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RESUMO

Uma maior compreensdo do desenvolvimento da doenca aterosclerética, relacionada as
funcBes pro-inflamatorias e pro-tromboticas das plaquetas, tem levado a novas estratégias
para controle da doenca. Nesse sentido, os indices que avaliam a atividade plaquetaria s&o
marcadores potenciais para as doencas cardiovasculares (DCV). As plaquetas maiores sao
mais reativas, sendo os indices que medem o volume plaquetario marcadores indiretos da
reatividade plaquetaria. O objetivo deste estudo foi determinar a relacdo dos indices de
volume plaquetério (IVP) com fatores de risco para a aterosclerose e com o escore de risco
cardiovascular de Framingham (FRS). Todas as variaveis utilizadas neste estudo fazem parte
dos dados coletados de 3115 participantes na linha de base do Estudo Longitudinal de Salde
do Adulto (ELSA-Brasil), realizada entre 2008-2010, no Centro de Investigacdo de Minas
Gerais. O volume plaquetario médio (VPM), o coeficiente de variacdo do volume plaquetario
(PDW do inglés, platelet distribution width) e a porcentagem de macroplaquetas (P-LCR do
inglés, platelet large cell ratio) foram mensurados de forma padronizada segundo critérios
previamente definidos. Foi determinado o intervalo de referéncia para esses trés parametros
na populagédo do estudo, e os resultados foram apresentados no primerio artigo. No segundo
artigo os participantes que ndo possuiam diagnostico prévio de doenca cardiovascular foram
distribuidos de acordo com sua exposic¢do aos diferentes fatores de risco e calculados o risco
cardiovascular em 10 anos com base na equacdo derivada pelo FRS (2008). As seguintes
variaveis foram incluidas no escore de risco: idade, sexo, pressdo sanguinea sistdlica,
colesterol total, colesterol HDL, tabagismo, diabetes e utilizacdo de medicamentos anti-
hipertensivos. A regressdo linear maltipla foi utilizada para aferir a associacdo entre 0s
indices plaquetarios e o FRS apds considerar também as variaveis que nao fazem parte do
escore, mas que se associam ao risco cardiovascular (escolaridade, uso de alcool e atividade
fisica). A andlise de regressdo linear multipla mostrou que o VPM, PDW e o P-LCR
correlacionam de forma independente (p < 0,01) com o escore do FRS apds o ajuste para
variaveis de confusdo. Um aumento de uma unidade no VPM, PDW, ou P-LCR aumentou a
média do FRS em 0,59%, 0,40% e 0,08% respectivamente. Embora o aumento no escore de
risco seja discreto ele pode ser importante considerando que a estimativa de risco
cardiovascular pelo escore resulta de uma complexa interacdo de multiplos fatores e as
plaquetas desempenham papel importante na patogénese da aterosclerose. Os diabéticos
apresentaram maior VPM, PDW e P-LCR (p < 0,004), e hipertensos apresentaram maior
PDW e P-LCR (p <0,045). A relagdao dos IVP com o FRS parece ser devido particularmente a
associacdo desses indices com diabetes e hipertenséo, dois importantes fatores de risco para
DCV contidos no FRS. O seguimento prospectivo desta populagdo pode ajudar a esclarecer se
os IVP tém, na verdade, uma relacdo causal com DCV em grupos com e sem diabetes e
hipertenséo arterial.

Palavras-chave: plaquetas, volume plaquetario médio, intervalo de referéncia, doenca
cardiovascular, escore de risco de Framingham



ABSTRACT

The greater understanding of the development of atherosclerotic disease, related to pro-
inflammatory and pro-thrombotic functions of platelets, has led to new strategies for control
disease. In this sense, the indices that evaluate platelet activity are potential markers for
cardiovascular disease (CVD). Platelet function correlates with its volume therefore indices
which measure the platelet volume are indirect markers of platelet reactivity.

The objective of this study was to determine the relationship between platelet volume indices
(PVI) with atherosclerosis risk factors and the Framingham risk score (FRS). Baseline data
(2008-2010) of 3115 participants enrolled in the Brazilian Longitudinal Study of Adult Health
were used. Mean platelet volume (MPV), platelet distribution width (PDW) and platelet large
cell ratio (P-LCR) measurements were strictly controlled. Reference intervals for these three
parameters in the study population were determined and pre-analytical interfering factors
were analyzed as the impact of time on samples collected in EDTA. The cohort was
distributed according to risk factors and the general FRS was estimated. Using the following
variables: age, sex, systolic blood pressure, total cholesterol, HDL cholesterol, smoking,
diabetes, and use of antihypertensive medications. Multiple linear regression analysis was
used to estimate the association between PVI and FRS after adjusting for potential
confounders, i.e. variables that are not part of the FRS, but can increase CVD risk and may be
related to PVI measures. The multiple linear regression analysis showed that MPV, PDW and
P-LCR independently correlated (p < 0.01) with FRS after adjustment for confounding
variables. One unit increase in MPV, PDW, or P-LCR increased the FRS by 0.59%, 0.40%,
and 0.08%, respectively. Diabetics had higher (p < 0.004) MPV, PDW, and P-LCR, and
hypertensive individuals had higher (p < 0.045) PDW and P-LCR. Although the adjusted
coefficients of determination of the model were small, risk for CVD results from a complex
multi interaction of various risk factors, and platelets play a key role in the pathogenesis of
atherosclerosis. The results show that increased PVI is independently associated with higher
CVD risk based on the FRS, and is statistically associated with diabetes and systolic
hypertension. It appears that the relationship of PVI measures with the FRS is mostly due to
their association with diabetes and hypertension, which are part of the FRS. Prospective
follow up of this population may help to clarify whether PVI is causally related to CVD in
patients with and without diabetes and arterial hypertension.

Keywords: platelet, mean platelet volume, reference range, cardiovascular disease,
Framingham risk score
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1  INTRODUCAO

1.1 PLAQUETAS

As plaguetas sdo fragmentos citoplasmaticos do megacariécito, com didmetro de 2 a 4pum.
Circulam, em média, por 7 a 10 dias, sem interagdo com o endotélio vascular normal. Quando
ocorre lesdo endotelial, as plaquetas sdo ativadas e rapidamente aderem ao sitio de injuria,
ativando e atraindo outras plaquetas, formando um tampéao hemostético. Esse mesmo processo
fisioldgico, quando em contato com lesdes ateroscleroticas, pode levar a oclusdo vascular pelo

trombo plaquetario e complicacdes cardiovasculares™>**°.

As plagquetas podem interagir com um grande namero de diferentes tipos celulares como as
células endoteliais, neutrofilos, mondcitos, células dendriticas, linfocitos T citotoxicos e
varias células tumorais e estdo envolvidas em muitos processos fisiopatologicos além da
hemostasia e trombose, como inflamacéo, promocédo da aterosclerose, defesa do hospedeiro e

até mesmo o crescimento de tumor e metastases® 2.

1.2 PLAQUETAS NA ATEROSCLEROSE

A aterosclerose é uma doenga inflamatéria cronica, de origem multifatorial. Alteragdes na
funcdo do endotélio em resposta a acdes mecanicas, imunolégicas e quimicas refletem o
primeiro passo fisiopatologico da aterosclerose. Assim, a formagéo da placa aterosclerdtica
inicia-se com a agressdo ao endotélio vascular por fatores como elevagdo de lipoproteinas

aterogénicas, hipertensdo arterial e tabagismo. A disfuncdo endotelial rompe o equilibrio,

! Andrews RK, Berndt MC. Platelet physiology and thrombosis. Thromb Res 2004; 114:447-453

2 Huo YQ, Ley KF. Role of platelets in the development of atherosclerosis. Trends in Cardiovascular Medicine
2004, 14:18-22.

¥ Kaplan ZS, Jackson SP. The Role of Platelets in Atherothrombosis. Hematology (ASH Education Program
2011:51-61

* Ruggeri Z M. Platelets in atherothrombosis. Nat Med 2002, 8:1227-1234.

® Steinhubl SREA. Platelets and Atherothrombosis: An Essencial Role for Inflammation in Vascular Disease- A
Review. Int J Angiol 2005, 14: 211-217.

® Harrison P. Platelet function analysis. Blood Rev 2005, 19:111-123

7 Jennings LK. Role of Platelets in Atherothrombosis. Am J Cardiol 2009, 103:4A-10A.

8 Kaplan ZS, Jackson SP. The Role of Platelets in Atherothrombosis. Hematology (ASH Education Program
2011:51-61



levando a uma predisposicdo da parede vascular a vasoconstricdo, aderéncia leucocitéria,

ativaco plaquetéria, pro-oxidagdo, trombose, inflamacéo vascular e aterotrombose® ',

Na fase inicial da aterosclerose, a ativacdo da plaqueta pode ser atribuida a reducdo das
propriedades antitromboticas do endotélio e ao aumento dos mediadores pro-tromboticos e
pro-inflamatorios, incluindo fator tissular e citocinas circulantes. Adicionalmente, ap6s leséo
da parede vascular, a ativacéo plaquetaria pode ser iniciada pela ligacdo da glicoproteina (GP)

Ib com o receptor endotelial P-selectina e o fator de von Willebrand (VWF) (Figura 1) .

(A) Endotélio saudavel (B) Endotélio inflamado
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Figura 1 - Representacdo do envolvimento das plaquetas na fase inicial da aterosclerose

ADP, adenosina difosfato; PGI,, prostaciclina; NO, 6xido nitrico; VWF, fator de von Willebrand; ICAM,
molécula de adesao intercelular; ROS, espécies reativas ao oxigénio, P-Sel, P-selectina; GP,
glicoproteina; EctoADPase, ecto-adenosinadifosfatase; CD, do inglés cluster of differentiation; MCP,
proteina quimiotaxica de mondcitos; ICAM-1, molécula de adeséo intercelular; VCAM, molécula de
adesdo vascular; IL, interleucina.

Fonte: modificado de Kaplan & Jackson, 2011.%?

® Huo YQ, Ley KF. Role of platelets in the development of atherosclerosis. Trends Cardiovas Med 2004, 14:18-
22.

19 Jennings LK. Role of Platelets in Atherothrombosis. Am J Cardiol 2009, 103:4A-10A.

1 Ruggeri Z M. Platelets in atherothrombosis. Nat Med 2002, 8:1227-1234.

12 Kaplan ZS, Jackson SP. The Role of Platelets in Atherothrombosis. Hematology (ASH Education Program)
2011:51-61
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A plaqueta tem sido apontada como uma importante mediadora do processo inflamatorio. A
ativacdo plaquetéria resulta em uma liberacdo local de mais de 300 proteinas, uma grande
proporcdo delas sdo conhecidas mediadores inflamatdrios. Essas substancias alteram as
propriedades quimiotaticas e adesivas das células endoteliais. Modelos in vivo de aterogénese
tém sugerido que essas interagOes entre células endoteliais e plaquetas ativadas sdo fatores
criticos na iniciagdo da aterosclerose™**. Ha evidéncias de que as plaquetas ativadas aderidas
ao endotélio inflamado podem aumentar o recrutamento de leucocitos, sua ativacdo e
transmigrago, aumentando, assim, a resposta inflamatdria do processo aterosclerético .

O endotélio lesado aumenta a permeabilidade da intima as lipoproteinas plasmaticas
favorecendo sua retencdo no espacgo subendotelial. Retidas, as particulas de LDL (LDL, do
inglés low-density-lipoproteins) sofrem oxidacdo, causando a exposicdo de diversos neo-
epitopos, tornando-as imunogénicas. Os mondcitos, induzidos por proteinas quimiotaticas,
migram para o espaco subendotelial onde se diferenciam em macrdfagos, que por sua vez
captam as LDL oxidadas. Os macrdfagos repletos de lipides, denominados células espumosas,

sdo o principal componente das estrias gordurosas; lesfes iniciais da aterosclerose.

A placa aterosclerotica plenamente desenvolvida é constituida por um nacleo lipidico, rico em
colesterol e uma capa fibrosa, rica em coladgeno. A placa aterosclerotica estavel caracteriza-se
por predominio de colageno, organizado em capa fibrosa espessa, escassas células
inflamatorias e nucleo lipidico de propor¢fes menores com pouco risco de ruptura. As
instaveis apresentam atividade inflamatoria intensa, especialmente nas suas bordas laterais,
com grande atividade proteolitica, nucleo lipidico proeminente e capa fibrética ténue com
maior risco de ruptura. A ruptura de placas instaveis expde material lipidico altamente
trombogénico formando um trombo plaquetario que pode levar a oclusdo vascular e

complicacdes cardiovasculares™®.

Est4 bem estabelecido o papel da plaqueta na trombose arterial, uma complicacdo aguda de

lesGes aterosclerdticas cronicas. J& na iniciacdo e desenvolvimento da placa aterosclerotica, o

13 Coppinger JA, Cagney G, Toomey S, Kislinger T, Belton O, Mcredmond JP, Cahill DJ, Emili A, Fitzgerald
DJ, Maguire PB. Characterization of the proteins released from activated platelets leads to localization of novel
platelet proteins in human atherosclerotic lesions. Blood 2004, 103:2096-2104.

4 Linden MD, Jackson DE. Platelets: Pleiotropic roles in atherogenesis and atherothrombosis. Int J Biochem
Cell Biol 2010, 42:1762-1766.

15 Bray PF. Platelet hyperreactivity: Predictive and intrinsic properties. Hematol Oncol Clin North Am 2007; 21:
633-645

'8 Diretrizes. V Diretriz Brasileira sobre dislipidemias e prevencéo da aterosclerose. Departamento de
Aterosclerose da Sociedade Brasileira de Cardiologia. Disponivel em: http://www.cardiol.br/ Acesso em 10 fev
2014.
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seu papel parece estar relacionado a um maior recrutamento de leucdcitos para locais de

inflamac&o das células endoteliais®’.

