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RESUMO

Introducé&o: Aterosclerose é um processo inflamatério crénico iniciado no interior da
parede arterial em resposta a lipoproteinas oxidadas. O aumento da espessura
meédio-intimal carotidea (EMIc) contribui como fator de risco para doenca
cerebrovasculares. Objetivo: Investigar a relacdo de parametros clinicos,
bioquimicos e inflamatérios com medidas de EMIc, controlando as associa¢gfes para
fatores de risco classicos. Métodos: Levantamento transversal de pacientes com 60
anos de idade ou mais quanto ao uso de medicamentos para doencas cronicas,
perfil bioquimico e antropométrico, eventos circulatorios anteriores, histérico familiar
de doencas do aparelho circulatorio e principais aspectos do estilo de vida.
Realizadas medicdes da parede da artéria cardtida direita e esquerda. Foram
mensuradas concentracfes de mediadores inflamatérios por citometria de fluxo.
Resultados: Analise de correlacdo revelou associacdo dos niveis logaritmicamente
transformados das citocinas IL1[3, IL6, IL8, IL10 e TNFa com as medidas absolutas
de EMI da cardtida esquerda. Outros mediadores inflamatérios avaliados (IFNy, 1L2,
IL4, IL12p70 e IL17a) ndo mostraram associacdo com quaisquer das medidas de
EMIc. Comparagédo dos niveis circulatérios logaritmicamente transformados das
citocinas entre os individuos agrupados conforme tercis de espessura médio-intimal
da carotida esquerda confirmou correlacdo positiva com os niveis de TNFa e IL1[3,
com ajustamento necessario para HDL-c. Em regressdo logistica multivariada,
logioTNFa foi a varidvel mais preditiva para explicar a variagdo encontrara nos
valores de EMIc (R? = 0.209), que acrescida dos log:olL1B e logiolL6, nesta ordem,
responderam por 29,5% da variancia nas medidas do EMIc. Conclusdo: Nossos
resultados sugerem que niveis circulantes de IL1[3, IL6, IL8, IL10 e TNF apresentam
correlagdo com a EMI da carétida esquerda em individuos idosos.

Palavras-chave: aterosclerose, espessura médio-intimal, artéria carétida, citocinas.



ABSTRACT

Background: Atherosclerosis is a chronic inflammatory process within the arterial
wall initiated in response to endogenously modified structures, particularly oxidized
lipoproteins that stimulate both innate and adaptive immune responses. The
increasing of carotid intima-media thickness (cIMT) has been a strong predictor of
future vascular events. Objective: to investigate the relationship of a profile of blood-
carried inflammatory mediators with measures of cIMT in elderly subjects, taking
traditional risk factors into account. Methods: Clinical inspection for present and past
chronic conditions and events as well as biochemical and anthropometric
measurements were performed for patients aged 60 years or older in ambulatory
care. Scores of cIMT were obtained bilaterally in the distal common carotid artery
wall. Serum concentrations of ten different cytokines were assessed by bead-based,
multiplexed flow cytometry immunoassays. Results: Correlation analysis
demonstrated a significant level of association between log-transformed levels of the
cytokines IL1[3, IL6, IL8, IL10 and TNFa (P < 0.05) with raw IMT scores of the left
carotid. The other immune mediators investigated (IFNy, 1L2, IL4, 1L12p70 and
IL17a) showed not to associate with either cIMT scores. Accordingly, comparison of
the log-transformed circulating levels of the cytokines across the individuals grouped
in increasing tertiles of intima-media thickness of the left carotid artery confirmed a
positive correlation with levels of TNFa and IL1(3, with adjustment necessary to HDL-
c. Stepwise multivariate regression showed that logioTNFa was the first most
predictive variable in the model (R? = 0.209), which added to logolL1p and logsolL6
in this order accounted for 29.5% of the variance in scores of intima-media thickness.
Conclusion: Our results suggest that the logarithmically transformed levels of IL1[3,
IL6, IL8, IL10 and TNF independently correlated with the score of the left cIMT.

Keywords: atherosclerosis, intima-media thickness, carotid artery, cytokines.
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1. INTRODUCAO

A aterosclerose resulta de um processo inflamatério crénico no interior da
parede arterial, e que tem inicio principalmente em resposta as estruturas
endogenas modificadas, particularmente as lipoproteinas oxidadas. E amplamente
reconhecido que a estimulacdo por mediadores circulantes das respostas
imunoldgicas inata e adaptativa levam a uma maior alteragdo da parede vascular,
promovendo a progressdo da doenca e complicacdes “ 2, com evidéncia de que o
desequilibrio entre os fatores pr6- e anti-inflamatérios desempenham um papel
critico na disfuncdo endotelial vascular precoce® *.

A aterosclerose afeta artérias grandes e médias, de natureza elastica e
muscular. A grande preocupacdo que envolve 0 seu surgimento e progressao
consiste na possibilidade de ocorrer trombose ou estenose grave nas artérias,
levando a eventos adversos que podem ameacar a vida, como o infarto agudo do
miocéardio, o acidente vascular encefalico, danos isquémicos para 0S rins e
intestinos, além de outras manifestacdes clinicas de desordens vasculares®.
Portanto, evitar a morte e a morbidade por causas circulatérias justifica o grande
interesse na identificacdo de pacientes de alto risco, mesmo em condi¢cao
assintomatica °.

A este respeito, técnicas de imagem constituem uma ferramenta ndo invasiva,
segura e acessivel que fornecem informacfes valiosas sobre leitos circulatérios
periféricos, tais como as artérias carotidas, em que a identificacdo de aterosclerose
subclinica pode melhorar a estratificacdo de risco para o desenvolvimento de
eventos cerebrovasculares’ 8. Para tanto, tomamos como evidéncia o fato de que o
aumento na espessura da camada médio-intimal (EMI), da ordem de 0,1 mm, pode

por si s6 oferecer uma contribuicdo relevante para o inicio do acidente vascular



encefélico (AVE) (risco relativo = 1,17)°. A literatura atual, por vezes, aponta as
caracteristicas morfolégicas da carétida como fortes preditores de futuros eventos

vasculares® 1 1112,

2. OBJETIVO

2.1 GERAL

Investigar a relacdo de um painel de marcadores inflamatorios
circulantes com caracteristicas clinicas e bioquimicas tradicionais de relevancia
para eventos vasculares, bem como com as avaliagdes de imagem das artérias
carotidas.

2.2 ESPECIFICO

A avaliacdo da associacdo entre as variaveis supracitadas permitira as
seguintes analises e desfechos clinicos:
o avaliar o espessamento médio-intimal, testando a associacdo deste
fator de risco para eventos vasculares com 0s niveis circulantes de
citocinas eleitas para estudo, e corrigindo as analises para as demais

caracteristicas clinicas e bioquimico-metabdlicas da amostra.

3. MATERIAIS E METODOS

3.1 AMOSTRA

Pacientes consecutivos néo institucionalizados, com 60 anos de idade ou
mais, sem sintomas de aterosclerose severa, foram incluidos entre 2011-2013 em
dois ambulatoérios de clinica geriatrica localizados na area metropolitana do Distrito
Federal, Brasil, para avaliagdo dos determinantes dos transtornos circulatérios. Os
ambulatoérios clinicos foram o Servico Geriatrico do Hospital da Universidade

Catdlica de Brasilia (HUCB) e o Centro Multidisciplinar do Idoso do Hospital da



Universidade de Brasilia (UnB), que recebem pacientes com caracteristicas
séciodemograficas semelhantes.

