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Abstract: Asthma and obesity are considered as highly prevalent diseases with a great impact on
public health. Obesity has been demonstrated to be an aggravating factor in the pathogenesis of
asthma. Adipose tissue secretes proinflammatory cytokines and mediators, including leptin, which
may promote the development and severity of asthma in obese patients. This study is a systematic
review and a meta-analysis based on the relationship between leptin and asthma during obesity.
MEDLINE, Cochrane, EMBASE and CINAHL databases were used. Data heterogeneity was analyzed
using Cochran’s Q and treatment effect with the DerSimonian and Laird method. Random effect
analyses were carried out to test data sensitivity. Asymmetry was estimated using Begg’s and Egger’s
tests. All studies showed significant differences in leptin levels. The effect of the measures (p < 0.001),
data sensitivity (p < 0.05) and data asymmetry were statistically significant, as well as tBegg’s test
(p = 0.010) and Egge’s test (p < 0.001). Despite the existing limiting factors, the results of this study
support the relevant role of leptin in the pathophysiology of asthma in obese subjects. Nevertheless,
further studies are needed to obtain better insight in the relationship between leptin and asthma
in obesity.

Keywords: asthma; obesity; inflammation; adipokines; leptin; immune system

1. Background

Asthma, a chronic disorder characterized by inflammation, remodeling and the hyper-
responsiveness of airways, provokes a progressive worsening of breathing, combined with
coughing, tightness and/or wheezing. Asthma severity depends on the frequency and
control of these exacerbations [1], which are measured by pulmonary function tests such as
the force vital capacity (FVC) and the forced expiratory volume (FEV) [2]. Currently, asthma
affects more than 300 million people worldwide, becoming a very prevalent disorder in
our society [3]. Asthma has a genetic substrate and is highly influenced by external factors,
including (but not limited to) exposure to allergens, pollutants, or bronchoconstriction
after exercise, among others [4,5]. In all these settings, a pro-inflammatory state is ulti-
mately promoted by the immune system, in which T-helper type 2 (Th2) cells express
interleukin (IL)-4 and IL-13, and have been described as promoters of acute inflammation
in the pathogenesis of asthma [6]. T cells also promote the activation of B cells, which,
in turn, produce immunoglobulin (Ig) E, thus stimulating mast cells and producing the
release of histamine [7].
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All of these mechanisms induce hypersensitivity of the bronchial mucosa and the
remodeling of the airway in response to prolonged inflammatory stimuli, making asthma
a complex syndrome. Asthma could also become a more complex situation when it is
associated with obesity, determined by a Body Mass Index (BMI) ≥ 30 kg/m2. This chronic
disease is a well-known risk factor for asthma and is associated with both the severity
and frequency of symptoms. Obesity also reduces the response to many medications and
decreases the life quality of asthmatic patients [8]. Moreover, the inflammation promoted
by adipocytes has been increased in obese subjects with asthma [9] due to the release of
pro-inflammatory mediators, such as IL-6, TNF-a, or leptin, and the downregulation of
anti-inflammatory factors, including adiponectin [10].

Specifically, leptin is a 16 kDa adipocyte-derived hormone not only expressed in
adipose tissue, but also in other tissues and organs such as the stomach, skeletal mus-
cle, pituitary cells, and the placenta, and has pleiotropic effects when bound to its re-
ceptor (Ob-R) [11]. Leptin is involved in metabolism and food intake [12], reproduc-
tion [13], immunometabolism [14], cancer [15], or non-alcoholic fatty liver disease [16],
among many others. Leptin and its receptors share structure and functional similarities
with the proinflammatory IL-6, and are able to activate different signaling pathways, in-
cluding Janus Kinase (JAK)/Signal Transducer and Activator of Transcription (STAT),
Phosphatidylinositol-3-Kinase (PI3K)/Protein Kinase B (Akt), and Mitogen Activated
Protein Kinase (MAPK)/Extracellular-Signal-Regulated Kinase (ERK) cascades [17]. In
immune cells, leptin induces allergic inflammatory responses by the proliferation and
survival of type 2 innate lymphoid cells (ILC2) and Th2 cells [18]. Leptin also influences
inflammatory responses by inducing the activation of monocytes and both CD4+ and
CD8+ T cells [19,20], and the production of pro-inflammatory cytokines such as TNF-a or
IL-18 [11], which may affect different respiratory diseases, including asthma [21].

The aim of this article was to evaluate the effects of circulating leptin in asthmatic
patients with obesity by carrying out a systematic review and a meta-analysis in order to
check whether some potential treatments (e.g., leptin inhibitors) may be useful in the future
to ameliorate asthma symptoms in obese patients or even achieve a complete remission of
the disease.

2. Material and Methods
2.1. Search Strategy

MEDLINE, Cochrane, EMBASE and CINAHL databases were used to search articles
based on obese asthmatics and leptin. We carried out this meta-analysis using the following
keywords: (leptin AND asthma) AND obesity, (leptin WITH asthma) AND obesity. In total,
232 searches were retrieved and reduced by using screening and eligibility methods, mainly
inclusion/exclusion criteria and the evaluation of research quality, as shown in Figure 1.

2.2. Inclusion Criteria

The criteria for the inclusion of studies were as follows: (a) Studies based on human
asthma, without considering other obstructive pathologies such as chronic obstructive
pulmonary disease, (b) Prospective, retrospective, case-control, and cohort studies, (c) Pub-
lished from 2010, (d) written in English, (e) Including the following variables: asthma, body
mass index, waist circumference and/or abdominal fat, and serum leptin levels (ng/mL),
(f) Analyses between leptin and obese patients with asthma.

2.3. Exclusion Criteria

The criteria for the exclusion of studies were as follows: (a) Studies that correlate
obesity and asthma, with the absence of an analysis between leptin and asthma, (b) Letters,
comments, books, and personal communications, (c) Studies published before 2010.
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Figure 1. Study selection process for the meta-analysis review related to the role of leptin in asthma.

2.4. Quality Evaluation

The quality of the selected articles was evaluated according to the Newcastle–Ottawa
Scale (NOS) for case-control and cohort studies [22] and the tool for the critical appraisal of
epidemiological cross-sectional studies (CA-CSS) [23].

2.5. Data Extraction

Once the screening/eligibility process, shown in Figure 1, was completed, the fol-
lowing variables were extracted to describe the selected studies, as shown in Table 1:
(a) author and year, (b) country, (c) study design, (d) quality scale, (e) types of subjects ana-
lyzed, (f) comparison groups in each study and number of subjects, (g) BMI (kg/m2) and
(h) statistical measure for BMI since some studies used different statistical parameters. In
Table 2, the following information was selected: (a) author and year, (b) comparison groups
used in our analysis and (c) serum leptin levels (mean and standard deviation). In some
studies, different statistical parameters were used, and leptin levels were recalculated to
obtain mean, standard deviation and/or standard error.
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Table 1. General characteristics of the fifteen studies analyzed. * There were no distinctions between groups to measure BMI. It also included other pathologies;
** This study did not measure BMI depending on asthma severity; *** This study did not specify BMI for asthma groups.

