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METABOLIK SENDROM OYUNLARINDA ORTALAMA TROMBOSIT HACMININ
ROLU VAR MIDIR?

DOES MEAN PLATELET VOLUME HAVE A ROLE IN METABOLIC SYNDROME
GAMES?

Siileyman ALKAN, MDj' Giil GURSOY, MD;> Murat BAYRAM, MD;' Hayriye Cankar DAL, MD;' Eray ATALAY, MD?
'Department of Internal Medicine, Ankara Education and Research Hospital, Ankara, Turkey
*Department of Internal Medicine, Kafkas University, Kars, Turkey

Gelis tarihi: 23/11/2015 Kabul tarihi: 21/12/2015

L

Yazarlar herhangi bir finansal destek kullanmamas olup yazarlar arasinda ¢ikar catismasi yoktur.

ABSTRACT

OBJECTIVE: The association between platelet activity and diabetes, hypertension, obesity and dyslipemia has been uncer-
tain. We wanted to investigate the association of mean platelet volume with metabolic syndrome.

MATERIAL AND METHODS: Mean platelet volume levels were investigated in healthy participants and patients with met-
abolic syndrome and antropometric and demographic parameters were compared. We also seeked correlation of mean platelet
volume with metabolic syndrome components and also age and gender.

RESULTS: Mean platelet volume levels were higher in patients with metabolic syndrome than in normals. The mean platelet
volume levels had positive correlation with hypertension, obesity, diabetes mellitus, body mass index and waist circumference
in patients with MS, but there was not any correlation with dyslipemia, age, gender and Hemoglobin Alc.

CONCLUSIONS: Mean platelet volume is associated with metabolic syndrome. We may say that as metabolic syndrome
components are concerned the presence of hypertension, obesity and diabetes mellitus constitute an increase in mean platelet

volumes, suggesting that platelet activity may have a relation with those cardiovascular risk factors.
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METABOLIK SENDROM VE ORTALAMA TROMBOSIT HACMI /
METABOLIC SYDROME AND MEAN PLATELET VOLUME

0z

AMAC: Trombosit aktivitesi ile diyabetes, hipertansiyon, obezite ve dislipemi baglantisi halen agik degildir. Ortalama trom-
bosit hacmi ve metabolik sendrom iliskisini arastirmak istedik.

GEREC VE YONTEMLER: Ortalama trombosit hacmi saglikh kisilerde ve metabolik sendromlu hastalarda arastirildi ve
antropolojik ve demografik parametreler kiyaslandi. Ayrica ortalama trombosit hacmi ile metabolik sendrom componentleri,
yas ve cinsiyet arasinda korelasyonu arastirdik.

BULGULAR: Ortalama trombosit hacmi metabolik sendromu olan hastalarda normallerden yiiksek saptandi. Metabolik
sendromlu hastalarda ortalama trombosit hacmi seviyeleri hipertansiyon, obezite, diabetes mellitus, vucut kitle indeksi ve bel
gevresi ile pozitif korelasyon gosterdi ama dislipemi, yas, cinsiyet ve Hemoglobin A1c arasinda korelasyon bulunmadi.

SONUC: Ortalama trombosit hacmi metabolik sendrom ile iliskilidir. Diyebiliriz ki metabolik sendrom komponentleri soz
konusu oldugunda hipertansiyon, obezite ve diyabetes mellitus ile ortalama trombosit hacmi artisi iliskilidir. Bu bize platelet

aktivitesi ile belirtilen kardiyovaskiiler risk faktorleri arasinda bir baglant: oldugunu diisiindiirmektedir.

Anahtar kelimeler: Metabolik Sendrom, Ortalama trombosit hacmi.

INTRODUCTION

Metabolic syndrome (MetS) is an important endocr-
inopathy seen by the clustering of several metabolic and
cardiovascular disease (CVD) risk factors. The disease
is characterized by obesity, different stages of glucose
intolerance, dyslipidemia and hypertension. The com-
ponents of the metabolic syndrome are also related with
insulin resistance, and endothelial dysfunction. Recent
knowledge of its corrrelation with the presence of proin-
flammatory states and disturbances of coagulation and
fibrinolysis made the disease more complicated. MetS
is one of major problems of public health all over the
world. Its prevalence worldwide and in our country is in-
creasing. Higher socioeconomic status, increasing energy
intake, obesity and sedantary lifestyle are associated with
it. In general it has been estimated that one-quarter of the
world’s adult population has MetS [1].

