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The Relation of Weight Loss with Hyperinflation, 
Serum Adiponectin, Ghrelin and Leptin Levels in 
Chronic Obstructive Pulmonary Disease
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Abstract

Objective: Although protein-calorie malnutrition and associated weight loss have been demonstrated in chronic obstructive pulmonary 
disease (COPD), the reasons for weight loss, as well as the relation of weight loss with hormonal and inflammatory markers is not clear. 
Therefore, the present study aimed to investigate the reasons for weight loss in COPD patients and the relation of weight loss with hor-
monal/inflammatory markers and hyperinflation.

Methods: The present study included 60 patients with stable COPD who were admitted to the Chest Diseases Outpatient Clinic and 20 
healthy controls. The patients were divided into three groups according to their body mass index (BMI); Group 1: BMI <20 kg/m2, Group 2: 
BMI 20-25 kg/m2 and Group 3: BMI >25 kg/m2. The patients underwent pulmonary function testing and arterial blood gas analysis. Serum 
adiponectin, ghrelin, leptin, tumour necrosis factor (TNF) alpha, C-reactive protein (CRP), prealbumin and transferrin levels were measured. 
The results were evaluated by appropriate statistical methods.

Results: Considering the patient groups together, leptin and ghrelin levels were found to be statistically significantly lower in the patient 
group (p=0.001 and p=0.003). Serum leptin level was found to be lower in Group 1 with a BMI <20 as compared to the other COPD pa-
tients and the control group (p<0.001). Adiponectin level was lower in the group with a BMI <20 as compared to the group with a BMI >25 
(p=0.031). No statistically significant difference was determined between the patients with and without hyperinflation in terms of serum 
ghrelin, leptin, adiponectin, TNF-α, prealbumin and transferrin levels. 

Conclusion: Decreased serum ghrelin and leptin levels were associated with weight loss. However, no relation could be identified between 
hyperinflation and hormonal markers. It was thought that further studies are needed in order to reach a definite conclusion.
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INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is a progressive and inflammatory disease character-
ized by chronic airway limitation. While, attention was paid on airflow limitation in the previous years, 
today systemic inflammatory component of the disease is in the fore front. The main change in the 
concept, concerning the definition of this disease, in time is the understanding that COPD is not only 
a disease limited to the lungs but is also a systemic inflammatory disease (1-3). 

Despite various hypotheses on how and why systemic inflammation occurs in COPD, it has not been 
completely clarified. However, whatever the mechanism is, studies demonstrated that systemic in-
flammation in COPD might lead to various comorbidities such as change in body composition, osteo-
porosis, cardiovascular system diseases and diabetes mellitus (2-5). 
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Changes in body composition (lean body mass, fat mass and bone 
mineral density), which is considered as an important comorbid-
ity, can also be seen in COPD patients without clinically significant 
weight loss (6,7). Although the reasons for body composition chang-
es are not clear, increase in energy consumption associated with res-
piration and negative energy balance caused by impaired metabolic 
and functional capacity, which develop in line with increase in respi-
ratory work, are used to explain this change (8). 

In the literature, studies on systemic inflammation and body compo-
sition changes in COPD have investigated numerous inflammatory 
markers but a definite judgment could not be made (3,4,9). The aim of 
the present study is to try to provide a better understanding of the rea-
sons for weight loss, which unfavourably influences the prognosis of 
the patients, by investigating the relation of body composition changes 
in patients with stable severe COPD with leptin, adiponectin, ghrelin, 
tumour necrosis factor (TNF)-alpha levels and pulmonary functions. 

METHODS
The study was approved by the Local Ethics Committee with the 
decision dated 04.06.2008 and no. 2008/58. All patients included in 
the study were informed prior to the study and their consents were 
obtained. 

The study included 60 COPD patients, who have been receiving opti-
mum medical treatment for at least 2 years and had stable disease for 
6 weeks, and were admitted to the Chest Diseases Outpatient Clinic 
between May and September 2009, and 20 healthy controls. The di-
agnosis of COPD was made based on the GOLD 2009 criteria (post 
bronchodilator FEV1/FVC <70% and FEV1 <80%) and patients with 
severe COPD were identified based on the same criteria (FEV1 <50%). 
Detailed anamnesis was taken from all participants and physical ex-
amination was performed. 

