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Abstract 

Purpose: To evaluate the prevalence and clinical performance of obstructive 
sleep apnoea syndrome (OSAS) in acromegalic patients, focusing on the 
possible correlation between alterations of pulmonary microcirculation and 
patient’s clinical and hormonal parameters. Methods: We enrolled 22 acro-
megalic patients with apnea hypopnea index (AHI) ≥ 5 if symptomatic, or 
≥15 in the absence of sleep related symptoms. Patients underwent the fol-
lowing evaluations: GH and IGF-1 serum levels, arterial blood gas test, spi-
rometry, carbon monoxide diffusing capacity (DLCO), home-based cardi-
orespiratory sleep and pulmonary function test. Results: The prevalence of 
OSAS was 66.6%. Patients with a severe form of OSAS appeared to be affected 
from acromegaly for more years than those with a lower severity of disease 
and those with acromegaly duration > 10 years had significantly higher levels 
of glycated hemoglobin. We observed a positive correlation between GH level 
at diagnosis and DLCO value, showing that acromegalic patients have an in-
crease in static and dynamic respiratory volumes and alveolar-capillary ex-
change surface compared to the general population. We also observed a posi-
tive correlation between baseline serum IGF-1 level and DLCO/VA and be-
tween years of disease and DLCO/VA, showing the association of increased 
lung volume and increase of the exchange surface. Conclusions: The results 
of this study add new information on lung volume and alveolar gas exchange 
in acromegaly. Our findings highlight the role of SSA as therapy with positive 
impact on complication and comorbidities of acromegaly.  
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1. Introduction 

Acromegaly is a severe disease characterized by hypersecretion of growth hor-
mone (GH), which induces the synthesis of peripheral insulin-like growth factor 
1 (IGF-1) after the closure of the epiphyseal bone. Acromegaly is usually the re-
sult of a GH-secreting pituitary adenoma, which results in anatomical changes 
and metabolic dysfunction. In rare cases, the disease is associated with excessive 
production of GH-releasing hormone (GHRH), familial syndromes, including 
multiple endocrine neoplasia type 1, McCune-Albright syndrome, familial acro-
megaly, and Carney’s syndrome. Extrapituitary ectopic hypersecretion of GH has 
been reported in isolated cases of pancreatic islet-cell tumors or lymphoma. 
Clinical manifestations of acromegaly range from subtle signs of acral over-
growth, soft tissue swelling, arthralgias, jaw prognathism, fasting hyperglycemia, 
and hyperhidrosis to florid osteo-arthritis, frontal bone bossing, diabetes melli-
tus, hypertension, respiratory and heart failure [1] [2]. 

In recent years, there has been mounting interest in respiratory disorders 
during sleep in patients with acromegaly. In fact the anatomical changes com-
monly occurring in patients with acromegaly, such as facial soft-tissue thicken-
ing (especially of the palate and uvula), may induce the onset of the obstructive 
sleep apnoea syndrome (OSAS), due to hypercollapsibility of the posterior and 
lateral hypopharyngeal walls, as well as to hypertrophy of the tongue [3]. 

Nocturnal breathing disorders affect the majority of patients with acromegaly. 
Sleep apnoea syndrome (SAS), diagnosed by polysomnography, has been re-
ported in about 70% of patients with active acromegaly disease; the frequency, 
however, ranges from 45% to 80% [3] [4]. SAS can be central or mixed, but it is 
obstructive in most cases. 

OSAS is a highly prevalent sleep disorder characterized by a transient cessa-
tion in breathing (apnea) or a significant reduction in breathing amplitude (hy-
popnea), due to recurrent episodes of upper airway obstruction and subsequent 
recurrent arousal during sleep. This syndrome is characterized by daytime slee-
piness, non-restorative sleep, fatigue, insomnia, loud snoring, witnessed breath-
ing interruptions, morning headaches, and recurrent awakenings due to gasping 
or choking in the presence of at least five obstructive respiratory events (apneas, 
hypopneas, or respiratory effort-related arousals) per hour of sleep. The pres-
ence of 15 or more obstructive respiratory events per hour of sleep in absence of 
sleep-related symptoms is also sufficient for a diagnosis of OSAS, due to the 
greater association of this severe degree of obstruction with important complica-
tions, such as increased cardiovascular and metabolic disease risk [5]. Early 
markers of pulmonary damage may however have a great importance in the di-
agnosis of OSAS, in order to institute prompt treatment. 

