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Abstract

Until now, a lot of research has been carried out which significantly helped in
understanding and solving the problem of obesity. Despite this, there has been an upward in
obesity trend at the global level. The role of laboratory diagnostics in the field of obesity is of
great importance to doctors for establishing a diagnosis and monitoring the effects of therapy.
Determining biochemical parameters also contributes to practical usefulness in the prevention of
this disease, and prevention of consequent complications. Routinely available biochemical
analyses are usually used to diagnose and monitor the effects of obesity therapy. The initial
association related to laboratory analyses refers to parameters of lipid status, but there are a variety
of routine laboratory parameters that can help in understanding and monitoring obesity from
different angles. Timely and adequate management of obesity is also of interest from an economic
aspect. For this reason, the topic of this research is to summarize the latest aspects of the concept
of obesity, specifically from the point of view of biochemistry and laboratory diagnostics. Taking
into account the complexity of this disease, it is important to point out the future perspectives and
challenges that inevitably arise before both laboratory professionals and healthcare providers in
general.
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Introduction

Obesity represents a chronic disorder that develops due to an imbalance between
energy intake and expenditure. Individuals are classified as obese if their body mass
index (BMI) is over 30 kg/m?, while overweight people fall into the BMI range of 25—
30 kg/m? (1). Obesity is an important public health problem as it increases the risk of
developing a wide range of non-communicable diseases: diabetes, cardiovascular
disease (CVD), liver disease and various cancers (2, 3).

According to the World Health Organisation (WHO), in 2022 there were 2.5 billion
overweight adults older than 18, with over 890 million obese adults. This accounts for
43% of adults older than 18 (43% of men and 44% of women) who were overweight,
marking an increase from 1990, when only 25% of adults in the same age group were
overweight. The prevalence of overweight by regions varied significantly, from 31% in
South-East Asia and African regions to 67% in the Americas. In 2022, approximately
16% of adults aged 18 years and older worldwide were classified as obese. The global
prevalence of obesity more than doubled between 1990 and 2022 (1). The prevalence of
obesity in Serbia (data from 2016) was 17.6% for men and 18.0% for women. The WHO
predicts an increase to 18% for men and 21% for women by 2025 (2).

According to an OECD analysis, obese people use 2.4 times more healthcare
services, undergo more surgery, stay in hospital longer and require more expensive and
complex treatments than health-conscious people. Obesity accounts for more than 70%
of all treatment costs for diabetes, almost a quarter of treatment costs for cardiovascular
disease, and 9% of cancers. Between 2020 and 2050, obesity and related diseases will
reduce work productivity and gross domestic product, as well as reducing life expectancy
by three years in the EU and other industrialised countries (4).

In countries with lower gross domestic product per capita, lower income and greater
gender inequality, the prevalence of obesity tends to be higher in women than in men (5).
Current evidence shows that women have a higher risk of developing obesity. Key
mechanisms that alter the risk between men and women include differences in the
hormonal, metabolic and inflammatory milieu, the insulin/insulin-like growth factor-1
axis and the emerging role of adipocytokines (6, 7). Obesity-related malignancies are
more common in women and include endometrial, ovarian and postmenopausal breast
cancer. Oesophageal cancer, on the other hand, is more common in men. In addition to
hormone-related malignancies, other obesity-related comorbidities such as non-alcoholic
fatty liver disease, type 2 diabetes mellitus, obesity hypoventilation syndrome and mental
disorders are more common in women than in men (8, 9).

However, up to 30% of obese patients are metabolically healthy and do not have
the “typical” complications associated with obesity (10). In these patients, the increase in
adipose tissue is achieved by the recruitment and differentiation of adipose progenitor
cells and not by the infiltration of fat into mature adipocytes. In contrast, subcutaneous
adipose tissue (SAT) becomes dysfunctional in obese patients with impaired metabolic
homeostasis, as progenitor cells fail to form properly, leading to adipocyte hypertrophy,
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reduced adipogenesis and angiogenesis. When the storage capacity of SAT is exceeded,
further caloric overload leads to fat accumulation in ectopic tissues and visceral
depots (11, 12). In addition, fat accumulation is associated with an increased local
inflammatory response and oxidative stress, which is gradually transmitted to the
systemic level via the endocrine effects of adipocyte-derived molecules (adipokines),
leading to impaired glucose metabolism, dyslipidaemia, elevated blood pressure and the
development of metabolic syndrome (MS) (13). It is therefore clear that more concrete
and practical indicators are needed in the real clinical setting that can be translated from
research into daily practice and used as predictors of intervention outcomes.

The importance of laboratory diagnostics in the examination of obesity

Laboratory diagnostics play a central role in helping doctors assess obesity,
establish a diagnosis and monitor the effects of therapy. Although lipid status parameters
are used centrally as routine tests, there are a large number of biochemical analyzes that
are related to this multifactorial disease.

Basic biochemistry and lipid status

Several routine biochemical parameters could deviate from the normal range in
obese subjects, indicating adverse metabolic changes and/or organ dysfunction. The most
obvious is the increase of fasting glucose levels, due to the development of insulin
resistance, a common feature of obesity (14). Furthermore, obese subjects often exhibit
hyperinsulinemia, as a consequence of increased insulin secretion in an attempt to
maintain glucose homeostasis. The changes in the sensitivity to insulin may ultimately
lead to impaired glucose tolerance, a metabolic disorder characterized by elevated serum
glucose level during the oral glucose tolerance test (OGTT). Finally, in the conditions of
prolonged insulin resistance, coupled with hyperinsulinemia and impaired glucose
tolerance, the risk of developing type 2 diabetes mellitus is significantly increased (15).

Another detrimental consequence of insulin resistance is dyslipidemia. Insulin
resistance is characterized by increased release of free fatty acids from adipose tissue,
which is followed by enhanced hepatic production and secretion of very-low density
lipoproteins (VLDL). Elevated circulating free fatty acids additionally impair plasma
clearance of VLDLs, resulting in hypertriglyceridemia, the main feature of lipid profile
in obese subjects (16). The level of high-density lipoprotein cholesterol (HDL-C) in obese
subjects is generally decreased, which is associated with altered distribution and function
of HDL subfactions (17-19). On the other side, the level of low-density lipoprotein
cholesterol (LDL-C) is usually normal or slightly elevated, although the quality of LDL
particles can be considerably altered. Indeed, obese subjects are characterised by a
preponderance of small, dense LDL particles in the plasma, which are the most
proatherogenic LDL species (20). These alterations in the lipid profile are being
increasingly recognised in obese subjects as atherogenic dyslipidemia, based on the firm
association with high CVD risk (21).
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Obesity is characterized by a chronic low-grade inflammation, mainly driven by the
dysfunctional adipose tissue and the consequent activation of immunological
mechanisms. Briefly, dysfunctional adipose tissue is characterised by the production of
proinflammatory mediators, such as tumor necrosis factor-alpha (TNF-a) and interleukin-
6 (IL-6). The inflammatory milieu within adipose tissue is further exacerbated by
increased production of adipokines, the most important being leptin and resistin, as well
as by the infiltration of immune cells, particularly macrophages (22). Expectedly, the bulk
of proinflammatory species released from adipose tissue consequently contribute to the
development of systemic inflammation. At this point it should be stressed that the
evaluation of low-grade inflammation requires the use of assays with high precision and
accuracy in order to measure very low concentrations of inflammatory biomarkers. In this
manner, a high-sensitivity C-reactive protein (hsCRP) test enables accurate measurement
of CRP levels below detection limits of conventional tests, which is particularly important
for cardiovascular risk assessment in subjects without known CVD or diabetes (23, 24).
It is also important to note that the use of hsCRP in the contexts of CVD risk assessment
requires the absence of inflammation and other chronic diseases.

Lastly, obesity is often associated with impaired renal function, reflected by altered
glomerular filtration rate (GFR). In general, the extent of kidney function decline in obese
subjects depends on the presence of other co-morbidities. Insulin resistance and diabetes
may cause changes in the structure and function of the glomeruli, thus impairing
glomerular filtration, while hypertension and lipid accumulation might induce damage of
renal arteries and consequently reduce renal blood flow (25). Indeed, obesity
accompanied by insulin resistance, diabetes, dyslipidemia or hypertension, is associated
with decreased GFR and an increased risk of chronic kidney disease (26). Taking all into
account, estimating GFR in obese subjects is of critical importance for monitoring kidney
function decline. Yet, there is still no consensus on the best equation for GFR estimation
in obese subjects (27).

Obesity-related metabolic changes can lead to numerous complications, including
type 2 diabetes mellitus, non-alcoholic fatty liver disease (NAFLD), CVD and certain
types of cancer (28, 29), which significantly impact the quality of life and life
expectancy (30). Therefore, regular monitoring of routine biochemical parameters is
paramount to prevent and timely recognise obesity-related health issues and improve
long-term outcomes.

Changes in enzymes activity in obesity

It is well known that there is an increased activity of glycolytic and enzymes
involved in fatty acid synthesis in the adipose tissue of obese persons, thus promoting
lipogenesis. This may be a result of both genetic and adaptive enzyme alterations. In their
study, Belfiore et al. (31) investigated several enzymes related to lipogenesis in the
adipose tissue in obese subjects who were on a controlled dietary and physical activity
regimen. They found significantly increased both activity and protein concentration of
hexokinase (EC 2.7.1.1), biphosphofructokinase (EC 2.7.1.11), and ATP citrate lyase (EC
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4.1.3.8). These results indicated that the activity of enzymes related to glycerol 3-
phosphate and fatty acid synthesis are increased in the adipose tissue of obese subject,
enabling the enhanced triglyceride formation.