Study Country Study Design Quality Scale Types of Subjects Comparison Groups
(No of Patients)

BMI
(kg/m2)

Statistical Measure
for BMI

Holguin et al. (2011) [24] USA Cohorts NOS 7/8 Adults

Obesity with asthma (14) 37 (34–42)

Median (IR)

Overweight with asthma (2) 27 (26–28)

Lean with asthma (5) 22 (21–23)

Obesity w/o asthma (17) 33 (32–37)

Overweight w/o asthma (3) 28 (27–29)

Lean w/o asthma (7) 23 (22–24)

Baek et al. (2011) [25] South Korea Cohorts NOS 7/8 Children

Obesity with asthma (19) 23.0 ± 3.1

Mean ± SD
Obesity w/o asthma (23) 23.3 ± 3.8

Normal weight with asthma (23) 16.9 ± 2.1

Healthy control (20) 16.8 ± 1.9

Kilic et al. (2011) [26] Turkey Transversal CA-CSS Medium Adults
Obesity with asthma (41) 34.87 ± 4.26

Mean ± SD
Non-obesity with asthma (40) 25.55 ± 2.84

Lessard et al. (2011) [27] Canada Cohorts NOS 7/8 Adults
Obesity with asthma (44) 37 ± 6

Mean ± SD
Non-obesity with asthma (44) 23 ± 2

Naveed et al. (2012) [28] USA Case-control NOS 6/8 Adults
FEV ≥ LNN (218) 27.6 (26–30)

Median (IR)
FEV < LNN (109) 29 (37–31)

Aydin et al. (2013) [29] Turkey Cohorts NOS 7/8 Adults
Asthmatics (45) 29.6 ± 5.4

Mean ± SD
Non-asthmatics (30) 28.2 ± 5.3

Wahab et al. (2013) [30] Qatar Cohorts NOS 7/8 Children
Obesity with asthma (29)

N/A *** -
Non-obesity with asthma (31)

Tsaroucha et al. (2013) [31] Greece Cohorts NOS 8/8 Adults

Severe asthma (15) 36.5 ± 5.4

Mean ± SDMild to moderate asthma (17) 32.3 ± 6.0

Control (22) 31.2 ± 6.1

Muc et al. (2014) [32] Portugal Cohorts NOS 8/8 Adults

Overweight with asthma (28) 30.4 ± 4.3

Mean ± SDOverweight w/o asthma (26) 28.9 ± 4.2

Normal weight with asthma (26) 21.6 ± 1.9
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Table 1. Cont.

Study Country Study Design Quality Scale Types of Subjects Comparison Groups
(No of Patients)

BMI
(kg/m2)

Statistical Measure
for BMI

Mohammed et al.
(2015) [33]

Egypt Cohorts NOS 7/8 Adults

Obesity with asthma (20) 35.15 ± 3.32

Mean ± SD
Obesity w/o asthma (8) 34.1 ± 1.2

Non-obesity with asthma (20) 23.15 ± 1.81

Healthy control (7) 23.7 ± 1

Salah et al. (2015) [34] Egypt Cohorts NOS 6/8 Adults

Obesity with asthma (20) 34.9 ± 2.4

Mean ± SD
Obesity w/o asthma (20) 36.16 ± 3.15

Non-obesity with asthma (20) 22.97 ± 1.13

Healthy control (20) 22.9 ± 0.68

Huang et al. (2016) [35] Mexico Cohorts NOS 7/8 Teenagers

Obesity with asthma (28) 26.9 ± 3.0

Mean ± SD
Obesity w/o asthma (46) 27.9 ± 3.2

Normal weight with asthma (58) 18.9 ± 3.2

Healthy control (63) 18.6 ± 2.0

Nasiri-Kalmarzi et al.
(2017) [36] Iran Transversal CA-CSS High Teenagers and adults

Severe asthma (25)

N/A ** -Moderate asthma (30)

Mild asthma (35)

Li et al. (2019) [37] France Cohorts NOS 8/8 Adults
Persistent asthma (305) 24.3 ± 4.3

Mean ± SD
Remitted asthma (26) 22.6 ± 3.1

O’Rourke et al. (2019) [38] USA Cohorts NOS 8/8 Adults
No remitted asthma (89)

46.3 * Median
Remitted asthma (195)
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Table 2. Serum leptin data (ng/mL) used to perform the meta-analysis. * Data from the study were
recalculated to obtain mean, standard deviation and/or standard error. ** This study did not calculate
serum leptin levels for every group of patients.

Study Comparison Groups
Leptin (ng/mL)

Mean Standard Deviation Standard Error *

Holguin et al. (2011) [24]
Obese with asthma 72.00 * 89.50 * 23.92

Comparison group 34.00 * 38.00 * 9.22

Baek et al. (2011) [25]
Obese with asthma 14.14 7.35 1.69

Comparison group 4.81 3.64 0.81

Kilic et al. (2011) [26]
Obese with asthma 22.60 * 52.40 * 8.18

Comparison group 16.70 * 47.21 * 7.46

Lessard et al. (2011) [27]
Obese with asthma 57.70 30.60 4.61

Comparison group 19.50 19.50 2.94

Naveed et al. (2012) [28]
Obese with asthma 8.04 * 8.88 * 1.62

Comparison group 5.37 * 6.48 * 1.11

Aydin et al. (2013) [29]
Obese with asthma 70.18 30.47 4.54

Comparison group 34.38 51.19 9.35

Wahab et al. (2013) [30]
Obese with asthma 25.80 11.10 5.03

Comparison group 8.80 11.10 1.99

Tsaroucha et al. (2013) [31]
Obese with asthma 24.80 14.80 2.62

Comparison group 13.70 10.00 2.13

Muc et al. (2014) [32]
Obese with asthma 78.12 44.65 8.44

Comparison group 78.06 54.65 10.72

Mohammed et al. (2015) [33]
Obese with asthma 92.90 8.00 1.79

Comparison group 80.40 9.20 2.06

Salah et al. (2015) [34]
Obese with asthma 39.74 3.26 0.73

Comparison group 23.58 1.99 0.44

Huang et al. (2016) [35]
Obese with asthma 49.20 27.70 5.23

Comparison group 20.00 18.90 2.48

Nasiri-Kalmarzi et al.
(2017) [36]