The principal aim of this study was to further evaluate the prevalence and se-
condly the clinical performance of OSAS in relation to duration of acromegalic 
disease. Moreover, we assessed the possible correlation between the alterations 
in gaseous exchanges at the level of pulmonary microcirculation and the clinical 
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and hormonal parameters, to identify possible early markers of pulmonary per-
formance damage. 

2. Patients and Methods 
2.1. Patients 

Population: Patients referring to the Metabolic Emergencies-Pituitary Disease 
Unit of the Department of Experimental Medicine, Policlinico Umberto 
I-“Sapienza” University of Rome, were evaluated in this study. The local Ethical 
Committee approved the study design, and all patients signed an informed con-
sent to the use of their data for research purposes. 

Inclusion criteria: patients with the diagnosis of acromegaly (in agreement to 
consensus on the medical treatment of acromegaly) (November 2014) [6]. 

Exclusion criteria: Patients affected from major systemic diseases such as ma-
lignant cancer, immune disorders, acute cardiovascular and cerebrovascular 
diseases or other disorders correlated with apnea (e.g. hypothyroidism), or those 
with intake of psychotropic drugs, alcoholism, smoking and other abuses, were 
excluded. All patients were biochemically targeted for any other hormone defi-
ciency. 

Baseline characteristics of study population are described in Table 1. 

2.2. Diagnosis of Acromegaly 

The diagnosis of acromegaly was performed on the bases of the latest available 
guidelines, which, in patients with elevated or equivocal serum IGF-1 concentra-
tions, recommend confirmation of the diagnosis by finding lack of suppression 
of GH to <0.4 μg/l, following documented hyperglycemia during an oral glucose 
load (2 hours after 75 g of oral glucose) [6] [7] [8]. 
 
Table 1. Clinical data. 

Study population 

Number of patients (11 M and 11 F) 22 

Age (years) 58.4 ± 19.5 

Mean DD 12.9 ± 8.9 years 

 <10 years in 10/22 patients 

 >10 years in 12/22 patients 

Incidence of OSAS 66.6% (15/22) 

Mild grade 40% (6/15) 

Moderate grade 26.6% (4/15) 

Severe grade 33.3% (5/15) 

HbA1c (%) in OSAS patients with DD > 10 years 6.2 ± 1.4 

HbA1c (%) in OSAS patients with DD < 10 years 5.1 ± 0.5 

DD: Duration of disease from diagnosis; HbA1c: glycated hemoglobin; OSAS: Obstructive Sleep Apnoea 
Syndrome. 
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Biochemical control of disease was defined on the basis of the determination 
of IGF-1, age-related and expressed in ng/ml [6]. GH concentrations were not 
used for the evaluation of the biochemical control of disease since seven patients 
were treated with pegvisomant [6]. 

2.3. IGF-1 and GH Serum Assay 

The determination of GH and IGF-1 run with chemiluminescent immunometric 
assay (SIEMENS Immunolite 2000) was performed at the Laboratory of Clinical 
Pathology of the Policlinico Umberto I. 

The patients were referred to our Sleep Disorders Unit and underwent blood 
sampling (for the assessment of GH and IGF-1 serum levels), arterial blood gas 
test (ABG), spirometry, carbon monoxide diffusing capacity (DLCO) and 
home-based cardiorespiratory sleep. The study protocol has been defined in 
agreement with the ethical principles of the Helsinki Declaration. All patients 
gave written informed consent for their participation in the study. 

2.4. Home-Based Cardiorespiratory Sleep Study 

A home-based cardiorespiratory sleep study was performed by using a SOMNO 
screen device (SOMNO medics-GmbH, Randersacker, Germany). The study 
recorded the following parameters: chest and abdominal movements, nasal flow, 
body position, oxygen saturation, snoring, and heart rate. Daytime sleepiness 
was assessed using the Epworth Sleepiness Scale (ESS) [9], and symptoms such 
as daytime sleepiness, non-restorative sleep, fatigue, insomnia, snoring, wit-
nessed breathing interruptions, morning headaches, and recurrent awakenings 
due to gasping or choking were recorded. Cardiorespiratory analysis was ex-
amined according to the American Academy of Sleep Medicine (AASM) 2007 
guidelines [10]. 

