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Abstract

attributed to the state of chronic inflammatory process.

Background: Obesity is an important feature of metabolic syndrome, and the link between them has been

The purpose of the study is to investigate the relation of circulating level of IL-6 as an inflammatory cytokine to
body mass index and lipid profile in adults with overweight and obesity.

Methods: This cross-sectional study included 15 adults with overweight, 45 with obesity (15 grade |, 15 grade ||,
and 15 grade Ill), and 25 average weight controls. Circulating IL-6 level and lipid profile were measured.

Results: Highly significant differences were found between study groups in different grades of obesity as regards
weight, body mass index, serum triglycerides, and serum LDL-C. Circulating levels of IL6 were significantly higher in
subjects with overweight and obesity. There were significantly positive correlations between circulating levels of IL6
and BMI in subjects with grade Il obesity and negative correlation with serum HDL-C in subjects with grade |I
obesity.

Conclusion: High circulating level of IL-6 could reflect the intensity of the chronic and systemic inflammation that
develops with high degrees of obesity, which might contribute to the development of atherosclerosis and coronary
heart diseases, both directly and by reducing HDL-C levels.

Cholesterol
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Background

Obesity has been reported as the most important risk
factor for atherosclerosis, ischemic heart disease (IHD),
and diabetes [1]. Nowadays, overweight and obesity rep-
resent a major public health problem and nutritional
disorder that can be attributed to multiple factors in-
cluding consuming high-energy low-nutrient diet and
decreased physical activity [2].
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In obesity, macronutrients’ excess in adipose tissues
stimulates the release of inflammatory adipokines such
as interleukin-6 (IL-6), tumor necrosis factor o (TNF-a),
monocyte chemoattractant protein-1 (MCP-1), and
resistin leading to a state of chronic inflammation in
obese subjects [3].

Obesity is an important feature of metabolic syndrome,
and the link between them has been attributed to the state
of chronic inflammatory process [4, 5].

IL-6 is a pro-inflammatory cytokine involved in the
regulation of inflammatory responses [6]. It is an endo-
crine cytokine exerting its major effects at sites distinct
from its origin depending upon its circulating
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concentrations through binding to a membrane-bound o
receptor (IL-6R) [7]. IL-6 serum level was found to be in-
creased in obese patients as well as in patients with
chronic inflammatory conditions and serum lipid concen-
trations abnormalities [8, 9]. The increased IL-6 levels in
individuals with obesity may result in increasing the risk
of cardiovascular complication, insulin resistance, and
type 2 diabetes [10]. Measuring the arteriovenous differ-
ence of IL-6 over the abdominal subcutaneous adipose tis-
sue under basal condition showed that IL-6 is released
into the circulation in an adequate concentration to elicit
endocrine effects [11]. It was found that one third of total
concentrations of circulating IL-6 is released from adipose
tissue [12].

Positive associations between body mass index (BMI)
and plasma IL-6 levels had been described in postmeno-
pausal women [13]. One of important findings in the
study of Baikpour et al. was the significant positive cor-
relation between serum level of IL6 and BMI in healthy
subjects with obesity [2]. Furthermore, plasma levels of
IL-8 and IL-6 were found to be correlated with measures
of insulin resistance in male subjects with abdominal
obesity [14].

The condition of obesity in Egypt lacks similar studies
investigating the possible etiological and complicating
factors.

The purpose of the study is to investigate the relation
of circulating level of IL-6 as an inflammatory cytokine
to body mass index and lipid profile in adults with over-
weight and obesity.

Methods

The present cross-sectional study enrolled 60 adult sub-
jects with overweight and obesity, 13 males and 47 fe-
males who were recruited. Study was done from March
2018 to January 2019, in duration of 11 months. Their
age ranged between 25 and 50 years (mean 36.40 + 7.26
years). Twenty-five healthy adult subjects with normal
weight (BMI < 25 kg/m?) matched in age and sex were
taken as a control group (6 males and 19 females). Their
age ranged between 25 and 50 years (mean 35.60 + 7.92
years).