Uma maior compreensdao e reconhecimento das vias de desenvolvimento da doenca
aterosclerotica, relacionadas as atividades pro-inflamatorias e pré-tromboticas das plaquetas,
tém levado ao desenvolvimento de novas estratégias para controle da doenca. Nesse sentido,
os indices que avaliam a atividade plaquetéaria sdo marcadores potenciais para estratificacdo
de risco das doencas cardiovasculares e podem ser Gteis no monitoramento da eficacia do

tratamento com drogas antiplaguetérias'®*®,

1.3  INDICES DE VOLUME PLAQUETARIO

Alguns estudos correlacionam a funcdo plaquetaria com o seu volume, pela medida da

velocidade de agregacdo plaquetaria, ap6s estimulo com diferentes agonistas, demonstrando

que plaguetas maiores sd0 mais reativas?*?.

Plaguetas com volume aumentado sao
metabdlica e enzimaticamente mais ativas. Essas plaquetas liberam mais fatores pro-
trombdticos como P-selectina, serotonina, adenosina difosfato (ADP) e beta tromboglobulina
e apresentam uma maior producdo de tromboxano A2 (TxAZ2) além de expressarem mais

receptores de adesdo como a GPIb e GPIIb-111a%2%3242,

Y Ruggeri Z M. Platelets in atherothrombosis. Nat Med 2002, 8:1227-1234

'8 Michelson AD. Methods for the Measurement of Platelet Function. Am J Cardiol 2009,103:20A-26A

9 Harrison P, Lordkipanidze M. Testing Platelet Function. Hematol Oncol Clin North Am 2013, 27:411

20 Karpatkin S. Heterogeneity of human platelets correlation of platelet-function with platelet volume. Blood
1978,51:307-316.

2 park Y, Schoene N, Harris W. Mean platelet volume as an indicator of platelet activation: methodological
issues. Platelets 2002, 13:301-306

22 Endler G, Klimesch A, Sunder-Plassmann H, Schillinger M, Exner M, Mannhalter C, Jordanova N, Christ G,
Thalhammer R, Huber K, Sunder-Plassmann R. Mean platelet volume is an independent risk factor for
myocardial infarction but not for coronary artery disease. Br J Haematol 2002, 117:399-404.

2% Greisenegger S, Endler G, Hsieh K, Tentschert S, Mannhalter C, Lalouschek W. Is elevated mean platelet
volume associated with a worse outcome in patients with acute ischemic cerebrovascular events? Stroke 2004,
35:1688-1691.

% Khandekar MM, Khurana AS, Deshmukh SD, Kakrani AL, Katdare AD, Inamdar AK. Platelet volume indices
in patients with coronary artery disease and acute myocardial infarction: an Indian scenario. J Clin Pathol 20086,
59:146-149.

% Yilmaz MB, Cihan G, Guray Y, Guray U, Kisacik HL, Sasmaz H, Korkmaz S. Role of mean platelet volume
in triagging acute coronary syndromes. J Thromb Thrombolysis 2008, 26:49-54
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Varios indices de volume plaquetario (IVP) sdo facilmente medidos nos aparelhos
automatizados que realizam o hemograma®. Esses instrumentos sdo capazes de determinar,
além da contagem plaquetaria, indices de volume, como volume plaquetario médio (VPM),
coeficiente de variacdo da distribuicdo do volume plaquetario (PDW, do inglés, platelet
distribution width) e porcentagem de macroplaquetas (P-LCR, do inglés, platelet large cell
ratio).

O tamanho plaquetario é determinado durante a megacariocitopoiese e a trombopoiese por
multiplos fatores. A trombopoietina, regulador primario da trombopoiese, e citocinas, como
as interleucinas (IL) 3 e 6, influenciam a ploidia do megacariécito e podem levar a producéo
de plaguetas maiores e mais reativas, explicando como estados pro-inflamatérios podem
aumentar o VPM e criar condicdes pré-trombdticas®’. O tamanho das plaquetas parece néo ser
influenciado por sua maturagdo na circulacdo®®. Em condicdes fisioldgicas estaveis ocorre
uma relacdo inversa entre 0 VPM e o nimero de plaquetas, a trombopoiese é regulada para
manter uma massa plaquetéaria constante. Entretanto, quando o equilibrio entre producgéo e
destruicdo plaquetaria é rompido, uma resposta primaria parece ser a producdo de plaguetas
mais reativas, mais densas e maiores, nesses casos 0 VPM aumentado seria marcador de um

maior  turnover  plaquetario®=>*",

Uma nova compreensdo da regulacdo da
megacariocitopoiese e da trombopoiese surge com a identificacdo das variantes genéticas
associadas com as plaquetas e o volume plaquetario. Em um estudo de Johnson (2011), 84%
da variacdo na contagem plaquetaria e 75% na variabilidade do VPM, foi atribuida a fatores
genéticos®®. Estudos realizados em populacdes européias evidenciaram a presenca de pelo
menos 12 loci em diferentes cromossomas associados com a fungdo, contagem e volume

plaquetario®**. Recentemente, Shameer et al. (2014) revelaram que algumas variantes que

%6 Brummitt DR, Barker HF. The determination of a reference range for new platelet parameters produced by the
Bayer ADVIA (TM) 120 full blood count analyzer. Clin Lab Haematol 2000; 2:103-107

%" Dastjerd MS, Emami T, Najafian A, Amini M. Mean platelet volume measurement, EDTA or citrate?
Hematology 2006, 11:317-319.

%8 Thompson CB, Love DG, Quinn PG, Valeri CR. Platelet Size Does Not Correlate With Platelet Age. Blood
1983, 62:487-494.

2 Martin JF, Kristensen SD, Mathur A, Grove EL, Choudry FA. The causal role of megakaryocyte—platelet
hyperactivity in acute coronary syndromes. Nat Rev Cardiol 2012, 9:658-670

%0 sansanayudh N, Numthavaj P, Muntham D, Yamwong S, McEvoy M, Attia J, Sritara P, Thakkinstian A.
Prognostic effect of mean platelet volume in patients with coronary artery disease. A systematic review and
meta-analysis. Thromb Haemost 2015, 114.

31 Slavka G, Perkmann T, Haslacher H, Greisenegger S, Marsik C, Wagner OF, Endler G. Mean Platelet VVolume
May Represent a Predictive Parameter for Overall VVascular Mortality and Ischemic Heart Disease. Arterioscler
Thromb Vasc Biol 2011, 31:1215-1218.

%2 Johnson AD. Discovery of novel platelet aggregation and platelet function loci through genome-wide studies.
J Thromb Haemost 2011, 9:501-501.

%3 Kunicki TJ, Nugent DJ. The genetics of normal platelet reactivity. Blood 2010, 116:2627-2634
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influenciam as plaquetas e o VPM tem efeitos pleiotréficos e sdo associadas com diversos

fen6tipos incluindo infarto do miocéardio®.

1.4  IMPORTANCIA CLINICA DOS INDICES DE VOLUME PLAQUETARIO

Diversos estudos relacionam doencgas hematoldgicas e ndo hematoldgicas com os IVP, sendo
0 VPM o indice que é mais amplamente avaliado nos diferentes estudos.

1.4.1 INDICES DE VOLUME PLAQUETARIO E DOENCAS CARDIOVASCULARES

Chu et al. (2010) realizaram uma revisao sistematica com meta-analise de 16 estudos que
sugerem que o VPM elevado é associado com infarto agudo do miocérdio (IAM) (média de
aumento: 0,92 fL, 95% IC: 0,67-1,16, p<0,001), mortalidade ap6s IAM e reestenose apos
coronarioangioplastia, sendo o VPM um potencial biomarcador de prognostico em pacientes
com doencas cardiovasculares (DCV)®*. Em outra revisio, Lippi et al. (2013) analisaram
dados que relacionam o VPM ao diagndéstico da doenca coronariana isquémica. A partir de
123 citagdes, somente trés estudos foram selecionados, pois, segundo 0s revisores, apenas
esses continham informacdes suficientes para a avaliagdo. Esses autores sugerem que o VPM
possa ser util na abordagem de doencas isquémicas nos servicos de emergéncia em
combinagdo com outros marcadores, merecendo futuras investigacdes®’. Sansanayudh et al.
(2015) em revisdo recente incluiu 40 estudos numa meta-analise que considera a relacéo entre
0 VPM e a doenca arterial coronariana (DAC). O VPM foi significativamente maior nos

pacientes com DAC quando comparados com o grupo controle (média de aumento: 0,70 fL,

% Soranzo N, Spector TD, Mangino M, Kiihnel B, Rendon A, Teumer A, Willenborg C, Wright B, Chen L, Li
M, et al: A genome-wide meta-analysis identifies 22 loci associated with eight hematological parameters in the
HaemGen consortium. Nat Genet 2009, 41:1182-1190.

% Shameer K, Denny JC, Ding K, Jouni H, Crosslin DR, de Andrade M, Chute CG, Peissig P, Pacheco JA, Li R,
et al: A genome- and phenome-wide association study to identify genetic variants influencing platelet count and
volume and their pleiotropic effects. Hum Genet 2014, 133:95-1009.

% Chu SG, Becker RC, Berger PB, Bhatt DL, Eikelboom JW, Konkle B, Mohler ER, Reilly MP, Berger JS.
Mean platelet volume as a predictor of cardiovascular risk: a systematic review and meta-analysis. J Thromb
Haemost 2010, 8:148-156.

¥ Lippi G, Mattiuzzi C, Comelli I, Cervellin G. Mean platelet volume in patients with ischemic heart disease:
meta-analysis of diagnostic studies. Blood Coagul Fibrinolysis 2013, 24:216-219
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95% IC: 0,11-0,81), sugerindo que o VPM possa ser util na estratificacdo do risco

cardiovascular, por meio de escores, combinado a outros fatores de risco®®.

1.42 INDICES DE VOLUME PLAQUETARIO E FATORES DE RISCO
CARDIOVASCULAR

Estudos sobre os IVP e sua associacdo com fatores de risco, como hipertenséo arterial
sistémica, dislipidemia, uso de alcool, sindrome metabodlica, obesidade e tabagismo sdo

descritos na literatura com resultados controversos>®40:41:4243:44,4546.47.48

As diferencgas
metodoldgicas bem como a padronizacdo das medidas e os diferentes indices estudados

dificultam a anélise comparativa.

Em relacdo ao diabetes mellitus (DM), Zaccardi et al. (2015), em revisdo da literatura com
meta-analise, sugerem que individuos diabéticos tendem a ter valores elevados de VPM e
PDW sem diferenca na contagem plaquetéria. No processo de revisdo foram selecionados
estudos com IFG (IFG, do inglés impaired fasting glucose), IGT (IGT, do inglés impaired
glucose tolerance), sindrome metabolica e DM tipo 2; desses 40 estudos com o VPM e 30

estudos com contagem plaquetéaria, além de 4 estudos com PDW e nenhum estudo com P-

% Sansanayudh N, Numthavaj P, Muntham D, Yamwong S, McEvoy M, Attia J, Sritara P, Thakkinstian A.
Prognostic effect of mean platelet volume in patients with coronary artery disease. A systematic review and
meta-analysis. Thromb Haemost 2015, 114.

% Wakeman L, Al-Ismail S, Benton A, Beddall A, Gibbs A, Hartnell S et al. Robust, routine haematology
reference ranges for healthy adults. Int J Lab Hematol 2007;29:279-283.

0 Yazici M, Kaya A, Kaya Y, Albayrak S, Cinemre H, Ozhan H. Lifestyle modification decreases the mean
platelet volume in prehypertensive patients. Platelets 2009; 20: 58-63.

* Inanc T, Kaya MG, Yarlioglues M, et al. The mean platelet volume in patients with non-dipper hypertension
compared to dippers and normotensives. Blood Press 2010; 19: 81-5.

*2 Gasparyan A, Stavropoulos-Kalinoglou A, Toms T, Douglas K, Kitas G. Association of mean platelet volume
with hypertension in rheumatoid arthritis. Inflamm Allergy Drug Targets 2010, 9:45-50.

*3 Ciancarelli MGT, Di Massimo C, De Amicis D, Ciancarelli I, Carolei A. Moderate consumption of red wine
and human platelet responsiveness. Thromb Res. 2011;128:124-9.

* Grotto HZW, Noronha JFA. Platelet larger cell ratio (P-LCR) in patients with dyslipidemia. Clin Lab
Haematol 2004,26:347-349

*® Coban E, Afacan B. The effect of rosuvastatin treatment on the mean platelet volume in patients with
uncontrolled primary dyslipidemia with hypolipidemic diet treatment. Platelets 2008, 19:111-114.

% Kutlucan A, Bulur S, Kir S, Bulur S, Onder E, Aslantas Y, Ekinozu I, Aydin Y, Ozhan H. The relationship
between mean platelet volume with metabolic syndrome in obese individuals. Blood Coag Fibrinolysis 2012,
23:388-390

*" Markovic D, Carevic V, Bonacin D, Sekulic BP, Sapunar A, Fabijanic D. Correlation between mean platelet
volume and total risk of cardiovascular disease. Signa Vitae 2013, 8:49-55.

*® De Luca G, Santagostino M, Secco GG, Cassetti E, Giuliani L, Franchi E, Coppo L, lorio S, Venegoni L,
Rondano E, et al. Mean platelet volume and the extent of coronary artery disease: Results from a large
prospective study. Atherosclerosis 2009, 206:292-297.
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LCR*. Os estudos também sugerem que o grupo de diabéticos com pior controle glicémico

esta associado a um maior aumento do VPM quando comparado ao diabético controlado®=".

