REVIEW ARTICLE

Platelets volume indexes and cardiovascular
risk factors

Thais Resende Batista'
Roberta Carvalho de Figueiredo"
Danyelle Romana Alves Rios®

1. Dona Lindu Center West Campus, Federal University of Sdo Jodo del-Rei, Sao Jodo del Rei MG, Brasil

http://dx.doi.org/10.1590/1806-9282.64.06.554

SUMMARY

Obesity, diabetes and hypertension are risk factors for cardiovascular diseases (CVD) because they promote a state of hypercoagula-
bility. It is known that platelets play an important role in the development of atherosclerosis. Recent studies have evaluated platelet
volume indexes (PVIs) in individuals with risk factors for CVD to better understand the platelet mechanisms involved in their develo-
pment. The IVPs indirectly estimate platelet function and are easily obtained from automated hematology analyzers, which provide
platelet counts, mean platelet volume (MPV), platelet distribution width (PDW) and the platelet-large cell ratio (P-LCR). The present
study aims to review literature studies that investigated the association between PVIs and obesity, diabetes, and arterial hypertension,
in order to evaluate its use as a potential subclinical marker of CVD. Studies have shown promising results for MPV, an index that allows
for early detection of platelet activation and may be useful in identifying patients before the onset of CVD development so that pre-
ventive strategies can be implemented. The PDW, although evaluated by a smaller number of studies, also showed promising results.
However, there is still a long way to go in order for the MPV and PDW to be used in clinical practice, since there is still a need for more

epidemiological evidence, establishing reference values, and standardizing the way results are presented.
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INTRODUCTION

Cardiovascular diseases (CVD) are represented
by a set of diseases that affect blood vessels and the
heart. The pathophysiological mechanisms depend
on the developing disease’. The coronary artery dis-
ease, cerebrovascular accident (CVA), and peripheral
arterial disease involve atherosclerosis, a multi-fac-
tor disease that promotes accumulation of lipids, in-
flammatory cells and fibrous elements that are de-
posited on the walls of arteries and are responsible
for the formation of greasy plaques or striae, which
usually cause them to become obstructed?.

It is known that platelets play an important role
in the development of atherosclerosis and thrombi3.
The platelet volume indexes (PVIs) can directly es-
timate the platelet function and are easily obtained
from more modern automated hematology analyz-
ers®. The analyzers provide platelet counts, mean
platelet volume (MPV), platelet distribution width
(PDW), and platelet-large cell ratio (P-LCR). Larger
platelets are metabolically and enzymatically more
active in comparison to smaller ones because they
contain more alpha granules, produce more throm-

DATE OF SUBMISSION: 11-Sep-2017
DATE OF ACCEPTANCE: 25-Sep-2017

CORRESPONDING AUTHOR: Danyelle Rios
Rua Sebastido Gongalves Coelho, 400
Divinépolis — MG - Brasil — 36307-352

E-mail: danyelleromana@gmail.com

thais123batista@gmail.com
valeria.sutana@hemominas.mg.gov.br
robertafigueiredo@ufsj.edu.br

REV ASSOC MED BRAS 2018; 64(6):554-559

554


http://orcid.org/0000-0001-6377-241X
mailto:danyelleromana@gmail.com
mailto:thais123batista@gmail.com
mailto:valeria.sutana@hemominas.mg.gov.br
mailto:robertafigueiredo@ufsj.edu.br

ALVES RIOS D. R..ET AL

boxane A2 and feature high expression of adhesive
glycoproteins®.

Therefore, studies have investigated the associa-
tion between PVIs and risk factors for CVD, among
which are obesity, diabetes, and hypertension, as
an attempt to better understand the platelet mecha-
nisms involved in its development***°. However, the
results have been conflicting and despite the relative
ease of obtaining these indexes, their use in clinical
practice is still limited by the absence of standard-
ization of procedures for measuring and interpreting
its results. Thus, the presents study aims to review
studies in the literature that investigated the link be-
tween PVIs and obesity, diabetes, and hypertension
in order to assess its use as a potential subclinical
marker of CVD.

