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Abstract: At present, obesity, as a part of metabolic syndrome, represents the leading factor for
disability, and is correlated with higher inflammation status, morbidity, and mortality. The purpose of
our study is to add new insights to the present body of knowledge regarding the correlations between
chronic systemic inflammation and severe obesity, which cannot be treated without considering other
metabolic syndrome conditions. Biomarkers of high-level chronic inflammation are recognized as
important predictors of pro-inflammatory disease. Besides the well-known pro-inflammatory cy-
tokines, such as WBCs (white blood cells), IL-1 (interleukin-1), IL-6 (interleukin-6), TNF-alpha (tumor
necrosis factor-alpha), and hsCRP (high-sensitivity C-reactive protein), as well as anti-inflammatory
markers, such as adiponectin and systemic inflammation, can be determined by a variety of blood
tests as a largely available and inexpensive inflammatory biomarker tool. A few parameters, such
as the neutrophil-to-lymphocyte ratio; the level of cholesterol 25-hydroxylase, which is part of the
macrophage-enriched metabolic network in adipose tissue; or levels of glutamine, an immune-
metabolic regulator in white adipose tissue, are markers that link obesity to inflammation. Through
this narrative review, we try to emphasize the influence of the weight-loss process in reducing
obesity-related pro-inflammatory status and associated comorbidities. All data from the presented
studies report positive results following weight-loss procedures while improving overall health, an
effect that lasts over time, as far as the existing research data show.

Keywords: morbid obesity; pro-inflammatory status; metabolic syndrome; weight-loss effects

1. Introduction

According to the World Health Organization (WHO) European Regional Obesity
Report in 2022, overweight and obesity have reached epidemic proportions in Europe,
affecting 58% of adults and about one in three children, and the report also shows that
the disease causes 200,000 cases of cancer and 1.2 million deaths per year [1]. At present,
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obesity is the leading factor for disability, and it has been correlated with higher morbidity
and mortality since the onset of the COVID-19 pandemic [1,2].

The growing prevalence of worldwide obesity is still a major global health challenge
despite all of the warning signs raised in the last two decades leading to the “most preva-
lent cause of human morbidity and mortality”. Obesity is a condition related to genetic,
environmental, and behavioral factors, but even so, it remains a preventable and, more
importantly, treatable disease. The danger of this condition comes from the fact that it
leads to more serious diseases. On one hand, it is directly related to cardiovascular disease
and type 2 diabetes mellitus, and on the other hand, it is involved in the appearance of
certain types of cancer, but it affects almost all systems and organs of the body to varying
degrees. Furthermore, musculoskeletal complications arise due to the mechanical effects
of increased body weight. Excess body fat leads to premature death and is a serious risk
factor for disabilities [1,3].

According to a report presented at the 2022 European Congress on Obesity, the inci-
dence of obesity in Europe is the second highest in the world after the Americas [1]. The
causes of obesity seem to be more complex than an unhealthy diet and a lack of physical
activity. Mental, emotional, and physical stressors; life-specific environmental factors in
modern, highly digitalized European societies, such as unhealthy food marketing online;
and the preference for a sedentary lifestyle also play an important role [1,4].

The negative effects of excess fat have repercussions on all systems and organs of the
body. Weight loss improves inflammation locally and systemically, given that adiposity
redundancy is a form of destabilizing aggression against the immune system. A healthy
and balanced lifestyle is the key to returning the body to health and equilibrium.

The purpose of our narrative review is to add new insights to the present body of
knowledge regarding the correlations between chronic systemic inflammation and both
obesity (i.e., severe obesity) and metabolic syndrome.

2. Materials and Methods
2.1. Search Strategy

Our study was conducted by four researchers (LR.M., M.S., A.H., and RN.M.) in
November-December 2022. A search of the PubMed, Cochrane Library, and ScienceDirect
English-language electronic databases was performed using the following search terms: “se-
vere obesity” AND/OR “metabolic syndrome” AND “severe obesity” AND/OR “chronic
systemic inflammation” AND “metabolic syndrome” AND/OR “chronic systemic inflam-
mation”, as well as combinations of these terms. Our research included papers published
up to 2022, with a special focus on recent publications (January 2018 up to December 2022),
mainly prospective research articles, reviews, meta-analyses, comparative papers with a
control group, and randomized controlled trials (RCTs); papers before 2018 were included
only if they provided important data such as definitions, guidelines, and trustworthy
new findings.

The inclusion criteria were as follows: (1) articles containing relevant data regard-
ing the topic; (2) articles containing comparative data; and (3) articles written in English that
contain information related to obesity, metabolic syndrome, and systemic
chronic inflammation.

The exclusion criteria were as follows: articles with an insufficient amount of data to
analyze; a lack of primary outcomes; a lack of comparative data; and non-English-language
studies. We also excluded summary congress reports and abstracts with incomplete data.

