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Resumo







Introdugdo: A insulino resisténcia é um estado caracterizado por uma resposta deficitdria das
células-alvo aos niveis normais de insulina circulante e que obriga ao aumento da producdo de
insulina — hiperinsulinismo compensatorio. Este estado observa-se com frequéncia em
individuos obesos e ¢é reconhecido como um fator de risco independente para o
desenvolvimento de doenga cardiovascular. Este hiperinsulinismo compensatério condiciona
efeitos nos multiplos mecanismos nos quais a insulina esta envolvida, nomeadamente os
efeitos no crescimento e proliferacdo das células progenitoras eritroides. Varios factores
relacionados com as células vermelhas, incluindo os niveis de hematdécrito e hemoglobina,
condicionam o aumento da viscosidade sanguinea aumentando o risco de doenca
cardiovascular. A associacdo entre resisténcia a insulina e o aumento das células vermelhas, foi

ja descrita em adultos, mas pouco se sabe sobre esta associacdo na fase de transicdo da

infancia para a idade adulta.

Objectivo: Este trabalho teve como objectivo avaliar a relagdo entre insulino resisténcia e
parametros hematoldgicos, principalmente globulos vermelhos e hematdcrito, em adultos

jovens, através de uma abordagem transversal e longitudinal.

Métodos: Os participantes incluidos na andlise, sio membros da coorte Epidemiological Health
Investigation of Teenagers in Porto (EPITeen), que inclui adolescentes nascidos em 1990 e
matriculados em escolas publicas e privadas da cidade do Porto. Os adolescentes foram
avaliados aos 13, aos 17 e aos 21 anos. Os dados foram recolhidos por questiondrios auto-
administrados, foram realizadas medicGes antropométricas e a recolha de uma amostra de
sangue em jejum, por uma equipa treinada. A resisténcia a insulina foi avaliada pelo modelo de
avaliacdgo da Homeostase (HOMA-IR). Para a andlise transversal foram incluidos 1671
participantes, que consentiram fazer a colheita de sangue em jejum aos 21 anos e para a
avaliacdo longitudinal os 535 participantes avaliados em jejum nos trés momentos. Foram
obtidos coeficientes regressdo linear (B) e respectivos intervalos de confianga a 95% (IC 95%)
para quantificar as associacdes entre os parametros hematoldgicos e o HOMA-IR. Foram
identificadas as trajectdrias de evolucdo dos valores de insulina e glicose dos 13 para os 21

anos. As trajectérias usando Model-Based Clustering.



Resultados: Apds ajuste para o indice de massa corporal, nivel de educagdo dos pais e nivel de
actividade fisica do participante, foram encontradas associacdes positivas significativas [B (IC
95%)], em ambos os sexos, entre HOMA-IR e contagem de células vermelhas [0,051 (0,030,
0,072 ) em mulheres e 0,022 (0,000, 0,043) em homens] e hematdcrito [0,277 (0,107, 0,446)
em mulheres e 0,216 (0,048, 0,384) em homens]. Nas mulheres, niveis mais elevados de
HOMA-IR, foram inversamente associado, com o volume globular médio [-0,389 (-0,690, -
0,088)] e os niveis de ferro [-4,423 (-7.362, -1,485)]. Ainda nas mulheres foi encontrada uma
associacdo positiva entre o HOMA-IR e a contagem de células brancas [0,308 (0,185, 0,430)] e
de plaquetas [7,622 (3.886, 11,358)]. Nos homens, niveis mais elevados de HOMA-IR, foram
significativamente associados, com niveis mais elevados de hemoglobina [0,094 (0,028,
0,161)]. Na analise longitudinal, a trajectdria que representa os participantes com valores
tendencialmente mais baixos de insulina e glicose, apresentou valores mais baixos de
hematdcrito, volume globular médio e hemoglobina, embora estatisticamente significativo

apenas em homens aos 21 anos.

Conclusdo: Este estudo permitiu concluir que, em adultos jovens e saudaveis, menor
sensibilidade a insulina se associa a valores mais elevados de células vermelhas e hematdcrito,

sendo o efeito mais forte nos individuos do sexo masculino.

Palavras-chave: insulino resisténcia; células vermelhas; hematdcrito; adultos jovens
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Introduction: The association between insulin resistance and hematological parameters has
been described in adults, but little is known regarding the transition from childhood to
adulthood. We aimed to quantify the relationship between insulin resistance and hematologic
parameters, mainly red blood cells (RBC) and hematocrit level, in young adults, using a cross-

sectional and longitudinal approach.

Methods: Participants were part of the EPITeen cohort, which baseline evaluation was
performed during 2003-04 school year and includes adolescents born in 1990, who were
attending public and private schools in Porto, Portugal. Data was collected using standardized
guestionnaires and a fasting blood sample was obtained. Insulin resistance was evaluated by
the homeostatic model assessment (HOMA-IR). For the cross-sectional analysis we included
1671 participants who provided a fasting blood sample at 21-year-old. For the longitudinal
analysis, we considered participants who provided a fasting blood sample at the three study
waves (13, 17 and 21 years of age, n=535). Multivariate linear regression coefficients (B) and
95% Cl were performed to quantify the association between HOMA-IR and hematological
parameters at 21y. For the longitudinal analyses, trajectories for insulin and glucose were
estimated using Model-Based Clustering, and means of hematological parameters at 21y were

according trajectories were compared by ANOVA.

Results: In both sexes, at 21y, after adjustment for Body Mass Index, parent education and
leisure-time activity, positive associations [B (95%Cl)] were found between HOMA-IR and red
blood count (RBC) [0.05 (0.03, 0.07) in women; 0.02 (0.00, 0.04) in men]; and haematocrit
[0.28 (0.11, 0.45) in women; 0.22 (0.05, 0.38) in men]. In women, HOMA-IR was inversely
associated with packed cell volume (PCV) [-0.39 (-0.69, -0.09)] and iron [-4.42 (-7.36, -1.48)];
but positively associated with white blood cells [0.31 (0.19, 0.43)] and platelets [7.62 (3.89,
11.36)]. In men, higher levels of HOMA-IR were associated with higher levels of haemoglobin
[0.09 (0.03, 0.16)]. Regarding the longitudinal approach, the trajectory with tendentiously
lower levels of insulin and glucose (“Both Lower”) presented lower levels of haematocrit, PVC

and haemoglobin, although it only reaches statistical significance in males and at 21y.



Conclusion: In young adults lower insulin sensibility was associated with increased RBC count
and hematocrit. This effect is stronger in the cross-sectional analysis at 21 years old, and more

pronounced in males.

Keywords: insulin resistance; red blood cells; hematocrit; young adults
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1. Insulino Resisténcia

A insulina, produzida pelas células B pancreaticas tem como acc¢do primaria a regulagcdo da
homeostase da glicose através da promocdo da captacdo de glicose no musculo e tecido
adiposo e da sintese de glicogénio no figado (1). A insulino resisténcia define uma diminuicdo
da sensibilidade normal ou capacidade de resposta da insulina nos tecidos-alvo, diminuindo a
taxa de eliminacdo de glicose do sangue (2). Para garantir a homeostase da glicemia
normalmente é desencadeado um hiperinsulinismo compensatdrio, podendo levar a sobre
expressdo de accbes em tecidos que mantém a sensibilidade normal ou minimamente
diminuida a insulina (3).

A resisténcia a ac¢do normal da insulina desempenha um importante papel na fisiopatologia
da diabetes Mellitus tipo 2 e estd estreitamente associada a diversas patologias que
apresentam elevadas prevaléncias, representando grandes desafios para a saude publica,
incluindo obesidade, hipertensdo, doenca arterial corondria, dislipidemias, e um conjunto de
anormalidades metabdlicas e cardiovasculares que definem a sindrome metabdlica (4, 5).

A obesidade representa o principal fator de risco para o desenvolvimento da insulino
resisténcia (6). Assim, é esperado um aumento do impacto da insulino resisténcia na
morbilidade e mortalidade em consequéncia do aumento da prevaléncia da obesidade
verificada nas ultimas décadas (7). Esta situacdo ndo esta circunscrita as faixas etarias com
maior incidéncia de doencga, mas é também uma realidade nos adultos jovens, adolescentes e
criangas.