According to the WHO International Classification of
adult underweight, overweight, and obesity according to
BMI [15], the present study included 25 controls with
normal weight (BMI < 25kg/m? with a range from
19.92 to 24.84 kg/m?); 25 controls [2], with a range from
19.92 to 24.84 kg/m? 15 subjects with overweight (BMI
25-29.9 kg/m?, with a range from 26.12 to 29.97 kg/m?);
and subjects with obesity (BMI > 30 kg/m?) ranged from
32.48 to 54.49 kg/m>. Among the subjects with obesity,
15 were grade I (BMI ranged > 30.00-34.9 kg/m?), 15
grade II obesity (BMI > 35 to < 39.9 kg/m?), and 15 were
grade III obesity (BMI > 40 kg/m?).
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For all participants, a detailed medical history was ob-
tained, including comorbid conditions and concomitant
medications. A thorough clinical examination was per-
formed. Body mass index was calculated as weight (kg)
divided by the square of height (m), kg/m> None of the
subjects with overweight and obesity and controls were
on a special diet when they were enrolled into the study.

Exclusion criteria

Excluded from this study were individuals with second-
ary causes of obesity, diabetic patients ( type I and type
II DM), those with severe infectious or inflammatory
diseases, those with cancer, pregnant or lactating
women, subjects with major systemic diseases (liver, kid-
ney, rheumatic, and cardiovascular diseases), and sub-
jects using medications, including antihypertensive drugs
and hypolipidemic agents. Random blood sugar, thyroid
profile, liver, and kidney function was done for all sub-
jects for exclusion criteria.

Laboratory analyses

Blood was collected and immediately put on ice, serum
was separated within 2 h of the collection, and aliquots
were stored at — 80 °C until further analysis.

Serum concentrations of IL-6 were measured using
human ELISA kits (supplied by Bioassay Technology)
for both patients and controls, according to the follow-
ing procedure: 50 ul standard/sample/control was added
into appropriate wells followed by 50 ul conjugate (strep-
tavidin-HRP conjugated to anti IL6 antibody); then, the
wells were covered and incubated for 60 min at 37 °C.
Washing for 5 times was performed followed by adding
50-pl substrate solution A and 50-ul substrate solution
B, then incubating for 10 min at 37 °C in the dark. Fifty-
microliter stop solution was added, and the absorbance
was measured at 450 nm with reference 630 nm within
10 min.

Total cholesterol and high-density lipoprotein (HDL)
cholesterol and triglyceride (TG) were measured by an
enzymatic assay using Beckman Coulter AU680 Auto
analyzer. Low-density lipoprotein (LDL) cholesterol was
calculated by the Friedewald formula LDL-C: TC - (TG/
5) - HDL-C.

Statistical analysis

Statistical analysis of data was performed using the SPSS
program version 15 for windows (IBM Corporation,
Armonk, NY, USA). Data were presented as “mean
(standard deviation, SD)” for parametric variables, “me-
dian (interquartile range, IQR)” for non-parametric vari-
ables, or “percentage of total” for categorical variables.
Student’s t test was used to compare quantitative data
between both patients and control groups, and the chi-
square test was used to compare categorical variables
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between both groups. The Pearson correlation coeffi-
cient was used to measure correlations between different
quantitative variables. The Mann-Whitney test was used
to compare non-parametric variables. The Kruskal-
Wallis test was used to compare serum level of IL-6 be-
tween overweight and obese subjects in different grades.

One-way ANOVA test was used to compare different
parameters between individuals with overweight and
obesity presented in different classes. Differences were
considered to be significant at P < 0.05.

Results
General characteristics and anthropometric measures of
control group and study group are shown in Table 1.

There were no significant differences in female to male
ratio, age, and height between both groups. Meanwhile,
weight and BMI were highly significantly higher in the
group of subjects with overweight and obesity (Table 1).

Comparisons of general characteristics, anthropomet-
ric measures, and serum lipids between subjects with
overweight and obesity in different grades are demon-
strated in Table 2.

Highly significant differences were found between sub-
jects with overweight and different grades of obesity as
regards weight, BMI, serum TG, and serum cholesterol
and only significant differences in serum LDL-C, while
non-significant differences were found in serum HDL-C
(Table 2).

Comparisons of circulating levels of IL6 in the control
group and study group are shown in Table 3.

Circulating levels of IL6 were significantly higher (P =
0.000) in subjects with overweight (BMI 25-29.9 kg/m?)

Table 1 General characteristics and anthropometric measures
of control group and study group

Control group  Study group P value  Sig.
No. = 25 No. = 60
Sex (n, %) Female 19 (76.0%) 47 (78.3%) 0.814* NS
Male 6 (24.0%) 13 (21.7%)
Age (years) Mean £ SD 3560 + 7.92 3640 +726 0653 NS
Range 25-50 25-50
Height (cm) Mean £SD 16058 +8.12 16145666 0609 NS
Range 148-180 148-179
Weight (kg) Mean £ SD  59.08 + 7.80 9443 + 1980 00000 HS
Range 46— 75 58-142
BMI (kg/m?) Mean +SD 2268+ 163 3618709 0000 HS
Range 19.92-24.84 26.12-54.49

P value > 0.05, non-significant; P value < 0.05, significant; P value < 0.01,
highly significant

BMI body mass index

*Chi-square test

‘Independent t test
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and subjects with obesity (BMI > 30 kg/m?) compared to
those of control subjects (BMI < 25 1<g/m2) (Table 3).

