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Abstract

Objectives: This study aims to compare the Th1/Th2

cytokines of subjects with general/abdominal obesity and

non-obese individuals, and to correlate them with the

biomarker of airways inflammation and different body

compositions.

Methods: Eighty subjects were divided into 37 normal

weight (BMI >25) and 43 overweight/obese groups (BMI

�25). All participants were further categorised by waist

circumference (WC) into an abdominal obesity group

(n ¼ 32) and a group without abdominal obesity (n ¼ 48).

Serum levels of Th1 cytokines (INF-g, TNF-a, IL-2,) and
Th2 cytokines (IL-4, IL-5, IL-13) were measured using a

multiplex ELISA technique. The fractional exhaled nitric

oxide (FeNO) was used as a biomarker for airways

inflammation. Different body compositions were assessed

using a bioelectrical body composition analyser.

Results: Serum IL-5 and TNF-a were significantly

increased in groups with general or abdominal obesity

compared to control groups. IL-5 showed a significant

positive correlation with FeNO. BMI and total fat per-

centage were positively correlated to IL-5 and TNF-a,
whereas WC and visceral fat percentage were correlated

with the levels of IL-5 and IL-4.

Conclusion: This study confirms the elevation of certain

Th1 and Th2 cytokines in subjects with general and

abdominal obesity. IL-5 was positively correlated with

FeNO, which may link obesity to airways inflammation.
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Introduction

Obesity has emerged as a global health problem affecting
all ages and both genders, with large differences in the ab-

solute prevalence across the world. A dramatic increase in
the prevalence of overweight and obesity has been observed
since 1980. Currently, overweight and obese subjects repre-
sent about 30% of the world’s population. Both high income

developed countries and low socioeconomic developing
countries have been affected by the obesity pandemic.1 In
KSA, obesity showed a dramatic increase during the last

decade. In a recent study, about 24.7% of the Saudi
population was shown to have BMI >30. This was
significantly associated with many obesity-related health

problems, such us type 2 diabetes, hypercholesterolemia, and
hypertension.2 The adipose tissue had long been recognised
as a storage site for excessive energy. However, recent

advances in research have brought to light new functions
of the adipose tissue involved in many metabolic,
endocrine, and immune processes.3 Obesity causes an
abnormal fat deposition in the adipose tissue and liver,

with chronic inflammation and abnormal production of
different adipocytokines and T helper (Th) cytokines.4 The
inflammatory response associated with obesity is originated

in the adipose tissue cells.5 Adipose tissue contains other
cells besides mature adipocytes called stromal-vascular
cells, which play a role in obesity-induced inflammation,

including: leukocytes, macrophages, fibroblasts, endothelial
cells, and pre-adipocytes.6 Obesity is associated with
polarisation from normal resident type 2 macrophage (M2)
to type 1 macrophage (M1), as well as a shift from Th2

cells to Th1, Th17, and cytotoxic T lymphocytes (CTL).
This results in a state of chronic inflammation, with
overproduction of inflammatory mediators, such as

interferon-gamma (INF-g), interleukin 6 (IL6), and
tumour necrosis factor alpha (TNF-a), whereas interleukins
(ILs) with anti-inflammatory properties (IL-4, IL-5, IL-10,

IL- 13), as well as the activity of regulatory T cells, are
reduced.3

The concentration of several inflammatory cytokines has

been reported to be positively correlated with BMI.7 In
contrast, reducing body weight is associated with a
reduction in the circulating inflammatory mediators.8 It is
believed that this cytokines network has crucial

participation in the pathogenesis of obesity and its related
health complications.9 Furthermore, excessive visceral
obesity (accumulation of fat in the abdominal cavity) is

linked with the incidence of cardiovascular diseases,
diabetes mellitus, metabolic syndrome, and cancer.10 Many
inflammatory cytokines and chemokines were found to be

secreted by visceral fat into the blood, such as (IL-6 and
TNF-a), which plays a major role in inducing a pro-
inflammatory state and systemic inflammation associated

with abdominal obesity.11

Many epidemiological studies have shown a dramatic
increase in obesity-related asthma.12 Two theories have been

suggested as explaining the mechanism of obesity-related
asthma, including the direct mechanical effect of increased
body weight on airways function and an inflammatory

pathway driven by obesity-related cytokines.13 In a recent
study, we demonstrated an increase fractional exhaled
nitric oxide (FeNO) - a biomarker of airways inflammation
- and a reduction in small airways function in obese/

overweight subjects.14 However, the mechanism that links
obesity to airways dysfunction is not fully elucidated.
There is paucity in the research investigating the

underlying mechanism of obesityerelated airways inflam-
mation. This paper is one of the few studies to shed light on
the possible key role of cytokines in the inflammatory

mechanism relating airways inflammation to overweight and
obesity.