Os pacientes admitidos no HUB foram encaminhados para o HUCB para a
avaliacdo inicial e seguimento, em prol do desenvolvimento de protocolos clinicos e
prestacao de cuidados homogéneos, realizados pelo mesmo corpo clinico. O critério
de inclusdo consistiu na procura espontanea por cuidado preventivo para eventos
circulatorios. Como critérios de exclusdo para integrar estas analises: (i) doenca
autoimunolégica, (i) neoplasias de qualquer tipo, atuais ou passadas, (iii) doenca
pulmonar grave, (iv) doenca renal sintomatica ou assintomatica cronica grave
(depuracdo da creatinina de 25 ml /min/ 1,73 m?), (v) infeccBes cronicas ou
recorrentes, (vi) doenca do figado, definida por alteragBes nos testes de funcgéo
bioquimica e /ou exames de imagem compativeis com doenca hepética grave, (vii)
insuficiéncia cardiaca (fragdo de ejecdo <50%). Nao houve busca ativa de pacientes
com qualquer condicao particular.

O projeto foi aprovado pelo Comité de Etica e Pesquisa da Faculdade de
Medicina da Universidade de Brasilia, oficio 061/2011 (anexo 1). Todos o0s

participantes assinaram termo de consentimento livre e esclarecido (anexo ).

3.2  AVALIACAO CLINICA E BIOQUIMICA

A avaliacdo clinica de cada paciente constituiu na investigacdo da presenca
de diabetes mellitus e hipertensdo arterial, uso continuo de medicamentos para
condicdes crbnicas (anexo lll), eventos vasculares prévios como infarto do miocardio
ou cerebrovascular, historico familiar de doencas circulatérias e aspectos do estilo

de vida como sedentarismo e habito de fumar.



Praticantes de exercicios fisicos foram os que exibiram 30 minutos ou mais de
exercicios de qualquer modalidade durante pelo menos quatro dias por semana,
enquanto que o habito de fumar foi definido como consumo de >100 cigarros ao
longo da vida. Para a analise metabdlica, as seguintes medidas foram obtidas de
acordo com a bioquimica clinica de rotina: glicemia, hemoglobina glicosilada
(HbA1c), insulina, colesterol total e fragfes, triglicérides, proteina C-reativa de alta
sensibilidade, o indice HOMA, TSH e homocisteina. Na analise antropométrica foi
avaliado o indice de massa corporal (IMC, em kg /m?) e circunferéncia da cintura

(cm).

3.3 MEDIQf)ES DA CAMADA MEDIO-INTIMAL CAROTIDEA

A espessura médio-intimal carotidea (EMIc) foi avaliada de forma nao
invasiva em todos o0s pacientes por ultrassom de alta resolugdo usando o
equipamento Philips (modelo IE 33) com um transdutor linear de 3-9 MHz.

As medi¢cbes da EMIc foram realizadas bilateralmente na parede da artéria
carotida comum distal do bulbo e na origem da artéria carétida interna, por programa
automatizado de deteccéo de bordas que é capaz de mostrar o valor maximo médio
de 150 medi¢des de qualquer seguimento de 10 mm. O valor maximo da EMiIc foi
mensurado manualmente como a média de trés medi¢des independentes.

Todos os procedimentos clinicos e de avaliagdo das imagens foram

realizados no HUCB e por mesmo observador.

3.4 PAINEL INFLAMATORIO



No momento da avaliagdo bioquimica, foi feita coleta de sangue total venoso
e obtidas amostras de soro, que foram mantidas congeladas a -80 °C até serem
descongeladas para a avaliacdo dos mediadores imunoldégicos.

As concentragbes das citocinas foram obtidas por citometria de fluxo usando
sistema multiplex com dois sets de imunoensaio baseado em esferas, a saber,
Human Th1/Th2/TH17 e o Human Inflammatory, ambos produzidos pela empresa
BD Biosciences® (San Diego, CA, USA).

Os procedimentos em laboratorio seguiram os protocolos fornecidos pelo
fabricante dos kits. Os kits juntos produziram medi¢cbes para dez mediadores
circulantes diferentes, a saber: interleucinas(IL)-1p, IL-2, IL-4, IL-6, IL-8, IL-10, IL-
12p70, IL-17A, interferon gama (IFNy) e fator de necrose tumoral alfa (TNF-0).

Os padrdes de citocinas liofilizadas e as amostras de soro foram processados
juntamente, seguindo protocolo do fabricante, e os resultados obtidos utilizando o
citobmetro de fluxo BD FACSCalibur, canal FL4.

Os dados foram analisados usando o software FCAP software, versédo 3.0
(BD Biosciences®, San Diego, CA, USA). A curva padrdo para cada citocina foi
gerada utilizando padrao do mediador fornecido no kit. A concentragcdo em cada

soro foi determinada por interpolagao a partir da curva padréo correspondente.

3.5 ANALISE ESTATISTICA

Para alcancar o objetivo de avaliar a ocorréncia e a forca da associagcéo entre
os niveis dos mediadores inflamatérios e as medidas do EMI da car6tida, nossas
analises estatisticas comegaram com a obtencéo de coeficientes de correlagdo entre
estas variaveis e as variaveis (continuas e categdricas) antropométricas, clinicas e

bioquimicas com potencial efeito de confudimento no modelo principal. Para isso, a



distribuicdo normal de todas as varidveis foi avaliada pelo teste de Kolmogorov-
Smirnov e, sempre que necessario e possivel, transformagfes logaritmicas foram
aplicadas para se conseguir uma distribuicdo mais préxima da normalidade.

A associagdo entre as variaveis continuas foi avaliada pelo teste de
correlacdo de Pearson, enquanto que o envolvimento de uma variavel categérica no
modelo foi tratado usando o teste homélogo de Spearman. Para estas analises, a
presenca ou auséncia de uma caracteristica foi representada por 1 ou O,
respectivamente. Sempre que uma interacdo foi notada, analises de correlacao
parcial foram realizadas utilizando o ajuste para as variaveis de confudimento ou
condicdes. Para as andlises de correlacdo, um valor de P (bicaudal) foi considerado
significativo conforme o principio de correcdo de Bonferroni para comparacdes
multiplas, segundo o qual se uma dada caracteristica € testada contra k variaveis
independentes, o nivel de significancia deve ser ajustado a razdo do k de testes
realizados (se k = 10 testes, .. a =0,005).

Além disso, a analise de variancia foi utilizada para testar se as
concentragfes de citocinas logaritmicamente transformadas variaram entre os tercis
das medidas do EMIc na amostra, com ajuste para co-variaveis, e P < 0,05 como
limite de significancia. Por fim, andlise de regressdo multipla linear, método stepwise,
foi realizada para avaliar em que medida as concentracdes séricas dos mediadores
inflamatorios explicavam a variabilidade dos valores de EMIc.

Todas as andlises foram realizadas com programa Statistical Package for the

Social Sciences (SPSS) para o Windows (verséo 17.0).



