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The definition of metabolic syndrome (MetS) includes biomarkers such as an increase in triglycerides, a reduction

in high-density lipoproteins (HDL), and impaired glucose. However, the alteration of these biomarkers occurs when

the condition is already in place; for this reason, it is necessary to identify biomarkers capable of predicting the

manifestations related to MetS in advance in order to implement measures to avoid its appearance.
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1. Adiponectin

Adiponectin is a protein of 244 amino acids produced by adipocytes and, to a small extent, by cardiac and skeletal

myocytes; it is secreted into the bloodstream in three different forms: a trimer, a hexamer, and a high molecular

weight multimer . The production and secretion of adiponectin is favored by physical exercise and healthy diet,

and is different in the two sexes with greater production in the female sex due to the action of estrogen on adipose

tissue . Once released into the blood, adiponectin binds to transmembrane receptors called AdipoR1, expressed

in skeletal muscles, and AdipoR2, expressed by hepatocytes, and acts by modulating numerous metabolic

processes . At the level of skeletal myocytes, adiponectin increases insulin sensitivity, while in the liver, it up-

regulates glucose transport, down-regulates gluconeogenesis and activates the oxidation of fatty acids.

Adiponectin also increases insulin sensitivity in the liver, and acts directly on pancreatic cells by increasing insulin

secretion . Furthermore, adiponectin plays a role in the modulation of inflammatory processes in macrophages,

endothelial tissue, muscles and epithelial cells by preventing the production of reactive oxidative species and

inhibiting the secretion of hs-CRP. Through these processes, adiponectin acts in a protective way against

inflammatory diseases such as atherosclerosis and MetS . In fact, adiponectin inversely correlates with intimal

thickness  and with adiposity and proinflammatory cytokines; low values of adiponectin, especially of the high

molecular weight form, are associated with an increased risk of developing MetS . It was shown that adiponectin

correlates inversely with adiposity in survivors of brain tumors , with the antero-posterior diameter of infrarenal

abdominal aorta in survivors of leukemia , and with the appearance of MetS in pediatric survivors of lymphoma

and allogeneic hematopoietic stem cell transplantation .

The measurement of adiponectin can be carried out using the enzyme-linked immunosorbent assay (ELISA)

technique ; numerous commercial kits are also available. Erhardt et al. established age- and sex-specific

reference values for serum adiponectin in normal-weight 3.0–8.9 year old European children , and Lausten-

Thomsen et al. developed reference levels for total serum adiponectin in children and adolescents aged 6–18

years . It is usually expressed in μg/mL.
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2. Leptin

Leptin is a 146 amino acid protein encoded by the ob gene and released from adipose tissue into the blood in

quantities directly proportional to the amount of adipose tissue . Leptin acts to bind a specific receptor present

on neuronal, hepatic, pancreatic, cardiac, and perivascular intestinal tissue. At the brain level, leptin has as its main

sites of action the solitary tract and the ventral tegmental area in the brain stem, where it reduces appetite by

stimulating neurons secreting proopiomelanocortin and inhibiting the orexigenic agouti-related protein/neuropeptide

Y-containing (AgRP/NPY) neurons . It also regulates the axes of the thyroid gland, gonads, adrenocorticotropic

hormone and cortisol growth hormone, and changes in cognition, emotions, memory, and the entire brain structure

. High quantities of leptin are produced in the case of excess adipose tissue, and this determines the

inhibition of the sense of hunger and consequent reduction in food intake. Leptin deficiency or resistance is

associated with dysregulation of cytokine production, increased susceptibility to infections, autoimmune disorders,

malnutrition, and inflammatory responses . The absence of leptin is the cause of a pathological condition

characterized by severe obesity, hyperinsulinemia and dyslipidemia . Leptin plasmatic value is influenced

by sex and gender and is greater in females than in males in both children and adults . In adults, leptin is

positively correlated with fasting insulin concentrations  and is a predictor of glucose intolerance, insulin

resistance and MetS regardless of underlying obesity . Furthermore, elevated leptin levels were found to be a

significant predictor of cardiovascular-related death and hypertension . In children, leptin correlates with the

onset of MetS. Madeira et al. demonstrated that in prepubertal children, leptin levels above 13.4 ng/dL were

significantly associated with MetS and that, for every 1 ng/dL increase in leptin levels, the odds of MetS increase

by 3% . In CCS of brain tumors, plasma leptin values were higher than in healthy subjects and correlate with

central fat indicators such as waist-to-hip ratio and waist-to-height ratio . Additionally, in CCS of leukemia and

lymphoma and those who survived to hematopoietic stem cell transplantation, leptin levels were demonstrated to

be associated with each of the components of MetS . The measurement of leptin can be carried out with the

ELISA technique, and numerous commercial kits are available. According to Gijón-Conde et al., leptin values that

identify cardiometabolic abnormality are 23.75 ng/mL in women and 6.45 ng/mL in men . There is no strong

evidence of normal pediatric leptin values . Savino et al. reported that in a group of 317 infants, the median

leptin concentration was 2.81 ng/mL in infants younger than 6 months of age, 1.44 ng/mL in infants between 6–12

months of age and 1.77 ng/mL in infants between 12–18 months of age; in addition, they obtained leptin reference

values based on age using estimates of the lower and upper percentiles and revealed no gender difference in

leptin concentration in early infancy . Instead, Erhardt et al. established age- and sex-specific reference values

for serum leptin in normal-weight 3.0–8.9 year old European children . The most frequently used unit of

measurement is ng/mL.

