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Effects of acromegaly treatment
on left ventricular systolic
function assessed by speckle
tracking echocardiography in
relation to sex differences:
results from a prospective single
center study

Agata Popielarz-Grygalewicz1†, Maria Stelmachowska-Banaś2*†,
Dorota Raczkiewicz3, Izabella Czajka-Oraniec2,
Grzegorz Zieliński4, Wacław Kochman1, Marek Dąbrowski5

and Wojciech Zgliczyński2

1Department of Cardiology, The Centre of Postgraduate Medical Education, Warsaw, Poland,
2Department of Endocrinology, The Centre of Postgraduate Medical Education, Warsaw, Poland,
3Department of Medical Statistics, School of Public Health, The Centre of Postgraduate Medical
Education, Warsaw, Poland, 4Department of Neurosurgery, Military Institute of Medicine,
Warsaw, Poland, 5Department of Cardiology, Bielanski Hospital, Warsaw, Poland
Background: Despite the preserved LVEF, patients with acromegaly are

characterized by subclinical systolic dysfunction i.e., abnormal global

longitudinal strain (GLS) assessed by speckle tracking echocardiography (STE).

The effect of acromegaly treatment on LV systolic function assessed by STE, has

not been evaluated so far.

Patients and methods: Thirty-two naïve acromegalic patients without

detectable heart disease were enrolled in a prospective, single-center study.

2D-Echocardiography and STE were performed at diagnosis, 3&6 months on

preoperative somatostatin receptor ligand (SRL) treatment and 3 months after

transsphenoidal surgery (TSS).

Results: Treatment with SRL resulted in reduction in median (IQR) GH&IGF-1

levels after 3 months, from 9.1(3.2-21.9) to 1.8(0.9-5.2) ng/mL (p<0.001) and

from 3.2(2.3-4.3) to 1.5(1.1-2.5) xULN (p<0.001), respectively. Biochemical

control on SRL was achieved in 25.8% of patients after 6 months and complete

surgical remission was achieved in 41.7% of patients. TSS resulted in decrease in

median (IQR) IGF-1 compared to IGF-1 levels on SRL treatment: from 1.5(1.2-2.5)

to 1.3(1.0-1.6) xULN (p=0.003). Females had lower IGF-1 levels at baseline, on

SRL and after TSS compared to males. The median end diastolic and end systolic

left ventricle volumes were normal. Almost half of the patients (46.9%) had

increased LVMi, however the median value of LVMi was normal in both sex

groups: 99g/m2 in males and 94g/m2 in females. Most patients (78.1%) had
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fendo.2023.1154615/full
https://www.frontiersin.org/articles/10.3389/fendo.2023.1154615/full
https://www.frontiersin.org/articles/10.3389/fendo.2023.1154615/full
https://www.frontiersin.org/articles/10.3389/fendo.2023.1154615/full
https://www.frontiersin.org/articles/10.3389/fendo.2023.1154615/full
https://www.frontiersin.org/articles/10.3389/fendo.2023.1154615/full
https://www.frontiersin.org/articles/10.3389/fendo.2023.1154615/full
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2023.1154615&domain=pdf&date_stamp=2023-05-08
mailto:mstelmachowska@cmkp.edu.pl
https://doi.org/10.3389/fendo.2023.1154615
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2023.1154615
https://www.frontiersin.org/journals/endocrinology


Popielarz-Grygalewicz et al. 10.3389/fendo.2023.1154615

Frontiers in Endocrinology
increased LAVi and themedian value was 41.8mL/m2. At baseline 50% of patients,

mostly men (62.5% vs. 37.5%) had GLS values higher than -20%. There was a

positive correlation between baseline GLS and BMI r=0.446 (p=0.011) and BSA

r=0.411 (p=0.019). The median GLS significantly improved after 3 months of SRL

treatment compared to baseline: -20.4% vs. -20.0% (p=0.045). The median GLS

was lower in patients with surgical remission compared to patients with elevated

GH&IGF-1 levels: -22.5% vs. -19.8% (p=0.029). There was a positive correlation

between GLS and IGF-1 levels after TSS r=0.570 (p=0.007).