4 RESULTADOS

Foram analisados dados de 168 pacientes admitidos entre 2011 e 2013
guanto a aspectos clinicos e inflamatérios. A Tabela 1 apresenta as caracteristicas
antropométricas, cinicas e metabdlicas da amostra. O perfil geral dos pacientes é
compativel com disturbios metabdlicos limitrofes, com uma alta prevaléncia de casos
de hipertensos, diabéticos e sedentarios. Além disso, eventos cardiovasculares
anteriores ndo foram raros na amostra como ilustrado por casos prévios de acidente
vascular encefalico (<10%), infarto agudo do miocérdio (<5%) e doenca arterial
coronariana (<2%).

Primeiramente, a andlise de correlagdo dos niveis séricos brutos das citocinas
e das medidas da EMI da cardtida direita e esquerda por todas as caracteristicas
categoricas clinicas e de saude ndo mostrou associagdo dos mediadores imunes e
da arquitetura artéria com qualquer condi¢éo prévia de risco para o aparecimento de
doencas cardiovasculares ou com aspectos que modulam ou tratam essas
condicbes (p> 0,005) (Tabela 2). A analise de correlacdo dos niveis
logaritmicamente transformados do painel de citocinas e do EMI pelas
caracteristicas clinicas e bioguimicas continuas demonstrou correlacdo e nivel de
significancia entre o HDL-C com Logi0lL1p (P <0,001), bem como com LogiolL6 (P
<0,004). No entanto, nenhuma destas ultimas caracteristicas mostrou correlacao

com os valores brutos do EMI da cardétida direita e esquerda (Tabela 3).



Tabela 1. Variadveis antropométricas, clinicas e metabdlicas da amostra.

Variaveis Valor

n, sujeitos 168
Homens, % 39,9
Idade, anos 73,1+9,0
IMC, kg.m 27,7+5,3
Circunferéncia Abdominal, cm 974 +115
Glicemia, mg.dI* 103,2 + 27,7
HbAlc, % 59+1,0
Insulina, mUl/mL 9,3+10,0
indice HOMA index 26+38
DM2, % 22,6
Colesterol Total, mg.di™ 193,4 + 39,9
VLDL-c, mg.di™ 29,8 +15,2
HDL-c, mg.dl* 48,1 +10,9
LDL-c, mg.dI* 115,3 + 33,7
Triglicérides, mg.dI™ 141,2 + 64,7
Pressao Sistolica, mm Hg 134,8 + 19,5
Presséo Diastélica, mm Hg 806 +111
Hipertensos, % 77,4
PCR, mg/dL 35+5,6
TSH, mIU/L 25+22
Homocisteina, pmol/L 12,8 + 8,8
AVE prévio, % 9,5

IAM prévio, % 4.2
DAC prévia, % 1,8
Sedentarios, % 60,7
Fumantes, % 36,9
EMIc direita, mm 1,36 + 1,63
EMIc esquerda, mm 1,21 +1,13

Dados expressos como média + desvio padrdo para variaveis continuas e frequéncias

relativas para variaveis categoricas. IMC = indice de massa corporal; HbAlc = hemoglobina
glicada Alc; HOMA = Modelo de avaliacdo homeostatico; DM2 = diabetes mellitus tipo 2;
VLDL-c = lipoproteina de muita baixa densidade; LDL-c = lipoproteina de baixa densidade;
HDL-c = lipoproteina de alta densidade, PCR = Proteina C reativa; TSH = horménio de
estimulacdo tiroidiana; AVE = acidente vascular encefélico ; IAM = infarto agudo do

miocardio; DAC = doenca arterial coronariana; EMIc = espessura médio-intimal carotidea.



Tabela 2. Andlise de correlacdo dos valores brutos séricos das citocinas e das medidas absolutas de EMIc com

categoricas clinicas e de salde na amostra a admissao.

caracteristicas

Clinicos Saude
Sexo DM2 PAS AVE IAM Fumante Sedentario anti PAS  AntilipEMI  anti DM2
droga c droga droga

IFNy ,090; ,266  -,070;,382 ,107;,182 ,066;,410 -,056; ,487 ,155; ,055 ,076; ,344 ,053;,511 ,074;,361 -,058;,476
IL1B -,013;,869 ,017;,834 -077;,326 -,091;,250 ,016;,844 ,082; ,304 ,025;,751 -,089;,259 ,001;,992 ,035;,654
IL2 ,061;,450 -,054;,503 ,057;,477 ,096;,231 ,056;,487 ,122; 131 ,099; ,217 ,032;,692 -,000;,997 -,097;,229
IL4 ,022;,783 -,031;,697 ,049; 543 ,001;,991 -,013;,868 ,102; ,208 ,083; ,304 ,066;,413 ,068;,402 -,051;,526
IL6 ,087;,270  -,135;,085 -,155;,048 -,071;,369 ,127;,107 ,002; ,981 ,089; ,257 -,153;,052 ,145;,064 -,039;,620
IL8 -,050; ,523  ,032;,683 -,025;,755 -,057;,470 ,123;,118 -,003; ,968 ,025;,750 -,001;,991 ,002;,983 ,066;,399
IL10 ,123;,118  ,038;,630 -,066;,401 -,101;,200 ,002;,980 ,003; ,972 ,044; 575 ,004;,963 -,126;,109 ,061;,439
IL12.p70 -,033;,680 -,023;,766 -069;,384 -,162;,022 ,033;,675 -,011; ,890 -,002;,978 -,054;,492 -200;,011 ,007;,926
IL17a -,020;,801  ,010;,905 ,118;,143 ,009; 910 -,056;,484 ,104; ,198 ,128;,111 ,108;,181 ,073;,362 -,070;,383
TNFa ,120;,128  -,084;,289 -,044; 579 -,144;,066 ,013;,869 ,110; ,164 ,135;,085 ,014;,854 -,027;,728 -,022;,776
EMIc direita -,037,,708  ,091;,358 116;,245 ,180;,068 ,089;,370 ,077;,044 108; 277 ,220;,026 ,076;,443 ,062;,537
EMiIc esquerda -,010;,922  -,034;,745 -049;,637 ,246;,016 ,098;,341 ,090; ,389 ,245; 016 -,050;,629 ,037;,724 -,060;,559

Resultados de teste de correlacdo de Spearman. Dados expressos em indice de correlacdo e de significancia (r; P). DM2 = diabetes mellitus

tipo 2; HAS = hipertensao arterial sistémica ; IAM = infarto agudo do miocérdio; IFNy = interferon gama; IL = interleucina ; TNFa = fator de

necrose tumoral alfa; EMIc = espessura meédio-intimal carotidea.



Tabela 3. Andlise de correlagdo dos niveis séricos logaritmicamente transformados da citocinas e das medidas absolutas de EMIc

com caracteristicas clinicas e bioquimicas de natureza continua na amostra a admissao.

