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Abstract

Introduction: The low-grade inflammation and insulin
resistance are two events that could be present in varying
degrees, on obesity and chronic diseases. The degree of
subclinical inflammation can be gauged by measuring
the concentrations of some inflammatory biomarkers,
including the hepatic origin ones. Some of those biomar-
kers are sialic acid, o, -antitrypsin and the C-terminal
fragment of alphal-antitrypsin, ceruloplasmin, fibrino-
gen, haptoglobin, homocystein and plasminogen activa-
tor inhibitor-1.

Objectives: To approach the relation between adiposi-
ty and hepatic inflammatory markers, and to assess the
possible associations between hepatic inflammatory bio-
markers and obesity, as well as their capacity of predic-
ting chronic diseases such as type 2 diabetes and athero-
trombotic cardiovascular diseases.

Methods: We used electronic scientific databases to se-
lect articles without restricting publication year.

Results: The sialic acid predicts the chance increase to
become type2 diabetic independently of BMI. Moreover,
the o, -antitripsin, ceruloplasmin, fibrinogen and hapto-
globulin biomarkers, seem predict the chance increase to
become type2 diabetic, dependently, of BMI. So, this pro-
cess could be aggravated by obesity. The concentrations
of fibrinogen, homocystein and PAI-1 increase proportio-
nally to insulin resistance, showing its relation with meta-
bolic syndrome (insulin resistance state) and with type2
diabetes. In relation to cardiovascular diseases, every
biomarkers reported in this review seem to increase the
risk, becoming useful in add important prognostic.

Correspondence: Ana Carolina Pinheiro Volp.

Department of Clinical and Social Nutrition — Nutrition School.
Federal University of Ouro Preto, Brazil. Campus Universitdrio.
Morro do Cruzeiro, s/no. Ouro Preto, Minas Gerais. Brasil.
CEP 35.400-000.

E-mail: anavolp@gmail.com

Recibido: 05-11-2015.
Aceptado: 10-111-2015.

BIOMARCADORES HEPATICOS DE
INFLAMACION Y SU VINCULO CON LA
OBESIDAD Y LAS ENFERMEDADES CRONICAS

Resumen

Introducion: El bajo grado de inflamacion y la resis-
tencia a la insulina son dos eventos que podrian estar pre-
sentes en mayor o menor grado, en la obesidad y las en-
fermedades cronicas. El grado de inflamacién subclinica
se puede evaluar por medicion de las concentraciones de
algunos biomarcadores inflamatorios, incluyendo los de
origen hepatico. Algunos de estos biomarcadores son el
acido sialico, ol-antitripsina y el fragmento C-terminal
de la alfa 1-antitripsina, ceruloplasmina, fibrinégeno,
haptoglobina, la homocisteina y el inhibidor-1 del activa-
dor del plasminégeno.

Objetivos: Evaluar la relacion entre la obesidad y los
marcadores de inflamacion hepatica, y las posibles aso-
ciaciones entre los biomarcadores inflamatorios hepati-
cos y la obesidad, asi como su capacidad de prediccion
de las enfermedades cronicas como la diabetes tipo 2 y
enfermedades cardiovasculares aterotromboticas.

Meétodos: Se utilizaron bases cientificas electrénicas
para seleccion de articulos, sin limite de afio de publi-
cacion.

Resultados: El acido sidlico predice el aumento de
convertirse en diabéticos tipo 2 independientemente del
IMC. Por otra parte, los biomarcadores o1-antitripsina,
ceruloplasmina, fibrinégeno y haptoglobulina, parecen
predecir el aumento de convertirse en diabético tipo 2,
dependiente, de IMC. Por lo tanto, este proceso podria
verse agravada por la obesidad. Las concentraciones de
fibrinégeno, homocisteina y PAI-1 incrementam propor-
cionalmente a la insulinoresisténcia, mostrando su rela-
cion con el sindrome metabdélico (estado de resistencia
insulinica) y con la diabetes tipo 2. En relacion con las
enfermedades cardiovasculares, cada biomarcador in-
formado en esta revision parece aumentar el riesgo, lle-
gando a ser muy titil en el complemento prondstico.
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Conclusion: This review integrates the knowledge con-
cerning the possible interactions of inflammatory me-
diators, in isolation or in conjunction, with obesity and
chronic diseases, since these biomarkers play different
functions and follow diverse biochemical routes in hu-
man body metabolism.

(Nutr Hosp. 2015;31:1947-1956)
DOI:10.3305/nh.2015.31.5.8525
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Abbreviations

AMI: acute myocardial infarction.

BMI: body mass index.

CRP: C-reactive protein.

FFA: free fatty acids.

FFA: free fatty acids.

HbA : glycated hemoglobin.

HOMA-IR: homeostatic model assessment-insulin
resistance.

HR: hazard ratio.

OR: odds ratio.

PAI-1: plasminogen activator inhibitor-1.

QUICKI: quantitative insulin check.

ROS: reactive oxigen species.

RR: relative risk.

S,: insulinic sensitivity index.

tPA: tecidual plasminogen activator.