A group of cytokines produced by T helper 1 (INF-g, IL-
2, TNF-a) and T helper 2 (IL-4, IL 5, IL 13) were selected

based on a recent theory about inflammatory cytokines
playing a key role in the pathogenesis of bronchial asthma.15

Those cytokines were compared in the serum of overweight/

obese subjects versus normal weight control. Additionally,
the correlation of these cytokines with FeNO and body
composition measurements was investigated. Fractional

exhaled nitric oxide is a non-invasive biomarker that re-
flects the degree of airways inflammation, while FeNO
measurement has been shown to be informative as the gold

standard technique (bronchial biopsy and bronchoalveolar
lavage) for determining ongoing airway inflammation.16

Materials and Methods

This study was a part of a research project evaluating the
changes in lung functions and the biomarkers of airways
inflammation induced by increasing body weight in healthy
non-smoker students (18e25 years of age) recruited using the

convenience sampling technique at Imam Abdulrahman Bin
Faisal University.14 Subjects were excluded if they had any
illness or current medication that impacts the immune

system, airways inflammation, or body composition, such
as: asthma and allergic diseases, acute or chronic
pulmonary diseases, acute or chronic infection,

hypothyroidism, Cushing disease, usage of steroids or anti-
inflammatory medicines. Written consent was obtained
from all participants.

In this comparative cross-sectional study, 80 subjects who
completed the cytokines profile analysis were included.
Thirty seven were placed into a normal-weight group
(BMI ¼ 18.5e24.99) and 43 were placed into an overweight/

obese group (BMI �25).17 The sample size was determined
based on previous studies investigating the effect of obesity
on airways inflammation,18e21 where the number of

participants ranged between 35 and 117. To explore the
effect of visceral fat, all participants were further
categorised according to waist circumference (WC) into an

abdominal obesity group (n ¼ 32) and a group without

http://creativecommons.org/licenses/by-nc-nd/4.0/
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abdominal obesity (n ¼ 48). Females with WC � 80 cm and
males with WC � 94 cm were considered to have abdominal

obesity.22 The methods of anthropometrics, body
composition, and FeNO measurement are described
elsewhere.14

Serum cytokines assay

After drawing about 6 ml of blood, serum was extracted

by centrifugation at 3000 rpm for 15 minutes, with serum
then stored in 200 ml aliquots at e 80 C� for future mea-
surements. A group of T helper 1 (INF-g, IL-2, TNF-a) and
T helper 2 (Interleukins 4,5 and 13) cytokines were assessed

by high-sensitivity cytokines assay (Human High Sensitivity
T cell Panel Premixed 13-plexed-Immunology Multiplex
Assay e Merck-Millipore). The inter-assay and intra-assay

CVs were <15% and <10%, respectively.

Statistical analysis

Data are presented as mean � SEM. A Shapero-Wilk test
was used to test the normality of the data; non-normally
distributed variables were transformed to natural log (ln).

Group differences for different variables were analysed using
the ManneWhitney U test or unpaired t-test. The
Table 1: Demographic, anthropometrics, and body composition mea

Variablesa Normal weight (n ¼ 37)

Age (yrs) 20.3 � 0.17

Gender n (male/female) (19/18)

Weight (kg) 58.31 � 1.24

Height (cm) 165.4 � 1.28

BMI (kg/m2) 21.38 � 0.29

Waist circumference (cm) 73.1 � 1

Hip circumference (cm) 92. 9 � 0.79

Waist/hip ratio (WHR) 0.79 � 0.01

Body fat % 25.3 � 0.02

Body Muscles % 33 � 0.01

Visceral fat % 4 � 0.002

a Values given as mean � SEM unless stated, group comparisons wer

Chi x2 test was used.

Table 2: Comparisons of cytokine levels between normal-weight an

without abdominal obesity (right).

Cytokinesa

(pg/ml)

General obesity

Normal weight

(n ¼ 37)

overweight/obese

(n ¼ 43)

P va

INF-gb 1.53 � 0.08 1.65 � 0.08 0.27

TNF-ac 2.54 � 0.20 3.48 � 0.24 0.00

IL-2b 3.57 � 0.23 3.72 � 0.18 0.60

IL-4b 1.79 � 0.20 1.89 � 0.21 0.74

IL-5b 0.14 � 0.12 0.74 � 08 < 0.

