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Abstract: Objectives: Low-grade metabolic inflammation is associated with several chronic
metabolic disorders, including obesity. However, no concrete evidence that supports
obesity as a direct cause of chronic inflammation. This study aims to identify the associ-
ation of inflammation with obesity in apparently healthy adults. Methods: In this study,
162 seemingly healthy volunteers, aged between 20 and 40 years, of comparable sex ratio,
were recruited and categorized based on their body mass index (BMI) into four obesity
scales: normal (N), overweight (OW), obese (OB), and severely obese (SOB). After clinical
examination, fasting blood samples were collected from the study subjects for glycemic
(fasting blood glucose—FBG, and HbAlc) and lipid (total cholesterol, LDL-C, HDL-C, and
triacyl glycerides -TAG) profile analysis. In addition, plasma levels of a panel of diverse
inflammatory biomarkers, IL6, IL8, procalcitonin (PCT), TREM1, and uPAR were analyzed
by sandwich ELISA. Results: The results showed that LDLC, TAG, FBG, and HbAlc were
significantly higher in the obese (OB and SOB) group, compared to the non-obese (N and
OW) group, while HDLc was significantly lower. The biomarker levels were not correlated
with age or significantly differed between males and females. Importantly, levels of all
assessed inflammatory biomarkers were comparable between the obesity classes. Moreover,
the assessed biomarkers in subjects with dyslipidemia or dysglycemia were comparable
to those with normal profiles. Finally, the biomarker levels were not correlated with the
obesity, glycemic, or lipidemic parameters. Conclusions: After correction for age and
co-morbidities, our results deny the association of discrete obesity, probably dyslipidemia,
and dysglycemia with systemic chronic inflammation. Further studies of local and systemic
inflammation in non-elderly, healthy obese subjects are needed.
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1. Introduction

Obesity is a metabolic disorder that is increasing in prevalence worldwide. It is known
to increase the risk for various diseases including metabolic inflammation, insulin resistance,
and cardiovascular diseases [1]. Inflammation is a normal physiological response to various
noxious stimuli; however, uncontrolled and unceasing inflammation which occurs as a
result of an acute inflammatory event or occurs continuously at a lower grade can have
serious pathological consequences [2]. Low-grade chronic inflammation is recognized
in most metabolic disorders including obesity [3,4], type 2 diabetes (T2D), metabolic
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syndrome, and their related complications and co-morbidities [5], and hence, this process is
also described as metabolic inflammation [6]. The association between obesity and chronic
inflammation was previously reported in several studies [3,7].

The main source of pro-inflammatory cytokines in obesity is adipose tissue
macrophages, [3], specifically the visceral adipose tissue, which are known to induce
the production of acute-phase reactants like C-reactive protein (CRP) in hepatocytes and
endothelial cells [5]. Some studies have shown that abdominal/visceral adiposity is as-
sociated with elevated CRP levels, independent of body mass index (BMI), the measure
of adiposity [1,8]. Similarly, another case—control study showed that CRP levels were
significantly higher in individuals with abdominal adiposity than in control subjects with a
comparable BMI [8].

Regarding the role of inflammation in the pathophysiology of obesity, studies showed
increased activity of inflammatory pathways like c-Jun N-terminal kinase which induce
the production of proinflammatory cytokines in obese subjects [9]. Moreover, inflam-
masomes, which are large cytosolic multiprotein complexes that initiate inflammatory
response by activation of caspase-1, and secretion of potent proinflammatory cytokines,
are additional inflammatory contributors to obesity [9]. The main cytokines responsible
for chronic inflammation are tumor necrosis factor-a (TNFa), interleukin-6 (IL-6), and the
inflammasome-activated IL-15; however, IL-6, unlike TNFa and IL-1§3, was found to be
a more convenient marker of peripheral inflammation in adults with various morbidi-
ties [10]. In addition to its roles in acute phase reactions, inflammation, hematopoiesis, bone
metabolism, and cancer progression, IL-6 also regulates energy homeostasis by suppressing
lipoprotein lipase activity and controlling appetite and energy intake at the hypothalamic
level [11]. Furthermore, IL-6 is central in the transition from acute inflammation to a chronic
inflammatory state of disease, and it contributes to chronic inflammation in conditions
such as obesity and insulin resistance [12]. Several other molecules are also used as inflam-
matory biomarkers that are associated with obesity, including the chemokine interleukin-8
(IL-8) [13], and procalcitonin (PCT) [14], the peptide precursor of the calcitonin hormone,
which are used traditionally as inflammatory biomarkers in bacterial infections including
sepsis [15]. However, the less reported obesity biomarkers include the Triggering Receptors
Expressed on Myeloid cells-1 (TREM-1) [16], which is an immunoglobulin (Ig) superfamily
transmembrane protein in humans [17]. Another inflammatory biomarker that is meagerly
examined in obesity is the Urokinase-type Plasminogen Activator Receptor (uPAR) [18],
also known as CD87, which is a cell surface receptor for urokinase plasminogen activator
(uPA), that belongs to the lymphatic antigen-6 superfamily [19]. The biomarkers mentioned
above were previously examined in T2D [20], and sepsis and septic shock [21] in our
study setting.

Obesity as a cause of local inflammation is believed to have a role in systemic inflamma-
tion; one of the theories states that excessive nutrient inflow leads to enlarged, lipid-loaded
adipocytes, and triggers the release of cytokines and leptin which further recruits local
macrophages to adipose tissue [22]. To maintain or restore energy homeostasis, released
cytokines, like IL-6, induce insulin resistance [23], as a regulatory mechanism to stop the
hypertrophied adipocyte from storing lipids. The locally infiltered macrophage in response
to adipocyte-derived chemokines may respond to the need for clearing the adipose tissue
of dysfunctional and necrotic adipocytes. In the case of obesity as a sustained trigger, the
inflammatory response does not attain its goal nor is it resolved; therefore, it turned from a
local reaction to a systemic chronic state [22].

