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Abstract

Aim: We purpose to evaluate the demographic characteristics of patients with acromegaly,
laboratory values when diagnosed and during follow-up, clinical symptoms, comorbid con-
ditions during follow-up, treatment methods, and treatment response rates.
Materials and Methods: Data regarding patients with acromegaly who applied to
Karadeniz Technical University Faculty of Medicine Endocrinology and Metabolic Diseases
outpatient setting between 2010 and 2020 were included in the study. The patients’
demographic characteristics, laboratory values, and clinical features when diagnosed and
follow-up, and selected treatment methods were examined retrospectively.
Results: A total of 71 patients were eligible, of which 45.1% were female, and 54.9% male.
The mean age at diagnosis was 48.5 years. The most common complaint of the patients
was an enlargement of the hands and feet (53.5%). In diagnosis, 2.8% of the patients had
secondary adrenal insufficiency, 1.4% secondary hypothyroidism, 7% hypogonadism, and
2.8% panhypopituitarism. Pituitary acromegaly was determined in 97.2% of the patients,
and non-pituitary acromegaly in 2.8%. Regarding co-morbid conditions, 35.2% of the
patients had hypertension, 23.9% had diabetes mellitus (DM), 1.4% had cardiovascular
disease, and 5.6% had a malignancy history. Of the patients with pituitary adenoma, 71%
had macroadenoma, and 29% had microadenoma. The mean adenoma size was 15.3±7.8
mm. Surgery was the preferred primary treatment in 76.1% of the patients. In 40.8% of the
patients only surgical treatment was applied, while in 40.8% surgery+ medical treatment,
8.5% only medical treatment, 5.6% surgery +medical treatment + radiotherapy, 2.8%
medical treatment + radiotherapy, 1.4% chemotherapy. After all treatments, 49.3% of the
patients were in remission. In the follow-ups, colon malignancy was diagnosed in 4.2%
and thyroid malignancy in 5.6%.
Conclusion: The clinical features of patients with acromegaly were generally similar to
those in the literature. It was evident that early diagnosis and treatment initiation, and
patient response to treatment was the prominent factors decreasing comorbidities.

Copyright © 2022 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Acromegaly, characterized by increased serum growth hor-
mone (GH) and insulin-like growth factor 1 (IGF-1) con-
centrations, is a rare disease that often result from non-
cancerous tumor in the pituitary gland called a pituitary
adenoma [1]. Its estimated prevalence is 30-70 per million,
and its incidence ranges from 2 to 11 per million per year
[2]. It has a balanced gender distribution, and the mean
diagnosis age ranges from 40 to 50 years [3].
The clinical features of acromegaly are local effects due to
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enlargement of the pituitary mass, systemic complications,
and poor life quality due to excessive secretion of GH and
IGF-1. Although the typical facial and acral changes in
acromegaly are significant, these findings usually emerge
snakingly. Therefore, there is often a delay between when
the first symptoms are recorded and when diagnosed [3].
Generally, the mortality of acromegaly is due to cardiovas-
cular, cerebrovascular, and pulmonary complications [4].
Although the serum IGF-1 level is usually reliable to diag-
nose, the gold standard is the evaluation of GH secretion
in the oral glucose tolerance (OGTT) test. GH levels are
suppressed by <1 ng/mL (0.4 ng/mL by sensitive mea-
surement methods) for 2 hours following OGTT in healthy
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humans. However, GH levels are not suppressed and may
paradoxically increase in acromegaly patients [5]. Imaging
methods are applied to evaluate tumor size, localization,
and paracellar tumor invasion in acromegaly patients di-
agnosed clinically and via laboratory tests. Magnetic res-
onance imaging (MRI) provides advantage over computed
tomography (CT) because of its sensitivity and specificity
in soft tissue contrast [6].
Surgical resection, medical treatment, and radiotherapy
are choice of therapy for the acromegaly [6]. Transsphe-
noidal adenectomy is the primary treatment. Other treat-
ment modalities are applied to patients who refuse surgery,
have high surgical risk, or have invasive, unresectable tu-
mors [1].
Despite evidence-based guideline has developed and un-
der use for management of acromegaly, there is a to im-
prove quality of evidence regarding outcomes of diagnose
and management of the evaluation and management of
acromegaly, including laboratory tests, surgery, medical
monotherapy or combination therapy. Therefore we ana-
lyzed our 10-year data to contribute related literature.
Seventy-one acromegaly patients followed between 2010
and 2020 in Karadeniz Technical University Faculty of
Medicine Endocrinology and Metabolic Diseases outpa-
tient setting were retrospectively analyzed. The anam-
nesis, demographics, blood test results, treatments, pitu-
itary MRI reports, colonoscopy reports, abdominal USG
reports, echocardiography reports, and pathology reports
of the patients were perused retrospectively. We aimed
to collect data of patients with acromegaly, present our
results in line with the literature, and discuss them.

