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Abstract

Background: Studies in the literature suggest a regulatory role of leptin and adiponectin in the development of
fibrosis in various organs. However, their role in idiopathic pulmonary fibrosis (IPF) has not been examined in the
past. The study aimed to assess the levels of leptin and adiponectin in IPF patients and 22 controls.

Methods: Leptin and adiponectin were measured in serum while leptin was assessed in broncholaveloar lavage
fluid and exhaled breath condensate of IPF patients. The association of the adipokines levels with markers of
disease severity was also addressed.

Results: Leptin levels adjusted for BMI and leptin to adiponectin (L/A) ratio in male patients with PaO2 <65 were
significantly reduced as compared to male patients with PaO2 ≥65 mmHg. L/A ratio was positively associated with
PaO2. Additionally, L/A ratio were positively associated with Saint George Respiratory Questionnaire components.
Interestingly, exhaled breath condensate and bronchoalveolar lavage fluid leptin were not associated with
corresponding serum leptin levels.

Discussion: Overall our findings suggest a possible role of leptin and adiponectin in the severity and/or
pathogenesis of IPF. Further studies are required in order to clarify the mechanisms and physiological relevance of
our observations.
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Hypoxia; Bronchoalveolar lavage Fluid; Exhaled breath condensate

Introduction
Idiopathic pulmonary fibrosis (IPF) is a devastating form of

fibrosing interstitial pneumonia that is associated with a poor survival
[1]. The aetiology of the disease remains unknown contributing to the
lack of effective treatment. IPF pathogenesis is considered to be
multifactorial and several mechanisms have been proposed to play a
role. Recent investigations suggest that an unknown injury leads to
transforming growth factor-β (TGF-β) activation and alveolar
basement disruption resulting in excess collagen deposition and
development of IPF [2].

Leptin is a protein that is mainly produced by adipose tissue,
however it is secreted in lower amounts by various other tissues [3].
Recent investigations have identified the lung as a leptin responsive
and producing organ, while extensive research has been published
concerning leptins role in the respiratory system. Beyond its role in the
regulation of food intake and body composition, leptin exerts pro-
inflammatory properties. According to experimental data, increased
leptin levels enhance liver inflammation and fibrogenesis. In fact,
leptin is essential for the induction of TGF-β in the context of chronic
liver injury that ultimately leads to liver fibrosis [4]. In this respect, one

could argue that leptin may enhance lung fibrogenesis. However
literature lacks data concerning leptins role in pulmonary fibrosis.

Adiponectin, that is the most abundant gene product of adipose
tissue, demonstrates anti-inflammatory properties. Several studies
have shown that adiponectin antagonizes leptins profibrotic properties
[5]. Adiponectin inhibits the TGF-β induced expression of
profibrogenic cytokines (e.g. CTGF) [6] while adiponectin knock-out
mice exhibit induced renal interstitial fibrosis that is ameliorated by
adiponectin replacement [7]. The latter observations mirror the
hypothesis that adiponectin may have a protective effect in lung
fibrosis however there are no reports in the literature examining this
effect.

We therefore hypothesized that leptin and adiponectin may be
involved in the pathobiology of IPF. In this respect we assessed the
concentrations of leptin and adiponectin in serum, exhaled breath
condensate (EBC) and bronchoalveolar lavage fluid (BALF) and we
sought to investigate their association with clinical indices of disease
severity.
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Methods

Subjects
Patients were recruited sequentially from the respiratory outpatient

clinic of the University Hospital of Larissa, Greece, between June 2008-
June 2010. Controls were recruited during the same period from
healthy volunteers. All patients fulfilled the standard criteria [8] for the
diagnosis of IPF. The diagnosis was revised according to the new
criteria [9] that were published during the preparation of the
manuscript. All patients were classified as definite IPF. Control group
included subjects who were matched in terms of age and sex with
patients and their medical history was free of lung or other known
disease, were free of smoking and they received no drugs during the
previous period while they had normal pulmonary function tests
(PFTs). Subjects with conditions known to affect adipokines levels such
as the use of corticosteroids and/or thiazolidinediones, liver and renal
insufficiency, autoimmune diseases or signs of infection in 6 weeks
prior to inclusion were excluded from the study. None of the patients
received corticosteroid and/or immunosuppressive treatment for IPF.
Ethics committee approval and written informed consent from all
subjects were obtained.