In contrast, obesity is frequently reported to be associated with mild chronic inflamma-
tion [3,4], and largely with co-morbidities that are principal causes of chronic inflammation,
making the contribution of obesity to the reported inflammation dubious or bidirectional.
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Large data were published exploring the chronic inflammation in different clinical con-
ditions associated with obesity, mainly T2D, metabolic syndrome, and cardiovascular
disorders [5,6]. At the same time, only limited information is available about chronic
inflammation in apparently healthy obese subjects [24]. Even the few articles that claimed
this association were limited to metabolically healthy obesity (MHO) without consideration
for the non-metabolic disorders and age, which are potential causes of inflammation [25].
In this study, we aim to confirm or reject the association of inflammation with obesity
as a discrete disorder and to identify suitable biomarkers of inflammation in obese indi-
viduals. The best approach to achieve this goal is to study inflammation in obesity per
se, by excluding the more frequently associated factors that lead to inflammation, mostly,
co-morbidities and aging (by limiting the age between 2040 years), which we did in this
study. Since the appropriate inflammatory biomarkers in obesity are not well defined, we
selected and examined an array of diverse biomarkers (IL6, IL8, PCT, TREM-1, and uPAR),
of different cellular sources and pathophysiological roles, as seen above, to cover diverse
etiology-based types of inflammations.

2. Materials and Methods

Study area and subjects: The current study was conducted in the Bahrain Defense
Force (BDF) Hospital. The study subjects were volunteers, Bahraini Arabs aged 20—40
years, recruited during their routine checkups from the hospital chemistry laboratory
and blood donation from the blood bank and other volunteers. The selection criteria
included Arabs of Bahrani nationality, apparently healthy subjects who are not known
to have any chronic or acute disorder, or receiving any regular drug treatment, except
essential hypertension, which is highly prevalent in the region and was evenly prevalent
in all study groups. Pregnant and lactating women were excluded from the study. Blood
sample collection was planned around routine blood drawing for routine workups. A
total of 162 subjects were selected for this study, and were categorized into 4 BMI classes
of obesity as follows: 43 subjects with normal (N) BMI (18.5-24.9 kg/m?), 41 overweight
(OW) subjects (25-29.9 kg/ m?), 39 obese (OB) subjects (30-34.9 kg/ m?), and 39 severely
obese (SOB) subjects (>35 kg/ m?) (Table 1). Overall, less than half of the study subjects
(n = 78) were obese (BMI > 30). Men (n =76) and women (n = 86) were comparable
in age and BMI (Table 2). The BMI classification followed the standard WHO classifica-
tion (https://www.who.int/europe/news-room/fact-sheets/item/a-healthy-lifestyle---
who-recommendations (accessed on 9 January 2025)) with a minor adaption by merging
obesity classes I and III into severe obesity.

Clinical data collection: For all study subjects, medical history, including history
of any acute or chronic disorder and drug history, was obtained, followed by physical
examination, including body weight, height, and blood pressure (BP) measurements. The
body mass index (BMI) using an Excel sheet was then calculated (BMI = weight [kg] +
height? [meters]). All data were collected on paper and later entered into SPSS/Excel
database files.

Blood sampling: After 10-12 h of overnight fasting, blood was obtained from the
donors by vein puncture into an EDTA tube and centrifuged. Plasma was collected into
cryo-tubes and stored at 20 °C until use.
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Table 1. The study subjects’ obesity classes, numbers, demographic characteristics, and, lipid, and
glycemic profiles.

Parameters Overall Normal Overweight Obese Severely Obese p-Value
18.5 to 24.9 25 t0 29.9 30 to 34.9 > 35 (kg/mz) KW

Number 162 43 41 39 39

Age (years) 29.99 £ 5.65 29.977 £5.97 30.17 £ 5.81 30.31 £5.38 29.51 £5.59 0.916 *

Sex (M/F) 76/86 18/25 17/24 22/17 19/20

BMI (kg/m?) 30.46 +7.921 22.2,20.3-23.7 26.6,25.55-27.70  32.8,31.5-33.4 41.4,37.2-45.3 <0.001

Weight (kg) 84.61 £ 23.65 60.0, 55.0-65.0 70.0, 66.5-80.0 91.0, 84.0-101.0 }é?'g’_lzg 0 <0.001

Lipid profile (mmol/L)

TC (mmol/L) 494 +1.04 4.5,4.2-5.10 49,4.415-5.4 5.2,42-5.77 5.0,4.4-6.0 0.073

LDL-c (mmol/L) 3.02 £0.96 2.50,2.20-3.13 2.83,2.44-3.28 3.31,2.39-4.00 3.30, 2.58-3.90 0.003

HDL-c (mmol/L) 1.19 £ 0.34 1.39 + 0.340 1.304 + 0.327 1.014 4+ 0.249 1.008 + 0.265 <0.001 *

TAG (mmol/L) 143 +1.29 0.90, 0.60-1.19 1.06, 0.81-1.40 1.33,1.01-1.72 1.41, 0.90-1.91 <0.001

Glycemic profile

FBG (mmol/L) 5.54 +£1.39 5.15, 4.90-5.50 5.09, 4.80-5.45 5.40, 4.89-5.82 5.70, 5.16-6.28 0.002

HbAlc (mmol/mol)  36.75 £ 6.07 34.0, 32.0-37.0 37.0, 34.0-39.0 37.0, 34.0-39.0 39.0, 36.0-41.0 <0.001

Note: p-values for comparisons between the classes of obesity; N (normal), OW (overweight), OB (obese), and
SOB (severe obesity). All comparisons were executed by Kruskal-Wallis One-Way Analysis of Variance on Ranks
(KW), except the ones with asterisks (*) were executed by One-Way Analysis of Variance.

Table 2. Comparisons of the examined inflammatory biomarker levels: A. males vs. females, B.
non-obese vs. obese males and females, C. non-obese (all) vs. obese (all) subjects.

A. Biomarkers Males (76) Females (86) p-Value
Age (y) 30.0, 26.0-35.0 29.0, 24.75-35.00
BMI (kg/mz) 30.55, 25.05-35.35 27.95, 24.08-34.13 0.418
IL-6 (AU) 5.92, —0.93-12.44 10.52, 3.51-15.16 0.010
IL-8 (AU) 2.54, —6.58-3.93 2.83, —6.56—4.12 0.624
PCT (AU) 76.20,21.23-167.53 88.68, 27.58-171.55 0.901
TREM1 (AU) 263.62, 230.31-292.82 261.62, 232.30-291.49 0.938
uPAR (AU) 117.79, 85.48-217.09 127.07, 82.86-229.07 0.575
B. Males Females