Obese with asthma 50.60 19.20 3.84

Comparison group 20.40 9.40 1.59

Li et al. (2019) [37]
Obese with asthma 4.40 3.60 * 0.21

Comparison group 3.00 2.20 * 0.43

O’Rourke et al. (2019) [38]
Obese with asthma

56.80 *,** 58.10 *
3.45

Comparison group 4.17

2.6. Statistical Analysis

To check the comparability of data, heterogeneity and homogeneity were firstly ana-
lyzed by using Cochran’s Q test for 15 independent studies. As a result, analyzed articles
were heterogeneous and random effect models were performed. The DerSimonian and
Laird method was carried out due to its efficiency in estimating the treatment effect. All
analyses were conducted by using Epidat v3.1 software (Galicia, Spain).
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3. Results
3.1. Included Studies

A total of fifteen studies were eligible for inclusion in this meta-analysis (Figure 1),
which included studies from USA (three studies), Turkey (two studies), Egypt (two studies)
and France, Greece, Iran, Portugal, Mexico, South Korea, Canada, and Qatar (one study
each one), as shown in Table 1. The studies comprised a total of 1933 subjects, including
asthmatic and non-asthmatic individuals with and without obesity. Of them, we considered
964 obese patients with asthma or severe asthma (depending on the type of classification
used in every research article) to be eligible for the meta-analysis.

3.2. Heterogeneity

The fifteen studies reported high levels of serum leptin in asthmatic patients with
obesity, as shown in Table 2. All studies showed statistically significant differences in serum
leptin levels between groups of individuals. Among studies, heterogeneity in leptin data
was found, and the DerSimonian and Laird method was performed due to its efficiency in
estimating the effect of the measures. The following results were obtained: Q = 823.63 and
p < 0.001; coefficient of variation between studies was 1.34 and RI coefficient was 98.79%,
which represent a high heterogeneity. Moreover, intra-study variance was 0.085, which
supported the internal validity of the studies. A Galbraith graph was also made to visualize
the heterogeneity (Figure 2A).
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3.3. Sensitivity
3.3.1. Leptin Data without BMI

The results of this analysis are found in the column Random effect analysis for leptin
levels in Table 3. Differences between means and their CI (95%) were similar for each
study, the global random effect obtained was 5.56 (4.17–6.96) ng/mL of serum leptin and
p < 0.05, concluding the robustness of the results achieved, as illustrated in the Forest chart
of Figure 2B.

Table 3. Results from random effect analysis for leptin levels, and from fixed and random effect
analysis for leptin levels and BMI.

Random Effect Analysis for Leptin Levels Fixed and Random Effect Analysis for Leptin Levels and BMI

N D (CI 95%) Relative Change N D (CI 95%)
Weight %

Fixed Effects Random Effects

Holguin et al. (2011) [24] 1550 5.85 (4.36–7.33) 5.09 31 2.18 (1.29–3.07) 2.7367 7.0404

Baek et al. (2011) [25] 1542 5.43 (4.01–6.85) −2.44 39 7.31 (5.57–9.04) 0.7201 6.5136

Kilic et al. (2011) [26] 1500 6.02 (4.44–7.61) 8.28 81 0.75 (0.30–1.20) 10.7126 7.1951

Lessard et al. (2011) [27] 1493 5.20 (3.83–6.56) −6.56 88 9.88 (8.36–11.39) 0.9449 6.6749

Naveed et al. (2012) [28] 1517 5.90 (4.37–7.44) 6.11 64 1.94 (1.35–2.54) 6.1471 7.1550

Aydin et al. (2013) [29] 1506 5.59 (4.15–7.03) 0.41 75 5.21 (4.26–6.17) 2.3924 7.0112

Wahab et al. (2013) [30] 1521 5.59 (4.15–7.03) 0.43 60 5.21 (4.15–6.27) 1.9324 6.9568

Tsaroucha et al. (2013) [31] 1527 5.64 (4.19–7.10) 1.46 54 4.56 (3.55–5.58) 2.1021 6.9795

Muc et al. (2014) [32] 1527 6.03 (4.53–7.54) 8.47 54 0.01 (−0.53–0.54) 7.6383 7.1733

Mohammed et al. (2015) [33] 1541 5.49 (4.06–6.91) −1.37 40 6.48 (4.93–8.03) 0.9057 6.6520

Salah et al. (2015) [34] 1541 4.86 (3.51–6.22) −12.57 40 26.76 (20.86–32.66) 0.0626 3.1520

Huang et al. (2016) [35] 1495 5.34 (3.95–6.72) −4.10 86 8.10 (6.81–9.39) 1.3035 6.8237

Nasiri-Kalmazari et al.
(2017) [36] 1521 5.16 (3.78–6.54) −7.22 60 10.97 (8.94–12.99) 0.5290 6.2831

Li et al. (2019) [37] 1250 5.46 (4.10–6.82) −1.84 331 6.06 (5.45–6.67) 5.8304 7.1499

O´Rourke et al. (2019) [38] 1103 6.07 (4.36–7.78) 9.07 478 1.17 (0.97–1.37) 56.0423 7.2392

Global 1581 5.56 (4.17–6.96) - - - - -

Fixed effects - - - 1581 1.98 (1.83–2.12) - -

Random effects - - - 1581 5.56 (4.17–6.96) - -
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3.3.2. Leptin Data with BMI

The column Fixed and random effect analysis for leptin levels and BMI in Table 3 shows the
variability in leptin levels between asthmatic patients with obesity and their controls. Global
random effect analysis concluded in the same result for leptin levels: 5.56 (4.17–6.96) ng/mL
and p < 0.05. A Forest chart for this analysis is presented in Figure 2C.

3.4. Asymmetry

Asymmetry of data was estimated by using both the Begg’s and Egger’s tests. Z value
(Begg’s test) was 2.57 (p = 0.010) and T value (Egge’s test) was 4.95 (p < 0.001), which
resulted in a publication bias and, consequently, the overestimation of the role of leptin
in the analysis. To visualize the asymmetry, both a Funnel Plot graph and an Egger’s
regression plot were illustrated in Figure 2D.