Materials and Methods

Study design

The study protocol was approved by the Institutional
Ethics Committee of Karadeniz Technical University
(Turkey) (Protocol no: 2020/217).
A retrospective analysis of all acromegaly cases followed
between 2010-2020 at Karadeniz Technical University Fac-
ulty of Medicine Endocrinology and Metabolic Diseases
outpatient setting were retrospectively analyzed. Infor-
mation concerning laboratory values when diagnosed and
during follow-up, clinical symptoms, comorbid conditions
during follow-up, treatment methods, and treatment re-
sponse rates, and gender of patients were retrieved. Pa-
tients from the file records who had clinical, biochemical
evidence of acromegaly and pathologically confirmed pitu-
itary adenoma was included and those who did not meet
the inclusion criteria were excluded.
Demographic characteristics (age at diagnosis, current age,
gender), medical history, admission complaints, comor-
bid diseases, laboratory results (serum GH, lowest GH in
OGTT, IGF-1 level at diagnosis, and other biochemical pa-
rameters from electronic patient files), preoperative MRI
findings [tumor size (macroadenoma, microadenoma)], dis-
ease period, treatment modalities (surgery, medical ther-
apy, radiation therapy), disease activity (controlled, ac-
tive), follow-up time, abdominal ultrasounds, echocardio-
graphy, and colonoscopy reports were recorded retrospec-
tively.

Laboratory measurement data
The acromegaly was diagnosed via clinical findings, inabil-
ity to suppress serum GH levels to <0.4 ng/mL in 75gr
OGTT, and serum IGF-I levels being higher than the nor-
mal range defined for the same age and gender. Patients
were examined into two groups; remission and active dis-
ease due to treatment response. IGF-1 normalization and
rarely GH<0.4 ng/mL after OGTT were accepted as re-
mission criteria.

Biological analyses data
All biological assays were conducted by the Karadeniz
Technical University Faculty of Medicine, Training and
Research Hospital Clinic Laboratory on blood samples
within 2h of blood collection. A Roche Modular E 170
autoanalyzer device (Indianapolis, IN, USA) was used to
measure plasma glucose and lipid parameters. FPG and
2hPG were measured by enzymatic colorimetric method
with glucose-oxidase technique. TGs were assayed by us-
ing an enzymatic colorimetric assay with glycerol phos-
phate oxidase. HDL-C was measured after precipitation of
the apolipoprotein B containing lipoproteins with polyan-
ions. Low-density lipoprotein cholesterol (LDL-C) was cal-
culated using the Fried Ewald equation. GH and IGF-1
levels were measured via the IMMULITE 2000 Immunoas-
say System (Siemens Healthcare Diagnostics) which is a
solid phase enzyme-labeled, chemiluminescent immuno-
metric assay.

Statistical analysis
SPSS 23.0 statistical package program was used in the data
analysis. Descriptive statistics of data are given as num-
bers and percentages for categorical variables; Mean, stan-
dard deviation (ss), minimum (min), and maximum (max)
for metric variables. The conformity to the normal distri-
bution of the measurable variables was evaluated via the
One-Sample Kolmogorov Smirnov test. The student-t test
was used for comparisons between independent groups of
measurable data that conformed to the normal distribu-
tion, and the Mann-Whitney U test for those that did not.
The chi-square test was used to analyze the differences be-
tween the ratios of categorical variables in independent
groups. The statistical significance level was accepted as
p<0.05.

