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Highlights:
What are the main findings?

• This study showed reduced adipolin serum levels as a pro-inflammatory molecule in COPD patients.
• Serum adipolin levels correlate with serum levels of IL-6, exercise capacity (based on mMRC

dyspnea score) and Quality of life (based on CAT score).

What is the implication of the main finding?

• Imbalance in the serum levels of pro-inflammatory and anti-inflammatory markers in COPD patients.
• Correlation between pro-inflammatory and anti-inflammatory markers with disease severity

and Quality of Life in COPD patients.

Abstract: Objective(s): One of the adipokines that have insulin-sensitizing properties is adipolin,
whose reduced levels have been reported in obesity, oxidative stress, and inflammation. The present
study investigated serum interleukin-6 (IL-6) and adipolin levels in chronic obstructive pulmonary
disease (COPD) patients. Method: A control case study included 60 COPD patients and 30 healthy
subjects in the research and measured adipolin and IL-6 serum levels. In addition, serum adipolin
levels in COPD patients were assessed according to the GOLD grade. The relationship between
serum adipolin levels and study variables were also analyzed. Results: The results showed reduced
adipolin levels in COPD patients compared with healthy individuals (p < 0.001). Furthermore,
increased levels of IL-6 were evident in the COPD group compared to the control group (p < 0.001).
Adipolin serum levels were positively correlated with PFTs and negatively correlated with IL-6 levels.
Conclusion: Decreased adipolin levels enhanced disease severity in COPD patients. It seems that the
existence of a significant relationship between adipolin and IL-6 may indicate the role of adipolin in
the pathophysiology of COPD.
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1. Introduction

Chronic obstructive pulmonary disease (COPD) is one of the significant global health
risks, significantly increasing worldwide [1]. Chronic inflammation of lung airways and
parenchyma is a major feature of COPD [2,3]. Although lung inflammation in patients with
COPD has been extensively studied, it is not yet clear whether inflammation is associated
with disease progression, response to various therapies, and/or clinical outcomes [4]. In
COPD patients, systemic inflammation occurs in addition to severe airway inflammation [4].
Various inflammatory markers and cytokines play a key role in systemic inflammation, such
as C-reactive protein (CRP), fibrinogen, interleukin (IL)-8, IL-6, α1-antitrypsin, erythrocyte
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sedimentation rate, and myeloperoxidase [5]. The role of adipokines secreted from adipose
tissue in the pathophysiology of asthma and COPD has also been reported [6–8].

Adipokines are signaling molecules with anti-inflammatory and pro-inflammatory
effects that act in an endocrine and paracrine manner [9]. Various studies have reported
that adipokines can mediate many physiological changes through interactions with adi-
pose tissue, muscles, the nervous system, and immune cells [10]. There is extensive
evidence that various adipokines, such as resistin, adiponectin, visfatin, leptin, and fatty
acid-binding-protein-4, participate in chronic inflammatory diseases, namely asthma, car-
diovascular diseases (CVD), and COPD [11–13]. Adipolin (CTRP12) is highly expressed in
adipocytes [14]. Adipolin has been demonstrated as an insulin-sensitizing adipokine with
decreased serum levels in inflammatory disorders [15]. In obese mice, adipolin systemic
administration improved glucose tolerance, proinflammatory gene expression, insulin
sensitivity, and macrophage infiltration [15]. In vitro studies have also shown the inhibitory
effects of adipolin on the expression of proinflammatory genes (such as TNF-α, IL-1β,
and monocyte chemoattractant protein-1 (MCP-1)) [16]. Furthermore, recent evidence has
demonstrated that serum adipolin levels decrease in type 2 diabetes, CVDs, and polycystic
ovary syndrome (PCOS) disorders [16–18]. In addition, the administration of metformin
significantly increases serum adipolin levels in PCOS [19]. Babapour et al. reported that
in coronary artery disease (CAD) patients, there was a significant negative relationship
between adipolin and troponin-T, the Gensini score, epicardial fat thickness, CK-MB, and
some echocardiographic findings [17].

