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Cardiovascular diseases and malignancies are 
mostly responsible for the increased mortality in 
patients with acromegaly.4 In biochemically con-
trolled individuals, the risk of complications or 
death is similar to that observed in the healthy 
population.5 If the GH excess occurs during in-
fancy, childhood, or adolescence, when the epiph-
yseal plates are still open, abnormally tall stature 
is observed. Despite major progress in the diag-
nosis and therapy of acromegaly in recent years, 
the diagnostic delay remains too long and rang-
es between 5 and 10 years. Wide spectrum of 

Introduction  Acromegaly is a chronic, slow-
ly progressive disorder, most often caused by 
growth hormone (GH)-producing pituitary neu-
roendocrine tumors (PitNETs).1 The prevalence of 
acromegaly varies from 5.3 to 6.9 per 100 000 in-
habitants with a slight female predominance, and 
the disease is most often diagnosed in the fifth 
decade of life.2,3 Common clinical manifestations 
include changes in external appearance as well 
as serious systemic complications, such as car-
diovascular, metabolic, and osteoarticular co-
morbidities, and an elevated risk of malignancy. 
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Abstract

Introduction  Acromegaly is a chronic, slowly progressive disorder caused mostly by growth hormone 
(GH)-producing pituitary neuroendocrine tumors (PitNETs). Recently, the associations between sex and 
age at the time of diagnosis and the course of acromegaly have been a focus of debate.
Objectives  The aim of our study was to evaluate the association between sex and age at the time 
of diagnosis of acromegaly and the clinical features, biochemical status, severity of the disease, and 
comorbidities.
Patients and methods  This was a single‑center study conducted in a group of consecutive patients 
with acromegaly and no family history of PitNETs. The participants were divded into 2 subgroups ac-
cording to sex (male, female) and 3 subgroups according to age at the time of diagnosis: i) younger 
(≤40 years), ii) middle‑aged (41–59 years), and iii) elderly patients (≥60 years).
Results  Our study included 101 patients (41 men, 60 women) who met the eligibility criteria. The mean 
(SD) age at the time of diagnosis was 47.3 (14.1) years and the median diagnostic delay was 5 years 
(interquartile range, 3–10). Age at the time of diagnosis and diagnostic delay were not statistically different 
in men and women. Levels of insulin‑like growth factor 1 (IGF‑1) above the upper limit of age‑adjusted 
normal range (%ULN IGF‑1) were greater in men than in women (mean [SD], 174.8% [98.9%] vs 109.4% 
[66.6%]; P = 0.002), while there was no significant difference in terms of %ULN IGF‑1 between the age 
groups. Median basal and nadir GH levels did not differ between the sexes. Men presented with hypo-
gonadism more frequently than women (54% vs 26%; P = 0.005). Hyperprolactinemia, hypogonadism, 
and macroadenoma were more frequently observed in the younger patients than in the middle‑aged and 
elderly individuals (all P <0.05).
Conclusions  According to our results, hypogonadism and greater IGF‑1 values were more frequently 
observed in men with acromegaly. Hyperprolactinemia, hypogonadism, and macroadenoma were more 
frequent in patients with acromegaly aged 40 years or younger.
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a positive family history of PitNETs. Baseline 
data regarding the biochemical status at the time 
of diagnosis and radiographic data were collect-
ed retrospectively, whereas information concern-
ing the diagnostic delay and age at the onset of 
symptoms were collected during routine visits 
to an outpatient clinic. The data were analyzed 
in 2 subgroups divided by sex (male, female) and 
3 subgroups divided by age at the time of diag-
nosis: i) younger patients (≤40 years), ii) middle
‑aged patients (41–59 years), and iii) elderly pa-
tients (≥60 years). Age at the onset of symptoms 
was estimated based on the patient case files and 
was confirmed with the patient and their family. 
Age at the time of diagnosis was defined as the age 
at which biochemical confirmation of acromegaly 
and a radiographic diagnosis of pituitary tumor 
were established. Hyperprolactinemia was de-
fined as a prolactin concentration above the nor-
mal range (>400 μIU/ml). Hypogonadism was de-
fined as amenorrhea in premenopausal women, 
low estradiol level with low or inappropriate but 
within‑reference‑range serum levels of follicle
‑stimulating hormone (FSH) and luteinizing hor-
mone (LH) in postmenopausal women, or low se-
rum testosterone level in men with low or inap-
propriate but within‑reference‑range serum levels 
of FSH and LH. Remission of the disease follow-
ing the first surgery was defined as suppression 
of the GH concentration below 1 µg/l (2.5 µIU/ml) 
in the 75‑g oral glucose suppression test and nor-
malization of IGF‑1.7 Radiographic data were col-
lected at the time of the first confirmation of pi-
tuitary abnormality or during follow‑up, using 
MRI. Body height was assessed using a stadiom-
eter. Body mass index (BMI) was calculated as 
the body mass divided by the square of the body 
height. Plasma IGF‑1 concentration was measured 
with the RIA‑ELISA (DIAsource ImmunoAssays 
SA, Louvain‑la‑Neuve, Belgium). The intra‑assay 
coefficient of variation (CV) was 12.9%, while 
the inter‑assay CV was 6.1%. The sensitivity of 
the assay was 4.5 ng/ml. Plasma GH concentra-
tion was measured with the IRMA assay (DIA-
source ImmunoAssays SA). The intra‑assay CV was 
2.7%, while the inter‑assay CV was 7.2%. The sen-
sitivity of the assay was 0.04 µIU/ml.