PVI AND OBESITY

Obesity is a chronic metabolic disorder character-
ized by the excessive accumulation of body fat™. Ac-
cording to the World Health Organization (WHO), in
order for an individual to be considered obese, they
need to present a body mass index (BMI) equal or
superior to 30kg/m* . Obesity has been considered
an epidemic and is a recognized risk factor for the
development of CVD™.

The platelet function can be modulated by me-
tabolism and body weight regulators. The leptin
hormone, for example, in heightened in obese in-
dividuals and, therefore, contributes to the platelet
hyperreactivity®. In addition, the platelet activation
plays an important role in the development of ath-
erothrombosis, which is a result of the interaction
between alterations typical of obesity, such as: in-
sulin resistance, inflammation, oxidative stress, and
endothelial dysfunction®. In view of this, PVIs have
been studied as possible biomarkers for predicting
the global risk of CVD in obese individuals™".

Coban et al.’, in a before and after interventional
study on with 60 female subjects, observed a mean
MPV significantly higher in the group of obese wom-
en, in comparison with the non-obese group (8.18 +
1.09vs. 8.01+0.95 fL, p=0.004). In the group of obese
women, there was a positive correlation between the
MPV and BMI (r=0.43, p=0.017) and the reduction of
MPV and weight loss (r=0.41, p=0.024).

Ozkan et al." analyzed 108 children aged 6-16
years in a case-control study and found that obese
children with nonalcoholic fatty liver disease have

significantly higher MPV compared to non-obese
children (7.44-6.93 fL, p<0.01). Coban et al.®, in an-
other case-control study on with 200 subjects, ob-
served a MPV significantly higher in the group of
obese individuals, in comparison with the non-obese
group (10.3 £ 1.2 vs. 9.0 + 0.8 fL, p<0.01). In the group
of obese individuals, the authors found a positive
correlation between MPV and BMI (p<0.05). The re-
searchers also analyzed the platelet count but found
no significant difference between the groups.

On the other hand, Montilla et al.”, in a cross-sec-
tional study with 307 male individuals, did not ob-
serve any significant difference in MPV values be-
tween the groups with abdominal obesity (waist
circumference > 94cm) and without it (waist circum-
ference <94cm). However, they observed that those
individuals who were in higher terciles of MPV had
higher glycemic levels (5.7 + 0.6 mmol/L vs. 5.99 +
0.7 mmol/L, p<0.05) e lower platelet count (251 + 53
/mm3 vs. 196 + 36 /mm3, p<0=0.001) in comparison
with individuals in lower terciles. They also noticed
that the MPV showed a positive correlation, however
weak, with prothrombin activity (r=0.130, p<0.05).

Therefore, considering that obesity is a classic
risk factor for the development of CVD and that, ac-
cording to studies, MPV seems to be associated to
obesity, it is suggested that such index can be used
as a marker for cardiovascular risk.

PVI AND DIABETES

Diabetes Mellitus (DM) is characterized by a
group of metabolic disorders that have in common
hyperglycemia as a result of defects in the action/se-
cretion of insulin. The current classification of DM
proposed by the World Health Organization (WHO)
is based on the etiology of the disease and includes
four classes: DM type 1, DM type 2, gestational DM,
and other specific types of DM™.

DM type 2 is a worldwide public health problem
due to its high morbidity and mortality rates™. It is
characterized by insulin resistance with gradual and
progressive loss of pancreatic beta cell function, with
insufficient insulin production and chronic hypergly-
cemia®. Hyperglycemia presents a harmful effect on
blood vessels and the risk of mortality due to CVD is
reportedly correlated with the concentration of glu-
cose in the blood®.