Clinicos Bioquimicos
Idade CA PAS PAD CT VLDL-C HDL-c TGL HOMA HbAlc
Logio IFNy ,046; ,568 -,011;,894 098;,223 ,087;,282 -,022; ,785 ,063; ,438 -,115;,153 ,086;,288 ,058; ,477 -,030;,716
Logyo IL1B ,091; ,251  ,012;,880 ,078;,325 ,037;,641 ,154; ,050 ,076;,339 ,247;,001 ,094;,232 ,029;,717 ,015;,851
Logye IL2 -,044; 587  ,040;,623 ,009;,914 ,067;,404 -,006; ,942 ,006; ,945 ,010;,902 ,063;,432 -,006;,939 -110;,177
Logy, IL4 -,069;,392 061, ,456 119;,138 ,155;,053 -,002; ,984 ,102;,207 -,037;,645 ,122;,128 ,025;,758 -,049;,151
Logy, IL6 ,073;,353  -,089;,262 -104;,185 -,074;,348 ,069; ,384 -136;,084 ,218;,004 -132;,094 -177;,025 -167;,036
LogyelL8 ,138;,078 -,002;,983 ,034;,669 -,032;,688 ,062; ,435 -,002;,979 ,110;,164 -,022;,779 ,017;,830 -,014,;,860
Logy, IL10 -,020; ,800 ,014;,862 ,024;,765 ,043;,587 ,182;,020 ,089; ,258 ,127;,108 ,140;,075 ,064;,426 ,085;,290
Logy IL12.p70 -,111;,080 ,024;,763 ,070;,378 ,062;,429 ,150; ,055 ,092; ,246 ,087;,270 ,095;,226 ,001;,993 ,072;,369
Logye IL17a ,056; ,491 -,062; ,443 | 115;,154 ,132;,104 -,059; ,466 ,055; ,501 -,042;,606 ,087;,279 ,006;,940 ,006;,939
Log;o TNFa ,077;,328  ,044; 583 ,032;,689 ,015;,846 ,108; ,177 ,048; 544 179;,022 ,071;,365 -,063;,430 -,068;,399
EMIc direita ,196; ,048 -,105;,293 ,014;,886 ,028;,781 -,094; ,344 -,084;,400 ,094;,346 -,067;,502 -,013;,902 -,061;,548
EMIc esquerda ,229;,025 -,094;,365 ,032;,757 ,066;,521 ,054; ,600 -,024;,813 ,116;,262 -,011;,917 ,078;,459 -,049;,641

Resultados de teste de correlacdo de Pearson. Dados expressos pelo indice de correlagdo e nivel de significancia (r; P). CA = circunferéncia

abdominal; PAS = presséo arterial sistélica; PAD = pressao arterial diastélica; CT = colesterol total; VLDL-c = lipoproteina de muita baixa

densidade; HDL-c = lipoproteina de alta densidade; HOMA = Modelo de avaliacdo homeostéatico; HbAlc = hemoglobina glicada Alc; Log =

dado logaritmicamente transformado; IFNa = interferon gama; IL = interleucina ; TNFa = fator de necrose tumoral alfa; EMIc = espessura

médio-intimal carotidea.



Na andlise de correlagdo entre os niveis circulatérios logaritmicamente
transformados das citocinas e dos valores brutos das medidas da EMic, os
mediadores imunes IL1[3, IL6, IL8, IL10 e TNFa demonstraram nivel de significancia
de associacao positiva (P < 0.005) com as medidas do EMI da car6tida esquerdo,
mas nao com o direito. Os outros mediadores imunes logaritmicamente
transformados (IFNy, IL2, IL4, IL12p70 e IL17a) ndo apresentaram associagdo com

nenhuma das medidas da EMIc.

Tabela 4. Analise de correlacdo entre os niveis circulatérios logaritmicamente

transformados das citocinas e valores brutos das medidas da EMIc na amostra a

admissao.
EMic
esquerda direita
Logsol FNy ,113; ,292 ,175; ,088
Log:olL1B ,443; <,001 ,185; ,065
LogielL2 ,188; ,078 ,155; ,132
LogiolL4 ,146; ,172 ,085; ,408
L0giolL6 ,330; ,001 ,062; ,541
Log;o IL8 ,291; ,005 ,171; ,089
Log;olL10 ,348; ,001 ,135; ,181
Logi0lL12.p70 ,132; ,208 -,177; ,079
LogielL17a ,124; 247 -,240; ,019
LogioTNFa ,505; <,001 -,248; ,013

Resultados de teste de correlacdo de Pearson. Dados expressos como indice de correlacao
e nivel de significancia (r; P). Log = dado logaritmicamente transformado; IFNy = interferon
gama; IL = interleucina; TNFa = fator de necrose tumoral alfa; EMIc = espessura médio-

intimal carotidea.

Assim, a comparacgéo dos niveis circulatorios logaritmicamente transformados

das citocinas em todos os individuos agrupados em tercis de aumento com o



espessamento meédio-intimal da carétida esquerda confirma correlacédo positiva com
os niveis de TNFa e IL1[3, ajustados para HDL-c (Figura 1), enquanto IL6, IL8 e IL10
nao alcangaram diferenga significativa em todos os tercis com esta abordagem. E a
regressdo multivariada passo a passo confirmou que LogioTNFa foi a variavel mais
preditiva do modelo (R* = 0.209), o que acrescida dos logiolL1B e logilL6 nesta

ordem responderam por 29,5% da variancia das medidas da EMlc.

09 { P=0025

0.8 A

0.7 A

Log,,TNFa

0.6 A

0.5 A

05 {4 P=0041

04 -

0.3 -

T

01 -

Log,,IL1B

Tercis de EMlIc esquerda

Figura 1. Comparacdo entre os niveis circulantes logaritmicamente transformados

de TNFa (A) e IL1B (B) de individuos agrupados em tercis de espessura médio-



intimal da artéria carotidea esquerda. Significancia verificada por ANCOVA ajustada
para o HDL-c. As barras verticais representam o intervalo de um erro padréao.



5 DISCUSSAO

Procuramos neste trabalho investigar a relacdo das caracteristicas clinicas e
bioquimicas, das medidas de saude e das caracteristicas inflamatérias com um
aspecto importante da morfologia carotidea, e encontramos que 0s niveis
logaritmicamente transformados das citocinas IL1[3, IL6, IL8, IL10 e TNFa foram
independentemente correlacionados com a medida da EMI da car6tida em seu ramo
esquerdo. Nossos resultados reforcam o posicionando que sugere o envolvimento
de um conjunto de citocinas circulantes pré-inflamatérios no processo
arteriosclerotico deste leito vascular encefalico. Curiosamente, ndo encontramos
correlagdo com as outras variaveis clinicas e bioquimicas ou de saude avaliadas
aqui com a morfologia carotidea.

Ao apontar para uma possivel participacdo das citocinas no processo
aterosclerdtico carotideo, nossos achados vdo ao encontro de estudos
epidemiologicos em que pacientes com doencgas inflamatdrias crénicas, como artrite
reumatoide (AR), apresentam risco significativamente maior de desenvolver doenca

arterial coronariana em comparacdo com a populacdo em geral®®

, apresentando
também uma maior espessura das paredes carotideas'®. Ademais, corroboram
também o fato de mediadores inflamatérios como TNFa e IL6 (este ultimo como
resultado usual da producéo de TNFa) estarem significativamente associados com a

15; 16

aterosclerose prematura na artéria carétida , independentemente de fatores de

risco tradicionais®” 8.