IL-13b 0.46 � 0.17 0.73 � 0.12 0.20

TNF-a: Tumour necrosis factor alpha, IL-2: Interleukin 2, IL-4: Interle

gamma.
a Cytokine levels were log transformed using formula LN (X) and di
b Between groups comparison using the ManneWhitney test.
c Between groups comparison using an independent t-test. Values in
association of different cytokine levels with FeNO, anthro-
pometric measurements and body compositions were ana-

lysed using Pearson’s correlation in the whole cohort. Data
analyses were performed using SPSS software (version 16). A
P-value <0.05 was considered statistically significant.

Results

The demographic characteristics and anthropometric and
body compositions measurements are depicted in Table 1.
There were no significant differences between groups in

age, sex, and height (P > 0.0 5). All other variables showed
a significant difference between groups (P < 0.001).

Comparisons of cytokine levels among groups

A panel of inflammatory cytokines, including T helper 1
(INF-g, IL-2, TNF-a) and T helper 2 (Interleukins 4,5 and

13), were compared for normal-weight (n ¼ 37) and over-
weight/obese (n ¼ 43) groups based on BMI (Table 2eleft
side), and the whole cohort was further split based on WC

into an abdominal obesity group (n ¼ 32) and a group
without abdominal obesity (n ¼ 48) (Table 2-right side).
Comparing cytokine levels for the normal-weight and over-

weight/obese groups revealed a significantly higher
surements of the participants.

Overweight/obese (n ¼ 43) P value

20.3 � 0.29 0.997

(22/21) 0.987

87.9 � 2.95 <0.001

165.3 � 1.48 0.957

32 � 0.81 <0.001

96.5 � 2.54 <0.001

115.5 � 1.77 <0.001

0.83 � 0.01 0.008

42 � 0.01 <0.001

28 � 0.02 0.02

10 � 0.007 <0.001

e performed using an independent t-test, except for gender where a

d overweight/obese groups (left) and between subjects with and

Abdominal obesity

lue No abdominal

obesity (n ¼ 48)

Abdominal

obesity (n ¼ 32)

P value

5 1.53 � 0.08 1.68 � 0.05 0.157

4 2.67 � 0.18 3.61 � 0.29 0.005

2 3.59 � 0.19 3.75 � 0.21 0.584

1 1.81 � 0.18 1.90 � 0.24 0.756

001 0.32 � 0.11 0.68 � 0.09 0.027

2 0.58 � 0.14 0.64 � 0.15 0.791

ukin 4, IL-5: Interleukin 5, IL-13: Interleukin 13, INF -g: interferon

splayed as mean � SEM.

bold indicate statistical significance.



Table 3: Correlation of cytokine levels with FeNO, anthropometrics, and body composition measurements.

cytokinesa FeNOa BMI WC Total fat% Visceral fat% Muscle mass%

r P value r P value r P value r P value r P value r P value

INF-g 0.02 0.852 0.18 0.104 0.12 0.275 0.18 0.121 0.11 0.331 �0.09 0.416

TNF-a 0.18 0.116 0.27 0.013 0.16 0.161 0.29 0.008 0.14 0.224 �0.19 0.093

IL-2 �0.16 0.168 0.06 0.604 �0.1 0.392 0.23 0.042 �0.016 0.885 �0.16 0.155

IL-4 0.19 0.103 0.13 0.235 0.12 0.035 �0.21 0.06 0.27 0.02 0.33 0.003

IL-5 0.23 0.04 0.35 0.001 0.25 0.027 0.35 0.002 0.32 0.004 �0.09 0.38

IL-13 �0.06 0.597 0.02 0.889 �0.01 0.932 0.07 0.566 �0.04 0.703 0.01 0.939

r: Pearson’s correlation coefficient.