It has been shown that patients with MetS are at twice the
risk for CVD and they may have the risk of having type
2 diabetes mellitus (T2DM) about 5 fold [2]. Patients with
MetS are also at 3-4 fold increased risk of myocardial in-
farction(MI), 2-4 fold increased risk of stroke and 2 fold in-
creased risk of dying from a non-cardiovascular event [3].
Mean platelet volume (MPV) is an indicator of platelet acti-
vation and its relationship with cardiovascular risk factors,
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such as hypertension (HTA), dyslipidemia (DL), obesity,
diabetes mellitus (DM) has recently been studied exten-
sively. The aim of this study was to investigate the cor-
relation of MPV with MetS and its components.

MATERIAL AND METHODS

PATIENTS

A total of 105 patients with metabolic syndrome [84 female
(80%), 21 male (20%)], aged from 25-65 years, were re-
cruited from the Clinic of Ankara Education and Research
Hospital from February to May 2013. Fifty aged matched
normal people [30 female (60%), 20 male (40%)] examined
in outpatient Clinic of Ankara Education and Research
Hospital were chosen as the control group, individuals
without metabolic syndrome.

Our exclusion criteria were women having doubt of preg-
nancy, patients having heart failure, active infection, acute
or chronic active inflammatory disease, uncontrolled hy-
pertension, history of cardiovascular or cerebrovascular
event, chronic renal disease, thyroid disease(in history or
nowadays). Patients with known congenital or acquired
platelet disease, hematologic disease, and acute stress, those
receiving anti-coagulant and/or antiaggregant treatments,
which may potentially affect MPV were also excluded from
the study.
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After detailed physical examination, in all subjects body
weight and height were measured. Body mass index (BMI)
was calculated as weight in kilograms divided by the square
of height in meters (kg/m2). Waist circumference was mea-
sured when fasting, in standing position halfway between
costal edge and iliac crest by a non-elastic measure.

Blood was withdrawn after 12 hour of overnight fasting,
at 08.30 a.m. for fasting plasma glucose (FPG), fasting
insulin, serum total cholesterol (TC) and high density
lipoprotein cholesterol (HDL-C), triglyceride (TG), and
hemoglobin Alc (HbAlc), blood urea nitrogen (BUN),
creatinine, uric acid levels, also for whole blood count,
platelet counts and MPV. Low density lipoprotein cho-
lesterol (LDL-C) was calculated by the Friedewald For-
mula ( LDL: Total cholesterol ~-HDL-TG/5). Another
blood sample was taken for postprandial plasma glucose
(PPPG) 2 h. after breakfast.

Systolic and diastolic blood pressure (SBP and DBP) were
measured after a 5 minute rest in the semi-sitting position
with a sphygmomanometer. Blood pressure was deter-
mined at least three times at the right upper arm, and the
mean was used in the analysis.

Dyslipidemia (DL) was defined as having hypolipidem-
ic treatment or presence of TC levels > 200mg/dl, and/or
LDL-C levels > 130 mg/dl, and/or TG levels > 150mg/dL
and/or HDL-C levels <40mg/dl for men and < 50 mg/dl
for women|[4].

The patients who were taking antihypertensive drugs or
patients whose determined mean blood pressure levels
>140/90 mmHg were diagnosed as having hypertension
(HTA) [5]. Obesity was defined as the presence of BMI
> 30 kg/m2 [4]. Patients were defined as diabetes melli-
tus (DM) according to the WHO diagnostic criteria [7].
An indirect measure of insulin resistance was calculated
from the fasting plasma insulin ( punite / ml) x fasting plas-
ma glucose (mmol/1) /22. 5 formula as homeostasis mod-
el assessment- insulin resistance ( HOMA-IR).

Metabolic syndrome diagnosis was based on the criteria of
National Cholesterol Education Program (NCEP) — Adult
Treatment Panel III (ATP III) [8] (Table I). When 3 of 5 of
the listed characteristics were present, a diagnosis of meta-
bolic syndrome was made.

This study was performed according to the Helsinki decler-
ation 2008. The local ethics comitee approved this study
and all the subjects gave written informed consent.
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Table I: Clinical identification of Metabolic Syndrome

Waist Men 2102 cm

circumference [Women > 88 cm

Triglycerides  [>150 mg/d L or using medication

HDL Men <50 mg/dL

cholesterol Women <40 mg/dL or using medica-
tion

Blood pressure | >130/>85 mm Hg or using medication

Fasting glucose | >100 mg/dL or using medication

LABORATORY METHODS

Plasma glucose, TC, TG and HDL-C concentrations
were determined by enzymocalorimetric spectropho-
tometric method in a Roche/Hitachi molecular PP au-
toanalyser. HbAlc was examined by TOSOH HPLC,
BUN, creatinine, uric acid with Beckman Coulter
AU2700, and blood count with LH-780 blood count de-
vice and MA with OLYMPUS AU400. Insulin was mea-
sured by means of DRG Diagnostics (DRG Instruments
GmbH, Germany) ELISA Kkits.

