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Abstract
Complete blood count (CBC) &Coagulation parameters associate with multiple diseases. We
investigated the relationship of metabolic syndrome in adolescences which imposes prolong risk
causing micro-macro complication, which is leading global problems in 21st century. Therefore,
the study aimed to determine the possible changes in CBC, Coagulation and glycosylated
haemoglobin (HbA1c) in metabolic syndrome patients. The Adolescent subjects (students) who
were visiting to the Medicine diabetic OPD and the subjects who were diagnosed with Metabolic
syndrome in the emergency services department were grouped as group-A (patients) & group
B(controls) in the study; both male /female patients whowere also admitted. It was noticed to
have a possible correlation between the CBC, Coagulation and HbA1c parameters in metabolic
syndrome. In Both groups, Group A patients, HbA1c value is (5.21 ± 1 .76%) Group B control
HbA1c is (3.21 ± 0.82 %). We analysed the CBC parameters, coagulation parameters. There was
a statistical difference found in CBC parameters with increased (Hb, RBC, MCH, MCHC, RDW,
PDW, MCV, Neutrophils, WBC, Hematocrit. Lymphocyte,) and statistically correlated with
HbA1c. The results conclude that CBC &coagulation parameters associated with comparable
change in HbA1c &blood cell indices. As they are the first to be exposed during hyperglycaemic
conditions, with variable stastical changes implicated in the study. This study will be helpful tool
for clinical correlation for the clinicians in the diagnosis, follow-up, prognosis of the of
metabolic syndrome diseases.
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Background
Metabolic syndrome is one of risk factors
for metabolic degeneration which has
clusters of risk factors which increases the
risk of hypertension, cardiovascular diseases
and obesity. The characteristics that include
inmetabolic
syndrome
are
obesity,
atherogenic, dyslipidemia among which
raise early in triglycerides (TG), then it
followed by low density in protein (LDL),
low
concentration
of
high-density
lipoprotein cholesterol (HDL), High blood
pressure and insulin resistance [1].
Prevalence of the metabolic syndrome has
been studied in various population, mostly
amongst adults in US, NHANES. Scientist
in 1999-2000 reported an age-adjusted rate
of 27% given the older National Cholesterol
Education program (NCEP/ATPIII) [5,6].
Prevalence
of
world-wide
varies
considerably with some of the lowest rates
being reported in France. About 10% in men
and 7%in women aged between 30-65 [7].
In 1989 Kaplan et al renamed ‘The Deadly
Quartet ‘and then coined the term ‘The
Insulin Resistance Syndrome’ [8,9,10]. It is
now agreed that the well-established term
‘metabolic syndrome ‘remains the most
useful and widely accepted description of
the clusters of metabolically related
cardiovascular diseases.[11,12]. Recently
the presences of metabolic syndrome have
been used to identify individual at the high
risk of (CVD) in the general population [13].
Abdominal obesity is a major characteristic
of the (Mets). However, BMI measurements
of the SCI individuals may not be sensitive
indicators, in which an individual which has
chronic SCI have a greater fat mass (FM)
and a lower fat free mass per unit BMI that
will be able to control the body fat. [14] Fat
mass measured by the magnetic resonance in
which it imaging (MRI) computed
tomography (CT). It is more accurate
compare then the measurement of the (BMI)
The purpose of the current study is to
Patil et al.