TNF-a: Tumour necrosis factor alpha, IL-2: Interleukin 2, IL-4: Interleukin 4, IL-5: Interleukin 5, IL-13: Interleukin 13, INF -g: interferon
gamma, FeNO; Fractional exhaled nitric oxide; WC: Waist circumference, BMI: Body mass index.
a Data was log-transformed. Values in bold indicate statistical significance.
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concentration of interleukin-5 and TNF-a in overweight/
obese subjects compared to normal-weight individuals (IL-

5 ¼ 0.74 � 08 vs 0.14 � 0.12, respectively, p < 0.001; TNF-
a ¼ 3.48 � 0.24 vs 2.54 � 0.20, respectively, p ¼ 0.004).
Similarly, both IL-5 and TNF-a showed elevated serum

concentration in the abdominal obesity group compared to
the group without abdominal obesity (IL-5 ¼ 0.68 � 0.09 vs
0.32 � 0.11, respectively, p ¼ 0.027; IL-6 ¼ 3.61 � 0.29 vs
2.6727 � 0.18, respectively, p ¼ 0.005). Other interleukins

seemed to be elevated in both the overweight/obese and
abdominal obesity groups compared to the control but failed
to reach statistical significance (Table 2).

Associations of cytokine levels with FeNO, anthropometrics,
and body composition measurements in the whole cohort

Among the studied cytokines, only IL-5 showed positive
correlation with the levels of FeNO measurement. In addi-

tion, significant positive correlation was found between IL-5
and the general obesity indicators (BMI and total body fat
%), as well as indicators of central obesity (WC and visceral

fat %). In contrast, TNF-a was only correlated with BMI
and total body fat %, whereas IL-4 showed a positive cor-
relation with WC, visceral fat %, and muscle mass %. Other

cytokines (IL-2, INF-g, IL-13) did not show any correlation
with FeNO, anthropometrics, or body composition mea-
surements (Table 3).

Discussion

Six different cytokines were investigated in the present

study in 80 participants. Significant elevation of serum IL-5
and TNF-a were observed in overweight/obese subjects
compared to those of normal weight. Only serum IL-5
showed a significant positive correlation with the level of

FeNO. The indicators of general obesity (BMI and total
body fat %) both showed positive correlation with the levels
of interleukin-5 and TNF-a, whereas WC and the visceral fat

%, which indicate abdominal obesity, were correlated with
IL-5 and IL-4 levels. These observations point to the role of
Th1 and Th2 cytokines in the subclinical low-grade inflam-

mation that could be detected early in apparently healthy
overweight/obese young adults. In addition, these findings
shed light on the role of the less commonly described cyto-

kine IL-5 in obesity-related inflammation and its relation to
airways inflammation.
Many inflammatory cells and mediators play central roles
in the pathogenesis of the inflammatory response induced by

increasing body weight. In obesity, the hypertrophied and
hyperplastic adipocytes secrete chemo-attractants and pro-
inflammatory cytokines causing migration of macrophages

into adipose tissue with polarisation of the normal resident
M2 macrophage to M1 macrophages.5 Similarly, there is an
increase in Th1 activity, with a reduction in Th2 and T-
regulatory activity, and the overall effect of obesity is to

shift the immune cells and cytokines from those with anti-
inflammatory activity to a pro-inflammatory profile.3,4

However, the current study showed that serum concen-

tration of certain pro-inflammatory Th1 cytokines and anti-
inflammatory Th2 cytokines could be up-regulated by
obesity; both TNF-a and IL-5 showed higher concentrations

in the overweight/obese group and the abdominal obesity
group compared to control groups. Similar findings have
been observed in other studies where both pro-inflammatory

cytokine and ant-inflammatory cytokine had increased in
patients with obesity. In one study investigating the inflam-
matory cytokines profile in patients with metabolic syn-
drome (MetS), the pro-inflammatory cytokines INF-g, IL-
13, as well as the anti-inflammatory IL-4 and IL-5 showed
significant increase in MetS patients compared to the normal
healthy control.23 In another study comparing the cytokine

profile in general and central obesity participants,
significant increases in INF-g and interleukins 5, 10, 12,
and 13 were reported in general, as well as in abdominal

obesity, while increased TNF-a was associated with
abdominal obesity.24

TNF-a is a commonly described cytokine in the patho-
genesis of obesity-induced inflammation.3 The present results

are in agreement with previous studies showing significant
elevation of TNF-a in participants with obesity.24,25 In
addition, several studies reported a similar pattern of

association, where TNF-a showed positive correlation with
BMI but not with any index of abdominal obesity. A study
on overweight/obese postmenopausal women showed

positive correlation between blood TNF-a and BMI;
however, no association was observed for WC and visceral
fat layer thickness determined by abdominal ultrasound.26

Another study by Cartier et al. found an association
between TNF-a and indices of total body fat rather than
visceral fat.27 However, different phenotypes of fat
deposition (generalised vs visceral) involve different

pathogenic mechanisms, such as altered lipid metabolism,
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hormonal secretion, and inflammatory cytokines
production. For example, in contrast to subcutaneous,

visceral fat showed an increased production of certain
adipocytokines (e.g. adiponectin and resistin) and
inflammatory cytokines (e.g. IL 6).28

