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Abstract 
 

Adequate levels of anabolic hormones are required for normal muscle growth and develop-
ment. Decreased levels of anabolic hormone are described in chronic obstructive pulmonary 
disease (COPD), leading to important clinical consequences. The aim of this study was to 
evaluate the circulating levels of anabolic hormones in stable and acute exacerbation cases 
of COPD compared to age-matched control subjects. A total of 146 (70 stable and 76 in 
acute exacerbation) male COPD patients and 79 age-matched control subjects were admit-
ted in our study. Pulmonary function test (PFT), arterial blood gas (ABG) analysis and cir-
culating levels of anabolic hormones, such as growth hormone (GH), insulin-like growth fac-
tor-1 ((IGF-1), dehydroepiandrosterone sulphate (DHEAS) and testosterone were measured 
and compared. Serum IGF-1, DHEAS and testosterone levels were found to be significantly 
lower in stable and acute exacerbation COPD (AECOPD) patients compared to healthy con-
trols (p<0.001). In both the COPD groups, GH was also found to be significantly (p<0.000) 
lower in comparison with the controls. However, there was no significant difference in mean 
serum GH values between stable and AECOPD groups. In COPD patients FEV1 and 
FEV1/FVC (%), pO2, SO2 (%) were significantly correlated with IGF-1 and testosterone lev-
els. PCO2 and HCO3 levels were found to be inversely correlated with IGF-1 and testos-
terone levels (p<0.05). Disturbance in anabolic hormones in COPD patients may have poten-
tial effects in the development of peripheral muscle weakness. Chronic hypoxemia or hyper-
capnia could conceivably damage the muscles because of their correlation with changes in 
the status of anabolic hormones. The decrease in anabolic hormones may influence the clini-
cal picture and perhaps the survival of the patients with COPD. 
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Introduction 
 
Chronic obstructive pulmonary disease (COPD) is a ma-
jor cause of chronic morbidity and mortality throughout 
the world. In a recent study, WHO estimated it to be the 
third leading cause of death by 2030 [1]. COPD is charac-
terized by significant chronic inflammation in the pulmo-
nary compartments, also associated with systemic altera-
tions in biochemistry and organ function [2, 3]. Several 
factors such as hypoxemia, hypercapnia, exacerbation, 
drugs, malnutrition may lead to endocrinological changes 
in COPD [4]. Disturbances in the anabolic hormone sys-
tem may also impair the anabolic responses needed for 

skeletal muscle performance. It is postulated that skeletal 
muscle dysfunction in COPD arises from two complex, 
interrelated events: muscle mass depletion caused by mi-
tochondrial abnormalities and loss of contractile proteins, 
and muscle dysfunction or malfunction of the remaining 
muscle [5]. The pathophysiological mechanisms underly-
ing skeletal muscle dysfunction have not been fully eluci-
dated, however, while anabolic hormonal imbalances 
have been shown to be involved, a host of other factors 
has also been implicated [Table 1].  
 
We therefore, aimed to correlate the levels of anabolic 
hormones with changes in arterial blood gas and pulmo-
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nary function test among stable and exacerbated COPD 
patients compared to age-matched healthy controls. To 
the best of author’s knowledge such kind of study has not 
been conducted in Indian patients previously. 
 

Materials and Methods 
 
Subjects 
The study group comprised of 146 male COPD patients 
and 79 age-matched control subjects. The patients were 
subdivided into stable and acute exacerbation groups. 
COPD patients were diagnosed according to the Global 
Initiative for Chronic Obstructive Lung Disease Criteria 
[6] by the respiratory physician. Seventy of them were 
clinically stable patients for at least 3 months and 76 had 
clinical signs of COPD exacerbation. Stable COPD pa-
tients had been receiving inhaled bronchodilator therapy 
in the form of long-acting β2-agonists and/or anticholiner-
gic agents. Severe/very severe COPD patients were on 
inhaled corticosteroids. Antibiotics and systemic steroids 
(methylprednisolone 40 mg/day) were added to therapy 
only in exacerbation period for 10-14 days after the blood 
samples were taken. No patients were receiving long-term 
oxygen therapy. Patients with concomitant diseases such 
as malignancy, infection other than respiratory tract infec-
tions, active pulmonary tuberculosis, cardiac failure, se-
vere endocrine disorder, hepatic or renal diseases, system-
ic autoimmune disorders and patients, those were on 
drugs which may interfere with serum hormone levels 
were excluded from this study. From a total 146 patients, 
45 were ex-smokers, 87 were current smokers and 14 
were nonsmokers. Control subjects were non-smokers and 
not on any medication. The institutional ethics committee 
approved the study and written consent was obtained in 
each case. 
 