4. Discussion

Asthma and obesity are very prevalent diseases with a great global impact due to
their high morbidity and mortality [39,40]. Although their relationship has been pre-
viously demonstrated [8,9], many other metabolic dysfunctions are also involved [41].
Adipose tissue has endocrine functions and promotes a cascade of pro-inflammatory cy-
tokines and adipokines, including leptin, which may be a key factor in the pathology of
asthma [27,37,38]; this is because the adipokine may induce changes in the mechanics and
functions of the lungs via bronchial inflammation on admission, compared to the stable
phase of the disease [42–44], mainly due to the accumulation of leptin-producing mono-
cytes in the airway [45]. These ultimately favor the expansion in Th17 cells and the decrease
in regulatory T cells [46]. In addition, leptin has been suggested to promote airway inflam-
mation via upregulation of the mitochondrial reactive oxygen species/NOD-, LRR-, and
the pyrin domain-containing protein 3 (mostly known as mtROS/NLRP3) inflammasome
signaling pathway in human normal BEAS-2 bronchial epithelial cells in vitro [47]. The
present work concluded in a systematic review and a meta-analysis to evaluate the potential
relationship between the circulating leptin in obese patients and the severity of asthma.
We finally analyzed fifteen studies that complied with the inclusion criteria. Most of them
reported a stronger severity of asthma symptoms or higher exacerbations in obese patients,
characterized by increased leptin levels and low adiponectin levels, compared with their
non-obese counterparts. These results are supported by other studies [48,49], including
the French EGEA study, which found that patients with severe asthma were characterized
by high leptin levels, poor lung function, a chronic cough, high BMI, and high circulating
neutrophil levels [50]. In addition, weight loss was associated with significant changes in
the systemic and pulmonary inflammatory profiles in asthmatic patients, leading to a better
control due to an increase in some anti-inflammatory mediators (e.g., adiponectin) and a
reduction in pro-inflammatory mediators, including leptin [51].

Some of the studies included in this meta-analysis involved pulmonary function tests,
such as an FEV in one second (FEV1) and FVC/FEV1 ratio, and their correlation with leptin
levels or severity of asthma. Leptin was shown to be inversely correlated with both FEV1,
FVC/FEV1 ratio [29,31,33,36], and FEV1/FVC ratio [35], which may suggest that nonatopic
inflammation (including not only leptin, but also other adipokines such as adiponectin)
increase the severity of asthma by obesity-dependent and independent mechanisms [52,53].
In addition, serum leptin levels were associated with maximum decreases in FEV1 after
exercise [25], and increased the odds of an abnormal FEV1 [28]. However, other studies
reported no association between obese and non-obese individuals with asthma, according to
the percentage of FEV1 [24,26,30,34]. Similar results have been obtained in both asthmatic
children and teenagers [25,35], rather than adult woman, probably because hormonal
factors may be involved [26,31,32,36].

Generally, leptin levels are higher in women, and different leptin-associated patholo-
gies have been more prevalent in the female population [54,55], including asthma [56],
thus suggesting a positive association between hormonal changes caused by menopause,
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high leptin levels, and the severity of asthma. Interestingly, pregnant women with obe-
sity with high cord blood leptin may have an increased risk of asthma [57]. However,
Muc et al. (2014) reported no differences in leptin levels between asthmatic obese women
and their non-asthmatic counterparts (78.12 ± 44.65 vs. 78.06 ± 54.65 ng/mL, respec-
tively), but found significant differences when compared to asthmatic women with normal
weight (39.66 ± 28.31 ng/mL; p = 0.006), suggesting that leptin levels were only BMI-
dependent [32]. Moreover, Sutherland et al. (2009) showed high leptin levels in overweight
and obese individuals, but no associations between leptin levels and a diagnosis of asthma,
or some biomarkers, such as the bronchodilator response or FEV1/FVC ratio [58]. In
children, a relationship between obesity and asthma has also been found via high leptin
levels and a low adiponectin concentration in blood [59], suggesting that those adipokines,
together with the BMI, may be potential predictive biomarkers for asthma [60].

Similarly, high serum leptin levels have been found, in asthmatic mice with obesity [61],
to promote allergic airway inflammation in preclinical models. Interestingly, it has been
shown that IL-33 needs leptin to induce airway inflammation and goblet cell metaplasia
in obese mice [62], and leptin administration with allergens may increase serum IgE in
mice [63]. In fact, leptin concentration has been decreased after using simvastatin in
asthmatic mice with obesity [64], which reflects the importance of this adipokine in this
pulmonary disorder. Moreover, it has been demonstrated that leptin has improved cytokine
production by lung fibroblasts [65], and MUC5AC production by IL-13 in human bronchial
epithelial cells [66], contributing to the worsening of asthma in obese individuals.

5. Conclusions

The results of this meta-analysis were largely limited by not only the lack of a con-
sensus to measure serum leptin among studies, but also the different sample sizes used in
every work, the different criteria used to classify the severity of asthmatic patients with
obesity, as well as the type of control individuals recruited, which included non-obese
patients with asthma and/or non-asthmatic subjects with different BMIs.

However, the results reveal the important role of leptin in the pathogenesis of asthma,
suggesting that this adipokine may activate signaling pathways to promote both the
inflammatory cascade and the parasympathetic system, which could negatively affect the
bronchial tone, thus producing bronchoconstriction and bronchial hyperresponsiveness. In
this sense, we strongly think that different preclinical studies should be performed to treat
overweight or obese mice with asthma, which could be helpful to control symptoms or even
achieve a complete remission of the disease. Some of these treatments could be therapies to
target leptin or its receptors, and may also be tested in clinical trials for asthmatic patients
with not only obesity, but also other leptin-related pathologies, including (but not limited
to) cardiovascular diseases, diabetes mellitus, or rheumatoid arthritis, which have already
been associated with asthma [67–69].

Author Contributions: Conception: V.S.-M., J.G.S.-C. and A.G.-B. Data extraction: H.S.-O., C.J.-C.
and J.P.N.-R. Analysis of Data: H.S.-O., C.J.-C., J.P.N.-R., J.G.S.-C. and A.G.-B. Writing draft: H.S.-O.
and C.J.-C. Revising and completing manuscript: V.S.-M., J.G.S.-C., A.G.-B., J.P.N.-R., C.J.-C. and
H.S.-O. All authors have read and agreed to the published version of the manuscript.

Funding: PAI (Plan Andaluz de Investigación) CTS-151 Junta de Andalucia (Spain).

Institutional Review Board Statement: Ethical review and approval was waived for this study since
it is a review article.

Informed Consent Statement: Not applicable since this study is a review article.

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

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



Int. J. Mol. Sci. 2023, 24, 546 11 of 13

Abbreviations

BMI Body mass index.
CA-CSS Critical appraisal of epidemiological cross-sectional studies.
FEV Forced expiratory volume.
FVC Force vital capacity.
Ig immunoglobulin.
IL Interleukin.
NOS Newcastle–Ottawa Scale.
Ob-R Leptin receptor.
TNF-a Tumor necrosis factor Alpha.

References
1. Mims, J.W. Asthma: Definitions and pathophysiology. Int. Forum Allergy Rhinol. 2015, 5 (Suppl. S1), S2–S6. [CrossRef] [PubMed]
2. Tepper, R.S.; Wise, R.S.; Covar, R.; Irvin, C.G.; Kercsmar, C.M.; Kraft, M.; Liu, M.C.; O'Connor, G.T.; Peters, S.P.; Sorkness, R.; et al.