Studies have shown that individuals with DM
have larger platelets that release more prothrombot-
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ic factors in comparison with individuals that do not
have DM?3?4, Patients with type 2 DM have a higher
risk of coagulation abnormalities and thromboem-
bolic events®>?%, Inflammation, oxidative stress, a
reduction in the calcium metabolism and in nitric
oxide bioavailability, an increase in phosphoryla-
tion and glycosylation of cell proteins are all factors
responsible for the increase in platelet activation
and release of prothrombotic agents®. Increased
MPV values on individuals with DM in comparison
with individuals without DM suggest a compensa-
tory production of larger and more active platelets
in the face of a higher activation, which might favor
the development of CVD in those individuals. Thus,
the use of PVIs as markers of platelet function can
be promising to assist in the cardiovascular risk
stratification for individuals with DM.

1.#| in a cohort study that proposed to

Han et a
assess the association between MPV and the devel-
opment of cerebrovascular accident (CVA), as well
as of peripheral arterial disease (PAD) in individuals
with DM found that the group in the higher tercile
of MPV (7.9 fL) presented medium risk of CVA and
PAD significantly higher in comparison with the
MPV group in the lower tercile (7.3 fL) (29.9% vs.
2.8%, log-rank: p<0.001).

128, in a case-control study develop with

lyidir eta
pregnant women with (case) and without (control)
gestational DM (GDM) found that in the third tri-
mester of pregnancy, MPV was significantly higher
among cases in comparison with the control (8.80 +
1.0 vs. 8.10 + 0.7 fL, p=0.002), even after adjustment
for confounding factors. There was no significant
correlation between glycated hemoglobin (HbAlc)
and MPV in the group of pregnant women with GDM.
Analysis by ROC curve showed that MPV < 8.4 fL is
able to predict GDM with a sensitivity of 63% and
specificity of 66% (95% CI: 0.59- 9-0.84).
Demirtas et al.??, in a cross-sectional study,
demonstrated that the values of MPV and PDW were
significantly higher [MPV: 9.20 fL (8.7-9.9) vs. 8.80
fL (8.3-9.3), p<0.001 and PDW: 16.60 fL (15.0-17.8) vs.
15.40 fL (14.2-16.5), p<0.001] among the patients with
DM compared to those who did not have the disease.
Among individuals with diabetes, those who had
HbAlc > 7% presented higher MPV (9.40 + 0.9 vs.
8.90 + 0.8 fL) and PDW (16.60 fL, 15.3-18 vs. 16.00 fL,
15.0-17.0) than those with HbAlc < 7%. A cross-sec-
tional study conducted by Lee et al.?® found a positive
association (OR=2.10, p=0.012) between MPV values

and the DM diagnosis, even after adjusting for con-
founding factors.
Ulutas et al.?*, also in a cross-sectional study,
found significantly higher values of MPV in the
group of subjects with DM (8.30 + 1.3 fL) compared
to the group of individuals without DM (7.10 + 1.0 fL;
p<0.001 ). Among the individuals with DM, the val-
ues of MPV were higher for those with HbAlc >7%
(8.30 + 1.3 fL) compared to those with HbAlc <7%
(7.50 £ 1.1 fL; p = 0.039). MPV presented a positive
correlation with HbAlc (r=0.39, p<0.001) and with
plasma glucose (r=0.41, p<0.001), as well as with dia-
betes duration (r=0.22 ; p=0.02).

1.?°, in a cross-sectional

Finally, Shimodaira et a
study, compared MPV values between subjects with-
out DM and pre-diabetics subjects and observed a
significantly higher value in the pre-diabetic group
(p<0.001).

showed that MPV was independent and positively

Multiple linear regression analyses

associated with fasting plasma glucose (p=0.020;
p<0.001) not only in pre-diabetic individuals, but
also in subjects with normal plasma glucose levels
(B=0.006, p<0.05).