Results
After inclusion and exclusion criteria considerations, a to-
tal of 71 patients with acromegaly over 18-year-old were
eligible for this analysis. They were followed up between
2010 and 2020 in Karadeniz Technical University Faculty
of Medicine, Department of Internal Medicine; Endocrinol-
ogy and Metabolic Diseases Clinic.
A total of 71 subjects (39 men, 54.9%; 32 women, 45.1%),
with a mean age of 48.5±13.5 years, were included in the
analysis (Table 1). The most common complaints at di-
agnosis were enlarged hands and feet (53.5%), headache
(38%), and acromegalic changes in the face (33.8%) (Ta-
ble 2). Hypertension (35.2%), diabetes mellitus (23.6%),
and cardiovascular disease history (1.4%) were recorded
comorbidities. The prevalence of hypertension was statis-
tically significantly higher in female patients than in males
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Table 1. Clinical characteristics of the patients with
acromegaly.

Parameter Result

Number of patients (M/F) 71 (39/32)
Age (years) 48.5 ± 13.5
BMI (kg/m2) 30.0 ± 5.6
Disease duration (years) 11.8 ± 7.0
Hypertension (%) 35.2%
Systolic blood pressure (mmHg) 120.0 [100-145]
Diastolic blood pressure (mmHg) 75.0 [55-100]
DM (%) 23.9%
HbA1c (%) 6.54 ± 1.45
Fasting glucose (mg/dL) 106.1 ± 43.8
Total-C (mg/dL) 195.67 ± 40.54
LDL-C (mg/dL) 122.48 ± 32.58
HDL-C (mg/dL) 45.22 ± 11.19
TG (mg/dL) 158.75 ± 102.83
Basal GH (ng/mL) 13.9 ± 20.9
IGF-I (ng/ml) 681.4 ± 296.1

Data are shown as mean ± standard deviation.
BMI: body mass index; DM: Diabetes mellitus; LDL-C: Very
low-density lipoprotein; HDL: High-density lipoprotein; TG:
Trigliseride; GH: Growth hormone; IGF-1: Insulin-like growth
factor 1.

Table 2. Admission complaints of acromegaly patients.

Complaint Frequency
n %

Enlargement in hands and feet 38 53.5
Headache 27 38
Facial changes 24 33.8
Vision defect 8 11.3
Snoring 7 9.9
Numbness in hands 7 9.9
Enlargement in tongue 6 8.5
Excessive sweating 2 2.8
Loss of libido 1 1.4
Nonspecific 14 19.7

Table 3. Comparisons of the treatment modalities in the
acromegalic patients.

Tumor diameter (mm) § 15.3 [±7.3]
Macroadenoma (%) ‡ 49 (71)

Use of medications (%) var ‡ 44 (62.0)
Types of medical treatment ‡

Cabergoline 3 (4.2)
Somatostatin 33 (46.5)
Somatostatin+Cabergoline 7 (9.9)
Pegvisomant+Somatostatin 1 (13.0)

Surgical treatment (%) ‡ 62 (89.9)

Use of Gamma Knife (%) ‡ 6 (8.4)

Use of conventional radiotherapy ‡ 0 (0.0)

Figure 1. Comparison of adenoma size and treatment
modalities.

