV,
Gupta K, et al. Platelet indices in diabetes mellitus:

et al.

indicator of diabetic micro vascular complication.
Hematology. 2011; 16(2):86-89.

Vagdatli E, Gounari E, Lazaridou E, Katsibourlia E,
Tsikopoulou F, Labrianou I . Platelet distribution
width: a simple, practical and specific marker of
activation of coagulation. Hippokratia. 2010; 14(1):
28-32.

Wang ZS, Song ZC, Bai JH, Li F, Wu T, Qi J, et al.
Red blood cell count as an indicator of microvascular
complications in Chinese patients with type 2 diabetes
mellitus.  Vasc Health Risk ~ Manag. 2013
2013(9):237-243.

Baskurt Ok, Meiselman HJ. Blood Rheology and
Hemodynamics. Semin Thromb Hemost
Journal. 2003; 29(5):435-450.

Moussa SAA. Biophysical Changes in Red Blood
Cells and Hemoglobin Components of Diabetic
Patients. Journal of Genetic Engineering and
Biotechnology 2007; 5(1-2): 27-32

Cho YI, Mooney MP, Cho DJ. Hemorheological
Disorders in Diabetes Mellitus. J Diabetes Sci Technol
2008; 2(6):1130-1138.

Nada AM. Red cell distribution width in type 2
diabetic patients. Diabetes, Metabolic Syndrome and
Obesity. Targets and Therapy 2015; 8:525-533
Ferrucci L, Guralnik JM, Woodman RC, Bandinelli S,
Lauretani F, Corsi AM, et al. Proinflammatory state
and circulating erythropoietin in persons with and
without anemia. Am J Med 2005; 118:128

Hisalkar PJ, Patne AB, Fawade MM. Assessment of
plasma antioxidant levels in type 2 diabetes patients.
Int J Biol Med Res 2012; 3(2): 1796-1800

www.ssjournals.com