As mentioned, adipokines have been shown to play an important role in chronic
diseases, such as COPD. However, the role of adipolin as an adipokine in COPD patients is
not clear. Additionally, considering that there is a significant relationship between adipolin
levels and some inflammatory markers, its relationship with IL-6 is not known. Therefore,
the aim of the present study was to evaluate the serum level of adipolin in patients with
COPD in the stable and acute exacerbation phases, as well as in healthy subjects. This study
also investigated the association between serum levels of adipolin and lung function test
findings and health status using the COPD assessment test (CAT score).

2. Methods

In this prospective cohort study, 90 male individuals were selected and divided into
30 healthy individuals (control) and 60 patients diagnosed with COPD. The sample size was
selected based on the results of a previous study [17]. Exclusion criteria for the patients were
surgery, pulmonary disorders other than COPD, autoimmune disorders, cancer, chronic
renal failure, diabetes, cardiac ischemia, and infectious diseases.

COPD patients were enrolled in the Department of Respiratory Medicine, and other
clinics referred healthy individuals with normal spirometry. COPD diagnosis was consistent
with the Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria [20]. All
of the patients received their medications based on GOLD criteria and no other extra
medications, such as oral corticosteroid, were prescribed.

Pulmonary function and biochemical tests were performed for control and COPD
groups on the same day. Disease severity in COPD patients was determined using GOLD
grade. Applied CAT scores were used to evaluate the quality of life and the modified
Medical Research Council (mMRC) to assess shortness of breath [21]. An amount of 3 to
5 cc was taken in blood samples from all participants to measure IL-6 and adipolin serum
levels. After separating the serums, they were kept in microtubes at −70 ◦C until analyzed.
Used ELISA kits (Crystal Day, Hong Kong, China) to determine biochemical parameters
(IL-6 and adipolin). The absorption was determined with the microplate absorbance reader
at 450 nm. The lower detection limit was 2 pg/mL for adipolin (coefficients of variation;
intra-assay: 10%, inter-assay: 12%).
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Statistical Analysis

Data are reported as mean ± standard deviation (SD). A t-test was used to determine
the differences between two groups. Correlation coefficients were assessed using the
Spearman rank order test. Multivariate regression analyses were performed using adipolin
as the dependent variable and IL-6, FEV1, smoking history (pack/year), and SpO2 as
independent variables. Statistical significance was considered at p < 0.05. Used SPSS 21 for
statistical analyses.

3. Results

Mean body mass index (BMI) and age were not significantly different between COPD
and control groups. The pulmonary function test analysis showed that the rates of FEV1,
FVC, and the FEV1/FVC ratio in the COPD patients were significantly lower than in the
healthy subjects (p < 0.001 for all) (Table 1).

Table 1. Baseline characteristics of patients with COPD and control subjects.

Parameters Control Group
(n = 30)

COPD Group
(n = 60) p-Value

Mean age (year) 56.40 ± 6.29 58.92 ± 6.22 0.099
Body mass index (kg/m2) 26.73 ± 3.88 24.72 ± 4.79 0.051

Smoking history (pack/year) 13.03 ± 13.61 38.83 ± 25.34 0.000
Pulmonary function test:

FEV1 (% of predicted) 89.06 ± 7.60 43.82 ± 20.59 0.000
FVC (% of predicted) 85.50 ± 8.79 58.71 ± 22.42 0.000

FEV1/FVC 83.65 ± 5.89 59.43 ± 11.69 0.000
Adipolin (ng/mL) 8.88 ± 5.59 5.28 ± 1.28 0.001
Adjusted adipolin 8.89 ± 0.34 5.28 ± 0.61 0.000

IL-6 (ng/mL) 54.56 ± 10.47 87.71 ± 52.92 0.001
Adjusted IL-6 52.22 ± 14.09 88.41 ± 30.86 0.000

Data are presented as mean ± SD. FEV1: forced expiratory volume in 1 s, FVC: forced volume capacity, IL-6:
interleukin 6.

Adipolin serum levels in the healthy group (8.88 ± 5.59) were significantly higher than
in the COPD group (5.28 ± 1.28, p < 0.001) (Table 1). Moreover, the differences remained
significant after adjusting the study groups’ adipolin results for BMI, age, and smoking
history (Table 1). Elevated levels of IL-6 were also significantly seen in COPD patients
(p < 0.001).