estimate the distribution of a metabolic
syndrome in adodelences by using a
nationality representative sample of the
Gujarat population. [15] According to the
National Cholesterol Education Program
(NCEP) adult treatment panel III (ATP III)
persons meeting as having the metabolic
syndrome elevated fasting plasma glucose
(FPG) &Heart and blood vessel disease. [16]
The explosions of the metabolic syndrome
in aboriginal communities across north
America has raised concerns about the
metabolic syndrome in these populations
[17]. In pima Indians there is higher diseases
of metabolic syndrome it is partly explained
by genetics, obesity, and lack of physical
activity [18] The study Amongst the OjiCiree of sandy lake first nation. Ontario
showed a crude of 29.9% for adults and in
another study oji-cree population in
Manitoba and onaritio reevaluated an age
standard of 37.5% for adults [19]. Several
studies investigated by predisposing factors
for metabolic syndrome in adolescence, but
some specific risk has been identified yet
.Although accumulating research suggests
that birth the high and heavy new born
having a higher probability of metabolic
syndrome before there adulthood.[20] There
is an association between the birth weight
and metabolic syndrome in adolescence
remains unclear [21]. Therefore, maternal
obesity and gestational diabetes and the
family history of diabetes having linked as
offspring
metabolic
syndrome
in
adolescence in America. So, the prediction
of the metabolic syndrome in adolescences
study was conduct to construct the risk score
for metabolic syndrome in adolescence
using childhood, parental characteristics to
test predictive accuracy score.
Methodology
Assessment of plan: This study was
conduct
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-ted with patients coming to medical
diabetic OPD of Department of Medicine,
Parul Sevashram Hospital; before the study,
approval from IECHR was obtained, and
Informed Consent was also obtained from
the participants, thereafter once they are
diagnosed for metabolic syndrome for
treatment. The Blood sample for CBC test
was collected in an EDTA tube for further
diagnosis process.

(Calculated) 27-32pg, MCHC (calculated)
31.5 -34.5 g/dl, RDW (calculated) 11.5% 14%; Total WBC count 4000-10000 come,
Differential Count: Neutrophils (Flow
cytometry) 50-62%, Lymphocytes (Flow
Tyco) 20-40%, Monocytes (Flowcyto) 010%, Eosinophil (flowcyto)0-6%; Platelet
Count (PLT) 150000 - 450000 /micro Liter;
Mean Platelet Volume (MPV)FL; Platelet
Distribution Width (PDW) %.

Ethical consideration

Blood was collected in Citrate bulb for the
Coagulation Parameters, the coagulation
parameters were analyzed by HEMOSTAR
XF 1.0 Activated Partial Thromboplastin
time (APTT) with 33.10 sec, Prothrombin
Time (PT) with 12.10sec

The protocol for this study was approved by
the Institutional Ethics and Research
Committee (IERC) in accordance with the
ethical standards of the committee on human
institutional experimentation and with the
Helsinki Declaration of 1975 that was
revised in 2000.
Methods
Blood was collected in EDTA bulb for the
CBC estimation. CBC values were analyzed
with MINDRAY 600 BC the Reference
values used were: HB (SLS) 13-17 g/dl,
Hematocrit
RBC 4.5 – 5.5 1012/L;
(ele.impedence) 40-54 %, Mean Corpuscular
Volume MCV (calculated 83-101fl, MCH

Statistical Analysis
The results obtained were statistically
analyzed by using SPSS, with version 20.0.
The variables were presented as mean with
standard deviations and then compared
between different groups of the study by
applying Independent’s’ test. Then values
were taken as significant when the
probability (p<0.001) as percentage of the
observing values of ‘t’ at a particular degree
of freedom.

Observation & Result
Table 1: CBC parameters of metabolic syndrome patients and control groups and
significance value
Parameters

METABOLIC SYNDROME Control

Age (Years)
Sex (M/F)

Hemoglobin (13-17 g/dl)
RBC
(4.5 – 5.5 1012/L)
Haematocrit (40-54 %)
MCV
(83-101fl)
MCH
(27-32pg)
MCHC (31.5 -34.5 g/dl)

Patil et al.

Significance
P Value

12-19
(12M - 6F)
Complete blood count (CBC)
Mean/ SD
9.85±2.96
3.87±1.21
Blood indices
Mean/ SD
31.42±8.24
32.4±8.42
118.7±448.6

12-19
(35M - 10F)