3. Uric Acid

Uric acid is the product of purine metabolism, and it is eliminated from the body in part via uric acid transporters

present in the kidney and intestinal tract , and the remainder is eliminated via the substrate of hypoxanthine-

guanine phosphoribosyltransferase, which recycles purines . One of the causes of an increase in uric acid
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serum levels is the intake of foods and beverages rich in purines such as meat, seafood, alcohol, and beverages

and foods containing high amounts of sugar, such as fructose. Excessive intake of fructose causes the

consumption of large quantities of ATP with the production of ADP and AMP, which are metabolized, resulting in the

production of uric acid . Another cause of hyperuricemia is insulin resistance and high plasma insulin

concentrations. In studies carried out on mice, insulin acts at the renal level favoring the expression of the uric acid

reabsorption system and decreasing the expression of a major urate secretory transporter . In humans, it was

widely demonstrated that insulin values correlate with uric acid values and reduce urinary excretion of uric acid,

although the mechanism underlying this phenomenon is not fully known . The excessive concentration of

uric acid in the cells causes an increase in the activity of xanthine oxidase and causes damage to the mitochondria

with a consequent increase in the production of reactive oxygen species . Furthermore, uric acid promotes the

production of inflammatory cytokines. The production of reactive oxygen species and the activation of the

inflammatory system stimulates the well-known process of atherosclerosis, increasing the risk of cardiovascular

diseases in subjects with hyperuricemia . Oxidative stress caused by uric acid, in turn, determines an increase

in insulin resistance, fatty liver, and dyslipidemia resulting in a vicious circle that causes MetS and an increase in

cardiovascular risk . Pluimakers et al. observed that in CCS of abdominal cancer subjected to radiotherapy, uric

acid is a predictive indicator of MetS and allows the early identification of subjects at risk of developing it . The

same evidence was also obtained in the CCS of allogeneic hemato-poietic stem cell transplantation and leukemia

. The determination of uric acid in serum can be accomplished using numerous approaches, such as capillary

electrophoresis, fluorometry, chromatography, electrochemical methods, chemiluminescence, and colorimetry. The

colorimetric method is the most widely used due to its ease of use, high analysis speed, and high sensitivity . In

healthy adults, uric acid must be less than 6.6 mg/dL or 360 µmol/L . Uric acid values are lower in pediatric

patients and should be compared with age- and gender-adjusted percentiles . It is usually expressed in mg/dL or

µmol/L.

4. Hs-RCP

Hs-CRP is a pentameric protein synthesized by the liver, whose production is induced by IL-6 during the acute

phase of the inflammatory/infectious process. Hs-CRP carries out proinflammatory and also anti-inflammatory

activities . It recognizes and promotes the removal of foreign pathogens and damaged cells by binding to

phosphocholine, phospholipids, histone, chromatin and fibronectin. Hs-CRP also activates the classical

complement pathway and phagocytic cells via immunoglobulin Fc receptors, accelerating the removal of cell debris

and damaged or apoptotic cells and foreign pathogens. In some cases, hs-CRP can amplify tissue damage caused

by pathogens or autoimmune diseases by activating the complement system, and, therefore, inflammatory

cytokines . It is also involved in chronic infectious and non-infectious inflammatory processes, and sometimes

mild elevations in hs-CRP can be seen without any systemic or inflammatory disease, such as in obesity, insomnia,

depression, etc. . Insulin resistance, atherosclerosis, and cardiovascular disease are associated with chronic

low levels of systemic inflammation and hs-CRP levels in adults and children . In CCS, exposure to oncogenic

insults (chemo- and radiotherapy) induce a persistent activation and recruitment of immune cells, such as

lymphocytes and macrophages, determining the production of pro-inflammatory molecules and amplifying the
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inflammatory response leading to inflammation, the accumulation of senescent cells, and the increasing of reactive

oxygen species and DNA mutations . This chronic low-grade inflammation facilitates the onset of MetS in

CCS and the general population . The close relationship between inflammation and MetS in CCS is

evidenced by numerous studies that show correlations between the values of hs-CRP with each of the components

of MetS . The measurement hs-CRP can be performed using immunological tests and laser nephelometry

with results reported in mg/dL or mg/L. When used for cardiac risk stratification, hs-CRP levels below 1 mg/L are

considered low risk. Levels between 1 mg/L and 3 mg/L are considered moderate risk, and a level above 3 mg/L is

deemed to be at high risk for the development of cardiovascular disease .