All data were assessed and included independently by two researchers; the study was
performed according to the Preferred Reporting Items for Systematic Reviews (PRISMA)
2020 guidelines [5]. All the articles included in the narrative review were critically appraised
using a 10-question CASP checklist. The initial search yielded 19,497 papers; after removing
duplicates, abstracts, and non-English studies, we focused our attention on 28 studies. The
PRISMA flowchart is presented in Figure 1.
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Figure 1. PRISMA 2020 flow diagram for new systematic reviews which included searches of
databases and registers only [5].

2.2. Outcome Measures

The primary endpoint of this review was to analyze correlations between chronic
systemic inflammation and both severe obesity and metabolic syndrome. Secondary
outcome measures included the role of the weight-loss process, especially after bariatric
procedures, in reducing the obesity-related pro-inflammatory status and comorbidities.

3. Metabolic Syndrome Exacerbates Comorbidities

The definition of metabolic syndrome (MetS) includes five criteria: (1) central obesity,
defined as a large waist circumference (WC), an elevated waist-hip ratio (>0.90 for females
and >0.85 for males), or a body mass index (BMI) above 30 kg/m; (2) raised blood pressure;
(3) dyslipidemia, i.e., elevation of total cholesterol (TC), low-density lipoprotein (LDL),
and/or triglycerides (TG), and low high-density lipoprotein cholesterol (HDL-C); (4) raised
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fasting plasma glucose; and (5) raised fasting serum insulin. The prevalence of MetS can
increase with the prevalence of obesity as the two entities are closely related [6,7].

As previously discussed, obesity predisposes an individual to, in addition to cardio-
vascular disease (CD) and type 2 diabetes (T2D), a number of serious diseases, such as
cholesterol gallstones, obstructive sleep apnea (OSA), non-alcoholic fatty liver disease
(NAFLD), non-alcoholic steatohepatitis (NASH), polycystic ovarian syndrome (PCOS),
fertility disorders, gout, osteoarthritis, psoriasis, asthma, depression, and dementia. Pre-
vious studies show that various cancers, including esophageal, breast, colorectum, liver,
pancreas, kidney, gallbladder, prostate/ovary, and endometrial cancer, as well as malignant
melanoma, leukemia, multiple myeloma, and meningioma, seem to also be related to
obesity [8].

Any three of the five abnormal findings fulfill the diagnosis of MetS. As obesity affects
atherogenesis due to clinical complications, including ischemic heart disease, peripheral
artery disease, cerebrovascular disease, and diabetes mellitus, some indicators for the
evaluation of cardiometabolic risk have also been useful [9,10].

The accumulation of fat around the abdomen is defined as central obesity and is
measured clinically with a measuring tape following the measurement of the circumference
of the waist. A healthy female could have up to an 80 cm waist circumference, while a
healthy man could have up to a 94 cm waist circumference. A female whose waist measures
over 88 cm and a male whose waist measures over 110 cm would be diagnosed with central
obesity and may present major health risks [8]. The most accepted classification of excess
adiposity is the one made by the WHO, expressed as BMI, which is defined in kg (weight
in kilograms)/m? (height in square meters) [1]:

e Grade 1 obesity (commonly referred to as overweight): a BMI between 25 and
29.9 kg/m?;

e Grade 2 obesity (called obesity): a BMI between 30 and 39.9 kg/m?;

e  Grade 3 obesity (referred to as morbid obesity): a BMI above or equal to 40 kg/ m? [1,9].

Large-scale epidemiological studies have shown that cardiovascular, metabolic, and
cancer morbidity begin to increase from a BMI > 25. A BMI between 25 and 30 should be
considered important from a medical point of view and in terms of the need for medical
care, especially in the presence of risk factors for adiposity, such as high blood pressure and
glucose intolerance [1]. An increased BMI is a marker for MetS and is also used as a screening
method to assess cardiometabolic risk factors (hypertension, diabetes, and cardiovascular
disease), as well as a predictor of total body fat percentage and visceral fat mass [10].

4. Inflammation in Obesity: The Link Mechanism and the Complications

Increased deposits of visceral rather than subcutaneous fat, or central adiposity, is
the “particular weight gain model”, while abdominal fat in particular is associated with
chronic, low-grade inflammation and immune activation [11]. Visceral fat, known as “deep
fat”, has a greater impact on health as it is more biologically active, has a higher density of
cells, has greater blood flow, and is located closer to the portal vein, which results in an
increased level of fatty acids reaching the liver [1,9].

Mammalians have three distinctive types of fat tissue: white adipose tissue (WAT), brown
adipose tissue (BAT), and beige adipose tissue, with totally different biological functions.
While WAT is specialized in energy storage and mobilization, hormone secretion, and immune
function, BAT is specialized in energy consumption and utilizes chemical energy, which plays
an essential part in the maintenance of central body temperature, i.e., thermogenesis [12,13].