1.4.3 INDICES DE VOLUME PLAQUETARIO E OUTRAS CONDICOES CLINICAS

Kaito et al. (2004) investigaram o significado dos trés IVP: VPM, PDW e P-LCR, no
diagnéstico de trombocitopenia, comparando pacientes com anemia aplastica e
trombocitopenia imune®. Todos os indices foram significativamente mais elevados nos
pacientes com trombocitopenia imune. Muitas sindromes hereditarias sdo associadas com
macrotrombocitopenia como a Sindrome de Bernard-Soulier, anomalia de May-Hegglin,
Sindrome de Epstein, Sindrome de Fechtner, Sindrome de DiGeorge, macrotrombocitopenia

Mediterranea benigna e Doenca de von Willebrand tipo-plaqueta®*,

Alguns estudos tém demonstrado a importancia do VPM em outras condigdes clinicas, como
na doenca de Crohn podendo ser utilizado como marcador de atividade da doenca™, doencas

reumaticas™°, doencas renais”’, doencas hepéticas>®, deméncia®®.

Estes indices plaquetéarios ndo sdo utilizados de forma rotineira pelos médicos assistentes,

muitas vezes sendo omitidos no laudo dos resultados dos exames. Isto pode ser atribuido, pelo

* 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, 31:402-410.

%0 Demirtunc R, Duman D, Basar M, Bilgi M, Teomete M, Garip T: The relationship between glycemic control
and platelet activity in type 2 diabetes mellitus. J Diabetes Complications 2009, 23:89-94.

*! Shah B, Sha D, Xie D, Mohler ER, Berger JS: The relationship between diabetes, metabolic syndrome, and
platelet activity as measured by mean platelet volume: the National Health And Nutrition Examination Survey,
1999-2004. Diabetes Care 2012, 35:1074-1078.

52 Kaito K, Otsubo H, Usui N, Yoshida M, Tanno J, Kurihara E, Matsumoto K, Hirata R, Domitsu K, Kobayashi
M. Platelet size deviation width, platelet large cell ratio, and mean platelet volume have sufficient sensitivity and
specificity in the diagnosis of immune thrombocytopenia. Br J Haematol 2005, 128:698-702.

5% Bray PF. Sizing up platelet defects. Blood 2008, 111:3302-3303.

% Thompson CB, Jakubowski JA. The Pathophysiology and Clinical Relevance of Platelet Heterogeneity. Blood
1988, 72:1-8.

> Shen J, Ran ZH, Zhang Y, Cai Q, Yin HM, Zhou XT, Xiao SD. Biomarkers of altered coagulation and
fibrinolysis as measures of disease activity in active inflammatory bowel disease: A gender-stratified, cohort
analysis. Thromb Res 2009, 123:604-611.

% Sert A, Aypar E, Odabas D. Mean platelet volume in acute rheumatic fever. Platelets 2013, 24:378-382.

> Ucar H, Gur M, Koyunsever NY, Seker T, Turkoglu C, kaypakli O, Sahin DY, Elbasan Z, Cayli M. Mean
platelet volume is independently associated with renal dysfunction in stable coronary artery disease. Platelets
2014, 25:274-278.

%8 Cho SY, Lee A, Lee HJ, Suh J-T, Park TS. Mean platelet volume in Korean patients with hepatic diseases.
Platelets 2012, 23:648-649.

% Wang R-T, Jin D, Li Y, Liang Q-C. Decreased mean platelet volume and platelet distribution width are
associated with mild cognitive impairment and Alzheimer's disease. J Psychiat Res 2013, 47:644-649.
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menos em parte, a falta de padronizacdo do procedimento, o que leva a grande variabilidade

dos resultados limitando seu uso na pratica clinica.

1.5 DESAFIOS,METODOLOGICOS NA MEDIDA DOS INDICES DE VOLUME
PLAQUETARIO

Lancé et al. (2012), fizeram uma revisdo do VPM como marcador de DCV e realizaram
analise em relacdo aos procedimentos pré-analiticos e os métodos de analise descritos nos
artigos®®. Entre 2006 e 2011, estes autores identificaram 126 publicacdes. Destas, 63 foram
excluidas porque ndo descreviam o método de andlise e duas por serem artigos de revisdo.
Nos artigos selecionados, foram avaliados trés tdpicos do projeto metodoldgico: a)
anticoagulante utilizado, b) tempo de armazenamento da amostra e c¢) método analitico
utilizado, que séo provavelmente as varidveis de maior impacto nos resultados encontrados.
Nos 61 artigos analisados, 39 descreveram os trés tdpicos, porém mais de 10 diferentes
intervalos de armazenamento foram descritos e somente dois artigos apresentavam uma
padronizacdo metodoldgica adequada, segundo os autores. Esta grande variabilidade gera
confusdo na interpretacdo dos diferentes estudos e pode tornar a comparacdo dos resultados

impossivel.

Estudos tém mostrado que fatores pré-analiticos, como anticoagulante, tempo e temperatura

de armazenamento bem como o método de anélise interferem significativamente no VPM®-%2,

Existem duas tecnologias principais usadas para avaliacdo do tamanho plaquetério: 1)
impedancia elétrica, onde as células em uma suspensdo sdo contadas ao passar por um
orificio, gerando um pulso elétrico cuja intensidade é proporcional ao volume da célula; 2)
método Optico de disperséo ou absorcdo da luz, que utiliza um sistema com sinal laser, que
mede a intensidade e o angulo da luz dispersa quando incide numa suspensdo celular,
guantificando e determinando o tamanho das células. Estudo avaliando as medidas do volume

plaquetario, em dois instrumentos com diferentes tecnologias (impedancia elétrica versus

% Lancé MD, Sloep M, Henskens YMC, Marcus MAE. Mean Platelet VVolume as a Diagnostic Marker for
Cardiovascular Disease Drawbacks of Preanalytical Conditions and Measuring Techniques. Clin Appl Thromb
Hemost 2012, 18:561-568.

%! Dastjerd MS, Emami T, Najafian A, Amini M. Mean platelet volume measurement, EDTA or citrate?
Hematology 2006, 11:317-319.

%2 Diaz-Ricart M, Brunso L, Pino M, Navalon F, Jou J, Heras M, White J, Escolar G. Preanalytical treatment of
EDTA-anticoagulated blood to ensure stabilization of the mean platelet volume and component measured with
the ADVIA counters. Thromb Res 2010, 126:30-35.
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método 6ptico) mostrou diferenca de até 40% entre os dois sistemas®®. O método 6ptico tem
melhor precisdo e exatiddo para trombocitopenias severas, ja a impedancia reconhece

interferentes celulares e plasmaticos®*.

Mais recentemente, a citometria de fluxo com uso de anticorpos monoclonais anti-proteinas
especificas expressas na superficie das plaquetas, também passou a ser aplicada na
determinacdo do numero e avaliagdo das caracteristicas especificas das células

trombociticas®™. Alguns analisadores j4 utilizam os trés principios metodolégicos.

O anticoagulante padrdo para o hemograma, acido etilenodiaminotetracético (EDTA),
mantém condicOes 6timas para contagem celular e diferencial de leucdcitos, mas ndo preserva
a ultra-estrutura e a capacidade funcional das plaguetas. Na presenca de EDTA, o VPM
aumenta em um padrdo tempo-dependente®®®’. A exposicdo da plaqueta ao EDTA por
periodos prolongados resulta em distorcdo de sua morfologia®, incluindo dilatacdo do sistema
canalicular, progressiva tendéncia a mudanca de forma e aglutinacdo plaquetaria. Todas essas

transformac@es externas séo compativeis com ativagdo plaquetaria®.

Para a adequada padronizacdo das fases pré-analitica e analitica, na coorte do Estudo
Longitudinal de Saide do Adulto (ELSA) - Minas Gerais (MG) foi avaliado, em um estudo
suplementar, o impacto do tempo entre a coleta da amostra e a medida dos IVP. A medida
desses indices, foi realizada em 2 tempos: com até 1 h apds a colheita e repetido apds 6 h.
Comparamos o valor inicial do VPM com o valor apds seis horas da colheita. A média do
VPM na distribuicdo com valores ap0s seis horas da colheita de sangue foi 0,35 fL maior que
na distribuicdo com os valores iniciais (teste t para amostras pareadas, foi estatisticamente
significante com p<0,001). Adicionalmente foi realizada uma analise do impacto do

armazenamento das amostras até 2h, nos valores dos IVP, comparando 6 grupos de amostras

63 Jackson SR, Carter JM. Platelet VVolume - Laboratory Measurement and Clinical-Application. Blood Rev
1993, 7:104-113.

% Johannessen B, Haugen T, Scott CS. Standardisation of platelet counting accuracy in blood banks by reference
to an automated immunoplatelet procedure: comparative evaluation of Cell-Dyn CD4000 impedance and optical
platelet counts. Transfus Apher Sci 2001, 25: 93-106.

® Michelson AD: Methods for the Measurement of Platelet Function. Am J Cardiol 2009, 103:20A-26A.

% Bath PMW, Butterworth RJ: Platelet size: Measurement, physiology and vascular disease. Blood Coag
Fibrinolysis 1996, 7:157-161.

®” Threatte GA, Adrados C, Ebbe S, Brecher G: Mean Platelet Volume - The Need For A Reference Method. Am
J Clin Pathol 1984, 81:769-772.

% Frojmovic MM, Milton JG: HUMAN-Platelet Size, Shape, and Related Functions In Health And Disease.
Physiol Rev 1982, 62:185-261.

% Diaz-Ricart M, Brunso L, Pino M, Navalon F, Jou J, Heras M, White J, Escolar G. Preanalytical treatment of
EDTA-anticoagulated blood to ensure stabilization of the mean platelet volume and component measured with
the ADVIA counters. Thromb Res 2010, 126:e30-35
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analisadas com diferentes tempos de armazenamento: até 20 min, 21- 40 min, 41-60 min, 61-
80 min, 81-100 min e 101-120 min, ndo sendo observada nenhuma tendéncia de elevagdo nos

valores dos IVP com o armazenamento maximo de até 2h (dados nédo apresentados).

Outro estudo preliminar avaliou se a analise realizada por mais de um instrumento, que utiliza
a mesma metodologia, apresentava resultados equivalentes. Esse comparativo demonstrou que
os resultados de exames hematoldgicos realizados em diferentes equipamentos, que utilizam a

impedancia elétrica, sdo equivalentes, portanto comparaveis®.

Assim, na padronizacdo do exame de hemograma para o estudo ELSA — MG definiu-se o uso
do K3-EDTA como anticoagulante e as amostras foram mantidas & temperatura ambiente até
0 momento da analise, que foi realizada em tempo inferior a 2 horas ap6s a coleta. O método
analitico utilizado foi a impedancia elétrica. Essa padronizacdo consiste em etapa essencial
para a realizacdo deste e de futuros estudos que envolvam os IVP, assim como para sua

aplicacdo na tomada de decisdo da prética clinica.

1.6 RISCO CARDIOVASCULAR

A identificacdo dos fatores de risco que aumentam a incidéncia de DCV € uma das
contribuicdes mais importantes da epidemiologia do século XX. A estimativa do risco de
doenca aterosclerdtica resulta da somatoria de diferentes fatores de risco mais a potenciacédo
causada por sinergismos entre eles. Diante da complexidade dessas interacdes, diversos
escores de risco foram criados na tentativa de melhorar a predi¢do do risco cardiovascular.
Vérios modelos tém sido desenvolvidos, como o escore de risco de Framingham (FRS, do
inglés: Framingham Risk Score), o escore de risco de Reynolds e o0 SCORE (Systematic
Coronary Risk Evaluation). O primeiro foi proposto, em 1998, pelo The Framingham Heart
Study, para a predi¢do da doenca coronariana em pacientes assintomaticos. Em 2002 e 2008
esse escore foi revisado e incluidos na avaliacdo de desfecho, outras manifestagcdes de doenga
aterosclerdtica, além das cardiacas, como doenca cerebrovascular isquémica (CVI),
insuficiéncia cardiaca e claudicacdo intermitente. Esse escore atualizado permite avaliar o
risco de DCV em geral e o risco de eventos cardiovasculares individuais (CVI, doenca arterial

periférica, doencga coronariana e insuficiéncia cardiaca) em 10 anos. As varidveis atualmente

" Maluf CB, Silva 10, Vidigal PG. Understanding commutability: important quality requirement for clinical
laboratories. J Bras Patol Med Lab 2011 -47:595-601.
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analisadas pelo FRS s&o idade, sexo, pressdo sanguinea sistolica, colesterol total, HDL (HDL,
do inglés: high-density lipoprotein) colesterol, tabagismo, diabetes e uso ou ndo de medicacao

anti-hipertensiva’*">".

Além dos fatores de risco tradicionalmente conhecidos e utilizados pelo FRS, outros
biomarcadores sdo descritos na literatura como Uteis na predi¢cdo do risco cardiovascular,
como a proteina C reativa ultra-sensivel, homocisteina, magnésio sérico, microalbumindria e

o volume plaquetéario médio™.

™ Pencina MJ, D'agostino RB, SR., Larson MG, Massaro JM, Vasan RS. Predicting the 30-Year Risk of
Cardiovascular Disease The Framingham Heart Study. Circulation 2009, 119:3078-U3061

"2 Wilson PWF, D'agostino RB, Levy D, Belanger AM, Silbershatz H, KanneL WB. Prediction of coronary heart
disease using risk factor categories. Circulation 1998, 97:1837-1847

® D'Agostino RB, Vasan RS, Pencina MJ, Wolf PA, Cobain M, Massaro JM, Kannel WB. General
cardiovascular risk profile for use in primary care - The Framingham Heart Study. Circulation 2008, 117:743-
753.