O aumento da prevaléncia de obesidade infantil a um ritmo alarmante é um dos desafios mais
relevantes para a saude publica no século XXI. Nas ultimas duas décadas, a prevaléncia de
obesidade duplicou nas criancgas e triplicou nos adolescentes (8). Globalmente, em 2013, o
numero de criangas com menos de cinco anos de idade que apresentavam excesso de peso, foi
estimado em mais de 42 milhdes (9). De acordo com a tendéncia das ultimas duas décadas,
prevé-se que em 2020 existam 60 milhdes de criancas obesas ou com excesso de peso (10).
Portugal ndo é excepg¢do neste cenario, a prevaléncia da obesidade na infancia e adolescéncia

¢é das mais elevadas da Europa (11). Com base nos critérios do centros de controlo e prevencédo
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de doengas (CDC), a prevaléncia de excesso de peso e obesidade nestas fachas etdrias é

superior a 30% (12).

Sabe-se que diferentes tecidos tém diferentes mecanismos de resposta a insulina. A
sensibilidade destes a ac¢do da insulina esta correlacionada com os niveis de receptores de
insulina expressos na membrana plasmatica. No entanto, tornou-se evidente que a ligagdo dos
diferentes componentes da via de sinalizacdo de insulina é também responsdvel por conferir
especificidade de sinalizacdo da insulina sobre as células-alvo (13).

Assim, o transporte de glicose insulino-dependente encontra-se restrito a células de musculo-
esquelético e tecido adiposo, uma vez que estas células possuem o transportador de glicose
insulino-dependente tipo 4 (GLUT-4) (Fig.1). Da mesma forma o efeito de inibicdo da insulina
sobre a glicogénese é especifico do figado e do rim. Em contraste o efeito sobre o transporte

de iGes, a sintese de ADN e a sintese de proteinas parece ser ubiquo (14).

Number of cell surface
Specificity of insulin action ~ T receptors

( ::: ) ©
Assembly of intracellular
GRB-2 signaling complexes

Ras
+ Availability of intracellular
Gis-and Trans-acting factors ) GLUT4 machiner))'l

Translocation
PEPCK

+ Glucose uptake
Biologic effect
( Gluconeogenesis ) Glucogen synthesis
Liver Skeletal muscle
Kidney Adipose tissue
Heart

Figura 1: Efeitos especificos tecidulares da insulina (14). GLUT- 4 — Transportador de glicose tipo 4; GRB-2 —
Proteina 2 ligada a recetor de fator de crescimento; IRS- substrato recetor da insulina; PEPCK- fosfoenolpiruvato
carboxiquinase; Pl 3-K — fosfatidilnositol 3 Kinase; Shc — proteina semelhante ao colagénio com homologia src; SOS —
proteina son of sevenless
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A diversidade da ag¢do da insulina nos diferentes tecidos é em parte explicada pelas diferentes
vias de sinalizagdo activadas por esta (15). Existem duas vias principais que propagam o sinal
gerado através do recetor de insulina: a via do substrato do recetor de insulina (IRS)/
fosfatidilinositol 3 Kinase (Pl 3-K), e a via Ras/proteina Kinase ativa por mitégeneo (MAPK) (13,
16).

A via IRS/PI 3-k ativa a Pl 3-fostato e a consequente ocorre a ativacdo das quinases
dependentes de fosfoinositideos como PDK1, PDK2 e PKC. Algumas destas quinases podem ser
necessarias para ativar quinases a jusante, tais como a AKT quinase serina/treonina. Pensa-se
ainda que a AKT possa fosforilar e inativar directamente a quinase glicogénio sintase 3(GSK3),
conduzindo assim a desfosforilagdo e ativacdo de glicogénio sintase (GS), aumentando a

sintese de glicogénio (Figura 2).

Insulin

Insulin
receptor

=@
= Sla

\
K
* Glucose uptake

Glycogen synthesis

Gene expression

MAPK

=
4-.4—;’6(4—@(——;

Protein synthesis

Figura 2: Ativagao das vias de sinalizagdo intracelular mediadas pela insulina (14). AKT — produto do akt proto-
oncogene; GAP — Proteina ativadora de guanosina-trifosfato; GLUT4 — Transportador de glicose tipo 4; GRB2 —
Proteina 2 ligada a recetor de fator de crescimento; GSK3— glicogénio sintase quinase 3 ; MAPK — proteina kinase
ativada por mitégeneo; PDK —proteina quinase dependente fosfatidilnositol; PKC — proteina quinase; SOS — proteina
son of sevenless
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Ha evidéncia que relaciona a AKT a translocac¢do dos transportadores de glicose. A Ras/MAPK
pode ser ativada pela insulina através da formagdo de complexos de troca entre o factor SOS e
GRB-2. GRB-2 pode ser ativo por IRS e/ou Shc, que sdo substratos directos do recetor de
insulina quinase. Assim, efeitos metabdlicos agudos da insulina requerem ativacdo do IRS/PI 3-
K, enquanto que a Ras/MAPK pode desempenhar o seu papel apenas em alguns tecidos,
estimulando os efeitos de proliferacdo e crescimento da insulina (14).

Apesar de ndo estar completamente compreendido como se desenvolve a insulino resisténcia,
é conhecido que estd relacionada com a interacdo de fatores genéticos e ambientais. As vias
melhor conhecidas e mais aceites sdo: diminui¢cdo da atividade da cinase a nivel do recetor da
insulina, com eventuais mutacSes do gene; mutacées/modificacdes de pds-translacdo do
recetor da insulina ou das suas moléculas efetoras; defeitos na ligacdo insulina-recetor ou a
nivel do pods-recetor; aumento da expressdo do fator de necrose tumoral a (TNF-a) e
translocagdo dos GLUT-4 (17-19).

Os trabalhos realizados tém incidido ainda no estudo de genes que quando mutados
condicionam defeitos nos érgdo alvo da insulina, sendo exemplo os que se relacionam com
sintomas lipoatroficos parciais ou generalizados. Sdo exemplos de genes em investigacdo da
Seipina, das Lamininas nucleares A/C e do Peroxisome Proliferator Activated Receptor-gamma
2 (PPAR y2) (20-22).

As alteragOes metabdlicas associadas com a obesidade desempenham um papel relevante no
desencadeamento da resisténcia a insulina (23). Estudos mostraram que aproximadamente
50% da varia¢do da sensibilidade a insulina em criangas e adolescentes pode ser explicada pela
adiposidade total, e que esta condi¢cdo esta associada a alteracGes que representam um
aumento do risco para o desenvolvimento de disturbios metabdlicos na maturidade (24, 25).
Esta associacdo pode ser explicada pelo aumento dos acidos gordos livres (AGL) em circulagdo,
inibindo a secrecdo de insulina pela célula pancredtica e limitando a captacdo de glicose
induzida pela insulina, provavelmente por competicdo dos substratos — ciclo de Rendle e
aumento da gliconeogénese- ciclo de Cori (26). O aumento de AGL, induz ainda um estado de
stress oxidativo, um mecanismo importante no desencadeamento da disfuncdo endotelial e

consequente aterosclerose (27). Estes mecanismos podem conduzir a um circulo de disfuncdo
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uma vez que o desenvolvimento de insulino resisténcia induz a limitagdo na lipogénese com
consequente aumento dos AGL circulantes desencadeando um circulo continuo de alteragGes
metabdlicas (28).

O tecido adiposo desempenha também um papel critico na regulacdo do metabolismo
glicose/insulina, apresentando capacidade secretora de substancias com efeitos bioldgicos
importantes com acdo, tanto local (efeitos paracrinos) como sistémica (efeitos enddcrinos),
nomeadamente pela produc¢do de adipocinas, tais como: o fator de necrose tumoral (TNF- a), a
interleucina-6 (IL-6), a adiponectina, a leptina, a visfatina, vaspina e a omentina (29).

O TNF-a é uma citoquina proé-inflamatdria que diminui a resposta a insulina através da
diminuicdo da expressdo a superficie celular dos transportadores de glicose (GLUT-4),
fosforilacdo do substrato 1 dos receptores de insulina (IRS-1) e fosforilagdo especifica do
receptor da insulina(29). A IL-6 é uma citoquina imuno-moduladora que desempenha um
papel importante no metabolismo dos lipidos e da glicose, por inibicdo da lipoproteina lipase,
inducdo da lipdlise e aumento da captacdo de glicose. Os seus niveis estdo aumentados na
obesidade e diminuem com a perda de peso (29, 30). A adiponectina é a adipocina produzida
em maior quantidade e tem um importante efeito sensibilizador da insulina promovendo a
diminuicdo da producdo e inibicdo da ac¢do do TNF-a e da IL-6 (31, 32). A expressdo da
adiponectina é também regulada pelo TNF-a e pela IL-6 (33).

A vaspina tem efeitos semelhantes a adiponectina na sensibilidade a insulina ao suprimir a
producdo de TNF-q, leptina e resistina. A visfatina tem uma accdo insulino-mimética, através
da ligacdo e activacdo do receptor da insulina. A omentina melhora o uptake de glicose
estimulado pela insulina e a fosforilagdo de Akt, aumentando a sensibilidade a insulina. Os
niveis destas trés adipocitoquinas correlacionam-se inversamente com a obesidade e com a
insulino resisténcia, e positivamente com os niveis de adiponectina (33, 34).