(56.3% and 17.9%, respectively, p:0.02). 5.6% of the pa-
tients were previously diagnosed with malignancy (thyroid
papillary cancer in two patients, colon cancer in one pa-
tient, and gastric cancer in one patient).
Considering the acromegaly etiology, it was seen due to
pituitary adenoma in 97.2% (69 cases) and non-pituitary
causes in 2.8% (2 cases). A neuroendocrine tumor was de-
tected in one patient with nonpituitary acromegaly, and no
primary underlying cause was identified in the remaining
cases. The mean size of the pituitary adenoma at diagnosis
was 15.3±7.8 mm, and most patients had macroadenoma
(71.0%).
On admission, mean GH levels of the patients with mi-
croadenoma was 4.70±4.28 µg/L, and the mean IGF-1
value was 569.68±266.36µg/L. The mean GH of the pa-
tients with macroadenoma was 18.17±23.97µg/L, and the
mean IGF-1 value was 733.79±300.37µg/L. The means of
GH and IGF-1 were statistically significantly higher in
those with macroadenoma than those with microadenoma
(p: 0.001 vs p: 0.042, respectively).
Approximately 70% of the study population had some level
glucose disorders. The overall prevalence of prediabetes
and diabetes mellitus was 40.4% and 29%, respectively.
The mean HbA1c value of the patients was 6.54±1.45%.
When we examined the study group for hypopituitarism,
secondary adrenal insufficiency (12.7%) was the most
common, followed by central hypothyroidism (5.6%) and
hypogonadotropic hypogonadism (4.2%). Panhypopitu-
itarism was present in 7% of the cases.
Colonoscopy results of 53 patients were available. Colon
malignancy was developed in the clinical follow-ups of
three patients (4.2%). Thyroid papillary cancer was di-
agnosed in four patients (5.6%) with thyroid ultrasound
and fine-needle aspiration biopsy performed during malig-
nancy screening.
The treatment methods performed according to the ade-
noma size are summarized in Figure 6.
The treatment methods performed to the study group were
classified according to the adenoma size and summarized in
Table 3. Surgery (transsphenoidal adenectomy in all cases)
was administered as the primary treatment in 89.9% (62
patients) of the cases. While no residual tumoral tissue
was detected in 55.4% of the patients in the postopera-
tive imaging, residual tumoral tissue was smaller than 1
cm in 10.7% and larger than 1 cm in 33.9%. Due to dis-
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ease activity, 38.7% of the patients were in remission after
primary surgery. There was no statistically significant dif-
ference between microadenoma and macroadenoma groups
in the rates of patients in remission after surgery (36.8%
vs 39.5%, respectively, p: 0.19).
Six patients (9.7%) were reoperated during follow-ups.
The need for reoperation was higher in the macroadenoma
group than in the microadenoma group (11.6% vs. 5.3%,
respectively).
Medical treatment was recommended for 61.9% (44 pa-
tients) of the patients. Medical treatment was adminis-
tered in the majority of patients because remission could
not be achieved after surgery. Medical therapy was ap-
plied as the primary treatment regimen in six (8.5%) pa-
tients without surgery. Somatostatin analogs (75%) and
dopamine agonists (15.9%) together with the somatostatin
analog were used in medical treatment most frequently.
Only dopamine agonist was recommended in three pa-
tients, and growth hormone receptor antagonist in com-
bination with somatostatin analog in one patient. One
patient having acromegaly due to a neuroendocrine tumor
received chemotherapy during the treatment.
Radiotherapy was applied to six patients (8.4%) with
macroadenoma and a gamma knife was used in all cases.

Discussion

Acromegaly is a metabolic disease that occurs due to ex-
cessive GH secretion.
In our study, the rates of male patients were higher than
female patients (59.4% vs. 45.1%). The mean age at diag-
nosis was 48.5-year-old, and men were diagnosed approx-
imately six years earlier than women (45.7 years vs. 51.9
years, respectively). In the study including 405 acromegaly
patients by Dal et al.; it was reported that 53% of the pa-
tients were male and 47% female and the mean age at di-
agnosis was 48.7-year-old [7]. In a review including 16130
patients with acromegaly by Maione et al. in 2019; male
predominance (male/female ratio 1.26) was reported, and
the mean age at diagnosis was 45.2-year-old [8]. Although
it is stated in the literature that acromegaly presents with
equal frequency in both genders, its prevalence was re-
ported more frequently in men in our study and some other
studies [7,8].
The most common complaints in our case group were en-
larged hands and feet (53.5%), headache (38.0%), and
facial changes (33.0%). Petrosian et al. reported
that dysmorphic appearance, enlarged extremities, and
headache were the most common symptoms in patients
with acromegaly [9]. In the study by Tseng et al., the
most common presenting symptoms were facial changes,
enlarged extremities, snoring, and headache [10]. The ad-
mission complaints frequency of our patients in our study
was consistent with the literature [9, 10].
Uncontrolled GH and IGF-1 hypersecretion in acromegaly
causes increased cardiovascular, respiratory, metabolic,
and malignancy-related complications and mortality risk
compared to the normal population [11]. In our study
group, the most common comorbid diseases were hyperten-
sion (35.2%) and DM (23.9%). The hypertension preva-
lence was higher particularly in the female patient group
than in the male group. One of the reasons may be those