GOLD grade results identified that marked difference between stages I-II and III-IV in
relation to smoking history (p < 0.001), SpO2 (p < 0.001), mMRC (p < 0.001), FEV1 (p < 0.001),
CAT score (p < 0.001), and IL-6 (p < 0.01, Table 2). Based on the GOLD grade, it was revealed
that adipolin levels in GOLD III-IV were marginally significant compared to GOLD I-II.
(p = 0.056, Figure 1).
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Table 2. GOLD groups and baseline characteristics of the study population.

Variables GOLD I-II GOLD III-IV p-Value

Number 22 38

Age (year) 58.41 ± 6.55 59.21 ± 6.10 0.642

BMI (kg/m2) 24.53 ± 3.84 24.83 ± 5.31 0.817

Smoking (pack per year) 21 (20–40) 38 (28–60) 0.008

CAT score 13 (9–15) 27 (22–29) 0.000

mMRC 2 (1–2) 3 (2–3) 0.000

IL-6 (ng/mL) 62.81 ± 10.56 102.13 ± 61.82 0.005

Adipolin (ng/mL) 5.69 ± 1.63 5.04 ± 0.96 0.056
Data are depicted as mean ± SD or median (25–75th percentiles). GOLD: the Global Initiative for Chronic Ob-
structive Lung Disease, COPD: chronic obstructive pulmonary disease, BMI: body mass index, IL-6: interleukin-6,
CAT: COPD Assessment Test, mMRC: modified medical research council.

Relationship of Serum Levels of Adipolin and IL-6 with the Study Parameters

Parameters that had a significant positive correlation with serum adipolin levels were
FEV1% predicted (p < 0.001), FVC (p < 0.001), FEV1/FVC ratio (p < 0.01), and SpO2 (p < 0.01).
On the other hand, serum adipolin levels were negatively correlated with smoking history,
IL-6, mMRC, and CAT score (Figure 2). Furthermore, significant relationships between IL-6
levels and FEV1 (r = −0.634, p < 0.001), FVC (r = −0.534, p < 0.001), FEV1/FVC (r = −547,
p < 0.001), SpO2 (r = −0.620, p < 0.001), mMRC (r = 0.629, p < 0.001), smoking history
(r = 0.547, p < 0.001), and CAT score (r = 0.419, p < 0.01) were observed.
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Multiple regression tests revealed that among the variables, smoking history (pack/year),
FEV1, IL-6, and CAT score, only FEV1% predicted (p < 0.05) was used as a predictor of adipolin
levels (Table 3).

Table 3. Multivariate analysis between adipolin and study parameters.

Adipolin

B 95% CI for B p-Value

FEV1 0.544 0.009–0.058 0.008

cigarette history (pack/year) 0.117 −0.010–0.022 0.459

IL-6 0.045 −0.007–0.009 0.781

CAT score 0.031 −0.056–0.066 0.873
B represents the unstandardized coefficient. CI: confidence intervals, FEV1: forced expiratory volume in 1 s, IL-6:
interleukin-6.

4. Discussion

The results showed significantly reduced adipolin serum levels in COPD patients
compared with healthy subjects for the first time. It was also found that the serum level
of adipolin was significantly associated with parameters such as FEV1, smoking history,
mMRC, CAT score, and IL-6. Moreover, multiple regression analysis revealed that only
FEV1 was independently predicted from adipolin serum levels.

In human and animal studies, it has been identified that in inflammatory disorders,
such as diabetes, CVDs, non-alcoholic fatty liver, and metabolic syndrome, there is a dis-
ruption in serum and gene expression levels of CTRP family members [17,22–24]. Adipolin
(CRTP12) is an adipocytokine with insulin-sensitizing properties, primarily expressed in
adipose tissue [25]. In patients with COPD and asthma, it has been shown that adipokines
play a crucial role in generating chronic low-grade inflammation [2]. Decreased adipolin
levels have been reported in CVDs, PCOS, and type 2 diabetes [17]. For the first time, the
current study results demonstrated reduction in adipolin serum levels in the COPD group
compared with healthy individuals. Furthermore, the results showed a significant negative
correlation between adipolin and IL-6 levels.