Non-obese Obese p-value Non-obese Obese p-value
Number 35 41 49 37
Age 29.0,26.0-36.0 30.0, 26.5-34.5 0.917 29.0,24.5-35.0 29.0,24.5-34.5 0.854
IL-6 6.04, —1.68-13.07  5.85, —0.64-12.24 0.681 9.34, 3.54-14.78 11.18,2.76-16.42 0.635
IL-8 2.83,—6.50-3.96 —4.16, —7.06-3.92 0.425 2.80, —6.57-3.97 3.14, —6.53-4.37 0.622
PCT 59.0,13.1-136.2 99.6, 40.4-169.3 0.122 93.8, 48.1-176.0 82.1,24.0-153.9 0.879
TREM1 257.85,43.06-7.28  271.04, 48.3-7.54 0.216 256.6,224.6-284.4  270.7,240.6-307.1 0.128
uPAR 117.8,96.3-261.1 120.5,77.9-213.6 0.457 112.2, 80.5-228.1 146.2,93.1-287.0 0.201
C. Non-obese (males and females) Obese (males and females)
No 84 78
IL-6 6.729,0.73-13.484 8.224,0.181-15.015 0.745
IL-8 2.816, —6.508-3.933 2.189, —6.866—4.334 0.833
PCT 75.522,15.278-173.168 95.119, 34.892-164.976 0.433
TREM1 256.595, 224.897-282.760 269.028, 236.245-304.566 0.058
uPAR 115.413, 81.515-229.073 131.013, 86.868-220.242 0.675

Statistical tests; Whitney Rank Sum Test (MW).
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2.1. Clinical Chemistry Investigations

The glycemic (HbAlc and fasting blood glucose—FBG) and lipid (total cholesterol—CHL,
low-density lipoprotein cholesterol—LDLc, high-density lipoprotein cholesterol—HDLLc,
and triacyl-glycerides—TAG) profile parameters were measured in the clinical chemistry
laboratory in the hospital using automated chemo-analyzers.

For lipid profile, abnormal LDLc was considered to be >4.14 mmol/L (160 mg/dL),
abnormal HDLc was considered to be <1 mmol/L (40 mg/dL), while abnormal TAG was
>2.26 mmol/L (200 mg/dL). For the glycemic profile, abnormal FBG was >5.6 mmol/L
(100 mg/dL), and abnormal HbAlc was >42 mmol/mol. The abnormal value did not
include the borderline value. For estimation of the abnormal levels of test parameters, we
used the reference values of the local Bahrain Defense Force (BDF) Hospital, which are
consistent with the major health resources, e.g., WHO, Medscape, and the International
Federation of Clinical Chemistry (IFCC). Abnormal parameters have values above the
borderline ones, except for HDLc, which is below.

2.2. Enzyme-Linked Immunosorbent Assay (ELISA)

The levels of cytokines/chemokines and other inflammatory markers were assayed
by solid-phase sandwich ELISA, using Invitrogen ELISA kits; EH2IL6 (for IL-6), KHC0081
(for IL-8), EHTREM1 (for TREM-1), and EHPLAUR (for uPAR), following the protocols
provided with the kits, as previously described [20]. Similarly, presepsin was estimated
using a Human Presepsin ELISA kit from MyBioSource, Catalog number MBS766136.
Thermo Multiscan Spectrum Plate Reader coupled with Skanlt RE for MSS 2.4.2 software
were used for measuring the plates” absorbances.

Statistical analysis: Sigma Stat software (Systat Software Inc., version 3.5. Copy-
right 2006) was used for analysis. Differences between study groups were analyzed
by T-test/Mann-Whitney Rank Sum Test (MW), and ANOVA/One-Way Analysis of
Variance /Kruskal-Wallis One-Way Analysis of Variance on Ranks (KW). To isolate the
group or groups that differ from the others, a multiple comparison procedure, All Pairwise
Multiple Comparison Procedures (Dunn’s Method), was used. The correlations between
variables were analyzed by Pearson Product Moment Correlation. The statistical signifi-
cance was set at p < 0.05.

3. Results
3.1. Study Subjects’ Profile

A total of 162 subjects were enrolled in this study, 76 were males and 86 were females.
The subjects were then categorized into normal (n = 43), overweight (n = 41), obese (n = 39),
and severely obese (n = 39) subjects based on the BMI grading scale (18.5-24.9, 25-29.9,
30-34.9, and >35 kg/m?, respectively), and also categorized in obese and non-obese sub-
jects. For simplification and due to great similarities in profile, the normal and overweight
subjects are regrouped and described as a non-obese group, while the obese and severely
obese subjects are the obese group. As seen in Table 1, the four categories were comparable
in age (p 0916, KW), with a similar sex ratio with slight female dominance in the normal
and overweight category, and male dominance in the obese category. Although the total
cholesterol (CHL) was higher in the obese compared to the non-obese group, the difference
was not significant (p 0.072); however, the LDL-c was significantly higher in the obese
group and TAG was significantly and markedly higher in the obese group, while the HDL-c
was significantly higher in the non-obese group. Similarly, the FBG and HbAlc were
significantly higher in the severely obese category compared to the other categories.
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3.2. Sex and Age Differences in Levels of the Inflammatory Biomarkers

As seen in Tables 1 and 2, although males and females were comparable in number,
age, and BMI, and four of the tested biomarkers, IL-8, PCT, TREM-1, and uPAR, the IL-6
was significantly higher in females (median, 25-75%) 5.92, —0.93-12.44 vs. 10.52, 3.51-15.16,
p 0.010, MW.

3.3. Correlations of Demographic and Glycemic and Lipid Profiles with Biomarker Levels

None of the examined biomarkers correlated with age, BMI, and weight or FBG,
HbAlc, total cholesterol, LDLc, HDLc, or TAG levels, for all correlations; the p-values were
>0.05 (Table 3).

Table 3. Correlations of the age, obesity (BMI/weight), glycemic, and lipidemic parameter levels as
possible confounders with inflammatory biomarker levels.

Parameters Correlation IL-6 IL-8 Procalcitonin TREM-1  uPAR
cC —0.0704  0.144 0.0764 0.0110 —0.0176
Age (years)
0.373 0.0683 0.334 0.889 0.828
) cC 0.00634  0.0578 —0.0175 0.119 0.00214
BMI (kg/m~)
0.936 0.465 0.825 0.131 0.979
Weight (Kg) cC —0.0407  0.0481 —0.0191 0.0822 —0.0374
0.607 0.543 0.809 0.299 0.645
cC —0.0161  0.0408 0.0350 —0.0140  —0.0431
FBG (mmol/L)
0.839 0.606 0.658 0.860 0.596
HbAlc ccC —-0.0166  0.0122 —0.00424 —0.0188  —0.0186
(mmol/mol) p 0.833 0.878 0.957 0.812 0.819
CHL cC —0.0806  —0.0301 —0.0100 —0.0784  —0.0596
(mmol/L) p 0.308 0.704 0.899 0.321 0.463
LDL-c cC —0.0856  —0.0278 —0.00528 0.0130 —0.0621
(mmol/L) p 0.2799 0.726 0.947 0.869 0.444
HDL-c cC 0.0287 —0.0509 —0.104 —0.123 0.0262
(mmol/L) p 0.717 0.520 0.190 0.119 0.747
TAG cC —0.0593  0.0381 0.0814 —0.0391  —0.0575
(mmol/L) p 0.453 0.630 0.303 0.622 0.47

Note: the statistical test was Pearson Product Moment Correlation. CC: correlation coefficient, p: p-value.