Apnea was defined as the cessation of airflow for a period ≥ 10 s, and hypop-
nea was defined either as the reduction of at least 30% of the airflow associated 
with oxygen desaturation ≥ 4% or as a ≥50% airflow reduction with a ≥3% oxy-
gen desaturation for ≥10 s. From each recording, we assessed the Apnea 
Hypopnea Index (AHI; number of apneas and hypopneas per hour), percentage 
of total sleep time passed with an oxygen saturation < 90% (T < 90%) and the 
Oxygen Desaturation Index (ODI; number of oxygen desaturations per hour), as 
parameters of disease severity. Inclusion criteria were AHI ≥ 5 in symptomatic 
patients or AHI ≥ 15 in the absence of sleep related symptoms. 

2.5. Pulmonary Function Test 

Pulmonary function data were performed by standardized techniques using an 
automated pulmonary function testing system (COSMED PFT, Pavona Italy). 
The following tests were collected and standardized as percentages of predicted 
normal values: spirometry, nitrogen washout and single-breath diffusing capaci-
ty (DLCO) [10] [11]. 
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3. Statistical Analysis 

All data were tested to verify if assumptions of normality were true. The as-
sumptions of normality could not be assumed within the data set particularly 
due to the small sample size. Therefore, nonparametric tests were used. Conti-
nuous data were compared using Wilcoxon rank-sum test. The Mann-Whitney 
U test or the Kruskal-Wallis was used to assess differences between the two 
groups (target and no target patients) and three groups according to OSAS se-
verity (mild, moderate and severe). Spearman’s rank order correlation coeffi-
cient (r) was used to test associations between numerical variables. Data are re-
ported as mean ± standard error (SE). P values < 0.05 were considered signifi-
cant. Multivariate analysis was applied for the estimation of the relationships 
between polysomnography variables, spirometry data and GH and IGF-1 serum 
levels. A commercial software (SPSS version 20.0) was used for statistical analy-
sis. 

4. Results 

We selected 22 acromegalic patients, out of a total of 180 attending our Center, 
on the basis of symptoms or signs of respiratory disorders, evaluating among 
these the presence or absence of OSAS and the degree of severity. 

The study included 22 acromegalic patients (11 males and 11 females). Table 
1 shows baseline characteristics of study population.  

At enrolment, the mean duration of disease from diagnosis (DD) was 12.9 ± 
8.9 years (>10 years in 12/22 subjects). All patients presented biochemical con-
trol of acromegalic disease, with normal age-adjusted levels of IGF-1. 

The prevalence of OSAS was 66.6% (15/22 of cases). 
In more details, 40% of them (6/15) showed a mild OSAS grade (AHI 10.6 ± 2 

events per hour), 26.6% (4/15) a moderate grade (AHI 19.9 ± 4.4 events per 
hour) and 33.3% (5/15) a severe OSAS (AHI 41.1 ± 9.9 events per hour) (Table 
1). 

When stratifying patients according to OSAS severity (mild, moderate, se-
vere), we observed that severe OSAS patients appear to have been affected by 
acromegaly for several years (determined illness plus suspected disease) (20.4 ± 
9.4 years vs 14.7 ± 5.2 vs 34.1 ± 17.5; p = 0.05). 

Significantly higher values of glycated hemoglobin (HbA1c) were found in 
OSAS patients with acromegaly duration > 10 years compared with those with 
<10 years of disease (6.2 ± 1.4 vs 5.1 ± 0.5; p = 0.01) (Table 1).  

Spirometry data of our patients showed the following values: forced vital ca-
pacity (FVC) (L) 4.32 ± 1.6, FVC % 116.3 ± 21.6, forced expiratory volume in 1 
second (FEV1) (L) 3.3 ± 1.7, FEV1 % 110.4 ± 21, FEV1/FVC % 77.67 ± 7.7, total 
lung capacity (TLC) % 105.2 ± 27.9, DLCO % 100 ± 27.9. 

We disclosed a positive correlation between serum GH level at the time of the 
acromegaly diagnosis and DLCO value (110.1 ± 27.9) (p = 0.04). A further posi-
tive correlation was demonstrated between baseline serum IGF-1 level and 
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DLCO/alveolar volume (VA) value and between years disease (illness plus sus-
pected disease) and DLCO/VA (103.5 ± 17.9; p = 0.04). 

A negative correlation between the average of the last three determinations of 
serum IGF-1 levels, the values of serum bicarbonates ( 3HCO − ) (26.5 ± 2.1; p = 
0.04) and carbon dioxide (pCO2) (40.6 ± 4.3; p = 0.019) was reported in all pa-
tients included in the study.  

Lastly, in target patients the average of the last three determinations of serum 
IGF-1 level correlated negatively with the partial pressure of pCO2, determined 
at the time of enrolment with arterial blood gas test (41 ± 4.1 mmHg; p = 0.01). 