An occurrence known as the “browning of WAT” was discovered through the ac-
tivation or cold exposure of 3-adrenergic receptors (3-ARs) shaping the so-called beige
adipose tissue. By absorbing sugars and fatty acids to produce caloric heat, both brown
and beige adipocytes play a major role in regulating glucose and lipid metabolism [14].
Cheng et al. confirmed the fact that the stimulation of BAT and beige AT may represent a
possible strategy to treat excessive adiposity and diabetes. Research confirms that active
BAT plays a major role in improving glucose and lipid metabolism. It improves glucose
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tolerance, insulin sensitivity, and pancreatic beta-cell function and reduces the need for
insulin secretion [15].

Firstly, white fat cells widely distributed throughout the body store excess energy
as triglycerides [11]. When the body needs this stored energy elsewhere, it is released as
free fatty acids. Secondly, fat cells form an active metabolic organ. Adipocytes generate
an impact on pancreatic beta-cell function, hepatic glucose production, muscle glucose
assimilation, appetite adjustment, and arterial inflammation through various adipocy-
tokines, such as adiponectin, leptin, resistin, and tumor necrosis factor-alpha (TNF-alpha).
A process of increased lipolysis occurs at the level of visceral fat. Through this process, the
flow of free acids in the liver increases, insulin resistance also increases, and there is high
production of abnormal lipid particles, mainly triglycerides [10,11].

The average systolic and diastolic blood pressure increases significantly with increasing
BML. Vascular remodeling, with a significant role in arterial hypertension, occurs due to neuro-
hormonal processes caused by excess adiposity. There is stimulation of the renin-angiotensin
system (RAS), leptin activity, and the sympathetic nervous system (SNS) due to events with a
pro-inflammatory role [3]. Meanwhile, cardiovascular pathologies, especially heart failure, are
associated with and aggravated by obesity, with this playing a major role in the various models
of remodeling of the left ventricle. Through the important chronic inflammation process,
obesity contributes to the development and diversity of heart failure [16].

Second, obesity increases insulin resistance and raises circulating insulin levels, which
can lead to type 2 diabetes [17]. Furthermore, obesity promotes an imbalance between
glucagon-like peptide-1 (GLP-1) and glucagon-like peptide-2 (GLP-2), impairing the in-
cretin axis, which contributes to the appearance of insulin resistance; therefore, this whole
process becomes involved in a vicious cycle [3].

In addition to all these cardiometabolic diseases, obesity through chronic inflammatory
syndrome predisposes an individual to a series of overall dangerous pathophysiological
changes. Insulin resistance stimulates endothelin-1 production, which further promotes
increased atherogenesis and vasoconstrictor tone. Obesity is often associated with an
altered lipid profile, which also contributes to the atherogenic process [3,18].

5. Correlations between Obesity and Metabolic Syndrome

For a long period of time, obesity has been diversely measured, with questionable research
results due to the limitations of the studies regarding the indirect obesity methods of measurement.
An overview of the variables included in the present review is shown in Table 1.

Ibrahim Q et al. studied the association between selected variables (visceral adipose
tissue (VAT), waist circumference (WC), and waist-to-hip ratio (WHR) and health risk in
male and female subjects using a bioelectrical impedance analyzer. The results showed that
28.3% of the males and 9.4% of the females were at risk of obesity measured through VAT,
16.9% of the males and 6% of the females were at risk of obesity measured through WC,
while 27.5% of the males and 6% of the females were at risk of obesity measured through
WHR, with a significant relationship between all variables for the male and female subjects.
The findings suggested that the order of VAT, WHR, and WC was a strong predictor of
obesity, with males being more prone to health risks than the female participants [19].