It has been determined that types of inflammatory cells, namely macrophages, play a
crucial role in COPD pathophysiology [2]. Macrophages are an important source of various
cytokines, i.e., TNF-α and IL-6, which, by activating macrophages, induce adipokines
secretion [2]. Enomoto et al. experimentally demonstrated that the upregulation of adipolin
mediated by adenovirus led to reduced recruitment of macrophages and suppressed ex-
pression levels of MCP-1, TNF-α, and IL-1β [25]. They also reported that the upregulation
of MCP-1, IL-1β, and TNF-α induced by lipopolysaccharides (LPS) was significantly re-
duced by adipolin [25]. In addition, Tan et al. reported a significant negative association
between adipolin and C-reactive protein [19]. Furthermore, Fadaei et al., in patients with
coronary artery diseases, identified a negative relationship between adipolin levels and
proinflammatory markers such as TNF-α and IL-6 [18]. The present study results also
revealed a negative association between adipolin and IL-6 in COPD patients. Considering
that in animal studies [25] a decreased level of adipolin has been reported in an inflam-
matory environment, it is possible, at least in part, to infer that the presence of chronic
inflammatory conditions in COPD patients affects the reduced serum levels of adipolin,
which should be further investigated.

Decreased adipolin serum levels in the current study were also associated with the
severity of the diseases. It was revealed that adipolin levels in GOLD III-IV were marginally
significant compared to GOLD I-II. Perhaps the lack of significance was due to the small
sample size, which requires additional studies. According to the study results, the negative
relationship between adipolin and IL-6 may indicate the existence of a complex regulatory
system that affects the severity of the disease.
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Although the exact pathophysiological mechanism of adipolin in COPD patients is
not clear, the anti-inflammatory effects of adiploin can be deduced from previous studies.
Animal and human studies have demonstrated that adiponectin levels (part of CTRP
family) are negatively correlated with disease severity of COPD and asthma patients [26].
Most findings indicate that the role of adiponectin in inflammatory processes is inhibition
of proinflammatory markers (such as VCAM-1, ICAM-1, IL-6, NF-kB, and TNF-α,) or
promotion of anti-inflammatory mediators (such as IL-10) [27,28]. Some contradictory
results have been reported about serum levels of adiponectin in human studies. Therefore,
for a solid understanding, further investigations are needed to justify the role of the CTRP
family in COPD patients [26,29].

A significant negative correlation between adipolin and health assessment criteria and
the mMRC scale in COPD group was also revealed. The activity level of patients with COPD
is significantly reduced, which is more pronounced in the late stages of the disease [30].
Although the primary mechanism of the decrease of activity in COPD patients is unknown,
an increase in IL-6, CRP, and fibrinogen has been implicated in this mechanism [31].
Decreased adipolin and elevated IL-6 levels in the upper GOLD grade of the disease may
indicate the role of systemic inflammation in the health status of COPD patients.

The limitations of this study can be summarized as follows: we did not look into the
impact of gender on serum adipolin levels. High serum adipolin levels have been reported
in women compared to men [18]. Moreover, the protective effects of adipolin have been
demonstrated in various studies against inflammatory markers. Evaluating the impact
of adipolin on inflammatory responses in COPD patients seems useful. A large sample
size study could also be significant in more accurately assessing serum adipolin levels in
COPD patients.

5. Conclusions

The current study showed the reduced adipolin serum levels in COPD patients for
the first time. Moreover, the results indicated a correlation between adipolin and FEV1,
IL-6, mMRC, SpO2, and CAT scores. Decreased adipolin levels, and their correlation with
IL-6, appear to have contributed to the pathogenesis of the disease through changes in
inflammatory conditions, which requires further study.

Author Contributions: M.R.A. and H.G.: proposal writing, literature search, data collection, inter-
pretation of data, analysis of data, manuscript preparation, and manuscript review. M.A. and F.M.:
data collection, data analysis, preparation of draft, manuscript review. All authors have read and
agreed to the published version of the manuscript.

Funding: The current study was funded by Ardabil University of Medical sciences, Ardabil, Iran.

Institutional Review Board Statement: This study was performed in accordance with the Declara-
tion of Helsinki and approved by the ethics committee of Ardabil University of Medical Sciences
(No. IR.ARUMS.REC.1398.202).

Informed Consent Statement: Written informed consent to participate in the study was obtained
from all participants.

Data Availability Statement: All data are available whenever needed through the corresponding author.

Acknowledgments: The authors thank the staff of the Spirometry Clinic.