30. 65 ± 6.07

32.84 ± 1.17 0.025902*

13.7±1.06
5.080±0.36

0.000027#
0.000005#

42.17±1.55
83.10±11.73
30.3±1.56

0.000008#
0.161871#
0.025902*
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16.2±4.40
Total WBC count
Mean/SD
15477.5±21488.3
WBC (4000-10000cmm)
Differential wbc count
Mean/SD
75.91±11..4
Neutrophils (50-62%)
15.5±9.58
Lymphocyte (20-40%)
6.30±2.71
Monocyte (0-10%)
2.6±1.88
Eosinophil (0-6%)
0±0
Basophils (0-2%)
Platelets count
Platelet (150000-450000/µL) 523868.5±1063327.5
9.82±2.15
MPV (fl)
16.40±0.56
PDW (%)
Three months average blood glucose
HbA1c (%)
5.21 ± 1 .76

12.73±1.09

RDW

(11.5% - 14%)

0.000027#

8184.6±886.1 0.000185#

55.9±3.94
28.1±5.44
6.03±2.72
3.46±1.52
0±0

0.000043#
0.000170#
0.001299#
0.000058#
0.000000

319718.6±4331 0.02416*
13.06±19.86 0.037989*
16.02±0.414 0.06914#
3.21 ± 0.82

0.00011#

Values are expressed as Mean ±SD.
Student’s t-test applied, P < 0.05*, P<0.001# is statistically significant
RBC (red blood cell), MCV (mean corpuscular volume), MCHC (mean corpuscular hemoglobin
concentration) RDW (red cell distribution width), WBC (white blood cell), MPV (mean platelets
volume), PDW (platelets distribution width) HbA1c (Glycated hemoglobin)
Table 2: Coagulation parameters of metabolic syndrome patients and control groups
Parameters
Metabolic
Control
Significance
Syndrome
P Value
Activated Partial
39.4±8.83
32.1±0.431
0.000561#
Thromboplastin Time (APTT)
Seconds
Prothrombin Time ( Seconds)
27.92±10.19 12.48±0.0833 0.000001#
Values are expressed as Mean ±SD. Student’s t-test applied, P < 0.05*statistically significant,
P<0.001# is statistically highly significant
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0.146

0.059

0.674

0.051

0.715

-

-

-

-

-

-

-

-

-

-

-

-

<0.001

0.23

0.098

0.491

<0.001

0.046

0.739

-

-

-

-

-

-

-

-

-

-

0.978

<0.001

0.201

0.004

0.651

0.719

0.794

<0.001

0.761

0.004

0.619

<0.001

0.905

0.005

0.042

0.017

0.378

0.651

WBC

Neutrophil

-

-

-

-

-

-

-

-

-

-

-

-

-

-

<0.001

0.14

<0.001

0.603

<0.001

0.622

<0.001

0.732

<0.001

0.732

0.032

0.295

RDW

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

0.194

0.181

0.758

0.043

0.5

0.095

0.5

0.095

0.2437

0.165

MCHC

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

<0.001

0.67

<0.001

0.647

<0.001

0.647

<0.001

0.47

MCV

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

<0.001

0.897

<0.001

0.863

0.863

0.282

Haematocr

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

<0.001

0.766

0.471

0.1

RBC

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

0.067

0.251

Hb

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

HbA1c

P value

r*

P value

r*

P value

r*

P value

r*

P value

r*

P value

r*

P value

r*

P value

r*

P value

r*

P value

r*

P value

r*

P value

r*

P value

r*

Variables

PDW

Eosin

Monoc

Lympho

Neutro

WBC

RDW

MCHC

MCV

Haematocr
it

RBC

Hb

HbA1c
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Table 3: Corelation coefficient between HBA1C and CBC parameters