Patients with one of the following conditions were excluded: 1) Re-
ceiving nutritional support, 2) Receiving oral or inhaled corticoste-
roid therapy, 3) Having comorbidities such as diabetes, hyperthyroidism,  
hypothyroidism, chronic renal insufficiency, rheumatoid arthritis, 
and systemic lupus erythematous that may intervene with the out-
comes, 4) Having lower respiratory tract infection or COPD attack in 
the last 6 weeks.

Pulmonary Function Tests
Spirometric tests and lung volume measurements of all subjects 
were done in accordance with the criteria recommended by the  
European Respiratory Society using a computer-assisted spirometry 
(Vmax22D, Sensor Medics, California, USA). FVC, FEV1, and FEV1/FVC 
ratio were measured and the absolute values and the percentage of 
expected values of these parameters were analysed. Lung volumes 
of the patients were measured by multiple-breath nitrogen washout 
method. A FRC higher than 120% was considered as hyperinflation 
(10). Arterial blood gas analysis (cobas b 121, Roche, Mannheim, Ger-
many) was performed on blood samples taken from the radial arter-
ies of the patients, and pH, partial arterial carbon dioxide pressure 
(PaCO2), partial arterial oxygen pressure (PaO2), bicarbonate (HCO3) 
and oxygen saturation parameters were assessed. 

Anthropometric Measurements 
With regard to anthropometric measurements, height and weight 
of the subjects were measured by the same person while the pa-

tients were in standing position with empty stomach using standard 
measuring instruments. Lean body mass (LBM) and fat mass (FM) 
were measured by single-frequency (50 kHz) bioelectric impedance  
analyser (Body Fat Analyser, model TBF 300, Tanita, Tokyo, Japan). 
Body mass index (BMI) was calculated using Quetelet index, divid-
ing the patient’s weight by square meter of the patient’s height 
(weight/height2) and presented as kg/m2. The patients were divided 
into three groups according to BMI (Group 1 BMI <20; Group 2 BMI=  
20-25; Group 3 BMI >25).

Biochemical Analysis 
Blood samples were taken between 08.00 and 09.00 in the morning 
after 12-hour fasting. TNF-alpha, leptin, adiponectin, and ghrelin 
concentrations were studied by ELISA (Enzyme-Linked Immunosor-
bent Assay, Organon Teknika, Durham NC, USA) device. Prealbumin 
and transferrin levels were studied by immunoturbidimetric method 
in cobas 501 (Roche Diagnostics, GmbH, Roche, Mannheim, Germa-
ny) autoanalyzer.

Statistical Analysis
For the analysis of continuous variables, data were tested for nor-
mal distribution and it was observed that the variables were not 
distributed normally. Therefore, nonparametric methods were used 
for statistical analysis. Whilst paired group comparison was done 
by Mann-Whitney U test, comparison of more than two groups was 
done by Kruskal-Wallis H test. Dunn’s post-hoc test was used to de-
termine the group which caused the difference. Correlation between 
variables was investigated by calculating Spearman’s Rho coefficient. 
Statistical analysis was done using SPSS v. 11.5.1 and STATISTICA v. 
6.1 package program. In statistical analysis, difference with a p<0.05 
was considered significant. 

RESULTS
Demographic and functional characteristics of the patient and con-
trol groups are presented in Table 1.

Biochemical and endocrine parameters of COPD patients that were 
divided into three groups (BMI <20, BMI: 20-25 and BMI >25) and 
comparison of these parameters according to body mass index are 
demonstrated in Table 2. 

Leptin levels were significantly lower in COPD patients as compared 
to the control group (p=0.001) (Table 1). In subgroup analysis, leptin 
levels were found to be significantly lower in COPD patients with a 
BMI <20 as compared to the other COPD patients and the control 
group (p<0.001). Correlation analysis revealed a positive correlation 
between serum leptin levels and BMI (r=0.522 and p=0.0001) and 
lean body mass (r=0.408 and p=0.001). 