5. Discussion 

OSAS is a common disorder characterized by recurrent episodes of apnea or 
hypopnea, due to total or partial pharyngeal collapse and temporary upper air-
way obstruction during sleep, resulting in frequent episodes of hypoxemia and 
hypercapnia. Some endocrine and metabolic disorders (obesity, acromegaly, 
hypothyroidism, etc.) are associated with a high frequency of OSAS, and treat-
ment of the underlying endocrine disorder can improve sleep disorders [12] [13] 
[14] [15]. 

Two hypothesis was proposed to explain the high prevalence of OSAS in 
acromegaly: 1) the influence of abnormal levels of pituitary hormones on im-
paired respiratory control; 2) the anatomical changes in the upper airways body 
changes are derived especially from skeletal growth and soft tissue enlargement, 
which is subtle in the early stage of disease [16] [17]. 

Facial changes include anatomical disorders (large lips and noses, macroglos-
sia, mandibular overgrowth with prognathism, maxillary widening …). Dosta-
lova S. et al. argue that these anatomical disorders are not sufficient to cause 
OSAS, while soft tissue thickening is the more evident contributor to OSAS on-
set [18]. 

In several prospective or retrospective studies, the prevalence of OSAS in 
acromegaly is around 69% [19], vs 66.6% in ours. In more details, 40% af-
fected by mild OSAS, 26.6% by moderate and 33.3% by severe. Roemmler J. et al. 
showed a positive correlation between respiratory disturbance index (RDI) and 
acromegalic disease activity, but not with the duration of the disease [20]. Another 
study reported a positive correlation between the severity of sleep-disordered 
breathing and duration of acromegaly in patients with active disease. Stratifying 
OSAS patients according to disease severity we observed that severe OSAS pa-
tients appear to be affected from acromegaly for more years than those with a 
lower severity of disease [21] [22]. 

Previous studies suggest that enhanced lung growth in acromegalic patients is 
associated with either a normal or above normal pulmonary transfer factor in 
pulmonary function test. Brody et al. suggest either alveolar hypertrophy or 
hyperplasia as the mechanism for lung growth in this condition. In fact, normal 
postnatal lung growth occurs in two major stages: the former, primarily asso-
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ciated with an increase in alveolar numbers, the latter correlated with an increase 
of alveolar size. Growth hormone excess resulted in the formation of new alveoli 
and new surface for gas exchange, therefore diffusing capacity (DL) should be 
increased in the acromegalic subjects. On the other hand, normal DL suggests 
that lung growth was associated with increased alveolar size; the increased al-
veolar volume or size of the pulmonary capillary bed was offset by the effects of 
increased cell size and interstitial tissue in impeding diffusion [23]. 

In our study we found a positive correlation between serum GH level at acro-
megaly diagnosis and DLCO. Our results showed that the static and dynamic 
respiratory volumes and alveolar-capillary exchange surface are increased if 
compared with the general population (adjusted for gender, age and weight) as 
shown by TLC%, FEV1 (in liters and %), FVC (in liters and %) and DLCO%. 

Another hormone involved in tissue growth is IGF-1, which is generally ac-
cepted as a central mediator of metabolic, endocrine, and anabolic effects of GH. 
Moreover, an association of circulating IGF-I levels and effects on muscular 
strength of rehabilitation programs in patients with chronic obstructive pulmo-
nary disease has been described [24] [25]. 

Glaser et al. reported a positive association between IGF-1 serum levels and 
higher lung volumes in men of all ages and women older than 50 years. IGF-1 
serum values or increasing lung volumes were not associated with increased 
strength of respiratory muscles [26]. 

To this end, our results show positive correlation between baseline serum 
IGF-1 levels, DLCO/VA value and between years of disease (illness plus sus-
pected disease) and DLCO/VA showing the association of increased lung vo-
lume and increase of the exchange surface (alveolar hypertrophy or hyperplasia). 

The duration of the disease, as expected, plays an important role on the altera-
tions of respiratory function in acromegalic patient. In fact, our data show that 
longer duration of illness is correlated with increased incidence of OSAS.  