At baseline all participants underwent clinical examination, PFTs
and arterial blood gas analysis for evaluation of disease severity.
Arterial blood gas analysis was performed with a commercially
available blood gas analyzer (model 1630; Instrumentation
Laboratories, Milan Italy); alveolar to arterial (A-a) gradient was
calculated by the formula: P(A-a)O2=(713xFiO2-1,25xPCO2)-PaO2.
PFTs were performed by a technician who was blinded to patients
medical history (Bodyplethysmograph, Master-Screen Body, Viasys
Healthcare, Germany). Health related quality of life was assessed with
Saint Georges Respiratory Questionnaire.

Venous blood was collected in the early morning (between 06:00
and 07:00 A.M) after an overnight fast. Blood was centrifuged at 1500g
for 10 min at 4°C and serum was collected and frozen at -80°C until
measurements.

Body composition
All participants were subjected to anthropometric measurements.

Body height was determined to the nearest 0.5 cm with subjects
standing barefoot. Body weight was assessed to the nearest 0.1 kg with
subjects wearing light clothing and no shoes. Body mass index was
calculated as Kg/m2. Body composition was estimated with the use of
bioelectric impedance analysis (BIA) with a commercially available
body analyzer (BIA 101 System Analyser, Akern, Florence, Italy)
according to current recommendations.

Serum leptin and adiponectin assay
Total serum leptin levels were measured using human RIA

(Radioimunoassay) diagnostic kits (KIPMR44), produced by
DIASource Europe SA (Belgium), while serum adiponectin levels were
determined using a human adiponectin RIA kit (LINCO Research,
USA). The sensitivity of leptin assay is 0.1 ng/ml, with a calibrators’
range of 0-64 ng/ml and intra- and inter-assay variation less than 4.8%
and 5.3%, respectively. Adiponectin kit has a sensitivity of 1.0 ng/ml
and an assay range of 1-200 ng/ml, while the cross-reactivity with
hibernation specific protein C1q is less than 0.01%. The intra- and
inter-assay variation is less than 6.21% and 9.25%, respectively. All RIA

kits (leptin, adiponectin) are calibrated according to valid international
standards. The radiotracer used in all kits is 125Iodine (I-125, half-life
T1/2 60 days, 35.5 keV gamma radiation, 27-32 keV x-rays, no beta
radiation). All sample assays were performed duplicated, included in
the same run for each biological parameter. If the difference between
duplicate results of a sample was more than 5%, the sample assay was
repeated, while the in-run coefficients of variation were 3.5% for leptin
and 3.8% for adiponectin. An automatic gamma counter (type: Cobra
II/5010, company: Packard, USA) was used, to count the radioactivity
and calculate the results.

Determination of leptin and adiponectin in EBC and BALF
EBC was collected using a commercially available condenser

(EcoScreen, Viasys, Hoechberg, Germany) within 30 minutes after
venous blood was obtained according to current guidelines [10-12].
EBC was collected in sterile plastic tubes and pH was immediately
assessed. Stable pH was achieved after deaeration with an inert gas
(argon, 350 ml/minute for 10 minutes) and was measured using a
commercially available pH meter (Model 3510, Jenway, Essex, UK).

Twenty three patients underwent fiberoptic bronchoscopy and BAL
as previously described [13]. BALF was filtered through nylon gauge in
order to remove mucus and was centrifuged at 400g for 10 minutes.
The supernatant was collected and frozen at -80°C until
measurements. Venous blood was obtained 15 minutes prior to
bronchoscopy, centrifuged at 1500g for 10 min at 4°C and serum was
collected and frozen at -80°C until measurements.

Leptin levels in EBC, BALF and the corresponding serum sample
were measured with a commercially available enzyme immunosorbent
assay kit (R&D Systems, Mineapolis, USA).

Statistical analysis
Data are presented as mean ± SD unless otherwise indicated.