A leptina é regulada pelas altera¢des induzidas pela insulina no adipdcito e os seus niveis
correlacionam-se com o volume total de tecido adiposo (35). Tal como a adiponectina,
promove uma maior sensibilidade a insulina por ativacdo da MAPK, o que resulta numa

reducdo da lipogénese associada a um aumento da B-oxidacdo dos acidos gordos. O facto dos
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niveis desta adopocina estarem aumentados na obesidade sem um aumento proporcional da
sua resposta nos érgdo-alvo, sugere que a obesidade se associa a uma leptino-resisténcia (30).
A inflamagdo crénica sistémica associada a obesidade parece também desempenhar um papel
importante no desenvolvimento da resisténcia a da insulina. A libertacdo de adipocitoquinas
quer por parte dos adipdcitos, quer pelos macréfagos infiltrados no tecido adiposo, leva a um
estado cronico sub-inflamatério que desempenha um papel central no desenvolvimento de
resisténcia a insulina (36). O aumento da libertacdo das citoquinas inflamatadrias, IL-6, TNF-a e
a interluicina-1 beta (IL-1B) e possivelmente outras citoquinas e factores segregados pelos
macroéfagos, exerce efeitos paracrinos envolvidos na ativacdo das vias inflamatadrias nas células
alvo da insulina,para além de contribuirem para a manutencdo do estado de insulino
resisténcia, aumentando o risco de doenca cardiovascular (37).

Assim, os mecanismos subjacentes ao desenvolvimento de insulino resisténcia contribuem
para relagOes reciprocas entre resisténcia a insulina, inflamacgdo e disfuncdo endotelial que

fomentam o agrupamento de doengas metabdlicas e cardiovasculares em individuos com

resistentes a insulina (38).

2. Insulino Resisténcia e Risco Cardiovascular

O aumento da incidéncia das doencas cardiovasculares (DCV), que estdo intimamente
associadas a transformacdo epidemiolédgica, determinada pela industrializacdo e pelas
alteracdes do estilo de vida, permanecem como sendo a principal causa de morte e invalidez
em todo o mundo (39). Neste contexto, a insulino resisténcia, apresenta uma enorme
relevancia pelo seu papel na patogénese da diabetes tipo 2 e também por ser considerada um
denominador comum a outros factores de risco cardiovascular, nomeadamente os
componentes da sindrome metabdlica (6, 40, 41).

A par de alteragGes ja descritas, novas vias de atuacdo vieram sustentar o papel da insulino
resisténcia como factor de risco independente para o desenvolvimento de DCV, reconhecendo

que esta resisténcia e a consequente hiperinsulinemia se associam a aterosclerose precoce,
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disfuncdo endotelial, inflamagdo sistémica e fibrindlise desordenada (42, 43). Um desses
potenciais mecanismos poderd ser a proliferacdo celular. A insulina é um potente fator de
crescimento, cujos efeitos sdo mediados pela via da MAPK. O comprometimento da sinalizacao
da insulina, em individuos insulino resistentes, aumenta a expressdo da MAPK promovendo a
proliferacdo das células do musculo liso vascular, o aumento da formagdo de colagénio e a
producdo de fatores de crescimento (44).

A insulina desempenha ainda, um papel importante na ativa¢do da sintese do éxido nitrico, um
potente vasodilatador e agente anti-aterogénico, por ativacdo da via PI3K. Assim, em
individuos com insulino resisténcia, a producdo de oéxido nitrico estd diminuida. (45). A
reducdo da producdo de dxido nitrico aumenta a susceptibilidade das células do musculo liso
vascular aos efeitos dos fatores de crescimento semelhantes a insulina Tipo-1 (IGF-1), fator de
crescimento derivado de plaquetas e factor de crescimento epidérmico e angiotensina Il (44).
O desencadeamento de fatores inflamatdrios e de crescimento desencadeiam acdes
importantes em todos os elementos celulares do sangue, incluindo as células vermelhas, as
brancas e as plaquetas (46).

O aumento das células brancas foi ja consistentemente demonstrado como um fator de risco
cardiovascular promovendo a aterosclerose por: mecanismos que medeiam a inflamacao; acao
proteolitica e oxidativa nas células endoteliais e por induzir a hipercoagulabilidade e o
comprometimento da microcirculagdo (47). O papel do aumento das plaquetas na patogénese
da doencga coronaria é principalmente explicado por: aumento da agregacdo plaquetaria e
consequente resisténcia ao éxido nitrico; promogado da aderéncia dos neutréfilos e mondcitos
a membrana sub-endotelial; aumento da sintetizacdo de IL-1B e expressdo da P-seletina, que
promovem a inflamacdo, aterogésene e trombose; alteracGes oxidativas nas lipoproteinas de
baixa densidade (LDL), contribuindo para a proliferacdo de células do musculo liso (46).

Menos estudado esta o potencial efeito nas células vermelhas, apesar de haver estudos que
mostram que o0s mecanismos envolvidos na insulino resisténcia desempenham funcGes

bioldgicas e fisioldgicas importantes no aumento das células vermelhas(48-50).
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3. Efeito da Insulino Resisténcia na Produgdo de Células Vermelhas

Os eritrocitos sdo as células circulantes mais abundantes, representando 40% a 45% do volume
total de sangue (51). Em humanos, a semi-vida do eritrécito é de aproximadamente 120 dias
(52). As células hematopoiéticas sdo formadas continuamente a partir de uma pequena
populacdo de células estaminais pluripotentes. A primeira etapa de diferenciacdo e
proliferacdo das células progenitoras inicia-se na fase mais imatura dos progenitores
eritréides, a unidade formadora de coldnias eritréides — brust (BFU-E), que se diferencia numa
unidade formadora de coldnias eritréides (CFU-E). A segunda etapa de diferenciacdo eritrdide
compreende a passagem de proé-eritroblastos até eritroblastos basofilos, passando a
eritroblastos ortocromaticos e por fim a policromaticos e a terceira fase consiste na maturacdo
dos reticuldcitos em eritrocitos (53)

A proliferacdo e diferenciagdo normal das células progenitoras eritrdides requerem varios
nutrientes, tais como ferro, acido félico e vitamina B12, a interagdo com as células do estroma
medular e a estimulacdo pela eritropoietina (EPO). Este processo é ainda condicionado por
varios fatores de crescimento e citocinas que afetam o crescimento, diferenciacdo e
sobrevivéncia (54) e que parecem justificar a relacdo com o estado de insulino resisténcia.

Um dos possiveis mecanismos que explicam a associacdo entre a insulino resisténcia e o
aumento do hematdcrito é o efeito das citocinas IL-6, uma vez que estas citoquinas estimulam
o crescimento das BFU-E (55).

Os fatores de crescimento semelhantes a insulina (IGFs), insulina, IGF-1 e IGF-II - cuja atividade
efetiva é aumentada no ambito da insulino resisténcia estimulam a proliferagdo tardia das
BFU-E e das CFU-E (56, 57). Os recetores da insulina e dos IGF-l sdo estruturalmente
homdlogos, podendo desencadear uma agdo sinergistica com a da eritropoietina (57, 58).
Inicialmente, embora se pensasse que para a proliferacdo da CFU-E era indispensavel a
presenca da eritropoietina e que o papel da insulina e IGF-1 era apenas sinérgico, foi possivel
verificar que a insulina e a IGF-1 favorecem a proliferacdo eritrocitaria mesmo sem a presenca
de eritropoietina (59, 60). No entanto, o efeito estimulante da insulina sobre a formacao de

coldnias eritréides s6 é observado em concentragdes supra-fisioldgicas da hormona (61).
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Além disso, o aumento da insulina e do IGF-1 parecem ser, pelo menos parcialmente,
responsaveis por estimular a atividade do fator de transcri¢cdo edo fator de induc¢do da hipoxia-
1la (HIF-1a). O HIF-1a fisiologicamente ativo tanto por hipoxia como por deficiéncia de ferro,
promove a sintese de eritropoietina e pode também mediar a absorcdo intestinal de ferro,
fatores que promovem a formacdo de eritrdcitos (62).

Além dos estudos in vitro que suportam que o aumento da concentracdo de insulina estimula a
producdo de eritrécitos, o aumento dos parametros hematoldgicos observado em recém
nascidos de maes diabéticas, nomeadamente, a policittmia do recém-nascido, apoiam a

relacdo entre a insulino resisténcia e a eritropoiese, in vivo (63).