Pelo exposto, ndo causa estranheza de que o0 uso de
antagonista de TNF-a melhorou a funcéo endotelial e produziu reducdo de EMI
carotidea de pacientes com AR® 202,

Evidéncias de que IL1[ desempenha um papel importante na aterosclerose

também estdo disponiveis na literatura. Sendo sintetizada pelas células endoteliais,



células musculares lisas vasculares (VSCM) e macréfagos, IL13 pode induzir a
producdo de outras citocinas, ativacdo de células endoteliais, aumento da
permeabilidade vascular e proliferacéo das préprias VSMC %% %, A falta de IL1B em
ratos deficientes em ApoE reduz lesdes aterosclerGticas, ao passo que sua
expressdo aumentada desencadeou a expressdao aumentada da molécula de
adeséo intercelular-1 (ICAM-1) e da proteina quimiotactica de mondcitos-1 (MCP-1)
no endotélio de aorta, possivelmente resultando em aumento de recrutamento de
mondcitos/macréfagos para a camada intima®*.

No conjunto de citocinas que apresentaram correlagdo com a EMI da carétida,
IL10 consiste na Unica que apresenta propriedades anti-inflamatérias. O aumento da
producédo enddgena de IL10 reduz a extensdo e/ou a gravidade de aterosclerose e

estabiliza fenotipos ateroscleréticos vulneraveis® 2°

. IL10 desempenha um sistema
de controle importante, havendo relatos de que LDL-c oxidado induz sua producéo,
o que diminuiria a liberacéo de citocinas inflamatérias, desenvolvendo assim fungdes
imunoregulatérias de modo a impedir a resposta inflamatéria excessiva e processos
fibréticos associados?’. Corroborando com a ideia de seu papel na modulacdo da
resposta inflamatéria, modelo de camundongos deficientes de medula demostrou
que a expressdo de IL10 por leucocitos preveniu o desenvolvimento de lesdes
aterosclerdticas avancadas e desempenhou papel critico na modulacdo da
composicao celular e de colageno da placa®®. Portanto, os niveis aumentados de IL-
10 entre portadores de maior EMIc pode ser simplesmente o resultado de um
mecanismo compensatorio em resposta a elevacdo sistémica na sinalizacdo pro-
inflamatoria.

A artéria carétida comum (ACC) esquerda tem se mostrado ser mais

vulneravel a aterosclerose quando comparada ao ramo direito, apresentando maior



29 30 A anatomia do sistema

EMI, rigidez e numero de placas ateromatosas
circulatério pode, ao menos em parte, explicar esta etiologia assimétrica de achados
patolégicos. Normalmente, a ACC esquerda tem origem no arco da aorta enquanto a

ACC direita na artéria inominada .

Esta diferenca anatomica expde a ACC
esquerda a uma maior intensidade de fluxo e presséo (e, consequentemente, maior
forca de cisalhamento) a partir do arco aortico, uma vez que a ACC direita esta
submetida a menor fluxo de sangue pela aorta ascendente *°. Neste cenério, é
razoavel supor que as lesbes vasculares desencadeadas por uma maior pressao
hidrostatica pode ser intensificadas de uma forma proporcional ao ambiente pré-
inflamatério sistémico, fator que pode ndo ser um importante modulador
fisiopatoldgico de lesdes em territérios vasculares menos turbulentos.

Considerados todos os aspectos acima, nosso estudo encontra-se de acordo
com evidéncias robustas presentes na literatura de que o desenvolvimento de
doencas cronicas relacionadas com a idade é acompanhado por um estado de baixo
grau de inflamacdo sistémica e subclinica, denominado inflammaging. Para os
autores, a revelacdo de que os mediadores proé-inflamatorios IL1[3, IL6, IL8 e TNFa
figuram como possiveis contribuintes para o fendétipo da aterosclerose proporciona

uma ilustracdo deste fenémeno®* .

Afinal, elevagbes subclinicas dos niveis de
citocinas circulantes figuram como importante fator de risco para morbidade e
mortalidade em idosos, independentemente de outros fatores relacionados a estilo
de vida®*.

Mas nosso estudo apresenta limitacdes, a despeito de todos os cuidados
metodoldgicos e estatisticos empregados. O desenho transversal impede determinar

a causalidade entre as variaveis. Além disso, a determinagdo do numero e do perfil

morfolégico das placas de ateroma encontrava-se além de nossa capacidade



técnica para avaliacdo. Por fim, uma possivel interferéncia por variaveis nutricionais

ou de estilo de vida ndo foi considerada.



6 CONCLUSAO

Demonstramos que o0s niveis logaritmicamente transformados de IL1[3, IL6,
IL8, IL10 e TNF-a correlacionaram-se independentemente com medidas de
espessura médio-intimal da artéria carétida esquerda (porém ndo com a equivalente
direita), com as associa¢cOes mais fortes obtidas com TNFaq, IL1[3 e IL6, nesta ordem.
Nosso trabalho sugere que seja possivel uma contribuicdo de mediadores
inflamatoérios ao processo aterosclerotico em territério cerebrovascular especifico, e

gue os achados provavelmente refletem o fen6meno do inflammaging.
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ABSTRACT

BACKGROUND: Atherosclerosis is a chronic process triggered by endogenously modified
structures within arterial walls, particularly oxidized lipoproteins, that may shaped by innate
and adaptive immune mediators. There is evidence that poor architecture of the carotid
arteries, expressed as augmented intima-media thickness (cIMT), is a strong predictor of
future cerebrovascular events and correlates with a systemic inflammatory milieu.
OBJECTIVE: to investigate the relationship of a profile of blood-carried inflammatory
mediators with measures of cIMT in elderly subjects, taking traditional risk factors into
account.

METHODS: Clinical inspection for present and past chronic conditions and events as well as
biochemical and anthropometric measurements were performed for patients aged 60 years or
older in ambulatory care. Scores of cIMT were obtained bilaterally in the distal common
carotid artery wall. Serum concentrations of ten different cytokines were assessed by bead-
based, multiplexed flow cytometry immunoassays.

RESULTS: Correlation analysis between log-transformed cytokines levels and cIMT scores
demonstrated significant association of IL1[3, IL6, IL8, IL10 and TNFa (P < 0.005) with left
(but not right) cIMT scores. Stepwise multivariate regression showed that TNFa, IL1[3 and
IL6 levels accounted for 29.5 % (R? = 0.209) of the variance in scores of the cIMT scores.
Comparison of cytokines levels across increasing tertiles of left cIMT reproduced a positive
association with TNFa and IL1J levels.

CONCLUSION: Five out of ten immune mediators independently correlated with cIMT of
older subjects in a territory-sensitive manner. This possible contribution of immune mediators

to an atherosclerotic process probably relates to the inflammaging phenomenon.

Keywords: Atherosclerosis, carotid artery, intima-media thickness, cytokines, inflammation,
aging.



Introduction

Atherosclerosis results from a chronic inflammatory process within the arterial wall
that is initiated mainly in response to endogenously modified structures, particularly oxidized
lipoproteins. It is widely recognized that stimulation by circulating mediators of the innate
and adaptive immune responses leads to further alteration of the vascular wall, promoting
disease progression and complications * 2, with evidence that imbalance between pro- and
anti-inflammatory factors play a critical role in early vascular endothelial dysfunction **.