The level of IGF‑1 was expressed as a base-
line value (ng/ml) and as percentage of IGF‑1 
of the upper limit of age‑adjusted normal range 
(%ULN IGF‑1).

Normal IGF‑1 ranges in female patients were 
191–478 ng/ml (for the age group of 21–30 years), 
180–437 ng/ml (31–50 years), 123–406 ng/ml 
(41–50 years), 122–327 ng/ml (51–60 years), 
and 91‑320 ng/ml (>60 years). Normal IGF‑1 
ranges in male patients were 235–408 ng/ml, 
154–270 ng/ml, 160–318 ng/ml, 144–286 ng/ml, 
and 94‑245 ng/ml, respectively, for the same age 
groups.

Statistical analysis  Statistical analysis was per-
formed using the Statistica software, version 13.3 
(StatSoft Inc., Tulsa, Oklahoma, United States). 

clinical outcomes that may develop in the course 
of the disease depends on multiple factors. A bet-
ter understanding of the natural history of acro-
megaly would allow the implementation of per-
sonalized therapy. This would lead to improved 
efficacy of biochemical control, which remains 
the strongest predictor of a patient’s outcome.6,7 
Some diseases show sexual dimorphism, and in 
this study, we investigated if sex was associat-
ed with the course of acromegaly. It was sug-
gested that estrogens and androgens may have 
an impact on the GH–insulin‑like growth factor 
1 (IGF‑1) axis.8-10 An age‑related phenotype of 
acromegaly has also been observed.11-14 Young-
er patients present more often with an aggres-
sive form of the disease that is resistant to med-
ical therapy. Other factors known to be associ-
ated with a worse prognosis include the sparse-
ly granulated subtype of somatotroph tumor, 
greater IGF‑1/GH bioactivity, T2 hyperintensity 
on magnetic resonance imaging (MRI), or larger 
tumor size.15 The aim of this study was to eval-
uate the association between sex and age at the 
time of diagnosis and the clinical features, co-
morbidities, biochemical status at the time of 
diagnosis, and disease severity.

Patients and methods  The study was con-
ducted according to the guidelines of the Dec-
laration of Helsinki and approved by the Eth-
ics Committee of the Jagiellonian University 
(1072.6120.58.2020).

This was a single‑center, epidemiological study 
conducted between January 1, 2019 and May 31, 
2020. It included 101 consecutive adult patients 
with acromegaly who were diagnosed at the De-
partment of Endocrinology, Jagiellonian Universi-
ty Medical College in Kraków, Poland. Biochemical 
confirmation of acromegaly was based on IGF‑1 
concentration above the normal range for age and 
sex with a lack of GH suppression (<1 µIU/ml) 
during the oral glucose tolerance test.7,16 Exclu-
sion criteria were ectopic growth hormone–re-
leasing hormone (GHRH) production17 or / and 

What’s new?