Vdrios fatores relacionados com o aumento das células vermelhas, incluindo os niveis de
hematdcrito, hemoglobina e volume globular médio, estdo associados com o aumento da
viscosidade do sangue e a resisténcia periférica ao fluxo sanguineo (64). O aumento destas
células no sangue que promove ainda o aumento da libertacdo de difosfato de adenosina,
intervindo no aumento da agregacdo plaquetaria, potenciando o efeito da viscosidade e
aumentando a probabilidade de formagdo de trombos (65) e a formacédo de placas de ateroma
nas artérias coronarias (66). Niveis de hemoglobina mais elevados estdo ainda associados com
o aumento do colesterol sérico e dos niveis de triglicerideos (67), bem como de efeitos de
vasoconstricdo, atribuiveis a elevada reatividade da hemoglobina com o éxido nitrico,
inativando-o (68).

Ha ainda que ter em considerac¢do a possibilidade de se estabelecer um circulo que potencia o
desequilibrio destes mecanismos. A insulino resisténcia pode estimular a proliferagdo celular,
nomeadamente a proliferacdo de células sanguineas, mas o aumento da viscosidade e da
aterosclerose resultante deste processo promove a propria insulino resisténcia limitando a
entrega de glicose, insulina e oxigénio nos tecidos metabolicamente ativos (69).

Apesar do suporte tedrico e dos estudos in vitro ja existente, os dados de base populacional
sdo insuficientes realcando a importdncia de mais estudos para esclarecer a associa¢do entre
insulino resisténcia e a proliferacdo de células sanguineas, particularmente em individuos com

valores de insulina e glicose dentro do limiar da normalidade.
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Embora ainda ndo esteja totalmente esclarecido se valores de hematdécrito nos limites da
normalidade induzem aumento do risco de doenca cardiovascular (70), os dados existentes e o
conhecimento de que a policitémia aumenta o risco destes eventos (71) suportam a
necessidade de aumentar o conhecimento nesta area. O aumento da prevaléncia de excesso
de peso e da adocdo de estilos de vida menos sauddveis, quer na infancia quer na
adolescéncia, faz prever um aumento relevante do numero de individuos com insulino
resisténcia, mesmo entre os adultos jovens. Este contexto reforca a necessidade de mais
estudos que ajudem a esclarecer a associa¢do entre a insulino resisténcia e o aumento dos
fatores relacionados com as células vermelhas, ndo s6 em situa¢cdes de patologia ja

estabelecida, mas preferencialmente antes da ocorréncia de eventos clinicos.
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Este estudo foi desenvolvido no ambito da coorte EPIteen. O estudo EPITeen é uma coorte de
base populacional, na qual sdo acompanhados, desde os 13 anos de idade, 2942 adolescentes

nascidos em 1990 e que estudaram em escolas publicas e privadas do Porto.

O objetivo geral do trabalho foi avaliar o efeito da insulino resisténcia em parametros
hematolédgicos de adultos jovens. Para responder a esse objetivo foram desenhados dois

objetivos especificos:

1- Usando uma abordagem transversal, quantificar a associa¢do entre a insulino resisténcia,
avaliada por HOMA-IR, e parametros hematoldgicos, nomeadamente a contagem e

volume das células vermelhas e hematdcrito, aos 21 anos.

2- Longitudinal, estimar a evoluc¢do da insulino resisténcia através de trajetdrias de insulina e

glicose dos 13 até aos 21 anos de idade, e avaliar a associacdo entre as trajetérias e os

parametros hematoldgicos aos 21 anos de idade
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Abstract

Introduction: The association between insulin resistance and hematological parameters has
been described in adults, but little is known regarding the transition from childhood to
adulthood. We aimed to quantify the relationship between insulin resistance and hematologic
parameters, mainly red blood cells (RBC) and hematocrit level, in young adults, using a cross-
sectional and longitudinal approach.

Methods: Participants were part of the EPITeen cohort, which baseline evaluation was
performed during 2003-04 school year and includes adolescents born in 1990, who were
attending public and private schools in Porto, Portugal. Data was collected using standardized
guestionnaires and a fasting blood sample was obtained. Insulin resistance was evaluated by
the homeostatic model assessment (HOMA-IR). For the cross-sectional analysis we included
1671 participants who provided a fasting blood sample at 21-year-old. For the longitudinal
analysis, we considered participants who provided a fasting blood sample at the three study
waves (13, 17 and 21 years of age, n=535). Multivariate linear regression coefficients (B) and
95% Cl were performed to quantify the association between HOMA-IR and hematological
parameters at 21y. For the longitudinal analyses, trajectories for insulin and glucose were
estimated separately by sex, using Model-Based Clustering, and means of hematological

parameters at 21y were according trajectories were compared by ANOVA.

Results: In both sexes, at 21y, after adjustment for Body Mass Index, parent education and
leisure-time activity, positive associations [B (95%Cl)] were found between HOMA-IR and red
blood count (RBC) [0.05 (0.03, 0.07) in women and 0.02 (0.00, 0.04) in men]; and haematocrit
[0.28 (0.11, 0.45) in women and 0.22 (0.05, 0.38)] in men. In women, HOMA-IR was inversely
associated with packed cell volume (PCV) [-0.39 (-0.69, -0.09)] and iron levels [-4.42 (-7.36, -
1.48)]; but positively associated with white blood cells (WBC) [0.31 (0.19, 0.430)] and platelets
[7.620 (3.89, 11.36)]. In men, higher levels of HOMA-IR were significantly associated with
higher levels of haemoglobin [0.09 (0.03, 0.16)]. Regarding the longitudinal approach, the

trajectory with tendentiously low levels of insulin and glucose (“Both Lower”) presented lower
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levels of haematocrit, PVC and haemoglobin, although it only reaches statistical significance in
males and at 21y.

Conclusion: In young adults lower insulin sensibility was associated with increased RBC count
and hematocrit. This effect is stronger in the cross-sectional analysis at 21 years old, and more

pronounced in males.
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Introduction

Insulin resistance (IR) is essentially characterized by the diminished uptake and utilization of
glucose by the target cells, resulting in an increased insulin production via compensatory
secretion, leading to a state of chronic hyperinsulinemia (1). Many clinical and epidemiologic
studies have showed that IR and iatrogenic hyperinsulinemia itself has emerged as an
important risk factor for a large set of metabolic abnormalities and diseases, and as an
independent predictor of cardiovascular disease (CVD) (2, 3).

IR is associated to a cluster of metabolic and cardiovascular alterations (diabetes,
hypertension, obesity and dyslipidemia) that, besides being components of metabolic
syndrome, are independent risk factors for CVD, per se (4). IR is also associated with chronic
inflammation, promotes the proliferation of vascular smooth muscle cells, the increase of
collagen formation rate and excessive production of growth factors, which contribute to the
fast progression of atherosclerosis (5, 6).

Moreover, it has been demonstrated that hyperinsulinemia might begin important
physiological and biological functions in erythropoiesis, in vitro (7, 8). The growth-promoting
effect of insulin and IGF-I in late stage of erythroid differentiation and in proliferation of
erythroid progenitor cells in bone morrow suggest that insulin acts as a co-factor in
erythropoiesis, independently of erythropoietin (9, 10). Additionally, some cytokines such as
cytokines IL-6, which are increased in a stage of insulin resistance, can boost the growth of
primitive erythroid burst-forming units (BFU-E) (11). These effects could lead to an increase of
red blood cell (RBC) and hematocrit level, and represent an alternative path to explain the
association between IR and CVD by an increase in whole-blood viscosity (12, 13).

The association between IR and hematological parameters alterations has been studied in
adults and elderly (14, 15), but little is known about this association in the transition from
childhood to adulthood (16). In young individuals an emerging prevalence of IR has been
observed, likely driven by the increasing prevalence of obesity (17, 18). The study of the effects
of IR in early life stages, before clinical onset of disease, might be important to better

understand the mechanisms underlying CVD.
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We aimed to explore the effect of insulin resistance on hematologic parameters, mainly RBC

and hematocrit level, in young adults, using both a cross-sectional and longitudinal approach.

Methods

Participants

The study was developed as part of the Epidemiological Health Investigation of Teenagers in
Porto (EPITeen), a population-based cohort that recruited 13-year-old adolescents born in
1990 and enrolled at public and private schools of Porto, Portugal, during 2003-2004, as
previously described(19). The second evaluation took place in 2007-2008 and a third
evaluation in 2011-2013.

In the first and second study waves, participants were evaluated at schools, the information
was collected through self-administered questionnaires. In the third study wave, participants
were invited to complete the evaluation at our University department for face-to-face
interviews, anthropometrical and blood sample measurements, and self-administered
guestionnaires. All procedures were similar in the three waves, performed by a team of
trained health professionals, included anthropometrical measurements, and collection of a
fasting blood sample.