5. TNF-α

TNF-α is a cytokine produced by immune and non-immune cells and acts by binding to the receptors of TNFR1

(constitutively and ubiquitously expressed) and TNFR2, which is expressed on lymphocytes and endothelial cells,

but can be induced in response to TNFR1 activation and signaling . It is involved in innate and adaptive

immunity and in the normal function of immune cells. Sustained and elevated TNF-α production is associated with

pathogenic inflammatory disease states, including infection-related sepsis and chronic autoimmune diseases .

However, it was seen that TNF-α is abundantly produced in the adipose tissue in obese subjects and that it has a

role in mediating insulin resistance  and regulating metabolism. TNF-α stimulates hepatic lipid synthesis, and

fatty lipolysis in adipose tissue promotes cholesterol and apolipoprotein biosynthesis while decreasing cholesterol

catabolism and excretion as bile acids . In addition, TNF-α promotes hypertension, inducing vascular insulin

resistance, reducing vasodilation, increasing intravascular fluid and vasoconstriction, and promoting sympathetic

overactivity . Being involved in such a large number of processes, TNF-α is one of the fundamental molecules in

the pathogenesis of MetS.

In CCS of leukemia, TNF-α was observed to be higher than in controls . Although the crucial role of TNF in the

pathogenesis of MetS is evident, there is currently little evidence regarding the usefulness of the assay in CCS .

The measurement of TNF-α can be carried out with the ELISA technique, and numerous commercial kits are

available. TNF-α values are higher in children than in adults; however, no well-defined reference values for age are

available . It is usually expressed in pg/mL.

6. IL-1

IL-1 is a cytokine with a wide range of biological functions, including acting as a leukocytic pyrogen, a mediator of

fever and a leukocytic endogenous mediator, and an inducer of several components of the acute-phase response

lymphocyte-activating factor . There are two different isoforms of IL-1, IL-1α and IL-1β, which perform the

same biological functions . IL-1α and IL-1β are produced in a wide variety of cells, especially in macrophages in

lymphoid organs. In non-lymphoid organs, IL-1α and IL-1β are expressed in tissue macrophages in the lung,

digestive tract, liver, glomeruli, and various specific cell types, including neutrophils, epithelial and endothelial cells,

lymphocytes, smooth muscle cells and fibroblasts . In addition to intervening in the modulation of
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inflammatory processes and innate immunity, IL-1 plays a role in the pathogenesis of MetS. High concentrations of

glucose and low-density lipoproteins that are produced in the course of MetS are able to favor the production of IL-

1 , and IL-1α and IL-1β gene polymorphisms were reported to be associated with central obesity and MetS

. Furthermore IL-1, in particular IL-1β, was observed to have an insulin resistance action; as identified by

Spranger et al. in a group of 27,500 subjects, increased plasma IL-1β, as well as IL-6 levels, increased the risk of

developing type 2 diabetes within a 2.3 year period . Necrotic adipocytes release “warning signals” capable of

activating the production of IL-1α, which recruits innate immune cells into adipose tissue. Since adipocyte death is

increased in adipose tissue during obesity, IL-1α plays a pivotal role in the initiation of adipose tissue inflammation

during obesity by promoting the chronic inflammation typical of MetS . In adults, IL-1 was shown to be highly

expressed in several types of tumors, including breast, colon, head and neck, lung, and pancreas tumors, and

melanomas . In children with leukemia and a solid tumor, high concentrations of IL-1 were identified .

However, there is little evidence of the role of IL-1 in the pathogenesis of MetS in CCS . The ELISA technique

can be used for the assay of IL-1, and several commercial kits are available. Berdat et al. identified the reference

values in relation to the age of the patients . It is usually expressed in pg/mL.

7. IL-6

IL-6 is a 212 amino acids cytokine involved in immune responses and inflammation, hematopoiesis, bone

metabolism, embryonic development, and other fundamental processes . It acts on hepatocytes inducing the

synthesis of acute-phase proteins such as hs-CRP, serum amyloid A, fibrinogen, and hepcidin, whereas it inhibits

albumin production . IL-6 plays an important role in acquired immune response by stimulating antibody

production and effector T-cell development. IL-6 stimulates megakaryocytopoiesis in the bone marrow and acts as

an osteoclast differentiation modulator . In addition to these functions, IL-6 plays an important role in various

metabolic processes as autocrine and/or paracrine actions of adipocyte function  and is closely linked to MetS

favoring the onset of insulin resistance, elevated glucose production in the liver, inhibition of the insulin-mediated