Fatty acids biosynthesis is vital in cell physiology in general, but especially in
adipose tissue physiology. It depends on renowned enzyme-regulated processes. Today it
is well recognized that adipose tissue can account for up to 40% of whole-body
lipogenesis in a high carbohydrate diet (32, 33). The main enzymes in lipid synthesis
which may be linked to the development of obesity are fatty acid synthase (FAS, EC
2.3.1.85) and acetyl-CoA carboxilase (ACC, EC 6.4.1.2) (34-36). By catalyzing the
conversion of malonyl-CoA into palmitate, FAS represents the central enzyme in de novo
lipogenesis (37). ACC catalyzes the formation of malonyl-CoA, an essential substrate for
FAS and the chain elongation systems (38). Several studies have demonstrated lower
adipose tissue mMRNA, protein or activity levels of FAS and ACC genes in overweight
and obese subjects compared with lean individuals, thus suggesting that, at the gene
expression levels, the lipogenic pathway is downregulated in obesity (39-42). Others
have reported the opposite — that the FAS and ACC genes are significantly increased in
both subcutaneous and visceral fat samples from overweight and from obese subjects
(regardless of the presence of type 2 diabetes) (43). A possible explanation of such
contradictory findings may be that during the dynamic phase of obesity, in which the fat
depos are growing, there is an increase in the lipogenic capacity of adipose tissue. On the
other hand, with a large and continuing fat excess, the adaptive process aiming to limit
further development of fat mass decreases the expression of lipogenic genes (44). Studies
on rodents have demonstrated that the pharmacological inhibition of the activity of FAS
blocks adipocyte differentiation and leads to a reduction of the adipocyte number (45).
Therefore, the induction of lipogenesis catalyzed with FAS may contribute to obesity,
and this process would be active during the development of obesity and insulin resistance.
At one point, adipose tissue may reach an offset point, reversing the process and
downregulating it through the natural inhibitory feedback process. Apparently, once the
storage capacity of adipocytes is reached, the cells reduce their ability to synthesize
additional fatty acids (46). Most probably obesity, insulin resistance and type 2 diabetes
downregulate lipogenesis in adipose tissue through this suppression of lipogenic enzymes
genes when visceral obesity augments to inappropriate levels (42).

Several studies have reported increased levels of circulating kynurenines in
individuals with obesity (46, 47). One of the first enzymes of the kynurenine pathway
(the main route of tryptophane degradation), indoleamine-2,3-dioxygenase (IDO1, EC
1.13.11.42), is induced by inflammation and expressed in many tissues, including adipose
tissue (48). Moreover, it has been demonstrated that its gene expression is enhanced in
the adipose tissue of people with obesity (49). Kynurenines are the group of metabolites
that can be metabolized in three different ways: with kynurenic acid, xanthurenic acid,
and quinolinic acid and nicotinamide adenine dinucleotide (NAD) as final products.
Kynurenines are involved in immune regulation, tolerance mechanisms, and some are
neuroactive (50, 51). Products of the quinolinic acid route are neuroprotective, while the
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xanthurenic acid is a predisposing factor to insulin resistance and its levels are increased
in diabetes (52, 53). Favenec et al. (54) investigated the kynurenine pathway regulation
in relation to obesity in humans. They compared the expression of the genes of kynurenine
pathway enzymes in subcutaneous and visceral adipose tissues from women with obesity
and lean controls. In addition, they investigated whether these enzymes and kynurenines
were associated with the BMI, inflammatory markers, as well as the contribution of
adipocytes and macrophages to their relative expression. Their results showed that the
expression of genes for IDO1, kynureninase (KYNU, EC 3.7.1.3), kynurenine
aminotransferase 11 (CCBL2, EC 4.4.1.13), and kynurenine 3-monooxygenase (KMO,
EC 1.14.13.9) is increased in the visceral adipose tissue of obese women. This expression
in human primary adipocytes was induced by the proinflammatory cytokines for KYNU,
CCBL2 and IDOL. As for the expression of KMO, which is not expressed in adipocytes,
the authors hypothesized that its promotion was probably due to its presence in resident
macrophages. The expression of all of these enzymes was higher in M1 proinflammatory
than in M2 anti-inflammatory macrophages. Therefore, the conclusion was that the
inflammation was causing the overall activation of the kynurenine pathway in adipose
tissue. The observed activation of KMO, which has the central role in this metabolic
cascade, controls the synthesis of bioactive kynurenines by directing the kynurenine
pathway from the formation of NAD to the production 3-hydroxykinurenine and
xanthurenic acid (55).

Increased caloric intake in obesity increases the load on glucose metabolism and
other metabolic pathways. Thiamine and magnesium play an important role in glucose
metabolism, where magnesium is essential for the activation of thiamine to its active form
thiamine-diphosphate (TDP). Magnesium is also necessary for the activation of TDP
dependent enzymes — transketolase (TK, EC 2.2.1.1), pyruvate dehydrogenase (PDH, EC
1.2.4.1), and a-keto glutaric acid dehydrogenase (AKGDH, EC 1.2.4.2). The deficiency
of thiamine and magnesium, often seen in obesity, leads to the accumulation of lactate,
as an anaerobic metabolite, due to a discrepancy between caloric burden and
underfunctioning of thiamine dependent enzymes. (56). This lactate produced in
adipocytes, due to the activation of the anaerobic pathway of glucose metabolism,
precedes the onset of insulin resistance in obese patients (57). Lactate accumulation is a
direct consequence of the loss of responsiveness of PDH to insulin that may be mediated
by the compromised activity of PDH due to thiamine deficiency (58, 59). Additionally,
the quantities of the accumulated lactate are proportionate to the mass of adipocytes, and
the rate of lactate production is in correlation with the age of the adipocyte, thus indicating
the extent and duration of the obesity condition (60, 61).

Endocrinological aspect of obesity

The current knowledge about obesity increasingly confirms that there is an
inextricable link between this disorder, the resulting complications and endocrinological
imbalance (62). The latest recommendations of the European Society of Endocrinology
Clinical Guideline on the Endocrine Work-up in Obesity emphasize the importance of
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determining the parameters of hormonal status in obese patients (63). Special importance
Is attached to the monitoring of thyroid function, and it is recommended as mandatory,
given the high prevalence of hypothyroidism in these persons. However, only in the case
of clinical suspicion of endocrine disorder hypercortisolism, male hypogonadism and
female gonadal dysfunction is the determination of specific hormones recommended. A
two-sided concept of the connection between endocrinological imbalance, obesity and
consequent complications has been proposed (63). On the one hand, we can talk about
obesity as a consequence of an endocrinological disease. By treating endocrinological
disorders, obesity would be controlled. On the other hand, the treatment of obesity itself
and the loss of fat tissue can be crucial to the restoration of hormonal imbalances.

Table I shows all the so-far described pathophysiological mechanisms of hormones
that are directly related to obesity (63).

The confirmed connection between changes in the level of individual hormones and
obesity has facilitated the management of the endocrinological aspect of obesity, in terms
of determining specific hormones. For example, in the case of central obesity, irregular
menstruation and hirsutism, which is a frequent consequence of excess androgens in
women, it is important to determine LH, FSH, oestradiol, and testosterone. Most
hormones are secreted by various tissues, but their target actions directly or indirectly
change the adipose tissue metabolism. The endocrinological aspect of obesity and its
consequences have been intensively investigated in terms of type 2 diabetes mellitus and
the development of atherosclerosis, in which case an extremely common fatty tissue
pathology has been confirmed (64). The results of a large number of studies explain in
detail the effect of insulin on lipid metabolism in adipose tissue, and indicate the
importance of insulin resistance in the development of obesity (65-68). The more frequent
presence of obesity in women highlights the significant effect of sex hormones on obesity,
as well as on the metabolic changes and inflammation inherent in obesity (69-72).
Thyroid dysfunction has been observed as a common component of central obesity,
although studies suggest a mutual association between obesity and thyroid imbalance,
with the additional existence of impaired sensitivity of adipose tissue to thyroid
hormones (73-75). The latest research indicates that severe obesity is associated with
pituitary corticotroph hyperplasia and neoplasia (76). From animal to human studies, the
negative effect of obesity on bone metabolism has been confirmed, as well as the complex
relationship between bone and adipose tissue, given their distinct endocrinological
activity (77-79). Some studies suggest a significant role of the renin angiotensin
aldosterone system in the management of obesity and metabolic syndrome, and its
potential clinical utility in addition to its confirmed association with blood pressure and
heart failure (80-81).

Additionally, adipose tissue in itself represents an important endocrinological
organ (82-84). Until recently, it was thought that only white adipose tissue had a
significant endocrinological role, due to the secretion of leptin and a number of pro-
inflammatory cytokines. (85). Recent research points to a significant endocrinological
role of brown adipose tissue, given the numerous endocrine cytokines that have been
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identified (86). However, further studies should be carried out to confirm and explain the
functional targets of endocrine action of brown adipose tissue to pathophysiological
processes.

Table | Hormones and associated mechanisms involved in the pathogenesis of obesity

Tabela | Hormoni i udruzeni mehanizmi ukljuceni u patogenezu gojaznosti
Hormone Levels in obesity Proposed pathophysiologic mechanism
TSH N or | I of leptin, and insulin; I of peripheral T4 disposal
T4 N or slightly D | of disposal
Cortisol (blood, Norl | of CRH, and adipose 11-HSD; D of CBG;

. . Altered . -
urine, saliva) . Hyperactivity of the HPA axis
suppression tests
ACTH N or | | of CRH
GH N or D D of GHRH an_d ghrelin; I of GH-BP, insulin,
and somatostatin
IGE-1 N or D I Qf GH §en3|t|V|ty; Increased intrahepatic
triglyceride content
Testosterone (M) D D of SHBG, and GnRH; | of aromatase
Testosterone (F) I Insulin resistance (PCOS); D SHBG
LH/FSH (M) D | oestrogens/androgens
LH/FSH (F) I Insulin resistance in female
) L Trapping in adipose tissue, D sun exposure,

25-OH vitamin D D 25-OH DBP; D liver synthesis
PTH N or | Secondary due to vitamin D deficiency
Insulin I Insulin resistance
Renin I | Sympathetic tone
Aldosterone I I Adipokines, renin- angiotensin, leptin
GLP-1 D | FFA, microbiota
Leptin I Increased adipose mass, Leptin resistance
Ghrelin D Lack of ghrelin decrease after meals

Abbreviation: 11-HSD, 11p-hydroxysteroid dehydrogenase; ACTH, adrenocorticotropic hormone; CBG,
corticosteroid-binding globulin; CRH, corticotropin-releasing hormone; D; decrease levels; DBP, vitamin
D binding hormone; FFA, free fatty acids; FSH, follicle-stimulating hormone; FT4, free thyroxine; GH-
BP, growth hormone-binding protein; GHRH, growth hormone releasing hormone; GLP, glucagon-like
peptide; GnRH, gonadotropin-releasing hormone; HPA, hypothalamic—pituitary—adrenal axis; I, increase
levels; IGF, insulin-like growth factor; LH, luteinizing hormone; PCOS, polycystic ovary syndrome; PTH,
parathyroid hormone; SHBG, sex hormone-binding globulin; T4, Thyroxine; TSH, thyroid-stimulating
hormone.