Whilst there was no difference between overall patient groups and 
the control group in terms of adiponectin levels, it was observed that 
adiponectin levels were statistically significantly lower in the group 
with a BMI <20 as compared to the group with a BMI >25 (p=0.031). 
Serum adiponectin levels were positively correlated with BMI 
(r=0.314 and p=0.005) and lean body mass (r=0.343 and p=0.007).

Ghrelin levels were significantly lower in the overall patient group 
as compared to the control group (p=0.003). In subgroup analysis, 
only the difference between Group 2 (BMI: 20-25 kg/m2) and control 
group (p=0.007) was significant.
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With regard to the correlations between pulmonary function tests 
and body composition, endocrine and biochemical parameters 
in COPD patients (Table 3), a positive correlation was determined  
between FEV1(%) and BMI (r=0.259 and p=0.046) (Figure 1) and leptin 
levels(r=0.284 and p=0.028).

While inspiratory capacity (IC) was positively correlated with lean 
body mass (r=0.309 and p=0.016), leptin (r=0.338 and p=0.008), and 
adiponectin (r=0.401 and p=0.002) levels (Figure 2, 3), a negative 
correlation was determined with TNF-alpha (r=˗0.356 and p=0.005). 
There was also a negative correlation between total lung capacity 
and TNF-alpha (r=˗0.323 and p=0.012). 

When the patients were evaluated with regard to hyperinflation, 
no difference was observed in terms of BMI, lean body mass, leptin,  
adiponectin, ghrelin, TNF-alpha, prealbumin, transferrin and CRP  
levels between patient groups with FRC (%) >120 and with FRC (%) 
<120 (Table 4).
 
DISCUSSION
The present study investigated the relation of body composition 
changes with endocrine and systemic inflammatory parameters 
(leptin, adiponectin, ghrelin, TNF-alpha), and pulmonary functions in 
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 COPD Control 
 mean±SD mean±SD p

Male/Female (n) 57/3 18/2 0.424

Age (years) 60.83±6.59  58.4±5.81 0.146

History of smoking 44.66±17.58  0 0.0001 
(pack.year)

BMI (kg/m2) 24.06±5.36 24.48±2.05 0.735

LBM (kg) 54.29±8.2 57.35±6.94 0.140

LBMI (kg/m2) 18.89±2.4 20.24±1.58 0.024

FEV1 % 37.80±9.53 90.70±14.11 0.0001

FRC % 116.78±34.27 95.70±22.24 0.012

IC (L) 1.70±0.48 2.63±0.76 0.0001

RV/TLC (%) 53.13±11.38 34.75±6.10 0.0001

PaO2 (mmHg ) 73.69±12.99 87.20±12.53 0.0001

Leptin (ng/mL) 2.32±1.52 3.93±1.05 0.001

Adiponectin (µgr/mL) 8.52±4.46 8.74±2.34 0.840

Ghrelin (pg/mL) 25.32±17.22 43.47±27.07 0.003

TNF-alpha (pg/mL) 16.65±28.62 19.3±18.28 0.693

Prealbumin (g/L) 0.33±0.68 0.25±0.07 0.588

Transferrin (g/L) 2.78±0.76 2.77±0.38 0.916

CRP (mg/L) 5.14±5.59 7.49±7.36 0.138

Albumin (g/ dL) 4.05±0.46 4.12±0.35 0.562

CRP: C-reactive protein; FEV1: forced expiratory volume in one second; FRC: func-
tional residual capacity; IC: inspiratory capacity; COPD: chronic obstructive pulmo-
nary disease; RV: residual volume; SD: standard deviation; TLC: total lung capacity; 
TNF-alpha: tumour necrosis factor- alpha; BMI: body mass index; LBM: lean body 
mass; LBMI: lean body mass index