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

References
1. Barnes, P.J. Inflammatory mechanisms in patients with chronic obstructive pulmonary disease. J. Allergy Clin. Immunol. 2016, 138,

16–27. [CrossRef] [PubMed]
2. Barnes, P.J. Cellular and molecular mechanisms of asthma and COPD. Clin. Sci. 2017, 131, 1541–1558. [CrossRef] [PubMed]
3. Ghobadi, H.; Mokhtari, S.; Aslani, M.R. Serum levels of visfatin sirtuin 1 and interleukin 6 in stable and acute exacerbation of

chronic obstructive pulmonary disease. J. Res. Med. Sci. 2021, 26, 17. [PubMed]

http://doi.org/10.1016/j.jaci.2016.05.011
http://www.ncbi.nlm.nih.gov/pubmed/27373322
http://doi.org/10.1042/CS20160487
http://www.ncbi.nlm.nih.gov/pubmed/28659395
http://www.ncbi.nlm.nih.gov/pubmed/34084196


Adv. Respir. Med. 2022, 90 397

4. Moghoofei, M.; Jamalkandi, S.A.; Moein, M.; Salimian, J.; Ahmadi, A. Bacterial infections in acute exacerbation of chronic
obstructive pulmonary disease: A systematic review and meta-analysis. Infection 2020, 48, 19–35. [CrossRef]

5. Wouters, E.F.; Groenewegen, K.H.; Dentener, M.A.; Vernooy, J.H. Systemic inflammation in chronic obstructive pulmonary
disease: The role of exacerbations. Proc. Am. Thorac. Soc. 2007, 4, 626–634. [CrossRef] [PubMed]

6. Aslani, M.R.; Ghobadi, H.; Panahpour, H.; Ahmadi, M.; Khaksar, M.; Heidarzadeh, M. Modification of lung endoplasmic reticulum
genes expression and NF-kB protein levels in obese ovalbumin-sensitized male and female rats. Life Sci. 2020, 247, 117446. [CrossRef]

7. Aslani, M.R.; Sharghi, A.; Boskabady, M.H.; Ghobadi, H.; Keyhanmanesh, R.; Alipour, M.R.; Ahmadi, M.; Saadat, S.;
Naghizadeh, P. Altered gene expression levels of IL-17/TRAF6/MAPK/USP25 axis and pro-inflammatory cytokine levels in
lung tissue of obese ovalbumin-sensitized rats. Life Sci. 2022, 296, 120425. [CrossRef]

8. Ouchi, N.; Parker, J.L.; Lugus, J.J.; Walsh, K. Adipokines in inflammation and metabolic disease. Nat. Rev. Immunol. 2011, 11,
85–97. [CrossRef]

9. Withers, S.B.; Dewhurst, T.; Hammond, C.; Topham, C.H. MiRNAs as novel adipokines: Obesity-related circulating MiRNAs
influence chemosensitivity in cancer patients. Non-Coding RNA 2020, 6, 5. [CrossRef] [PubMed]

10. Withers, S.B.; Forman, R.; Meza-Perez, S.; Sorobetea, D.; Sitnik, K.; Hopwood, T.; Lawrence, C.B.; Agace, W.W.; Else, K.J.;
Heagerty, A.M.; et al. Eosinophils are key regulators of perivascular adipose tissue and vascular functionality. Sci. Rep.
2017, 7, 44571. [CrossRef]

11. Akhavanakbari, G.; Babapour, B.; Alipour, M.R.; Keyhanmanesh, R.; Ahmadi, M.; Aslani, M.R. Effect of high fat diet on NF-кB
microRNA146a negative feedback loop in ovalbumin-sensitized rats. Biofactors 2019, 45, 75–84. [CrossRef] [PubMed]

12. Aslani, M.R.; Ghazaei, Z.; Ghobadi, H. Correlation of serum fatty acid binding protein-4 and interleukin-6 with airflow limitation
and quality of life in stable and acute exacerbation of COPD. Turk. J. Med. Sci. 2020, 50, 337–345. [CrossRef] [PubMed]

13. Ghobadi, H.; Alipour, M.R.; Keyhanmanesh, R.; Boskabady, M.H.; Aslani, M.R. Effect of High-fat Diet on Tracheal Responsiveness
to Methacholine and Insulin Resistance Index in Ovalbumin-sensitized Male and Female Rats. Iran J. Allergy Asthma Immunol.
2019, 18, 48–61. [CrossRef] [PubMed]