female patients were diagnosed at an older age. In the
study involving 3173 patients with acromegaly by Pet-
rosian et al., it was reported that hypertension was in
28.8%, type 2 DM in 24.5%, and cardiovascular disease
in 6.5%. In a study by Mercado et al., at the time of di-
agnosis, 35% of their patients had a hypertension history,
30% of DM, and 8% of coronary artery disease [12]. In
our study, the cardiovascular disease rate at diagnosis was
lower than in the literature. It was suggested that this
situation might result from the small number of our pa-
tients. Other comorbid diseases increased in line with the
literature.
Numerous studies have reported increased malignancy
prevalence in patients with acromegaly [13]. In our study,
the malignancy frequency in our patient group was 15.4%.
In approximately one-third of these patients, malignant
neoplasms were diagnosed before the acromegaly. In this
respect, earlier diagnosis in acromegaly patients will pro-
vide screening for malignancy without delay and the diag-
nosis and effective treatment of these tumors at an early
stage.
Consistent with the literature, in our study, we found
that pituitary macroadenoma (69%) mainly played a role
in the disease etiology. In a study by Petrosian et al.,
the macroadenoma incidence in acromegaly patients was
stated as 71.8% [9]. This can be explained by that the
time elapsed between the onset of acromegaly and the di-
agnosis is approximately 5-10 years.
Transsphenoidal surgery is recommended as first-line ther-
apy in most acromegaly patients [14]. Besides, surgical
treatment is effective in urgently treating the tumor ef-
fect, optic nerve, and headache; it is also the only treat-
ment method that gives a chance of cure [14]. In our pa-
tient group, 89.9% of patients with pituitary adenoma un-
derwent transsphenoidal adenectomy. In a study of 115
patients with acromegaly by Anagnostis et al., it was re-
ported that 79% of the patients underwent surgery during
follow-ups [15].
In the literature, post-surgical remission rates in
acromegaly patients vary due to the adenoma size. In our
study, our postoperative remission rate was 36.8% in mi-
croadenomas and 39.5% in macroadenomas. In the study
on 134 patients with acromegaly by Kim et al., the surgi-
cal remission rate was reported as 86.7% in patients with
microadenoma and 72.3% in patients with macroadenoma
[16]. In a study on 56 acromegaly patients by Yıldırım et
al., it was reported that surgical remission was achieved in
80% of microadenomas and 64.7% of macroadenomas [17].
Postoperative remission rates in our study were signifi-
cantly lower than in the literature, especially in patients
with microadenoma. This may be based on the lack of
a surgical center experienced in the pituitary in our re-
gion. However, some patients are operated on directly by
neurosurgeons without being examined by an endocrinol-
ogist. Also, the rates of referral to a specialized center for
surgery in patients with macroadenomas are higher than
those with microadenomas.
There are many studies on medical treatments adminis-
tered in the postoperative period for acromegaly treat-
ment. In the study on 650 acromegaly patients by Mer-
cado et al., 395 patients needed medical treatment. It was
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reported that 67.6% of those who received medical treat-
ment used somatostatin analogs, 25.4% used somatostatin
analog + dopamine agonist, and 7% used only dopamine
agonist [18]. In our study group, similar to the literature,
61.9% of the patients were treated with medical treatment,
and somatostatin analogs were preferred most frequently.
Radiotherapy is another treatment method for treating
residual mass and hormonal control in acromegaly patients
who cannot be cured or controlled by surgical or medical
treatment. Stereotactic radiotherapy was performed on
8.7% of our study group. In a study on 96 acromegaly
patients by Can et al., it was stated that 30.2% of the
patients received radiotherapy [19]. In the study on 442