The first cells recruited to injury sites, including inflammatory factors, neutrophils,
and lymphocytes, components of innate and adaptive immunity, are used as prognostic
factors in diverse inflammatory diseases, along with the neutrophil-to-lymphocyte ratio
(NLR). The natural response of circulating leukocytes to pathophysiological processes
following stress or chronic systemic inflammation is reflected by the increase in neutrophils
and the decrease in the number of lymphocytes [20]. An elevated NLR value is also a
“significant negative predictor in cancer or atherosclerosis”. Determined from the results of
blood samples, the NLR is a practical and widely available biomarker in the establishment
of outcomes in many medical conditions. Through a study conducted by Rodriguez-
Rodriguez et al. on a population of 1747 non-institutionalized adults over 50 years of age,
the importance of the NLR as a novel biomarker was considered.
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Table 1. Overview of variable included in this review (published results in the literature).
Reference Duration (y) Study Type Gender Nll,lrtli];f;:f (Szit(eiégcer(j)\uglz Objectives Analyzed Markers Indicator of MetSyn
. . Association between
Ibrahim et al. Cross-sectional Men—240 Men (19.17 £ 2.54) . BMI, WC, HC, VCA,
[19] 2017-2018 (2) analytical study Women—240 159 Women (18.96 + 1.18) Sde’:ti‘ia"lfﬁlizfs and AC, WHR, VAT
Rodriguez- Association between Neutrophils-
Rodrieuez et al 2011 (1) Observational and Men—771 1747 Men (65.49 + 10.45) lected variables and BMI, WC, HC, Lymphocytes(NLR),
odrighez et al cross-sectional study ~ Women—976 Women (66.79 = 10.76) seeciec varlanies @ WHIR, WHR, Inflammation status,
[20] inflammatory state Body Fat
HbA1C and HOMA-IR,
Cholesterol
Cross-sectional Men—50 50% DM (40.4 £+ 11.8) Role of CH25H in 25-Hydroxylase
Russoetal. [21] 2018 (1) study Women—50 100 50% non-DM (46.6 + 11.0)  metabolic inflammation BMI, WG, HC (CH25H);
25-Hydroxycholesterol
(25-HC),
LIPID PROFILE(HDL,
TG, LDL,
. . . CHOLESTEROL), CRP,
Choromansk 2012-2018 (7) Cross-sectional Women—=65 65 34—O0OB (39) Ir}sghn reglstance and BMI, WC, HC, WHR, ALT, AST, WBC, RBC,
etal. [22] study 31—OB + MetS (49) lipid profile markers HGB. PLT. GLUCOSE
INSULIN, HOMA-IR,
Risk of T2DM and HTA
(Control- 36.38 + 6.3; MO-
Catoi el al. [23] 2014-2016 (3) Prospective stud Male—8 24 42.15 + 6.86) Insulin resistance and BMI, TC, HDL-C, HOMA-IR, hs-CRP,
T 2009-2015 (7) p y Women—16 72 (MHMO-40.4 +9.0; lipid profile markers TG, EBMIL, Chemerin, TNF-alpha,
MUHMO- 43.3 £+ 10.03)
Biochemical changes in Adiponectin, leptin, CRP,
- 4 groups: Pre-operatively, 1 obesity-related 1I-6, 11-10, HbA1C, lipid
Min et al. [24] 4 years follow-up Prospective study WIC\)/[;i;fl 3 19 and 6 months, and 4 years inflammatory status at 1 BMI, EWL, SBF, DBP, profile(LDL, HDL, TG),

Mean age (50.4 & 6.2)

and 6 months, as well as
4 years after BS

TC,

Fasting C-peptide,
Insulin, HOMA-IR

Abbreviations: AST—Aspartate Transaminase; ALT—Alanine Transaminase; AC—Abdominal Circumference; BMI—Body Mass Index; CH25H—Cholesterol 25-Hydroxylase;
CRP—C-reactive protein; DBP—Diastolic Blood Pressure; DM—Diabetes Mellitus; EBMIL—Excess Body Mass Index Loss; EWL—Electronic Waist List; HbA1C—Hemoglobin A1C;
HGB—Hemoglobin; HC—Hip Circumference; HDL—High-Density Lipoprotein; HDL-C—High-Density Lipoprotein Cholesterol; HOMA-IR—Homeostatic Model Assessment for
Insulin Resistance; HTA—Arterial Hypertension; hsCRP—high-sensitivity C-Reactive Protein; IL 1,6,10—Interleukin 1, 6 and 10; LDL—Low-Density Lipoprotein; MO—Morbid Obese;
MeS—Metabolic Syndrome; MUHMO—Unhealthy Morbidly Obese Patients Group; NLR—Neutrophil-to-Lymphocyte Ratio; OB—Obesity; PLT—Platelet Count; RBC—Red Blood Cell;
SBP—Systolic Blood Pressure; T2DM—Type 2 Diabetes; TC—Total Cholesterol; TG—Triglyceride; VAT—Visceral Adipose Tissue; WAT—White Adipose Tissue; VCA—Cross-sectional
Visceral Compartment Area; WBC—White Blood Cell; WC—Waist Circumference; WHR—Waist-to-Hip Ratio; WHtR—Waist-to-Height Ratio.
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Differences between the anthropometric measurements in men vs. women are repre-
sented in Table 2.

Table 2. Biochemical characteristic at baseline of the analyzed groups of each mentioned journal.