Comparisons of circulating levels of IL6 between both
sexes of subjects with overweight and different grades of
obesity are presented in Table 4.

No significant differences of circulating levels of IL6
were found in subjects with overweight and obesity
between both sexes and different grades of obesity
(Table 4).

Correlations between circulating levels of IL6 and age,
anthropometric measures, and serum lipids in subjects
with overweight and different grades of obesity are
shown in Tables 5 and 6.

There was a statistically significantly positive correl-
ation between circulating levels of IL6 and BMI in sub-
jects with grade III obesity. Meanwhile, a statistically
significantly negative correlation between circulating
levels of IL6 and serum HDL was found in subjects with
grade II obesity. Otherwise, no further significant corre-
lations were found (Table 5).

Discussion

The present study revealed significantly higher serum
levels of IL-6 in subjects with overweight and obesity as
compared to those of healthy controls. Furthermore, a
statistically significantly positive correlation was found
between circulating levels of IL6 and BMI only in
subjects with very severe (grade III) obesity. Also, a sta-
tistically significantly negative correlation between circu-
lating levels of IL6 and serum HDL-C was found in
subjects with severe (grade II) obesity. Our results match
previously published data, as some authors had investi-
gated the relationship between IL-6 and obesity.

Comparable findings were previously reported in a
study of Baikpour et al., and significantly positive corre-
lations were found between serum levels of IL-6, TNF-a,
IL-8, IL-12, and IL-18 and BMI in 70 healthy subjects
with overweight and obesity with BMIs > 25 kg/m? [2].

The study of Khaodhiar et al. showed that subjects
with obesity had significantly higher serum levels of
TNF-qa, IL-6, and C-reactive protein (CRP) compared
with control subjects and that serum levels of IL-6 and
CRP were positively correlated with BMI only in subjects
with morbid obese, suggesting that IL-6 could be se-
creted in an endocrine manner in proportion to fat mass
expansion with an associated increase in CRP hepatic
production [16].

In the study of Rodrigues et al., circulating IL-6 levels
were found to be higher in type II diabetic patients with
BMI > 30 kg/m* compared to other normal weight dia-
betic patients and controls with obesity. These results
suggest that increased BMI values in type II diabetic pa-
tients are associated with increased IL-6 levels [17].
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Table 2 Comparison of general characteristics, anthropometric measures, and serum lipids between subjects with overweight and

obesity in different grades

Degrees of obesity (no., %) P value Sig.
Overweight Grade | obese Grade Il obese Grade Il obese
(15, 25%) (15, 25%) (15, 25%) (15, 25%)
Sex (n, %) Female 11 (73.3%) 13 (86.7%) 11 (73.3%) 12 (80.0%) 0.782* NS
Male 4 (26.79%) 2 (133%) 4 (26.7%) 3 (20.0%)
Age Mean = SD 3513+ 788 3453 + 496 3767 + 784 3827 + 7.93 0416 NS
(yvears) Range 25-50 25-41 25-49 25-50
Height Mean = SD 16177 + 7.75 161,87 + 645 16020 + 6.33 16197 + 654 0877 NS
(cm) Range 149- 176 1505-173 148-174 153-179
Weight Mean = SD 7463 + 808 8537 + 894 9627 + 833 12147 + 11.94 0.000 HS
ko) Range 58-92 71-99.5 79-110 104-142
BMI Mean + SD 2845 + 116 3248 + 130 3747 £159 4632 + 397 0.000° HS
(kg/m) Range 26.12-29.97 30.84-34.82 35.26-39.96 4151-54.49
Serurn TG (mg/d)) Mean + SD 88.53 + 2592 92.20 + 2865 86.26 + 1025 11580 + 3194 0.009° HS
Range 60-159 63-162 70-107 75-180
Serum LDL-C (mg/dl) Mean = SD 9581 + 14.94 10951 + 33.87 10378 + 27.95 13078 + 45.87 0032 S
Range 77.8-1352 70-191 601604 62-259
Serum HDL-C (mg/dl) Mean + SD 4621 + 7.07 4721 1109 4469 + 7.60 4591 + 1191 0914 NS
Range 333-59 2454-74 289-55 284-70
Serum Cholesterol Mean + SD 16424 + 2155 191.33 + 3649 183.93 + 3080 233.13 £ 3691 0.000° HS
(mg/d) Range 130-210 140-278 149-255 175-323