MPV’s were analysed using two different blood samples
which were taken in test tubes with EDTA with auto-
mated whole blood counter. Quality controls in our
laboratory documented a good reproducibility of MPV
measures, with intra-assay and inter-assay coeflicients
of variation < 2.2% on commercial controls. Reference
range of our MPV was 7.4-10.4 femtoliters(fL). Al-
though Demirin et al. found that 95% of normal Turk-
ish individuals had a MPV between 7.2 and 11.7 fL. We
chose to stick to the values of our laboratory [9].

STATISTICAL ANALYSIS

Calculations were performed using SPSS version 16,0.
Data are presented as mean + SD. Student T-test was used
to compare the groups in a parametric way. Chi-square
test was used the comparison of cathegoric values and cor-
relation test for the relation of the samples. A p value of
0.05 was considered as statistically significant.

RESULTS
This study was performed with 105 individuals with MS
and 50 without MS. All the demographic and laborato-
ry findings of the groups were compared are illustrated
in Table II.
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Table II: Findings of all individulas with and without MS

As MPV levels of our patients with MetS were found to be
correlated with age, BMI and waist circumference, their

MS (+ MS(-

n: 1(05) n: 5(0) p HbA Ic levels were not correlated with MPV values.
Age (years) 52.5 + 8.2 51.0 £ 9.6 NS
Height (cm) 1600+ 80 | 1624 + 89 | NS Table III: Comparison of MPV in MetS patients with and
Weight (Kg) 83.4 +133 | 722 +13.5 | <0.01 | without DL, obesity, HTA, DM and also gender of the patients.
BMI (kg/m2) 325 + 4.7 | 274 £ 49 | <0.01
Waist circ (cm) 101.4 +10.1 | 894 + 105 | <001 MPV P
FBG (mg/dl) 1427 + 62.7] 827+ 131 [<001| |PL () 89(84.7%) [ 8907 NS

- V)

PPBG (mg/d]) 1771 = 92.1 | 1209+ 347 | <001 | P () 16(15.3%) 9.130.5
HbAc (%) 7017 | 5511 |<o0r| |OPeiy () 65(61.9%) 1 91206 1 44,

— - . Obesity (-) 40(38.1%) 8.7+ 0.7
FI (HU/ 1’1’11) 133+ 7.9 10.1+ 5.5 NS HTA (+) 72( 686%) 9.1+ 0.7 0.01
HOMA-IR 44 + 1.7 2.7+ 1.0 |<0.01 HTA (-) 43(31.4%) 8.7+ 0.6 <
T. C (mg/dl) 216.1 + 46.8| 215.7+ 47.3 | NS DM (+) 53(50.5%) 9.2 +0.7 <0.01
LDL-C (mg/dl) 128.2 + 40.3 | 136.3 + 39.7 | NS DM () 52(49.5%) 8.9 0.6 '
HDL-C (mg/dl) 502 + 10.8 | 543 + 12.0 [ 0.036 | |Female 84( 80.0%) 8.9£0.7 NS

V)

TG (mg/dl) 2115+ 132.1| 1437+ 752 | <001 | Male 21(200%) | 0907
SBP (mm/Hg) 1359+ 17.8 | 122.4+18.5 | <0.01 DL: Dyslipemia, HTA: Hypertension, DM: Diabetes mellitus, (+): positive,
DBP(mm/Hg) 378 110 704 188 | <001 (-): negative, Data are presented as mean + SD. NS: nonsignificant.
BUN (mg/dL) 29.1 £8.2 29.2 £7.6 NS . ) .
Creatinine (mg/dL) | 0.8 = 0.1 09 201 NS Table IV: Correlation analysis of MPV with HbAlc, age,
Uric acid (mg/dL) 50 = 12 48 + 1.0 NS BMI and waist circumference in MetS patients
MPV({L) 92 = 0.6 85 +0.5 |<0.01 MPV
BMI: Body mass index, Waist circ: Waist circumference, FBG: Fasting P
blood glucos?, PPBG.: Postprandial blood glucqse, HBAIc: Hemog{obin HbAlc NS
Alg, FI: Fasting insulin, HOMA-IR: Homeostasis model assessment insu- A NS
lin resistance index, T.C: Total cholesterol, LDL-C: Low-density lipoprotein 8¢
cholesterol, HDL-C: High-density lipoprotein cholesterol, TG: Triglyceride, ~|BMI <0.01
SBP: Systolic blood pressure, DBP: Diastolic blood pressure, BUN: Blood  |\Waist circumference <0.05

urea nitrogen, MPV: Mean Platelet volume. Data are presented as mean +
SD. NS: nonsignificant.