Table 1. Demographic and functional characteristics of COPD patients

 BMI<20 (mean±SD) BMI: 20-25 (mean±SD) BMI>25 (mean±SD) Control (mean±SD) p

FBG (mg/dL) 93.00±10.12 93.05±11.98 98.70±10.08 94.60±9.73 0.281

Leptin (ng/mL) 0.93±0.46 4.73±3.86 5.66±9.23 1.93±1.48 <0.001

Adiponectin (µgr/mL) 7.07±2.39 8.11±4.16 10.39±5.73 8.74±2.35 0.064

Ghrelin (pg/mL) 31.37±19.21 20.01±12.72 24.59±17.94 43.47±27.07 0.002

TNF-alpha (pg/mL) 27.57±46.50 8.81±4.07 13.57±12.89 19.36±18.28 0.089

Prealbumin (g/L) 0.23±0.07 0.24±0.06 0.53±1.17 0.25±0.07 0.301

Transferrin (g/L) 2.93±0.72 2.85±0.60 2.58±0.94 2.77±0.38 0.987

CRP (mg/L) 6.52±7.43 4.91±5.54 3.99±2.81 7.49±7.36 0.447

Albumin (g/dL) 3.88±0.50 4.22±0.35 4.07±0.47 4.12±0.35 0.562

BMI: body mass index; COPD: chronic obstructive pulmonary disease; CRP: c-reactive protein; FBG: fasting blood glucose; SD: standard deviation; TNF-alpha: tumour necrosis factor-alpha

Table 2. Comparison of biochemical and endocrine parameters between COPD patients according to their body mass index

Figure 1. Positive correlation was determined between FEV1 (%) 
and body mass index (r=0.259 and p=0.046).
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stable COPD patients. A weak positive correlation was determined  
between body mass index and airway obstruction, whereas a moder-
ate positive correlation was determined between lean body mass 
and inspiratory capacity. Leptin and ghrelin levels were found to be  
significantly lower in patients with COPD. However, no statistically 
significant difference was determined in terms of TNF-alpha, CRP, pre-
albumin and transferrin levels.

Leptin is a hormone secreted from adipocytes and basically plays a 
role in energy consumption, weight regulation through control of 
appetite and energy balance. In addition, leptin is a proinflammatory 
cytokine (11). Reduction in food intake, increase in energy utilization 
and decrease in body weight have been observed after administra-
tion of recombinant leptin in rats with a genetic defect in leptin pro-
duction. Luo et al. (12) found that BMI, body fat ratio, plasma ghrelin 
and leptin levels were lower, but TNF-alpha and CRP levels were high-
er in COPD cases as compared to healthy individuals. 

A study that evaluated TNF-alpha and leptin levels and related pa-
rameters in COPD patients without weight loss found that leptin  

levels were increased in patients having a COPD attack, but lower 
in stable COPD patients versus control group with no statistical dif-
ference determined (13). In another study serum leptin levels were 
found to be low in COPD patients with a low BMI (14). Moreover, it 
was claimed that weight loss in COPD patients does not cause an increase 
in leptin levels, but contrarily leptin remain at certain levels as a com-
pensatory mechanism to preserve lean body mass in COPD patients (14). 

In the present study, although plasma leptin levels were decreased 
in COPD patients as compared to the control group, BMI subgroup 
analysis revealed that plasma leptin levels were lower in patients 
with weight loss (BMI <20 kg/m2) but higher in the other patient 
groups (BMI ≥20 kg/m2). In addition, plasma leptin levels in COPD pa-
tients were correlated with BMI, lean body mass, FEV1 and IC. Similar 
to our results, Eker et al. (15) as well found leptin levels to be lower in 
the COPD group versus the control group, and determined a positive 
correlation between leptin levels and BMI. These results suggest that 
leptin levels are lower in patients with progressive airway obstruction, 
and decreased inspiratory capacity in other words with enhanced 
hyperinflation, and that decreased plasma leptin levels might be  
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 FEV1 (%) TLC (L) TLC (%) RV (L) RV (%) IC (L) RV/TLC

 r p R p r p r p r p r p r p

BMI (kg/m2) .259 .046 .046 .727 .008 .954 -.038 .775 .014 .917 .248 .056 -.171 .192

LBM (kg) .232 .074 .107 .417 -.051 .699 -.036 .787 -.014 .915 .309 .016 -.225 .084

