
Acromegaly is a rare condition characterized by excess 
growth hormone (GH) and elevated insulin-like growth 

factor-1 (IGF-1) levels. A vast majority of cases of acromeg-
aly are attributed to a pituitary adenoma [1]. A broad range of 
clinical manifestations may be related to tumor mass, which are 
the effect of the adenoma itself such as headache and visual im-
pairment. Excess GH and IGF-I also may lead to acral manifes-
tations, respiratory disorders such as snoring and sleep apnea, 
cardiovascular-related diseases, metabolic disorders including 
diabetes mellitus (DM) as well as musculoskeletal disorders in-
cluding osteoporosis, vertebral fractures, and arthropathy [2]. 
It is well known that mortality increases in patients with un-
controlled disease. Thus, disease control and management of 
acromegaly-associated co-morbidities should be addressed [3]. 

To date, the estimated prevalence ranges from 28 to 137 cas-
es/106 inhabitants. The mean age at diagnosis ranges from 41 to 
48 years. Both sexes seem to be equally affected [4-17]. 

National disease registries and registered epidemiological da-
tabases, particularly in rare diseases such as acromegaly, provide 
healthcare practitioners with important information to better under-
stand disease characteristics and assess the impact of the disease and 
its associated co-morbidities on patients, families, and the commu-
nity. Furthermore, data gathering and analysis are of major impor-
tance for evaluating disease burden on the healthcare system and 
thus guiding optimal strategies to improve disease outcomes [18].

Currently, a registry of acromegaly in Israel has not been 
developed and no documented epidemiological data are report-
ed. Therefore, we investigated epidemiological characteristics 
of patients with acromegaly in Haifa and the western Galilee 
district and the possible relationship among disease distribution 
indifferent industrial areas, given that the pathogenesis of the 



disease is obscure and the role of environmental factors is con-
troversial. 

Clalit Health Services represents the largest outpatient health-
care organization in Israel and accounts for about 4.5 million 
insured members from different regions of the state, which is 
divided into nine districts. Haifa and the western Galilee district 
represent the largest district with about 800.000 members from 
different ethnicities and geographic areas. Notably, Haifa and 
the surrounding suburbs represent one of the largest industrial 
areas, providing a suitable platform for epidemiological study. 
Moreover, the Israeli government has identified areas with in-
creased industrial air pollution, one of which is located in Haifa 
and the surrounding areas. 

Data from patients with acromegaly were obtained using 
the Clalit electronic database. Date were obtained for the years 
2000–2020. The electronic database includes information about 
demographics and medical data such as chronic diseases coded 
according to the International Classification of Diseases 9th ver-
sion, Clinical Modification, (ICD 9th-CM), laboratory tests, and 
radiological imaging. In all of the reported cases, patient data 
were reviewed carefully for diagnostic accuracy of acromegaly 
according to the established criteria, including increased serum 
IGF-1 levels, random GH levels, and GH concentration above 1 
µg/L after glucose overload.

mm and microadenoma < 10 mm, associated co-morbidities, 
previous and current treatment modalities for acromegaly, hos-
pitalizations, body mass index (BMI). Insulin growth factor -1 
(IGF-1) and growth hormone (GH) measurements were report-
ed within the last 6 months. 

Patients with acromegaly in the presence of familial settings 
such as multiple endocrine neoplasia type 1 (MEN1) or familial 
isolated pituitary adenoma (FIPA) and those diagnosed before 
immigrating to Israel were excluded from the study.

Haifa and the western Galilee district are in the north-west-
ern area of Israel and include the city of Haifa and other small 
towns. Based on the degree of exposition to environmental pol-
lution and according to the Agency for Environmental Protec-
tion (AEP) monitoring, three distinct zones were identified in 
the district of Haifa and western Galilee. The criteria to distin-
guish the three areas have been based on environmental samples 
provided by the AEP and according to industrial density. 

Air quality was based on a measurement of the concentration 
of different compounds including sulfur dioxide (SO

2
), nitric 

dioxide (NO
2
), carbon monoxide (CO), ozone (O

3
), and particu-

late matter (PM) especially PM
2.5 

and PM
10

.
Area A was considered a low industrial density area, and in-

cluded the towns of Nahariya and Maalot as well as 17 small 
communities and villages with 123,249 residents. Area B with a 
middle industrial density included Carmiel and five nearby vil-
lages for a total of 78,294 residents. Area C included the Haifa 
region and surrounding areas with a high industrial density and 
included 10 towns with a total of 295,429 residents. Moreover, 
area C has been identified by the AEP as a potentially high risk 
for health due to increased concentration of industrial pollution, 
especially but not exclusively, of petrochemical origin. 