Ibrahim et al. [19] Men Women Both
Age 19.17 £ 2.54 18.96 +1.18 19.07 £ 1.99
Height 167.57 + 8.38 157.22 £ 5.27 162.40 £+ 8.71
Weight 76.888 + 27.89 56.52 + 12.26 66.70 + 23.81
BMI 76.888 + 27.89 22.86 + 4.81 2498 +£7.32
VCA 103.738 + 72.26 55.95 + 32.63 79.84 + 60.89
AC 93.89 + 22.17 76.29 £+ 8.97 85.09 + 19.05
WHR 93.89 + 22.17 76.29 £+ 8.97 0.87 + 0.98
Rodriguez-
Rodriguez et al. Men (n =771) Women (1 = 976) p value
[20]
BMI (kg/mZ) 28.55 + 4.07 28.20 +4.98 p<0.05
WC (cm) 100.67 £ 10.42 94.79 + 12.75 p <0.001
WHItR 0.60 & 0.06 0.61 + 0.09 p<0.01
WHR 0.97 + 0.07 0.91 + 0.08 p <0.001
Body Fat (%) 30.63 £ 6.16 36.96 £+ 7.61 p <0.001
Neutrophils
(1000 /r§m3) 400+ 1.33 3.75+1.27 p <0.001
Lymphocytes
(31’008 /mryn3) 2.03 + 0.70 2,08 + 0.64 p<0.01
NLR 2.15 +0.96 1.93 +0.82 p <0.001
Russo et al. [21] Non-DM (n = 10) DM (n = 10) p value
BMI (kg/mz) 4831 +7.6 4844 +6.3 0.946
HbA1C (%) 5.61 +0.32 6.92 +£1.21 0.0006
Glucose (mg/dL) 88.2+9.2 1344 +49.2 0.0038
Choromanska et al. [22] Control OBO0 OB1 OB3 OB 6 OB 12 p values
. 124 113 100.5 90 81.5
Weight (kg) 62(60.32-63)  (1515.1311)  (1064-1158)  (96.6-104.9) (86.4-932) (78-84.8) <0.0001
BMI (kg/m?) 23 (23-23) 46 (45-48) 41 (40-43) 37 (36-40) 34 (32-35) 30 (29-32) <0.0001
0.72 0.97 0.98 0.97 0.96 0.92
WHR (0.71-0.72) (0.96-0.99) (0.96-0.99) (0.94-0.99) (0.93-0.97) (0.91-0.94) <0.0001
SBP (mmHg) 120 (110-120) 130 (125-140) 130 (125-140) 130 (125-135) 128 (120-135) 125 (120-130) <0.0001
DBP (mmHg) 80 (70-80) 85 (80-90) 85 (80-90) 80 (80-90) 80 (80-85) 80 (80-85) <0.0001
TC (mmol/L) 175 (170-178) 198 (186-209) 185 (175-192) 177 (173-184) 184 (174-191) 175 (167-180) <0.0001
LDL (mmol/L) 118 (116-120) 137 (128-148)  115(110-120) 112 (104-119) 109 (99-118) 103 (99-113) <0.0001
HDL (mmol/L) 60 (59-62) 46 (42-54) 45 (39-49) 47 (43-49) 50 (48-54) 55 (51-57) <0.0001
TG (mmol/L) 134 (130-135)  135(125-151) 126 (107-139)  115(103-135) 116 (99-124) 98 (85-126) <0.0001
Glucose (mg/dL) 76 (73-78) 101 (95-106) 98 (91-99) 93 (90-97) 93 (87-96) 87 (85-92) <0.0001
Insulin (mUI/dL) 7.6 (7.4-7.8) 19 (17-22) 13 (9.8-15) 9 (7.3-11) 8.6 (7.5-9.2) 7.8 (6.9-8.5) <0.0001
HOMA-IR 1.4 (1.3-15) 44 (4-54) 3 (2.4-3.5) 2 (1.7-2.4) 1.9 (1.7-2.2) 1.7 (1.5-1.9) <0.0001
Catoi et al. [23] C(igg()l Morbidly obese group p-value
Glucose (mg/dL) 90.75 £7.19 104.15 + 21.06 0.093
Insulin (mg/dL) 6.84 + 3.64 19.28 + 19.09 0.215
1.43
HOMA-IR (0.78-2.08) 3.31(2.66-5.05) 0.008
Triglycerides (mg/dL) ( 698.265)—()89) 122 (116-173) 0.004
TC (mg/dL) 150 + 22.82 187.35 4+ 43.08 0.032
HDL-chol (mg/dL) 40.18 +8.71 49.66 + 15.81 0.135
LDL-chol (mg/dL) 93.80 + 19.34 112 + 39.83 0.242
Min et al. [24] Baseline 1 month 6 months 4 years p value
Weight (kg) 150 + 37 132 £ 32 117 £ 29 116 + 27 <0.001
BMI (kg/mz) 54 + 14 48 +12 43+ 11 43 +11 <0.001
SBP (mmHg) 137 £ 25 123+ 15 131 + 14 129 + 20 0.021
DBP (mmHg) 81+ 14 71+10 76 + 8 73 £13 0.001
TC (mmol/L) 43+08 3.8+1.1 42+13 46+13 0.178
LDL (mmol/L) 23+06 21+09 25+12 24+10 0416
HDL (mmol/L) 1.2+03 1.1+0.3 1.24+03 1.5+ 0.6 0.002
TG (mmol/L) 1.7 £ 09 1.5+05 14 +£05 1.3+£05 0.151
Glucose (mg/dL) 7.3 (5.9-9.2) 5.7 (4.8-6.8) 5.4 (4.5-6.9) 6.4 (5.5-9.0) 0.378
Insulin (mU/L) 27.7 (19.6-38.6) v ;_255‘ 6 ( 6_01%.7) 16.9 (6.0-34.4) 0.135
HbAlc (mg/dL) 58 + 18 47 +12 45+ 15 46 + 15 0.049
HOMA-IR assessment score 04 +0.2 02+0.3 0.1+04 02+04 0.098