Introduction

The reaction of induced inflammation by factors
of risk (abdominal obesity, hyperglycemia, dyslipide-
mias and systemic hypertension) and associated im-
mune response are the principal events which conduct
to aterogenetic process'. Individuals with these clinic
manifestations, generally, show prothrombotic and
pro-inflammatory states, characterizated by subclinic
imflammatory condition®*, a process which could be
aggravated by obesity>*,

Moreover, the insulin resistance has been associated
with the increase of plasmatics proteins inflammation
sensitive (inflammatory biomarkers)*®. Prospective
works corroborate these associations between many
inflammatory biomarkers and the diabetes and athero-
thrombotics cardiovascular diseases incidence>®?.

The adipose tissue has endocrine functions. Add-
tionally, it has been proposed that pro-inflammatory
cytokines formed on it, increase the hepatic synthe-
sis of acute phase protein>®!*!", However, it remains
unknown how the inflammation of low intensity con-
tributes to increase risk for cardiovascular diseases in
overweight and obese individuals'? This risk could be
very different for individuals with similar body mass.
In fact, studies show that cardiovascular risk between

Conclusion: Esta revision se integra el conocimien-
to acerca de las posibles interacciones de los mediadores
inflamatorios, en forma aislada o en combinacion, con la
obesidad y las enfermedades crénicas, ya que estos biomar-
cadores desempeiian funciones diferentes y siguen diversas
rutas bioquimicas en el metabolismo del cuerpo humano.

(Nutr Hosp. 2015;31:1947-1956)
DOI1:10.3305/nh.2015.31.5.8525

Palabras clave: Obesidad. Resistencia a la insulina. Infla-
macion. Diabetes. Enfermedades cardiovasculares.

obese individuals vary depending on the levels of
others risk factors associated with obesity'*'.

This review approaches the relation between adipo-
sity and hepatic inflammatory markers. Moreover, it
congregates the knowledge relating to possible inte-
rations of these inflammatory mediators with chronic
diseases associated to obesity, as well as, demonstrates
the capacity of them in predict the risk for diabetes and
cardiovascular affections.

Methods

This review was conducted using electronic scien-
tific databases, including Medline, PubMed and SciE-
LO, using the following key words in English, Spanish
and Portuguese: inflammation, obesity, cardiovascular
diseases, type-2 diabetes, sialic acid, o -antitrypsin
and the C-terminal fragment of alphal-antitrypsin,
ceruloplasmin, fibrinogen, haptoglobin, homocystein
and plasminogen activator inhibitor-1. The articles
were selected after reading the abstract and regardless
of their year publication.

Hepatic Inflammation Markers

The accurate physiological events which conduct to
beginning of inflammatory response in obesity are not
totally known'!. It is known that the mechanisms that
obesity, specially central (visceral) obesity, associate
with morbimortality include the increase in expression
and release of adipose tissue cytokines and acute pha-
se proteins; increase in activity of coagulation cascade
(hypercoagulability) and decrease in activity of fibri-
nolytic cascade (pro-thrombotic process); increase in
inflammatory process, oxidative stress and endothelial
disfunction, besides disturbance of glucose and lipid
metabolism (insulin resistance)'.

The expansion of adipose tissue leads to adipocyte
hypertrophy and hyperplasia and these big adipocytes
decrease de local oxigen supply, causing cellular
hypoxia and activation of cellular stress pathway (oxi-
datives and inflammatory), inducing a cellular autono-
mic inflammation (autocrine effect) and cytokines and
release of others pro-inflammatory signals.
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The adipocines (resistin, leptin and adiponectin),
which are secreted by adipocytes, can also affect the
inflammation and insulin resistance. As part of chronic
and low intensity inflammatory process, chemokines
locally secretaded attract pro- inflammatory macro-
phages for adipose tissue, which form a crown shape
structure around the dead and/or sick big adipocites.
Following, these macrophages stimulate the cytokines
release, which will activate the inflammatory way in
adipocytes and adjacent tissues (autocrine and paracri-
ne effect), aggravating the inflammation and insulin
resistance*!*!1,

The hepatic inflammation can occur in obesity, be-
cause the activation of inflammatory pathways could
be a steatosis result and/or increase in responses of
hepatocytes stress pathways, which could result in he-
patocytes autonomic inflammation (autocrine effect).
The Kupffer cells (hepatic cells similar to macropha-
ges) can also become activated, locally stimulating the
cytokines release, which aggravated more the hepatic
inflammation and insulin resistance. Morover, the ca-
loric excess and obesity are, frequently, come along
with the increase on tissue and tecidual circulant free
fatty acids (FFA). They could activate directly the
pro-inflammatory responses in vascular endothelial
cells, adipocytes, myeloid derivatived cells'®!. The
systemic inflammation developement is the result of
these physiological events induced by obesity'".

Amongst the hepatic biomarkes of inflammation
related to the atherosclerose process are: sialic acid,
o, -antitrypsin and the C-terminal fragment of al-
phal-antitrypsin, ceruloplasmin, fibrinogen, hapto-
globin, homocystein and plasminogen activator inhi-
bitor-1 (Fig. 1).