International Journal of Pharmaceutical and Clinical Research

608

-

-

-

-

-

-

-

-

-

-

-

-

-

0.399
0.666

-

-

0.133
0.069

-

-

0.01
0.317

-

<0.001

0.348
0.044

0.804

0.839

0.004
0.317

0.035

0.196

0.274
0.139

0.74

0.179

0.33
0.004

0.046

<0.001

0.135
0.254

0.651

0.179

0.074
0.562

0.063

<0.001

0.247
0.081

0.757

0.445

0.44
0.44

0.044

0.069

0.108
0.108

0.605

0.252

0.119
0.643

0.073

<0.001

0.215
0.065

0.43

0.596

0.003
0.003

0.11

<0.001

0.393
0.395

0.766

0.571

0.002
0.003

0.042

<0.001

0.417
0.309

0.351

0.54

0.005
0.349

0.13

<0.001

0.376
0.13

0.473

0.559

0.922
0.031

0.1

0.031

0.014
0.295

0.463

0.294

Eosinophil

0.102
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PDW

Monocytes

Lymphocy

International Journal of Pharmaceutical and Clinical Research

r*= Pearson’s Correlation coefficient value Pearson correlation analysis was done to
determine the association of the parameters HB, RBC, Haematocrit, MCV, MCHC, RDW,
WBC, Neutrophils, Lymphocytes, Monocytes, Eosinophils, PDW
**Correlationissignificantatthe0.001level(2tailed)
*Correlationissignificantatthe0.05level(2tailed)
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Figure 1: ROC Curves for individual parameters in metabolic syndrome
Results
According to the results the metabolic
syndrome group A patients and Control
Group B patients. There were no statistical
differences by age and gender between the
two groups (Table 1). Between the
Metabolic syndrome group A and the
control group B in that HB significance
value was [ P value 0.0000272*] RBC,
significance value was [ 0.000056* ],
Haematocrit, significance value was [ P
value 0.0000082* ] MCV, significance
value was [ P- 0.1618714* ] MCHC,
significance value was [ P-0.0259028* ]
RDW, significance value was [ P value
0.0000272* ] WBC, significance value
was [ P value 0.001854* ] Neutrophils,
significance value was [ P value
0.0000437* ] Lymphocytes, significance
value was [P value 0.001702*]
Patil et al.