Some diseases show sexual dimorphism. In this study, we investigated 
whether the patient’s sex had any effect on the course of acromegaly. Ad-
ditionally, we evaluated the association between age at the time of diagnosis 
and the clinical features of somatotroph adenomas. A better understanding 
of the natural history of acromegaly would allow the  implementation of 
personalized therapy. This would lead to improved efficacy of biochemical 
control, which remains the strongest predictor of the patient’s outcome. In 
our population, male patients had greater insulin‑like growth factor 1 values 
and more often presented with hypogonadism, whereas hyperprolactinemia, 
hypogonadism, and macroadenoma were more frequent in younger patients 
(≤40 years) with acromegaly. We believe that focusing on additional fac-
tors related to acromegaly would help internal medicine specialists, general 
practitioners, as well as clinical endocrinologists improve the diagnosis and 
treatment of acromegaly in everyday practice.
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IGF‑1). If the conditions for the t test were not 
met, the Mann–Whitney test was applied.

Similarly, analysis of variance (ANOVA) and 
the Kruskal–Wallis test were used to compare 
variables between the 3 defined age groups, as ap-
propriate. If the results were significant, post‑hoc 
tests (Dunn test) were used to identify the groups 
that differed.

The χ2 test was applied to analyze the relation-
ship between sex and age groups with categorical 
variables. Spearman correlation coefficients (R) 
were calculated to measure the relationships be-
tween parameters.

Results  A total of 101 unselected, consecutive 
adult patients with somatotroph PitNETs (out of 
104 patients who were interviewed in the outpa-
tient clinic) met the eligibility criteria. Among 
the excluded individuals, 1 patient did not con-
sent to participate in the study, 1 had a positive 
family history of PitNETs, and 2 patients were 
suspected to have ectopic GHRH/GH produc-
tion. The study group comprised 60 women and 
41 men at a mean (SD) age at the time of diagno-
sis of 47.3 (14.1) years, and a median (IQR) delay 
in diagnosis of 5 (3–10) years. There were no sig-
nificant differences between the sexes in terms 
of the age at the time of diagnosis or diagnostic 
delay (Table 1).

Effect of age and sex on growth hormone concentration  
Median baseline and nadir GH concentrations did 
not differ between the sexes. In the entire study 
group, the baseline GH level correlated inversely 
with age (R = –0.31; P = 0.004) (Figure 1A). Greater 
GH concentrations were observed in the young-
er subgroup as compared with the  middle
‑aged and elderly patients: median (IQR), 44.7 
(24.1–100) µIU/ml vs 28.2 (12.5–65.6) µIU/ml vs 
19.9 (12.1–33.4) µIU/ml, respectively (P = 0.04) 
(Table 2). The post‑hoc test showed a significant 
difference in the GH level between the younger 
and the elderly group (P = 0.01).

The nadir GH concentration after the oral 
glucose load test did not differ between the age 
groups. Additionally, the baseline GH level pos-
itively correlated with the tumor size (R = 0.46; 
P <0.001).

Effect of age and sex on insulin‑like growth factor 1 
values  The mean (SD) value of %ULN IGF‑1 was 
greater in men than in women: 174.8% (98.9%) 
vs 109.4% (66.6%) (P = 0.002). The %ULN IGF‑1 
values did not differ between the age groups. 
The baseline IGF‑1 level was greater in the younger 
patients than in the middle‑aged and elderly par-
ticipants: median (IQR), 871 (756–1068) ng/ml vs 
762. 5 (593–885) ng/ml vs 617 (483–765) ng/ml, 
respectively (P = 0.003). The post‑hoc test showed 
a significant difference in the baseline IGF‑1 lev-
el between the younger patients and the elderly 
group (P = 0.003) (Table 2).