Siliac acid

The siliac acid or N-acetylneuraminic is compo-
nent of some acute phase protein terminal part, as
alphal- antichemotrypisin, alphal-antitrypsin, hapto-
globin and orosomucoid. These glucoproteins together
explain 70% of sialic acid plasmatic concentration'e.
Its production in hepatocytes is stimulated in inflam-
mation and metabolic/oxidative stress situations. It
could be considered a biomarker of serum concentra-
tion of many acute phase protein, beyound, could be
considered a systemic inflammatory biomarker since
predict the risk for type 2 diabetes and cardiovascular
diseases”!S.

Non-diabetic normotensive obese individuals pre-
sent the sialic acid concentration significantly increa-
sed as compared to non-obese controls. The sialic
acid correlates positively with Homeostatic Model
Assessment- Insulin Resistance formula (HOMA-IR),
body mass index (BMI), waist and hip circumferen-
ce and, negatively with Quantitative Insulin Check
index (QUICKI) and insulinic sensitivity index (S)"".
Yet, the siliac acid correlate to the following measure-
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Fig. 1.-The adipose tissue product many inflammatory media-
tors which stimulate the hepatic tissue to product others inflam-
matory mediators. The process is bidirectional and increases
proporcionaly to body fat quantity, enhancing the risk to develop
type2 diabetes and atherothrombotic diseases. SA: sialic acid;
AAT: o,-antitripsin and C-36 antitripsin fragment; Cp: cerulo-
plasmin; Fb: fibrinogen; Hp: haptoglobuline; Ho: homocystein;
PAI-1: plaminogen activator inhibitor-1.

ments of adiposity and /or metabolic syndrome com-
ponents: glycemia, triacylglycerol, HDL-cholesterol,
systolic and diastolic arterial pressure, besides it corre-
lates with body weight, insulin, total cholesterol and
LDL-cholesterol. In this same study, how much big-
ger the number of metabolic syndrome components,
bigger was the sialic acid concentration. For each 0.34
mmol/L of increase in sialic acid concentration, a OR
for metabolic syndrome was 2.5 (1.8 to 3.4), and per-
sisted significant after the adjustment to BMI, with OR
of 1.9 (1.3 ato 2. 6)'*°. In ARIC Study, individuals
with the sialic acid and orosomucoid concentration
bigger than average, showed odds ratio (OR) of 3.7
(1.41t09.8) e 7.9 (2.6 to 23.7), respectively, to develop
type 2 diabetes. When adjusted for BMI and waist-hip
index, the association of sialic acid and orosomucoid
kept significants, with OR of 2.8 (1.01 to 8.1) and
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7.1 (2.1 to 23.7), respectively’. In other study, indivi-
duals with sialic acid concentration on major quartile
showed relative risk (RR) for cardiovascular mortality
of 2.4 (2.0 to 2.8) and of 2.6 (1.9 to 3.6) in men and
women, respectivelly'®.

Moreover, serum concentrations of sialic acid co-
rrelated to leptin concentrations, suggesting that high
sialic acid concentration are related to biomarkers of
obesity and adipose tissue metabolism, which could
justify the fact of high concentrations of sialic acid pre-
cede the development of type 2 diabets and could also
explain its function as cardiovascular risk indicator?.

Then, the sialic acid correlate to adiposity measure-
ment and/or metabolic syndrome components, besides
predict the increase of the risk to develop metabolic
syndrome and type2 diabetes, independently on BMI;
as well as the increase of the risk to cardiovascular
mortality. So, in individuals with elevation of its serum
concentration, the sialic acid could add prognostic in-
formation that could be useful about obesity and chro-
nic diseases.

Alpha,-Antitripsin and the C-terminal fragment of
alphal-antitrypsin

The o, -antitripsin is the main inhibitory endogenous
human plasm proteases with serin which present a big
variety of anti-inflammatory propriety, besides to exe-
cute an important function in reducing the proteolytic
damage in the tissues. It is an acute phase protein and
its concentration increases quickly in response to me-
tabolic/oxidative stress due to infection and inflam-
mation®!.

Even its production be mainly hepatic, some cells
of immune system (neutrophils, monocytes, macro-
phages) also express it in response to one variety of
inflammatory mediators. Some studies in vitro showed
that alphal- antitrypisin inhibit the TNF-3 e da IL-1
syntesis and release, however it helps the inflammatory
cytokines release, as IL-10 in human monocytes?'. Ad-
dtionally, alpal-antitrypsin is related to atherogenic
process due to its union to LDL-cholesterol receptors
and carriers receptors as the CD-36, which recognize
the oxidate LDL-cholesterol and mediate the accumu-
lation of lipid and foam cells formation. The result of
this interaction is the pro-inflammatory molecules pro-
duction by activated monocytes?.

The C-36 carboxiterminal fragment, a product of al-
phal-antitrypsin degradation, is found in atheroma and
related to inflammatory transcription factors, as acti-
vation of NF-kf3, PPAR-o. e PPAR-y in primary culti-
vation of human monocytes*. Moreover, the C-36 mo-
dulates the human monocytes activation, actuating the
TNF-o, IL-1f, IL-8 and the NF-kB nuclear factor®.
Then, alphal-antitrypsin, as well as, the C-36 executes
a very important function on expression of regulation
and on modulation of pro-inflammatory and anti-in-
flammatory mediator®'.