™ Sun X, Jia Z. A brief review of biomarkers for preventing and treating cardiovascular diseases. J Cardiovasc
Dis Res 2012, 3(4): 251-254.
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2 JUSTIFICATIVA

As plaquetas desempenham um papel importante no mecanismo fisiopatologico da doenca
aterosclerotica e aquelas de maior volume sdo potencialmente mais reativas e produzem mais
fatores pro-tromboticos. Assim, podemos considerar o VPM e os outros IVP como o PDW e o
P-LCR marcadores indiretos da reatividade plaquetéaria e dessa forma, avaliar se esses indices

sdo Uteis na estratificacdo do risco cardiovascular.

Os resultados encontrados nos diferentes estudos, que avaliam o volume plaquetario, ndo sao
consistentes, possivelmente pelas diferentes populacdes e métodos utilizados, além da
auséncia ou grande variabilidade na padronizagdo dos fatores pré-analiticos. O ELSA-Brasil é
um estudo prospectivo multicéntrico, desenvolvido em instituicbes de ensino superior e
pesquisa, em seis estados brasileiros com objetivo primario de investigar o desenvolvimento
de doencas cronicas, principalmente DCV e 0 DM”"®. O ELSA- MG oferece a oportunidade
de avaliar a relagdo entre os indices VPM, PDW e P-LCR%, mensurados em sua linha de
base, de forma padronizada segundo critérios bem definidos, em individuos adultos
brasileiros, com descri¢do de suas caracteristicas demograficas, comportamentais, clinicas e

laboratoriais relacionadas ao risco cardiovascular.

> Aquino EML, Barreto SM, Bensenor IM, Carvalho MS, Chor D, Duncan BB, Lotufo PA, Mill JG, Molina
MDC, Mota ELA, et al. Brazilian Longitudinal Study of Adult Health (ELSA-Brasil): Objectives and Design.
Am J Epidemiol 2012; 175:315-324.

76 Schmidt M1, Duncan BB, Mill JG, Lotufo PA, Chor D, Barreto S M, Aquino EML, et al. Cohort Profile:
Longitudinal Study of Adult Health (ELSA-Brasil). Int J Epidemiol 2014; 43:1-8
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3 APRESENTACAO DO CONTEUDO

O presente trabalho retne estudos que foram realizados visando investigar os indices de
volume plaquetarios, VPM, PDW e P-LCR%, incluindo os fatores pré-analiticos e analiticos
envolvidos na sua mensuracao, a defini¢do dos intervalos de referéncia, bem como sua relagéo
com fatores de risco cardiovasculares. Este trabalho envolveu os participantes do Centro de
Investigacdo de Minas Gerais do ELSA-Brasil.

O primeiro artigo publicado na revista Platelets (Fator de Impacto: 2.98; WebQualis: Area de
Medicina Il: extrato B1), relata a padronizacéo e a determinacdo dos intervalos de referéncia
dos indices de volume plaquetarios’’. O Segundo artigo, publicado na revista Clinical
Chemistry and Laboratory Medicine (Fator de Impacto: 2.707; WebQualis: Area de Medicina
Il: extrato B1), aborda a associacdo do volume plaquetario com o Escore de Risco de

Framingham®.

" Maluf CB, Barreto SM, Vidigal PG. Standardization and reference intervals of platelet volume indices: Insight
from the Brazilian longitudinal study of adult health (ELSA-BRASIL). Platelets 2014; 0: 1-8.

"8 Maluf CB, Barreto SM, dos Reis RC, Vidigal PG. Platelet volume is associated with the Framingham risk
score for cardiovascular disease in the Brazilian Longitudinal Study of Adult Health (ELSA-Brasil). Clin Chem
Lab Med 2015; doi: 10.1515/cclm-2015-0686. [Epub ahead of print]
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ARTIGO 1 - STANDARDIZATION AND REFERENCE INTERVALS OF
PLATELET VOLUME INDICES: INSIGHT FROM THE BRAZILIAN
LONGITUDINAL STUDY OF ADULT HEALTH (ELSA-BRASIL)
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Standardization and reference intervals of platelet volume indices:
Insight from the Brazilian longitudinal study of adult health
(ELSA-BRASIL)

Chams B. Maluf', Sandhi M. Bameto®, & Pedro G. Vidigal'

' Department of Jinlcal Pathology, School of Medicine, Universidads Federal de Minas Gerals [UFMG) Belo Horizonte, Brazil and “Department of
Preventive Medicing, School of Medicing, Universida de Fadaral de Minas Gerals (UFMG), Belo Horizonte, Brazil

Abstract

Platelet wolume indices [PVl are assodated with hematological and non-hematological
diseases, notably cardiovascular and cerebrovascular diseases. The establishment of PV
reference intervals (Ris) are essential to evaluate whether these indices are useful in dinical
practice. Healthy-assodated Rls have mot yet been established for the Brazilian population.
Here, we determined Ris of PV for a health adult population, partidpants of the Brazilian
Longitudinal Study of Adult Health ELSA-Brasil A total of 580 individuals out of an initial sample
of 3115 subjects constituted the healthy reference sample. To be part of the study, individuals
had to fulfill the following oiteriz blood count within 2 hours of collection, no use of
continuous medication, sefrated health as good or very good no reported diagnosis of
diabetes and/or arterial hyperension, not smoking, lack of metabolic syndrome body mass
index [BEMI) <30kg/m?. and platelet. hemoglobin, and creatinine beyond reference values. The
Ris are mean platelet volume [MPV): B.9-11.8 fL, platelet distribution width (PDW): 96153 fL,
platelet large cell ratio (P-LOR): 15.6-39.5%. These paramet ers were not significantly affected by
age gender, smoking, obesity, and aloohol abuse However, significant differences were found
among =lfrated race/cobwr groups Standardization of measurement procedures and the
establishment of healthy-assodated PV Rls are essential to be able to support dinkcal decision-
making from laboratorial test results This study at the baseline of the BL5A Bradl reported
herein may contribute to future efforts aiming to evaluate whether PV values are assodated
with dinical conditions in the Brazilian population.

Keywords

Brazil, clinical laboratory technigues, mean
platelet volume, platdets, platelst
distribution width, reference range

History

Recehed 30 May 2014
Revized 36 June 2014
Accepted 3 July 2014
Published online & August 2014

Abbreviations: GF: ghyoo protein; MV mean platelet volume; POW: platelet distribution width;
P-LCR: platelet large cdl ratic; PVE platelet wolum e indices; Ri: reference intenvals; ELSA-Brasil:
Brazilian Longitudinal Study of Adult Health; CLSE Qinkcal and Laboratory Standards Institute;
EDTA: ethylenediam inetetraacetic add; BML body mass indesx.

Intreduction lead to mew inzights on megakaryocy topoiesis and thrombopoiesis

regulation [3-49].

Platelets play a key role in athemthrombosis, the man cause of
most unstable coromary syndromes. Prothrombotic and proin-
flammatory function of platelets are important factors in the
prevention of atherothrombosis [1]. Platelet volume has been
imvestigated in connection with both thrombosis and infl ammation
[2]. Platelet wolume is defermined by multiple factors dunng
megakaryocytopoiesis and thrombopoiesis 3] Thrombopoleting
the pnmary regulator of thrombopoiesis, and cytokines such as
intereukins 3 and 6, affect the ploidy of megakaryocytes and can
lead to the production of larger and more reactive platelets [4].
Genetic studies have identified loci imvolved in the platelet
tumction, count, and volume and results from these sudies may

Comespondence: Professor Pedro G, Vidigal, MSc, MD, Depariment of
Clinical Pathology, School of Medicine, Universidade Fedesal de Minas
Geras, Av. Prof. Alfredo Balena, 190, Sals 403, Belo Horzonte, Minas
Gerals, CEP 30130-100, Brazil. Tel: +55 31 34009774, Fax: +55 31
FA09TRY. E-mail: pedoowvidigal @ ufmg be

Larger platelets are metabolically and enzymatically more
active, because they contain more  a-gmnules that release
prothrombotic tactors such as P-selectin, adenosine diphosphate,
and f-thmmboglobulin. Additionally, they produce more thromb-
oxane AT and exhibit increased expression of adhesion glycopro-
tein {GF) Ib receptor and GP Ilb and [lla [10-12]. All these
charmcteristics contnbute to the high thrombotic potential of these
cells,

Automated hematology analyzers have made the measuremenit
of several indices of platelet volume casy, inexpensive, and
available in most clinical laboratories. These analyzers provide
platelet count and several indices, such as mean platelet volume
(MPV), platelet distribution width (PDW ), and platelet large cell
mtio (F-LCR) [3, 13].

Several studies have related hematological and non-hemato-
logical diseases with platelet volume indices (PVI) [14-21].
Momover, there 15 an inorcasing mumber of publications
correlating platelet indices with cardiovascular and cercbrovas-
cular diseases [2, 3, 22-27]. The Chu ot al. meta-analysis of 16



Platelets Dovwmnlomded from mformehealihoar ecom by 1862 15106, 108 an 080714
Faor personal use only

2 CB Maluf et al

24

Plaeless, Exly Onbine: 1-£

Table 1. Panicipant excludon crilera and mmber of excluded individuals,

Mumber of patients (n= 3115)

Exclusion criteria Excluded {n) Kept (n)
Time barween blood collection and examination =2 houss 241 kel |
Continwous use of any medication 175 1095
Self-rated health as negular, bad, or very bad @w 12
Reporied damosis of diabetes mellitus 5 wl
Reporied damosis of anerial hypenension o Q8
Presence of metbaic syndmome™ 45 A3
Smaoker™ 18 TR
Body mass index (BMID) = 30kegin® 10 G0
Platelet count level beyond reference walues® 5 ]
Hemoglobin kevel beyond refrence values™ M 585
Elevwaied serum crestinine” 5 SR

*Three of the five criteria of the Mational Cholesterol Education Program { ATPI criteria) [40].

*Cumenily smoking.
“Platelet count <150 ar =450 = 107/

“Hemoglabin: <130 o =17.0g/d in men; <12.0 or >15.0g/d in women.
“Serum creatinine: > 1 3mgld in men; >1.1mgid] in women.

studies mevealed that high MPVY was associated with mortality
trom acute myocardial imfarction and re-stemosis after comnary
angioplasty. These authors suggested that MPY mght be a
potential biomarker for progmosis in patients with manifest
cardiovascular discase [24).

Drespite the great interest of the scientific community and the
relative ease with which platelet indices can be ohtained, PVI
pammeters are not routinely used in clinical practice, and ame
often omitted in test results. Howewver, standardization of PVI
determination procedures 15 mquired, as 15 the establishment
of meference intervals (RIs) in the healthy population, a time-
consurming task that should ideally be conducted in every clinical
laboratorial service. Indesd, studies have shown that  pre-
analytical factors such as stomge time, anti-coagulamt use, and
the analysis method itself can significantly interfers with these
indices [3, 25, 28 29]. Furthermome, Rls often differ among
populations of different nations [ 30-36].

The aim of this study was to determime the Rls of PVI
for Brazilian adults included in the Longitudinal Study of
Adult Health (ELSA-Bmsil) in accordance with the recom-
mendations of the comsensus document: “How to define
and determine reference intervals in the clinical 1shoratory,””
proposed by  the International Federation of Clinical
Chemistry and the Clinical and Laboratory Standards Instihote
(CLS1) [37].

Methods

Populaton

ELSA-Brasil is the first large multi-center cohort in the comtry,
Participants are civil servants from universities amd research
imstitutions located im six ditferent staies. The main study
objectives are to investigate the incidemce and progression
of cardiovascular disease and diabetes and their nsk factors
All active or retired employees of the mstitotions involved aged
between 35 and 74 years wers digible for the study. Exclusion
criteria were cument or mecent (<4 months prior to the first
interview ) pregnancy, intention to quit working at the institution
in the mear future, severs cognitive oF COMMUNICation impairment,
and, if retired, residence outside of a study center’s coresponding
metropolitan arca.

All the 15 105 participants of the cobort answered a compre-
hensive questionnaire about their gencral health conditions,
tamily health izsues, medication use, smoking, alcohol consump-
tion, physical activity, mental health, and mamy other factors.

In addition, they were submitted to a series of clinical and
laboratonial tests. Baselime examination was performed between
2008 and 20010, Follow-up and ascertainment of inddence of
discases are made by anmual phone interviews (commencing by
the second year of participation) and repeated interviews and
examinaions every 3—4 years. The second wave of the cohort will
be completed by mid-2014. The ressarch protocol was approved
by the cthics committee of cach participating institution and by
the Mational Rescarch Ethics Committes. All participants signed
an imformed consent which included the storage of biological
samples. Details on study design and cohort profile can be found
elsewhen 38, 39).

The present study was restricted to cohort participants in the
state of Minas Gerais for whom PV1 data were colleced.
Individuals who presented amy potential or currently known
factors that can affect PVI were excluded in a stepwise manner
[37] (Tahle I).

Serum samples

Venous blood sampling was performed in the morning after 12- to
14~ hour-fast, following the CLSI Procedures for the Collection
af INagnrostic Blood Specimens by Vemipuncture: Approved
Standard [41]. The venipuncture was performed with a scalpel for
multiple vacuum collection, with the application of a toumiquet
for a maximum of 1 minute. The sampling tubes werne identificd
with bar codes, sssuring secrecy, safety for the participant, and
traceability [42]. The time betwesn sampling and exam procedure
was strictly controllsd to be within 2 hours, and the tubes
containing K3 salt of ethylenediaminatetrascetic acid (EDTA)
were kept at room temperature until the analysis.

In the presence of EDTA, MPY grows i a time-dependent
pattern. In this study, blood samples were collected with EDTA,
and all the samples were analyzed within 2 hours of collection,
thus minimizing the undesirable effects of EDTA on PVI
estimates.