Statistically significant differences between the male and female groups were found
regarding BMI, while highly statistically significant values were discovered regarding
WC, WHtR, WHR, and body fat percentage. In both groups divided by inflammatory
status according to NLR values with a cut-off point of NRL > 2.8 in males and NLR > 2.4
in the female subjects, anthropometric measurements related to obesity definition were
statistically tested [21].
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No significant differences were found between the groups with high versus low
inflammatory status according to gender, although the men, as well as the women, with
a more severe inflammatory status presented a higher level of WC, WHtR, and WHR
(anthropometric markers of central obesity) in comparison with those who had a reduced
inflammatory process [25].

The level of systemic inflammation can be determined by hematologic markers as a
largely available and inexpensive inflammatory biomarker tool [20]. It has been concluded
that central obesity leads to increased levels of inflammation, presented as an elevated NLR,
whereas diet quality (men following diets rich in protein and women following diets rich in
vegetables and cereals seem to be significant protective factors against a high inflammatory
state) is associated with a lower inflammatory state [22,26].

Using human and mouse models, Russo et al. investigated the role of cholesterol
25-hydroxylase (CH25H) in metabolic inflammation through transcriptomic analysis (RNA-
Seq) of human AT biopsies, including visceral adipose tissue (VAT, greater omentum)
and subcutaneous adipose tissue (SAT, abdominal wall), obtained from bariatric surgery
patients. To investigate whether CH25H was increased in DM, they selected adipose
tissue macrophages from 50 non-diabetic (NDM) and 50 diabetic (DM) obese women,
diagnosed based on HbA1C and fasting glucose levels. The RNA sequencing results
showed that human VAT and SAT from obese DM subjects are enriched in inflammatory
pathways. CH25H mRNA is upregulated in VAT from obese diabetic subjects and enriched
in human AT macrophages. Strongly significant statistical results were observed between
the DM and non-DM groups regarding the differences between HbA1C and fasting glucose
levels [27,28].

After demonstrating that CH25H is a high-fat diet (HFD)-induced gene, Russo et al.
assigned a pro-inflammatory role to 25-HC, given its effect on the expression of pro-
inflammatory cytokines, such as TNF-alpha, and highlighted that CH25H is required
for HFD-induced insulin resistance and adipose tissue inflammation in mice in their
studies [21,29].

In a study population of 98 patients divided into lean control, morbidly obese patient
(OB), and morbidly obese with metabolic syndrome patient (OB + MetS) groups before (0)
and after bariatric surgery at 1, 3, 6, and 12 months, Choromanska et al. found strongly
significant higher values in weight, BMI, WC, and WHR in every tested stage compared to
the control group. Moreover, weight and BMI were strongly significantly lower in the OB
group compared to the OB +MetS group at 3, 6, and 12 months after BS. Furthermore, a
decrease in weight and central obesity anthropometrical measurements could be observed
in every stage after BS compared to the baseline [30].

Strongly significantly higher values in the OB + MetS group at 3, 6, and 12 months
compared to the OB group were also found, while the OB + MetS group at 6 and 12
months after BS had strongly significantly lower values compared to the baseline regarding
fasting glucose, fasting insulin, and HOMA-IR score assessment. Significant differences
between the morbidly obese with metabolic syndrome (OB + MetS 0) patients before BS
were observed in a decreased level of TC at 12 months after BS and a decreased level of LDL
cholesterol at 1, 3, 6, and 12 months after BS, while HDL cholesterol levels increased [31].

Another study by Choromanska et al. compared 50 morbidly obese female patients
(OB) (with BMI > 40 kg/m?) aged 28 to 56, who underwent weight-loss surgery, subclassi-
fied into two groups of morbidly obese patients with metabolic syndrome
(MetS+) and morbidly obese patients without metabolic syndrome (MetS—), with a control
group consisting of 50 lean, healthy female patients. The blood tests for examination were
collected before BS (OB 0), as well as at 1, 3, 6, and 12 months (OB 1, 3, 6, and 12) after BS.
Comparing the anthropometric measurements, it was no surprise that they found strongly
statistically significant higher values at 6 and 12 months after BS regarding the indicators
of central obesity (weight, BMI, and WHR) in the morbidly obese group compared to the
control group and statistically significantly lower values compared to the baseline (OB
0). Regarding the laboratory analysis results, they found statistically significantly higher
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values in systolic blood pressure (SBP) and glucose in the morbidly obese patient group
compared with the lean controls, with a respective decrease in high-density lipoprotein
(HDL) levels, progressively in every evaluated time frame. In comparison, strongly sta-
tistically significantly higher values in total cholesterol, low-density lipoprotein (LDL),
insulin, and homeostatic model assessment of insulin resistance (HOMA-IR) were observed
by comparing the same groups. Progressive improvement can be seen in each and every
evaluated laboratory analysis as the months progress following BS [31,32].