The baseline IGF‑1 level inversely correlat-
ed with age at the time of diagnosis (R = –0.35; 

The significance level was set at 0.05. Categorical 
variables were expressed as frequencies. Quanti-
tative variables were presented as mean with SD 
or median with interquartile range (IQR), de-
pending on whether they followed a normal dis-
tribution. In order to confirm the normal distri-
bution of variables, the Shapiro–Wilk test was 
applied. The differences in quantitative vari-
ables between the 2 groups divided by sex were 
analyzed using the t test for independent val-
ues if the assumption of normality of distribu-
tion was met. The equality of variances assump-
tion was verified with the F test. In the case of 
the heterogeneous variances, the unequal vari-
ances t test (Cochran–Cox) was used (for %ULN 

TABLE 1  Effect of sex on the biochemical and clinical features of acromegaly

Parameter Women (n = 60) Men (n = 41) P value

Age at the time of diagnosis, y 47.7 (13.8) 46.7 (14.7) 0.72

Diagnostic delay, y 6 (3.5–10) 5 (3–7) 0.60a

Baseline GH level, µIU/ml 25.4 (18.4–67) 31.6 (20–66.2) 0.49a

Nadir GH level, µIU/ml 30.1 (13.4–61.2) 30.2 (21.5–72.4) 0.60a

Baseline IGF‑1 level, ng/ml 778.7 (267.3) 831.4 (292.4) 0.42

%ULN IGF‑1, % 109.4 (66.6) 174.8 (98.9) 0.002

Hyperprolactinemia, % 27.1 20.0 0.46

Tumor size, mm 12 (9.5–19) 16 (11.5–24) 0.09a

Macroadenoma, % 74.4 83.9 0.33

Hypogonadism, % 25.5 54.1 0.006

BMI, kg/m2 27.5 (4.93) 29.2 (4.4) 0.10

Body height, cm 164.6 (7.6) 179.5 (9.2) <0.001

Data are shown as percentage of affected patients, mean (SD), or median (interquartile 
range).

P values were derived from the χ2 test or the t test unless indicated otherwise. 
A P value <0.05 was considered significant.

a  Calculated using the Mann–Whitney test

Abbreviations: BMI, body mass index; GH, growth hormone; IGF‑1, insulin‑like growth 
factor 1; %ULN IGF‑1, IGF‑1 above the upper limit of age‑adjusted normal range

Figure 1�  A – correlation between the age at the time of acromegaly diagnosis and 
the baseline GH level 
Abbreviations: see Table 1
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showed a significant difference in the frequency 
of hyperprolactinemia between the younger pa-
tients and the elderly group (P = 0.02) (Table 2).

In the entire study population, there was an in-
verse correlation between the prolactin level and 
age at the time of diagnosis (R = –0.33; P = 0.004) 
(Figure 1D). There was no significant difference in 
the frequency of hyperprolactinemia between 
men and women.

Effect of age and sex on tumor size  The pituitary 
tumor size did not differ between female and 
male participants; however, a negative corre-
lation between the tumor size and age was ob-
served. The younger patients presented with 
a larger tumor size than the middle‑aged and el-
derly individuals: median (IQR), 15 (12–23) mm 
vs 14.5 (9.3–18) mm vs 10.5 (8–15) mm, respec-
tively (P = 0.045). The post‑hoc test showed a sig-
nificant difference in the tumor size between 
the  younger patients and the  elderly group 
(P = 0.03) (Table 2).

The frequency of macroadenoma was slight-
ly greater in men than in women (84% vs 74%); 
however, the difference did not reach statisti-
cal significance. The tumor size positively cor-
related with the GH concentration (R = 0.46; 
P <0.001) and body height (R = 0.37; P = 0.001), 
but an inverse correlation was found for the age 
at the time of diagnosis (R = –0.33; P = 0.003) 
(Figure 1E).

P = 0.002), while there was no correlation be-
tween %ULN IGF‑1 and age (R = –0.02; P = 0.88) 
(Figure 1B and 1C). Baseline IGF‑1 positively cor-
related with the body height (R = 0.27; P = 0.02).