At the recruitment, 2159 adolescents agreed to participate and provided information for at
least part of the planned assessment, resulting in a participation of 77.5%. In the second wave,
we were able to revaluate 1716 participants (79.5%) and a new group of 783 adolescents was
integrated in the cohort as they moved to the schools’ catchment area, who was evaluated for
the first time. In the third study wave, 1764 (60% of the total cohort) participants were
revaluated.

To answer the first objective of the present study we considered all participants who provided
a fasting blood sample in the third wave (n=1691), after excluding 20 participants for whom it
was not possible to assess some of the parameters in study. Thus, the final sample comprised

1671 participants. We compared socio-demographic characteristics between included
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(n=1671) with the remaining participants of the cohort (n=1271) and no statistical differences
were found. For the longitudinal analysis, we considered the 559 participants, who provided a
fasting blood sample at the three study waves and we included only participants with

complete data on haematological parameters (n=535).

Blood sample and measurements

A venous blood sample was drawn after a 12-hour overnight fast. All the samples were
analyzed at the central laboratory of the university hospital. Red blood cells (RBC) count, white
blood cells (WBC) count, platelets, hemoglobin concentration and packed cell volume (PCV)
were done using a haematology autoanalyzer (Sysmex® XE-2100). Serum glucose, cholesterol
and triglycerides were determined using automatic standard routine enzymatic methods. High-
density lipoprotein (HDL)-cholesterol was determined after precipitation of apolipoprotein B-
containing lipoproteins. Serum insulin was measured using a ‘Zl-labelled insulin
radioimmunoassay method and iron was analyzed by colorimetric method (Olympus AU2700,
Melville, NY). High-sensitivity C-reactive protein (hs-CRP) levels were determined by the
CardioPhase®high sensitivity CRP (hsCRP) method (Dimension Vista ®System, Marburg,

Germany).

The degree of insulin resistance was calculated according to the homeostatic model
assessment (HOMA-IR), as the product of fasting glucose (mmol/L) and insulin (pUI/mL)
divided by the constant 22.5 (20). Participants were considered having insulin resistance if

HOMA-IR were higher than 2.6 (21).

Assessment of other covariables

Anthropometric measures were obtained while subjects stood barefoot in light indoor
clothing. Weight was measured to the nearest tenth of a kilogram (Tanita Corporation, Tokyo,
Japan), and height was measured in centimetres to the nearest tenth. BMI was calculated as

weight (in kilograms) divided by squared height (in meters).
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Education level was measured as the number of successfully completed years of formal
schooling. Parental education level was measured as the number of successfully completed
years of formal schooling and it was considered the information from the parent with the
higher educational level. The self-perception of their social class was evaluated using a
question with five categories of answer (lower, lower middle, upper middle, upper, and does
not know/answer). The categories upper middle and upper were combined for the analysis.

Family history of a medical diagnosis of diabetes, dyslipidaemia and hypertension was asked
separately to the mother and the father. For each of these conditions, we calculated the
variable family history combining information of both mother and father, classified as:
positive, when at least one of the adolescent's parents had the diagnosis; negative, when both
parents reported no diagnosis; or non-classifiable, when the available information showed no

diagnosis for one of the parents, but the other did not answer.

Participants were classified according to self-perception of leisure-time activities according to
four subjective intensity categories (mainly sitting, mainly standing, active or very active). For

the present analysis the categories “Active” and “Very active” were combined.

Participants were considered ‘current smokers’ if they smoke daily, ‘occasional smokers’ if
they smoke less than once a day, ‘former smokers or experienced only’ if had stopped smoking
or experienced at least once; ‘non-smokers’ if they never smoke. Regarding alcohol intake,
participants were categorized as ‘frequent drinkers’ if they drink daily or at least once a week;
‘occasional drinkers’ if they drink less than once a week and ‘non-drinkers’ if they did not

consume any type of alcoholic beverages.

Ethical considerations

The Ethic Committee of Hospital S. Jodo approved this project and appropriate standard
procedures were developed to guarantee data confidentiality and protection. Parents and
adolescents received written and oral information explaining the purpose and design of the

study and written informed consent was obtained from both.
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Statistical Analysis

All analyses were stratified by sex. The distribution of quantitative variables was checked using
the Kolmogorov-Smirnov test. Data with symmetric distribution were presented as mean (SD)
or median (25th percentile, 75th percentile) according to their distribution, and were
compared using the One-Way ANOVA or Kruskal-Wallis test, respectively. Categorical items
were described as counts and proportions and compared using the chi-square test or Fisher’s

exact test, whenever appropriate.

Sex-specific multivariate linear regression coefficients (B) and respective 95% confidence
intervals (95% Cl) were performed to evaluate associations between HOMA-IR and each of the
haematological parameters (RBC, Haematocrit, MCV, Hb, Platelet and WBC) and iron levels.
Three adjusted models were performed: model 1 adjusted only for BMI; model 2 included BMI
and parental education level; model 3 included variables from model 2 plus participant’s
physical activity.

Trajectories for insulin and glucose at 13y, 17y and 21y used as outcome variables was
obtained using model based clustering using a Gaussian mixture model.

In this study, the number of trajectories and the Gaussian mixture model was defined
according to the Bayesian information criterion (BIC). The model and number of trajectories

with lower BIC was chose as the best model.

To estimate the trajectories of insulin and glucose the R language and software environment
for statistical computation (version 2.12.1, R Foundation for Statistic Computing, Austria, 2010)
was used. The other analyses were conducted using SPSS 19.0 software (SPSS INC. 2011,

Chicago, IL, USA). The significance level was considered at 0.05.
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Results

At 21 years of age HOMA-IR ranged from 0.42 to 4.22 in women, and from 0.09 to 5.24 in men.
The prevalence of insulin resistance (HOMA-IR>2.6) was 14.7% in women and 10.5% in men.
Table 1 presents socio-demographic, behavioural and health-related characteristics of our
sample by HOMA-IR quartiles. In both sexes, a higher proportion of obese and overweight was
found in the highest levels of HOMA-IR. Those with highest levels of HOMA-IR also presented
a higher proportion of less educated parents, positive parental history of disease (HTA,
diabetes and dyslipidaemia) and former smokers/experienced., However, these differences
reached statistical significance only in males.

As expected, the levels of insulin and glucose were higher in the 4™ quartile of HOMA-IR. The
levels of triglycerides and total cholesterol increased with a higher degree of insulin resistance,
in both sexes. This trend was also found for levels of LDL cholesterol and hs-CRP, but only in
females (table 2).

Table 3 shows hematological parameters and iron levels according to quartiles of HOMA-IR. In
both sexes, levels of RBC and haematocrit increased with increasing levels of HOMA-IR. In
females, we additionally found increasing levels of platelet and WBC but decreasing levels of
iron. In males, Hb increased with increasing levels of IR.

Table 4 presents the sex-specific crude and adjusted association between levels of HOMA-IR
and each of the haematological parameters and iron levels. After adjustment for BMI, parent
education and leisure-time activity level, in both sexes, significant positive associations were
found between HOMA-IR and RBC [(B=0.051, (95%Cl 0.030, 0.072) in women and p=0.022,
(95%CI 0.000, 0.043) in men], and and haematocrit [3=0.277, (95%Cl 0.107, 0.446) in women
and B=0.216, (95% 0.048, 0.384) in men]. In women higher levels of HOMA-IR were also
positively associated with WBC (=0.308, 95%CI 0.185, 0.430) and platelets (=7.622, 95%Cl
3.886, 11.358); but inversely associated with PCV (B=-0.389, 95%Cl -0.690, -0.088) and iron
levels (B=-4.423, 95%Cl -7.362, -1.485).In men, besides RBC and HCT, higher levels of HOMA-IR

were significantly associated with higher levels of haemoglobin ($=0.094, 95%Cl 0.028, 0.161).
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Using glucose and insulin values measured at 13y, 17y and 21y we found 3 trajectories: ‘Higher
Insulin” which grouped participants with tendentiously high levels of insulin and with levels of
glucose within mean levels of the sample (n=90 for women and n=36 for men); ‘Higher
Glucose’ included participants with tendentiously high levels of glucose and with levels of
insulin within mean levels of the sample (n=87 for women and n=107 for men). The trajectory,
named ‘Both Lower’, grouped together participants with tendentiously low levels of insulin
and glucose (n=82 for women and n=94 for men). Thirty nine participants were excluded as
they were classified in a very small and undefined trajectory.