In a retrospective study, comparing 24 morbidly obese patients undergoing sleeve
gastrectomy (SG) with 20 healthy patients, evaluated at baseline and 6 months after surgery,
Catoi et al. evaluated insulin resistance and lipid profile markers. Through comparison,
they found strongly significant differences, such as higher levels in the OB group vs. the
healthy controls regarding mean weight, BMI, HOMA-IR assessment score, and TGs, while
significant differences were observed between the same groups regarding TC [33].

In another study, Catoi et al. focused on the analysis of inflammatory status follow-
ing weight-loss surgery and quantified insulin resistance and lipid profile markers in a
“metabolically healthy morbidly obese” patient group (MHMO) compared to a “metabol-
ically unhealthy morbidly obese” patient group (MUHMO), selected according to the
international metabolic syndrome criteria. The study was conducted on 72 morbidly obese
(MO) patients divided into an MHMO group of 16 (22.22%), an MUHMO group of 32 with
MetS (44.44%), and the other 24 patients were considered as part of the MUHMO group
as they fulfilled only one criterion of MetS (33.33%). Regarding biochemical analysis pre-
and post-operatively, there were strongly significantly higher values of glucose, insulin,
and HOMA-IR score assessment, as well as significantly higher values of triglycerides
and HDL-C in the MUHMO with the MetS group compared to the MHMO group. How-
ever, there were no statistically significant differences in TC and LDL-C between the two
groups [34,35].

Catoi et al.’s study compared the two groups in terms of markers of inflammation,
insulin resistance, and factors predicting MetS and found that insulin and HOMA-IR score
were significantly lower in the MHMO group than in the MUHMO group, whereas fasting
insulin and HOMA-IR score were identified as possible predictors of MetS in the MHMO
group [23,32].

A prospective study by Min et al., comprising 19 morbidly obese individuals, aimed
to evaluate biochemical changes in obesity-related inflammatory status at 1 and 6 months,
as well as 4 years, after BS. Seventeen out of the nineteen participants had type 2 diabetes
mellitus, while the two other participants had impaired fasting glucose pre-operatively.
Regarding anthropometric and clinical evaluation, a significant decrease in body weight
and BMI were observed after 6 months, with maintenance observed at 4 years after weight-
loss surgery. A significant decrease in blood pressure and an increase in HDL cholesterol
levels were observed. Regarding insulin sensitivity, HbAlc showed a significant reduction,
while there were no significant differences in the levels of insulin and HOMA-IR score
assessment. However, the authors confirmed that 17.6% of the participants had achieved
complete diabetes remission after 4 years [24,34].

6. Correlations between Obesity and Inflammatory Induced Comorbidities
6.1. Inflammation in Heart Failure

Chronic, low-grade inflammation is also a common feature of heart failure (HF). In-
flammatory markers were highest among obese patients with the highest BMIs, which was
the group with the shortest event-free survival. This is consistent with previous findings
that show that the level of inflammation is related to the individual’s BMI. These data sug-
gest that inflammation is a potential mechanism to explain why a greater BMI is associated
with worse outcomes in those patients with HE. Saleh et al. investigated the hypothesis
that higher levels of pro-inflammatory mediators, particularly TNF-alpha, are associated
with greater HF severity and worse HF prognosis. Research was conducted on 415 patients
divided into 4 groups based on their BMI and a median split of soluble tumor necrosis
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factor receptorl (sTNFR1) levels as follows: (1) obese with high inflammation: a BMI above
30 kg/m? and sTNFR1 above 1804 pg/mL; (2) obese with low inflammation: a BMI above
30 kg/ m? and sTNFR1 under 1804 pg/mL; (3) lean with high inflammation: a BMI under
30 kg/m? and sTNFR1 above 1804 pg/mL; and (4) lean with low inflammation: a BMI
under 30 kg/m? and sTNFR1 under 1804 pg/mL. The patients in the high-inflammation
groups were older and had higher comorbidity scores and NT-proBNP levels than those
in the low-inflammation groups. The obese/high-inflammation group had a higher BMI
and a greater number in NYHA class III/IV than all other groups. The patients in the high-
inflammation groups had a greater number of events of all-cause hospitalization or death
and a shorter median time to first event-free survival than those in the low-inflammation
groups [35].