The overall prevalence of acromegaly and in every area was calcu-
lated and was expressed as cases per millions of inhabitants. Risk 
ratio (RR) and 95% confidence interval (95%CI) were estimated 
with the odds ratio method in area B (middle industrial density), 
and in area C (high industrial density) assuming the population 
of area A at low industrial density, as a reference. RR and 95%CI 
were also calculated in area C assuming that the remaining part of 
the district (areas A+B) was a reference. In addition, male/female 
ratio, mean age ± standard deviation at diagnosis, data regarding 
other co-morbidities, BMI, IGF-1, GH levels, and treatment mo-
dalities were reported. Data regarding smoking habits were also 
obtained. The study was approved by the Ethics (Helsinki) Com-
mittee at the Meir Medical Center and signed informed consents 
were obtained from patients during their clinic visit.

The primary report consisted of 81 patients diagnosed with ac-
romegaly. Four patients were excluded from the study, three 
patients did not fulfill the criteria for acromegaly diagnosis and 
one was diagnosed with acromegaly before immigrating to Is-
rael. The remaining sample consisted of 77 patients with a con-
firmed diagnosis of acromegaly: 40 men (52%) and 37 women 
(48%) with a male to female ratio of 1.1. The mean age at the 
time of our analysis was 61 ± 17 years, and the mean age at 
diagnosis was 50 ± 1.8 years. 

Of the 77 patients identified, 19 resided in area A, 14 in 
area B, and 44 in area C. Accordingly, the overall prevalence 
of acromegaly was 155 cases/106 inhabitants in Haifa and the 
western Galilee district without significant differences between 
areas (154, 179, and 149/106 inhabitants) in areas A, B, and C, 
respectively. Significant differences in the mean age at diagno-
sis of acromegaly between the areas were observed ( < 0.001). 
For example, patients who resided in area C were diagnosed at 
an older age (56.2 ± 2.1) relatively to residents of area A (44.8 
± 3.4) and area B (37.6 ± 3.4). Notably, acromegaly was di-
agnosed before 30 years of age in 11.7% of the patients. The 
male to female ratio was 1.1 in the District of Haifa and western 
Galilee (0.9 in area A, 1.3 in area B, and 1.1 in area C). No 
significant differences in sex distribution among the areas were 
found (  = 0.590) [Table 1].



Considering area A as a reference population, no significant 
increased risk of developing acromegaly was observed in ar-
ea C with relative risk (RR) of 0.97 (95% confidence interval 
[95%CI] 0.56–1.66,  = 0.900) and in area B with RR of 1.16 
(95%CI 0.58–2.31,  = 0.673) [Figure 1A]. 

Furthermore, the risk of developing acromegaly observed in 
area C with RR of 0.91 (95%CI 0.58–1.43,  = 0.681) was not 
significantly different from that in the remaining part of Haifa 
and western Galilee district overall (areas A and B) as reference 
[Figure 1B].

Diabetes mellitus (DM) was found in 40.3% of the cohort 
without significant differences between the three areas (  = 
0.501) [Table 3]. Results for other co-morbidities including hy-
pertension, osteoporosis, sleep apnea, carpal tunnel syndrome 
TIA/CVA were also obtained and reported [Table 2]. The mean 
BMI was 29 ± 5.6 kg/m2 2 

was found in 29 of the patients (38%). Tumor size was reported 
in 69 patients (89%); 44 of the patients (57%) harbored mac-
roadenoma, 25 harbored microadenoma (33%) and in 8 patients 
(10%) the tumor size was not available. Results regarding treat-
ment modalities showed that 67 of the patients (87%) underwent 
transsphenoidal surgery. Other epidemiological data concerning 
IGF-1 and GH levels are reported [Table 2].

In the absence of an Israeli acromegaly registry, our current 
study aimed to provide, for the first time, epidemiological data 
regarding acromegaly in northern Israel. The current study with 
a large heterogeneous population with different ethnicities from 
Haifa and the western Galilee District reflects the overall pop-
ulation in Israel and represents a unique opportunity to gather 
information on rare diseases such as acromegaly. 

Previously published studies disclosed a prevalence that 
ranges between 28 and 137 cases/106 inhabitants. In the current 
study, the prevalence of acromegaly is the highest to be report-
ed (155 cases/106 inhabitants). This high prevalence might be 
attributed to multiple factors including the methodology of data 
gathering using electronic population database, the advances in 
diagnostic tools and their availability, the increased awareness 
of pituitary diseases among healthcare providers, and the agility 
in early medical attention and evaluation [Table 3].