In ARIC Study, individual with alphal-antitrypsin
concentration bigger than average, showed an OR of
1.8 (1.6 to 4.9) to develope type2 diabetes in the first
3years of following, after adjustments including smo-
king, glycemia in fasting, BMI and waist-hip index’.
In other study, men with alphal-antitrypsin concen-
tration in major quartile when compared to smallers
quartiles, the OR for type2 diabetes increased (OR=
3.9; 6.2; 19.2), in accordance to the increase of BMI
(BMI = <25.0; 25 a 29.9; =30), respectively®.

In relation to cardiovascular diseases, individual
with alphal-antitrypsin concentration in major quar-
tile showed a RR of 2.3 (1.8 to 2.9), 1.3 (0.89 to 1.8)
e 2.2 (1.7 to 3.0) to cardiacs events, acute myocar-
dial infarction and cardiovascular mortality, respec-
tively®.

Nowadays, it is necessary more information about
alphal-antitrypsin and C-36 in relation to obesity.
Nevertheless, it was published that elevated concen-
trations of sensitive proteins to inflammation, as al-
phal-antitrypsin, could predict future gain of weight®.

Then, alphal-antitrypsin executes a relevant func-
tion on expression regulation, as well as, on modula-
tion of pro-inflammatory and anti-inflammatory me-
diators?'. Additionally, it seems to predict the increased
chance to develop type 2 diabetes, irrespective of some
conventional risk factors and dependently of BMI; as
well as the increased risk to cardiovascular diseases.
At last, individuals with elevation of alphal-antitryp-
sin concentration could be come along with the in-
flammatory process, and high risk to develop chronic
diseases, which could be aggravated by obesity.

Ceruloplasmin

The ceruloplasmin is a glucoprotein which is a fa-
mily member of inflammatory sensitive protein, that
include the alphal-antitrypsin, haptoglobin, orosomu-
coid and fibrinogen®*. It is considered the main copper
transporter plasmatic protein (95%) for containing 6
copper atoms per molecule. It is syntetized, mainly,
by liver, but other cells (monocytes, astrocytes, Sertoli
cells) can also express it*. Its syntesis is increased in
infection, inflammation and associated diseases situa-
tions® and its concentrations could be associated to
cardiovascular risk factors, as hypertension, dyslipde-
mias, diabetes and increase in body weight®.

Besides its transport function, ceruloplasmin exerts
ferroxidase activity, modulation function of coagula-
tion, angiogenesis, inactivity of biogenetic amines and
defense to oxidative stress”’. Due to its ferroxidase
activity, the cerulolasmin relates to iron metabolism,
since catalyzes the oxidation of ferrous to ferric iron.
This activity is proposal as the mechanism in which
the ceruloplasmin present antioxidant effect, reducing
the oxidative stress through of inhibition of Fenton re-
action, which uses the ferrous iron to generates reacti-
ve oxygen species (ROS)*7%,
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Otherwise, many researches have proposed a
pro-oxidant effect®®. The abdominal/visceral obesity,
also relates to high ceruloplasmin concentration, pos-
tulating that the determination of this protein in patient
with central obesity could be useful in order to identify
patients with high risk to acute myocardial infarction
(AMD)®. In other study, individuals with ceruloplas-
min concentrations in bigger quartile showed RR of
2.1 (1.6 t0 2.6), 2.0 (1.4 to 3.0) e 2.2 (1.6 to 3.1) for
cardiac events, heart failure and cardiovascular morta-
lity, respectively?®.

So that, high ceruloplasmin and copper concentra-
tions associate with glucose tolerance and diabetes®,
as well as it is an important factor of cardiovascular
risk when associated with homocistein concentra-
tions*. In a study, men with ceruloplasmin concentra-
tions in bigger quartile when compared with smallers
quartiles, the OR for type 2 diabetes increases (OR=
4.2; 6.7; 18.4), in accordance to BMI increase (IMC=
<25.0; 25 a 29.9; =30), respectively®.

The suggested mechanism that ceruloplasmin could
contribute to development of these diseases is related
to situations which disfavour the oxidative stress pro-
moting the copper release of the ceruloplasmine mo-
lecule and then, allowing the reation of free copper
with pro-oxidants factors, which generate the free
radical. Moreover, the enzymes activity in which the
copper is a good cofactor (example: with the superoxi-
de dismutase), will be prejudiced and the same way,
the ferroxidase activity that depend on the molecule
integrity, modifing the iron metabolism and favoring
its accumulation®?.

So, high ceruloplasmin concentrations predict the
increased of the risk to develop cardiovascular disea-
ses, as well as, the increase of the chance to present
type 2 diabetes, irrespective of BMI. But, it is impor-
tant to stand out that high concentrations could not be
pathologics, necessarily.

In clinical practice, the best way to know it, is un-
derstand the oxidative degree, and then, determine IF
this elevation is pathologic*. Anyway, the ceruloplas-
min could be pro-oxidant or antioxidant effect, depen-
ding on the integrity of its structure. The ceruloplasmin
functions in stress oxidative situations and as biomar-
ker of inflammatory state request new investigations®.