Skracenice: 11-HSD, 11p-hidroksisteroid dehidrogenaza; ACTH, adrenokortikotropni hormon; CBG,
globulin koji vezuje kortikosteroide; CRH, kortikotropin oslobadaju¢i hormon; D; smanjenje nivoa; DBP,
hormon koji vezuje vitamin D; FFA, slobodne masne kiseline; FSH, folikul stimuliraju¢i hormon; FT4,
slobodni tiroksin; GH-BP, protein koji vezuje hormon rasta; GHRH, hormon koji oslobada hormon rasta;
GLP, peptid slican glukagonu; GnRH, gonadotropin oslobadaju¢i hormon; HPA, osovina hipotalamus-
hipofiza-nadbubreZna Zlezda; I, poveéanje nivoa; IGF, faktor rasta sliCan insulina; LH, luteinizirajuci
hormon; PCOS, sindrom policisti¢nih jajnika; PTH, paratiroidni hormon; SHBG, globulin koji vezuje polne
hormone; T4, tiroksin; TSH, hormon koji stimuliSe Stitnu Zlezdu.
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The field of obesity research and medicine is growing faster and faster as obesity
reaches pandemic proportions. Considering that hormonal and metabolic imbalances are
the key factors that lead to obesity, Kaira et al. (7) have proposed a new terminology in
the medical literature. The name “barocrinology” would focus on the endocrine and
metabolic domains of the physiology and pathology of the adipose tissue metabolism that
significantly contribute to the management of the endocrine perspective of obesity.

Obesity and inflammation

Obesity has been connected with chronic low-grade inflammation, which is one of
the common pathological pathways for insulin resistance development and several non-
communicable diseases such as cancers, atherosclerosis and CVD (87). If we consider
obesity biochemistry, we may focus on many recently evolved inflammatory cytokines,
such as: IL-6, IL-18, tumor necrosis factor alpha, CRP, adipokines (resistin, visfatin,
leptin, adiponectin, apelin) (88). This means that these biomarkers are in stronger
correlation in obese people compared to lean subjects, with a higher correlation with body
fat measures than with the BMI (89).

Adipose tissue in obese subjects is consisted of hypertrophic adipocytes, which are
characterized by a constant production of inflammation markers, mainly fibrinogen, CRP,
interleukins (IL-6, 1L-34) and TNF-a (90), which could be measured in systemic
circulation. As a general mechanism of the inflammatory biomolecules influence on
endothelium, a plethora of adhesion molecules and chemokines are produced which
induce monocyte migration into the blood vessel intima, and subsequent transformation
into macrophages (91). All these features stimulate insulin resistance (92).
Proinflammatory cytokines IL-1 and IL-6, as well as TNF-a, induce CRP synthesis, so
that constant production of any of these inflammatory biomolecules will cause the
synthesis of the others, leading to a vicious circle of constant low-grade
inflammation (93). The severity of obesity is in correlation with the TNF-a level, since in
obese subject there is no negative feedback by a high TNF-a concentration (94). There
are many TNF-a connected deleterious effects whereby it enforces IR: lipolysis
enhancement, and as a consequence circulatory free fatty acids increase and NF-xB
activation. TNF-a also induce vascular adhesion molecules activation, one of the
conditions for atherosclerosis generation (95). CRP is a well-known risk factor and
biomarker of the risk for cardiovascular disease development, especially for the hsCRP
values above 3 mg/L. It is also reported that CRP is in direct correlation with obesity
measured through the BMI, and in indirect correlation with HDL-cholesterol
concentration (96).

The role of CRP in atherosclerosis is explained through its capability for
complement and endothelial cells activation, and inhibition of nitric oxide synthase (97).
IL-6 is a glycoprotein whose structure consists of a 185 aminoacids polypeptide chain,
which is arranged in 4 helices. It is well-known as a major inflammatory mediator with a
very low concentration in the circulation of healthy people, while in an inflammatory
disease this IL-6 reaches much higher values. It is important to emphasize the dual role
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of this IL-6: proinflammatory and anti-inflammatory. White adipose tissue also produces,
among many other inflammatory cytokines, 15-35% of blood IL-6. All kind of cells
present in adipose tissue could produce IL-6. The systemic circulation's release of IL-6,
particularly heightened in obese subjects, suggests a potential novel function for IL-6 as
a regulator of body weight and lipid metabolism on a systemic level (98). Adipose tissue
expressed large amounts of IL-34, which is in correlation with increased concentration of
this 1L-34 in obese compared to lean subjects, and also in T2DM patients compared to
healthy people. This IL-34 is also in a positive correlation with the BMI, blood pressure,
plasma insulin, HOMA-IR and several cytokines and inflammatory markers. The function
of IL-34 is revealed as a secondary ligand for colony-stimulating factor-1 receptor, which
could rationalize IL-34 role in monocyte differentiation and proliferation, processes also
involved in early atherogenesis. The expression of IL-34 in tissues is markedly increased
during the adipogenesis process (99).

Obesity and oxidative stress

In several of our articles, we have analyzed the mutual involvement of inflammation
and oxidative stress, especially in cardiovascular disease patients. We have found a
generally significant positive correlation between markers of inflammation and oxidative
stress parameters (100-103). It has been documented that obesity is linked to low-grade
chronic systemic inflammation within adipose tissue, a condition driven by innate
immune system activation in adipose tissue, fostering a pro-inflammatory environment
and oxidative stress (OS), which in turn instigates a systemic acute-phase response (104).

Considering that reactive oxygen species (ROS) are generated through TNF-a
induction of NF-xB signaling, and that ROS further stimulate the release of pro-
inflammatory cytokines, expression of adhesion molecules and growth factors, such as
platelet-derived growth factor and vascular cell adhesion molecule-1, their mutual
involvement in obesity becomes evident. This creates a vicious cycle of deleterious
effects governed by redox-sensitive transcription factors, notably NF-xB, and the
NADPH oxidase pathway (NOX) (105). Mitochondria serve as targets for ROS produced
by NOX and act as a significant source of ROS themselves, thereby potentially
amplifying NADPH oxidase activity. Additionally, mitochondria can influence several
antioxidants, thereby inhibiting ROS production and reducing NOX activity. All the
above-mentioned mechanisms are even more pronounced in obese subjects, because their
antioxidant defense is already exhausted (106). If we want to define the term *“oxidative
stress” or “redox imbalance”, we must take into consideration two possibilities: general
increase in ROS production or overwhelming decrease in antioxidative protection
elements. However, in reality, in chronic conditions like obesity the two processes run
simultaneously. Endogenous antioxidant defense consists of antioxidative enzymes
(superoxide-dismutase, catalase, glutathione peroxidase), peroxiredoxins, and the non-
enzymatic part (antioxidant vitamins (A, C, E), small molecules with reducing capacity
(bilirubin, uric acid, ceruloplasmin, albumin, flavonoids, glutathione) (107, 108).
Antioxidants may partially restore redox imbalance, typically under physiological
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conditions. However, in circumstances marked by heightened oxidative stress, as seen in
various pathological conditions, one or more components of this system may become
impaired over time. Consequently, oxidative stress becomes predominant, as observed in
obesity (109).

Hematological changes in obesity

A large number of previous studies indicate a significant impact of obesity on
immune function and alteration of hematological indices (110-115). Although obesity is
considered a low-grade inflammation condition, inflammation is chronic and these
changes are noticeable and reflected in elevated leukocyte and lymphocyte subset counts,
suppressed mitogen-induced lymphocyte proliferation, higher monocyte and granulocyte
phagocytosis, and oxidative burst activity (116). The main inducers of these changes are
pro-inflammatory cytokines in association with adipokines, of which the influence of
leptin and resistin has been studied to the greatest extent (117). In addition to increased
granulocytopoiesis in the bone marrow and accelerated release of neutrophils,
demargination of intravascular neutrophils occurs. The results of the study confirm the
positive correlation of the number of leukocytes with the BMI, but also the predictive
significance of the neutrophil/lymphocyte ratio for certain complications of obesity (118,
119). In addition, a significant influence of gender in obese persons on changes in the
number and function of leukocytes was observed in women, due to an amplified
inflammatory state and associated comorbidities, such as polycystic ovarian syndrome
and obstructive sleep apnea (117).

The first study to report low serum iron levels and a negative correlation with body
mass index was conducted more than seven decades ago (120). The results of subsequent
tests confirmed that anemia is inextricably linked with obesity (118-121). Low serum iron
is the main cause of sideropenic anemia, and the first parameter used to diagnose and
assess the status of anemia and oxygenation of the body is hemoglobin. This indicates
that in obese people it is of particular importance to determine the parameters of the
complete blood count, with special emphasis on the red blood line. Recent research
indicates a clear association of increased hepcidin levels with impaired iron metabolism
in obesity (122). The results of one study (123) indicate that obesity is an independent
risk factor for plasma lipid peroxidation and depletion of erythrocyte cytoprotective
enzymes in humans. Although the interrelationship between inflammation, hematological
changes and obesity has not been frequently investigated, it is important to emphasize
that it exists, and the assumed interplay is shown in Figure 1.