Study design 
Clinical history was obtained and physical examination 
performed on the patients who attended the institute of 
respiratory diseases, SMS Medical College and Hospital, 
Jaipur. After an overnight fast, height and nude weight 
were recorded in all subjects and body mass index (BMI) 
was calculated. Arterial blood gas measurements were 
taken on the same day along with PFT. PFT was per-
formed using Spiro-Analyzer HELIOS 400. Arterial 
blood samples were drawn while the subjects were 
breathing room air and analyzed with a blood gas analyz-
er immediately (STAT PRO PHOX Plus L, Nova Bio-
medical). Serum hormone levels were measured in 10 ml 
venous blood sample. hGH and testosterone were meas-
ured once in stable COPD patients and controls, also 
measured on the same day in acute exacerbation COPD 
patients during hospitalization. For DHEAS and IGF-1, 
serum was stored at -40ºC until analyzed. hGH and testos-
terone were estimated by using the commercial kits (Im-
mulite, Siemens Healthcare Diagnostics, U.K.) on Immu-
lite 2000. DHEAS and IGF-1 were measured by solid 

phase enzyme linked immunosorbent assay based (ELI-
SA) kits supplied by DiaMetra S.r.l, Italy and DRG Diag-
nostics, Germany, respectively on ELISA reader. 
 
Statistical Analysis 
Results were expressed as the mean ± SD. Continuous 
variables were summarized as mean and Std. Deviation, 
while categorical variable and data were on nominal scale 
as proportions (%). Parametric tests like unpaired ‘t’ test , 
one way ANOVA analysis with Post hoc-Tukey’s HSD 
and Pearson’s correlation coefficient were used for analy-
sis of continuous variables. A p value < 0.05 was consid-
ered to be statistically significant.    
    
Results 
 
The characteristics of male COPD patients and healthy 
controls are shown in Table-2. Subjects of studied groups 
were age-matched. However, between the groups 1 (sta-
ble COPD), 2 (AECOPD) and 3 (controls), BMI was 
found to be significantly different All the AECOPD pa-
tients were suffering from severe to very severe airway 
obstruction with an FEV1 36.16 ± 9.99 of percentage pre-
dicted as compared to stable COPD patients 
(64.63±21.31). All COPD patients of group 1 and group 2 
were hypoxemic with a significant difference in pO2 as 
compared to healthy controls (92.26±1.80vs.75.92±9.40 
and 63.93±10.18), respectively. Group 2 patients were 
hypercapnics as compared to group 1 and group 3 
(49.98±11.15 vs. 42.78±5.34 and 38.63±1.70), respective-
ly (p< 0.000). Table-3 shows the comparison between 
stable, AECOPD and control groups regarding hGH, IGF-
1, testosterone and DHEAS. In stable and AECOPD 
groups, hGH was found to be significantly (p<0.000) 
lower in comparison with the control group. No signifi-
cant difference in mean serum GH levels recorded be-
tween stable and AECOPD groups. A significant differ-
ence was, however, found between three groups for serum 
IGF-1. IGF-1 was significantly (p<0.000) lower in the AE 
group of COPD in comparison with the stable COPD and 
control group. IGF-1 was also significantly lower in sta-
ble COPD group in comparison with the control group. 
DHEAS and testosterone levels were significantly 
(p<0.000) lower in AECOPD group in comparison with 
stable COPD and control group. A significantly (p<0.000) 
lower value was also obtained in stable COPD group in 
comparison with the control group.  
 
Correlations 
A significant positive correlation was found between tes-
tosterone and BMI in acute AECOPD patients (r=0. 28; 
p=0. 023). We also found positive correlation of IGF-1 
and testosterone with FVC%, FEV1% and FEV1/FVC% 
and also a positive correlation of DHEA-S with 
FEV1/FVC% (r=0. 342; p=0. 004) in stable COPD pa-
tients. A positive correlation of IGF-1 with pO2 and % 
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SO2 and a negative correlation of hGH with pCO2 were 
also obtained. A positive correlation of FEV1% with IGF-
1 and testosterone, also a positive correlation of 
FEV1/FVC% with IGF-1, DHEAS and testosterone were 
recorded in AECOPD patients. A negative correlation 
was found between IGF-1 and HCO3 and a positive corre-
lation of GH with Hct (%) and DHEAS with pO2 were 
also observed during acute exacerbation phase in COPD 
patients. 