Normal distribution was assessed by the Kolmogorov-Smirnov test.
Comparison between patients and controls was performed with the
use of Student’s t test or Mann-Whitney U-test according to variable
distribution. Univariate correlations were performed by Pearson’s
correlation coefficient for variables that were normally distributed or
by Spearman’s correlation coefficient for variables that were not
normally distributed. Leptin was logarithmically transformed by
calculating its natural logarithm (LN leptin) for use in correlation and
regression analysis. Analysis of covariance was used in order to adjust
adipokines levels for anthropometric measurements. A p value of <0.05
was considered to be statistically significant. Analysis was performed
using the SPSS 16 statistical package (SPSS Chicago, IL).

Results

Study group
The study population consisted of 37 IPF patients (33 males, 68.8 ±

8.25 years) and 22 controls (11 males, 67.9 ± 7.35 years). The clinical
characteristics of the study population are shown in Table 1. Patients
and controls did not differ in terms of age and BMI. Lung function
results are summarized in Table 2.

Parameter Controls (n=22) IPF patients (n=37)

Sex (M/F) 11/11 33/4
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Age (years) 67.9 ± 7.35 68.8 ± 8.25

Ex-smoker/Never smoker 15/7 24/13

BMI (Kg/m2) 26.15 ± 4.20 28.88 ± 3.64

Fat mass (% body weight) - 36.53 ± 11.21

PaO2 (mmHg) at rest - 74.98 ± 14.85

PCO2 (mmHg) at rest - 37.79 ± 4.36

Data are expressed as mean ± SD or as absolute number

Table 1: Clinical characteristics of the study population.

Parameter Controls (n=22) IPF patients (n=37)

FVC (%pred) 84.29 ± 3.91 75.73 ± 19.51*

DLCO (%pred) 92.24 ± 3.20 47.60 ± 15.47*

RV (%pred) 80.03 ± 4.55 62.68 ± 11.20*

TLC (%pred) 91.07 ± 2.99 74.60 ± 19.69*

Data are presented as mean ± SD. * p<0.05 versus controls

Table 2: Lung function results of the study groups.

Leptin and adiponectin association with IPF
Leptin and adiponectin levels of the study population are presented

in Table 3. Leptin has a strong gender-related dimorphism and thus we
stratified the two study groups according to gender. Serum leptin
presented no significant differences in male patients when compared to
controls (9.67 ± 6.12 vs. 9.35 ± 9.77 ng/ml, respectively) and in female
patients when compared to controls (31.45 ± 19.17 vs. 12.08 ± 3.05
ng/ml, respectively). Circulating leptin correlated significantly with
BMI in patients and controls (p=0.008 and p=0.018, respectively). In
the overall group, IPF patients, when compared to controls, did not
exhibit significant differences in adiponectin levels (10.41 ± 5.04 vs.
10.12 ± 6.35 mg/ml respectively, p>0.05). We did not observe any
significant correlations between adiponectin levels and BMI in neither
group. Additionally, we did not observe significant differences in L/A
ratio between the study groups.

Comparisons of serum adipokines levels were performed after
adjustment for BMI. Serum leptin did not differ significantly in male
patients vs. male controls and female patients vs. female controls.
Similarly, adiponectin levels did not differ significantly after
adjustment for anthropometric measurements.

Parameter Controls IPF patients

Leptin (males,serum, ng/ml) 9.35 ± 9.77 9.67 ± 6.12

Leptin (females,serum,
ng/ml)

12.08 ± 3.05 31.45 ± 19.17

Adiponectin (serum, mg/ml) 10.12 ± 6.35 10.41 ± 5.04

L/A ratio (male,serum) 1.61 ± 1.14 1.29 ± 1.18

L/A ratio (female,serum) 1.92 ± 1.37 3.26 ± 2.61

Leptin (EBC, ng/ml) - 0.292 ± 0.06

Leptin (BAL, ng/ml) - 0.153 ± 0.07

Data are presented as mean ± SD

Table 3: Leptin and adiponectin levels of the study population.