In contrast, IL-5 is a less commonly described cytokine in
relation to the inflammatory milieu induced by hypertro-
phied adipose tissue; its role in obesity-related inflammation

has not been fully elucidated. A few studies have investigated
the level of IL-5 in relation to general and central obesity. In
agreement with the current study, Schmidt et al. showed a
significant increase in IL-5 in general and central obesity, as

well as reporting a positive correlation for IL-5 with BMI,
WC, and hip circumference.24 Furthermore, IL-5 has been
found to be elevated in girl students with abdominal obesity

and was positively correlated with waist/hip ratio.29 No
significant differences have been detected by the present
study for INF-g, L-2, IL-4, and IL-13; this is consistent

with other studies that did not find any differences in the
levels of IL-2 and IL-4.30

There is a huge body of evidence pointing to the role of
different immune cells and interleukins in the pathogenesis

of obesity and its immunological complications, such as
diabetes mellitus, arthritis, and asthma.6 Obesity is
considered a risk factor for asthma development,12 but the

mechanistic basis for this relationship is still an area of
controversy. One theory attributes the airways
dysfunction associated with obesity to a mechanical

reduction in lung compliance from excess body weight,
leading to reduced lung volume.31 Meanwhile, other
studies have showed that inflammation in adipose tissue

could provoke true airways inflammation and
hyperresponsiveness.32 It has been documented that TNF-
a could elicit an airways hyperresponsiveness by direct
action on the airways.33 Furthermore, an increase in the

number of inflammatory cells and elevation of INF-g,
TNF-a, IL- 6, and other pro-inflammatory cytokines in
the lungs tissue, sputum, and bronchoalveolar lavage fluid

have been reported in a number of animal models of
obesity34 and human studies on obese individuals.35

Possible spread of inflammatory mediators from adipose

tissue into the bloodstream to the lungs could explain the
obesity-induced airways inflammation and hyper-
responsiveness, a mechanism that needs further investiga-

tion and proof. Obesity-related asthma is characterised by
enhancement of Th1 immune response with neutrophilic
airways inflammation but paucity in Th2 mediated eosino-
philic airways inflammation.36 In contrast and in agreement

with the present study findings for increased IL-5, Th2 role
in obesity-related asthma have been described, and more
than one phenotype with subgroups exhibiting Th2

inflammation have been reported with increased IL-5 and
eosinophilic inflammation.32 In addition, a concurrent
airway eosinophilia has been reported in animal models of

obese leptin-deficient ob/ob mice37 and in clinical studies
of obese asthmatic patients.38

Fractional exhalednitric oxide is a non-invasive biomarker
of eosinophilic airway inflammation characterising the Th2

inflammatory response.39 The effect of being overweight on
FeNO is still an area of controversy; some studies did not
report any changes in FeNO associated with increasing body
weight,19 while others showed low levels21 or demonstrated
overproduction of FeNO in individuals with obesity.40,41 In

a very recent study, we have demonstrated an elevation in
FeNO level in overweight/obese subjects;14 however, the
underlying mechanism needs further investigation. The

observation of increased IL-5 levels associated with obesity
by the current studyand its positive correlationwithFeNOare
rather interesting; IL-5 is a Th2 cytokine that plays a central

role in the maturation, migration, and function of blood and
airways eosinophils. IL-5, together with other Th2 cytokines
(IL-4, IL-13), promotes airways eosinophilia, mucous secre-
tion, immunoglobulinE (IgE)production, andairwayshyper-

responsiveness, a characteristic feature of type-2 high
asthma.15 This could be a plausible explanation for the
mechanism of obesity-related asthma subtypes showing

markers of Th2 inflammatory response and increased FeNO
production.

One limitation of the current study is the cross-sectional

design. Only a simple correlation between different cyto-
kine levels and being overweight could be concluded without
any causal relationship.

Conclusion

An elevation of certain Th1 and Th2 cytokines in par-

ticipants with general and abdominal obesity was reported
from this study. This highlights the importance of Th1/
Th2 cytokines in the process of the inflammation associ-

ated with obesity; it also reveals a positive correlation
between IL-5 and the airways inflammation biomarker
(FeNO).

Recommendations

This study warrants further investigation into the sus-
ceptibility of obese subjects to airways inflammation and

allergic bronchial asthma.
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