Effect of age and sex on hyperprolactinemia  The in-
cidence of hyperprolactinemia was the greatest 
among the younger patients (39.4%), as compared 
with the middle‑aged (20.6%) and elderly individ-
uals (9.5%) (P = 0.003) (Table 2). The post‑hoc test 

TABLE 2  Effect of age on the biochemical and clinical features of acromegaly

Parameter Young;  
≤40 years  
(n = 36)

Middle‑aged; 
41–59 years  
(n = 40)

Elderly; 
≥60 years  
(n = 25)

P value P value

Young vs 
middle
‑aged

Young vs 
elderly

Middle 
aged vs 
elderly

Baseline GH level, µIU/ml 44.7 (24.1–100) 28.2 (12.5–65.6) 19.9 (12.1–33.4) 0.04a 0.16b 0.01b 0.72b

Baseline IGF‑1 level, ng/ml 871 (756–1068) 762.5 (593–885) 617 (483–765) 0.003a 0.10b 0.003b 0.59b

%ULN IGF‑1, % 121 (77.5–204.5) 138.5 (71–196) 107 (73–139) 0.77a >0.99b >0.99b >0.99b

Hyperprolactinemia, % 39.3 20.6 9.5 0.045 0.45b 0.31b 0.70b

Tumor size, mm 15 (12–23) 14.5 (9.3–18) 10.5 (8–15) 0.02a 0.13b 0.03b >0.99b

Macroadenoma, % 93.1 74.1 61.1 0.02a 0.02b 0.005b 0.46b

Age at menarche, y  
(only women, n = 57)

13 (12–15) 13 (13–14) 13 (12–14) 0.87a 1.00b 1.00b 1.00b

Body height, cm 176.3 (11.5) 168.4 (10) 166.2 (8.8) <0.001c 0.003d 0.001d 0.38d

BMI, kg/m2 26.4 (23.8–28.1) 28.4 (24.8–30.2) 30.1 (26.8–31.3) 0.007a 0.17b 0.007b 0.43b

Diagnostic delay, y 4 (1.8–7) 6.5 (4–10) 7 (5–10) 0.04a 0.09b 0.09b 1.00b

Remission after the first surgery, 
%

50 57.5 60.1 0.68 0.66b 0.58b 0.85b

Hypogonadism, % 54.8 27.8 28.6 0.047 0.20b 0.96b 0.29b

Data are shown as percentage of affected patients, mean (SD) or median (interquartile range). P values were derived from the χ2 test or the t test 
unless indicated otherwise. A P value <0.05 was considered significant.

a  Calculated using the Mann–Whitney test

b  Calculated using the Kruskall–Wallis test

c  Calculated using the analysis of variance

d  Calculated using the Newman–Keuls test

Abbreviations: see Table 1

Figure 1�  B – correlation between the age at the time of acromegaly diagnosis and 
the baseline IGF‑1 level 
Abbreviations: see Table 1
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patients and the middle‑aged group (P = 0.024) 
(Table 2).

Effect of age and sex on BMI  In female and male 
patients with acromegaly, median BMI values 
were similar. However, BMI inversely correlated 
with age in the entire population: the values were 
lower in the younger patients than in the middle
‑aged and elderly participants; median (IQR), 
26.4 (23.8–28.1) vs 28.4 (24.8–30.2) vs 30.1 
(26.8–31.3), respectively (P = 0.007). The post
‑hoc test showed a significant difference in BMI 
between the younger patients and the elderly 
group (P = 0.007) (Table 2). Moreover, BMI posi-
tively correlated with age at the time of diagno-
sis (R = 0.32; P = 0.001) (Figure 1F).

Effect of age and sex on body height  Younger pa-
tients with acromegaly presented with a signifi-
cantly greater mean body height than the middle
‑aged and elderly individuals: 176.3 (11.5) cm vs 
168.4 (9.8) cm vs 166.2 (8.8) cm, respectively 
(P <0.001). The post‑hoc test showed a significant 
difference in body height between the younger 
patients and the middle‑aged group (P = 0.004), 
and between the younger patients and the elderly 
group (P = 0.001) (Table 1). The body height pos-
itively correlated with the tumor size (R = 0.37; 
P = 0.001) and %ULN IGF‑1 (R = 0.34; P = 0.004), 
but negatively correlated with the age at the time 
of diagnosis (R = –0.37; P <0.001) (Figure 1G). Male 
patients presented greater height than the fe-
male group.