Leptin (ng/mL) .284 .028 .084 .524 .095 .467 .038 .771 .052 .693 .338 .008 -.032 .810

Adiponectin (µgr/mL) .234 .071 .117 .372 .124 .346 .027 .835 .134 .305 .401 .002 -.081 .540

Ghrelin (pg/mL) -.097 .462 -.060 .650 -.078 .555 -.035 .790 -.033 .805 -.145 .262 .053 .687

TNF-alpha (pg/mL) -.101 .443 -.323 .012 -.161 .220 -.245 .059 -.167 .202 -.356 .005 -.137 .295

Prealbumin (g/L) -.044 .739 .156 .235 .070 .596 .145 .269 .134 .308 -.042 .748 .68 .608

Transferrin (g/L) .114 .385 .046 .726 -.043 .743 .054 .683 -.009 .945 .081 .538 .045 .734

CRP (mg/L) -.176 .177 -.167 .202 -.210 .105 -.113 .390 -.154 .241 -.008 .950 -.112 .393

CRP: C-reactive protein; FEV1: forced expiratory volume in one second; IC: inspiratory capacity; RV: residual volume; TLC: total lung capacity; TNF-alpha: tumour necrosis factor- 
alpha; BMI: body mass index; LBM: lean body mass

Table 3. Correlation of pulmonary function tests with body composition, and endocrine and biochemical parameters

 FRC (%) <120 (n=34) FRC (%) >120 (n=26)

 Min Max 25 50 75 Min Max 25 50 75 p

BMI (kg/m2) 15.60 42.00 19.45 23.65 31.18 18.50 30.00 19.95 22.70 26.00 0.395

LBM (kg) 39.00 75.00 47.75 52.50 65.00 39.00 65.00 49.75 52.50 57.25 0.358

Leptin (ng/mL) 0.32 42.00 1.02 2.40 4.18 0.13 15.00 1.12 2.20 3.86 0.709

Adiponectin (µgr/mL) 2.55 23.93 5.11 8.20 11.25 3.19 24.25 5.44 7.38 9.65 0.682

Ghrelin (pg/mL) 2.13 71.73 12.09 15.61 34.88 1.31 67.49 12.01 21.62 42.37 0.521

TNF-alpha (pg/mL) 2.70 211.0 5.32 9.90 19.53 1.60 65.13 5.71 9.25 15.44 0.817

Prealbumin (g/L) 0.04 5.50 0.20 0.25 0.30 0.13 0.35 0.20 0.26 0.28 0.928

Transferrin (g/L) 0.20 4.30 2.39 2.82 3.20 0.20 4.09 2.39 2.70 3.31 0.704

CRP (mg/L) 0.40 31.00 1.28 3.50 8.00 0.60 16.00 1.23 2.65 5.63 0.575

CRP: C-reactive protein; FRC: functional residual capacity; TNF-alpha: tumour necrosis factor-alpha; BMI: body mass index; LBM: lean body mass

Table 4. Comparison of body composition, endocrine and biochemical parameters according to the presence of hyperinflation



associated with a decrease in body mass index and lean body mass. 
In addition, it supports the notion that weight loss in COPD patients 
does not lead to an increase in circulating leptin levels but contrari-
ly leptin remains at certain levels as compensatory mechanism to  
preserve lean body mass in COPD patients (14). 

Ghrelin is called as endogenous growth hormone (GH)-related pep-
tide and is secreted from the gastric mucosa. Ghrelin stimulates GH 
secretion and enables positive energy balance. In the literature, there 
is limited number of studies on ghrelin. In a study performed in Ja-
pan, patients were assigned to two groups (BMI ≥20 and BMI <20), 
and serum ghrelin, TNF, IL-6 and norepinephrine concentrations 

were found to be significantly higher in the group with a low weight. 
Subgroup analysis revealed higher plasma ghrelin levels in the group 
with low weight compared to the group with normal weight. Plas-
ma ghrelin levels were found to be directly proportional to residual 
volume (RV) and residual volume/total lung capacity (RV/TLC). As 
a result, they defended that plasma ghrelin levels were increased 
in low-weight COPD patients and that high levels were associated 
with abnormal pulmonary functions and cachectic state (16). In the 
present study, while serum ghrelin levels were lower in the COPD 
patient group in comparison to the control group, subgroup anal-
ysis revealed that the difference arouse from Group 2 (BMI: 20-25) 
an Group 3 (BMI >25). No relation was determined between pulmo-
nary function tests and ghrelin levels. It is accentuated that abnormal  
ghrelin activity might cause overweight or low weight (17). 