Leptin and adiponectin association with IPF severity
ABGs L/A ratio in male patients was positively associated with PaO2

(p=0.038, r=0.364) (Figure 1). Leptin levels when adjusted for BMI in
male patients with PaO2 <65 were significantly reduced as compared to
male patients with PaO2 ≥65 mmHg (0.21 vs. 0.38, p=0.031,
respectively) (Figure 2). Additionally, L/A ratio in male IPF patients
with PaO2 <65 mmHg was significantly reduced vs. male patients with
PaO2 ≥65 mmHg (1.07 vs. 1.45, p=0.045, respectively) (Figure 3). We
did not observe a significant relationship of L/A ratio with hypoxia in
female patients.

PFTs
We did not observe any significant correlations of leptin,

adiponectin or L/A ratio and PFT parameters (i.e. FVC%pred, DLCO
%pred , RV%pred, TLC%pred) in male or female IPF patients.

Figure 1: Relationship between PaO2 and L/A ratio in male IPF
patients (p=0.038).

Figure 2: Leptin levels adjusted for BMI in male IPF patients with
and without hypoxia. The two groups differ significantly (p=0.031).
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Figure 3: L/A ratio in male IPF patients with and without hypoxia
(p=0.045).

Quality of life
We observed a significant positive association of L/A ratio with

SQRQ total score (p=0.002, r=0.509), activity score (p=0.001, r=0.540)
and impacts score (p=0.039, r=0.392). When patients were analyzed
according to gender we found that in males there was a positive
association of L/A ratio with SGRQ total score (p= 0.011, r=0.442)
(Figure 4) and with activity score in SGRQ (p=0.023, r=0.400).

Figure 4: Relationship between L/A ratio and total score in SGRQ in
male IPF patients (p=0.014).

Leptin and adiponectin association with EBC and BAL
Table 3 presents the characteristics of EBC and BALF analysis of the

patients. EBC pH was 6.07 ± 0.52. Leptin levels in EBC were 0.29 ±
0.06 ng/ml. We did not observe any correlation of leptin EBC levels
with serum leptin concentrations. Leptin levels in BALF were 0.153 ±
0.07 ng/ml. There were no significant correlations observed between
leptin levels in BALF and PFTs or ABGs. We did not observe any
correlation of leptin BALF levels with corresponding serum leptin
concentrations.

Discussion
In the present study we assessed the levels of leptin and adiponectin

in serum, EBC and BALF in IPF patients and controls. Leptin levels
and L/A ratio were reduced in IPF patients with PaO2 <65 mmHg,
suggesting that leptin and adiponectin may be associated with disease

severity. In accordance to these findings L/A ratio was positively
associated with PaO2. Interestingly, EBC and BALF leptin was not
associated with serum leptin suggesting that leptin homeostasis in the
lung is only partially influenced by systemic leptin production.
Collectively our findings underline a potential relationship of leptin
and adiponectin with IPF and might provide further insight in the
understanding of the pathogenesis of the disease.

According to current concepts, leptin and adiponectin play a
significant role in the pathogenesis of fibrosis in various tissues.
Experimental data suggest that increased leptin and reduced
adiponectin may enhance liver inflammation and fibrogenesis [14].
Leptin induces collagen gene expression by liver cells in vitro [15]. On
the contrary, adiponectin induces the apoptosis and reduces the
proliferation of hepatic stellate cells, the key cells that produce collagen
in cirrhosis. Additionally, leptin promotes peritoneal fibrogenesis
through synergistic activation of the TGF-β system [16]. Moreover,
leptin stimulates type-1 collagen production in renal mesangial cells
[17] and induces the expression of TGF-β by glomerular endothelial
cells [18]. According to these findings, leptin has profibrogenic
properties and on the contrary adiponectin exerts antifibrogenic
actions. However, recently published data have shown that leptin may
be implicated in bleomycin-induced pulmonary fibrosis, suggesting a
significant role of leptin IPF development [19]. To our knowledge there
are no data regarding adipokines role in IPF and our study is the first
to examine leptin and adiponectin levels in patients with idiopathic
pulmonary fibrosis. Further studies are required in order to clarify the
adipokines role in IPF.