Fibrinogen

The fibrionogen (Factor I) is a glucoprotein syntheti-
zed in the liver and is involved in final stage of coagu-
lation, which consists on its conversion in fibrin under
trombin action”. It is an acute phase protein, similar to
C-reactive protein (CRP), its production is apparent-
ly controlled by IL-6%. The fibrinogen promotes the
arterial and venous thrombosis through of increase in
fibrin formation, plaquetary aggregation and plasma
viscosity, promoting the atherosclerosis by prolifera-
tions of endothelial and smooth vascular muscle cells'.

Since the obesity is associated with atherosclero-
sis, many researches have been conducted in order
to know possible associations between the fibrinogen
and obesity and its comorbities. In individual without
diabetes, the fibrinogen concentration correlated to fo-
llowing adiposity measurement and/ or metabolic syn-
drome components: fasting glycemia, waist circumfe-
rence, HDL-cholesterol, systolic and diastolic arterial
pressure, besides BMI, insulin, pro-insulin values and
S”. Additionally, overweight individuals have higher
fibrinogen concentration when compared to normal®*;
and individuals with metabolic syndrome have fibrino-
gen concentrations significantly bigger than individual
without metabolic syndrome®. Otherwise, fibrinogen
concentrations could decrease in weight loss™.

A study showed positive correlation between con-
centrations of insulin and fibrinogen, during many
periods of glucose tolerance (normal tolerance, pre-
judiced tolerance to glucose and type 2 diabetes, res-
pectively. The decrease of insulin sensitivity was an
independent factor associated with high fibrinogen
concentrations®’. These results suggest that fibrinogen
is a metabolic syndorme biomarker, in an insulin resis-
tance state. In ARIC Study, individuals with fibrinogen
concentrations in the bigger quartile, showed OR of
1.2 (1.0 to 5.0) to develop type 2 diabetes in a period of
7 years’. In other study, men with fibrinogen concen-
trations in the major quartile when compared with the
smaller quartiles, the OR to type 2 diabetes increases
(OR=4.2;7.8;21.6), in accordance to the BMI increa-
se (BMI = <25.0; 25 a 29.9; =30), respectively®.

In relation to cardiovascular diseases, individuals
with fibrinogen concentration in major quartile showed
aRR of 2.3 (1.8t029),19(1.3t02.7)e 2.5 (1.8 to
3.4) to cardiac events, heart failure and cardiovascular
mortality, respectively®. In a prospective cohort study,
each increase of 100md/dL of fibrinogen level yielded
a hazard ratio (HR) of 1.49 (1.11 to 2.22) for cardio-
vascular mortality, after adjusting for sex, age, hyper-
tension, diabetes mellitus, obesity, total cholesterol,
HDL-cholesterol/triacylglycerols ratio, smoking habit,
and history of previous cardiovascular disease. Within
the population of this study, fibrinogen is an indepen-
dent predictor of cardiovascular mortality*®.

Fibrinogen concentrations also predict weight gain.
It was demosntrated by a study in which individuals
wich serum concentrations of fibrinogen in higher
quartile, acquired approximately 0.23 kg/year when
compared to them of smallers quartiles. The OR ad-
justmented for the biggest weigth gain (bigger than
percentil 90) for that in the bigger quartile of fibri-
nogen concentration was de 1.65 (1.38 — 1.97) times
when compared with them in the smaller quartile, for a
period of 3 years. These OR values were also different
for distinct degrees of obesity. Individuals with BMI <
25, 25 to 30 e > 30 kg/m? have their OR of 1.43, 1.59
e 2.02, respectively®. Then, high fibrinogen concen-
trations predispose the obese patients to higher risk to
suffer thromboembolic complications*, due to increa-
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se on oxidative and inflammatory state, favoured by
increase in body adiposity.

The fibrinogen correlate to adiposity measument
and/ or metabolic syndrome components and its con-
centrations increase proporcionally to insulin resistan-
ce state, increasing the chance to occur type 2 diabetes,
which happen in dependent way of BMI. So, in cli-
nical practice, the same could add usefull prognostic
information to individuals with metabolic syndorme,
an aggravated process by obesity, which predispose
individuals to tromboembolic diseases. At last, there
is an addicional advantage associated with the deter-
mination of fibrinoogen concentration, since it is con-
sidered an independent very important risk factor to
cardiovascular diseases?.

Haptoglobulin

The haptoglobulin (a,-globulin) is a glucoprotein
produced, mainly, in the hepatocytes, whose function
principal is to fix the free hemoglobin and remove it
of circulation by the reticuloendothelial system. As an
acute phase protein, its synthesis is increased in inflam-
matory process’. Besides its hepatic synthesis, it has
been demonstrated its presence in adipose tissue, as
well as its release by primary cultivation. Its quantity is
major in visceral than subcutaneous tissue, but in both
cases are much inferior than circulant concentrations*'.
Amongst the cytokines, TNF-a, IL-6 and others, regu-
late its secretion in the liver and adipose tissue*?.