3.4. Comparison of the Inflammatory Biomarker Levels Between the Different Classes of Obesity

The clinically healthy subjects were grouped into four classes of obesity based on BMI,
N (n =43), OW (n =41), OB (n = 39), and SOB (n = 39). The plasma levels of each of the
inflammatory markers were comparable between the groups, with p-values of 0.199, 0.539,
0.768, 0.160, and 0.792, KW (Figure 1). Even when we re-distributed the subjects into two
groups, obese (OB and SOB) and non-obese (N and OW), the five biomarkers remained
comparable between them, with p-values of 0.745, 0.833, 0.433, 0.058, and 0.675, MW
(Table 2). The differences in the levels of these biomarkers remained comparable between
the obese and non-obese groups when each sex was considered separately (Table 2).
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Figure 1. Comparison of the median (25-75%) plasma concentrations (AU = arbitrary units) of five
inflammatory biomarkers, IL-6 [A], IL-8 [B], procalcitonin (PCT) [C], TREM-1 [D], and uPAR [E],
between four BMI-calibrated obesity classes (normal (N), overweight (OW), obese (OB), and severely
obese (SOB)), of healthy non-elderly adults (2040 years). There were no significant differences in
the levels of the tested inflammatory biomarkers between the different obesity classes, using the
Kruskal-Wallis One-Way Analysis of Variance on Ranks (KW), p-values are shown in the figure. The
horizontal line within each bar is the median value, the bottom and top lines of the bar are the 25%
and 75%, respectively, caps of the lower and upper vertical lines are the 5% and 95% percentiles, and
the open circles are outliers. The biomarker concentrations are shown in Table 4 as a figure extension.
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Table 4. An extension for Figure 1: the plasma levels (arbitrary units) of the five examined inflamma-
tory biomarkers in the four obesity classes shown in the figure.

Markers

Normal

Overweight

Obese

Severely Obese

IL-6

8.29, 0.80-15.00

5.72, —1.02-12.56

5.27, —0.24-13.56

11.18, 3.54-17.04

1L-8

2.80, —6.31-4.09

2.83, —6.55-3.85

—4.16, —6.994.16

3.25, —6.84-4.70

PCT

70.26, 13.52-158.59

82.76, 15.69-175.00

129.73, 38.97-163.70

73.71,25.69-177.37

TREM1

260.76, 237.45-290.20

254.73,209.99-280.53

263.34, 243.83-303.45

271.13, 224.33-306.46

uPAR

114.74, 87.67-276.52

116.09, 80.31-229.57

147 .32, 84.735-256.36 116.45, 87.58-195.74

3.5. Comparison of Plasma Inflammatory Marker Levels Between Clinically Healthy Subjects with
Normal Versus Abnormal Glycemic or Lipidemic Profiles

Subjects with abnormal HbAlc (>42 mmol/mol, n = 17), had comparable plasma
levels of IL-6, IL-8, PCT, TREM-1, and uPAR, to subjects with normal HbAlc levels, p 0.293,
0.652, 0.741, 0.366, and 0.767, respectively. Similarly, subjects with abnormal fasting blood
glucose (FBG>5.6 mmol/L, n = 51) had comparable plasma levels of the same biomark-
ers as subjects with normal FBG, p 0.410, 0.117, 0.361, 0.290, and 0.275, MW (Figure 2).
Regarding the abnormal lipid profile, LDLc (>4.14 mmol/L), HDLc (<1 mmol/L), and
TAG (>2.26 mmol/L), also no significant differences in the levels of the tested biomarkers
between those with abnormal profiles and the others with normal profiles (Figure 2). For
LDLc (n =19), the p-values were 0.481, 0.683, 0.468, 0.948, and 0.815, for HDLc (n = 41), the

p-values were 0.417, 0.858, 0.282, 0.146, and 0.873, and for TAG (n = 18), the p-values were
0.138, 0.733, 0.877, 0.565, and 0.987, MW.
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Figure 2. The figure shows the inflammatory response to dyslipidemia and dysglycemia in healthy
non-elderly subjects (20-40 years), in the full spectrum of BMI-calibrated obesity. Comparison of the
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median (25-75%) plasma concentrations of five inflammatory biomarkers, IL-6 [A1-A5], IL-8 [B1-
B5], procalcitonin (PCT) [C1-C5], TREM-1 [D1-D5], and uPAR [E1-E5], using arbitrary unit (AU),
between subjects with normal vs. abnormal HbA1lc [A1-E1], fasting blood glucose (FBG) [A2-E2], low-
density lipoprotein cholesterol (LDLc) [A3-E3], triacyl-glycerides (TAG) [A4-E4], and high-density
lipoprotein cholesterol (HDLc) [A5-E5]. There were no significant differences in the concentrations
of any of the five tested inflammatory biomarkers between the subjects with normal vs. abnormal
glycemic or lipidemic profiles, using Mann-Whitney Rank Sum Test (MW), p-values are shown in the
figure, which were all >0.05. Within the bars, the horizontal line is the median value, the bars’ top
and bottom lines are 25% and 75%, respectively, caps of the lower and upper vertical lines are 5% and
95%, and the open circles are outliers. Note: The abnormal parameters were determined based on the
local reference values, which were almost consistent with international values.

4. Discussion

Obesity is a chronic metabolic disorder that is believed to be associated with low-grade
metabolic inflammation [3,6,26]. In this study, we demonstrated that discrete obesity is
not associated with inflammation based on testing a panel of five diverse inflammatory
biomarkers, including IL6, IL8, PCT, TREM-1, and uPAR, which were previously reported
to be associated with low-grade chronic inflammation in T2D [20]. This finding is in
disagreement with several other reports that linked inflammation with obesity [7,27].
However, one unique aspect of this study is that we compared healthy subjects in the
full spectrum of obesity while excluding subjects with other co-morbidities or extremes
of age, which are two major confounding factors, to allow for a more accurate assessment
of the link between obesity and inflammation. Therefore, inflammation related to any
disease, e.g., T2D or aging, was excluded by default, as well as, the influence of drugs on
the inflammatory markers’ levels was excluded since all subjects were not receiving any
treatments. Moreover, the levels of the tested inflammatory biomarkers were comparable
between the males and females and did not vary with age in this setting, as reported
before [28].