acromegaly patients by Mercado et al., it was reported that
17% of the patients received radiotherapy [12]. Compared
to the literature, the lower rate of patients who received
radiotherapy in our study may be due to the differences in
the success rate of the operation and the recommendations
of the acromegaly guidelines, which recommend radiother-
apy only for patients who are not in remission with surgical
and medical treatment, published in the last ten years.
In our study group, a 49.3% remission rate was found
with different treatment regimens. In the study on 93
acromegaly patients by Anagnostis et al., remission was
reported in 51.6% after treatment [15]. In another study
by Vandeva et al. involving 534 acromegaly patients, a
51.4% remission rate was reported [20]. In our study, post-
treatment remission rates were within the rates with the
literature.
During follow-up, hypopituitarism was 22.5% of the pa-
tients. Secondary adrenal insufficiency (12.5%) occurs
most frequently. In the study on 442 patients by Mercado
et al., hypogonadotropic hypogonadism was in 41%, pan-
hypopituitarism in 28%, central hypothyroidism in 22%,
and central hypercortisolism in 9% [12]. In the study on
271 acromegaly patients by Dutta et al., it was reported
that hypercortisolism was in 55%, hypogonadism in 38.4%,
and hypothyroidism in 34.2% after treatment [21]. In our
study, the hypopituitarism frequency of our patients was
significantly lower than in the literature. One of the rea-
sons may be that we use radiotherapy less frequently in
treatment. Another reason may be that extensive resec-
tion was not performed and so the normal pituitary tissue
was not damaged much during the surgery.
Acromegaly and somatostatin analog drugs used for the
treatment are known to be diabetogenic. We found that
only 30.6% of the study group had normal glucose tol-
erance, and the remaining large patient group had vary-
ing degrees of glucose intolerance. In the study on 97
acromegaly patients by Dreval et al.; Overt DM was in
37% of patients, IGT in 34.1%, and normal glucose toler-
ance in 28.8% [22]. It suggests that good metabolic control
with hormonal control will improve both life quality and
survival in acromegaly patients.
Thyroid USG results of 65 patients in our study group
were available. Pathologically proven thyroid malignancy
occurred in 4 patients (5.6%) during their follow-ups. In a
study involving 313 acromegaly patients by Keskin et al.,
it was reported that papillary thyroid carcinoma emerged
in 6% of patients [23]. In a retrospective study on 160
acromegaly patients by Dağdelen et al., thyroid malig-

nancy emerged in 10.6% of the patients [24]. In the study
on 105 acromegaly patients by Gullu et al., thyroid malig-
nancy was found in 4.7% [25]. Although there are studies
in the literature showing an increased incidence of thyroid
malignancies in acromegalic patients, it is considered that
this increase is due to the more frequent screening of thy-
roid nodules in this patient group.
As a result of our study, it was seen that acromegaly dis-
ease was seen more frequently in men, the diagnosis age
was 6 years earlier in men than in women, and they applied
to a doctor most frequently because of physical changes
and headaches. It was observed that glucose intolerance
was very common in acromegaly patients, the hypertension
prevalence was high, especially in female patients, and the
malignancy incidence, especially in the thyroid and colon,
was increased. In the preoperative pituitary magnetic res-
onance images, it was seen that the most common ade-
noma type was macroadenoma, and the remission rates
after surgery were not different from the macroadenoma
group in the microadenoma group. Similar to other stud-
ies on acromegaly treatment, it has been observed that
transsphenoidal surgery is the most commonly used treat-
ment method. New treatment agents and new studies are
needed to increase remission rates.
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