Effect of age and sex on remission of the disease fol-
lowing the first surgery  The impact of a patient’s 
sex on the remission rate following the first sur-
gery was not significant. The elderly patients pre-
sented with a higher rate of successful treatment 
following transsphenoidal surgery (60.1%) than 
the middle‑aged (57.5%) and younger patients 
(50%); however, these differences did not reach 
statistical significance.

Comorbidities  Arterial hypertension, nodular 
goiter, and diabetes mellitus with glucose intol-
erance were more common among the elderly pa-
tients with acromegaly than in the middle‑aged 
and younger participants (P <0.05). There were 
no sex‑related differences.

Discussion  The results of our study, which in-
volved a Polish cohort of unselected adult patients 
with somatotroph PitNETs, showed sex- and age
‑related differences in the disease presentation, 
prevalence of comorbidities, biochemical status, 
and severity of acromegaly.

Several diseases show sexual dimorphism. This 
phenomenon is observed in autoimmune diseas-
es as well as in pituitary tumorigenesis. Some 
studies suggest the role of estrogens as a poten-
tial trigger, especially in prolactinomas.10,18-20 In 
most studies of patients with acromegaly, women 
were slightly more frequently affected than men 

Effect of age and sex on hypogonadism  Male pa-
tients presented with hypogonadism more fre-
quently than female participants (54% vs 26%; 
P = 0.005). Hypogonadism at the time of diagno-
sis was also more common in the younger patients 
(54.8%) than in the middle‑aged (27.8%) and el-
derly individuals (28.6%) (P = 0.047). The post
‑hoc test showed a significant difference in the fre-
quency of hypogonadism between the younger 
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Based on several studies, there is strong evi-
dence that gonadal steroids have a modulating ef-
fect on the somatotropic axis.27,28 Estrogens re-
duce the GH secretion, and therefore cause a de-
crease in the IGF‑1 production in the liver.29 In 
contrast, testosterone increases the GH concen-
tration.9,28,30 In our cohort, there was no sex
‑specific effect on the basal and nadir GH levels; 
however, %ULN IGF‑1 was greater in male pa-
tients. In a meta‑analysis by Dal et al,10 including 
3567 cases, the IGF‑1 concentration was signifi-
cantly lower among women (mean difference, 106 
µg/l), whereas the nadir GH concentration was 
comparable between the sexes. A recent study31 
also showed that other factors affecting the nadir 
GH level after glucose load include the BMI, sex, 
and estrogen in oral contraceptives. Moreover, 
the nadir GH concentration was significantly low-
er among healthy individuals than the cutoff val-
ues used in the current acromegaly guidelines.31

In our study population, both GH and IGF‑1 
concentrations inversely correlated with age. 
A  variable age‑dependent biochemical sta-
tus was reported for the first time in 1992 by 
van der Lely et al.32 This observation was lat-
er confirmed in several other studies, in which 
the older patients presented with lower GH and 
IGF‑1 levels than the middle‑aged and younger 
individuals.12,32,33 In addition, our study showed 
that the basal GH level positively correlated with 
the tumor diameter.

Tumor size at the time of diagnosis is an im-
portant factor in the prediction of treatment out-
comes. Larger pituitary tumors are associated 
with more aggressive behavior. In line with data 
from other studies, we observed no association 
between the sex and tumor diameter in our co-
hort.3,14,21,24,34,35 However, some authors report-
ed a larger tumor size in women.12,13 Park et al13 
found that women (especially premenopausal) 
had larger and more aggressive tumors that were 
prone to surgical failure. In contrast, a multi-
center study by Petrossians et al36 found that male 
patients had larger tumors at the time of diagno-
sis. In our cohort, the younger patients presented 
with a larger tumor size at the time of diagnosis, 
which is consistent with previous studies showing 
a negative correlation between the tumor size and 
age.9,34,37 Additionally, the tumor size positively 
correlated with GH levels, and this relationship 
has already been well established.38 Age‑related 
modulating factors, such as sex hormones or met-
abolic factors, may influence a more aggressive 
phenotype among young patients, indicated by 
a larger tumor size and higher GH concentration. 
This is in line with the results of our study, which 
showed that the younger patients demonstrated 
the highest recurrence rate of acromegaly follow-
ing transsphenoidal surgery.