PVI AND HYPERTENSION

Arterial hypertension (AH) is a clinical condition
characterized by the sustained elevation in pressure
levels and is frequently associated with metabolic
disorders and target-organ functional/structural al-
terations®. It causes changes in the vascular endo-
thelium and platelets, as well as an increase in plas-
ma levels of prothrombotic substances, which can be
related to the development of CVD3"*2. Studies have
shown that PVIs are increased in patients with AH
compared to those without the disease. In this sense,
the use of these indexes seems useful for cardiovas-
cular risk stratification and might contribute to pre-
ventive and treatment measures for CVD334,

Yazici et al.®, in a case-control study, evaluated
individuals with pre-hypertension (systolic blood
pressure: 120-139 mmHg or diastolic blood pressure:
80-89 mmHg) compared to healthy controls, and ob-
served that the MPV values were higher in the first
group in comparison to the second (10.41 + 0.93 fL vs.
9.56 + 1.04 fL, p<0.01). There was an association be-
tween elevated MPV and pre-hypertension, even after
adjusting for confounding factors (OR=0.044, 95% CI:
0.003 +0.0724, p=0.029). In addition, the MPV was
correlated with the systolic blood pressure, BMI, and
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insulin resistance in the control group (r=0.41, p<0.02,
r=0.37, p<0.04, r=0.35 , p<0.05, respectively).

1.3 in a case-control study, found that

Coban et a
MPV was significantly higher in patients with essen-
tial hypertension and white coat syndrome than in
normotensive individuals (p<0.00), whereas patients
with essential hypertension showed higher MPV
than those with white coat syndrome (p<0.05). The
platelet count was not different between the groups
studied (p>0.05) and MPV was positively correlated
with the diastolic pressure in essential hypertension
and white coat syndrome groups (p<0.05).

A cross-sectional study developed by Boos et al.®
showed that patients with high-risk AH (HRAH) and
malignant AH (MAH) had higher MPV than subjects
without these diseases (7.80 £ 0.9 vs. 8.10 + 1.0 vs.
7.40 + 0.6 fL, p=0.0002, respectively). PDW was sig-
nificantly lower among subjects with MAH (5.00 +
0.5 vs. 5.40 + 0.4 g/dL, p=0.001), with HRAH (5.00
+0.5 vs. 5.30 + 0.5 g/dL, p=0.001) compared to in-
dividuals without these diseases. In the multivariate
regression analysis performed with the hypertensive

group (HRAH and MAH), a significant relationship
was found between MPV and PDW (p<0.0001), systol-
ic pressure (p=0.008) and platelet count (p<0.0001).

Yarlioglues et al.3¢, in a cross-sectional study con-
ducted only with men with arterial hypertension,
found that MPV positively correlated with systolic
and diastolic blood pressure (r=0.51, p<0.001 and
r=0.55, p<0.001, respectively). Multiple linear regres-
sion analysis identified that levels of MPV were as-
sociated with proteinuria severity (coefficient =0.45,
p=0.001), carotid intima-media thickness (coefficient
=0.49, p=0.001), and ventricular mass increase (coef-
ficient =0.48, p=0.001).

Erdogan et al. ¥, also in a cross-sectional study,
analyzed individuals with false uncontrolled AH,
with white coat syndrome (group 1), and individuals
with true uncontrolled AH, with nocturnal reduc-
tion of systolic BP > 10% (dipper) (group II), and with
nocturnal reduction of systolic BP <10% (non-dipper)
(group III). They observed that platelet counts were
significantly lower in group III than in groups I and II
(p<0.0001 and p<0.01, respectively) and was signifi-

FIGURE 1- SCHEME OF BONE MARROW COMPENSATORY PRODUCTION OF LARGER PLATELETS IN INDIVIDUALS
WITH OBESITY, DIABETES, AND/OR ARTERIAL HYPERTENSION.
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cantly lower in group II than in group I (p<0.0001).
MPV was significantly higher in group III than in
groups I and II (p<0.0001 and p<0.01, respectively)
and was significantly higher in group II than in group
I (p<0.0001) .