Monocytes, significance value was [P
value
0.0012993*
]
Eosinophils,
significance value was [P-0.0000502* ]
Plat elate, significance value was [P value
0.024165*] MPV, significance value was [
P value 0.037989* ] PDW, significance
value was [P value 0.0691448* ] HbA1c,
significance value was [P value
0.00011629* ] In (Table 1) there is
decreasing in
Basophils, significance
value was [P value 0.000000 ] This
significance Values are expressed as
Mean ±SD. Student’s t-test applied, P <
0.05*, P<0.001# is statistically significant.
In (Table no 2) Coagulation Parameters of
Metabolic Syndrome Patients Group A and
Control Groups B in that we find that both
the Activated Partial Thromboplastin Time
(APTT) Seconds significance value was
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[P- 0.000561#] & Prothrombin Time
(Seconds) significance value was [P value
0.000001#] This significance Values are
expressed as Mean ±SD. Student’s t-test
applied, (P < 0.05* statistically significant,
P< 0.001# is statistically highly
significant).
In (Table no 3) we found the Correlation
coefficient between HbA1c and CBC
parameters there is a statistical analysis
differences between the CBC and HbA1c
parameters in which the 1st significance
seen in between HB with RBC [P value is
< 0.0001] then in between Hematocrit with
HB, RBC [P value is < 0.0001] then in
between HB, HbA1c, RBC, Hematocrit
with MCV [P value is < 0.0001] then in
between
RDW with HB, RBC,
Hematocrit, MCV, MCHC [P value is <
0.0001]then in between Neutrophils with
HB, RBC, Hematocrit, MCV, RDW [P
value is <0.0001] then in between
Lymphocytes & HB, RBC, Hematocrit,
MCV, RDW, WBC [ P value is < 0.0001]
this values are expressed as correlation
matrix of HbA1c and the CBC parameters.
Discussion
The chief purpose of this study is to
evaluate the metabolic syndrome with
HbA1C, CBC, & Coagulation parameters.
Metabolic syndrome is a health problem
which is associated with increased in risk
of micro and macro vascular complication
some of the parameters can easily be
detected by various blood test or many test
which are related to metabolic syndrome
[22]
The parameters like CBC parameters,
Coagulation & HbA1c that can be used as
a best biomarker through ROC for earlier
detection changes for metabolic syndrome.
A high fasting blood sugar is the common
risk factors seen in the general metabolic
syndrome patients. There is interdependence between insulin and the risk
factors for a normal metabolism so that the
metabolic syndrome and the various risk
factors are associated and can mutually
influence to each other [23].
We found that HB, RBC, Hematocrit,
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MCV, MCHC, WBC, RDW, Neutrophils,
Monocytes, Lymphocytes, Eosinophils,
PDW with HbA1c having an increased
significance value and the significance
value of basophils has been decreases.
Increases in HB causes hypertension, high
TGs, abdominal obesity or elevated
glucose were more likely to have higher
hemoglobin levels. We evaluated the risk
of developing in metabolic syndrome and
its components according to serum
hemoglobin
concentration.
Our
significance value of HB was (P value
0.0000272*). Significance in RBC were
found to be associated with obesity,
hypertension and dyslipidemia factors
having higher RBC level in metabolic
syndrome patient’s. Our significance value
of RBC was [P 0.000056*]. The
increasing in Hematocrit level can lead to
reduced blood flow (via increased blood
viscosity) in metabolic syndrome patients.
Our significance value of Hematocrit was
(P value 0.0000082*). The increasing in
MCV value was common causes of
macrocytic anemia, increased MCV causes
folate deficiency anemia &Vitamin B12
deficiency anemia causes in metabolic
syndrome. Our significance value in MCV
was (P- 0.1618714*). Our results also
show an increasing the significance value
in MCHC, a high MCHC means that
hemoglobin is more concentrated and may
occur in a few ways. MCHC is often
increased in the people who smoke. Our
significance value for MCHC was (P0.0259028*) The increasing in RDW
results could be an indication of a nutrient
deficiency, as a deficiency of iron, folate,
or vitamin B-12. The results could also
indicate macrocytic anemia, when your
body doesn't produce enough normal red
blood cells, and the cells it does produce
are larger than normal. Our significance
value for RDW was [P value 0.0000272*].
Increasing in significance value of WBC
(white blood cell) causes an infection,
abnormalities in the bone marrow,
smoking, chronic lung disease, immune
disorders, inflammatory or allergic
reactions or even physical and emotional
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stress. Our significance value for WBC
was [P value 0.001854*]. Increasing in
significance value in Neutrophils cause
abscess, boils, pneumonia, cough, and
fevers can cause neutrophilia. Our
significance for Neutrophils, (P value
0.0000437*). Increasing in Lymphocytes,
Monocytes & Eosinophils is often
associated with chronic infections. It can
also be linked with some types of cancer,
especially leukemia. Our significance
value for Lymphocytes was [P value
0.001702*], Monocytes was [P value
0.0012993*], Eosinophils was [P0.0000502*], Platelet count was [P value
0.024165*]. Increasing significance value
of MPV associated with accelerated
thrombopoiesis and an increased risk of
cardiovascular
diseases.
Metabolic
disorders as dyslipidemia, obesity, and
elevated blood pressure & glucose are the
risk factors for cardiovascular diseases.
MPV [ P value 0.037989*]. Increasing in
PDW causes due to activation of platelet,
resulting from platelet swelling and
pseudopodia formation was hypothesized
our significance value for PDW was [P
value 0.0691448*].
Increasing in significance value of HbA1c
cause much sugar in blood. This means
more likely to develop diabetes
complications, like serious problems with
eyes and feet HbA1c significance value
was (P value 0.00011629*) As per WBC
count showed a significant relationship
with diabetes, no significant association
between platelet count and impaired
glucose regulation, MPV was significantly
associated with known diabetes only [24].
Kawamoto R et. al (2013) also found a
significant
relationship
of
HGB
concentrations and diabetes and the
association between HGB values and
diabetes or prediabetes states are available.
[25] Lin JD, Chiou WK et.al in (2006) &
Lohsoonthorn V et al (2007), studies
showed a relationship between HGB and
metabolic syndrome. [26,27]. Jia L et.al in
(1996) found that HGB is an important
Nitric Oxide (NO) buffer and a modulator
Patil et al.
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of NO bioavailability and thus involved in
the regulation of endothelial function [28].
Nakanishi N (2002) & Gokulakrishnan K
(2009) et al found that WBC count was
significantly associated which suggesting
an association between WBC count and
diabetes WBC count is a marker of
systemic inflammation and may thus be
involved in the pathophysiology of
prediabetes states and subsequently in the
manifestation of diabetes [29,30].
In table no 2 we discuss about the
coagulation parameters in which the APTT
and PT significance levels is increased.
When the APTT significance levels
increased it may result from an
accumulation of circulating activated
coagulation factors in plasma which is
caused
by
enhanced
coagulation
activation. APTT significance value was in
Seconds [P- 0.000561#] & when PT
significance level is increased the arterial
blood pressure, and abdominal obesity
levels is increased in metabolic syndrome
patients Prothrombin Time significance
value was (Seconds) [P value 0.000001#]
At’s per Coban et al. found in their study,
that MPV levels is increased. [31]
According to Kodiatte TA, et al MPV is an
indicator for an increased platelet activity
and thus thrombogenic activation, which
may play a role in the development of
vascular complications in persons with
type 2 diabetes. A recent study found that
MPV was significantly value is higher in
the persons with diabetes than in nondiabetic persons. [32] Ferreiro JL et al in
(2010) he found in his study that Platelet
hypersensivity is a well-known factor to
the prothrombotic state in diabetics,
causing increased coagulation, impaired
fibrinolysis and endothelial dysfunction.
Hyperactive platelet plays a critical role in
the pathophysiology of the thrombotic
events leading to diabetic complications
[33].
Shah B et al in (1986) & Demirtunc R, et
al in (2009) found in the study that Several
research indicate positive correlation of
RBS and HbA1c with MPV, PDW [34,35]