Platelets volume indices (PVI1) analysis

The PVI measurements were performed with XE 2100 [
hematologic analyzers (Sysmex, Kobe, Japan), which use imped-
ance technology to cstimate particle coumt and volume. The
qualty of the results was validated by internal quality procedurncs
and participation in proficiency pmgrams of the Brazilian Society
of Pathology and Laboratory Medicine, and of the College of
American Pathologists. An equivalence test between the analyzers
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employed in the messurements was previously performed to
ensure the commutahility of results [43].

All particles detected with sizes hetween 2 and 30 fLL ane
regarded a5 platelets. Based on these data, the PV are caloulated
using the following formulae: MPW{fL) = platelecnt/platelet
count, with plateleterit being the rato between the owverall volume
af platelets and the overall volume of bloosd in one individwal.
POV and P-LCR indices were obmined from the histogram of
platelet size distribution. PDW was defined as the distribution
width at the level of 20% considering that the peak of the
hiziogram is | (0%, The percentage of platelsts higger than 1241
was defined as P-LCR [14].

Statistical analysis

The Skewness and Kurinsis tests were appliad i evahiate
distribution of PVI values. The non-parametric method was
usad o determinate the Rls, calculated as the valwes at the 25 and
the 97.5 percentiles of the PVI disribution. Because there is no
consenss abowt the effects of precollaction factors swch as
smoking, body mass index (BMI), and aloohol abuse on PV
a sensitivity analysis was camied owt comparing the R ob@ined
withowt and with the inclusion of individuals presenting these
conditions, while maintaining the other exclusion criieria listed
in Tahle I. Excessive aloohol intake was defined as reported
consumption of mome than 210g aleoholfweek for men or 140 g
alcoholiwesk  for  women.  Statistical  differences hatween
abgroups defined by socio-demogrmaphic chamcteristics and
pre-calleetion  factors were wverified by the Emskal-Wallis
naon-parametnic test and by the rdest for mean. We assessed the
need to recommend a specific meefskin color reference range for
PV uxing the Harris/Boyd statistical approach [37]. Following
this approach, we caloculated the 3 seore from PVT means and SD
and compared to a critical valee {z¥ ). If the calculated ;7 exoreds
7%, separate BRI should be recommendsd. Tn addition, statistical
differences hatween PV SD of each subgroup were verified since
separate Rls are reopmmended if the larger SD exceeds by 1.5
tmes the smaller S0, or whether larger SDlarger SD — smaller
SO i& less than 3. A p ovalue lower than 005 was considened
aatistically significant, and analysizs was performed wsng the
STATA-9.0 statistical package (College Stadon, TX).

Results

The meferenc: healthy population comprized 580 of the 3115
individuals presenting PV data. The socio-demaographic charme-
ieristics of this population are presented in Table T1L

Moaone than half of the studied population was men; abowt 80%
af the individuals were aged between 35 and 54 years and most
self-defined as being white, There was no statistical difference
between men and women with regard o oage distribution
{mean age of men =472 yeas SD =69 years, and mean age
of women = 47.9 years SD=§2 years).

The histograms with the diztribution of te MPV, PDW,
and P-LCR walues are presenied in Figure 1. As exhibied,
the parameters values dispersion is fairly close to a8 womal
dizmribution.

There were no statistical differences in the mean PYVI values
acoording to gender or age. The analysis based on self-declared
race/skin color showed that white individusk presented mean
MPV, PDW, and P~-LLCR values lower than those of individieals
self-declared black or pardo {mixed skin colorhoown; Table T

Mext, we performed a sensitivity analysis comparing the Rls
of PV obtained with and withowt the inclusion of individeals
reponting whacco and  alcohol wse and high BMI values
{=Mkg/m*), while maintaining the ather exclusion criteria
listed in Table 1. The aim was to identify whether or not these
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Tahle I Demographical charactiengics of the 585}
relerence ndhividuzsls.

—Frequency

Cherscleristics n %
Cender

Femzle 47 425

Male 333 57.41
Age group

35-54 years 465 BiL1T

=55 years 115 1953
Sell-rated race/<kin colar

Whike 7 4608

Pardim" 211 3638

Bladk 71 1224

(Hhers® 31 534
Schoaling

<11 years 40 1.06

11-14 yesrs 163 2810

=15 years 77 6454

" Brown’ or of mixed ool
Pneludes native mihigenows (n= 2}, Asian descend-
enl {n =14}, and musing miormaton (n=11%L

variahles could have an effoct on the PVI of the population
stdiod herein. Thus, we included 76 smoking and B6 obese
individualk who also fulfilled all the inclusion criteria shown in
Tahle 1 and companed with the data obtained for the mefierenoe
individueals. It should be mentionad that CLST recommends that
cach subgroup of pre-amalytical variables should be composed of
at least | 20 individuals [37] and owr sample was somewhat short
of this recommendation. Table I'V shows there are wo statistically
significant differences hetween these groups for all of the PV
parameters evaluated (MPY, PDW, and PLCR).

Among the 580 reference individuals, we identified 33 with
excessive aloohol intake. The remaining participants either did
et wse or made oocasional wse of aloohol Again, level of aleohaol
intake does mot seem to affect the PVI parameters evalwated
(Tahle TW).

Tahle WV shows the Rl for the PYV1 determined by non-
parametrical analysis for the neference individuals (7= 580, as
deseribed in Tahle T Following the HarrisBoyd statistical
approach [37], we calculsted z for PDW (=238) and MPV
{=2.71) and they did not exceed the critical value z¥ (=4 54,
while the P-LCR caloulated z (=4.94) was higher than z*.
However, the analysis of P-LCR SD values indicated that separate
RI iz ot necessany.

Discussion

Lahoratorial test wvalwes can vary depending on the eothnic
backgmund of & population, geographic location, age, gender,
dist, smoking, snd aloohol wse among other factors [37]
Pre-analytical variables, inchiding the prepamtion of the individ-
ual, sampling procedures, and manipulation of samples, besides
the metvod of analy sz, canalso have an impact in the laboratorial
test wahues, especially in PV For this meason, standardization
and contral for dese factors are fundamental in studies designed
to dewrmine BRIz for PVL Thiz sudy establishes the healty-
amwnciated Rls for PVT {MPY, PDW, P-LCR) in Brazilian adults
{35+ years) from the ELSA-Brasil smdy data using standard
pre-amalytical and amalytical factors according to the CLSI
recommendations [37].

The ELLSA-Brasil study data allowed an adequate selaction ofa
hezalthy reference sample bocase the cohant oollected infomiation
that included various sounces of hiological varation. Becmse
individealk with anemia, low platelet count and high serum
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Figure 1. Distribation curves for {A) FD'W ( plaielet digribution width) values; (B) MPY {mean platelet volume ) vales; {C) P-LCR (platelet large cell

ratiog values.

Table IT. Mean and 95% confidence intervals of platelet volume indices acoording gender, age group, and self-
raked racefonlor

Demographic variable MPY{fL) PIAV (ML) FLCR (%)
Gender
Malke (n=333) Mean (SD¥) 95% C1 1027 {080 12,19 ( L65) 27.12 (6.60)
10,1910, 346 1200-1237 26.41-27 83
Female (n=247) Mean (SD¥ 95% CI 1031 {0.86) 12,12 {L.70) 27.3% (133
10211042 1181-1233 26312818
P Value® 0579 0597 0812
o Vale® 0790 0401 0,983
Age proup {(yean)
35-54 (n = 465) Mean (SD) 95% C1 1029 {(.84) 1217 {L70) 27.13 (T06)
102110, 36 1201-1232 26.40-27.77
=55 (n=119) Mean (SD) 95% C1 1031 {0.76) 12,14 { 1L.56) 27,30 (629)
10171045 1186-12.43 26,028 56
p Value® 0796 0887 0,720
P Value® 0517 0977 0510
Racefskin cola™
White {n= 26T} Mesn (5D 95% CT 1020 {082} 1200 { L&1) 2640 (6.76)
101010, 30 11811219 25 682731
Othed® (=282} Mean (SD) 95% C1 103 {082} 1234 (L74) 27.94 (708)
103010, 49 12.14-1255 27.11-2877
o Value® 0007 0018 0015
P Vale® 0006 009 00z

MPV, mean plajelet volume; PDW, plaielet digrbuton widih; P-LCR, plielki-large cell raiio; ST, standand
deviation: (1 confidence interval.

*Self-declared raceskin color (information missing for 31 indvidualk).

"Black and Pardos {“Brown' o of mived coler).

°p Valie obtined by red for paameirical digribuation.
P Walue obizined by Kmuskal-'Wallis test for non-parameirical disribution.
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Table IV, Mean and 95% confidence intervals of plielet volume indices acoonding o pre-collection factors.

Pre-collection facior MPY {fL) POW ifL)  PLCR (%)
Current amoker (n =&56)
Mo (n= 580 Mean (SD3) 95% CT 1020 (082} 12,16 (1&T)  27.18 (691)
0.2-1036  1206-1230  26.6-2775
Yea (n="T6) Mean (SIN 95% CT 1002 (083 12208 (16400 27,13 (681)
10.13-1051  11.70-1245 25582860
p Value™ 0.741 0,669 0.955
7 Value® 0.701 0.0 1000
BMT {n=65)
<Ikgim® (n=S580) Mean (SIN 95% CT 1028 (082) 1206 (16T 27,18 (6.91)
10.2-1036  12.0-1230  26.8-2773
=0 kgl {n=18) Mean (8D 95% CT 10,32 (0813 12,15 (160 277 (691)
10.15-1050  11L.81-1250 26772924
P Valug™ 0731 0.959 0.472
P Value® 0.735 0,990 0.529
Exoessive aloohol conmmption™ {a=461)
Mo (n=428) Mean (SIN 95% CT 103 (0800 1221 (160 27.37 (673
10.3-1039  12.05-1236  26.73-2801
Yes (n=33) Mean (81N 95% CT 1004 (086) 1208 (175 259 (70T
084-10.45 11431247 23462847
p Valug® 0.251 0,589 0.9
P Value® 0227 0,465 0,245

PV, platelet volume indices; MPY, mean platelet wolume; PIIW, platelet diswribotion width; P-LCR, plae ki large
cell ratio; SD, standard deviation; CL, confidence interval; BML body mass index.
"Defined & more than 210 g alechol'wesk for men, and more than 140g ak chol/week for women.

Ep Value obizined by rest for parameirical disiribution

“p Walue obtained by te BEmskal-Wallis test for non-parametrical distrbution.

Table V. Reference intervals for the plaelet wolume indoes.

Reference interval
PV Median 25 percentile 97.5 percentle
MPFY (fL) 2 RO 118
PIYW (L) 1159 985 153
P-LCE (%) 6.1 1546 395

PV platelet volume indices; MPY, mean platelet volume; PIYW, platelet
distribution widt:; P-LCR, platelet-large cell ratio.

creatinine were not included in the sample studied, we managed to
exclude possible interference of analytical factors such as red
blood cell fragments, thrombocy topenia, and microcytosiz, which
are associated with higher MPV wvalues. The exclusion of
individuals who made use of continuous medication guamntees,
toa great extent, the exclusion of most chronic discases, including
thyroid and chronic obstructive pulmonary discases.

The selection of a reference sample of healthy individuals is
probably the biggest challenge in studies aimed at determining
Rl for biological analytes. Indesd, the use of convenience
populations such as medical stedents, blopd donors, or a
hospitalized population has been aiticized and rejocted because
of uncontrolled sclection factors that distinguish these subgroups.
Also, the use of an unequivocal ““golden standard”” of young and
healthy adults has been criticized because probably it iz not
representative of the general popul ation in which the pammeters
will be clinically employed [32, 37, #4],

Table V1 lists the published studics attempting to determine
Rl for PYI. Most of the studies concentrated on MPY intervals
[30, 32, 34, 36)], a couple included PDW Rils [31], one
concentrated on PDW [45], and none investigated P-LCR Ris.
Oz is the first to include all three PV pammeters to determine
healthy-assoaated Kls. PYI Rls vaned among the studies. This
may be explaned by differences in the population sdlection
criteria, im the pre-analytical factors, and in the analyzer
cquipment used. All studies used the standard anti-coagulant
EDTA. Platelet cxposure to EDTA for long pariods of time

msulis in distortions of its morphology, including progressive
expansion of the canaliculus system. This process can lead to
changes in shape and agglutination pattermn of the platelets [10, 22,
46). Thus, differences in the time interval between the collection
of samples and analysis may be cxplained in some of the observed
variation in P'V] Bls among publizhed studies.

The methodology employed by the analyzer may also help to
explain some of the Rl vanations. It has been suggested that MPY
obtained by the impedance method is time-dependent, with a
maximal variation within 2 hours of collection with EDTA [3].
Using the optical system, MPV results are approximately 10%
lower than those obtained with impedance. It is plausible that, in
the prscnce of EDTA, the shape and the permeability of
platelets” plasmatic membrane change, causing a dilution of their
cytoplasmic material with consequent decrease in optical density
[3, 13].

Genetic factors seem to have a considerable influence on the
heterogeneity of platelet indices. Studies in Eumpe found at least
12 loci in different chromosomes associated with MPV, indicating
an azsociation between MPY wvalues and the number of these
alleles (8] We found a statistical difference in MPY, PDW, and
P-LCR according to sclf-declared race'skin color. Self-declared
white individuals presented mean MPV, PDW, and P-LCR values
lower than those of individuals sclf-declared black or pardo
(mixed skin colorbmown). Mevertheless, specific meefskin color
meference mnges for PVI does not appear to be necessary for the
study population. Ditferences related to cthnicity/skin color are
hard to interpret inm Bmzil, probably because the Bmzilian
population is highly heterogenic, a result of five centuries of
great miscegenation of Ewropeans,  Africans, and  Native
Americans [47]. Most population genomes are mosaics of
different  filo-geogmphic  origins,  MNevertheless,  Bmzilian
Europecan ancestors predominate independently of the color
phenotype, ranging from 60.1% in the Mortheast to 79.5% in the
South of the coumtry [48]. As 8 msult, classifications based on
phenotype such as skin tone, eyes, hair, lips, and nose formats are
not adequate to determine the geographic origin of most Bazilian
ancestors [49]. Undoubtedly, it is very important to determine
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Table VI Reference intervak for plaelet indices in samples with EDTA from different sndies.