Asthma outcomes: Pulmonary physiology. J. Allergy Clin. Immunol. 2012, 129, S65–S87. [CrossRef] [PubMed]
3. Stern, J.; Pier, J.; Litonjua, A.A. Asthma epidemiology and risk factors. Semin. Immunopathol. 2020, 42, 5–15. [CrossRef] [PubMed]
4. Castillo, J.R.; Peters, S.P.; Busse, W.W. Asthma Exacerbations: Pathogenesis, Prevention, and Treatment. J. Allergy Clin. Immunol.

Pract. 2017, 5, 918–927. [CrossRef]
5. Koya, T.; Ueno, H.; Hasegawa, T.; Arakawa, M.; Kikuchi, T. Management of Exercise-Induced Bronchoconstriction in Athletes.

J. Allergy Clin. Immunol. Pract. 2020, 8, 2183–2192. [CrossRef]
6. Oh, C.K.; Geba, G.P.; Molfino, N. Investigational therapeutics targeting the IL-4/IL-13/STAT-6 pathway for the treatment of

asthma. Eur. Respir. Rev. 2010, 19, 46–54. [CrossRef]
7. Galli, S.J.; Tsai, M. IgE and mast cells in allergic disease. Nat. Med. 2012, 18, 693–704. [CrossRef]
8. Mohanan, S.; Tapp, H.; McWilliams, A.; Dulin, M. Obesity and asthma: Pathophysiology and implications for diagnosis and

management in primary care. Exp. Biol. Med. 2014, 239, 1531–1540. [CrossRef]
9. Peters, U.; Dixon, A.E.; Forno, E. Obesity and asthma. J. Allergy Clin. Immunol. 2018, 141, 1169–1179. [CrossRef]
10. Borges, M.D.; Franca, E.L.; Fujimori, M.; Silva, S.M.C.; de Marchi, P.G.F.; Deluque, A.L.; Honorio-Franca, A.C.; de Abreu, L.C.

Relationship between Proinflammatory Cytokines/Chemokines and Adipokines in Serum of Young Adults with Obesity. Endocr.
Metab. Immune Disord. Drug Targets 2018, 18, 260–267. [CrossRef]

11. Perez-Perez, A.; Sanchez-Jimenez, F.; Vilarino-Garcia, T.; Sanchez-Margalet, V. Role of Leptin in Inflammation and Vice Versa. Int.
J. Mol. Sci. 2020, 21, 5887. [CrossRef] [PubMed]

12. Klok, M.D.; Jakobsdottir, S.; Drent, M.L. The role of leptin and ghrelin in the regulation of food intake and body weight in humans:
A review. Obes. Rev. 2007, 8, 21–34. [CrossRef] [PubMed]

13. Perez-Perez, A.; Sanchez-Jimenez, F.; Maymo, J.; Duenas, J.L.; Varone, C.; Sanchez-Margalet, V. Role of leptin in female
reproduction. Clin. Chem. Lab. Med. 2015, 53, 15–28. [CrossRef] [PubMed]

14. Perez-Perez, A.; Vilarino-Garcia, T.; Fernandez-Riejos, P.; Martin-Gonzalez, J.; Segura-Egea, J.J.; Sanchez-Margalet, V. Role of
leptin as a link between metabolism and the immune system. Cytokine Growth Factor Rev. 2017, 35, 71–84. [CrossRef] [PubMed]

15. Jimenez-Cortegana, C.; Lopez-Saavedra, A.; Sanchez-Jimenez, F.; Perez-Perez, A.; Castineiras, J.; Virizuela-Echaburu, J.A.; de la
Cruz-Merino, L.; Sanchez-Margalet, V. Leptin, Both Bad and Good Actor in Cancer. Biomolecules 2021, 11, 913. [CrossRef] [PubMed]

16. Jimenez-Cortegana, C.; Garcia-Galey, A.; Tami, M.; Del Pino, P.; Carmona, I.; Lopez, S.; Alba, G.; Sanchez-Margalet, V. Role of
Leptin in Non-Alcoholic Fatty Liver Disease. Biomedicines 2021, 9, 762. [CrossRef]

17. Fernandez-Riejos, P.; Najib, S.; Santos-Alvarez, J.; Martin-Romero, C.; Perez-Perez, A.; Gonzalez-Yanes, C.; Sanchez-Margalet, V.
Role of leptin in the activation of immune cells. Mediat. Inflamm. 2010, 2010, 568343. [CrossRef]

18. Zheng, H.; Zhang, X.; Castillo, E.F.; Luo, Y.; Liu, M.; Yang, X.O. Leptin Enhances TH2 and ILC2 Responses in Allergic Airway
Disease. J. Biol. Chem. 2016, 291, 22043–22052. [CrossRef]

19. Santos-Alvarez, J.; Goberna, R.; Sanchez-Margalet, V. Human leptin stimulates proliferation and activation of human circulating
monocytes. Cell Immunol. 1999, 194, 6–11. [CrossRef]

20. Martin-Romero, C.; Santos-Alvarez, J.; Goberna, R.; Sanchez-Margalet, V. Human leptin enhances activation and proliferation of
human circulating T lymphocytes. Cell Immunol. 2000, 199, 15–24. [CrossRef]

21. Atamas, S.P.; Chapoval, S.P.; Keegan, A.D. Cytokines in chronic respiratory diseases. F1000 Biol. Rep. 2013, 5, 3. [CrossRef] [PubMed]
22. Ribeiro, C.M.; Beserra, B.T.S.; Silva, N.G.; Lima, C.L.; Rocha, P.R.S.; Coelho, M.S.; Neves, F.A.R.; Amato, A.A. Exposure to

endocrine-disrupting chemicals and anthropometric measures of obesity: A systematic review and meta-analysis. BMJ Open 2020,
10, e033509. [CrossRef] [PubMed]

23. Berra, S.; Elorza-Ricart, J.M.; Estrada, M.D.; Sanchez, E. A tool (corrected) for the critical appraisal of epidemiological cross-
sectional studies. Gac. Sanit. 2008, 22, 492–497. [CrossRef] [PubMed]