Hematologic parameters at 13, 17 and 21 years of age were compared across trajectories for
insulin and glucose (table 5). In both sexes, as expected, the levels of HOMA-IR were
significantly higher in trajectory ‘Higher Insulin’ and lower in those classified in ‘Both Lower’.In
general, no differences were found in haematological parameters according to the trajectory.
However, men in the ‘Both Lower’ trajectory tended to present lower levels of HCT, PVC and

haemoglobin, but only at 21y the difference reached statistical significance.

Discussion

In this population-based sample of young adults, we found evidence that insulin resistance is
positive associated with RBC counts and haematocrit, which is in accordance with previous
studies among elderly (22, 23) and other cross sectional studies (15, 24, 25). To the best of our
knowledge, the present study was the first one evaluating this effect, focusing early adulthood.
In our multivariate analysis, HOMA-IR was significantly associated with RBC and haematocrit,
in both sexes, independently of BMI, parent education and leisure-time activity level. Previous
evidence in vitro and in vivo supports that hyperinsulinemia might exert its effects in
erythropoiesis through different mechanisms. Insulin and its analogues, such as insulin-like
growth factor (IGF), may have a synergistic effect together with erythropoietin on stimulating
the proliferation of the erythroid colonies (9, 10). Furthermore, the presence of the insulin

receptor (INS-R) in human erythropoietic cells at different stages of development, suggests
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that human insulin acts as a co-factor in erythropoiesis, independently of erythropoietin (26).
Also, hyperinsulinemia has been associated with increased levels of hypoxia-inducible factor-1
alpha (HIF-1a). HIF-1a promotes the synthesis of proteins, including vascular endothelial
growth factor and erythropoietin (27, 28). The in vivo relation between hyperinsulinemia and
haematological parameters has also been reported in adults and elderly (15, 22, 23).
Moreover, the observation that polycythaemia is often identified in newborn babies of
diabetic mothers, also supports a cause effect relation between hyperinsulinemia and
erythropoiesis in vivo (29, 30).

In women insulin resistance was inversely associated with iron levels and PCV. This could be
the result of irregular menstrual cycle associated with insulin resistance. In adolescent females
with insulin resistance, increase in circulating insulin levels results in an increase of functional
androgens and higher circulating estrogen levels (31). Chronic increase levels of these
hormones can lead to endometrial overgrowth and irregular menstrual cycle together with
heavy bleeding. Frequent and/or heavy bleeding usually leads to iron deficiency, anaemia and
fatigue (32). This hypothesis also supports that the effect found for RBC components was
stronger in males.

Overall, in the longitudinal analysis, we did not find significant differences in haematological
parameters across trajectories of insulin and glucose. One possible explanation may be an
adaptation process among those with chronic high levels of insulin and glucose, within normal
range, resulting in no alteration of haematological parameters. Also, we cannot exclude the
hypothesis that the absence of statistical effect reflects the insufficient exposure, because
even those in the trajectories with the worse profiles presented values of insulin and glucose
considered healthy. Thus, the result among males showing lower levels of haematocrit, PVC
and haemoglobin among those in the trajectory ‘Both Lower’ may represent an earlier effect.

It is important to highlight that our results derived from a healthy population with a
prevalence of IR lower than 12%. Nevertheless, a chronic exposure to normal levels of HOMA-
IR, influences the increase of these components in young adults. Nowadays, this is particular
important within a context of increasing obesity in children and young adults, promoting the

incidence of insulin resistance early in life (17, 18).
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We also found, in women, higher levels of platelets and WBC among those with higher levels
of HOMA-IR. One possible explanation for these alterations could be supported by the
inflammatory stage unleased by the insulin resistance mechanisms, which can also be
observed by the higher levels of hs-CRP found in the HOMA-IR upper quartile, in women. This
chronic inflammatory exposure may promote a higher concentration of inflammatory
cytokines, such as interleukin (IL)-6, unleashed by inflammatory features of insulin resistance
(33). Also, the low levels of iron could justify the higher levels of platelet (34).

These results are of great importance since it is known that moderately increased levels of
haematocrit, WBC and RBC count, may contribute to the increased cardiovascular mortality
(35). Higher levels of these parameters increase blood viscosity and peripheral resistance to
blood flow, resulting in rheological alteration and impaired tissue blood flow, which may
reduce the rate of glucose delivery to skeletal muscle, and further contributing to IR (36, 37).
Taking into account this process it is possible that a vicious cycle mutually enhances insulin
resistance and hematological parameters. As blood viscosity has been shown previously as an
independent factor for cardiovascular disease (38) it may be important to monitor the levels of
haematological parameters since early ages.

Our study has some limitations. As our main findings were obtained from a cross-sectional
analysis, we could not infer the direction of causality between insulin resistance and
hematologic parameters. However, the results from the longitudinal analysis support our
hypothesis. Nevertheless, we need to recognize that the longitudinal analysis was performed
only in a subsample, which results in a loss of statistical power. In women, we do not evaluate
gynecological issues to better understand the effect of insulin resistance on iron levels,
haemoglobin and PCV.

Some strengths of this study can be also described. Our sample is from a population-based
cohort which allows us to have quality and reliable data on participants’ characteristics, levels

of insulin resistance, haematological parameters and other co-variables associated.
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In conclusion our results support that insulin resistance was associated with increased RBC
count and hematocrit in young adults. This effect is stronger in the cross-sectional analysis and

more pronounced in males.
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Table 1: Characteristics of the participants at 21years according to HOMA-IR quartile

Female Male
N (%) N (%) N (%) N(%) N (%) N (%) N (%) N(%)
1eQuartil 22Quartil 32Quartil 42Quartil p 12Quartil 22Quartil 32Quartil 42Quartil P
206 (23.8) 229 (26.4) 217 (25.0) 215 (24.8) 202 (25.1) 202 (25.1) 196 (24.4) 204 (25.4)
Parental Education (Years)
0-6 38 (18.1) 51(24.3) 55(26.2) 66 (31.4) 36 (23.7) 37 (24.3) 34 (22.4) 45 (29.6)
7-9 43 (26.4) 37(22.7) 41 (25.2) 42 (25.8) 34 (24.1) 27 (19.1) 32(22.7) 48 (34.0)
10-12 59 (25.1) 66 (28.1) 63 (26.8) 47 (20.0) 0150 53(23.3) 58 (25.6) 54 (23.8) 62 (27.3) 0.054
>12 66 (26.1) 73 (28.9) 56 (21.7) 59 (23.3) 77 (27.6) 80 (28.7) 74 (26.5) 48 (17.2)
Social class
Lower 16 (25.0) 16 (25.0) 14 (21.9) 18(28.1) 16 (40.0) 8(20.0) 10 (25.0) 6 (15.0)
Lower middle 109 (23.2) 119 (25.4) 122 (26.0) 119 (25.4) 95 (23.0) 99 (24.0) 101 (24.5) 118 (28.6)
Upper 70 (25.0) 80 (28.6) 72(25.7) 58 (20.7) 0471 76 (26.1) 78 (26.8) 76 (26.1) 61(21.0) 0057
Not know/answer 11(20.4) 14 (25.9) 9(16.7) 20 (37.0) 15 (25.0) 17 (28.3) 9 (15.0) 19 (31.7)
BMI (Kg/m?
Normal weight 193 (28.0) 203 (29.4) 172 (24.9) 122 (17.7) 175 (31.1) 158 (28.1) 140 (24.9) 89 (15.8)
Overweight 10(7.9) 21(16.7) 40 (31.7) 55 (43.7) <0.001 26 (13.6) 40 (20.9) 50 (26.2) 75(39.3) <0.001
Obese 1(2.1) 5(10.6) 3(6.4) 38 (80.9) 1(2.0) 4(8.0) 6(12.0) 39 (78.0)
Alcohol intake
Frequent drinkers 48 (24.2) 55(27.8) 51(25.8) 44.(22.2) 105 (27.4) 106 (27.7)) 86 (22.5) 86 (22.3)
Occasional drinkers 142 (23.5) 160 (26.5) 151 (25.0) 150 (24.9) 0.875 86 (22.5) 92 (24.1) 100 (26.2) 104 (27.2) 0.120
No drinker” 13 (22.8) 12 (21.1) 14 (24.6) 18 (31.6) 10 (21.3) 3(9.4) 9(28.1) 10 (31.3)
Family history of disease”
No 42 (30.0) 42 (30.0) 29(20.7) 27(19.3) 31(20.8) 50 (33.6) 37 (24.8) 31(20.8)
Yes 111(21.5) 132 (25.5) 138(26.7) 136 (26.3) 0.255 100 (23.3) 107 (24.9) 107 (24.9) 115 (26.8) 0,019
No-Diagnosis 53(25,0) 55 (26,0) 50 (24,0) 52 (25,0) 71(31,0) 45 (20,0) 52 (23,0) 58 (26,0)
Smoking
Daily smoker 68 (32.5) 48 (23.0) 47 (22.5) 46 (22.0) 85 (33.5) 65 (25.6) 53 (20.6) 51(20.1)
Occasional smoker 13(20.6) 19(30.2) 17 (27.0) 14 (22.2) 18(24.3) 23(31.1) 17(23.0) 16 (21.6)
Former smoker/Experienced 64 (20.8) 82(26.7) 88 (28.7) 73(23.8) 0071 57 (21.0) 54 (19.9) 80(29.4) 81(29.8) 0.002
Non-Smokers 58 (20.8) 78 (28.0) 64 (22.9) 79 (28.3) 41(20.8) 59 (29.9) 45 (22.8) 52 (26.4)
Leisure-time physical activity
Mainly sitting 67 (24.4) 78 (28.4) 63(22.9) 67 (24.4) 63(22.2) 72 (25.4) 69 (24.3) 80(28.2)
Mainly standing 98 (22.8) 111(25.9) 106 (24.7) 114 (26.6) 0.649 78 (24.6) 87(27.4) 68 (21.5) 84 (26.5) 0.108
Very active 41 (25.8) 39 (24.5) 47 (29.6) 32(20.1) 60 (30.2) 42 (21.1) 59 (29.6) 38(19.1)1
Mean(SD) Mean(SD) Mean(SD) Mean(SD) p Mean(SD) Mean(SD) Mean(SD) Mean(SD) P
Fasting Insulin (1 U/mL) 4.94(1.29) 7.41(0.90) 9.85(1.27) 15.64(5.46) <0.001 4.13(1.11) 6.20(0.73) 8.31(0.92) 14.39(5.24) <0.001
Fasting Glucose (mg/dL) 77.42(5.42) 81.17(12.17) 82.18(5.56) 83.64(6.08) <0.001 81.54(5.48) 84.50(7.39) 86.55(7.28) 88.91(8.08) <0.001
Triglicerideos (mg/dL) 80.16(33.98) 91.82(39.38) 93.58(38.59) 111.05(55.12) <0.001 67.73(23.14) 71.66(26.52) 75.48(34.90) 97.48(51.15) <0.001
Total cholesterol (mg/dL) 179.96(33.67)  184.35(33.25) 186.91(35.70) 192.43(34.39) 0.002 162.42(30.18) 162.34(28.61) 163.06(29.10) 172.00(28.30) 0.001
LDL cholesterol (mg/dL) 101.61(28.09)  103.35(26.44) 109.78(67.18) 113.96(66.56) 0.045 102.81(69.70) 107.44(93.78) 98.21(24.58) 113.54(91.90) 0.206
HDL cholesterol (mg/dL) 62.32(11.00) 62.65(12.58) 62.86(13.02) 60.65(12.56) 0.231 50.82(9.71) 49.97(8.62) 49.77(9.60) 48.45(9.57) 0.085
PCR (mg/L) 2.16(3.66) 2.38(3.74) 2.76(4.71) 4.10(5.08) <0.001 1.53(3.25) 1.72(4.25) 1.05(1.81) 1.48(2.81) 0.197