Population Reference intervals
Sudy N Country of origin Time" Equi piment Method MPY (L) PDW (L) P-LCR %
ELS A-Brasl 580 Braxi <2 hours  Sysmex XE-2100F Im BO9-118 96153 15.6-39.5
Zhang & Huang [34) 1139 China <2 hours  Sysmex XE-2100F Im 11.8* MNaA MNA
Lippd et al. [34) 1822 Tialy <2 hours  ADWVIA 2.120° Op 17" MNaA MNA
Sublashres et al. [33) 500 India <d hours  Sysmex KX-21° Im RO-1315 R9-1640 MNA
Chao at al [35) T4 Korea <2 hours  ATRVTA 2120° Op T1-48 NA NA
Diemdrin et al. (A011) 3% Turkey <6 hours  CD 3700 SL Tm 72117 NA NA
Farias et al. [45) 231 B =2 hours  AlmPentra 1207 Im NA 101179 NA
Wakeman et al. [50] 250 Undied Kingdom =1 hour Syamex XE-2100¢ Im 94-122 MNA NA
Van den Bosache [30] 3B Belgium <d hours  AlxPentra 1207 Im GA-100 NaA NA
Gen-5' T 76107 NA NA
SE-9500% Tm 94-129 MNaA MNA
CT-40er* Im & Op 69106 MaA MNA
AINTA 1XF Op 6407 MNA MA
Brummiit & Barker [31]) 12 Tndied Kingdom =1 hour AINTA 1XF Op G104 401658 NA

MFY, mean plaielet volume; PIW, platelet distributon width: P-LCR, plaielet larpe cell ratio; Im, impedance medwd; Op, optical meathod NA, data

nol avallahle,
*Time of inierval between collection of sample and analysis.
Eoyamex XE-2100 and KX21 (Sysmex, Kobe, lapn).
“ATATA 120 and 2120 (Bayer, Tarnyiown, NY)L
“Cell Dyn 3700 SL and 000 {Abboit Diagnosics, Sania Clara, CA)
Al Penira 120 | Abx, Monipellier, France ).
"Gen-§ (Coulter Electronics, Miami, FLJ.
ESE-9500) | Toa Medical Elecironics Co., Kobe, Japan).
*Only dats reganding MPV mean wene available.

reference values for every admuixed populations such as that
of Brazil, but future genetic studies will be necessary to fully
explain the differences observed in the present study megarding
PYI1 and ethniaty/skin color.

Mo =ignificant differences were found in the mean PV
according to sex. This finding agrees with some studies [30, 34,
35, 50] but contrasts with others [31, 33, 51, 52]. The explanation
for these discrepancies 1= not clear amd will need further
investigation.

An increase of MPY wvalues with age has been meporied
clsewhere [34, 35, 53], However, we did not find significant
difference in MPY in relation to age. This divergence may be
due to lack of power, as 80.2% of our study participants wene aged
35-54 years.

We tound that PVI means are not intluenced by pre-collection
factors such as smoking habit, obesity {BMI = 30), and alcohol.
The CLSI recommends that each subgroup of pre-analytical
varahles should be compozed of at least 130 individuals [37].
Homrever, our sample was somewhat short of this recommendation
with smoking (r="Th), obesity (n==56), and excessive alcohol
use (n=33), which may explain the absence of effect of the pre-
collection factors analyzed on the PV] parameters.

In any case, studies that correlate PV with these factors
are difficult to compare due to diversity of the populations
anatyzed. Markovic et al. did not find 2 relation between
MPY values and obesity or smoking habit in a population with
multiple nisk factors for cardiovascular discase |[]. De Luca
et al. also did not report any melation betaeen smoking and
increased mean MPV in patients with comnary disesse [33]
Om the other hand, Coban et al. observed higher MPV among
obese individuals and lower MPV after weight loss [55, 58]
Kario ot al. studied 142 eldedy individuals and found that
MPY and platel et count were ligher in smokers than non-smaokers
[57]. Ciancarelli et al. showed an increase in MPV  with
modemte consumption of wine [58]. To our knowledge, only
the study by Deminm et al. used aleohol consumption as an
exclusion oiterion for determining reference values for MPYV
pammeters [32].

Standardization of measurement procedures and the establish-
ment of healthy-associated PVI Rls are essential to be able to
support clinical decision-making from labormatorial test results.
These mtervals must be analyzer-specitic and variables such
as the anti-coagulant wsed and the tme between collection and
analysis must be standardized and controlled. Pre-collection
factors such as smoking, alcohol abuse, and obesity may mot
interfere with PW1 values, although further studies will be neaded
to establish this beyond doubt. The measurement of these indices
at the hascline of the ELSA-Brasil reported herein may contribute
to future efforts amming to evaluate whether PY1 values are
associated with clinical conditions in the Brazilian population.
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Abstract

Background: Platelet volume indices (PVI), an easy and
inexpensive surrogate measure of platelet function, have
been associated with cardiovascular diseases (CVD) and
their risk factors. However, resulis are conflicting because
of the lack of standardized procedures. The purpose of
this study is to imvestigate the relationship of PVI with the
Framingham risk score (FRS).

Methods: Basaline data (2008-2010) of 3115 participants
enrolled in the Prazilian Longitudinal Stwudy of Adult
Health (ELSA- Brasil) were nsed. FVI measurements were
strictly comtrolled. The cohort was distributed according
to risk factors and the general FRS was estimated. Mul-
tiple linear regression analysis was used to estimate the
association between PVI and FRS,

Results: Mean platelet volume (MFV), platelat distrilu-
tion width (PIA) and platelet large cell ratio (P-LCE)
independently correlated (p=0.01) with FRS after adjust-
ment for confounding variables, One unit increase in MPY,
PIW, or P-LCR increased the FRS by 0.59%, 0.40%, and
0.08%, respectively. Diabetics had higher (p<0.004) MPV,
PIW, and P-LCR, and hypertensive individuals had higher
(p=0.045) PDW and P-LCR.

Conclusions: Increased FVI was independently comrelated
with higher CVD risk based on the FRS, diabetes, and sys-
tolic hypertension. Prospective follow up of this cohort is
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warranted to confirm that PV is associated with the devel-
opment of CVIL

Keywords: cardiovascular disease; Framingham risk score;
mean platelet volume; platelet distribution width; platelets.

Introduction

Platelet pro-inflammatory and pro-thrombotic functions
play a key role in the development of atherosclerotic
plaques and in the formation of intra-arterial thrombi
Seeking to understand such mechanisms, many research-
ers have focused their interest on measuring platelet func-
tions [1]. Platelet function can be indirectly estimated from
platelet volume indices (PVI), which are easily obtained
with automated hematology analyzers [2]. These analyzers
provide platelet counts and other measurements, such as
mean platelet volume (MFV), platelet distribution width
(PTA) and plateletlarge cell ratio (P-LCH). Larger plate-
lets, when compared to smaller ones, are metabolically
and emzymatically more active, because they contain more
c-granules that release prothrombotic factors such as
P-selectin, adenosine diphosphate and f-thromboglobulin.
Additionally, they produce more thromboxane A2, and
exhibit elevated expression of adhesion glycoprotein (GP)
Th receptor as well as GP [Th and ITa [3].

Multiple factors determine platelet volume during
megakaryocytopoiesis and thrombopoiesis [4]. Throm-
bopoietin, the primary regulator of thrombopoiesis, and
cytokines such as interleukins 3 and & affect the ploidy of
megakaryocytes and can lead to the production of larger,
maotre reactive platelets [5]. Platelet age does not seem to
commelate with volume [6]. Under physiological condi-
tions, the number of platelets is inversely proportional to
MPV. Interestingly, thrombopoiesis is regulated to keep
a constant level of platelet mass. Previous studies show,
however, thatwhen the balance between platelet produc-
tion and depletion is lost, the primary response seems
to be the production of bigger, denser, and more reactive
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platelets [3, 7, 8]. In this case, higher MPV values act as a
marker of increased platelet turnover.

Genetic studies have identified the loci imvolved in
function, count and mean platelet volume; results from
these studies may help bring new insights to megakar
yocytopoiesis and thrombopoiesis regulation, [3-12].
Studies performed in Euwropean populations identified
at least 12 loci in different chromosomes associated with
function, volume and platelet count [2, 10]. Furthermore,
genetic variants, which affect platelets and MPV, have a
pleictrophic effect and are associated with mamy pheno-
types including ischemic heart disease [13].

Several studies have related cardicvascular diseases
(CVD) and their risk factors with FVI [8, 14-22). Yet, these
studies have conflicting results, probably because of
methodological differences and a lack of measurement
standards. Despite the relative ease with which platelet
indices can be obtained, clinical decision-making requires
standardization of FV] measurement procedures., Indeed,
studies have shown that pre-analytical factors such as
storage time, anticoagulant use, and the analysis method
itself can significantly interfere with these indices and ref
erence intervals [23-26].

Effective CV'D prevention depends on the identification
of asymptomatic individuals at rsk CVD risk is estimated
based on the presence of different risk factors and the
potential interaction between these factors, Due to the com-
plexity of these interactions, researchers have developed a
variety of clinical risk scores with the intention of improv-
ing cardicwvascular risk prediction. The general Framing
ham risk score (FRS) represents the most used score and
inchudes the variables age, total and high- density lpopro-
tein (HDL) cholesterol, systolic blood pressure, treatment
for hy pertension, smoking, and diabetes status [27].

Considering the important role of platelets in ath-
erosclerotic disease, and the fact that larger platelets are
more reactive and produce more prothrombotic factors,
it is biologically plausible that FVIs may provide useful
markers of cardiovascular risk. Our purpose in this study
was o inwestigate whether PVI measures are associated
with cardiowascular risk as defined by FRS, and to identify
which risk factors may influence this association.

Materials and methods
Population

The Brazilian Longitudinal Study of Adult Health (ELSA-Brasil) is the
first large multicenter cohort of adults in the country. Participants are

DE GRUYTER

government employees from universities and research institutions
located in six different states. The main ongoing ELSA-Brasil ohjec
tives are to imvestigate the incidence, progression and risk factors of
CVD and diabetes. All active or retired empl oyees of the institutions
imrohred aged between 35 and 74 years were eligible for the study.
Exclusion criteria included current or recent (<4 months prior to the
first interview ) pregnancy, intention to quit working at the institution
in the near future, severe cognitive or communication impairment,
and, if retired, mesidence cutside the metropolitan area of a study
center. All the participants of the cohort answered a comprehensive
questionnaire about their general health conditions, family health
issues, medication use, smoking, alcohol comsumption, physical
activity, and mental health, among other factors. In addition, they
were submitted to a series of clinical and laboratory tests. Baseline
examination was performed between 2008 and 2010. Follow-up and
ascertainment of disease ocowmence are curently conducted by
anmual phone interviews commencing in the second year of partici
pation. Repeated interviews and examinations ae conducted every
F-4 years thereafier The second part of the cohort was completed
in 2014, The research protoco] was approved by the Ethics Commit
tee of each participating institution and by the Mational Research
Ethics Committee. All participants signed an informed corsent that
included a permission for the storage of biological samples. Details
on study design and cohort profile can be found elsswhers [28, 29].

We used the baseline data (200@-2010) of 3115 govemment
employess aged 3574 from a university and a research institution
located in the state of Minas Gerais and enrolled in ELSA-Brasil, for
whom PV data were collected. Presence of OV Dwas defined based
on the repart of coronary evascularization and)'or medical diagno-
sis of my ocardial infarct and/ or stroke and/or heart failure Presence
of diabetes mellitus (DM) was defined as per the American Diabetes
Association or by the reported use of insulin or hypoglycemic medi
caticnidentifized in the bassline survey of the ELSA study. Presence of
hypertension was defined by the use of antibype rtensive medication
in the last 2 weeks or average systolic pressure =140 mmHg and/ ar
diastolic pressure =90 mmHg, obtained in three different measures
after 5 min of rest.

Ofthe 3115 participants, 241 were excluded because the interval
between blood collection and analysis was =2 h. Of the remaining
26874 individualks, 109 had a previous CVD diagmosis and thus were
not eligible for the FLS estimation [27].

Serum samples

Venous blood sampling was pefomed in the moming after 12-14 h
of fasting, following the Clinical and Laboratory Standards Insti
tute’s (CLST) Procedures for the Collection of Diagnostic Blood Speci-
mens by Venipuncture: Approved Standard [30]. Venipuncture was
performed with a scalpel for multiple vacuum collections, with the
application of a towmiquet for a maximum of 1 min,

Sampletubes containing the tripotassium salt of ethylenediami-
netetraacetic acid (EDTA) were identified with bar codes, and blood
samples were kept at room temperature until the PYT measuremants
were performaed The time between sampling and the test procadurs
was strictly contmolled to bewithin2 b In the presence of EDTA, MPY
increases in a time-dependent pattern, and the 2-h limit between col
lection and analyses obsarved in this study minimizes the undesir
able affects of EDTA on FVI estimates.
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The plasma/semam for biochemical analysis was stored at
—80 “C and sent to the central labomtary of ELSA Brasil located at
the University Hospital of the Unrersity of Sho Paulo [31].