Additionally, recent studies indicate that obesity and aging leave an apparent
metabolic imprint on the metabolomic profile of red blood cells by up/down-regulating
the specific pathways associated with these cells (124, 117). Altered erythrocyte
metabolism is associated with increased glucose concentration in obese individuals,
increased levels of creatine and phosphocreatine, as a consequence of increased food
intake in obese individuals (125). Domingo-Orti et al. (125) suggest that obesity could
have a significant negative effect on the natural evolution of erythrocytes and adaptation
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of the organism to natural changes such as senescence. In obese people, a significant
specific association of the body shape and anthropometric characteristics with erythrocyte
and reticulocyte parameters was confirmed (121). The results of this study indicate that
erythrocyte count, hematocrit, hemoglobin, and reticulocyte count and proportions were
highest for the “apple” and lowest for the “pear” phenotype, without the influence of
gender. Moreover, general and abdominal obesity uncomplicated with diabetes are
associated with increased erythropoiesis and reticulocyte immaturity (121). Future studies
should elucidate the specific association and changes in obesity with the specific type of

anemia.
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Figure 1. Interrelationship between inflammation, hematological changes and obesity
Slikal.  Medusobna povezanost inflamacije, hematolo$kih promena i gojaznosti

The effect of obesity on the platelet metabolism and consequent hemostasis
disorders is explained elsewhere in this text.

Changes in hemostasis in obesity

In addition to the above-mentioned haematological disorders, obesity is also
characterized by changes in hemostasis (Figure 2). These changes are mainly reflected in
the disrupted balance between procoagulant and anticoagulant factors, which further
predispose obese subjects to thrombotic events. Indeed, obese individuals have
approximately twofold higher risk of venous thromboembolism (VTE) than normal-
weight subjects (117).

Several interconnected mechanisms are responsible for the observed prothrombotic
state in obese subjects, including chronic low-grade inflammation, insulin resistance and
dysfunction of adipose tissue. In brief, proinflammatory cytokines are able to increase
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fibrinogen and factor VIII levels by the stimulation of acute-phase proteins synthesis in
the liver (126). In addition, they can upregulate endothelial expression of tissue factor,
the main activator of coagulation, as well as the synthesis of plasminogen activator
inhibitor 1 (PAI-1), a major inhibitor of fibrinolysis (127). Another contributor is insulin
resistance, through a complex interplay between metabolic and hemostatic abnormalities.
Namely, insulin resistance is intimately linked to endothelial dysfunction, reflected in the
reduced bioavailability of nitric oxide (NO), increased production of endothelin-1, and
enhanced expression of adhesion molecules, such as soluble intercellular adhesion
molecule-1 (SICAM-1) and soluble vascular cell adhesion molecule-1 (sVCAM-1), which
impairs vasodilation, but promotes adhesion and aggregation of the platelets (128). While
the specific effects of adipocyte tissue-derived hormones, such as leptin and resistin, on
hemostasis in obese subjects are still being elucidated, emerging evidence suggests that
these mediators may contribute to the prothrombotic state through the effects on
endothelial and platelet function and fibrinolysis. For instance, both leptin and resistin
have been shown to upregulate the expression of PAI-1 in endothelial and adipose tissue
cells (129, 130). Similarly, resistin may promote endothelial dysfunction by reducing NO
bioavailability and increasing the expression of adhesion molecules (131). Although
experimental data suggest that leptin can stimulate ADP-mediated platelet aggregation,
this effect can be compromised in obese subjects due to leptin resistance (132).

Hypercoagulable

state
—
.
Endothelial . Impaired
dysfunction Obesity fibrinolisis
A
—
Platelet
dysfunction

Figure 2. Disorders of hemostasis in obese subjects
Slika2.  Poremecaj hemostaze kod gojaznih osoba

Taken together, the presence of atherogenic dyslipidemia and chronic low-grade
inflammation predispose obese subjects to atherosclerosis, while the disrupted balance in
the hemostasis system in favour of procoagulant factors increases the risk for thrombus
formation. Collectively, these are the main mechanisms responsible for the increased risk
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for developing CVD in obese subjects. At present, effective weight management
represents the main strategy to correct underlying metabolic abnormalities and improve
hemostasis disorders in obese individuals (133). Importantly, careful consideration is
needed when managing thromboprophylaxis in obese patients undergoing bariatric
surgery (134).

Laboratory assessment of hemostasis biomarkers can help in the evaluation of the
hypercoagulable state in obese individuals, and guide clinical management strategies
aimed at reducing thrombotic risk. Furthermore, in recent years there has been a
considerable interest in identifying hemostasis biomarkers that might improve CVD risk
prediction in obese subjects, beyond traditional risk factors. Yet, the assessment of a
single marker could not provide complete insight into the processes of hemostasis
activation and fibrinolysis. Accordingly, several studies have compared different
biomarkers of hemostasis disorders between obese individuals and normal-weight
subjects, and their main findings are summarised in Table II.

Table 11 Hemostasis biomarkers in obese subjects
Tabela Il Biomarkeri hemostaze kod gojaznih osoba
Disorder of hemostasis Biomarkers that are altered in obese subjects
Hypercoagulable state Fibrinogen, factors VIII, IX, X and XII, TAT, F1+2,
D-dimer, protein S, protein C, antithrombin 111
Impaired fibrinolysis PAI-1
Platelet dysfunction Platelet count, MPV
Endothelial dysfunction t-PA, VWF

Abbreviations: t-PA, tissue plasminogen activator; vVWF, von Willebrand factor; TAT, thrombin-
antithrombin complexes; F1+2, prothrombin fragment F1+2; PAI-1, plasminogen activator inhibitor 1;
MPV, mean platelet volume.

Skracenice: t-PA, tkivni aktivator plazminogena; vVWF, von Willebrand faktor; TAT, thrombin-antitrombin
kompleksi; F1+2, protrombin fragment F1+2; PAI-1, inhibitor aktivatora plazminogena 1; MPV, prose¢na
zapremina trombocita.

The results of routine coagulation tests, such as prothrombin time (PT) and
activated partial thromboplastin time (aPTT), generally show no differences between
obese subjects and controls (135). However, some authors reported a shortened aPTT,
which corresponds to the increased levels of coagulation factors of the intrinsic pathway,
observed in obese individuals (136, 137). In a more recent population-based study, the
authors investigated the levels of coagulation markers across different BMI categories.
They reported that obese subjects had the highest concentrations of factor VIII,
fibrinogen, protein S and D-dimer, while having lowest level of anticoagulant protein
antithrombin 111 (138). It is important to note that although normal D-dimer represents a
useful tool to exclude VTE, its level is often increased in obesity (139), which limits the
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utility of this assay in subjects with increased body weight. Regarding biomarkers of
platelet dysfunction, the most readily available indices are platelet count and mean
platelet volume (MPV). In addition to increased platelet count, increased MPV is also
observed in obese individuals (140), indicating the larger size of the platelets and their
higher reactivity, and thus greater thrombotic potential. Other platelet indices, such as
platelet distribution width (PDW) and plateletcrit (PCT), as well as MPV/PCT and
PDWI/PCT ratios, are considered to be emerging biomarkers of prothrombotic state in
obese individuals, although their clinical significance is uncertain (141). At present, these
indices remain research tools until their potential to be included in routine clinical practice
is firmly established.

Future perspectives and challenges

Since obesity is a complex disorder, its management is challenging and far from
having reached the desired success. From a medical biochemistry perspective, several
important aspects of obesity deserve further research efforts. These include, but are not
limited to, the investigation of metabolic pathways in adipose tissue, the role of hormones
and adipokines in the regulation of lipid and glucose homeostasis, as well as genetic and
epigenetic factors that predispose individuals to obesity and affect the response to
environmental factors, such as physical activity and dietary interventions. Recently, the
concept of metabolically healthy obesity (MHO) has emerged to denote obese individuals
who do not exhibit the typical metabolic abnormalities and do not meet the criteria for
metabolic syndrome. In particular, MHO individuals often have normal blood pressure
and serum levels of glucose, insulin and lipid parameters, despite increased body weight.
Consequently, MHO subjects are considered to be at a lower risk of developing
cardiometabolic diseases (142). It is important to note that the concept of MHO is still
controversial, and further research is needed to better understand the underlying
mechanisms and long-term health outcomes associated with this phenotype.

Medical biochemistry laboratories play an important role in the management of
obesity and associated comorbidities. Indeed, evidence-based clinical practice guidelines
include specific recommendations for assessing laboratory parameters in obese subjects
to evaluate their metabolic health, as well as to identify potential complications and guide
treatment decisions. In recent years, the need for a more personalized approach in obesity
management, based on the patient’s specific health status and therapeutic goals, has been
increasingly recognized (28). Implementing such specific interventions, tailored to
individual needs, requires an integrative approach by a multidisciplinary team of
healthcare providers from different specialties, where medical biochemistry professionals
have an indispensable role to play.

Novel biomarkers of obesity

The new “omics” technologies have enabled the discovery of novel biomarkers of
obesity, which could clarify its etiology and its role in the pathophysiology of chronic
diseases, contribute to the characterization of obesity phenotypes, and be a potential target

362



for specific prevention and therapy strategies. The research in this area involves genomics
(identification of genes), transcriptomics (MRNA and miRNAs), proteomics (proteins),
and metabolomics (metabolites), as well as epigenomics (regulation of gene expression
and phenotype by epigenetic markers, such as DNA methylation) and microbiomics

(143). The overview of these emerging biomarkers is presented in Table III.

Table 111 “Omics” biomarkers in obesity
Tabela 111, Omics” biomarkeri gojaznosti
Genomics Epigenomics | Transcriptomics | Proteomics Metabolomics Glycomics | Microbiome
oDNA sequence [eDNA eProtein-coding |eProteins oL ow-molecular  |eGlycans oGut
oGene methylation | RNAs (mMRNAS) |ePost- weight metabolites|e Protein- microbiota
polymorphisms|e DNA e Non-coding translational (e.0. amino-acids,| glycosylation| (composition
ePolygenic methylation | RNAs modifications | peptides, organic| patterns and function)
risk scores patterns (miRNAs; acids,
INcRNAS) carbohydratesand
lipids)

Genomic studies involving genome-wide association studies (GWAS) have
identified 941 near-independent single-nucleotide polymorphisms (SNPs) associated
with the BMI (144). Genes at different loci interact and determine pathways and networks
that reflect biological processes underlying the fat accumulation and distribution (145).
Therefore, there have been many attempts to develop multi-locus profiles of genetic risk
scores for obesity (146).