Obese patients with HF who have a higher level of inflammation are at a higher risk
of being hospitalized or dying than other patients with HE. The levels of NT-proBNP
were higher in the non-obese/higher inflammation group than in any of the other groups.
Obese patients with heart failure are known to have lower NT-proBNP levels compared to
non-obese patients. This suggests that inflammation is associated with higher NT-proBNP
levels. The results showed that the obese patients with HF and a higher inflammatory
response had shorter event-free survival compared with the non-obese patients with a
lower inflammatory response [35,36].

6.2. Glutamine Metabolism

Glutamine metabolism seems to be linked to white adipose tissue (WAT) inflammation
in obesity and associated metabolic complications. Petrus et al. reported glutamine to be
an immune-metabolic regulator in WAT that links obesity and inflammation. In a study
of 81 obese and non-obese female patients, they demonstrated that increased fat mass
and fat cell size display significantly lower glutamine levels (p < 0.01). Studies performed
in vitro by the same authors on differentiated adipocytes showed altered expression of
glutamine-metabolizing genes in human adipose tissue in obesity, while high glutamine
levels attenuated leukocytosis, glycolysis, and inflammation through the IL-6 and IL-13
pathways. Moreover, their data confirmed that glutamine exerts anti-inflammatory effects
on macrophages and T cells, and this extends to include differentiated adipocytes as well
as WAT in vivo. Glutamine metabolism is disturbed in the WAT of obese individuals and
correlates with a harmful WAT phenotype. Reduced glutamine levels shift the balance
from glutaminolysis to glycolysis. This leads to nuclear O-GlcNAcylation, which activates
inflammation [37].

7. Correlations between Obesity and Pro-Inflammatory Status

Levels of pro-inflammatory mediators (IL-6 and TNF-alpha), the main factors respon-
sible for inducing the production of acute-phase proteins (CRP), are associated with the
prognosis and severity of cardiovascular disease [38]. A study conducted by K. Popko et al.
confirmed that elevated levels of both cytokines induce persistent inflammation in obese
individuals. However, the development of an obesity-related inflammatory state may be
affected by other factors, such as gender [39].

Hypothesizing that inflammation, represented through increased values of IL-6 and
CRP, correlated with leptin in patients following acute myocardial infarction, could be
due to the involvement of leptin in the signaling cascade following myocardial ischemia,
the study of Karthick et al. showed a relationship between serum leptin and IL-6 levels,
demonstrating leptins’ involvement in inflammatory cytokine upregulation during heart
ischemia [39,40].

Phillips et al. reported a positive benefit of weight loss through surgical procedures
after a period of weight stabilization. Because of the cell diversity that produces the same
cytokines, body weight loss as a result of bariatric surgery improves one specific set of
cytokine-producing cells” metabolic phenotype, causing a reduction in a specific cytokine
from that tissue, but this may drive production in another cell type in the short term [40,41].
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MicroRNAs (miRNAs) are gene-regulatory molecules involved in intercellular and
inter-organ communication that have been shown to have important roles in many diseases,
through endogenous processes that post-transcriptionally regulate gene expression. It
was hypothesized that miRNA levels in adipose tissue, which plays a key role in obesity-
related metabolic dysfunction, would change after gastric bypass surgery and that this
would provide insights into their role in obesity-induced metabolic dysregulation. Recent
studies have uncovered several miRNAs expressed in metabolic organs that could be
used as possible therapeutic targets for obesity and its consequences, such as let-7, the
potent regulator of glucose metabolism and peripheral insulin resistance, which showed
significant alteration in obesity and metabolic disorders. MicroRNAs are emerging as
new mediators in the regulation of adipocyte physiology and have been proven to play a
role in obesity. Several studies have focused on miRNA expression profiles and functions
in different metabolic tissues, which provides further evidence of the significant role of
nutrition as an epigenetic factor in the regulation of lipid and glucose metabolism genes
by modulating related key miRNAs; therefore, we suggest that miRNAs could be used as
biomarkers for adiposity during diet-induced obesity [42].

Our narrative review attempted to add new insights to the present body of literature
concerning the role of chronic inflammation in obesity and/or the metabolic syndrome
pathogenic pathway. In doing so, we strove to include the most recent and trustworthy
English-language papers published in recent years. Even so, our study has several limi-
tations: firstly, there is heterogeneity among the included studies regarding the scientific
quality of each study. Secondly, due to the large number of studies on the topic, the
probability of selection bias must also be considered.

8. Conclusions

This narrative review provides a comprehensive summary of the current understand-
ing of the relationship between obesity, metabolic syndrome, and weight-loss effects.
Weight-loss strategies such as physical exercise, dietary or pharmacological treatments, and
surgical methods provide the possibility of relieving the burden of inflammation.

In line with previously published studies, it has been demonstrated that an improve-
ment in BMI, glycemic control, and cardiovascular risk factors, with a decrease in acute-
phase inflammatory proteins and pro-inflammatory markers, can be achieved by fast and
substantial weight loss.
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