P value > 0.05, non-significant; P value < 0.05, significant; P value < 0.01, highly significant
BMI body mass index, TG triglycerides, LDL-C low-density lipoproteins-cholesterol, HDL-C high-density lipoproteins-cholesterol

*Chi-square test
‘One-way ANOVA test

In the study of Brunn et al, plasma levels of IL-8 and
IL-6 were found to be increased and correlated with
measures of insulin resistance in male subjects with ab-
dominal obesity. Weight loss was associated with reduc-
tion of plasma levels of TNF-a and IL-6 by 25-30% [14].

There is a close relationship between metabolic path-
ways and inflammation. Macrophages and adipocytes are
directly involved in the production of adipocytokines
family members including IL-1, IL6, IL8, IL-12, inter-
feron (IFN), TNF-q, transforming growth factor beta
(TGF- pB), leukemia inhibitory factor (LIF), MCP-1,
macrophage inflammatory protein (MIP-1), leptin, and
resistin [18].

The death of adipocytes is very common in obese indi-
viduals and has been attributed to adipocyte hypoxia
secondary to adipose tissue expansion. Adipocyte

hypoxia may actively participate in the development of
obesity-related inflammation by increasing adipocytokine
production and promoting the expression of proinflam-
matory genes [19, 20]. That could contribute in possible
genetic predisposing factors for obesity and different
susceptibility of obesity complications between patients.

The chronic metabolic induced inflammation found in
obesity is characterized by a reduced metabolic rate,
which contrast the classical non-sterile inflammation
that is associated with an increase in metabolism. The
state of metabolic induced sterile inflammation is de-
fined as “meta-inflammation.” The main central patho-
physiologic effect of meta-inflammation is progressive
insulin resistance [21].

IL-6 is a multifunctional cytokine secreted by many
types of cells, mainly T cells, macrophages, endothelial

Table 3 Comparison of circulating levels of IL6 in control group and study group

Non-obese control group Overweight and obese group P value Sig
No. = 25 No. = 60
IL6 (Pg/ml) Median (IQR) 10 (0-25) 120 (5-215) 0.000* HS
Range 0-70 0-640

IL6 interleukin 6
*Mann-Whitney test
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Table 4 Comparison of circulating levels of IL6 between both sexes of subjects with overweight and different grades of obesity

IL6 P value Sig
Median (IQR) Range

Sex Female 120 (5-220) 0-640 0.943% NS
Male 50 (20-200) 0-300

Grades of obesity (No, %) Overweight (15, 25.0%) 80 (5-280) 0-640 0.540* NS
Grade | obese (15, 25.0%) 40 (0-140) 0-640
Grade Il obese (15, 25.0%) 180 (30-220) 0-270
Grade Il obese (15, 25.0% 130 (0-200) 0-420

P value > 0.05, non-significant; P value < 0.05, significant; P value < 0.01, highly significant

“Mann-Whitney test
*Kruskal-Wallis test

cells, smooth muscle cells, adipocytes, and hepatocytes
[22]. Furthermore, IL-6 regulates the production of cell
adhesion molecules, chemotactic mediators, and acute
phase protein and mediates the release of other cyto-
kines that amplify the inflammatory response [23, 24].
IL-6 expression is increased in obese adipose tissue from
obese individuals as compared to adipose tissue from
lean individuals if normalized for the number of adipo-
cytes [25]. IL-6 receptor expression is increased in the
hypothalamus, suggesting a possible role of IL6 in con-
trolling appetite and energy intake [26]. Circulating
levels of IL-6 were found to be increased with increasing
adiposity and to be associated with the development of
obesity-related complications such as cardiovascular

Table 5 Correlation of circulating levels of IL6 to age and
anthropometric measures in subjects with overweight and
different grades of obesity

IL6
Grades of obesity r P value
Age Overweight 0.193 0492
| obese 0.047 0.867
Il obese 0418 0.121
Il obese 0.080 0.777
Height Overweight 0407 0.132
| obese 0.237 0.396
Il obese 0376 0.168
Il obese 0.355 0.194
Weight Overweight 0.349 0.202
| obese 0318 0.248
Il obese 0233 0403
Il obese 0.174 0.535
BMI Overweight 0.038 0.893
| obese 0343 0211
Il obese 0.197 0482
Il obese 0.550 0.034

P value > 0.05, non-significant; P value < 0.05, significant; P value < 0.01,
highly significant
BMI body mass index, r Pearson correlation coefficient

diseases and insulin resistance [27-29]. It has been
found in both in vitro and in vivo studies that IL-6 is
capable of suppressing lipoprotein lipase activity,
through which it can cause an increase in circulating
lipid levels [30, 31]. Comparable to obesity, a chronic
proinflammatory state mostly found in old age is mostly
attributed to multiple factors including atherosclerosis,
age-related pathological processes, and increased ab-
dominal fat, all of which causing increased circulating
levels of IL-6 [32].