Epigenetic regulation involves DNA and histones modifications, as well as the non-
coding RNAs that may influence the DNA processes without changing the DNA
sequence. Studies have shown that DNA methylation of cytosines in cytosine-guanine
dinucleotides (CpG) defines changes in response to environmental factors, which causes
the association of early-life exposures to stress, under- or overnutrition during gestation
or lactation, with overweight or obesity in later adulthood (147). This may be explained
with DNA methylation of genes involved in growth, inflammation, lipid metabolism,
glycolysis, and adipogenesis (148, 149).

The analysis of transcriptomic biomarkers (protein-coding and non-coding RNAS)
in adipocytes revealed that the expression of more than a thousand genes was altered in
obese individuals compared to lean persons. Transcriptomic biomarkers in obesity can
also be identified by analyzing the peripheral blood transcriptome (150).

Serum or plasma proteome represents a useful resource for studying
pathophysiological changes in obesity (151). In the study by Cominetti et al., proteomic
measurements demonstrated statistically significant associations of complement factor B
(CFAB), complement factor H (CFAH), complement factor | (CFAI), C-reactive protein
(CRP), proline-rich acidic protein 1 (PRAP1), and calprotectin complex formed by
proteins S100-A8 and S100-A9 with the BMI (152).
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Metabolomic studies found specific metabolic changes in obese persons compared
to lean ones in different populations, which included higher levels of branched-chain
(BCAA) and aromatic amino acids, acylcarnitines, fatty acids, and certain phospholipids,
and lower levels of glycine in the plasma. Some of these changes, i.e., higher BCAA and
aromatic aminoacids and lower glycine, were also linked to insulin resistance and higher
risk of type 2 diabetes (153-155).

Glycomics could provide important information for understanding systematic
connections between obesity and metabolic diseases. For example, recent studies have
demonstrated that changes in 1gG N-glycosylation pattern, e.g. low galactosylation,
correlate with measures of obesity and central obesity. In addition, IgG galactosylation
decreases its proinflammatory activity, thus contributing to chronic inflammation in
obesity (156).

Advanced bioinformatic methods, such as deep learning and artificial neural
networks, are necessary to analyse complex “omics” data, especially in analyzing
combinations of “omics” datasets. Furthermore, integrated multi-“omics” emerged as a
tool to better clarify the complexity and interactions of the biological processes that
predispose obesity. There are a lot of limitations and challenges in this field, including
bias generated from different study design, sample collection protocols, data analysis
methods, etc. This implies further endeavors to develop analytical protocols capable of
generating, analyzing and interpreting multi-“omics” data that will be a solid basis for
guiding personalized prevention and therapy strategies in obesity (143).

Acknowledgements

This work was supported by the Ministry of Education, Science and Technological
Development of the Republic of Serbia based on [grant numbers 175035, 175036] and
contract number 451-03-68/2020-14/200161.

Declaration of Competing Interest

The authors declare that they have no known competing financial interests or
personal relationships that could have appeared to influence the work reported in this

paper.
Author contributions

Conceptualization, JKS and NM; Investigation, NBS, JKS, JV, SJ, NM; Project
administration JKS and NM; Supervision, NM; Validation, NM; Roles/Writing - original
draft, NBS, JKS, JV, SJ, NM; and Writing - review & editing, NM.

364



10.

11.

12.

13.

14.

15.

16.

17.

18.

References

World Health Organization [Internet]. Obesity and overweight [cited 2024 Mar 29]. Available from:
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight.

World Obesity Day: ‘Missing the targets report’ [Internet]. [cited 2024 Mar 29]. Available from:
https://www.worldobesity.org/resources/resource-library/world-obesity-day-missing-the-targets-
report.

Hruby A, Hu FB. The epidemiology of obesity: a big picture. Pharmacoeconomics. 2015;33(7):673-
89.

OECD. The heavy burden of obesity: The economics of prevention, OECD Health Policy Studies.
Paris: OECD Publishing; 2019.

Wells JC, Marphatia AA, Cole TJ, McCoy D. Associations of economic and gender inequality with
global obesity prevalence: understanding the female excess. Soc Sci Med. 2012;75(3):482-90.
Spyrou N, Avgerinos KI, Mantzoros CS, Dalamaga M. Classic and novel adipocytokines at the
intersection of obesity and cancer: Diagnostic and therapeutic strategies. Curr Obes Rep. 2018;7:260-
75.

Kalra S, Kapoor N, Bhattacharya S, Aydin H, Coetzee A. Barocrinology: The endocrinology of
obesity from bench to bedside. Med Sci (Basel). 2020;8:51.

Atri A, Jiwanmall SA, Nandyal MB, Kattula D, Paravathareddy S, Paul TV, et al. The prevalence
and predictors of non-alcoholic fatty liver disease in morbidly obese women — A cross-sectional
study from Southern India. Eur Endocrinol. 2020;16:152-5.

Kapoor N, Arora S, Kalra S. Gender disparities in people living with obesity - an unchartered
territory. J Midlife Health. 2021;12(2):103-7.

Bluher S, Schwarz P. Metabolically healthy obesity from childhood to adulthood—does weight
status alone matter? Metabolism. 2014;63(9):1084-92.

Longo M, Zatterale F, Naderi J, Parrillo L, Formisano P, Raciti GA, et al. Adipose tissue dysfunction
as determinant of obesity-associated metabolic complications. Int J Mol Sci. 2019;20(9):2358.
Patel P, Abate N. Body fat distribution and insulin resistance. Nutrients. 2013;5(6):2019-27.
Heymsfield SB, Wadden TA. Mechanisms, pathophysiology, and management of obesity. N Engl J
Med. 2017;376(3):254-66.

Vekic J, Zeljkovic A, Al Rasadi K, Cesur M, Silva-Nunes J, Stoian AP, Rizzo M. A New look at
novel cardiovascular risk biomarkers: the role of atherogenic lipoproteins and innovative antidiabetic
therapies. Metabolites. 2022;12(2):108.

Dubinina IA, Chistiakov DA, Eremina IA, Brovkin AN, Zilberman LI, Nikitin AG, et al. Studying
progression from glucose intolerance to type 2 diabetes in obese children. Diabetes Metab Syndr.
2014;8(3):133-7.

Vekic J, Stefanovic A, Zeljkovic A. Obesity and dyslipidemia: A review of current evidence. Curr
Obes Rep. 2023;12:207-22.

Stefanovi¢ A, Kotur-Stevuljevi¢ J, Spasi¢ S, Veki¢ J, Zeljkovi¢ A, Spasojevi¢-Kalimanovska V,
Jeli¢-Ivanovi¢ Z. HDL 2 Particles are associated with hyperglycaemia, lower PON1 activity and
oxidative stress in type 2 diabetes mellitus patients. Clin Biochem. 2010;43(15):1230-5.

Janac JM, Zeljkovic A, Jelic-lvanovic ZD, Dimitrijevic-Sreckovic VS, Vekic J, Miljkovic MM, et
al. Increased oxidized high-density lipoprotein/high-density lipoprotein—cholesterol ratio as a

365



19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

potential indicator of disturbed metabolic health in overweight and obese individuals. Lab Med.
2020;51(1):24-33.

Perovic Blagojevic IM, Vekic JZ, Macut DP, Ignjatovic SD, Miljkovic-Trailovic MM, Zeljkovic
AR, et al. Overweight and obesity in polycystic ovary syndrome: association with inflammation,
oxidative stress and dyslipidaemia. Br J Nutr. 2022;128(4):604-12.

Vekic J, Zeljkovic A, Cicero AFG, Janez A, Stoian AP, Sonmez A, Rizzo M. Atherosclerosis
development and progression: the role of atherogenic small, dense LDL. Medicina. 2022;58(2):299.
Vekic J, Stromsnes K, Mazzalai S, Zeljkovic A, Rizzo M, Gambini J. Oxidative stress, atherogenic
dyslipidemia, and cardiovascular risk. Biomedicines. 2023;11(11):2897.

Vekic J, Zeljkovic A, Stefanovic A, Jelic-lvanovic Z, Spasojevic-Kalimanovska V. Obesity and
dyslipidemia. Metabolism. 2019;92:71-81.

Jovici¢ S, Ignjatovi¢ S, Dajak M, Majki¢-Singh N. Analytical performance and clinical efficacy for
cardiovascular risk estimation of an Olympus immunoturbidimetric high-sensitivity C-reactive
protein assay. Clin Chem Lab Med. 2006;44(2):228-31.

Jovici¢ S, Ignjatovi¢ S, Dajak M, Kangrga R, Majki¢-Singh N. Association of lipid and inflammatory
markers with C-reactive protein in cardiovascular risk assessment for primary prevention. Clin Lab.
2009;55(11):411.

Koch VH. The effects of obesity on kidney function: a challenge for nephrologists. Braz J Nephrol.
2019;41(2):162-5.

Zhang T, Wang Q, Cui Xm, Zhang YY, Guo F, Wu Q, et al. Mediating effect of cumulative lipid
profile burden on the effect of diet and obesity on hypertension incidence: a cohort study of people
aged 35-65 in rural China. Eur J Clin Nutr. 2024,;78:54-63.

Chang AR, Zafar W, Grams ME. Kidney function in obesity—challenges in indexing and estimation.
Adv Chronic Kidney Dis. 2018;25(1):31-40.

Zeljkovi¢ A, Mihajlovi¢ M, Vujci¢ S, Guzonji¢ A, Munjas J, Stefanovi¢ A, et al. The prospect of
genomic, transcriptomic, epigenetic and metabolomic biomarkers for the personalized prevention of
type 2 diabetes and cardiovascular diseases. Curr Vasc Pharmacol. 2023;21(3):185-96.