Table 1. Causes of muscle weakness in COPD 
 

Reduced anabolic status    Hypoxaemia 

Cardiac failure Oxidative stress                   
Reconditioning                  Hypercapnia 
Systemic corticosteroids Nutritional imbalance         
Systemic inflammation      Electrolyte disturbances 

 

Table 2: Demographic characteristics, pulmonary function test and arterial blood gas analysis of the studied groups

.Variables 
(mean value +SD) 

Stable 
(Group-1) 

Exacerbation 
(Group - 2) 

Control 
(Group - 3) 

F-ratio *p-value **Post-hoc test 

Age (Yrs) 63.87+ 6.66 64.26+6.59 62.32+5.90 2.02 0.136† - 
Sex All Males All Males All Males - - - 
BMI (Kg/mt2) 19.59 + 3.09 17.92 + 2.69 25.93+4.09 122.55 0.000 Grp1 Vs 2,1 Vs 3, 2 Vs 3 
FVC(%predicted) 83.19 + 15.66 68.67 + 12.29 102.10+13.19 189.93 0.000 Grp 1 Vs 2, 1 Vs 3, 2 Vs 3 
FEV1(%predicted) 64.63+ 21.31 36.16 + 9.99 110.87+13.16 456.50 0.000 Grp 1 Vs 2, 1 Vs 3, 2 Vs 3 
FEV1/FVC (%) 76.10 + 13.10 61.65 + 10.53 108.84+5.56 439.88 0.000 Grp 1 Vs 2, 1 Vs 3, 2 Vs 3 
pH 7.40 + 0.03 7.39 + 0.05 7.40 + 0.03 0.61 0.545† - 
pO2 (mmHg) 75.92 + 9.40 63.93 + 10.18 92.26 +1.80 246.53 0.000 Grp 1 Vs 2,1 vs 3, 2 Vs 3 
pCO2 (mmHg) 42.78 + 5.34 49.98 + 11.15 38.63+ 1.70 49.007 0.000 Grp 1 Vs 2, 1 vs 3, 2 Vs 3
SO2 (%) 92.19 + 2.89 87.35+ 5.35 93.57+1.54 62.26 0.000 Grp 1 Vs 2, 2 Vs 3 
HCO3, (mmol/L) 24.64 + 3.82 32.61 + 5.99 25.49 +1.76 62.95 0.000 - 
Hct, % 50.28 + 7.87 49.51 + 7.57 41.41+2.67 44.90 0.000 Grp 1 Vs 3,2 Vs 3 

 
* p-values obtained by ANOVA for comparison between all groups. 
**post-hoc Tukey’s HSD test for pair wise comparison in between groups. 
 p <0.05(significant), p <0.01 and 0.001(highly significant), †p >0.05(non significant) 

 

Table 3: Serum levels of anabolic hormones (mean+SD) in the studied groups. 

Parameters  Stable 
(Group-1) 

Exacerbation 
(Group - 2) 

Control 
(Group - 3) 

F- 
ratio 

*p- 
value 

**Post-hoc test 

hGH  (ng/ml) 0.56+ 0.51 0.45+0.38 1.0+0.51 29.90 0.000 Grp-1Vs 3, Gp-2Vs 3
IGF-1 (ng/ml) 134.84+ 9.14 120.34+ 10.59 222.07+ 37.23 424.88 0.000 Grp1vs2, 1vs3, 2vs3 
DHEAS (µg/ml) 0.89+ 0.46 0.59+ 0.43 2.02+ 0.81 125.06 0.000 Grp1vs2, 1vs3, 2vs3 
Total Testosterone 
(ng/dl) 

311.72+ 94.36 201.26+ 59.74 469.15+ 105.39 138.36 0.000 Grp 1vs2,1vs3, 2vs3 

*p-values obtained by ANOVA for comparison between all groups. 
**post-hoc Tukey’s HSD test for pair wise comparison in between groups. 
   p<0.05(significant), p <0.01 and 0.001(highly significant), †p >0.05(non significant)                                                                 
 
Discussion 
 
As adequate levels of anabolic hormones are required for 
normal muscle growth and development [7], it has been 
reported that substantially reduced levels of growth-
promoting factors, such as IGF-1 and testosterone may 
contribute to muscle dysfunction in COPD [8]. Thus, we 
investigated the anabolic hormone levels among stable 
and AECOPD patients. The control of muscle mass is 
complex and includes the action of inflammatory cyto-
kines, mechanical load on the muscles and anabolic hor-

mones. There are four main anabolic axes: somatotropic, 
gonadal, adrenal and insulin [9-12]. Although the 
GH/IGF-I axis is often considered a major regulator of 
muscle mass, there is accumulating evidence that IGF-I 
also act independently of GH [13].  
 