14. Wong, G.W.; Wang, J.; Hug, C.; Tsao, T.-S.; Lodish, H.F. A family of Acrp30/adiponectin structural and functional paralogs. Proc.
Natl. Acad. Sci. USA 2004, 101, 10302–10307. [CrossRef] [PubMed]

15. Wei, Z.; Peterson, J.M.; Lei, X.; Cebotaru, L.; Wolfgang, M.J.; Baldeviano, G.C.; Wong, G.W. C1q/TNF-related protein-12 (CTRP12),
a novel adipokine that improves insulin sensitivity and glycemic control in mouse models of obesity and diabetes. J. Biol. Chem.
2012, 287, 10301–10315. [CrossRef]

16. Ohashi, K.; Shibata, R.; Murohara, T.; Ouchi, N. Role of anti-inflammatory adipokines in obesity-related diseases. Trends Endocrinol.
Metab. 2014, 25, 348–355. [CrossRef] [PubMed]

17. Babapour, B.; Doustkami, H.; Avesta, L.; Moradi, A.; Saadat, S.; Piralaei, K.; Aslani, M.R. Correlation of Serum Adipolin with
Epicardial Fat Thickness and Severity of Coronary Artery Diseases in Acute Myocardial Infarction and Stable Angina Pectoris
Patients. Med. Princ. Pr. 2020, 30, 52–61. [CrossRef]

18. Fadaei, R.; Moradi, N.; Kazemi, T.; Chamani, E.; Azdaki, N.; Moezibady, S.A.; Shahmohamadnejad, S.; Fallah, S. Decreased serum
levels of CTRP12/adipolin in patients with coronary artery disease in relation to inflammatory cytokines and insulin resistance.
Cytokine 2018, 113, 326–331. [CrossRef]

19. Tan, B.K.; Chen, J.; Hu, J.; Amar, O.; Mattu, H.S.; Ramanjaneya, M.; Patel, V.; Lehnert, H.; Randeva, H.S. Circulatory changes
of the novel adipokine adipolin/CTRP 12 in response to metformin treatment and an oral glucose challenge in humans. Clin.
Endocrinol. 2014, 81, 841–846. [CrossRef]

20. Rodriguez-Roisin, R.; Rabe, K.F.; Vestbo, J.; Vogelmeier, C.; Agustí, A. Global Initiative for Chronic Obstructive Lung Disease
(GOLD) 20th anniversary: A brief history of time. Eur. Respir. Soc. 2017, 50, 1700671. [CrossRef]

21. Amani, M.; Ghadimi, N.; Aslani, M.R.; Ghobadi, H. Correlation of serum vascular adhesion protein-1 with airflow limitation and
quality of life in stable chronic obstructive pulmonary disease. Respir. Med. 2017, 132, 149–153. [CrossRef] [PubMed]

22. Emamgholipour, S.; Moradi, N.; Beigy, M.; Shabani, P.; Fadaei, R.; Poustchi, H.; Doosti, M. The association of circulating levels of
complement-C1q TNF-related protein 5 (CTRP5) with nonalcoholic fatty liver disease and type 2 diabetes: A case–control study.
Diabetol. Metab. Syndr. 2015, 7, 108. [CrossRef] [PubMed]

23. Shanaki, M.; Fadaei, R.; Moradi, N.; Emamgholipour, S.; Poustchi, H. The circulating CTRP13 in type 2 diabetes and non-alcoholic
fatty liver patients. PLoS ONE 2016, 11, e0168082. [CrossRef] [PubMed]

24. Yuasa, D.; Ohashi, K.; Shibata, R.; Takeshita, K.; Kikuchi, R.; Takahashi, R.; Kataoka, Y.; Miyabe, M.; Joki, Y.; Kambara, T.; et al.
Association of circulating C1q/TNF-related protein 1 levels with coronary artery disease in men. PLoS ONE 2014, 9, e99846.