Hypogonadism in patients with acromegaly 
may result from the tumor mass effect or pro-
lactin hypersecretion. However, hypogonadism 
was observed in patients with microadenoma in 
the absence of hyperprolactinemia.39 In a study 

(1.24:1).2,3 However, there are also studies show-
ing a balanced sex distribution or male predom-
inance.10,14,21,22 According to recently published 
data from a Denmark‑based nationwide cohort 
study including all incident cases of acromegaly 
from 1978 to 2010, a balanced sex distribution 
and comparable age at the time of diagnosis were 
noted.10 However, in that study, the sex distribu-
tion was associated with the calendar year dur-
ing which acromegaly was confirmed (changing 
from initial female predominance to a more even 
sex balance). The authors suggested that this phe-
nomenon may be associated with improvements 
in the diagnostic methods of somatotroph tumors 
(increased availability of MRI and IGF‑1 assays in 
routine clinical practice), which led to an increas-
ing incidence of milder cases of acromegaly.10

In our cohort, there were no relationships be-
tween the age at the time of diagnosis, sex, and 
the length of diagnostic delay. However, a recent 
meta‑analysis by Dal et al10 showed that wom-
en were older at the time of diagnosis and had 
a longer delay in diagnosis. In contrast, other 
studies demonstrated no sex‑specific differenc-
es in the age at diagnosis of acromegaly.10,21,23-26

Figure 1�  Correlation between the age at the time of acromegaly diagnosis and 
the BMI (F) and body height (G) 
Abbreviations: see Table 1
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of 363 patients, over half of the participants pre-
sented with hypogonadism, with a female pre-
dominance. In another study,40 38 out of 55 pre-
menopausal patients with acromegaly presented 
with anovulatory cycles. In our analysis, hypogo-
nadism was detected more frequently among men 
than women, and among the younger patients. 
Furthermore, Bhansali et al11 observed hypogo-
nadism in 23 out of 34 patients with adolescent 
acromegaly, especially in those with gigantism, as 
compared with the individuals of normal stature 
(90.9% vs 56.5%). Concomitant hypogonadism 
may also result in delayed closure of the epiphy-
ses, and therefore lead to tall stature.41,42 This is 
in line with our findings showing that the partic-
ipants who were younger at the time of diagnosis 
were significantly taller than the middle‑aged and 
elderly patients. Prolactin cosecretion or hyperp-
rolactinemia due to stalk effect may contribute to 
greater body height, and in our cohort this phe-
nomenon was most common among the young-
er patients. However, this observation was not 
sex‑dependent.

Cardiovascular diseases, nodular goiter, and 
diabetes mellitus are more common in patients 
with acromegaly than in the general population.43 
In our study, the incidence of these comorbidi-
ties was greater in the older patients with acro-
megaly than in the younger participants. This is 
also observed in the general population. Although 
a milder acromegaly phenotype was observed in 
the older population, long‑term exposure to ex-
cess GH/IGF‑1 levels leads to irreversible effects. 
In addition, elderly patients with acromegaly need 
special attention and biochemical control, there-
fore, these factors should be the primary focus of 
patient management in this group.43

The main limitation of our epidemiological 
study was related to the fact that it used data 
from a single center; however, it did include over 
100 consecutive patients. Regarding its retro-
spective design, a potential bias in data collec-
tion could exist. The radiographic data were as-
sessed at various centers; however, the biochem-
ical data at the time of diagnosis were analyzed 
locally in our department.

Conclusions  The diagnosis of acromegaly is still 
challenging and knowledge about the disease 
among physicians is essential to early detection. 
According to our results, the course of acromega-
ly is influenced by the patient’s sex and age at the 
time of diagnosis. Hypogonadism and greater 
IGF‑1 values were more frequently observed in 
men, whereas hyperprolactinemia, hypogonad-
ism, and macroadenoma were more common in 
the younger patients.

Additional efforts should be taken at the inter-
national level to facilitate early diagnosis in young 
patients presenting with an aggressive course 
of the disease as well as in older patients with 
a milder phenotype but significant comorbidities.
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