Similar to our findings for GH, Xu et al. [14] found chang-
es of ghrelin, growth hormone, growth hormone releasing 
hormone and their clinical significances in patients with 
COPD. They noticed lower plasma GH in the underweight 
patients compared to the patients with normal body weight. 
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Debigare et al. [15] conversely, demonstrated an increase 
in circulating GH and IGF-1 in patients with COPD and 
suggested that physiological stress like chronic hypoxia 
and bronchoconstriction could possibly resulted in an in-
crease in growth hormone secretion [16].  
 
IGF-1 has been implicated in several important functions 
such as cell differentiation, growth and maintenance of 
skeletal muscle. Circulating IGF-1 level has been used as 
a marker of growth hormone action because IGF-1 has a 
longer half-life than GH, also integrates the pulsatile re-
lease of GH [3]. Similar to our findings, Prokopis et al. 
[17] reported low IGF-1 levels in COPD patients on day 1 
of the exacerbation with respect to healthy controls. The 
levels of IGF-1 found to be significantly increased from 
day 1 to day 15 of exacerbation (p < 0.001). The authors 
concluded that GH mediates its major metabolic effects 
predominantly through IGF-1. In our study, patients with 
COPD showed significantly lower IGF-1 on exacerbation 
and also on stable stage compared to healthy controls. 
Our finding of low IGF-1 levels is compatible with other 
studies. Casaburi et al. [8] have also reported low levels 
of IGF-1 in COPD patients. Spruit et al. [18] found that 
IGF-1 levels tended to be lower in patients with COPD 
exacerbation than in healthy subjects. Funda et al. [19], 
however, reported decreased circulating levels of IGF-1 
in stable COPD patients compared to healthy controls, 
which is related to the severity of disease.  
 
We are aware that the bioavailability and the effects of 
IGF-1 are influenced by IGF-1 binding proteins (IGFBP). 
Therefore, systemic inflammation causes an increase in 
circulating levels of these proteins may decrease the lev-
els of free IGF-1. Cytokines increase IGFBP-1 and 
IGFBP-4, which result in a decreased free IGF-1 fraction. 
IL-6 suppresses IGF-1 via increased production of its 
binding protein [20]. Previous studies indicated that intra-
venous or oral corticosteroids may affect circulating IGF-
1 levels.  
 
This effect is thought to be associated with dosage and 
time course, but it remains controversial as to whether 
circulating IGF-1 levels are increased or decreased in re-
sponse to corticosteroids. Schuetz et al. [21] reported that 
a chronic systemic steroid therapy may influence circulat-
ing IGF-1 levels by suppressing the GH–IGF axis, how-
ever, corticosteroids may allow short-term recovery of the 
levels of circulating IGF-1 by abating inflammation. Pa-
tients receiving intravenous or oral corticosteroid therapy 
were excluded from the present study in order to elimi-
nate these possible interfering effects. Shin et al. [22] 
found that age and gender may affect serum IGF-1. Since 
these possibility had been avoided in the present study, 
therefore the reduction in circulating IGF-1 levels in the 
patients with AECOPD appear to be related to COPD 
exacerbation. Furthermore, the increase in IGF-1 levels in 
CSCOPD patients compared with AECOPD patients sug-

gest that systemic inflammation and endocrine disorder 
may be ameliorated during this clinically stable stage. 
Further studies are needed to elucidate the reliability and 
reference range of IGF-1 levels during COPD exacerba-
tion. 
 
Our results are also in agreement with Spruit et al. [18] who 
reported that lower levels of serum IGF-1 are correlated with 
lower FEV1 values in COPD patients, which might be con-
sistent with the impression that the GH/IGF-1 axis is sup-
pressed by severe chronic disease [16].  
 