In healthy individuals, the haptoglobulin concen-
tration correlate to following adipose measuriments
and/or metabolic syndrome: insulin, total cholesterol,
percentual of body fat, lipid oxidation®, leptin, CRP*
e BMI**#, The haptoglobulin, together the other plas-
matic proteins sensitive to inflammation, relate to wei-
ght gain in long-term and, consequently, to the increa-
se in cardiovascular risk in obese individuals'>.

In ARIC Study, individuals with haptoglobulin con-
centration bigger than average, showed an OR of 2.1
(0.7 to 6.0) to develop type 2 diabetes in 3 first years
of following, after the adjustment including smoking,
fasting glycemia, BMI and waist-hit index’. In other
study, men with Hp concentration in the major quar-
tile when compared to smallers quartiles, the OR to
type 2 increase (OR=3.2; 8.4; 21.6), accordant to BMI
increase (BMI= <25.0; 25 a 29.9; =30), respectively®.

In relation to cardiovascular diseases, individuals
with haptoglobuin concentration in bigger quartile
showed an RR of 2.0 (1.6 to 2.5), 1.9 (1.3 to 2.7) and
2.0 (1.5 to 2.7) for cardiac events, acute myocardial
infarction and cardiovascular mortality, respectively®.

Despite the found association between haptoglo-
bulin concentration and adipose measurement and/or
components of metabolic syndrome***, as well as its
capacity to predict the risk to type 2 diabetes®’, depen-
dently of BMI, and to cardiovascular diseases’, its use
as marker of inflammatory state in clinical and epi-

demiologic researches should be done and elucidated
with caution, due to different behaviour showed by its
3 main phenotypes (haptoglobulinl-1; haptoglobu-
lin1-2 e haptoglobulin 2-2)*.

Homocystein

The homocistein is an aminoacid which contain a
thiol (sulphidril or SH-) that exerts an important func-
tion in folate and methionine metabolism. The homo-
cistein is metabolized by two pathways: (a) when the
metionin stock is sufficient, the homocistein enter on
transulfuration pathway and is converted in cistein in
one reaction catalyzed by [-sintase cistationin depen-
dent on B6 vitamin; (b) when the metionin conserva-
tion is necessary, the homocistein receive a methyl
group of N5 methyl-tetrahydrofolate (catalyzed by
N5, N10 methylenetetrahydrofolate reductase enzime)
and is converted to metionin by methionine synthase
(demethylation), whose cofactor in this last reaction is
the B12 vitamin*4°.

The hyperhomocysteinemia was, recently, recogni-
zed as a factor of cardiovascular risk, independent on
others risk factors as diabets, hypertension, hypercho-
lesterolemia and smoking*’“. The estimated prevalen-
ce to hyperhomocysteinemia (Ho>14 pmol/L) vary
between 5% and 30% in population**°, and occur in
approximately 5 to 7% of population in generaly, and
in 5 to 40% in patients with cardiovascular diseases’'.
In a populational study, HOOGEVEN et al., (2000) de-
tected a prevalence of 25.8%.

The relation power between hyperhomocysteinemia
and death seems to be stronger between individuals
with diabetes than that one’s without this disturb®.
In fact, an interaction of hyperhocysteinemia with
diabetes is biologically plausible. High homocystein
concentrations could exert atherothrombotic effects
by oxidative stress increase, which could induce endo-
thelial disfunction*®. The homocystein can also affect
the propriety of extracellular matrix and increase the
smooth muscle cells proliferation®. In diabetes, the
oxidative stress is enhanced, and extracellular matrix
alterations are proeminent features of diabetes. The
both could become individuals with diabetes more
susceptible to adverse effects of hyperhomocysteine-
mia*. Additionally, the oxidative stress caused by the
increased concentration of tiacilglycerols and free fat
acids is known in to cause the hyperinsulinemia and
insulin resistance. This process could be aggravated in
obesity in decurrency of the stock increase of body fat.
The process is bidirectional and the insulin resistance
could enhance the homocystein concentration™.

However, the specific mechanism through the ho-
mocystein promote atherotrombose continuous unk-
nowed, there are strong epidemiolgical evidences to
association between hyperhomocysteinemia and athe-
rotrombotic cardiovascular diseases*®*’. Otherwise, as
was showed by meta-analysis studies, the daily treat-
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ment with pholic acid could reduce the homocystein
concentration in 15 up to 40% into 6 weeks*’. Then,
the hyperhomocysteinemia is an important risk factor
but could be modified by diet habit.

In a prospective study, after the adjustment to the
biggest cardiovascular risk factors, the serum albumin
( marker of healthy general state) and glycated hemog-
lobin (HbA ), the OR to mortality into 5 years was
1.56 (1.07 to 2.30) to hyperhomocysteinemia and 1.26
(1.02 to 1.55) for each 5-ymol/L of homocystein in-
crease. Morover, the OR pto mortality in 5 years to
hyperhomocysteinemia was 1.34 (0.87 to 2.06) in in-
dividual without diabetes and 2.51 (1.07 to 5.91) in
diabetics (p<0,08). For each 5-pmol/L of serum ho-
mocystein increment, the risk to general mortality in
5 years increase in 17% patients without diabetes and
60% in diabetics®. In other study, how much big was
the quartile of homocystein concentration (Q1: <10.3;
Q2: 10.3-12.49; Q3: 12.5-15.39; Q4: >15.4), bigger
was the OR adjustment to heart failure, wich were 1.0,
1.2 (0.3 to0 4.2), 2.6 (0.7 to 9.3) and 4.7 (1.1 to 20.0),
respectively®.