Vekic J, Zeljkovic A, Stefanovic A, Giglio RV, Ciaccio M, Rizzo M. Diabetes and Colorectal Cancer
Risk: A new look at molecular mechanisms and potential role of Novel Antidiabetic Agents. Int J
Mol Sci. 202;22(22):124009.

Chong B, Kong G, Shankar K, Chew HSJ, Lin C, Goh R, et al. The global syndemic of metabolic
diseases in the young adult population: A consortium of trends and projections from the Global
Burden of Disease 2000-2019. Metabolism. 2023;141:155402.

Belfiore F, Borzi V, Napoli E, Rabuazzo M. Enzymes related to lipogenesis in the adipose tissue of
obese subjects. Metabolism. 1976;25(5):483-93.

Aarsland A, Chinkes D, Wolfe RR. Hepatic and whole-body fat synthesis in humans during
carbohydrate overfeeding. Am J Clin Nutr. 1997;65:1774-82.

Chascione C, Elwyn DH, Davila M, Gil KM, Askanazi J, Kinney JM. Effect of carbohydrate intake
on de novo lipogenesis in human adipose tissue. Am J Physiol. 1987;253:E664-9.

Mobbs CV, Makimura H. Block the FAS, lose the fat. Nat Med. 2002;8:335-6.

366



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Loftus TM, Jaworsky DE, Frehywot GL, Townsend CA, Ronnett GV, Lane MD, Kuhajda FP.
Reduced food intake and body weight in mice treated with fatty acid synthase inhibitors. Science.
2000;288:2379-81.

Kovacs P, Harper I, Hanson RL, Infante AM, Bogardus C, Tataranni PA, Baier LJ. A novel missense
substitution (Val1483lle) in the fatty acid synthase gene (FAS) is associated with percentage of body
fat and substrate oxidation rates in nondiabetic Pima Indians. Diabetes. 2004;53:1915-9.
Hillgartner FB, Salati LM, Goodridge AG. Physiological and molecular mechanisms involved in
nutritional regulation of fatty acid synthesis. Physiol Rev. 1995;75:47-76.

Brownsey RW, Boone AN, Elliott JE, Kulpa JE, Lee WM. Regulation of acetyl-CoA carboxylase.
Biochem Soc Trans. 2006;34:223-7.

Hudgins LC, Baday A, Hellerstein MK, Parker TS, Levine DM, Seidman CE, et al. The effect of
dietary carbohydrate on genes for fatty acid synthase and inflammatory cytokines in adipose tissues
from lean and obese subjects. J Nutr Biochem. 2008;19:237-45.

Ranganathan G, Unal R, Pokrovskaya I, Yao-Borengasser A, Phanavanh B, Lecka-Czernik B, et al.
The lipogenic enzymes DGAT1, FAS, and LPL in adipose tissue: effects of obesity, insulin
resistance, and TZD treatment. J Lipid Res. 2006;47:2444-50.

Swierczynski J, Zabrocka L, Goyke E, Raczynska S, Adamonis W, Sledzinski Z. Enhanced glycerol
3-phosphate dehydrogenase activity in adipose tissue of obese humans. Mol Cell Biochem.
2003;254:55-9.

Ortega FJ, Mayas D, Moreno-Navarrete JM, Catalan VV, Gomez-Ambrosi J, Esteve E, et al. The gene
expression of the main lipogenic enzymes is downregulated in visceral adipose tissue of obese
subjects. Obesity. 2009;18:13-20.

Berndt J, Kovacs P, Ruschke K, Kléting N, Fasshauer M, Schén MR, et al. Fatty acid synthase gene
expression in human adipose tissue: association with obesity and type 2 diabetes. Diabetologia.
2007;50:1472-80.

Poulain-Godefroy O, Lecoeur C, Pattou F, Frithbeck G, Froguel P. Inflammation is associated with
a decrease of lipogenic factors in omental fat in women. Am J Physiol Regul Integr Comp Physiol.
2008;295:R1-7.

Liu LH, Wang XK, Hu YD, Kang JL, Wang LL, Li S. Effects of a fatty acid synthase inhibitor on
adipocyte differentiation of mouse 3T3-L1 cells. Acta Pharmacol Sin. 2004;25:1052—7.

Nadler ST, Attie AD. Please pass the chips: genomic insights into obesity and diabetes. J Nutr.
2001;131:2078-81.

Brandacher G, Winkler C, Aigner F, Schwelberger H, Schroecksnadel K, Margreiter R, et al.
Bariatric surgery cannot prevent tryptophan depletion due to chronic immune activation in morbidly
obese patients. Obes Surg. 2006;16:541-8.

Theofylaktopoulou D, Midttun &, Ulvik A, Ueland PM, Tell GS, Vollset SE, et al. A community-
based study on determinants of circulating markers of cellular immune activation and kynurenines:
the Hordaland Health Study: determinants of neopterin KTR and kynurenines. Clin Exp Immunol.
2013;173:121-30.

Campbell BM, Charych E, Lee AW, Moller T. Kynurenines in CNS disease: regulation by
inflammatory cytokines. Front Neurosci. 2014;8:12.

367



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Wolowczuk I, Hennart B, Leloire A, Bessede A, Soichot M, Taront S, et al. Tryptophan metabolism
activation by indoleamine 2,3-dioxygenase in adipose tissue of obese women: an attempt to maintain
immune homeostasis and vascular tone. AJP Regul Integr Comp Physiol. 2012;303:R135-43.
Munn DH, Zhou M, Attwood JT, Bondarev I, Conway SJ, Marshall B, et al. Prevention of allogeneic
fetal rejection by tryptophan catabolism. Science. 1998;281:1191-3.

Smith AJ, Stone TW, Smith RA. Neurotoxicity of tryptophan metabolites. Biochem Soc Trans.
2007;35:1287.

Oxenkrug G. Insulin resistance and dysregulation of tryptophan-kynurenine and kynurenine-
nicotinamide adenine dinucleotide metabolic pathways. Mol Neurobiol. 2013;48:294-301.
Meyramov G, Korchin V, Kocheryzkina N. Diabetogenic activity of xanturenic acid determined by
its chelating properties? Transplant Proc. 1998;30:2682-4.

Favennec M, Hennart B, Caiazzo R, Leloire A, Yengo L, Verbanck M, et al. The kynurenine pathway
is activated in human obesity and shifted toward kynurenine monooxygenase activation. Obesity.
2015:23:2066-74.

Maguire D, Talwar D, Shiels PG, McMillan D. The role of thiamine dependent enzymes in obesity
and obesity related chronic disease states: a systematic review. Clinical Nutrition ESPEN.
2018;25:8-17.

Wu Y, Dong Y, Atefi M, Liu Y, Elshimali Y, Vadgama JV. Lactate, a neglected factor for diabetes
and cancer interaction. Mediators Inflamm. 2016;2016.6456018.

Mandarino LJ, Madar Z, Kolterman OG, Bell JM, Olefsky JM. Adipocyte glycogen synthase and
pyruvate dehydrogenase in obese and type Il diabetic subjects. Am J Physiol. 1986;251:E489¢e96.
Ciszak EM, Korotchkina LG, Dominiak PM, Sidhu S, Patel MS. Structural basis for flip-flop action
of thiamin pyrophosphate-dependent enzymes revealed by human pyruvate dehydrogenase. J Biol
Chem. 2003;278(23):21240e6.

Jansson PA, Larsson A, Smith U, Leonnroth P. Lactate release from the subcutaneous tissue in lean
and obese men. J Clin Invest. 1994;93(1):240e6.

Lovejoy J, Mellen B, Digirolamo M. Lactate generation following glucose ingestion: relation to
obesity, carbohydrate tolerance and insulin sensitivity. Int J Obes. 1990;14(10):843e55.

Cornier MA. A review of current guidelines for the treatment of obesity. Am J Manag Care.
2022;28(15 Suppl):S288-5296.

Pasquali R, Casanueva F, Haluzik M, van Hulsteijn L, Ledoux S, Monteiro MP, et al. European
Society of Endocrinology Clinical Practice Guideline: Endocrine work-up in obesity. Eur J
Endocrinol. 2020;182(1):G1-G32.

Lingvay I, Sumithran P, Cohen RV, le Roux CW. Obesity management as a primary treatment goal
for type 2 diabetes: time to reframe the conversation. Lancet. 2022;399(10322):394-405.
Dimitriadis G, Mitrou P, Lambadiari V, Maratou E, Raptis SA. Insulin effects in muscle and adipose
tissue. Diabetes Res Clin Pract. 2011;93 Suppl 1:S52-9.

Gastaldelli A. Insulin resistance and reduced metabolic flexibility: cause or consequence of NAFLD?
Clin Sci (Lond). 2017;131(22):2701-2704.

Smith U, Kahn BB. Adipose tissue regulates insulin sensitivity: role of adipogenesis, de novo
lipogenesis and novel lipids. J Intern Med. 2016;280(5):465-475.

368



68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Carpentier AC. 100th anniversary of the discovery of insulin perspective: insulin and adipose tissue
fatty acid metabolism. Am J Physiol Endocrinol Metab. 20211;320(4):E653-E670.

Leeners B, Geary N, Tobler PN, Asarian L. Ovarian hormones and obesity. Hum Reprod Update.
2017;23(3):300-321.

Cooper AJ, Gupta SR, Moustafa AF, Chao AM. Sex/gender differences in obesity prevalence,
comorbidities, and treatment. Curr Obes Rep. 2021;10(4):458-466.

Gambineri A, Pelusi C. Sex hormones, obesity and type 2 diabetes: is there a link? Endocr Connect.
2019;8(1):R1-R9.

Insenser M, Murri M, Del Campo R, Martinez-Garcia MA, Fernandez-Duran E, Escobar-Morreale
HF. Gut microbiota and the polycystic ovary syndrome: Influence of Sex, Sex Hormones, and
Obesity. J Clin Endocrinol Metab. 2018;103(7):2552-2562.

Du FM, Kuang HY, Duan BH, Liu DN, Yu XY. Effects of thyroid hormone and depression on
common components of central obesity. J Int Med Res. 2019;47(7):3040-3049.