2 Included Never drink and ex-drinker ° Hypertension, Diabetes Type Il and Cholesterol
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Table 2: Hematological parameters and iron values according to quartiles of HOMA-IR

RBC HCT PCV Hb Platelet WBC Iron
(x10*/L) (%) (fL) (g/dl) (x 10°/1) (x10°/1) (ng/dL)
1° quartile
(<1.23) 4.34+0.30 38.22+2.50 88.14+4.29 12.8310.91 231.73.21+47.07 6.24+1.58  102.80%+43.03
2" quartile
o (1.23-1.71) 4.41+0.28 38.39+2.18 87.31+4.12 12.8910.82 243.7548.14 6.50+1.70 98.79+41.98
©
€
Sf rd .
3" quartile
(1.71-2.33) 4.44+0.30 38.69+2.40 87.2613.65 12.9610.87 245.291£57.92 6.70+1.77 95.82+42.28
4" quartile
(>2.33) 4.52+0.30 38.86%2.45 86.10+4.66 12.97+0.98 260.391£53.26 7.25+1.86 85.87+37.23
P-value <0.001 0.026 0.119 0.311 <0.001 <0.001 <0.001
1° quartile
(<1.08) 5.01+0.31 43.98+2.26 87.81+3.09 15.0810.93 216.75+43.68 6.68+1.85  105.78+35.83
2" quartile
(1.08-1.51) 5.03+0.33 43.81+2.64 87.2614.16 15.00+1.03 220.85%43.75 6.6611.83 110.32+41.79
% rd
= 3" quartile
(1.52-2.13) 5.0710.29 44.30+2.17 87.49+3.24 15.17+0.82 212.80+£37.72 6.49+1.48 113.32+37.79
4" quartile
(>2.13) 5.17+0.30 45.02+2.29 87.15+3.50 15.51+0.89 217.55146.62 6.8311.63 109.11+37.20
P-value <0.001 <0.001 0.173 <0.001 0.324 0.252 0.370

RBC= red blood cell; HCT=hematocrit; PCV= packed cell volume; Hb=Hemoglobin; WBC=white blood cell.
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Table 3: Predicted Mean Differences and 95 % Cls in Hematological Parameters and Iron by HOMA-IR

HOMA-IR

Crude
B (95% C.1)

Model 1°
B (95% C.I)

Model 2°
B (95% C.I)

Model®
B (95% C.I)

Female

RBC (x10 */L)
HCT (%)

PCV (fL)

Hb (g/dL)

WBC (x 10° /L)
Platelet (x 10° /L)
Iron (u g/dL)

Male

RBC (x10 */L)
HCT (%)

PCV (fL)

Hb (g/dL)

WBC (x 10° /L)
Platelet (x 10° /L)
Iron (1 g/dL)

0.06 (0.04;0.08)
0.26 (0.11;0.41)
-0.56 (-0.82; -0.29)
0.06 (0.01; 0.12)
0.38 (0.27;0.49)
9.08 (5.80;12.36)
-5.82 (-8.42;-3.21)

0.05 (0.03;0.07)
0.32 (0.17;0.47)
-0.19 (-0.41;0.03)
0.13 (0.08;0.19)
0.10 (0.00;0.21)
0.51 (-2.20;3.21)
-0.16 (-2.55;2.23)

0.05 (0.03;0.07)
0.29 (0.12;0.46)
-0.35 (-0.66;-0 .05)
0.07 (0.01;0.14)
0.31(0.19;0.43)
7.66 (3.93;11.39)
-3.98 (-6.94;-1.03)

0.02 (0.00;0.04)
0.21 (0.04;0.38)
0.00 (-0.24;2.5)
0.09 (0.03;0.16)
0.04 (-0.09;0.15)
-0.44 (-3.47;2.60)
-0.22 (-2.90;2.45)

0.05 (0.03;0.07)
0.28 (0.11;0.45)
-0.37 (-0.68;-0.07)
0.07 (0.00;0.13)
0.30 (0.18;0.43)
7.49 (3.76;11.23)
-4.12 (-7.07;-1.17)

0.023 (0.001;0.05)
0.218 (0.052;0.38)
0.016 (-0.231;0.26)
0.094 (0.029;0.16)
0.026 (-0.094;0.15)
-0.274 (-3.309;2.76)
-1.39 (-2.818;0.82)

0.051 (0.030;0.072)
0.277 (0.107;0.446)
-0.389 (-0.690;-0.088)
0.063 (-0.001;0.127)
0.308 (0.185;0.430)
7.622 (3.886;11.358)
-4.423 (-7.362;-1.485)

0.02 (0.00;0.04)
0.22 (0.05;0.38)
0.04 (-0.21;0.29)
0.09 (0.03;0.16)
0.02 (-0.10;0.14)
-0.37 (-3.44;2.70)
0.01 -2.70;2.71)

b
aAdjusted for BM;l "Model 1 + Parental Education; “Model 2+ Leisure-time physical activity
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Table 4: Median (P25-P95) of the Hematological Parameters for trajectories of Insulin and Glucose.