Adiponectin is an adipocyte-specific protein, secreted from vis-
ceral adipose tissue and has anti-inflammatory, anti-atheroscle-
rotic and anti-obesity effects. In a study, adiponectin levels were 
found to be significantly higher in normal-weight COPD patients in  
comparison to healthy individuals and determined a positive cor-
relation between serum adiponectin levels and residual volume (18). 
In the present study, no difference was observed between COPD 
patients and the control group in terms of adiponectin levels but 
subgroup analysis demonstrated statistically significantly lower ad-
iponectin levels in the group with a BMI <20 in comparison to the 
group with a BMI >25 (p=0.031). Furthermore, serum adiponectin 
levels were positively correlated with BMI (r=0.314 and p=0.005) and 
lean body mass (r=0.343 and p=0.007), as well as between inspira-
tory capacity and serum adiponectin levels (r=0.401 and p=0.002).  
Although these results suggest that serum adiponectin levels de-
crease with hyperinflation and low BMI in COPD patients, it is disputable. 

In the previous studies, serum TNF-alpha levels were found to be high-
er in COPD patients as compared to healthy controls (5,12,13,18). In 
addition, it was also demonstrated that TNF-alpha levels were higher 
in slim subjects as compared to subjects with normal-weight (18).  
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Figure 2. Positive correlation was determined between inspira-
tory capacity and lean body mass (r=0.309 and p=0.016).
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Figure 3. a, b. Positive correlation was determined between inspiratory capacity and leptin (r=0.338 and p=0.008) concentration (a). Pos-
itive correlation was determined between inspiratory capacity and adiponectin (r=0.401 and p=0.002) concentration (b).
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In another study performed in 2006, no significant difference was 
observed between stable COPD patients with and without malnu-
trition in terms of serum TNF-alpha levels and, in addition, no cor-
relation was determined between leptin and TNF-alpha levels (19). 
In the present study, serum TNF-alpha levels in COPD patient group 
was not found to be different from that in the control group; howev-
er, subgroup analysis revealed higher TNF-alpha levels in the COPD 
patient group with low-weight (BMI <20 kg/m2) with no statistical 
significant difference determined. The negative correlation between 
TNF-alpha levels and IC suggests that the serum levels of TNF alpha 
increase in parallel with the progression of disease and development 
of hyperinflation.

With regard to lung volumes, no relation was found between hyper-
inflation (FRC >120%), and weight loss or biochemical marker lev-
els. However, it is a known fact that IC is decreased along with the  
development of hyperinflation; in the present study, IC showed a 
positive correlation with lean body mass (r=0.309, p=0.016), leptin 
(r=0.338, p=0.008) and adiponectin (r=0.401, p=0.002), but a nega-
tive correlation with TNF-alpha (r=0.356, p=0.005). These findings 
suggest that IC might be more valuable in monitoring patients. It 
remains unclear whether change in adiponectin levels is a predispos-
ing factor for or a result of pulmonary disease. Although adiponec-
tin levels show a positive correlation with pulmonary functions in 
healthy individuals, studies, in general, revealed a negative correla-
tion in COPD patients (20, 21). However, the present study determined 
a positive correlation between adiponectin and IC in patients with COPD. 

CONCLUSION
When the studies in the literature on systemic inflammation and 
weight loss in COPD are considered in general, it is seen that many 
inflammatory markers have been associated with weight loss. How-
ever, based on all these data, it appears that it remains impossible 
to explain weight loss clearly. Results of the present study are quite 
complex and disputable. Further studies are needed to be planned 
and conducted to understand better the reasons for weight loss in 
chronic obstructive pulmonary disease.
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