24. Holguin, F.; Rojas, M.; Brown, L.A.; Fitzpatrick, A.M. Airway and plasma leptin and adiponectin in lean and obese asthmatics
and controls. J. Asthma 2011, 48, 217–223. [CrossRef]

http://doi.org/10.1002/alr.21609
http://www.ncbi.nlm.nih.gov/pubmed/26335832
http://doi.org/10.1016/j.jaci.2011.12.986
http://www.ncbi.nlm.nih.gov/pubmed/22386510
http://doi.org/10.1007/s00281-020-00785-1
http://www.ncbi.nlm.nih.gov/pubmed/32020334
http://doi.org/10.1016/j.jaip.2017.05.001
http://doi.org/10.1016/j.jaip.2020.03.011
http://doi.org/10.1183/09059180.00007609
http://doi.org/10.1038/nm.2755
http://doi.org/10.1177/1535370214525302
http://doi.org/10.1016/j.jaci.2018.02.004
http://doi.org/10.2174/1871530318666180131094733
http://doi.org/10.3390/ijms21165887
http://www.ncbi.nlm.nih.gov/pubmed/32824322
http://doi.org/10.1111/j.1467-789X.2006.00270.x
http://www.ncbi.nlm.nih.gov/pubmed/17212793
http://doi.org/10.1515/cclm-2014-0387
http://www.ncbi.nlm.nih.gov/pubmed/25014521
http://doi.org/10.1016/j.cytogfr.2017.03.001
http://www.ncbi.nlm.nih.gov/pubmed/28285098
http://doi.org/10.3390/biom11060913
http://www.ncbi.nlm.nih.gov/pubmed/34202969
http://doi.org/10.3390/biomedicines9070762
http://doi.org/10.1155/2010/568343
http://doi.org/10.1074/jbc.M116.743187
http://doi.org/10.1006/cimm.1999.1490
http://doi.org/10.1006/cimm.1999.1594
http://doi.org/10.3410/B5-3
http://www.ncbi.nlm.nih.gov/pubmed/23413371
http://doi.org/10.1136/bmjopen-2019-033509
http://www.ncbi.nlm.nih.gov/pubmed/32565448
http://doi.org/10.1157/13126932
http://www.ncbi.nlm.nih.gov/pubmed/19000532
http://doi.org/10.3109/02770903.2011.555033


Int. J. Mol. Sci. 2023, 24, 546 12 of 13

25. Baek, H.S.; Kim, Y.D.; Shin, J.H.; Kim, J.H.; Oh, J.W.; Lee, H.B. Serum leptin and adiponectin levels correlate with exercise-induced
bronchoconstriction in children with asthma. Ann. Allergy Asthma Immunol. 2011, 107, 14–21. [CrossRef]

26. Kilic, H.; Oguzulgen, I.K.; Bakir, F.; Turktas, H. Asthma in obese women: Outcomes and factors involved. J. Investig. Allergol. Clin.
Immunol. 2011, 21, 290–296.

27. Lessard, A.; St-Laurent, J.; Turcotte, H.; Boulet, L.P. Leptin and adiponectin in obese and non-obese subjects with asthma.
Biomarkers 2011, 16, 271–273. [CrossRef]

28. Naveed, B.; Weiden, M.D.; Kwon, S.; Gracely, E.J.; Comfort, A.L.; Ferrier, N.; Kasturiarachchi, K.J.; Cohen, H.W.; Aldrich, T.K.;
Rom, W.N.; et al. Metabolic syndrome biomarkers predict lung function impairment: A nested case-control study. Am. J. Respir.
Crit. Care Med. 2012, 185, 392–399. [CrossRef]

29. Aydin, M.; Koca, C.; Ozol, D.; Uysal, S.; Yildirim, Z.; Kavakli, H.S.; Yigitoglu, M.R. Interaction of metabolic syndrome with asthma
in postmenopausal women: Role of adipokines. Inflammation 2013, 36, 1232–1238. [CrossRef]

30. Abdul Wahab, A.; Maarafiya, M.M.; Soliman, A.; Younes, N.B.; Chandra, P. Serum Leptin and Adiponectin Levels in Obese and
Nonobese Asthmatic School Children in relation to Asthma Control. J. Allergy 2013, 2013, 654104. [CrossRef]

31. Tsaroucha, A.; Daniil, Z.; Malli, F.; Georgoulias, P.; Minas, M.; Kostikas, K.; Bargiota, A.; Zintzaras, E.; Gourgoulianis, K.I. Leptin,
adiponectin, and ghrelin levels in female patients with asthma during stable and exacerbation periods. J. Asthma 2013, 50, 188–197.
[CrossRef] [PubMed]

32. Muc, M.; Todo-Bom, A.; Mota-Pinto, A.; Vale-Pereira, S.; Loureiro, C. Leptin and resistin in overweight patients with and without
asthma. Allergol. Immunopathol. 2014, 42, 415–421. [CrossRef] [PubMed]

33. Mohammed, E.A.; Omar, M.M.; Hibah, N.A.A.; Essa, H.A. Study of serum leptin level in obese and nonobese asthmatic patients.
Egypt. J. Bronchol. 2015, 9, 118–124. [CrossRef]

34. Salah, A.; Ragab, M.; Mansour, W.; Taher, M. Leptin and adiponectin are valuable serum markers explaining obesity/bronchial
asthma interrelationship. Egypt. J. Chest Dis. Tuberc. 2015, 64, 529–533. [CrossRef]

35. Huang, F.; Del-Rio-Navarro, B.E.; Torres-Alcantara, S.; Perez-Ontiveros, J.A.; Ruiz-Bedolla, E.; Saucedo-Ramirez, O.J.; Villafana, S.;
Sanchez Munoz, F.; Bravo, G.; Hong, E. Adipokines, asymmetrical dimethylarginine, and pulmonary function in adolescents with
asthma and obesity. J. Asthma 2017, 54, 153–161. [CrossRef]

36. Nasiri Kalmarzi, R.; Ataee, P.; Mansori, M.; Moradi, G.; Ahmadi, S.; Kaviani, Z.; Khalafi, B.; Kooti, W. Serum levels of adiponectin
and leptin in asthmatic patients and its relation with asthma severity, lung function and BMI. Allergol. Immunopathol. 2017,
45, 258–264. [CrossRef]

37. Li, Z.; Leynaert, B.; Dumas, O.; Diaz Gil, O.; Garcia-Aymerich, J.; Fito Colomer, M.; Le Moual, N.; Pison, C.; Romieu, I.; Siroux,
V.; et al. Role of Leptin in the Association Between Body Adiposity and Persistent Asthma: A Longitudinal Study. Obesity 2019,
27, 894–898. [CrossRef]

38. O'Rourke, R.W.; Johnson, G.S.; Purnell, J.Q.; Courcoulas, A.P.; Dakin, G.F.; Garcia, L.; Hinojosa, M.; Mitchell, J.E.; Pomp, A.;
Pories, W.J.; et al. Serum biomarkers of inflammation and adiposity in the LABS cohort: Associations with metabolic disease and
surgical outcomes. Int. J. Obes. 2019, 43, 285–296. [CrossRef]

39. Hsu, J.; Chen, J.; Mirabelli, M.C. Asthma Morbidity, Comorbidities, and Modifiable Factors Among Older Adults. J. Allergy Clin.
Immunol. Pract. 2018, 6, 236–243.e23. [CrossRef]

40. Abdelaal, M.; le Roux, C.W.; Docherty, N.G. Morbidity and mortality associated with obesity. Ann. Transl. Med. 2017,
5, 161. [CrossRef]