Song RH, Wang B, Yao QM, Li Q, Jia X, Zhang JA. The Impact of Obesity on Thyroid
Autoimmunity and Dysfunction: A systematic review and meta-analysis. Front Immunol.
2019;10:2349.

Walczak K, Sieminska L. Obesity and thyroid axis. Int J Environ Res Public Health.
2021;18(18):9434.

Lochner RH, Delfin L, Nezami BG, Cohen ML, Asa SL, Burguera B, Couce ME. Severe obesity
associated with pituitary corticotroph hyperplasia and neoplasia. Endocr Pract. 2023;29(6):471-477.
Gkastaris K, Goulis DG, Potoupnis M, Anastasilakis AD, Kapetanos G. Obesity, osteoporosis and
bone metabolism. J Musculoskelet Neuronal Interact. 2020;20(3):372-381.

Rinonapoli G, Pace V, Ruggiero C, Ceccarini P, Bisaccia M, Meccariello L, Caraffa A. Obesity and
bone: A complex relationship. Int J Mol Sci. 2021;22(24):13662.

Gu X, Wang L, Liu S, Shan T. Adipose tissue adipokines and lipokines: Functions and regulatory
mechanism in skeletal muscle development and homeostasis. Metabolism. 2023;139:155379.
El.Sabaey RS, Hassan HA, Abbas NAT, Fayed FA. Assessment of possible role of renin angiotensin
aldosterone system in obesity: review article. The Egyptian Journal of Hospital Medicine.
2023;91:4828-31.

Litwin M, Kufaga Z. Obesity, metabolic syndrome, and primary hypertension. Pediatr Nephrol.
2021;36(4):825-837.

Coelho M, Oliveira T, Fernandes R. Biochemistry of adipose tissue: an endocrine organ. Arch Med
Sci. 2013;9(2):191-200.

Cinti F, Cinti S. The endocrine adipose organ: A system playing a central role in COVID-19. Cells.
2022;11(13):2109.

Nagao M, Lagerstedt JO, Eliasson L. Secretory granule exocytosis and its amplification by cCAMP in
pancreatic B-cells. Diabetol Int. 2022;13(3):471-479.

Tulp OL, Einsteinn GP. Autonomic, immunological and endocrine influences on adipose tissue as
an organ. Adv Obes Weight Manag Control. 2021;11(2):48-58.

Anthony SR, Guarnieri AR, Gozdiff A, Helsley RN, Phillip Owens A, Tranter M. Mechanisms
linking adipose tissue inflammation to cardiac hypertrophy and fibrosis. Clin Sci (Lond).
2019;133(22):2329-2344.

369



87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Khanna D, Khanna S, Khanna P, Kahar P, Patel BM. Obesity: A chronic low-grade inflammation
and its markers. Cureus. 2022;14(2):e22711.

Lopez-Yus M, Hérndler C, Borlan S, Bernal-Monterde V, Arbones-Mainar JM. Unraveling adipose
tissue dysfunction: molecular mechanisms, novel biomarkers, and therapeutic targets for liver fat
deposition. Cells. 2024;13(5):380.

Pettersson-Pablo P, Nilsson TK, Breimer LH, Hurtig-Wennl6f A. Body fat percentage is more
strongly associated with biomarkers of low-grade inflammation than traditional cardiometabolic risk
factors in healthy young adults - the Lifestyle, Biomarkers, and Atherosclerosis study. Scand J Clin
Lab Invest. 2019;79(3):182-187.

Horwitz A, Birk R. Adipose Tissue hyperplasia and hypertrophy in common and syndromic obesity-
the case of BBS obesity. Nutrients. 2023;15(15):3445.

Medrano-Bosch M, Simén-Codina B, Jiménez W, Edelman ER, Melgar-Lesmes P. Monocyte-
endothelial cell interactions in vascular and tissue remodeling. Front Immunol. 2023;14:1196033.
Garg SS, Kushwaha K, Dubey R, Gupta J. Association between obesity, inflammation and insulin
resistance: Insights into signaling pathways and therapeutic interventions, Diabetes Res Clin Pract.
2023;200:110691.

Richardson VR, Smith K, Carter AM. Adipose tissue inflammation: Feeding the development of
type 2 diabetes mellitus. Immunobiology. 2013;218:1497-504.

Zorena K, Jachimowicz-Duda O, Slgzak D, Robakowska M, Mrugacz M. Adipokines and obesity.
Potential link to metabolic disorders and chronic complications. Int J Mol Sci. 2020;21(10):3570.
Johnston EK, Abbott RD. Adipose tissue paracrine-, autocrine-, and matrix-dependent signaling
during the development and progression of obesity. Cells. 2023;12(3):407.

Arroyo-Espliguero R, Viana-Llamas MC, Silva-Obregon A, Avanzas P. The role of C-reactive
protein in patient risk stratification and treatment. Eur Cardiol. 2021;16:e28.

Salazar J, Martinez MS, Chavez M, Toledo A, Afiez R, Torres Y, et al. C-reactive protein: clinical
and epidemiological perspectives. Cardiol Res Pract. 2014;2014:605810.

Eder K, Baffy N, Falus A, Fulop AK. The major inflammatory mediator interleukin-6 and obesity.
Inflamm Res. 2009;58(11):727-36.

Jiang N, Li Y, Shu T, Wang J. Cytokines and inflammation in adipogenesis: an updated review.
Front Med. 2019;13(3):314-329.

Kotur-Stevuljevic J, Simic-Ogrizovic S, Dopsaj V, Stefanovic A, Vujovic A, Ivanic-Corlomanovic
T, et al. A hazardous link between malnutrition, inflammation and oxidative stress in renal patients.
Clin Biochem. 2012; 45:1202-1205.

Kotur-Stevuljevic J, Spasi¢ S, Jeli¢-Ivanovi¢ Z, Spasojevi¢-Kalimanovska V, Stefanovi¢ A, Vujovic
A, et al. PONL status is influenced by oxidative stress and inflammation in coronary heart disease
patients. Clin Biochem. 2008;41:1067-1073.

Kotur-Stevuljevi¢ J, Memon L, Stefanovi¢ A, Spasi¢ S, Spasojevi¢-Kalimanovska V, Bogavac-
Stanojevi¢ N, et al. Correlation of oxidative stress parameters and inflammatory markers in coronary
artery disease patients. Clin Biochem. 2007;40:181-187.

Ivanisevic J, Kotur-Stevuljevic J, Stefanovic A, Spasic S, Videnovic-lvanov J, Jelic- Ivanovic Z.
Association of serum amyloid A and oxidative stress with paraoxonase 1 in sarcoidosis patients. Eur
J Clin Invest. 2016;46(5):418-424.

370



104.

105.

106.
107.
108.
109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.
121.

Marseglia L, Manti S, D'Angelo G, Nicotera A, Parisi E, Di Rosa G, et al. Oxidative stress in obesity:
a critical component in human diseases. Int J Mol Sci. 2014;16(1):378-400.

SunY, Lu Y, Saredy J, Wang X, Drummer Iv C, Shao Y, et al. ROS systems are a new integrated
network for sensing homeostasis and alarming stresses in organelle metabolic processes. Redox Biol.
2020;37:101696.

Di Meo S, Reed TT, Venditti P, Victor VM. Role of ROS and RNS sources in physiological and
pathological conditions. Oxid Med Cell Longev. 2016;2016:1245049.

Sies H. Oxidative stress: a concept in redox biology and medicine. Redox Biol. 2015;4:180-3.

Sies H. Strategies of antioxidant defense. Eur J Biochem. 1993;215(2):213-9.

Zampelas A, Micha R, editors. Antioxidants in health and disease (1st ed.). CRC Press; 2015. doi:
10.1201/b18539.

Zhang SS, Yang XJ, Ma QH, Xu Y, Chen X, Wang P, Pan CW. Leukocyte related parameters in
older adults with metabolically healthy and unhealthy overweight or obesity. Sci Rep.
2021;11(1):4652.

Bilgihan MT, Ciftciler R. The effect of obesity and body mass index on hematologic malignancies.
Metab Syndr Relat Disord. 2023;21(7):353-361.

Weinstock A, Moura Silva H, Moore KJ, Schmidt AM, Fisher EA. Leukocyte heterogeneity in
adipose tissue, including in obesity. Circ Res. 2020;126:1590-612.

Carvalheira JB, Qiu Y, Chawla A. Blood spotlight on leukocytes and obesity. Blood.
2013;122(19):3263-7.

Kim JA, Park HS. White blood cell count and abdominal fat distribution in female obese adolescents.
Metabolism. 2008;57(10):1375-9.

Jeong HR, Lee HS, Shim YS, Hwang JS. Positive associations between body mass index and
hematological parameters, including RBCs, WBCs, and Platelet counts, in Korean children and
adolescents. Children (Basel). 2022;9(1):1009.

Marra A, Bondesan A, Caroli D, Sartorio A. Complete blood count (CBC)-derived inflammation
indexes are useful in predicting metabolic syndrome in adults with severe obesity. J Clin Med. 2024;
13(5):1353.

Purdy JC, Shatzel JJ. The hematologic consequences of obesity. Eur J Haematol. 2021;106(3):306-
319.

Rodriguez-Rodriguez E, Salas-Gonzélez MD, Ortega RM, Lépez-Sobaler AM. Leukocytes and
neutrophil-lymphocyte ratio as indicators of insulin resistance in overweight/obese school-children.
Front Nutr. 2022;8:811081.

Kohsari M, Moradinazar M, Rahimi Z, Najafi F, Pasdar Y, Moradi A, Shakiba E. Association
between RBC indices, anemia, and obesity-related diseases affected by body mass index in Iranian
Kurdish population: results from a cohort study in western Iran. Int J Endocrinol.
2021;2021:9965728.

Wenzel BJ, Stults HB, Mayer J. Hypoferraemia in obese adolescents. Lancet. 1962;2(7251):327-8.
Christakoudi S, Tsilidis KK, Evangelou E, Riboli E. Associations of obesity and body shape with
erythrocyte and reticulocyte parameters in the UK Biobank cohort. BMC Endocr Disord.
2023;23(1):161.