Conclusion: The greatest beneficial effect of acromegaly treatment on LV

systolic function is visible already after 3 months of preoperative SRL

treatment, especially in women. Patients with surgical remission have better

GLS compared to patients with persistent acromegaly.
KEYWORDS

acromegaly, global longitudinal strain (GLS), speckle tracking echocardiography (STE),
somatostatin receptor ligands (SRL), transsphenoidal pituitary surgery
Introduction

Acromegaly is a systemic disease that affects multiple organs

including the cardiovascular system (1). Recent data show that

mortality rate among patients with well-controlled acromegaly is

similar to that of the normal aging population (1) and there is a shift

from cardiovascular disease to cancer as the leading cause of

mortality (2, 3). Although cardiovascular morbidity has improved

significantly in recent years, cardiovascular disease is still an

important cause of mortality among patients with acromegaly.

There are studies showing an increased cardiovascular mortality

among acromegaly patients compared to the general population,

particularly in females (2, 4). It remains unclear how much those

changes in morbidity and mortality are influenced by improved

methods of treatment of acromegaly and its comorbidities or overall

improved cardiac care and more strict cardiovascular risk

management (5).

Acromegaly can cause a typical cardiomyopathy characterized

by mainly left ventricular hypertrophy (LVH) that is associated

with mildly impaired diastolic function, which can progress to

systolic dysfunction (6). However, most echocardiographic studies

have shown that systolic function in acromegaly measured by

ejection fraction (EF) is preserved, and that symptomatic heart

failure is an uncommon and late complication (5, 7, 8). Therefore,

identifying patients with acromegaly who have increased

cardiovascular risk is the main challenge in avoiding this late

phase of acromegalic cardiomyopathy. Two-dimensional speckle-

tracking echocardiography (2D-STE) is a modern technique that

allows the evaluation of longitudinal, radial, and circumferential

deformation and offers a more sensitive assessment of myocardial

contractility, especially in patients with preserved EF (9). The

global longitudinal strain (GLS) is a well validated, reproducible

tool for the measurement of global left ventricular (LV) systolic
02
function and provides relevant evidence on the diagnostic and

prognostic implications (10, 11). Reduction in GLS predicts worse

cardiovascular outcomes (12, 13) and evaluation of such reduction

has been applied to the early detection of heart valve diseases,

myocardial ischemia, hypertrophic cardiomyopathy, and

cardiotoxicity during cancer therapy (14) as well as in the

preclinical detection of cardiac involvement in the systemic,

metabolic and endocrine diseases (13, 15–17). To date, there

have been only a few studies evaluating LV function using STE

in patients with active acromegaly and preserved EF (8, 18–20).

However, the results have been inconsistent and only some studies

showed LV subclinical systolic dysfunction (18, 21), while in other

studies GLS did not differ between patients with acromegaly and

the control groups (19, 20). The discrepancies in these results may

be due to inhomogeneous groups of patients with acromegaly and

previous treatment of acromegaly in these patients. A beneficial

effect of acromegaly treatment on subclinical LV dysfunction

cannot be ruled out, even in patients who fail to achieve full

biochemical control of the disease. However, the effect of

acromegaly treatment on LV systolic function assessed by STE,

has not been evaluated so far. Thus the aim of our study was to

investigate the effect of acromegaly treatment on LV function

measured by STE in naïve patients, considering potential

sex differences.
Patients and methods

Study design and patients

This was a prospective, single-center study. The study group

consisted of 35 consecutive newly diagnosed acromegaly patients

admitted to the Department of Endocrinology at the Center of
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Postgraduate Medical Education in Warsaw, Poland, from January

2018 to July 2020. Only adult patients (age ≥ 18 years) were enrolled

to this study. Acromegaly was diagnosed based on typical clinical

features associated with elevated serum IGF-1 levels for age and sex

and lack of GH suppression below 0.4 ng/mL during a 75 g oral

glucose tolerance test (OGTT), and positive pituitary magnetic

resonance (MRI) findings.

After the diagnosis of acromegaly, each patient received a

preoperative treatment with the first-generation somatostatin

receptor ligand (SRL) (lanreotide autogel 120 mg every 4 weeks

s.c.) while waiting for transsphenoidal pituitary surgery (TSS).

Biochemical response to the medical therapy was assessed after a

6-month treatment period for 31 patients. Good response to first-

generation SRLs was defined as fasting GH ≤1 ng/mL and IGF-1 ≤

the upper limit of normal (ULN) for age and sex on treatment with

a maximum dose of SRL.

Surgical remission was defined as IGF-1 concentration below

the ULN for sex and age-matched groups and suppression of GH on

OGTT below 0.4 ng/mL assessed 3 months after TSS. Out of 32

enrolled patients 24 underwent the TSS (75%) during the study after

preoperative treatment with SRL.