41. Pite, H.; Aguiar, L.; Morello, J.; Monteiro, E.C.; Alves, A.C.; Bourbon, M.; Morais-Almeida, M. Metabolic Dysfunction and Asthma:
Current Perspectives. J. Asthma Allergy 2020, 13, 237–247. [CrossRef] [PubMed]

42. Mangova, M.; Lipek, T.; Vom Hove, M.; Korner, A.; Kiess, W.; Treudler, R.; Prenzel, F. Obesity-associated asthma in childhood.
Allergol. Sel. 2020, 4, 76–85. [CrossRef] [PubMed]

43. Gomez-Llorente, M.A.; Martinez-Canavate, A.; Chueca, N.; Rico, M.C.; Romero, R.; Anguita-Ruiz, A.; Aguilera, C.M.; Gil-Campos,
M.; Mesa, M.D.; Khakimov, B.; et al. A Multi-Omics Approach Reveals New Signatures in Obese Allergic Asthmatic Children.
Biomedicines 2020, 8, 359. [CrossRef] [PubMed]

44. Vassiliou, A.G.; Vitsas, V.; Kardara, M.; Keskinidou, C.; Michalopoulou, P.; Rovina, N.; Dimopoulou, I.; Orfanos, S.E.; Tsoukalas,
G.; Koutsoukou, A.; et al. Study of inflammatory biomarkers in COPD and asthma exacerbations. Adv. Respir. Med. 2020,
88, 558–566. [CrossRef]

45. Watanabe, K.; Suzukawa, M.; Kawauchi-Watanabe, S.; Igarashi, S.; Asari, I.; Imoto, S.; Tashimo, H.; Fukami, T.; Hebisawa, A.;
Tohma, S.; et al. Leptin-producing monocytes in the airway submucosa may contribute to asthma pathogenesis. Respir. Investig.
2022, in press. [CrossRef]

46. Vollmer, C.M.; Dias, A.S.O.; Lopes, L.M.; Kasahara, T.M.; Delphim, L.; Silva, J.C.C.; Lourenco, L.P.; Goncalves, H.C.; Linhares,
U.C.; Gupta, S.; et al. Leptin favors Th17/Treg cell subsets imbalance associated with allergic asthma severity. Clin. Transl. Allergy
2022, 12, e12153. [CrossRef]

47. Chong, L.; Li, H.; Zhu, L.; Yu, G. Regulatory effect of mitoQ on the mtROS-NLRP3 inflammasome pathway in leptin-pretreated
BEAS-2 cells. Exp. Ther. Med. 2021, 21, 466. [CrossRef]

48. Zhang, L.; Yin, Y.; Zhang, H.; Zhong, W.; Zhang, J. Association of asthma diagnosis with leptin and adiponectin: A systematic
review and meta-analysis. J. Investig. Med. 2017, 65, 57–64. [CrossRef]

http://doi.org/10.1016/j.anai.2011.03.013
http://doi.org/10.3109/1354750X.2010.550013
http://doi.org/10.1164/rccm.201109-1672OC
http://doi.org/10.1007/s10753-013-9660-9
http://doi.org/10.1155/2013/654104
http://doi.org/10.3109/02770903.2012.747101
http://www.ncbi.nlm.nih.gov/pubmed/23259727
http://doi.org/10.1016/j.aller.2013.03.004
http://www.ncbi.nlm.nih.gov/pubmed/23648099
http://doi.org/10.4103/1687-8426.158038
http://doi.org/10.1016/j.ejcdt.2015.02.012
http://doi.org/10.1080/02770903.2016.1200611
http://doi.org/10.1016/j.aller.2016.09.004
http://doi.org/10.1002/oby.22466
http://doi.org/10.1038/s41366-018-0088-z
http://doi.org/10.1016/j.jaip.2017.06.007
http://doi.org/10.21037/atm.2017.03.107
http://doi.org/10.2147/JAA.S208823
http://www.ncbi.nlm.nih.gov/pubmed/32801785
http://doi.org/10.5414/ALX02178E
http://www.ncbi.nlm.nih.gov/pubmed/33134805
http://doi.org/10.3390/biomedicines8090359
http://www.ncbi.nlm.nih.gov/pubmed/32961859
http://doi.org/10.5603/ARM.a2020.0188
http://doi.org/10.1016/j.resinv.2022.09.005
http://doi.org/10.1002/clt2.12153
http://doi.org/10.3892/etm.2021.9897
http://doi.org/10.1136/jim-2016-000127


Int. J. Mol. Sci. 2023, 24, 546 13 of 13

49. Chang, W.S.; Do, J.H.; Kim, K.P.; Kim, Y.S.; Lee, S.H.; Yoon, D.; Kim, E.J.; Lee, J.K. The association of plasma cytokines including
VEGF with recurrent wheezing in allergic patients. Asian Pac. J. Allergy Immunol. 2022, 40, 47–54. [CrossRef]

50. Nadif, R.; Febrissy, M.; Andrianjafimasy, M.V.; Le Moual, N.; Gormand, F.; Just, J.; Pin, I.; Siroux, V.; Matran, R.; Dumas, O.; et al.
Endotypes identified by cluster analysis in asthmatics and non-asthmatics and their clinical characteristics at follow-up: The
case-control EGEA study. BMJ Open Respir. Res. 2020, 7, e000632. [CrossRef]

51. Baltieri, L.; Cazzo, E.; de Souza, A.L.; Alegre, S.M.; de Paula Vieira, R.; Antunes, E.; de Mello, G.C.; Claudio Martins, L.; Chaim,
E.A. Influence of weight loss on pulmonary function and levels of adipokines among asthmatic individuals with obesity: One-year
follow-up. Respir. Med. 2018, 145, 48–56. [CrossRef] [PubMed]

52. Ying, X.; Lin, J.; Yuan, S.; Pan, C.; Dong, W.; Zhang, J.; Zhang, L.; Lin, J.; Yin, Y.; Wu, J. Comparison of Pulmonary Function
and Inflammation in Children/Adolescents with New-Onset Asthma with Different Adiposity Statuses. Nutrients 2022, 14.
[CrossRef] [PubMed]

53. Bantula, M.; Tubita, V.; Roca-Ferrer, J.; Mullol, J.; Valero, A.; Bobolea, I.; Pascal, M.; de Hollanda, A.; Vidal, J.; Picado, C.; et al.
Differences in Inflammatory Cytokine Profile in Obesity-Associated Asthma: Effects of Weight Loss. J. Clin. Med. 2022, 11.
[CrossRef] [PubMed]

54. Cundrle, I., Jr.; Somers, V.K.; Singh, P.; Johnson, B.D.; Scott, C.G.; Olson, L.J. Sex differences in leptin modulate ventilation in heart
failure. Heart Lung 2017, 46, 187–191. [CrossRef]