In two studies from Iceland and one study from Maltese is-

lands a prevalence of 133, 137, and 125 cases / 10 6 inhabitants 
respectively were reported [7,8,13], whereas a low prevalence 
was reported from three studies from western Sweden, Spain, 
and South Korea [6,12,15]. Data information in the last two 
studies were extracted from the Swedish pituitary registry and 
Spanish acromegaly registry suggesting the possibility of prev-



alence underreporting. The median age at diagnosis (50 ± 1.8 
years) and the male to female ratio (1.1) are in line with previ-
ously reported data.

Concerning tumor size, the current study has shown that 57% 
of the patients harboring macroadenoma and in 33% of the pa-
tients, microadenoma was identified. Reviewing the previously 
reported population-based epidemiological database our current 
study disclosed the highest frequency rate of microadenoma to 
be reported [Table 3]. These results might be attributed to the 
advancement in diagnosis tool modalities, the agility of provid-
ing medical consultation, and the ability to share databases be-
tween community outpatients’ clinics and hospitals. Moreover, 
according to these results, it is speculated that in one-third of the 
patients the clinical presentation was not related primarily to a 
mass effect of the pituitary adenoma.

Co-morbidities represent one of the important issues that de-
serve consideration during the diagnosis and follow-up of patients 
with acromegaly. Diabetes, obstructive sleep apnea, carpal tunnel 
syndrome, osteoporosis, and vertebral fractures are well-known 
co-morbidities associated with acromegaly. In our study, like the 
previously reported data, DM represented the most frequently 
documented metabolic co-morbidity [19,20]. The high-frequency 
rate of diabetes (44%) is attributed to insulin resistance, which 
is related on the one hand to acromegaly, and with the increased 
weight with a reported mean BMI (29 ± 5.6) on the other. In addi-
tion, the increased use of somatostatin receptor ligand pasireotide 
with its known hyperglycemia-related adverse events may also 
contribute to the increased DM frequency [21]. 

Obesity is already known as a chronic disease with an in-
creased cardiovascular risk, particularly in the presence of 
diabetes. In patients with acromegaly, this entity was less 
documented in the literature including previously reported ep-
idemiological database studies. Interestingly, a high-frequency 

30 kg/m2 was found in the present study. Considering the neg-
ative consequences of obesity, one can consider this entity as 
part of the acromegaly-associated co-morbidities that should 
be addressed, while noting that patients with acromegaly are at 
increased cardiovascular risk. Moreover, the presence of over-
weight or obesity should be considered when administering an-
ti-diabetic treatment to patients with acromegaly and diabetes.

In contrast to previously reported data suggesting that highly 
polluted industrial areas might contribute to an increased preva-
lence of acromegaly, our current epidemiological data revealed no 
statistically significant differences in the prevalence of acromeg-
aly between the three defined areas with low, moderate, and high 
industrial pollution [17]. These results might be attributed to the 
relatively small number of patients who participated in this study 
and represents a limitation that should be taken into consideration.

The current epidemiological data have shown a high prevalence 
of acromegaly in northern Israel without statistically significant 
differences in different industrial areas. The frequency rate of pi-
tuitary microadenoma has been the highest to be reported. These 
results reflect the advancement in diagnostic modalities and agil-
ity to seek medical evaluation. Taking into consideration the in-
creased cardiovascular risk associated with obesity it is suggested 
to consider obesity as part of the metabolic co-morbidities associ-
ated with acromegaly and should be addressed during acromegaly 
management. Further large epidemiological studies are needed. 
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Mirchandani and colleagues showed that acute respiratory 
distress syndrome (ARDS) patients were hypoxemic and 

Monocytopenia was also observed in mouse models of 
hypoxic acute lung injury, in which hypoxemia drove the 
suppression of type I interferon signaling in the bone 
marrow. This impaired monopoiesis resulted in reduced 
accumulation of monocyte-derived macrophages and 
enhanced neutrophil-mediated inflammation in the lung. 
Administration of colony-stimulating factor 1 in mice with 

hypoxic lung injury rescued the monocytopenia altered the 

phenotype of circulating monocytes, increased monocyte-

derived macrophages in the lung, and limited injury. 

Thus, tissue hypoxia altered the dynamics of the immune 

response to the detriment of the host and interventions 

to address the aberrant response offer new therapeutic 

strategies for ARDS.