Atherosclerosis affects large and medium sized arteries, of both elastic and muscular
natures. The major concern is the possibility of causing thrombosis or severe stenosis in the
arteries, leading to adverse, life-threatening events as myocardial infarction, ischemic stroke,
ischemic damage to the kidneys and intestines, and other clinical manifestations °. Avoiding
death and morbidity from circulatory causes justifies a great deal of interest in identifying
asymptomatic high-risk patients °. In this regard, imaging comprises a safe and affordable
noninvasive tool for providing valuable information on peripheral circulatory beds, such as
the carotid arteries in which identification of subclinical atherosclerosis may improve risk
stratification for the development of cerebrovascular events 8. Taking evidence that an
increase in carotid intima-media thickness (IMT) in the order of 0.1 mm provides per se a
relevant contribution to the onset of stroke (hazard ratio = 1.17) °, current literature often
reiterates that features of the carotid morphology stand as strong predictors of future vascular
events 9; 10; 11, 12.
In this scenario, the aim of the study was to investigate the relationship between a
panel of circulating inflammatory markers assessed by a high-throughput method with
common clinical and biochemical traits of vascular relevance as well as with image

assessments of the carotid arteries.



Methods
Sample

A sample of consecutive non-institutionalized patients aged 60 years or older, without
clinical symptoms of severe atherosclerotic, was recruited between 2011 and 2013 at two
general geriatrics outpatient clinics located at the metropolitan area of the Federal District,
Brazil, to assess determinants of circulatory disorders as the Prognosis and Therapeutics in
Geriatrics cohort. The clinics are the Geriatrics Service of the Hospital of the Universidade
Catolica de Brasilia (HUCB) and an ambulatory at the Hospital of the Universidade de
Brasilia (UnB), which accept patients with similar sociodemographic characteristics. Patients
recruited from UnB were all directed to the HUCB for the purposes of baseline evaluation and
follow up, for the sake of developing clinical protocols and providing homogeneous care by
one same staff. Inclusion criteria were to spontaneously seek primary or secondary care for
circulatory events. Exclusion criteria to integrate these analyses were: (i) autoimmune disease,
(i) neoplasms of any type, current or past, (iii) obstructive pulmonary disease severe
symptomatic or asymptomatic, (iv) severe chronic kidney disease (clearance of creatinine
than 25 ml/min/1.73 m?), (v) chronic or recurrent infections, (vi) liver disease defined by
changes in biochemical and/or liver function tests or imaging studies consistent with severe
liver disease, (vii) failure heart (ejection fraction <50%). There was no active search for
patients with any particular condition.

The project was approved by the Research Ethics Committee of the Medical Faculty
of the University of Brasilia, under the Office in 061/2011. All participants signed a free and

informed consent.

Clinical and biochemical assessments



Clinical inspection of each patient consisted in assessing presence of diabetes and
hypertension, current use of drugs for chronic conditions, previous circulatory events as
myocardial or cerebrovascular infarction and familial history of major circulatory diseases as
well as lifestyle aspects as sedentary and smoking habits. Diagnosis of type 2 diabetes
included self-reported of the condition and/or fasting glycosylated hemoglobin (Hb1Ac) =
6.5% *. Practitioners of physical exercises were those exhibiting 30 minutes or over of
exercises at any bout for at least four days a week *®, while the smoking habit was defined as
consumption of > 100 cigarettes over a lifetime *’. For metabolic analysis, the following
measures were obtained according to routine clinical biochemistry and expressed in standard
units: blood glucose, glycated hemoglobin (HbALc), insulin, total cholesterol and fractions,
triglycerides, C-reactive protein high sensitivity, HOMA index, TSH and homocysteine.
Anthropometric analyses assessed body mass index (BMI, in kg/m?) and waist circumference

(cm).

Measurement of intima-media thickness

The carotid intima-media thickness (cIMT) was studied noninvasively in all
participants by means of high-resolution ultrasound using Philips equipment (IE 33 model)
with a linear transducer 3-9 MHz.

The cIMT measurements were performed bilaterally in the distal common carotid
artery wall of the bulb and at the origin of the internal carotid artery, through an automatized
edge detection program which is capable of showing the maximum mean value of 150
measurements of any 10 mm segment. The maximum IMT was measured manually as the
mean of 3 independent measurements. All clinical procedures and imaging evaluations were

performed at HUCB.



Inflammatory panel

On the occasion of the biochemical evaluations, whole blood was drawn and the serum
obtained was kept frozen at -80 °C until thawed for the assessment of the immune mediators.
Cytokine concentrations were assessed by a multiplexed flow cytometry method using two
sets of bead-based immunoassays known as the Human Th1/Th2/TH17 kit and the Human
Inflammatory kit manufactured by BD Biosciences® (San Diego, CA, USA), used according
to the manufacturer protocols and which all together yielded measurements for ten different
circulating mediators, as follows: IL1(3, IL2, IL4, IL6, IL8, IL10, IL12.p70, IL17A, INFy and
TNFa.

Briefly, the lyophilized cytokine standards and the serum samples were processed and
the results acquired using the BD FACSCalibur flow cytometer, FL4 channel. Three hundred
events were acquired for each cytokine bead used. Data were analyzed using the FCAP
software, version 3.0 (BD Biosciences®, San Diego, CA, USA). Standard curves for each
cytokine were generated using standard mixture of mediators supplied. The concentration in

each serum was determined by interpolation from the corresponding standard curve.

Statistical analyses

To address the aim of evaluating the occurrence and strength of the association
between circulating levels of immune mediators and scores of intima-media thickness, our
statistical analyses started at obtaining correlation coefficients between these traits and other
(continuous and categorical) anthropometric, clinical and biochemical variables of potential
confounding effect in the main model. For that, normal distribution of all variable was
assessed using the Kolmogorov-Smirnov test and, whenever necessary and possible,

logarithmic transformations were applied to achieve a closer-to-normal distribution.



The association between continuous variables was evaluated using the Pearson’s
correlation test, whereas the involvement of a least one categorical variable in the model was
dealt using the Spearman’s counterpart. For these latter analyses, presence or absence of a
feature was represented by 1 or 0, respectively. Whenever an interaction was noticed, partial
correlation analyses were run using adjustment for the confounding variable(s) or
condition(s). For these correlation analyses, a P-value (two-tailed) was rendered significant
following the Bonferroni’s principle of correction for multiple comparisons whenever a given
trait is tested across n independent variables (n = 10 tests; .. a = 0.005).

Also, analysis of variance was used to test whether log-transformed cytokine
concentrations varied across tertiles of IMT scores in the sample, with adjustment to
covariates and P < 0.05 as threshold of significant. Finally, linear multivariate regression
analysis, stepwise method, was performed to assess at which extent serum concentrations of
the inflammatory mediators explain the variability of the carotid IMT scores.

All analyses were performed with the Statistical Package for the Social Sciences

(SPSS) for Windows (version 17.0).

Results

Data from 168 patients admitted between 2011 and 2013 were analyzed for clinical
and inflammatory profile. Table 1 shows anthropometric, clinical and metabolic features. The
overall profile of the patients is compatible with borderline metabolic disorders, with a high
prevalence of hypertensive, diabetic and sedentary cases. On top of that, previous
cardiovascular events were not rare in the sample, as illustrated by cases of prior stroke
(9.5%), acute myocardial infarction (4.2%) and coronary artery disease (1.8%).