It is well known that IL6 interferes with glucose uptake in insulin-dependent tissues,
by inducing insulin resistance; therefore, it also interferes with lipolysis and oxidation of
glucose and fatty acids [29,30], with a resultant loading of the adipocytes with nutrients.
Insulin resistance is believed to be mediated via inflammatory and noninflammatory
actions [31], which may play a role in the manifestations of obesity, and impairment of the
immune control in obese adipose tissue [32]. Therefore, IL-6 leads to several metabolic
disorders including metabolic syndrome and T2D [23]. Also, IL-6 plays a central role in the
transition from local inflammation (localized to adipose tissue) to systemic inflammation in
obesity, which is marked by raised inflammatory markers in the blood [22]. In this study,
IL-6 levels were not elevated in obese subjects, or correlated with BMI or age, but it was
influenced by sex (Table 2). The effect of obesity on IL-6 level was previously shown to
vary with age and sex [28]; in this study, the effect of both variants was corrected for by the
study design. The study subjects were selected to be in a narrow age range between 20 to
40 years, to minimize the effects of aging and its associated morbidities in inflammation.
That could explain the dissociation between obesity and inflammation in this study, which
was well designed to minimize the major confounders of inflammation, co-morbidities,
and age. Interestingly, the only significant association in this study was the association of
IL-6 with sex, as women had double the levels of this cytokine compared to men.

For the other examined inflammatory biomarkers, the plasma IL-8, PCT, TREM-1, and
uPAR concentrations were not correlated with BMI or body weight nor associated with
obesity, as the levels of these biomarkers were comparable between obese and non-obese
groups, and in all four classes of obesity (Figure 1). This contradicts previous reports
about the association of these inflammatory biomarkers with obesity. For example, IL-
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8 plasma concentration was previously shown to be associated with obesity in subjects
with normal glucose tolerance and it was found to be correlated with the BMI, waist/hip
ratio (WHR), and body fat [13]. Similarly, raised PCT, as an inflammatory marker, was
found to be correlated with obesity [14]. The PCT is likely to be released from inflamed
adipose tissue, reflecting the degree of endothelium-dependent vasodilatation impairment
in obese individuals [14]. However, in the former study [13], the sample size was too
small (a total of 75 lean and obese subjects), and there was no consideration for age
which we believe is a major determinant for inflammation, while the latter study [14] was
conducted in mice. In addition, increased serum PCT was recognized in obese women
with polycystic ovary syndrome [33]. However, to our knowledge, there was no genuine
study that linked IL-8 or PCT with isolated obesity. Also, only limited studies linked
TREM-1 or uPAR with obesity. In one study, TREM-1 was shown to be raised significantly
in blood and tissue biopsies from obese subjects, suggesting a possible role in obesity
pathophysiology [34]. However, the previous study was not designed to exclude co-
morbidities or age as confounders. Finally, an association of uPAR levels with abdominal
obesity [35] and WHR but not BMI, was previously reported [36]. The dissociation of
obesity from inflammation in this study, in contrast to other studies, is more likely due to
the exclusion of the inflammation confounders, the obesity co-morbidities, and aging. The
impact of null findings in this study, if confirmed by other similar studies, might add to
our understanding of the pathophysiology of obesity and therefore its management and
prevention of the progression to unhealthy obesity, probably by exercise, diet, mindfulness,
and meditation that reduce both obesity and inflammation.

The other finding of this study was the lack of association of inflammation with
dyslipidemia and dysglycemia in clinically healthy asymptomatic subjects. It is worth
noting that both abnormalities are usually associated with obesity. The association of
dyslipidemia with obesity was previously reviewed with an explanation of the mechanism
of this association [37]. In this study, the LDLc and TAG were significantly higher in
obese subjects (OB and SOB) compared to non-obese subjects (N and OW), while HDLc
was significantly higher in the non-obese group as seen in Table 1. The bidirectional
association of dyslipidemia with inflammation was reported before [38]; however, in the
present study, the plasma concentrations of the examined inflammatory biomarkers did
not differ between the clinically healthy subjects with normal vs. abnormal lipidemic
profiles, as seen in Figure 2. Subjects with abnormally high LDLc, or TAG and subjects with
abnormally low HDLc, had comparable plasma concentrations of IL-6, IL-8, PCT, TREM-1,
and uPAR, with subjects with normal levels of the three lipidemic parameters, regardless of
the BMI (Figure 2C-E). That was not unexpected in this study since the same inflammatory
biomarkers were comparable between all the obesity classes mentioned above. This finding
contrasts a previous study that demonstrated a significant link between inflammation and
dyslipidemia [39].

The association and contribution of obesity to dysglycemia, namely hyperglycemia,
was discussed before [40]. In the current study, subjects with abnormally raised HbAlc
or FBG had comparable concentrations of the above-described panel of inflammatory
biomarkers compared to subjects with normal levels of both parameters (Figure 2A,B). Sim-
ilar to the bidirectional relationship between dyslipidemia and inflammation, studies have
demonstrated a bidirectional association between hyperglycemia and inflammation [41,42].
However, to the best of our knowledge, the current study is the first to examine the
association of inflammation with isolated hyperglycemia, independent of diabetes mellitus.

For the interplay between obesity, dyslipidemia, and dysglycemia with low-grade
chronic inflammation, several confounding factors need to be considered, namely co-
morbidities, aging, and drug therapies, which might be the actual stimulants to the immune
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system and liberation of the inflammatory markers. Current evidence strongly suggests
that T2D marked by hyperglycemia is an inflammatory disease in which inflammation is
mediated by obesity-linked insulin resistance and hyperlipidemia [43]. In the present study,
the obese subjects had significantly different lipidemic and glycemic profiles compared
to the non-obese subjects, which supports the link between obesity, dyslipidemia, and
dysglycemia, but what is unique is that this link exists in the absence of diabetes mellitus,
as the study subjects are clinically healthy obese subjects.

Finally, the dissociation of inflammation from obesity, dyslipidemia, or dysglycemia
suggests that the association between the former disorders is conditioned with the devel-
opment of frank diabetes mellitus and clinical symptoms. Alternatively, it may be that in
clinically healthy obese subjects, the inflammation is local and is limited to the adipose and
other tissues but does not reach the systemic level; therefore, local adipose tissue testing for
inflammation can explain some of our findings. Another explanation for this dissociation
could be the sample size which might not be large enough to reveal trivial inflammation.
The latter might be the least possible explanation but remained as one of the limitations
of this study; therefore, we suggest running more studies with larger sample sizes and
examining a broader and more diverse panel of inflammatory markers, by using an ultra-
sensitive technique to measure the biomarkers. Moreover, a longitudinal cohort study
including data about dietary habits, physical activity, and stress control might disclose
the transition from local, low, or no inflammation to systemic inflammation observed in
other studies.