Similar to our results, Ursavas et al. [23] reported a corre-
lation between low IGF-1 with low PaO2, since acute hy-
poxemia decreases the rate of IGF-1 synthesis, increases 
clearance rate of IGF-1, or increased plasma concentra-
tion of IGFBP-1, which decreases the free IGF-1 fraction. 
Chronic hypoxemia also exerts a direct effect on tran-
scription of IGF-mRNA, similar to its effect on transcrip-
tion of other proteins [24].  
 
Akbas et al. [26] suggested that decreased levels of testos-
terone in COPD patients could result from a primary tes-
ticular atrophy in COPD. Our findings also tallied with 
Karadag et al. [27] who have speculated that chronic hy-
poxia, severity of the disease, smoking, corticosteroid 
therapy and chronic (inflammatory) illness contribute to 
low testosterone levels. Gosney [28] found smaller testis 
volume and Leydig-cell atrophy in COPD patients, and 
suggested that this atrophy may be a consequence of hy-
poxic inhibition of the pituitary synthesis or release of 
LH. In contrary, Svartberg et al. [29] reported that men 
having chronic bronchitis or emphysema didn’t have re-
duction in testosterone levels ,thus they speculate that it is 
not the disease per se that affects the hormone levels but 
the actual level of pulmonary function. Also, they hy-
pothesize that the gradual decline inFEV1% predicted is 
followed by a decline in testosterone and this may explain 
the decrease in serum testosterone levels with increasing 
severity of COPD. 
 
Debigare et al. [15] reported lower DHEAS along with 
decreased muscle mass in patients with COPD. DHEAS is 
the sulphated metabolite of DHEA, produced by adrenal 
cortex and is the most abundant steroid present in the 
blood. DHEAS may act directly at the tissue level or after 
its conversion to androstenedione or androstenediol, and 
finally to testosterone [15]. Testosterone increases net 
protein synthesis within the muscle using the intracellular 
amino acid pool [39]. In aging men and women, DHEAS 
may contribute to anabolism indirectly by increasing se-
rum IGF-1[40], although the discovery of specific binding 
sites for DHEAS on skeletal muscle cells supports a direct 
action of DHEAS on these cells [15]. In our patients, the 
possible mechanism of low blood concentration of testos-
terone remains enigmatic. Karadag et al. [27] found de-
creased DHEAS in patients with COPD, which is de-
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creased even further during acute exacerbations. This re-
duced concentration of DHEAS is thought to create an 
imbalance between protein synthesis and degradation  
favouring catabolism over anabolism, which is possibly 
rested in peripheral muscle wasting. 
 
As anabolic hormonal imbalance caused muscle dysfunc-
tion in COPD, hormone supplementation seems to be an 
attractive method to reverse muscle dysfunction. Anabolic 
hormone, such as testosterone, supplementation has been 
suggested to treat muscle wasting and dysfunction during 
COPD [30, 31].  Moreover a combination of strength 
training and testosterone supplementation appeared to 
give additive effects on lean body mass and strength in 
patients with COPD [30]. However, the long-term (side 
and beneficial) effects of hormone replacement remain to 
be established. It has been reported that IGF-1 is only 
related to muscle strength when IL-6 levels are low [32] 
suggesting that the effectiveness of testosterone replace-
ment (which probably acts in part through an effect on 
IGF-1) may be attenuated in patients with high levels of 
systemic inflammation. It has also been reported that 
muscle weakness has important consequences, including 
exercise limitation, [33, 34, 35] reduced QoL, enhanced 
utilization of health care resources [36] and reduced sur-
vival [37, 38]. 
 

We considered few limitations in this study. First, the 
serum levels of anabolic factors were evaluated on only 
one occasion in the morning. Although daily fluctuations 
in the blood levels of these factors may occur, serial sam-
pling could have provided a better overview of the hor-
monal status in our COPD patients. Second, the females 
patients could not be evaluated due to the reason men-
tioned previously & the fewer number of COPD patients 
visiting our centre. 
  
In conclusion, this study reconfirm that COPD patients 
have a low anabolic hormone status, which can be caused 
by a combination of factors and this decrease is more 
marked during exacerbation period when hypoxaemia is 
more significant. Anabolic hormones are required for 
normal muscle growth and development; therefore its 
deficiency may lead to dysfunction of the peripheral mus-
culature of patients with COPD. Further work is neces-
sary to elucidate the exact mechanism that results in ana-
bolic hormone imbalance-related muscle weakness in 
COPD. 
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