Platelet volume indices analysis

PV Imeasurements were performed in E2100 D hematol ogic analyz-
ers (Sysmex, Kobe, Japan) that use impedance technol egy to estimate
particle count and volume. The quality of the resuls was validated
by internal quality procedures and by participation in proficiency
programs of the Brazilian Society of Pathology and Laboratory Madi-
cine and of the College of American Pathologists. An equivalence
test between the analyzens used was previously performed to ensure
the commutability of results [32]. Intra- and inter assay coefficients
of variation were <L6% & <2.2% for PV measurem ents, respectively.
All particles detected with sizes betwesn 2 and 30 L were
regarded as platelets. Based on this data, the platelet volume indices
were caloulated using the follow ing formulae: MPY (fLI= plateletcrit/
platelet count, with plateleterit being the ratio between the overall
violume of platelets and the cverall volame of blood in one indrdidual.
POW and P-LCR indices were obtained from the histogram of platelat
size distribution. PIW was defined as the distribution width at the
level of 2094, considering that the peak of the histogram is 100%6. The
percentage of platelets larger than 12 fL was defined as P-LCR.

Biochemical analysis

An auwtomated chemical analzer (AINIA Chemistry; Siemens,
Dearfield, IL, USA) was used to determine serum total cholesteral
and HOL chalesteral by the enzymatic colarimetric method as well
as fasting glucose and ghicose post-load by the hexokinase method

Glycated hemoglobin (HbA ) was measured by high pressure liquid
chromatography (Bic-Rad Laboratories, Hercules, CA, TISA]

Cardiovascular risk

The study population, the members of which had no previous diag-
nosis of CVD, was distributed according to their exposure to different
risk factors (age, sex, systolic blood pressume, total and HOL choles-
tenol, smoking, diabstes status, and use of antihypertensive madica-
tions). Their probability of having cardiosrascular events in 10 years
was estimated using the sex-specific equations of the general FRS

propossd by DA gosting etal. [27].

Statistical amalysis

Distributiors of the study variables are presented as frequencies
and mean and standard deviation (S0 of platelet count and P for
all participants were calculated. The Shapire-Wilk test was applied
to evaluate the nomality of the FVT distributions. In comparisons
betwesn subgroups with and withowt different risk factors of OV,
the EmskalWallis and Wilcoxon tests were performed because PVI
indices are not normally distibuted Additicnally, multiple linear
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regression analysis wasused to estimate the independent association
of PV T measures with the FRS, after adjusting for potential confound-
ars, i.e. variables that are not part of the FRS, but can increase CVD
risk and may be related to PV] measumes. The varahles entered in the
multiple regression analysis using the forwand appreach. Statistical
assumptions to peform multiple linear regressions were checkad by
residual analysis. pWalues lower than 005 were considered statisti-
cally significant and the analysiswas performed using the R soffware
vemsion .10 (Vierna, Austria).

Results

Table 1 shows the socio-demographic, behavioral, climical
and laboratory characteristics of the study population.

The median PV] measures, 1st interquartile and 2nd
interquartile values for the entire study population were,
respectively, 10,25 fL, 97 fL, 10.5 L for MPV; 12.0 fL, 11.0 fL,
13.2 fl. for POW and 26.9%, 2240, 31804 for P-LCR. Com-
parisons between subgroups with and without different
CVD risk factors included in the FRS showed that PVIwas
associated only with diabetes and systolic lypertension.
Diabetics had higher MPV (p=0.004), PDW (p<0.001), and
P-LCE (p=0.00Z) medians. A high median MFV was mar-
ginally associated with systolic hypertension (p=0.068),
whereas an association was observed for higher median
PDW (p=0.009) and P-LCR (p=0.045). No significant dif-
ference was observed between the groups regarding other
risk factors: age, smoking, total cholestercl, and HDL-
cholesterol. When comparing men and women, median
PDW was significantly higher among men, although no
sex differences were obsemved for MPV and P-LCR medians
(Table 2).

In the multiple linear regression analysis, MFV
(adjusted R*=0.084; p=0.013), PDW (adjusted R*=0.086;
p=0.001), and P-LCR {adjusted B=0.085; p=0.004) wers
independently associated with the FRES after adjustment
for education, skin color, alcohol use, and physical activ-
ity (Table 3. We observed that one unit increase in MFV,
PDW, and P-LCR increased the FRS by 0.59%, 0.40%,
and 08%, respectively. The set of variables included
in the multivariate model explained about 8% (adjusted
R*=0.08) of the variability of cardicwascular risk stratified
by FRS, regardless of the PVI evaluated.,

Discussion

Ourresulis show that increased PV measures areindepen-
dently associated with higher OVD risk based on the FRS.
Regarding the risk factors included in the FRS, the results
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Table 1 Baseline characteristics ofthe studied individuals.

Characteristics Participants
nmZETL
Sex (Female), n (%) 1482 (54)
Age group, n (%)
3544 years 577 (21)
45-54 years 1119041}
55—64 years B12(29)
£5-T & years 254 (%)
Self-rated race skin color, n (%)
White 1325 (a8)
Pardos® 265 (35)
Black 355(13)
Others® Te(3
Schooling, n (%)
Incomplete elementary school 119 (4]
Complete elementary school 139 (5)
Complete high-school BA5(31)
University degres 1639(59)
Smoking status, n (%)
Never smoked 1628 (59)
Farmer smoker BOO(29)
Current smoker 334012)
Arterial hypertension, n (%) 260(35)
Diabetes mellitus, n (%) 440 (16)
HOL-cholesteral, n (%)
Men <40 mgfdLi1.04 mmolfL); 514(19)
women < 50 mgfdL(1.30 mmalf L)
Taotal cholesteral, n ()
=240 mg/dL (6. 24 mmolfL) 586 (21)
Alcohol consumption, n (%)
Hone Fog9(24)
Moderate 1804 (65)
Ex cessiver 24T (9]
Py sical activity®, n (%)
Low 2054 (74)
Moderate 424(15)
High 271 (1)
Platelet, =103/ pl, mean (S0 2385(53.2)
MPY, L. mean (50) 10,33 (0.84)
PO, FL. mean (507 12.24(1.746)
P-LCR.%. mean (50 753 (7.068)

Mixed color. ®Includes native Brazilians and people ofAsian herit-
age. "Defined as more than 210 g alcoholfweek for men and mare
than 140 g alcoholfweek for women. Defined as perthe Interna-
tional Physical Act ity Questionnaire (IPAQ} Short Form, according
tothe IPAC Guidelines for Data Processing and Analy sis. MPV, Mean
plateletvolume; PIW, platelet distribution width; P-LCR, platelet-
large cell; HOL, high-density lipopratein. Some percentages do not
totalize 100% due to loss of information.

indicate that median FVI measures are higher among par-
ticipants with diabetes and systolic hypertension.
Systematic reviews and meta-analyses suggest that
MPFV is a potential biomarker for prognosis in patients
with manifest CVD [18]. The diagnostic accuracy of MFV in
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patients admitted to the emergency room with suspected
ischemic heart disease was analyzed, and the outcome
sugeests that MPV does not have enough accuracy for
efficient triage of patients when used as stand-alone test.
However, in combination with other markers, it might be
useful in screening for ischemic disease in emergency
services [20]. In addition, some smudies indicated that
increased MPV at admission is an independent predic-
tor of mortality and poor outcome following ST-segment
elevaton myocardial infarction treated with primary per-
cutaneous coronary intervention or thrombolytic agents
[7, 33, 34]. Sansanayudh et al. evaluated its use in cardio-
vascular risk stratification and risk prediction, and their
results showed that MPV may be helpful in risk stratifi-
cation. However, between-study varation was high and
broad heterogeneity was observed within studies, so com-
parisons have limited wvalue and reaching a conclusion is
difficult [5].

On the other hand, a large prospective study con-
ducted with 2 population in Italy used procedures of pre-
analytical standardization of PVI determination, storage
time and anticoagulant that were very similar to ours,
However, this previous work did not find that MPV was
a marker of platelet reactivity or a risk factor for coronary
artery disease (CAD) [I7]. PDW was also evaluated in the
study but similarly showed no correlation with the inci-
dence of CAD and carotid lesions [35]. More mecent work
evaluated whether the combination of MPV and PIRY
could improve prognostic information in the prediction of
prevalence and extent of CAD, However, the authors con-
cluded that the combination of MPV and PDW could not
e considered a risk factor for CAD [36].

The association of high PV1 values with systolic hyper-
tension and the presence of diabetes is consistent with
results reported by numercus authors [17, 22, F-40). In
diabetes, multiple factors are responsible for platelet acti-
vation and release of pro-inflammatory substances and
pro-thrombotic agents, such as systemic inflammation,
oxidative stress, altered calcium metabolism, decrease in
nitric axide bioavailability and increased phosphoryla-
tion of cellular proteins. Platelets from diabetic patients
are hyperactive, which can be explained by their greater
volume, In hypertension, increased platelet volume can
e explained by increased platelet activation, the second-
ary effects of renin-angiotensin systems, shear forces,
endothelial dysfunction and decreased bioavailability of
nitric cxide present in hypertensive patients [41].

We found no significant age or sex-related difference
in MPV and P-LCR values. Nonetheless, higher levels of
PDW were observed among men. These findings agree
with some studies, but differ from others [2, 7, 17, 21, 42].
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The explanation for these discrepancies is not clear
Perhaps these differences represent more of an analytical
variability than a biological one and require further inves
tigation. In relation to age, the divergence may be due to
the relatively small age variability lack of power among
our study participants, aged between 35 and 74 years.

Our results showed no correlation of PVI with dys
lipidemia and smoking in descriptive analysis. Several
studies investigating the relationship between MPV and
these same risk factors have reported conflicting results
[14-17, 21]. The findings in these studies are difficult to
relate to ours due to methodological differences such as
the diversity of the population, standardization of meas-
ures and analyses of indices,

The identification of FVI as a potential biomarker for
cardiovascular risk deserves special attention becanse of
its easy and inexpensive measurement. However, stand-
ardization of measurement procedures is crucial to study
design, becanse this may be the source of heterogeneity
and high PV variability in the literature,

Although the adjusted coefficients of determination
of the model were small, the model explained about 8%
of the variability of cardicwascular risk by FRS. Thus, we
cannot discount the possibility that PVI contributes to
VD risk prediction. CVD results from a complex multi
interaction of various risk factors, and platelets play a
key role in the pathogenesis of atherosclerosis. Larger
platelets produce more thromboxane and several studies
reported significant reduction of cardiowascular events
related to the use of agents, such as aspirin, which have
an inhibitory effect on platelet thromboxane production
[43). Recently, Pignatelli ot al., by measuring the urinary
excretion of 11 dehydro-thromboxane B2 in a large popu-
lation affected by non-wakmular atrial fibrillation, reported
the evidence that Mediterranean diet are associated with
reduced risk of cardicvascular events by inhibitory effect
in wivo platelet activation of Mediterranean diet compo-
nents [44].

Prospective follow up of this population will enable
the identification of new VD cases and will provide an
opporumity to estimate the predictive value of FVI meas-
ures in a large number of individuals., Therefore, two
issues are critical for the investigation of PVIs as biclogi-
cal markers of platelet reactivity: standardization of the
pre-analytical phase and the definition of an analytical
method of reference with greater precision and accuracy
of measurement.

In summary, our results show that increased FVI is
independently associated with higher CVD risk based on
the FRS, and is statistcally associated with diabetes and
systolic hypertension. It appears that the relationship of

Maluf et al: Platelet volume and cardiovascular diseaserisk — 7

PVI measures with the FRS is mostly due to their associa-
tion with diabetes and hypertension, which are part of the
FRS, Prospective follow up of this population may help to
clarify whether FVI is independently associated with the
development of VD and can add accuracy to CVD risk
stratification.
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6 CONSIDERACOES FINAIS

Este é o primeiro estudo a propor um intervalo de referéncia, para trés IVP (VPM,
PDW, P-LCR), em uma populacdo adulta brasileira sadia com adequada selecdo dos

individuos referéncia e padronizagdo metodoldgica.

A avaliacdo prévia dos interferentes pré-analiticos com padronizacdo dos procedimentos
de coleta, manuseio de amostras e do método analitico foi condi¢do fundamental para se
estabelecer os estudos com os IVP. A utilizacdo da populacdo do ELSA- Brasil permitiu
a exclusdo das principais situacoes clinicas e seus fatores de risco associados com VPM
aumentado, bem como potenciais interferentes analiticos como fragmentos de hemacias

ou microcitose, fontes de variacdo biologica conhecidas da literatura.

Estudos referentes aos VP em diversas condicGes clinicas sdo descritos ha pelo menos
duas décadas. Apesar disso, a aplicacdo clinica destes indices pode ser limitada se o0s
fatores relacionados & metodologia e aos interferentes pré-analiticos ndo forem
padronizados. A inclusdo desses indices na linha de base do projeto ELSA possibilitou
avaliar transversalmente a relacdo entre os parametros de volume plaquetario e o perfil
de risco cardiovascular. Além disso, permitird a avaliacdo prospectiva desses indices
com desfechos relacionados as doencgas cardiovasculares em participantes dessa coorte.