371



122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

Gonzalez-Dominguez A, Visiedo-Garcia FM, Dominguez-Riscart J, Gonzalez-Dominguez R,
Mateos RM, Lechuga-Sancho AM. Iron metabolism in obesity and metabolic syndrome. Int J Mol
Sci. 2020;21(15):5529.

Olusi SO. Obesity is an independent risk factor for plasma lipid peroxidation and depletion of
erythrocyte cytoprotectic enzymes in humans. Int J Obes Relat Metab Disord. 2002;26(9):1159-64.
Domingo-Orti I, Lamas-Domingo R, Ciudin A, Hernandez C, Herance JR, Palomino-Schatzlein M,
Pineda-Lucena A. Metabolic footprint of aging and obesity in red blood cells. Aging (Albany NY).
2021;13(4):4850-80.

Cottam DR, Mattar SG, Barinas-Mitchell E, Eid G, Kuller L, Kelley DE, Schauer PR. The chronic
inflammatory hypothesis for the morbidity associated with morbid obesity: implications and effects
of weight loss. Obes Surg. 2004;14(5):589-600.

Vilahur G, Ben-Aicha S, Badimon L. New insights into the role of adipose tissue in thrombosis.
Cardiovasc Res. 2017;113(9):1046-54.

Grandl G, Wolfrum C. Hemostasis, endothelial stress, inflammation, and the metabolic syndrome.
Semin Immunopathol. 2018;40(2):215-24.

Singh P, Peterson TE, Barber KR, Kuniyoshi FS, Jensen A, Hoffmann M, et al. Leptin upregulates
the expression of plasminogen activator inhibitor-1 in human vascular endothelial cells. Biochem
Biophys Res Commun. 2010;392(1):47-52.

lkeda Y, Tsuchiya H, Hama S, Kajimoto K, Kogure K. Resistin regulates the expression of
plasminogen activator inhibitor-1 in 3T3-L1 adipocytes. Biochem Biophys Res Commun.
2014;448(2):129-33.

Acquarone E, Monacelli F, Borghi R, Nencioni A, Odetti P. Resistin: a reappraisal. Mech Ageing
Dev. 2019;178:46-63.

Corsonello A, Perticone F, Malara A, De Domenico D, Loddo S, Buemi M, et al. Leptin-dependent
platelet aggregation in healthy, overweight and obese subjects. Int J Obes Relat Metab Disord.
2003;27(5):566-73.

Bladbjerg EM, Stolberg CR, Juhl CB. Effects of obesity surgery on blood coagulation and
fibrinolysis: a literature review. Thromb Haemost. 2020;120(4):579-591.

Afshari A, Ageno W, Ahmed A, Duranteau J, Faraoni D, Kozek-Langenecker S, et al. ESA VTE
Guidelines Task Force. European Guidelines on perioperative venous thromboembolism
prophylaxis: Executive summary. Eur J Anaesthesiol. 2018;35(2):77-83.

Campello E, Zabeo E, Radu CM, Spiezia L, Gavasso S, Fadin M, et al. Hypercoagulability in
overweight and obese subjects who are asymptomatic for thrombotic events. Thromb Haemost.
2015;113(1):85-96.

Shen T, Wang J, Yang W, Li L, Qiao Y, Yan X, et al. Hematological parameters characteristics in
children with obstructive sleep apnea with obesity. Risk Manag Healthc Policy. 2021;14:1015-23.
Lallukka S, Luukkonen PK, Zhou Y, Isokuortti E, Leivonen M, Juuti A, et al. Obesity/insulin
resistance rather than liver fat increases coagulation factor activities and expression in humans.
Thromb Haemost. 2017;117(2):286-94.

Iglesias Morcillo M, Freuer D, Peters A, Heier M, Meisinger C, Linseisen J. Body mass index and
waist circumference as determinants of hemostatic factors in participants of a population-based
study. Medicina (Kaunas). 2023;59(2):228.

372



138.

139.

140.

141.

142.
143.

144.

145.

146.

147.

148.

149.
150.

151.

152.

153.

154.

155.

156.

Braekkan SK, Siegerink B, Lijfering WM, Hansen JB, Cannegieter SC, Rosendaal FR. Role of
obesity in the etiology of deep vein thrombosis and pulmonary embolism: current epidemiological
insights. Semin Thromb Hemost. 2013;39(5):533-40.

Nkambule BB, Mxinwa V, Nyambuya TM, Dludla PV. The mean platelet volume and atherosclerotic
cardiovascular-risk factors in adults with obesity: a systematic review and meta-analysis of
observational studies. BMC Nutr. 2022;8(1):47.

Kalyoncu D. Platelet indices in overweight and obese children. Eur J Pediatr. 2023;182(9):3989-95.
Vekic J, Zeljkovic A, Stefanovic A, Jelic-lvanovic Z, Spasojevic-Kalimanovska V. Obesity and
dyslipidemia. Metabolism. 2019;92:71-81.

Bluher M. Metabolically Healthy Obesity. Endocrine Rewievs. 2020;41(3):1-16.

Aleksandrova K, Rodrigues CE, Floegel A, Ahrens W. Omics biomarkers in obesity: novel
etiological insights and targets for precision prevention. Current Obesity Reports. 2020;9:219-30.
Yengo L, Sidorenko J, Kemper KE, Zheng Z, Wood AR, Weedon MN, et al. Meta-analysis of
genome-wide association studies for height and body mass index in approximately 700000
individuals of European ancestry. Hum Mol Genet. 2018;27(20):3641-9.

Fu J, Hofker M, Wijmenga C. Apple or pear: size and shape matter. Cell Metab. 2015;21(4):507-8.
Loos RJF, Janssens A. Predicting polygenic obesity using genetic information. Cell Metab.
2017;25(3):535-43.

Zhou J, Zhang L, Xuan P, Fan Y, Yang L, Hu C, et al. The relationship between famine exposure
during early life and body mass index in adulthood: a systematic review and meta-analysis. PL0oS
One. 2018;13(2):e0192212.

Tobi EW, Slieker RC, Stein AD, Suchiman HE, Slagboom PE, van Zwet EW, et al. Early gestation
as the critical time-window for changes in the prenatal environment to affect the adult human blood
methylome. Int J Epidemiol. 2015;44(4):1211-23.

Kaushik P, Anderson JT. Obesity: epigenetic aspects. Biomol Concepts. 2016;7(3):145-55.

Ghosh S, Dent R, Harper ME, Gorman SA, Stuart JS, McPherson R. Gene expression profiling in
whole blood identifies distinct biological pathways associated with obesity. BMC Med Genet.
2010;3:56.

Masood A, Benabdelkamel H, Alfadda AA. Obesity proteomics: an update on the strategies and tools
employed in the study of human obesity. High Throughput. 2018;7(3):27.

Cominetti O, Nunez Galindo A, Corthesy J, Valsesia A, Irincheeva I, Kussmann M, et al. Obesity
shows preserved plasma proteome in large independent clinical cohorts. Sci Rep. 2018;8(1):16981.
Rangel-Huerta OD, Pastor-Villaescusa B, Gil A. Are we close to defining a metabolomic signature
of human obesity? A systematic review of metabolomics studies. Metabolomics. 2019;15(6):93.
Floegel A, Wientzek A, Bachlechner U, Jacobs S, Drogan D, Prehn C, et al. Linking diet, physical
activity, cardiorespiratory fitness and obesity to serum metabolite networks: findings from a
population-based study. Int J Obes. 2014;38(11):1388-96.

Marco-Ramell A, Tulipani S, Palau-Rodriguez M, Gonzalez- Dominguez R, Minarro A, Jauregui O,
et al. Untargeted profiling of concordant/discordant phenotypes of high insulin resistance and obesity
to predict the risk of developing diabetes. J Proteome Res. 2018;17(7):2307-17.

Kristic J, Vuckovic F, Menni C, Klaric L, Keser T, Beceheli I, et al. Glycans are a novel biomarker
of chronological and biological ages. J Gerontol A Biol Sci Med Sci. 2014;69(7):779-89.

373



Biohemija i laboratorijska dijagnostika gojaznosti
Neda Milinkovi¢, NataSa Bogavac-Stanojevié, Jelena Vekic,
SneZana Jovici¢, Jelena Kotur-Stevuljevié

Katedra za medicinsku biohemiju, Univerzitet u Beogradu — Farmaceutski fakultet

*Autor za korespondenciju: Neda Milinkovi¢, e-mail: nedan@pharmacy.bg.ac.rs

Kratak sadrzaj

Do sada je sprovedeno dosta istraZivanja koja su znaéajno pomogla u sagledavanju i
reSavanju problema gojaznosti. | pored toga, gojaznost ima trend porasta na globalnom nivou.
Uloga laboratorijske dijagnostike u oblasti gojaznosti je od velikog znaCaja lekarima za
postavljanje dijagnoze i pracenje efekata terapije. Odredivanje biohemijskih parametara takode
doprinosi prakti¢noj korisnosti u prevenciji ovog oboljenja, kao i predupredenju posledi¢nih
komplikacija. Obi¢no se za postavljanje dijagnoze i pracenje efekata terapije gojaznosti odreduju
rutinski dostupne biohemijske analize. Prvobitna asocijacija vezana za laboratorijske analize
odnosi se na parametre lipidnog statusa, ali jako je veliki broj rutinskih analiza koje mogu pomoci
u sagledavanju i pracenju gojaznosti iz razli¢itih uglova. Dodatno, pravovremeno i adekvatno
upravljanje gojaznos¢u je od interesa i sa ekonomskog aspekta. Iz tog razloga, tema ovog
istraZivanja je sumiranje najnovijih aspekata koncepta gojaznosti, posebno sa stanovista
biohemije i laboratorijske dijagnostike. Uzimajuci u obzir sloZzenost ove bolesti, vazno je ukazati
na buduce perspektive i izazove koji se neizbezno javljaju kako pred laboratorijskim stru¢njacima,
tako i pred zdravstvenim radnicima uopste.

Kljuéne re¢i:  gojaznost, laboratorijska dijagnostika, biohemijski parametri, novi
biomarkeri
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