Our patients with MetS had higher weight, BMI, waist cir-
cumference, FBG, PPBG, Hb Alc, HOMA-IR, TG, SBPR,
DBP and MPV than patients without MetS. ( all p< 0.01).
In MetS positive group, HDL-C level was significantly low
(p 0.036). Age, height, FI, TC, LDL- C, BUN, creatinine did
not differ in these groups.

Then we classified our patients as they were having DL,
obesity, HTA, DM and searched correlation between MPV
and these parameters and also gender (Table III). We also
seek correlation with MPV and Hb Alc, waist circumfer-
ence and BMI (Table IV).

We found that in patients with MetS who had obesity, DM
and HTA had statistically higher MPV levels. Patients with
DL did not have different MPV levels than MetS patients
without DL. There was not difference in MPV levels in pa-
tients either were male or female.
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DISCUSSION

MetS is defined as a mixture of biochemical, clinical and
metabolic factors that increases the risk of atherosclerotic
cardiovascular disease, DM and all cause mortality. World-
wide prevalence ranges from 10% to 84% depending on the
world region, rural or urban environment, sex, age, smok-
ing, race or ethnicity of the people and also the definition
used [10,11]. In our country it was demonstrated that MetS
was encountered 28.8% in males and 41.1% in females [12].
There are many definitions of MetS, but the most used one
is the NCEP-ATP III definition, because it uses measure-
ments and laboratory results that are readily avalible for
doctors and they facilitate their clinical and epidemiolog-
ical application.

MPV is known to increase as platelets become activated
and change from quiscent disk to swollen spheres. Large
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platelets are more adhesive, likely to aggregate than small
ones and produce more prothrombotic factors[13,14].
Inflammation with related cytokines, adhesion molecules
and chemokines was recognised to decrease beta cell se-
cretion and also increase insulin resistance [157]. Morover
inflammation and those relatives were also found guilty of
the development and progression of diabetic complications
[16-18]. MPV was also thought to be a useful indicator of
systemic inflammation in acute and chronic inflamatory
diseases [19,27]. There are studies demonstrating the rela-
tionship between MPV and cardiovascular [28-32], cere-
brovascular [33] and peripheral artery disease [34].
Keeping in mind that MetS is a state of low grade inflam-
mation which has been thought to be a consequence of
genetic and environmental complex relations we wanted
to investigate the relation of MPV levels with MetS. There
were limited number of studies in this area. In Shah’s study
MPV was not significantly higher in subjects with MetS,
but higher in patients with diabetes. As metabolic syn-
drome components were concerned MPV was statistically
higher in individulas having obesity and low HDL, and not
different in individuls with HTA, abnormal glucose me-
tabolism or hypertriglyceridemia [35]. There was a also a
positive correlation between MPV and HBAIc in diabetic
patients. Tavil et al. measured MPV in patients with MetS
and controls without MetS. Their patients were selected
from individuals who underwent coronary angiography
with the suspicion of coronary artery disease. They demon-
strated high MPV levels in patients with MetS compared
to controls [36]. According to the severity of coronary ar-
tery disease there were no significant differences in MPV
among the groups. In another study MPV was found to be
inversely associated with MetS only in women [37]. Aypak
et al. supported that result in pre-pubertal girls. MPV
was inversely correlated with glucose, HOMA-IR, LDL-C
and LDL-C/HDL-C ratio in females [38]. Demirtung et
al. found that patients with MetS had higher MPV com-
pared to the controls [39]. In Dogru’s and Lippi’s study no
relationship was found between MPV and MetS, and also
its components [40,41]. Kutlucan et al. demonstrated the
same result in obese individuals with MetS [42].

In our study we also classifed our patients with MetS as
they were having DL, obesity, HTA and DM and com-
pared the MPV levels of them, we found that patients who
were obese had higher MPV values than who were not
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obese. These result was also supported by our finding of
the positive correlation with higher MPV and BMI and
waist circumference. The relation of MPV and obesity
was also investigated in limited number of studies. Some
authors found [35,43-45] and some did not find a relation
[38,42,46]. Influence of weight loss on MPV was also re-
vealed conflicting results; increase [47]. and decrease [48]
of MPV occured during periods of weight loss. These dif-
ferent results may be due to various obesity degrees or con-
commitant diseases of the patients.