As plaquetas de maior volume sdo mais reativas e produzem mais fatores proé-
tromboticos. Considerando o importante papel das plaguetas na doenca aterosclerdtica é
biologicamente possivel que os IVP sejam (teis como marcadores de risco
cardiovascular. Porém, foi observado que o aumento nos valores dos IVP associa-se
estatisticamente com aumento da pressdo arterial e com a presenca de DM. Hipertenséo
arterial e DM séo dois importantes fatores de risco cardiovascular que fazem parte do
FRS. Assim, ha a possibilidade de que a associagdo encontrada entre os IVP e 0 FRS se
deva a sua associagdo com esses dois fatores de risco, que poderiam atuar como fatores

de confusao.
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Recente revisdo sistematica com meta-analise sugere que individuos com DM tendem a
ter valores VPM e PDW superiores sem diferenca na contagem de plaquetas’™. A
associacdo de altos valores de VPM e PDW com diabetes € consistente com 0s
resultados do presente estudo. Em diabéticos, véarios fatores sdo responsaveis pela
ativacdo plaquetéria e liberacdo de substancias pro-inflamatérias e agentes pro-
trombdticos, como: inflamacdo sistémica, estresse oxidativo, metabolismo do célcio
alterado, diminuicdo da biodisponibilidade do 6xido nitrico e aumento da fosforilagcédo
de proteinas celulares®. Além disso, as plaquetas de pacientes diabéticos parecem ter
uma vida média menor, em estudo de Watala et al., as plaquetas de individuos normais
apresentaram vida média de 13,4+ 4,8 dias e de pacientes diabéticos 8,2 + 3,8 dias,
podendo o VPM aumentado ser marcador de um maior turnover plaquetario nesses

818283 Muitos estudos mostram o aumento do VPM correlacionado ao

84,85,86

pacientes
aumento da hemoglobina glicada (HbAlc) , 0 que poderia ser explicado pela
expansdo osmética da plaqueta induzida pela hiperglicemia®. Todos esses fatores

podem explicar o maior volume das plaguetas no DM tipo 2.

O volume plaquetario parece ser mais elevado nos pacientes com hipertensdo arterial

sisttmica, conforme descrito por diferentes autores e observado no presente

7 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, 31:402-410

8 Gasparyan AY, Ayvazyan L, Mikhailidis DP, Kitas GD. Mean platelet volume: a link between
thrombosis and inflammation? Curr Pharm Des 2011;17:47-58.

81 Watala C, Boncler M, Pietrucha T, Trojanowski Z: Possible mechanisms of the altered platelet volume
distribution in type 2 diabetes: does increased platelet activation contribute to platelet size heterogeneity?
Platelets 1999, 10:52-60

#Mijovic R, Kovacevic N, Zarkov M, Stosic Z, Cabarkapa V, Mitic G. Reticulated platelets and
antiplatelet therapy response in diabetic patients. J Thromb Thrombolysis 2015, 40:203-210.

8 Watala C, Boncler M, Pietrucha T, Trojanowski Z: Possible mechanisms of the altered platelet volume
distribution in type 2 diabetes: does increased platelet activation contribute to platelet size heterogeneity?
Platelets 1999, 10:52-60.

8 Coban E, Bostan F, Ozdogan M. The mean platelet volume in subjects with impaired fasting glucose.
Platelets 2006, 17:67-69

% Demirtunc R, Duman D, Basar M, Bilgi M, Teomete M, Garip T. The relationship between glycemic
control and platelet activity in type 2 diabetes mellitus. J Diabetes Complications 2009, 23:89-94.

8 Shah B, Sha D, Xie D, Mohler ER, Berger JS: The relationship between diabetes, metabolic syndrome,
and platelet activity as measured by mean platelet volume: the National Health And Nutrition
Examination Survey, 1999-2004. Diabetes Care 2012, 35:1074-1078.

¥ Lippi G, Salvagno GL, Nouvenne A, Meschi T, Borghi L, Targher G: The mean platelet volume is
significantly associated with higher glycated hemoglobin in a large population of unselected outpatients.
Prim Care Diabetes 2015, 9:226-230.
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estudo®®°%. Nesse grupo o aumento do volume plaquetario pode ser explicado pela
maior ativacdo plaquetaria, secundaria aos efeitos do sistema renina-angiotensina, forca
de cisalhamento, disfuncdo endotelial e diminuicdo da biodisponibilidade do 6xido

nitrico, presente nos pacientes hipertensos®.

O seguimento prospectivo desta populacdo pode ajudar a esclarecer se os IVP
apresentam uma relagéo causal com DCV em grupos com e sem diabetes e hipertenséo

arterial.

A identificacdo do volume plaguetario como potencial biomarcador de risco
cardiovascular recebe atencdo especial pela sua facil execucdo e baixo custo. Porém,
além dos problemas relacionados com os fatores de confusdo que podem estar presentes
na andlise estatistica e a padronizacdo das medidas, outro ponto que merece ser debatido
¢ a variabilidade analitica dos métodos utilizados que podem impactar na significancia
clinica dos resultados. Baseada na variacdo bioldgica, segundo a Sociedad Espafiola de
Bioquimica Clinica Y Patologia Molecular®?, para atender a especificacio desejavel da
qualidade analitica, a medicdo do VPM deve apresentar o coeficiente de variacdo
(precisdo) menor ou igual a 2,1%; o erro sistematico (bias) menor ou igual a 2,3%; e
erro total menor ou igual a 5,8%. Para 0 PDW e 0 P-LCR ndo estdo descritos nas
diretrizes de controle da qualidade analitica as especificacGes da qualidade como séo
descritas para o0 VPM. Considerando os resultados do presente estudo, é possivel
observar que a diferenca dos valores do VPM entre o0s participantes sem e com diabetes
foi de 0,2 fL, valor este que é menor que o erro total permitido para o método analitico.
Assim, para que estes indices possam ser utilizados na prética clinica, serd necesséria a

melhoria dos métodos de medicéo.

% Boos CJ, Beevers GD, Lip GY. Assessment of platelet activation indices using the ADVIATM 120
amongst 'high-risk' patients with hypertension. Ann Med 2007; 39: 72-8.

% Inanc T, Kaya MG, Yarlioglues M, et al. The mean platelet volume in patients with non-dipper
hypertension compared to dippers and normotensives. Blood Press 2010; 19: 81-5.

% Kaya M, Yarlioglues M, Gunebakmaz o, Gunturk E, Inanc T, Dogan A, KalaY N, Topsakal R. Platelet
Activation and Inflammatory Response in Patients With Non-dipper Hypertension. Circulation 2009,
120:51062-S1062.

% Gasparyan AY, Ayvazyan L, Mikhailidis DP, Kitas GD. Mean platelet volume: a link between
thrombosis and inflammation? Curr Pharm Des 2011;17:47-58.

%2 Sociedad Espafiola De Bioquimica Clinica Y Patologia Molecular. Base de datos de Variacion
bioldgica: Disponivel em: <http://www.seqc.es/es/Sociedad/7/51/102.._/>. Acesso em 10 fev 2010.
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Especificamente, na avaliagdo do P-LCR, h& que se destacar que esse indice
corresponde ao percentual de plaquetas com volume superior a 12 fL, padronizado pelo
analisador hematoldgico automatico utilizado. O valor de 12 fL corresponde ao maior
valor de referéncia do VPM proposto pelo fabricante do instrumento. E possivel supor
que, se o analisador permitisse a utilizacdo do maior valor de referéncia do P-LCR
definido para essa populagdo, igual a 11,8 fL®, os resultados da avaliacdo da sua

associacdo com os fatores de risco estudados poderiam ser diferentes.

Concluindo, duas questbes se destacam como criticas para a utilizacdo dos IVP como
marcadores bioldgicos de reatividade plaquetéaria. A primeira seria a etapa pré-analitica,
relacionada com o anticoagulante EDTA utilizado em exames hematol6gicos e o tempo
entre a coleta e a andlise. Estes fatores certamente limitam a medicdo desses indices na
rotina de realizacdo de exames laboratoriais. A segunda questdo diz respeito a
imprecisdo das medidas realizadas, pois, 0s métodos atualmente disponiveis ndo sao
suficientemente sensiveis para mensurar as pequenas elevacdes do volume plaquetéario

nas diferentes condic@es clinicas em que estes parametros tém sido estudados.

% Maluf CB, Barreto SM, Vidigal PG. Standardization and reference intervals of platelet volume indices:
Insight from the Brazilian longitudinal study of adult health (ELSA-BRASIL). Platelets 2014; 0: 1-8.
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ANEXO A - ATA DO EXAME DE QUALIFICACAO

—
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ATA DO EXAME DE QUALIFICACAO DA ALUNA
CHAMS BICALHO MALUF

Realizou-se, no dia 16 de setembro de 2014, as 14.00 horas, a definir, da
Universidade Federal de Minas Gerais, a apresentacao do exame de qualficacao da
aluna CHAMS BICALHO MALUF, numero de registro 2012652250, intitulado
Correlagéo dos pardmetros de volume plaquelano com perfil de nisco cardiovascular
@ marcadores de doenga alerosclerotica em participantes do Estudo Longitudinal de
Saude do Adulto (ELSA) no Estado de Minas Gerais, perante a Comissdo
Examinadora composta pelos professores: Prof(a). Antonio Luiz Pinho Ribeiro
(UFMG). Prof(a). Daniel Dias Ribeiro (UFMG).E com a participagac dos professores
Prof(a). Pedro Guatimosim Vidigal - Onentador (UFMG) e Prof* Sandhi Maria Barreto
- Coorientadora (UFMG) como membros suplentes, Terminada a apresentacgéo, foi

considerada:
(}.aprovada ( ) reprovada
e, para constar, fol lavrada a presente ata que, lida e aprovada, val assinada pelos
membros da Comissao.
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Prof(a). Antonio Luiz Pinho Ribeiro ( Doutor ) ..‘%ﬁf#
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ANEXO B - A’PROVACAO DO PROJETO ELSA-BRASIL PELO
COMITE DE ETICA EM PESQUISA DA UFMG

Umiversidade Foderal de Minas Gerabs
Comité de Etica em Pesquisa da UFMG - COEP

Parecer n°. ETIC 186/06
Interesse: Prof. (a) Sandhi Maria Barreto

Depto. De Medicina Preventiva e Social
Faculdade de Medicina -UFMG

DECISAQ

O Comité de Etica em Pesquisa da UFMG - COEP, aprovou no
dia 28 de junho de 2006 o projeto de pesquisa intitulado “ELSA -
Estudo longitudinal da satde do adulto.” bem como o Termo de
Consentimento Livre e Esclarecido do referido projeto.

O relatério final au parcial devera ser encaminhado ao COEP um

ano apos o inicio do projeto

Profa. Dra. Maria Elena de Lima Perez Garcia
Presidente do COEP/UFMG
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ANEXO C - ATA DA DEFESA

UNIVERSIDADE FEDERAL DE MINAS GERAIS

UEMMG

PROGRAMA DE POS-GRADUAGAO EM PATOLOGIA

ATA DA DEFESA DE TESE DA ALUNA
CHAMS BICALHO MALUF

Realizou-se, no dia 14 de dezembro de 2015, as 14:00 horas, Sala 715 - Faculdade
de Medicina da UFMG, da Universidade Federal de Minas Gerais, a defesa de tese,
intitulada INDICES DE VOLUME PLAQUETARIO E RISCO DE DOENGA
CARDIOVASCULAR EM PARTICIPANTES DO ESTUDO LONGITUDINAL DE
SAUDE DO ADULTO (ELSA - BRASIL), apresentada por CHAMS BICALHO
MALUF, nimero de registro 2012652250, graduada no curso de MEDICINA, como
requisito parcial para a obtengdc do grau de Doutor em PATOLOGIA, a seguinte
Comissdo Examinadora: Prof(a). Pedro Guatimosim Vidigal - Orientador (UFMG),
Prof(a). Sandhi Maria Barreto - Coorientadeora (UFMG), Prof{a). Roberta Carvalho de
Figueiredo (UFSJ), Prof(a). Daniel Dias Ribeiro (UFMG), Prof(a). Sandra Guermra
Aavier (UFMG), Prof(a). Cristina Dickie de Castilhos (UFRGS).

A Comissdo considerou a tese:
{3) Aprovada

( ) Reprovada

Finalizados os trabalhos, lavrei a presente ata que, lida e aprovada, vai assinada por
mim e pelos membros da Comissao.
Belo Horizonte, 14 de dezembro de 2015.

h _.L_q.-r*[-'\ﬂ-)ﬁ A

Prof. }’edrn Guatimosim ‘nfdrga'l { Doutor )

— o

Prof{a). Sandhi Maria Barreto ( Doutora )

LS PR AL VTN L"L-w{nmhaﬁt
Prof(a). Roberta Canramn de Figueiredo ( Doutora )
\

Prn'{} Dariie Dms Ftibe:m i,‘*lf:t%tar

m,g e

Pmﬂa} Eanﬂra Guerra Xavier { Doutor )

1 ol a Y

Prof(a). Cristina Dickie de Castilhos ( Doutora )



48

ANEXO D - FOLHA DE APROVACAO

UNIVERSIDADE FEDERAL DE MINAS GERAIS
UFMG

PROGRAMA DE POS-GRADUACAO EM PATOLOGIA

FOLHA DE APROVACAO

INDICES DE VOLUME PLAQUETARIO E RISCO DE DOENGA
CARDIOVASCULAR EM PARTICIPANTES DO ESTUDO LONGITUDINAL DE
SAUDE DO ADULTO (ELSA - BRASIL)

CHAMS BICALHO MALUF

Tese submetida & Banca Examinadora designada pelo Colegiado do Programa de Pos-
GraduagBio em PATOLOGIA, como requisito para obtenglo do grau de Doutor em
PATOLOGIA, érea de concentragiio PATOLOGIA INVESTIGATIVA.

Aprovada em 14 de dezembro de 2‘01 5. pela banca constituida pelos membros:

- (i\ - L
Prof PodroGu.am)osun Vldul'.) Orientador
L GATE

Prof{a). Sandhi Maria Barreto - Coorientadorn
UFMG
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UFMG
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PRSH:)L Cnum Dickie de Casulbos
UFRGS

Belo Horizonte, 14 de dezembro de 2015,