Zuliani et al. found that low HDL-C is associated with
the presence of high plasma levels of IL-6, in a cohort of
older adults independent of multiple potential confound-
ing variables including the main components of the

Table 6 Correlation of circulating levels of IL6 to age serum
lipids in subjects with overweight and different grades of
obesity

IL6
Grades of obesity r P value
TG Overweight 0.301 0.276
| obese 0.384 0.159
Il obese 0.302 0.275
Il obese 0.020 0.943
LDL-C Overweight 0315 0.252
| obese 0.020 0.943
Il obese 0.077 0.784
Il obese 0211 0450
HDL-C Overweight -0.142 0614
| obese —-0.056 0.842
Il obese —-0.506 0.050
Il obese —0447 0.095
Serum cholesterol Overweight 0.602 0.089
| obese 0.002 0.995
Il obese 0.273 0.327
Il obese 0.045 0.872

P value > 0.05, non-significant; P value < 0.05, significant; P value < 0.01,
highly significant

TG triglycerides, LDL-C low-density lipoproteins-cholesterol, HDL-C high-density
lipoproteins-cholesterol, r Pearson correlation coefficient
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metabolic syndrome, and life style habits such as smok-
ing [32]. A possible mechanism of explanation to the re-
lationship between HDL-C and IL-6 levels is that IL-6 as
a pro-inflammatory cytokines inhibit the activity of lipo-
protein lipase (LPL) [33, 34] and enhance the lipolytic
activity of endothelial lipase (EL) [35, 36], both of which
have been associated with low HDL-C levels during
acute or chronic inflammatory states.

Furthermore, IL-6 effect on HDL-C levels could be in-
directly supported by the findings of Popa et al. [37]
who found that the treatment of rheumatoid arthritis pa-
tients with monoclonal anti-TNF antibodies was accom-
panied by a decrease in serum levels of IL-6 and an
increase in HDL-C plasma levels, while no change was
observed in serum LDL-C and triglycerides levels [37].

Low HDL-C levels leads to a reduction in its athero-
protective role which includes the transport of choles-
terol from the sub-endothelial intima to the circulating
blood, lowering of oxidative stress, antithrombotic ef-
fects, and dampening of inflammation [38], thus leading
to a variety of cardiovascular hazards commonly found
in subjects with obesity as atherosclerosis and coronary
artery diseases.

The results of the present study further emphasize the
importance of understanding inflammatory markers’
regulation in obesity, the possible development of new
therapeutic strategies to prevent the metabolic hazards
of obesity, the possible use of IL 6 levels as marker for
expectation of obesity complications, and the possible
obesity treatment development and complication pre-
ventive treatment.

Tocilizumab, a recombinant humanized anti-human
IL-6 receptor monoclonal antibody, acts by blocking
the binding of IL-6 to the gp80 IL-6 receptor
expressed on different cell types, through which it
prevents the inflammatory hazards of elevated IL-
6 [39]. It was found that tocalizumab alleviates symp-
toms in patients with inflammatory diseases. Adminis-
tration of tocalizumab in rheumatoid arthritis patients
was associated with normalization of acute phase re-
actants and improvement in disease activity scores
[40]. Statins may be helpful in mitigating adverse IL-6
effects on lipid profile [41].

The small sample size, owing to the strict selection cri-
teria for overweight, obese, and control subjects, can be
considered as the main limitation of this study. Also, be-
cause of the cross-sectional study, we cannot define any
cause—effect relationship. Therefore, further longitudinal
studies are needed, to better understand the causal path-
way that links IL-6 and HDL-C levels in obese adults.

Conclusion
Circulating levels of IL-6 could reflect the intensity of
the chronic and systemic inflammation that develops
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with high degrees of obesity. High serum levels of IL-6
in subjects with obesity might contribute to the develop-
ment of atherosclerosis and coronary heart diseases,
both directly and by reducing HDL-C levels.
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