Then, the hyperhomocysteinemia is related to mor-
bimortality of independent form of biggest cardio-
vascular risk factors**° and seems to be a strong risk
factor (about 2 times) to death in diabetics®®, which
process could be aggravated in hyperinsulinemics®.
So, in individuals with its high concentrations, the ho-
mocystein per si could be usefull in clinical practice to
supply prognostic in relation to chronic diseases. Still,
is important to stand out that the risk to chronic disea-
ses, followed by the increase in homocystein concen-
tration, could be modified by diet habit.

Plasminogen activator inhibitor-1

The PAI-1 is a protein that inhibits the tecidual plas-
minogen activator (tPA), which cleaves the plamine to
plasminogen, thus is the first physiological inhibitor of
fibrinolysis in vivo. It occurs while present the capaci-
ty to inhibit the plamine forerunner, whose function is
the rupture of fibrine network, avoidding the thrombus
formation®.

The PAI-1 is produced in many tissues, including the
liver and adipocytes. Many factores contribute to in-
crease of the expression and release of PAI-1 in adipose
tissue (specially, the visceral), amongst them there are
insulin, TGF-B, PCR, IL-6, FNT-o. and IL-1'>%*. These
factors associated with the stock increase of body fat
can explain theirs enhanced concentration, generally,
verified in obese individuals and/or insulin resistants.

These high concentration compromise the normal
fibrine clearance, causing the fibrinolisys system de-
terioration, and consequently promote the thrombose,
which is part of cardiovascular complication of obe-
sity!553,

The PAI-1 concentration correlates to following adi-
posity measurements and/or metabolic syndrome com-

ponents: waist circumference, insulin resistance and
triacylglycerols concentrations. High concentration of
PAI-1 predicts cardiac and coronary diseases and acu-
te myocardial infarction. Then, high concentrations of
PAI-1 found in obesity and metabolic syndrome could
predispose to many micro and macrovasculars, arte-
rials and venous, including the thrombose'.

A study demonstrated positive correlation between
insulin and PAI-1 concentration, during many periods
of glucose tolerance (normal, prejudiced tolerance to
glucose and type 2 diabetes), respectively. The decrea-
se sensitivity to insulin was an independent factor as-
sociated with high PAI-1 concentrations®’.

The IRAS Study evaluated the link between PAI-
1 and the incidence of type2 diabetes during 5 years
and observed that PAI-1, which has a knowed relation
to metabolic syndrome components, it seems to be a
precocious inflammatory biomarker to type2 diabe-
tes. The PAI-1 concentrations are enhanced in insulin
resistant individuals, who become diabetics indepen-
dently on insulin sensitivity and BMI®. These results
suggest that PAI-1 is a metabolic syndrome marker,
in insulin resistance state, due to reflect subclinical in-
flammation.

The PAI-1 activity coud be stimulated by others in-
flammatory mediators, as the PCR which stimulate the
expression and PAI activity in endothelial cells. This
effect is additional in hyperglicemia situation. So, the
increase of PAI-1 concentration on diabetes and meta-
bolic syndrome, is also due to a stimulation of mono-
cytes and endothelial cells by PCR, in which situations
are also increased™-.

A study with elders without diabetic, after to ad-
just the age, the PAI-1 concentrations correlated to
following adiposity measurements and/or metabolic
syndrome components: waist circumference, glyce-
mia, HDL-cholesterol, body weight and insulin. In this
study, the authors also related the PAI-1 concentration
to body mass factors (body weight, waist circumferen-
ce, insulin and glycemia). Then, individuals with high
concentrations of PAI-1 together with body mass fac-
tor support the relation between obesity and prejudiced
fibrinolysis’.

Obeses with metablic syndrome have higher PAI-1
concentrations than individuls with normal weight wi-
thout metabolic syndrome®. Additionally, in the same
study, the PAI-1 concentrarion to whole group (obese
with metabolic syndrome plus eutrofics) were associa-
ted with glycemia, insulin, HOMA-IR, triacilglycerol,
HDL-cholesterol and CRP. Only in obese group with
metabolic syndrome, the PAI-1 concentration was sig-
nificantly associated with glycemia and HOMA-IR.
So, the high serum concentrations of PAI-1 are found
in obeses with metabolic syndrome, but these are de-
pendents factors of others conditions for that inflam-
matory process occur. The association between PAI-
1 and insulin resistance has been reported by many
studies with eutrofic patients and obeses with insulin
resistance™®.

Hepatic inflammatory biomarkers
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Then, the determination of PAI-1 concentration has
the advantage to be related to adiposity measurement
and/or metabolic syndrome components and the fibri-
nolysis system. This parameter is also considered an
important risk factor to type2 diabetes and to athero-
trombotic cardiovascular diseases, aggravated by insu-
lin resistance degree.