In conclusion, obesity per se is unlikely to induce a measurable systemic inflammatory
response; similarly, discrete dyslipidemia and dysglycemia are unlikely to induce chronic
inflammation in asymptomatic healthy subjects. This study showed that non-elderly
adults with obesity who are clinically healthy are less likely to have chronic inflammation
in contrast to studies that linked obesity with chronic inflammation. Probably most of
the other studies were not restrictive in the selection of the study subjects for testing
obesity as a discrete disorder, since obesity is largely associated with aging and several
co-morbidities, e.g., T2D, metabolic syndrome, cardiovascular disorders, autoimmune
diseases, cancer, degenerative diseases. However, more studies in different settings and
using more inflammatory markers are needed.

Author Contributions: M.S.S. and H.A.G. proposed and drafted the study idea and plan; Z.H.A.M.
and M.E.A. conducted the laboratory work and entered the data; M.S.S.,, M.E.A. and Z.H.AM.
supervised the lab work; H.A.G. and M.S.S. analyzed the data; H.A.G. and M.S.S. drafted the
manuscript and all authors read, edited, and finalized the manuscript. All authors have read and
agreed to the published version of the manuscript.

Funding: The authors received no financial support for the research.

Institutional Review Board Statement: Ethical approvals were obtained from the Research and
Ethics Committees of the College of Medicine and Health Sciences, Arabian Gulf University (AGU).
Consents: An informed consent was obtained from each participant. In this study, the procedures
involving human participants were done following the ethical standards of the Research Committees
of the AGU (Manama, Bahrain, MLM project no. 20111332, 7 January 2013), and with the 1964
Helsinki Declaration and its later amendments.

Informed Consent Statement: The patients consented for publication.

Data Availability Statement: The datasets used and/or analyzed during the current study are
available from the corresponding author upon reasonable request.

Acknowledgments: We thank all contributors to this study, including the volunteers (study subjects),
and the staff at the Bahrain Defense Force (BDF) hospital where donors were recruited. Special



Int. J. Environ. Res. Public Health 2025, 22, 207 12 0of 13

thanks to Norah Almesri for her efforts in managing the recruitment of the study subjects and sample
collection. This research was conducted within the framework of King Fahd Bin Abdulaziz Al Saud
Scientific Chair for Medical Biotechnology at the Arabian Gulf Univeristy.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Ellulu, M.S.; Patimah, I; Khaza’ai, H.; Rahmat, A.; Abed, Y. Obesity and inflammation: The linking mechanism and the
complications. Arch. Med. Sci. 2017, 13, 851-863. [CrossRef] [PubMed]

2. Chen, L,; Deng, H.; Cui, H,; Fang, J.; Zuo, Z.; Deng, J.; Li, Y.; Wang, X.; Zhao, L. Inflammatory responses and inflammation-
associated diseases in organs. Oncotarget 2018, 9, 7204-7218. [CrossRef] [PubMed]

3.  Gregor, M.E,; Hotamisligil, G.S. Inflammatory mechanisms in obesity. Annu. Rev. Immunol. 2011, 29, 415-445. [CrossRef]
[PubMed]

4. Emanuela, F; Grazia, M.; Marco, D.R,; Paola, L.M.; Giorgio, F.; Marco, B. Inflammation as a Link between Obesity and Metabolic
Syndrome. J. Nutr. Metab. 2012, 2012, 476380. [CrossRef] [PubMed]

5. Jacobs, M.; Van Greevenbroek, M.M.].; Van Der Kallen, C.J.H.; Ferreira, I.; Blaak, E.E.; Feskens, E.].M.; Jansen, E.H.J.M.; Schalkwijk,
C.G.; Stehouwer, C.D.A. Low-grade inflammation can partly explain the association between the metabolic syndrome and either
coronary artery disease or severity of peripheral arterial disease: The CODAM study. Eur. J. Clin. Invest. 2009, 39, 437-444.
[CrossRef]

6. Curley, S.; Gall, J.; Byrne, R.; Yvan-Charvet, L.; McGillicuddy, F.C. Metabolic Inflammation in Obesity-At the Crossroads between
Fatty Acid and Cholesterol Metabolism. Mol. Nutr. Food Res. 2021, 65, €1900482. [CrossRef]

7. Savulescu-Fiedler, I.; Mihalcea, R.; Dragosloveanu, S.; Scheau, C.; Baz, R.O.; Caruntu, A.; Scheau, A.-E.; Caruntu, C.; Benea, S.N.
The Interplay between Obesity and Inflammation. Life 2024, 14, 856. [CrossRef]

8.  Lapice, E.; Maione, S.; Patti, L.; Cipriano, P.; Rivellese, A.A.; Riccardi, G.; Vaccaro, O. Abdominal adiposity is associated with
elevated C-reactive protein independent of BMI in healthy nonobese people. Diabetes Care 2009, 32, 1734-1736. [CrossRef]

9.  Stienstra, R.; Tack, C.J.; Kanneganti, T.D.; Joosten, L.A.B.; Netea, M.G. The inflammasome puts obesity in the danger zone. Cell
Metab. 2012, 15, 10-18. [CrossRef]

10. Tylutka, A.; Walas, L.; Zembron-Lacny, A. Level of IL-6, TNF, and IL-13 and age-related diseases: A systematic review and
meta-analysis. Front. Immunol. 2024, 15, 1330386. [CrossRef]

11.  Stenlof, K.; Wernstedt, I.; Fjéllman, T.; Wallenius, V.; Wallenius, K.; Jansson, J.-O. Interleukin-6 levels in the central nervous system
are negatively correlated with fat mass in overweight/obese subjects. J. Clin. Endocrinol. Metab. 2003, 88, 4379-4383. [CrossRef]
[PubMed]

12.  Naugler, W.E.; Karin, M. The wolf in sheep’s clothing: The role of interleukin-6 in immunity, inflammation and cancer. Trends Mol.
Med. 2008, 14, 109-119. [CrossRef] [PubMed]

13. Straczkowski, M.; Dzienis-Straczkowska, S.; Stépiefi, A.; Kowalska, I.; Szelachowska, M.; Kinalska, I. Plasma Interleukin-8
Concentrations Are Increased in Obese Subjects and Related to Fat Mass and Tumor Necrosis Factor-a System. J. Clin. Endocrinol.
Metab. 2002, 87, 4602-4606. [CrossRef]