In our study we observed that L/A ratio is reduced in hypoxic IPF
patients suggesting a relationship between leptin and adiponectin with
disease severity. Leptin and adiponectin dysregulation may be
associated with the pathogenetic mechanisms linked to IPF and
therefore affect the extent of the disease. We failed to demonstrate
significant differences in leptin and adiponectin levels between
patients and controls which may be due to the small number of
participants included in our study. It is possible that systemic leptin
levels may not directly correspond to their intrapulmonary
concentration, while the adipokines actions may depend on other
factors such as local production or consumption, and/or the number of
the leptin and adiponectin receptors which have not been addressed in
our study. While the fact that reduced L/A ratio is associated with
hypoxia and therefore increased disease severity further studies
including a larger cohort should be designed to elucidate the exact role
of adipose tissue derived hormones with IPF development.

Studies have previously examined the effect of hypoxia on leptin and
adiponectin. Researchers have observed that hypoxia and tissue
ischemia upregulate leptin and down-regulate adiponectin expression
[20,21]. In fact, hypoxia-inducible factor 1 (HIF-1) is a promoter for
the leptin gene in vitro [22]. However the results from in-vivo studies
are rather contradictory. Researchers have shown that short-term high-
altitude exposure does not result in changes in leptin and adiponectin
concentrations [23]. Others have demonstrated that leptin does not
significantly differ following 8 weeks of hypoxia [24]. Bruder et al.
reported that hypoxia increases adiponectin levels but does not affect
leptin concentrations [25]. In the present study we observed that
serum leptin is reduced in IPF patients with hypoxia while adiponectin
concentrations do not differ in hypoxic vs. non hypoxic patients. One
may speculate that experimental conditions cannot identically
reproduce in vivo conditions. Additionally, most of in vivo studies have
examined the effects of short-term hypoxic exposure in leptin levels
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and cannot identically mimic the intermittent hypoxia observed in IPF.
Clearly, the relationship between leptin and hypoxia needs further
investigation.

Leptin is synthesized and secreted mainly by white adipose tissue in
proportion to fat stores and BMI [26]. Additionally, studies have
exhibited that leptin gene is expressed in type II pneumocytes [27] and
airway bronchial cells [27,28] in humans, while the lung is a leptin
responsive organ since the leptin receptor is expressed by airway cells
and peripheral epithelial cells [3]. In our study, leptin was positively
associated with BMI and FM, both in IPF patients and controls,
suggesting that systemic leptin secretion in IPF is in line with the
reported feedback mechanism involved in the regulation of body
weight. However, we did not observe any significant correlation of
leptin EBC and BALF levels with serum leptin concentrations. Our
results may suggest that leptin homeostasis in the lung is only partially
influenced by systemic leptin production by white adipose tissue. One
potential explanation may be that leptin may be locally consumed
within the lung. Clearly, the latter hypothesis needs confirmation by
further studies while additional studies are warranted to clarify how
the present observations directly impact on the pathobiology of IPF.

The SGRQ is a self-administered health related quality of life
instrument that contains 50 questions divided into three components,
symptoms, activity and impacts. SGRQ was originally designed for use
in patients with chronic obstructive pulmonary disease however it has
acceptable validity and reliability for use in patients with IPF [29]. We
observed that L/A ratio was positively associated with SGRQ
components indicating that the adipokines may be associated with
health related quality of life in IPF. Experimental data suggest that
disturbed function of leptin in the central nervous system may be
associated with depression [30]. However our study cannot determine
whether our findings reflect a direct action of leptin in the CNS or
present an epiphenomenon. The clarification of the above hypotheses
are a matter of future studies.

Conclusions
In conclusion, the present study provides evidence suggesting a

possible role of leptin in the severity and/or pathogenesis of IPF.
Notably, leptin and L/A ratio was significantly reduced in male IPF
patients with hypoxia. Additionally, we did not observe any significant
correlation of leptin EBC and BALF levels with serum leptin
concentrations, suggesting that lung leptin levels are not directly
influenced by systemic leptin production. However, the mechanisms
and physiological relevance of the aforementioned findings deserve
further investigation.
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