glucose uptake in skeletal muscle, and facilitating the onset of hypertension . Furthermore, the enlargement of

adipose tissue in obesity induces mechanical stress and hypoxia in adipocytes, resulting in the release of free fatty

acids and inflammatory cytokines such as IL-6 and TNF-α, with the consequent generation of chronic inflammation

and amplification of the pathogenetic mechanisms of MetS . It is demonstrated that in adults, IL-6 plays a role in

the progression and severity of many forms of cancer , and it correlates with poor prognosis in children with

neuroblastoma and acute myeloid leukemia . Higher IL-6 values were also found in leukemia survivors ;

however, there is not much evidence for the role of IL-6 in the pathogenesis of MetS in CCS . IL-6 can be

assayed using the ELISA technique, as well as several commercial kits. Berdat et al. identified the reference values

in relation to the age of the patients . It is usually expressed in pg/mL.

8. ApoB

Apolipoproteins are a group of proteins involved in transport in the various tissues of lipids, which are not soluble in

plasma . Among these, apoB is responsible for the transport of chylomicrons, low-density lipoprotein (LDL),
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very-low-density lipoprotein (VLDL), intermediate-density lipoprotein (IDL), and lipoprotein(a) . The same gene

encodes two types of apoB: apoB100 is synthesized in the liver and is a component of VLDL and LDL; apoB48 is

expressed in the intestine and is present in chylomicrons and their remnants . Of the two forms, apoB100 is the

one mainly involved in the formation of atherosclerotic plaques. ApoB48 transports chylomicrons from the intestine

to the liver. In the liver, free fatty acids generated from chylomicron residues are used to produce triglycerides

incorporated into nascent VLDLs. VLDL particles, each containing a single molecule of apoB100, are secreted by

the liver into the blood. VLDL particles shrink with the loss of surface components in HDL and are catabolized into

IDL by lipoprotein lipase. Then, IDL is converted to LDL. LDL can be oxidatively modified and absorbed by

macrophages, which leads to excessive accumulation and the formation of foam cells which are the initial

components of atherosclerotic plaques . At least one apoB molecule is present in all atherosclerotic plaques and

for this reason it was proposed as a predictive biomarker of cardiovascular events. In fact, recent studies show that

apoB has a higher sensitivity and specificity than LDL in predicting cardiovascular events, such as myocardial

infarction in both men and women, independent of age . Patients with high levels of apoB have a higher BMI,

waist circumference, systolic blood pressure, fasting insulin and C-reactive protein, which are all components of

MetS , and epidemiological studies show that apoB predicts the development of type 2 diabetes as much as 3–

10 years in advance of clinical onset .

Broberg et al. demonstrated high values of apoB in CCS subjected to a high dose of anthracycline , and the

same observation was shown in CCS of leukemia .

The ELISA can measure apoB, but this technique may be expensive and time-consuming, and its accuracy may

vary . As an alternative, circulating apoB can be estimated using an algorithm, but these values are only

approximations based on lipid variables such as the total cholesterol, HDL or LDL, and triglycerides, and their

clinical relevance was not confirmed . Yip et al. provided reference interval values for apoB in children and

adolescents . It is usually expressed in mg/dL.

9. Lp(a)

Lp(a) is a lipoprotein similar to LDL and contains apo(a) and apoB100 in a 1:1 molar ratio . As with other

lipoproteins, it acts as a lipid transporter. It is involved in wound healing by binding to fibrin and thus inhibiting

fibrinolysis, and transporting cholesterol to injury sites for cell proliferation during tissue repair . Lp(a), similarly

to apoB, is also involved in the formation of atherosclerotic plaques. In fact, it causes the activation of inflammatory

and prothrombotic processes, and is involved in the formation of atherosclerotic plaque as it increases the

proliferation of smooth muscle cells, increases the formation of foamy cells, increases the necrotic nucleus and

calcification of atherosclerotic lesions, and upregulates adhesion molecules . In a group of 56,804 participants,

Waldeyer et al. showed that elevated Lp(a) conferred an increased risk for major coronary events and

cardiovascular disease . Bermudez et al. showed an association between elevated levels of Lp(a) and the

onset of MetS ; these data were also confirmed by Paredes et al. . Although the influence exerted by Lp(a)

in the genesis of MetS was demonstrated by numerous studies, there is very limited evidence for the role of Lp(a)

in the pathogenesis of MetS in CCS . Lp(a) can be measured by immunoassay; it is usually expressed in mg/dl,
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but the correct measurement is in nmol/L . Langer et al. established the upper percentile cut-offs for Lp(a) as

follows: ages 3 to 6 months, 14 mg/dL; ages 6.1 to 12 months, 15 mg/dL; ages 1.1 to 9 years, 22 mg/dL; and ages

9.1 to 18 years, 30 mg/dL .
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