14. Brabenec, L.; Hellenthal, K.E.; Miiller, M.; Kintrup, S.; Zurek-Leffers, F,; Kardell, M.; Otto, M.; Wagner, N.-M. Procalcitonin
mediates vascular dysfunction in obesity. Life Sci. 2022, 307, 120889. [CrossRef]

15.  Samsudin, I.; Vasikaran, S.D. Clinical Utility and Measurement of Procalcitonin. Clin. Biochem. Rev. 2017, 38, 59-68. [PubMed]

16. Errafii, K.; Boujraf, S.; Chikri, M. Transcriptomic Analysis from Normal Glucose Tolerance to T2D of Obese Individuals Using
Bioinformatic Tools. Int. ]. Mol. Sci. 2023, 24, 6337. [CrossRef] [PubMed]

17.  Bouchon, A.; Dietrich, J.; Colonna, M. Cutting edge: Inflammatory responses can be triggered by TREM-1, a novel receptor
expressed on neutrophils and monocytes. J. Immunol. 2000, 164, 4991-4995. [CrossRef] [PubMed]

18. Kostopoulou, E.; Kalavrizioti, D.; Davoulou, P,; Sinopidis, X.; Papachristou, E.; Goumenos, D.S.; Dimitriou, G.; Spiliotis, B.E.;
Papasotiriou, M. Soluble urokinase plasminogen activator receptor (suPAR) in children with obesity or type 1 diabetes as a
marker of endothelial dysfunction: A cross-sectional study. Eur. |. Pediatr. 2024, 183, 2383-2389. [CrossRef] [PubMed]

19. Zhai, B.-T.; Tian, H.; Sun, J.; Zou, J.-B.; Zhang, X.-F; Cheng, J.-X.; Shi, Y.-J.; Fan, Y.; Guo, D.-Y. Urokinase-type plasminogen
activator receptor (UPAR) as a therapeutic target in cancer. . Transl. Med. 2022, 20, 135. [CrossRef] [PubMed]

20. Sater, M.S.; AlDehaini, D.M.B.; Malalla, Z.H.A.; Ali, M.E.; Giha, H.A. Plasma IL-6, TREM1, uPAR, and IL6/IL8 biomarkers
increment further witnessing the chronic inflammation in type 2 diabetes. Horm. Mol. Biol. Clin. Investig. 2023, 44, 259-269.
[CrossRef]

21. Sater, M.S.; Almansour, N.; Malalla, Z.H.A.; Ali, M.E.; Fredericks, S.; Giha, H.A. Serum platelets and bilirubin levels as potential

predictors of septic shock in adults with sepsis admitted to the intensive care unit. Int. J. Clin. Exp. Med. 2025, 18, 9-17. [CrossRef]


https://doi.org/10.5114/aoms.2016.58928
https://www.ncbi.nlm.nih.gov/pubmed/28721154
https://doi.org/10.18632/oncotarget.23208
https://www.ncbi.nlm.nih.gov/pubmed/29467962
https://doi.org/10.1146/annurev-immunol-031210-101322
https://www.ncbi.nlm.nih.gov/pubmed/21219177
https://doi.org/10.1155/2012/476380
https://www.ncbi.nlm.nih.gov/pubmed/22523672
https://doi.org/10.1111/j.1365-2362.2009.02129.x
https://doi.org/10.1002/mnfr.201900482
https://doi.org/10.3390/life14070856
https://doi.org/10.2337/dc09-0176
https://doi.org/10.1016/j.cmet.2011.10.011
https://doi.org/10.3389/fimmu.2024.1330386
https://doi.org/10.1210/jc.2002-021733
https://www.ncbi.nlm.nih.gov/pubmed/12970313
https://doi.org/10.1016/j.molmed.2007.12.007
https://www.ncbi.nlm.nih.gov/pubmed/18261959
https://doi.org/10.1210/jc.2002-020135
https://doi.org/10.1016/j.lfs.2022.120889
https://www.ncbi.nlm.nih.gov/pubmed/29332972
https://doi.org/10.3390/ijms24076337
https://www.ncbi.nlm.nih.gov/pubmed/37047308
https://doi.org/10.4049/jimmunol.164.10.4991
https://www.ncbi.nlm.nih.gov/pubmed/10799849
https://doi.org/10.1007/s00431-024-05496-5
https://www.ncbi.nlm.nih.gov/pubmed/38448612
https://doi.org/10.1186/s12967-022-03329-3
https://www.ncbi.nlm.nih.gov/pubmed/35303878
https://doi.org/10.1515/hmbci-2022-0103
https://doi.org/10.62347/KDCD8395

Int. J. Environ. Res. Public Health 2025, 22, 207 13 of 13

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.
42.

43.

de Heredia, EP.; Gémez-Martinez, S.; Marcos, A. Obesity, inflammation and the immune system. Proc. Nutr. Soc. 2012, 71,
332-338. [CrossRef] [PubMed]

Bastard, J.P.; Maachi, M.; Lagathu, C.; Kim, M.].; Caron, M.; Vidal, H.; Capeau, J.; Feve, B. Recent advances in the relationship
between obesity, inflammation, and insulin resistance. Eur. Cytokine Netw. 2006, 17, 4-12. [PubMed]

Blither, M. Metabolically Healthy Obesity. Endocr. Rev. 2020, 41, bnaa004. [CrossRef] [PubMed]

Spoto, B.; Di Betta, E.; Pizzini, P.; Lonardi, S.; Mallamaci, E; Tripepi, G.; Kanbay, M.; Cancarini, G.; Zoccali, C. Inflammation
biomarkers and inflammatory genes expression in metabolically healthy obese patients. Nutr. Metab. Cardiovasc. Dis. 2023, 33,
584-591. [CrossRef] [PubMed]

Hotamisligil, G.S. Inflammation and metabolic disorders. Nature 2006, 444, 860-867. [CrossRef]

Rohm, T.V.; Meier, D.T.; Olefsky, ].M.; Donath, M.Y. Inflammation in obesity, diabetes, and related disorders. Immunity 2022, 55,
31-55. [CrossRef]

Tam, C.S.; Garnett, S.P.; Cowell, C.T.; Heilbronn, L.K,; Lee, ].W.; Wong, M.; Baur, L.A. IL-6, IL-8 and IL-10 Levels in Healthy
Weight and Overweight Children. Horm. Res. Paediatr. 2010, 73, 128-134. [CrossRef]