IGF-1 exerts multiple physiological effects on the vascular system, including 
proliferative, hypertrophic, survival, vasomotor and metabolic effects. The ex-
pression of IGF-1, IGF-1R, and IGFBPs in the blood vessels is regulated by mul-
tiple factors, including growth factors, cytokines, lipoproteins, reactive oxygen 
species and hemodynamic forces. The close interaction between IGF-1 and other 
growth factors system at the level of receptor-ligand and at the level of 
post-receptor signaling pathways has important implications in the understand-
ing of the involvement of IGF-1 system in vascular diseases. Although recent 
studies have indicated that IGF-1 has a strong effect on angiogenesis [27] [28], it 
has been reported that IGF-1 can induce angiogenesis in skeletal muscle and 
brain tissue. This mechanism may also be present in the lung, thus justifying the 
increase in DLCO in patients with OSAS by increased alveolar capillarization. 

Therefore, some authors demonstrated in male volunteers with high IGF-1 
levels ratio values higher FEV1 and FVC values [26]. 

Increase in lung size has been described in acromegalic patients, but data on 
respiratory muscle function and control of breathing are relatively scant. Some 
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patients with acromegaly show decreased respiratory muscle strength, although 
the magnitude of this change has not been significantly correlated with the in-
crease in lung volume, or with measurements of arterial PaCO2 and PaO2) [29]. 
Peripheral (muscular) factors appear to modulate a normal central motor output 
to give a more rapid pattern of breathing. Varying levels of hypoxemia with in-
creased alveolar-arterial oxygen gradients have been described in patients with 
acromegaly, thereby suggesting disturbance of the ventilation/perfusion rela-
tionship [30]. 

As a further support of a possible alteration of the ventilation/perfusion and of 
a more rapid pattern of breathing, our data showed a negative correlation be-
tween the average of the last three determinations of serum IGF-1 level and the 
concentration of serum bicarbonates ( 3HCO − ) and CO. Last, in target patients 
the average of the last three determinations of serum IGF-1 level correlates nega-
tively with the partial pressure of carbon dioxide, determined at enrolment with 
arterial blood gas test. Given the trend of bicarbonate and arterial carbon dioxide 
values in relation to hormonal IGF-1 values, we could speculate that in acrome-
galic patients the anatomical and functional changes of the lung can lead to a 
pattern of hyperventilation, despite the present diagnosis of OSAS. Different 
studies report the effects of GH/IGF-1 administration on the renal and systemic 
regulation of acid-base homeostasis.  

The finding that GH administration results in markedly increased rates of 
renal hydrogen secretion and sodium chloride reabsorption, sufficient to cause 
these effects: 1) an increase in net acid excretion despite reclamation of an in-
creased filtered load of bicarbonate; 2) an expanded extracellular fluid volume, 
as evidenced by weight gain and sodium retention despite an increased filtered 
sodium load, cannot be explained by the effects of enhanced mineral or gluco-
corticoid activities which decreased in response to GH [31] [32]. 

In contrast to these data we found in the acromegalic group bicarbonate val-
ues not very high compared with hormonal values, likely because such data were 
biased by the use of specific drugs such as somatostatin analogues, bromocrip-
tine and receptor antagonists for the hormone growth or because the patients 
had been subjected to surgical intervention. 

6. Conclusions 

Our data are consistent with current literature on the prevalence, disease dura-
tion, body mass index (BMI), gender, neck circumference and Epworth Score of 
OSAS in patients with acromegaly, and do not show a statistically significant 
correlation with disease control. They also add new information on lung vo-
lumes and the alveolar gas exchange. 

In relation to the therapy in acromegalic patients with OSAS, there is an un-
ambiguous suggestion. Our study, however, has highlighted the role of the so-
matostatin analogues (SSAs) as therapy with a positive impact on complications 
and comorbidities of acromegalic disease. In the respiratory system, in fact, these 
molecules reduce the tissue turgidity and the sensitivity of chemoreceptors to 
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hypoxia by improving breathing. Moreover, the effectiveness of SSAs as antino-
ciceptive and analgesic on headache symptoms is underlined, further to the al-
ready known effects of shrinkage of pituitary adenoma and biochemical control 
of disease. For this reason, we are evaluating for a subsequent work the compar-
ison of respiratory parameters in naively acromegalic patients versus patients in 
therapy with SSAs. 

As recommended since the guidelines of Versailles in 2003 [7], given the pre-
valence of OSAS in acromegaly and associated comorbidities, it is mandatory to 
perform a polysomnographic examination in all patients with acromegaly at di-
agnosis and during the follow-up. In fact, since 25% of the mortality is due to 
respiratory disorders, early diagnosis of OSAS not only improves life expectancy 
and quality of life of patients, but also contributes to the reduction of cardiovas-
cular risk with considerable impact on health care costs. 
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