55. Chun, K.A.; Kocarnik, J.M.; Hardikar, S.S.; Robinson, J.R.; Berndt, S.I.; Chan, A.T.; Figueiredo, J.C.; Lindor, N.M.; Song, M.; Schoen,
R.E.; et al. Leptin gene variants and colorectal cancer risk: Sex-specific associations. PLoS ONE 2018, 13, e0206519. [CrossRef]

56. Sood, A.; Ford, E.S.; Camargo, C.A., Jr. Association between leptin and asthma in adults. Thorax 2006, 61, 300–305. [CrossRef]
57. Castro-Rodriguez, J.A.; Forno, E.; Casanello, P.; Padilla, O.; Krause, B.J.; Uauy, R. Leptin in Cord Blood Associates with Asthma

Risk at Age 3 in the Offspring of Women with Gestational Obesity. Ann. Am. Thorac. Soc. 2020, 17, 1583–1589. [CrossRef]
58. Sutherland, T.J.; Sears, M.R.; McLachlan, C.R.; Poulton, R.; Hancox, R.J. Leptin, adiponectin, and asthma: Findings from a

population-based cohort study. Ann. Allergy Asthma Immunol. 2009, 103, 101–107. [CrossRef]
59. Maffeis, L.; Agostoni, C.V.; Marafon, D.P.; Terranova, L.; Giavoli, C.; Milani, G.P.; Lelii, M.; Madini, B.; Marchisio, P.; Pa-

tria, M.F. Cytokines Profile and Lung Function in Children with Obesity and Asthma: A Case Control Study. Children 2022,
9, 1462. [CrossRef]

60. Machado, M.E.; Porto, L.C.; Alves Galvao, M.G.; Sant’Anna, C.C.; Lapa, E.S.J.R. SNPs, adipokynes and adiposity in children with
asthma. J. Asthma 2022, 1–11. [CrossRef]

61. Shore, S.A.; Schwartzman, I.N.; Mellema, M.S.; Flynt, L.; Imrich, A.; Johnston, R.A. Effect of leptin on allergic airway responses in
mice. J. Allergy Clin. Immunol. 2005, 115, 103–109. [CrossRef]

62. Kurokawa, A.; Kondo, M.; Arimura, K.; Ashino, S.; Tagaya, E. Less airway inflammation and goblet cell metaplasia in an
IL-33-induced asthma model of leptin-deficient obese mice. Respir. Res. 2021, 22, 166. [CrossRef] [PubMed]

63. Zheng, H.; Wu, D.; Wu, X.; Zhang, X.; Zhou, Q.; Luo, Y.; Yang, X.; Chock, C.J.; Liu, M.; Yang, X.O. Leptin Promotes Allergic
Airway Inflammation through Targeting the Unfolded Protein Response Pathway. Sci. Rep. 2018, 8, 8905. [CrossRef] [PubMed]

64. Han, W.; Li, J.; Tang, H.; Sun, L. Treatment of obese asthma in a mouse model by simvastatin is associated with improving
dyslipidemia and decreasing leptin level. Biochem. Biophys. Res. Commun. 2017, 484, 396–402. [CrossRef] [PubMed]

65. Watanabe, K.; Suzukawa, M.; Arakawa, S.; Kobayashi, K.; Igarashi, S.; Tashimo, H.; Nagai, H.; Tohma, S.; Nagase, T.; Ohta, K.
Leptin enhances cytokine/chemokine production by normal lung fibroblasts by binding to leptin receptor. Allergol. Int. 2019,
68S, S3–S8. [CrossRef]

66. Hao, W.; Wang, J.; Zhang, Y.; Wang, Y.; Sun, L.; Han, W. Leptin positively regulates MUC5AC production and secretion induced
by interleukin-13 in human bronchial epithelial cells. Biochem. Biophys. Res. Commun. 2017, 493, 979–984. [CrossRef]

67. Xu, M.; Xu, J.; Yang, X. Asthma and risk of cardiovascular disease or all-cause mortality: A meta-analysis. Ann. Saudi Med. 2017,
37, 99–105. [CrossRef]

68. Torres, R.M.; Souza, M.D.S.; Coelho, A.C.C.; de Mello, L.M.; Souza-Machado, C. Association between Asthma and Type 2 Diabetes
Mellitus: Mechanisms and Impact on Asthma Control-A Literature Review. Can. Respir. J. 2021, 2021, 8830439. [CrossRef]

69. Sheen, Y.H.; Rolfes, M.C.; Wi, C.I.; Crowson, C.S.; Pendegraft, R.S.; King, K.S.; Ryu, E.; Juhn, Y.J. Association of Asthma with
Rheumatoid Arthritis: A Population-Based Case-Control Study. J. Allergy Clin. Immunol. Pract. 2018, 6, 219–226. [CrossRef]

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.

http://doi.org/10.12932/AP-070219-0488
http://doi.org/10.1136/bmjresp-2020-000632
http://doi.org/10.1016/j.rmed.2018.10.017
http://www.ncbi.nlm.nih.gov/pubmed/30509716
http://doi.org/10.3390/nu14142968
http://www.ncbi.nlm.nih.gov/pubmed/35889925
http://doi.org/10.3390/jcm11133782
http://www.ncbi.nlm.nih.gov/pubmed/35807067
http://doi.org/10.1016/j.hrtlng.2017.01.008
http://doi.org/10.1371/journal.pone.0206519
http://doi.org/10.1136/thx.2004.031468
http://doi.org/10.1513/AnnalsATS.202001-080OC
http://doi.org/10.1016/S1081-1206(10)60161-5
http://doi.org/10.3390/children9101462
http://doi.org/10.1080/02770903.2022.2077218
http://doi.org/10.1016/j.jaci.2004.10.007
http://doi.org/10.1186/s12931-021-01763-3
http://www.ncbi.nlm.nih.gov/pubmed/34074279
http://doi.org/10.1038/s41598-018-27278-4
http://www.ncbi.nlm.nih.gov/pubmed/29891850
http://doi.org/10.1016/j.bbrc.2017.01.135
http://www.ncbi.nlm.nih.gov/pubmed/28131832
http://doi.org/10.1016/j.alit.2019.04.002
http://doi.org/10.1016/j.bbrc.2017.09.106
http://doi.org/10.5144/0256-4947.2017.99
http://doi.org/10.1155/2021/8830439
http://doi.org/10.1016/j.jaip.2017.06.022

	Background 
	Material and Methods 
	Search Strategy 
	Inclusion Criteria 
	Exclusion Criteria 
	Quality Evaluation 
	Data Extraction 
	Statistical Analysis 

	Results 
	Included Studies 
	Heterogeneity 
	Sensitivity 
	Leptin Data without BMI 
	Leptin Data with BMI 

	Asymmetry 

	Discussion 
	Conclusions 
	References