At first, correlation analysis of raw levels of serum cytokines and of right and left

carotid IMT scores across categorical clinical and healthcare features showed no association



of either immune mediators or artery architecture with any previous condition of risk to the
onset of CVDs or with aspects that modulate/treat such conditions (P > 0.005) (Table 2). The
correlation analysis of logarithmically(log)-transformed levels of the panel of cytokines and
IMT scores across continuous clinical and biochemical features has demonstrated correlation
and significance level of HDL-c with LogiolL1B (P < 0.001) as well as with LogsolL6 (P <
0.004). However, none of these latter features correlated with the raw right and left carotid
IMT (Table 3).

In the correlation analysis between log-transformed levels of circulating cytokines and
raw carotid IMT scores, the immune mediators IL1(3, IL6, IL8, IL10 and TNFa demonstrated
a significant level of positive association (P < 0.005) with left but not right IMT scores,
whereas the other log-transformed mediators (IFNy, IL2, IL4, 1L12p70 and IL17a) showed
not to associate with either cIMT territories (Table 4). Accordingly, comparison of the log-
transformed circulating levels of the cytokines across the individuals grouped in increasing
tertiles of intima-media thickness of the left carotid artery confirmed a positive correlation
with levels of TNFa and IL1J, with adjustment to HDL-c (Figure 1), whereas means of IL6,
IL8 and IL10 did not reach significant difference across tertiles with this approach. In line,
stepwise multivariate regression confirmed that logioTNFa was the first most predictive
variable in the model (R? = 0.209), which added to logiIL1B and logilL6 in this order
accounted for 29.5 % of the variance in scores of intima-media thickness, independently of

other risk factors for atherosclerosis.

Discussion
We seek in this paper to investigate the relationship of clinical/biochemical features,
healthcare pratices and inflammatory traits with an important aspect of the carotid

morphology. Mainly, we found that log-transformed levels of IL1p, IL6, IL8, IL10 and TNFaq,



independently correlated carotid IMT scores in its left branch. Our results corroborate the
involvement of a set of circulating pro-inflammatory cytokines in the arteriosclerotic process
of this cerebrovascular milieu. Interestingly, no other clinical/biochemical or healthcare
variables assessed herein correlated with the carotid morphology, apart from an expected
trend towards a positive association of the cIMT scores with prior events of stroke.

Our findings concur with epidemiological findings where patients with chronic
inflammatory diseases, such as rheumatoid arthritis (RA), bear a significantly greater risk of
developing coronary artery disease (CAD) than the general population **, along with greater
thickness of the carotid walls **. Also, the fact that immune mediators as TNFa and IL6 (this
latter as an usual outcome of TNFa production) are significantly associated with premature

15; 16

atherosclerosis in the carotid artery , even independently of traditional circulatory risk

factors 17 18

, 1S recurrent in the literature. In line, use of TNFa antagonist improved
endothelial function and reduced IMT in the carotid bed of RA patients % 2%, Evidence that
IL1B plays an important role in atherosclerosis is also available. Being synthesized by
endothelial cells, vascular smooth muscle cells (VSCMs) and macrophages, it can induce
cytokine production, activation of endothelial cells, increased vascular permeability and
proliferation of VSMCs % 2%, Lack of IL1B in ApoE-deficient mice reduces atherosclerotic
lesions whereas its increased expressions trigger vascular cell adhesion molecule-1 and
monocyte chemotactic protein-1 in the aorta endothelium, possibly increasing recruitment of
monocytes/macrophages to the intima *.

In this set of cytokines positively correlated with carotid IMT, IL10 is the only that
presents anti-inflammatory properties. As an important player in the immune response down
regulation, IL10 production is known to reduce the extension and/or severity of

atherosclerosis, and stabilize vulnerable phenotypes > %. Expression of IL10 induced by

oxidized LDL decreases the release of proinflammatory cytokines so to prevent the excessive



innate or acquired immune activation (and due fibrotic outcomes) within the layers of elastic
or muscular of arteries 2" 28, Therefore, the augmented levels of IL10 among carriers of
greater cIMT scores may simply be the result of a compensatory mechanism in response to
the systemic elevation in proinflammatory signaling.

The left common carotid artery (CCA) has already proven to be more vulnerable for

atherosclerosis, usually with larger plates and stiffness 2% *

, than its right counterpart. The
anatomy of the circulatory system may at least in part explain the pathological asymmetry
between branches. The left CCA comes directly from the arch of the aorta whereas the right
CCA from the innominate artery *. This anatomical difference exposes the left CCA to
greater pressure (and due higher sheer stress) levels from the aortic arch, since the right CCA
is subjected to lower blood flow from the ascending aorta . In this scenario, it is reasonable
to assume that vascular lesions triggered by greater hydrostatic pressure can be enhanced
proportionally to the pro-inflammatory milieu, which might not be an important
pathophysiological modulator of lesions at less turbulent sites.

All in all, our study is in line with robust evidence that the onset of age-related chronic
conditions are accompanied by a subclinical, systemic state of low-grade inflammation,
named inflammaging. To the authors, unveiling pro-inflammatory mediators (IL1p, IL6, IL8
and TNFa) as possible contributors to the atherosclerosis-prone phenotype investigated herein
can be an exemplification of this phenomenon *% **. But our study has limitations, despite all
methodological care. The cross-sectional design prevents determining causality among
variables. Moreover, number and morphological profile on atheroma plaques was beyond our
assessment capability. Also, the possible contribution of nutrition and other life style variables
was not considered herein.

In conclusion, we show that blood-borne levels of five out of 10 immune mediators

independently correlated with scores of left (but no right) carotid intima media thickness



among older subjects, with stronger associations obtained with TNFa, IL1p and IL6, in this
order. Our work suggests that this possible contribution of immune mediators to the
atherosclerotic process in the vascular territory investigated probably relates to the
inflammaging phenomenon.
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Table 1. Anthropometric, clinical and metabolic variables of the sample.

Variable Value

n, subjects 168
Male, % 39.9
Age, years 73.1+9.0
BMI, kg.m?2 27.7+5.3
WC, cm 97.4+115
Glucose level, mg.dl™ 103.2 £ 27.7
HbAlc, % 59+1.0
Insulin, mUl/mL 9.3+10.0
HOMA index 2.6+3.8
DM2, % 22.6
Total cholesterol, mg.dl™ 193.4 +39.9
VLDL-c, mg.dl™* 29.8 +15.2
HDL-c, mg.dl™ 48.1 +10.9
LDL-c, mg.dl* 115.3 +33.7
Triglycerides, mg.dl™ 141.2 + 64.7
SBP, mm Hg 134.8 +19.5
DBP, mm Hg 80.6 +11.1
SAH, % 77.4
CRP, mg/dL 35+5.6
TSH, mlU/L 25+22
Homocysteine, pmol/L 12.8 +8.8
Previous stroke, % 9.5
Previous AMI, % 4.2
Previous CAD, % 1.8
Sedentary, % 60.7
Smoker, % 36.9
Right cIMT, mm 1.36 + 1.63
Left cIMT, mm 1.21+1.13

Data are expressed as average + standard deviation for continuous parameters or relative frequencies
for categorical features. BMI = body mass index; WC = waist circumference; HbAlc = glycated
hemoglobin Alc; HOMA = Homeostatic model assessment; DM2 = type 2 diabetes mellitus; VLDL-
¢ = very low density lipoprotein cholesterol; LDL-c = low density lipoprotein cholesterol; HDL-c =

high density lipoprotein cholesterol, SBP = systolic blood pressure; DBP = diastolic blood pressure;

SAH = systemic arterial hypertension; CRP = C-reactive protein; TSH = thyroid-stimulating hormone;
AMI = acute myocardial infarction; CAD = coronary artery disease; cIMT = carotid intima-media

thickness.