Inflammatory biomarkers set (fibrinogen,
haptoglobuline, ceruloplasmine, orosomucoid,
o,-antitripsin)

In a study, the OR to type2 diabetes in men with
high concetrations of biggest quartile for no biomarker
(OR= 3.3; 3.8; 13.9), presence of one (OR= 4.0; 6.3;
12.8), for two (OR=3.3; 6.7; 20.8), for three (OR=5.4;
6.9; 16.9) e for four or five (OR=2.5; 8.7; 28.0), when
compared to smallest quartiles, increased with BMI
(BMI= <25.0; 25 to 29.9; =30), respectively. The pre-
valence of diabetes was significantly associated with
studied biomarkers concentrations among overweight
and obese individuals, but not in individuals with BMI
<25 kg/m?. This association was similar to insulin re-
sistance in accordance to HOMA-IR®.

In this same study, individuals with and without
diabetes, as well as the presence of two up to five bio-
markers on fourth quartile, when conpared to lowest
quartiles, had different OR to atherothrombotic car-
diovascular diseases. After adjusted to age, smoking,
cholesterol, triacilglycerols, sedentary life, systolic
and diastolic arterial pressure and hypertension me-
dicaments; men without diabetes, with two up to five
biomarkers had OR of 1.6 (1.4 to 1.8); 1.7 (1.4 to 2.2);
1.6 (1.3t01.9); 1.4 (1.1 to 1.9) and 1.4 (1.0 to 1.9) for
every cardiovascular mortality causes (cardiovascu-
lar diseases, cardiac events, infarct, ischemic infarct,
respectively). And men with diabetes and presence
of two up to five biomarkes had possuiam OR of 1.5
(0.93t02.4);2.2(1.2t04.2); 2.2 (1.2 t0 3.8); 2.4 (0.98
to 5.8) and 2.0 (0.8 to 5.0) for all cardiovascular mor-
tality causes (cardiovascular diseases, cardiac events,
infarct, ischemic infarct, respectively). The authors
concluded that on this study population (6.050 men),
the diabetes was associated with the increase of in-
flammatory biomarkers concentrations (fibrinogen,
haptoglobulin, ceruloplasmin, orosomucoid, o, -anti-
tripsin) between individuals with overweight and obe-
sity, but not between individuals with normal weight.
Additionally, high concentrations of inflammatory
biomarkers increase the cardiovascular risk similary
in diabetics when compared to individuals without
diabetes®.

Final Considerations

This review allows to verify the relation between
some biomarkers (sialic acid, fibrinogen, haptoglobu-

lin and PAI-1) with obesity and chronic diseases, since
them presented correlation to adiposity measurements
and/or metabolic syndorme components. The sialic
acid predicts the chance increase to become type2 dia-
betic independently of BMI. Moreover, the o -antitrip-
sin, ceruloplasmine, fibrinogen and haptoglobulin bio-
markers, seem predict the chance increase to become
type2 diabetic, dependently, of BMI. So, this process
could be aggravated by obesity. The concentrations of
fibrinogen, homocystein and PAI-1 increase propor-
tionally to insulin resistance, showing its relation to
metabolic syndrome (insulin resistance state) and with
type2 diabetes.

In relation to cardiovascular diseases, every biomar-
kers reported in this review seem to increase the risk,
becoming usefull in add important prognostic. It seems
that fibrinogen and homocystein, in specially, have an
additional advantage in its use in clinical practice, be-
cause they are considered independent risk factors to
cardiovascular diseases.

The high concentration of ceruloplamin, should be
interpretated with caution, because could be not ne-
cessarily pathologic. In the clinical practice, the best
way to confirm this situation is to evaluating the oxi-
dative state. In any way, the ceruloplasmin function of
inflammatory biomarker in oxidative stress situation
request new investigations.

It is important to stand out that the strong relation
between inflamation biomarkers and chronic disea-
ses could be equal as much in healthy as in sick in-
dividuals (after have been developed type 2 diabetes
or had myocardial infarction), as well as in eutrofic
and overweight individuals. In the same way, the car-
diovascular risk varies widly between eutrofic and
overweight individuals, with low or high concentra-
tions of inflammatory biomarkers. Their relation to
sensitive protein to inflammation contributes, but do
not explain completly in increase of cardiovascular
risk in obeses. It suggets that the contribution of in-
sulin resistance on inflammatory process in not only a
phenomenon restricted to individual with diseases or
overweigth. All factors which modulate the liver and
adipose tissue to product inflammatory biomarkers
should be more explored; however, there is an inability
in find differences on inflammatory biomarkers con-
centrations between healty and sick individuals, and
between eutrofic and overweight individuals.

An context, specially on food patterns®® and physi-
cal activity, should be considered into determinants of
chronic diseases and not only in biochemistry and an-
thropometric values, and body composition.

The inflammatory process is a very complex reac-
tion. All of these reported biomarkers, alone or toge-
ther, seem execute many functions and following va-
rious biochemistry routs in human body metabolism®.
At last, is necessary performing more studies to un-
derstand better the biological activity of these inflam-
matory biomarkers, and then, stablish their biological
and clinical function.
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