Female
-] Male -]
Both Lower (n=82) Higher Insulin (n=90) Higher Glucose (n=87) Both Lower (n=94) Higher Insulin (n=36) Higher Glucose (n=107)
HOMA_IR
HOMA_IR_13y 1.11 (0.92-2.34) 1.99 (0.99-2.3) 1.60 (0.94-2.69) <0.001 0.84 (0.40-1.35) 2.02 (1.34-2.66) 1,54 (0,89-2,42) <0.001
HOMA_IR_17Y 0.61 (0.6-1.11) 1.40 (0.60-1.50) 1.07 (0.45-1.02) <0.001 0.76 (0.42-0.98) 1.81 (1.04-2.25) 1.08 (0.77-1,64) <0.001
HOMA_IR_21y 1.30 (1.46-2.65) 2.36(1.17-2.33) 1.68 (1.44-2.36) <0.001 1.21 (0.85-1.54) 2.03 (1.03-3.10) 1.58 (1.22-2.04) <0.001
Insulin
Insulin_13y 5.41(2,94-6.77 9.52 (6.48-12.76) 7.27 (4.86-10.89) <0.001 4.09 (2.06-6.74) 9.61 (6,53-13,69) 7.33 (4.05-10.84) <0.001
Insulin_17y 3.13 (1.95-4.61) 6.82 (4.70-9.32) 5.00 (3.23-6.78) <0.001 3.62 (2.06-5.04) 8.53 (4.85-11,45) 4.77 (3.55-7.42) <0.001
Insulin_21y 6.50 (4.85-8.30) 12.00 (8,85-14.25) 8.10 (6.55-10.00) <0.001 6.00 (4.40-7.60) 10.60 (5.50-15.70) 7.35 (5.65-9.38) <0.001
Glucose
Glucose_13y 81.00 (78.00-84.00) 83.00(79.00-87.00) 90.00 (87.00-94.00) <0.001  81.00 (76.00-84.00) 84.00 (80.75-86.25) 90.00 (86.00-93.00) <0.001
Glucose_17y 80.00 (76.00-83.00) 80.00 (77.00-83.00) 88.00 (84.00-92.00) <0.001 82.00 (77.00-85.00) 82.50 (80.00-88.50) 88.00 (85.00-93.00) <0.001
Glucose_21Y 79.00 (76.00-81.50) 79.00 (75.00-83.00) 83.00 (80.00-87.00) <0.001 82.00 (78.00-86.00) 80.00 (74.00-83.00) 87.00 (84.00-90.00) <0.001
Hematological Parameters
RBC_13Y (x10"/L) 4.62 (4.48-4.87) 4.61 (4.43-4.83) 4.64 (4.40-4.79) 0.787 4.86 (4.86-5.29) 5.00 (4.61-5.16) 4.82 (4.82-5.17) 0.115
RBC_17Y (xlOlz/L) 4.64 (4.49-4.77) 4.60 (4.33-4.76) 4.56 (4.30-4.78) 0.185 5.11 (4.97-5.37) 5.16 (494-5.35) 5.05 (4.81-5.31) 0.095
RBC_21y (x10'%/L) 4.45 (4.25-4.64) 4.41 (4.20-4.67) 4.38 (4.19-4.58) 0.585 5.05 (4.85-5.34) 5.06 (4.86-5.30) 5.04 (4.74-5.17) 0.092
HCT_13Y (%) 40.50 (39.28-41.83) 40.60 (39.00-42.13) 40.30 (38.70-41.30) 0.247 41.05 (39.30-43.20) 41.85 (40.03-43.60) 41.20 (39.10-43.00) 0.378
HCT_17Y (%) 39.90 (38.80-41.40) 39.45 (37.98-40.83) 39.60 (37.70-41.00) 0.339 44.10 (42.38-45.23) 44.70 (42.90-45.65) 43.60 (42.00-45.10) 0.105
HCT_21y (%) 38.80(37.28-40.23) 38.60 (37.00-40.20) 38.40 (36.50-39.90) 0.378 43.85 (41.98-45.93) 44.75 (43.73-46.80) 44.10 (42.20-45.30) 0.024
PVC_13Y (fL) 87.30 (84.95-90.30) 87.50 (85.80-89.63) 87.40 (85,20-89.30) 0.860 85.00 (82.78-87.70) 85.55 (82.60-87.15) 86.50 (83.90-88.60) 0.072
PVC_17Y (fL) 86.55 (83.90-89.00) 86.75 (84.45-88.60) 87.00 (83.90-88.70) 0.929 85.25 (82.88-88.03) 86.05 (83.80-87.56) 86.60 (84.00-88.60) 0.082
PVC_21y (fL) 87.90 (85.68-89.83) 87.60 (85.30-89.43) 87.60 (85.10-89.70) 0.632 87.20 (84.88-89.18) 88.05 (85.93-90.08) 88.30 (86.30-90.50) 0.009
Hb_13Y (g/dL) 13.40 (12.8014.10) 13.50 (12.90-14.03) 13.40 (12.90-13.90) 0.556 14.00 (13.38-14.80) 14.30 (13.60-14.90) 14.00 (13.30-14.60)  0.260
Hb_17Y (g/dL) 13.40 (12.90-13.90) 13.25 (12.60-13.90) 13.20(12.50-13.70) 0.291 15.00 (14.58-15.70) 15.20 (14.70-15.80) 15.10 (14.40-15.80) 0.472
Hb_21y (g/dL) 12.40 (12.48-13.53) 12.90(12.30-13.53) 13.60 (12.30-13.40) 0.493 15.05 (14.40-15.70) 15.50 (14.63-16.27) 15.10 (14.50-15.70) 0.059
Whc_13Y (x 10° /L) 6.16 (5.22-7.58) 6.20 (5,30-7.67) 6.09 (5.10-7.34) 0.408 5.69 (4.74-6.62) 6.17 (4.85-6.69) 5.99 (5.19-6.94) 0.348
Whbc_17Y (x 10° /L) 6.09 (5.17-7.77) 6.31(5,48-7.28) 6.15 (5.24-7.27) 0.566 6.07 (5.21-6.81) 5.92 (4.96-6.86) 6.12 (5.37-7.04) 0.736
Whbc_21Y (x 10° /U) 6.23 (5.12-7.50) 6.60 (5,57-7.71) 6.14 (5.17-7.47) 0.199 6.54 (5.37-6.54) 6.57 (5.64-7.93) 6.40 (5.16-7.51) 0.421
Platelet_13Y (x10° /L) 260.00 (214.00-298.00) ~ 258.50 (235.50-286.50)  247.00 (199.00-283.50)  0.375  249.00 (215.00-285.00)  248.50 (207.25-369.75)  265.00 (211.00-290.00)  0.807
Platelet_17Y (x109/L) 255.00 (215.00-290.00)  251.50 (222.25-278.25)  237.00 (206.75-260.25) 0.354 227.00 (203.00-250.00)  252.50(195.25-281.75)  228.00 (200.00-254.00)  0.590
Platelet_21Y (x109/L) 243.00 (210.00-272.00)  253.00 (224.25-289.75)  261.00 (200.50-266.00) 0.193 218.00 (196.00-244.00)  226.00 (171.25-285.75)  226.00 (190.00-260.00)  0.889
Iron
Iron_13Y (u g/ dL) 91.00 (68.75-128.0) 90.50 (65.50-112,25) 94.00 (71.00-130.00)  0.370  92.00 (63.75-123.50) 93.5 (69.50-119.25) 96.00 (76.00-114.00)  0.777
Iron_17Y (w g/ dL) 95.50 (72.75-121.50) 94.50 (67.00-118.00) 84.00 (63.00-108.00)  0.184  98.50 (80.50-133.25) 99.5 (88.50-112.75) 100.00 (74.00-130.00)  0.740
Iron_21y (n g/ dL) 100 (68.75-127.50) 94.50 (73.00-126.00) 82.00 (62.00-111.00)  0.088  101.00 (78.25-125.25) 105.00 (75.75-125.50)  106.00 (77.00-138.00)  0.633

RBC= red blood cell; HCT=hematocrit; PCV= packed cell volume; Hb=Hemoglobin; WBC=white blood cell.
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Conclusao
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Conclusoes

Este estudo permitiu concluir que, em adultos jovens e saudaveis, menor sensibilidade a
insulina se associa a valores mais elevados de células vermelhas e hematdcrito, sendo o efeito

mais forte nos individuos do sexo masculino.

A tendéncia observada na analise longitudinal (dos 13 aos 21 anos de idade) reforca a
existéncia de uma associacdo entre sensibilidade a insulina e os valores células vermelhas e
hematdcrito, embora, no geral, ndo se tenham observado efeitos estatisticamente

significativos.

Estes resultados, em individuos que, na sua maioria, apresentam valores de glicose e insulina
dentro dos limites da normalidade, vém reforcar a necessidade de desenvolver investigacdo
com o objectivo de aumentar o conhecimento sobre o efeito da insulino resisténcia nas células
sanguineas. Por outro lado, verificamos apenas um efeito ligeiro no aumento do nimero de
células vermelhas e do hematdcrito, sendo necessario futuros estudos para compreender em

gue medida este efeito condiciona aumento no risco de doenca.
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