We also found that our patients who were hypertensive
had higher MPV values. Although some studies found a
correlation with MPV and HTA in diabetics [43], in stroke
patients [49],in prehypertensives [50]. there were studies
where no relation was shown [35,51]. We may explain this
conflicting results; we think that antihypertensives have dif-
ferent effects on MPV. Our patients were having different
antihypertensives. It was shown that various angiotensin
converting enzyme inhibitor (ACEI) or angiotensin recep-
tor blockers (ARB) had different effects [52-55] as increas-
ing, decreasing or unchanging effects. There were studies
with either selective or non-selective beta blockers showing
that they did not affect or reduce MPV levels [56,57] It was
shown that amlodipine did not affect MPV levels, but dox-
azocin not only decreased MPV, but also improved meta-
bolic abnormalities [39].

Our another conclusion was that in diabetic patients MPV
levels were significantly higher. Most of the former studies
about DM and MPV showed that MPV values were high-
er in diabetics [39,46,58-64], in individuals with impaired
fasting glucose [65-68], with impaired glucose tolerance
[69], and in gestational diabetes [70,71] than normals. The
underlying mechanism of increased MPV in DM has not
been properly demonstrated yet. Osmotic swelling of the
platelets due to increased blood glucose or glucose metab-
olites [72], or insulin, either exogenous or endogenous by
causing megacaryocytes to produce larger platelets [73]
or shorter life span of diabetic platelets and larger size of
younger platelets [74] were thought to be responsible. We
did not find a correlation between HbAlc and MPV in our
MetS patients. This result supports the thought that MPV
values are independent of diabetic control. When increase
in MPV occurs in the beginning of the disease, it goes on
increasing during the disease. This thought was streng-
htened by studies in which MPV was not correlated with
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HbAlc values [55,61,63,64,75-79]. Accomplishment of
normoglycemia, also in animal studies [80,81] and in hu-
mans well, did not lead to MPV decrease [44]. Moreover
no change in MPV between type 1 and type 2 diabetes was
found [64], this also made us think that when diabetes was
present it did not matter what type and ethiopathogenetic
cause existed.

Although there were studies with a result that MPV was
found to be correlated with DL [35,43,57,78,82] we did not
find a correlation between them like some studies [37,77].
The difference of the study results about HL and MPV may
be explained with hypolipidemic treatment. In most of the
studies hypolipidemic treatment was not mentioned. It was
found that statins significantly decreased MPV levels irre-
spective of lipid levels [83,84]. In our study, our hyperlipid-
emic patients were having either statins or fibrates.

In our study no correlation was found between MPV
values and either age and gender of the individuals. Like
ours, some authors in their large epidemiological studies
in healthy and diabetic subjects could not find a significant
difference among age groups regarding MPV [9,64,77].
MPV in two studies was not associated with gender [64,77].
MPV is a platelet variable that is thought to be a determi-
nant of platelet function. It is a cheap and simple method
to be studied, but it may be affected by some factors. It was
demonstrated that MPV values might be influenced by the
laboratory assays[85,86]. Recent studies have shown sea-
sonal changes in MPV values; a Japanese group showed
that MPV was lower during summer than during winter
[87]. Difference of MPV levels in fasting and fed state was
suggested, because there was evidence that platelets might
be activated during post-prandial lipidemia [88]. It has also
been thought that temperature modifies platelets. It was
reported that at 370 C platelet adhesion was reduced and
MPYV lessened [89]. Cold induced increase in size of the
platelets was also reported[90]. Time dependent platelet
swelling was also noted [91]. Moreover serum MPV values
were significantly found higher in reguler smokers [92,93],
passive smokers [94], and smoking cessation was demon-
strated to reduce MPV levels [93]. Changes of MPV values
according to medications such as antihypertensives and
antilipemics were mentioned before. We thought that the
conflicting results MPV values in past studies may be con-
nected to these variables.

There are certain limitations of this study. One is the mod-
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erate sample size. Second, our patients were having dif-
ferent antihypertensives and antilipemics. Effects of these
medications on MPV levels are controversial. Third, in our
groups smoking was not mentioned. Fourth only one MPV
determination was made, which might have not reflect a
patient’s status over a long period. Finally, the findings are
limited to our groups, which included only adults from our
district, so our results may not be applicable to all our coun-
try or other nationalities.

In conclusion, we concluded MPV is associated with meta-
bolic syndrome. We may also say that as hypertension, obe-
sity and diabetes mellitus are associated with an increase in
MPV, MPV may be a practical and predictive biomarker of
increased cardiovascular risk.
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