25. Enomoto, T.; Ohashi, K.; Shibata, R.; Higuchi, A.; Maruyama, S.; Izumiya, Y.; Walsh, K.; Murohara, T.; Ouchi, N.
Adipolin/C1qdc2/CTRP12 protein functions as an adipokine that improves glucose metabolism. J. Biol. Chem. 2011,
286, 34552–34558. [CrossRef]

26. Garcia, P.; Sood, A. Adiponectin in pulmonary disease and critically ill patients. Curr. Med. Chem. 2012, 19, 5493–5500. [CrossRef]
27. Wolf, A.M.; Wolf, D.; Rumpold, H.; Enrich, B.; Tilg, H. Adiponectin induces the anti-inflammatory cytokines IL-10 and IL-1RA in

human leukocytes. Biochem. Biophys. Res. Commun. 2004, 323, 630–635. [CrossRef]
28. Masaki, T.; Chiba, S.; Tatsukawa, H.; Yasuda, T.; Noguchi, H.; Seike, M.; Yoshimatsu, H. Adiponectin protects LPS-induced liver

injury through modulation of TNF-α in KK-Ay obese mice. Hepatology 2004, 40, 177–184. [CrossRef]

http://doi.org/10.1007/s15010-019-01350-1
http://doi.org/10.1513/pats.200706-071TH
http://www.ncbi.nlm.nih.gov/pubmed/18073394
http://doi.org/10.1016/j.lfs.2020.117446
http://doi.org/10.1016/j.lfs.2022.120425
http://doi.org/10.1038/nri2921
http://doi.org/10.3390/ncrna6010005
http://www.ncbi.nlm.nih.gov/pubmed/31979312
http://doi.org/10.1038/srep44571
http://doi.org/10.1002/biof.1466
http://www.ncbi.nlm.nih.gov/pubmed/30521085
http://doi.org/10.3906/sag-1909-9
http://www.ncbi.nlm.nih.gov/pubmed/31905499
http://doi.org/10.18502/ijaai.v18i1.630
http://www.ncbi.nlm.nih.gov/pubmed/30848573
http://doi.org/10.1073/pnas.0403760101
http://www.ncbi.nlm.nih.gov/pubmed/15231994
http://doi.org/10.1074/jbc.M111.303651
http://doi.org/10.1016/j.tem.2014.03.009
http://www.ncbi.nlm.nih.gov/pubmed/24746980
http://doi.org/10.1159/000508834
http://doi.org/10.1016/j.cyto.2018.09.019
http://doi.org/10.1111/cen.12438
http://doi.org/10.1183/13993003.00671-2017
http://doi.org/10.1016/j.rmed.2017.10.011
http://www.ncbi.nlm.nih.gov/pubmed/29229088
http://doi.org/10.1186/s13098-015-0099-z
http://www.ncbi.nlm.nih.gov/pubmed/26613006
http://doi.org/10.1371/journal.pone.0168082
http://www.ncbi.nlm.nih.gov/pubmed/27936230
http://doi.org/10.1074/jbc.M111.277319
http://doi.org/10.2174/092986712803833263
http://doi.org/10.1016/j.bbrc.2004.08.145
http://doi.org/10.1002/hep.20282


Adv. Respir. Med. 2022, 90 398

29. Lin, Y.H.; Jiang, T.X.; Hu, S.X.; Shi, Y.H. Association between serum adiponectin concentrations and chronic obstructive pulmonary
disease: A meta-analysis. Biosci. Rep. 2020, 40, 1–10. [CrossRef]

30. Ghobadi, H.; Aslani, M.R.; Hosseinian, A.; Farzaneh, E. The Correlation of Serum Brain Natriuretic Peptide and Interleukin-6 with
Quality of Life Using the Chronic Obstructive Pulmonary Disease Assessment Test. Med. Princ. Pract. 2017, 26, 509–515. [CrossRef]

31. Cebron Lipovec, N.; Beijers, R.J.; van den Borst, B.; Doehner, W.; Lainscak, M.; Schols, A.M. The prevalence of metabolic syndrome in
chronic obstructive pulmonary disease: A systematic review. COPD J. Chronic. Obstr. Pulm. Dis. 2016, 13, 399–406. [CrossRef] [PubMed]

http://doi.org/10.1042/BSR20192234
http://doi.org/10.1159/000484900
http://doi.org/10.3109/15412555.2016.1140732
http://www.ncbi.nlm.nih.gov/pubmed/26914392

	Introduction 
	Methods 
	Results 
	Discussion 
	Conclusions 
	References