AH is responsible for causing damage to the vas-
cular endothelium, promoting platelet adhesion, ac-
tivation, and aggregation, which causes a great pe-
ripheral consumption of platelets®. This process is
likely the great responsible for inducing a compensa-
tory production of enlarged platelets, which elevate
MPV and PDW values in these individuals and conse-
quently, increases the risk of CVD.

FINAL CONSIDERATIONS

The platelets and their pro-inflammatory and pro-
thrombotic functions play an important role in the
development of atherosclerotic plaques and thrombi
formation. Thus, seeking to understand these mech-
anisms, many researchers have been focusing their
interest in measuring platelet functions. The studies
analyzed here showed that since the launch of the auto-
mated hematology analyzers, which release PVls, MPV
has been the most studied index, followed by PDW.

The great majority of studies has demonstrated
an increased MPV in obese individuals with DM or
AH in comparison with healthy individuals. People
with those CVD risk factors present greater platelet
activation, which promotes an increased peripheral

consumption of platelets, with a consequent com-
pensatory production of platelets that are larger and
more reactive by the bone marrow®.

A limitation of the analysis of the PVIs refers to
the lack of standardization of the anticoagulants
used in blood collection, since the use of sodium ci-
trate is recommended for analysis or, in the case of
EDTA collection, the analysis should be performed
within two hours after collection, as it may cause an
increase in platelet volume. In addition, another lim-
itation in the analysis of the PVIs refers to the lack
of reference values, which have not yet been estab-
lished, and also the lack of standardization regarding
the methodology used by the hematology analyzers,
which can directly interfere in the comparability of
the results.

However, even faced with these limitations, a
considerable number of studies have demonstrated
concordant and promising results for MPV, an index
easily obtained by automated hematology analyzers
with low costs. Thus, the early detection of platelet
activation can be useful in identifying patients with
increased thrombotic risk, before the beginning of
CVD development, so that preventive strategies can
be implemented.
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A obesidade, o diabetes e a hipertensdo arterial sdo fatores de risco para as doengas cardiovasculares (DCV) por promoverem um
estado de hipercoagulabilidade. E sabido que as plaguetas desempenham um importante papel no desenvolvimento da aterosclerose.
Diante disso, estudos recentes tém avaliado os indices de volumes plaquetdrios (IVPs) em individuos com fatores de risco para DCV,
para melhor se entenderem os mecanismos plaquetdrios envolvidos no seu desenvolvimento. Os IVPs estimam indiretamente a fungéo
plaquetdria e sdo facilmente obtidos a partir de analisadores hematoldgicos automadticos, que fornecem contagens de plaquetas, vo-
lume médio de plaquetas (VPM), largura de distribui¢do de plaquetas (PDW) e a proporgdo de plaquetas grandes (P-LCR). O presente
trabalho tem por objetivo revisar na literatura estudos que investigaram a associagdo entre os [VPs e obesidade, diabetes e hipertensdo
arterial, a fim de avaliar o seu uso como potencial marcador subclinico das DCV. Estudos demonstraram resultados promissores quan-
to ao VPM, um indice que permite uma detecgdo precoce da ativagcdo de plaquetas e que pode ser dtil na identificagdo de pacientes
antes do inicio do desenvolvimento de DCV, de tal forma que estratégias preventivas possam ser implantadas. O PDW, embora tenha
sido avaliado por um numero menor de estudos, também demonstrou resultados promissores. Entretanto, ainda existe um longo
caminho a se percorrer para que o VPM e o PDW sejam utilizados na prdtica clinica, pois ainda sdo necessdrias mais evidéncias epide-
mioldgicas, o estabelecimento de valores de referéncia e a padronizagdo da forma de expressar os resultados.

PALAVRAS-CHAVE: Indices de volume plaquetdrios. Obesidade. Diabetes mellitus. Hipertensdo.
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