Mauer, J.; Denson, J.L.; Briining, J.C. Versatile functions for IL-6 in metabolism and cancer. Trends Immunol. 2015, 36, 92-101.
[CrossRef]

Carey, A.L.; Steinberg, G.R.; Macaulay, S.L.; Thomas, W.G.; Holmes, A.G.; Ramm, G.; Prelovsek, O.; Hohnen-Behrens, C.; Watt,
M.].; James, D.E,; et al. Interleukin-6 increases insulin-stimulated glucose disposal in humans and glucose uptake and fatty acid
oxidation in vitro via AMP-activated protein kinase. Diabetes 2006, 55, 2688-2697. [CrossRef]

Scheller, J.; Chalaris, A.; Schmidt-Arras, D.; Rose-John, S. The pro- and anti-inflammatory properties of the cytokine interleukin-6.
Biochim. Biophys. Acta 2011, 1813, 878-888. [CrossRef] [PubMed]

Pal, M.; Febbraio, M. A.; Whitham, M. From cytokine to myokine: The emerging role of interleukin-6 in metabolic regulation.
Immunol. Cell Biol. 2014, 92, 331-339. [CrossRef] [PubMed]

Rashad, N.M.; El-Shal, A.S.; Abdelaziz, A.M. Association between inflammatory biomarker serum procalcitonin and obesity in
women with polycystic ovary syndrome. J. Reprod. Immunol. 2013, 97, 232-239. [CrossRef]

Subramanian, S.; Pallati, PX.; Rai, V.; Sharma, P.; Agrawal, D.K.; Nandipati, K.C. Increased expression of triggering receptor
expressed on myeloid cells-1 in the population with obesity and insulin resistance. Obesity 2017, 25, 527-538. [CrossRef]

Skurk, T.; Hauner, H. Obesity and impaired fibrinolysis: Role of adipose production of plasminogen activator inhibitor-1. Int. .
Obes. Relat. Metab. Disord. 2004, 28, 1357-1364. [CrossRef]

Landin, K.; Stigendal, L.; Eriksson, E.; Krotkiewski, M.; Risberg, B.; Tengborn, L.; Smith, U. Abdominal obesity is associated with
an impaired fibrinolytic activity and elevated plasminogen activator inhibitor-1. Metabolism 1990, 39, 1044-1048. [CrossRef]
Klop, B.; Elte, ] W.E,; Cabezas, M.C. Dyslipidemia in obesity: Mechanisms and potential targets. Nutrients 2013, 5, 1218-1240.
[CrossRef]

Yu, C.; Chen, Y,; Cline, G.W.; Zhang, D.; Zong, H.; Wang, Y.; Bergeron, R.; Kim, ] K.; Cushman, S.W.; Cooney, G.J.; et al. Mechanism
by which fatty acids inhibit insulin activation of insulin receptor substrate-1 (IRS-1)-associated phosphatidylinositol 3-kinase
activity in muscle. J. Biol. Chem. 2002, 277, 50230-50236. [CrossRef]

Khovidhunkit, W.; Kim, M.-S.; Memon, R.A; Shigenaga, ] K.; Moser, A.H.; Feingold, K.R.; Grunfeld, C. Effects of infection and
inflammation on lipid and lipoprotein metabolism: Mechanisms and consequences to the host. J. Lipid Res. 2004, 45, 1169-1196.
[CrossRef]

Wellen, K.E.; Hotamisligil, G.S. Inflammation, stress, and diabetes. J. Clin. Invest. 2005, 115, 1111-1119. [CrossRef]

Yang, Z.; Huang, W.; Zhang, J.; Xie, M.; Wang, X. Induced inflammation and improves glucose metabolism in HepG2 cells. Sci.
Rep. 2024, 14, 1106. [CrossRef]

van Niekerk, G.; Davis, T.; Patterton, H.-G.; Engelbrecht, A.-M. How does inflammation-induced hyperglycemia cause mitochon-
drial dysfunction in immune cells? BioEssays 2019, 41, e1800260. [CrossRef] [PubMed]

Martyn, J.A.J.; Kaneki, M.; Yasuhara, S. Obesity-induced insulin resistance and hyperglycemia: Etiologic factors and molecular
mechanisms. Anesthesiology 2008, 109, 137-148. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1017/S0029665112000092
https://www.ncbi.nlm.nih.gov/pubmed/22429824
https://www.ncbi.nlm.nih.gov/pubmed/16613757
https://doi.org/10.1210/endrev/bnaa004
https://www.ncbi.nlm.nih.gov/pubmed/32128581
https://doi.org/10.1016/j.numecd.2022.12.008
https://www.ncbi.nlm.nih.gov/pubmed/36642614
https://doi.org/10.1038/nature05485
https://doi.org/10.1016/j.immuni.2021.12.013
https://doi.org/10.1159/000277632
https://doi.org/10.1016/j.it.2014.12.008
https://doi.org/10.2337/db05-1404
https://doi.org/10.1016/j.bbamcr.2011.01.034
https://www.ncbi.nlm.nih.gov/pubmed/21296109
https://doi.org/10.1038/icb.2014.16
https://www.ncbi.nlm.nih.gov/pubmed/24751614
https://doi.org/10.1016/j.jri.2012.10.007
https://doi.org/10.1002/oby.21714
https://doi.org/10.1038/sj.ijo.0802778
https://doi.org/10.1016/0026-0495(90)90164-8
https://doi.org/10.3390/nu5041218
https://doi.org/10.1074/jbc.M200958200
https://doi.org/10.1194/jlr.R300019-JLR200
https://doi.org/10.1172/JCI25102
https://doi.org/10.1038/s41598-023-50084-6
https://doi.org/10.1002/bies.201800260
https://www.ncbi.nlm.nih.gov/pubmed/30970156
https://doi.org/10.1097/ALN.0b013e3181799d45
https://www.ncbi.nlm.nih.gov/pubmed/18580184

	Introduction 
	Materials and Methods 
	Clinical Chemistry Investigations 
	Enzyme-Linked Immunosorbent Assay (ELISA) 

	Results 
	Study Subjects’ Profile 
	Sex and Age Differences in Levels of the Inflammatory Biomarkers 
	Correlations of Demographic and Glycemic and Lipid Profiles with Biomarker Levels 
	Comparison of the Inflammatory Biomarker Levels Between the Different Classes of Obesity 
	Comparison of Plasma Inflammatory Marker Levels Between Clinically Healthy Subjects with Normal Versus Abnormal Glycemic or Lipidemic Profiles 

	Discussion 
	References