Table 2. Correlation analysis of raw levels of serum cytokines and of cIMT scores across categorical clinical/healthcare features of the subjects

at admission.
Clinical Healthcare
Sex DM2 SAH Stroke AMI Smoker  Sedentary anti SAH antilipemic  anti DM2
drug drug drug

IFNY, pg/ml .090; .266  -.070;.382 .107;.182 .066;.410 -.056;.487 .155;.055 .076;.344 .053;.511 .074;.361 -.058;.476
IL1B, pg/ml -.013;.869  .017;.834 -.077;.326 -.091;.250 .016;.844 .082;.304 .025;.751 -.089;.259 .001;.992 .035;.654
IL2, pg/ml .061;.450 -.054;.503 .057;.477 .096;.231 .056;.487 122;.131  .099; .217 .032;.692 -.000;.997 -.097;.229
IL4, pg/ml .022;.783 -.031;.697 .049;.543 .001;.991 -.013;.868 .102; .208 .083;.304 .066;.413 .068;.402 -.051;.526
IL6, pg/ml .087;.270 -.135;.085 -.155;.048 -.071;.369 .127;.107 .002; .981 .089;.257 -.153;.052 .145;.064 -.039;.620
IL8, pg/ml -.050; .523  .032;.683 -.025;.755 -.057;.470 .123;.118 -.003;.968 .025;.750 -.001;.991 .002;.983 .066;.399
IL10, pg/ml 123;.118  .038;.630 -.066;.401 -.101;.200 .002;.980 .003; .972 .044; 575 .004;.963 -.126;.109 .061;.439
IL12, pg/ml -.033;.680 -.023;.766 -.069;.384 -.162;.022 .033;.675 -.011; .890 -.002;.978 -.054;.492 -.200;.011 .007;.926
IL17a, pg/ml -.020; .801  .010;.905 .118;.143 .009;.910 -.056; .484 .104;.198 .128;.111 .108;.181 .073;.362 -.070; .383
TNFa, pg/ml 120; .128  -.084;.289 -.044;.579 -.144;.066 .013;.869 110; .164 .135;.085 .014,;.854 -.027,.728 -.022;.776

Right cIMT, mm -.037;.708  .091;.358 .116;.245 .180;.068 .089;.370 .077;.044 .108; .277 .220;.026 .076;.443 .062;.537
Left cIMT, mm  -.010;.922 -.034;.745 -.049;.637 .246;.016 .098;.341 .090; .389 .245;.016 -.050;.629 .037;.724 -.060;.559

The Spearman’s correlation test was used. Data are expressed in correlation index and significance level (r; P). DM2 = type 2 diabetes mellitus; SAH =
systemic arterial hypertension; AMI = acute myocardial infarction; IFN = interferon; IL = interleukin; TNF = tumor necrosis factor; cIMT = carotid intima-

media thickness.






Table 3. Correlation analysis of logarithmically-transformed levels of serum cytokines and of raw cIMT scores across continuous
clinical/biochemical features of the 168 subjects at admission.

Clinical Biochemical

Age WC SBP DBP TC VLDL-c  HDL-C TGL HOMA HbAlc
LogsolFNy .046; .568 -.011;.894 .098;.223 .087;.282  -.022;.785 .063;.438 -.115;.153 .086;.288 .058;.477 -.030;.716
LoguolL1pB .091;.251  .012;.880 .078;.325 .037;.641  .154;.050 .076;.339 .247;.001 .094;.232 .029;.717 .015;.851
LogaolL2 -.044; 587  .040;.623 .009;.914 .067;.404  -.006;.942 .006;.945 .010;.902 .063;.432 -.006;.939 -.110;.177
LogolL4 -.069;.392  .061;.456 .119;.138 .155;.053  -.002;.984 .102;.207 -.037;.645 .122;.128 .025;.758 -.049;.151
LogsolL6 .073;.353 -.089;.262 -.104;.185 -.074;.348  .069;.384 -.136;.084 .218;.004 -.132;.094 -.177;.025 -.167;.036
LogiolL8 .138;.078 -.002;.983 .034;.669 -.032;.688 .062; .435 -.002;.979 .110;.164 -.022;.779 .017;.830 -.014;.860
LogsolL10 -.020;.800  .014;.862 .024;.765 .043;.587  .182;.020 .089;.258 .127;.108 .140;.075 .064;.426 .085;.290
LogyolL12 -111;.080 .024;.763 .070;.378 .062;.429  .150;.055 .092;.246 .087;.270 .095;.226 .001;.993 .072;.369
LogylL17a .056;.491 -.062; .443 115;.154 .132;.104  -.059;.466 .055;.501 -.042;.606 .087;.279 .006;.940 .006;.939
Logy, TNFa .077;.328  .044; 583 .032;.689 .015;.846  .108;.177 .048;.544 .179;.022 .071;.365 -.063;.430 -.068;.399

Right cIMT, mm  .196;.048 -.105;.293 .014;.886 .028;.781  -.094;.344 -.084;.400 .094;.346 -.067;.502 -.013;.902 -.061;.548
LeftcIMT, mm  .229;.025 -.094;.365 .032;.757 .066;.521 .054; .600 -.024;.813 .116;.262 -.011;.917 .078;.459 -.049;.641

The Pearson’s correlation test was used. Data are expressed in correlation index and significance level (r; P). WC = waist circumference; SBP = systolic blood
pressure; DBP = diastolic blood pressure; TC = total cholesterol; VLDL-c = very low density lipoprotein cholesterol; HDL-c = high density lipoprotein
cholesterol; HOMA = Homeostatic model assessment; HbAlc = glycated hemoglobin Alc; Log = logarithmically-transformed data; IFN = interferon; IL =

interleukin; TNF = tumor necrosis factor; CIMT = carotid intima-media thickness.






Table 4. Correlation analyses between logarithmically-transformed levels of serum cytokines
and raw cIMT scores of the 168 subjects at admission.

cIMT, mm

Left Right
LogiolFNy, pg/ml J113; .292 .175; .088
Log10lL1B, pg/ml 443; <.001 .185; .065
LogyelL2, pg/mi .188; .078 .155; .132
LogyelL4, pg/mi 146; 172 .085; .408
Logi0lL6, pg/ml .330; .001 .062; .541
Logio IL8, pg/mi .291; .005 171; .089
L0g:0lL10, pg/ml .348; .001 135; .181
LogyelL12, pg/ml .132; .208 -177; .079
LogyelL17a, pg/ml 124; 247 -.240; .019

Log;oTNFa, pg/ml .505; <.001 -.248; .013

The Pearson’s correlation test was used. Data are expressed in correlation index and significance level
(r; P). Log = logarithmically-transformed data; IFN = interferon; IL = interleukin; TNF = tumor

necrosis factor; cIMT = carotid intima-media thickness.
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Figure 1. Comparison of log-transformed circulating levels of TNFa (A) and IL1[ (B)
across the individuals grouped in increasing tertiles of the left carotid intima-media
thickness (cIMT). Significance was verified by ANOVA with adjustment to HDL-c.

Vertical bars represent intervals of one standard error.