International Journal of Pharmaceutical and Clinical Research
612

International Journal of Pharmaceutical and Clinical Research

e-ISSN: 0975-1556, p-ISSN: 2820-2643

Coban E, et al in (2006) & Bavbek N, et al
in (2007) It was proposed that increase in
MPV could be because of raised blood
sugar effect to osmotic swelling and
shorter life span of platelets in diabetic
patients. Alternatively, this may suggest
that platelet activation is related to
glycemic control [36,37].

important role in insulin resistance [39]
Papanas et al in (2004) & Shah B et al in
(2012) found no association between PC
and impaired glucose regulation, MPV
was associated with known diabetes after
multivariable adjustment in the present
study. [40]

According to Demirtunc R et al in (2009),
Dindar S et al (2013) &. Ozder A et al in
(2014) Similarly his study results had
shown significantly higher MPV in the
group B compared to the group A. Those
findings are mainly consistent with
previous finding Besides Ozder et al.
found that MPV was significantly higher
in patients with HbA1c levels ≤ 7.0% than
in patients with HbA1c levels ≤ 6.9. [38]

Our study demonstrated that CBC
parameters, such as that Hb, RBC, MCH,
MCHC, RDW, PDW Neutrophils, PT,
APTT, WBC, Haematocrit, Lymphocyte,
Eosinophils, Monocytes values were
increased in metabolic syndrome. If
confirmed in future follow – up studies
this may provide a rationale to introduce
the easy follow up studies in considering
CBC, HbA1c and Coagulation Parameters
results may be useful in the diagnosis of
metabolic syndrome for prediction
patients.

In table no 3 we discuss about Correlation
coefficient between HbA1c and CBC
parameters in which there is a statistical
analysis differences between the CBC and
HbA1c parameters. The significance that
we found in the specific parameters are
(HB with RBC), (Hematocrit with HB,
RBC), (HB, HbA1c, RBC, Hematocrit
with MCV), (RDW with HB, RBC,
Hematocrit, MCV, MCHC) (Neutrophils
with HB, RBC, Hematocrit, MCV, RDW)
(Lymphocytes & HB, RBC, Hematocrit,
MCV, RDW, WBC) in this the
significance value for all parameters are in
between [P value is < 0.0001]
According to Choi KM, et al in (2003) &
Wang YY, et al in (2004) they found that
hematological
parameters
play
an

Conclusion
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