All patients were operated on by one neurosurgeon experienced

in pituitary surgeries from the Department of Neurosurgery,

Military Institute of Medicine in Warsaw, Poland.

Each patient underwent echocardiography at the time of

diagnosis of acromegaly, 3 and 6 months after the initiation of

treatment with SRL and 3 months after TSS. Patients with a known

coronary artery disease, with a history of myocardial infarction or

myocarditis, with impairment of LV systolic function (EF < 54% in

women and < 52% in men), and moderate to severe valvular disease

were not included in this study.

From the initial number of 35 patients with newly diagnosed

acromegaly enrolled to this study, 32 patients were included to the

final analysis. Three patients were excluded: 1 with a history of

myocardial infarction, 1 with multivessel coronary artery disease

and concomitant ventricular tachycardias and 1 with heart failure

and reduced EF. Additionally, 28 out of 32 enrolled patients

underwent carotid Doppler ultrasonography at the diagnosis

of acromegaly.

The project received the approval of the Bioethics Committee of

the Center of Postgraduate Medical Education in Warsaw, Poland.
Clinical and biochemical parameters

The presumed duration of acromegaly was assessed by

comparing old photographs and conducting interviews. Body

mass index (BMI) was calculated using the formula weight (kg)

divided by height squared (m2), body surface area (BSA) was

calculated according to the DuBois formula, and systolic and

diastolic blood pressures were measured in millimeters of

mercury (mmHg). Arterial hypertension was defined as a systolic

blood pressure of ≥ 140 mmHg and/or diastolic blood pressure of ≥

90 mmHg or the treatment of previously diagnosed hypertension.

Plasma glucose, glycosylated hemoglobin A1c, total cholesterol,

high-density lipoprotein cholesterol, and triglycerides were
Frontiers in Endocrinology 03
measured in the morning after a 12-hour fasting period. Low

density lipoprotein cholesterol was calculated by the Friedewald

formula. Diabetes or prediabetes were diagnosed according to the

recent criteria (22). Gonadal function in females was assessed on the

basis of menstrual status and FSH/LH and estradiol levels.

Blood samples taken for GH and IGF-1 were analyzed with

chemiluminescence immunoassay using the LIAISON® XL

analyzer (DiaSorin, Italy). The GH assay has a sensitivity of 0.05

ng/mL, an intra-assay coefficient of variation (CV) of 1.93% for a

GH concentration of 1.18 ng/mL and inter-assay CV of. 3.77% for a

GH concentration of 1.11 ng/mL. The intra-assay CV is 4.59% for

an IGF-1 concentration of 189.3 ng/mL and inter-assay CV is 4.3%

for an IGF-1 concentration of 202.6 ng/mL.
Standard echocardiography

Each patient with confirmed acromegaly was referred to the

Echocardiography Laboratory of the Department of Cardiology at

the Center of Postgraduate Medical Education, Warsaw.

Standard two-dimensional transthoracic echocardiographic

study and Speckle Tracking Echocardiography were performed at

four time points as detailed above.

All studies were performed by the same experienced

investigator. Echocardiography exam was done using Vivid 9

device (Horten, Norway). A sector transducer with a frequency of

3.2 MHz was used. The images were stored digitally for later offline

analysis using dedicated software (EchoPac PC, workstation version

113, GE Medical Systems). LV and left atrial (LA) volumes were

calculated using the apical four- and two-chamber views. LV

volumes were normalized by body surface area (BSA) and the

value of left ventricular end diastolic volume (LVEDVi) ≤ 61mL/m2

for women and ≤ 74mL/m2 for men, were accepted as normal. The

cut-off points for indexed left ventricular end-systolic volume

(LVESVi) were as follows: ≤24 mL/m2 for women, ≤ 31mL/m2

for men.

Left atrium volume (LAV) was also indexed to BSA, and the

value of LAVi ≤ 34mL/m2 was considered normal for both men

and women.

LV EF was calculated using the biplane Simpson formula and

value ≥ 52% for men, and ≥ 54% for women were considered

normal. The LV mass (LVM) was calculated using the linear

method and was indexed in accordance with BSA to obtain the

left ventricular mass index (LVMi) value. This parameter was

calculated by using Penncube method according to Devereux’s

formula: LVMi (g/m2) = (1.04 × (IVST + LVID + PWT)3 −

(LVID)3 − 13.6)/BSA (Devereux et al., 1986). LVMi ≤ 95 g/m2 in

women and ≤ 115 g/m2 in men were accepted as cut-off points

for normal.

These echocardiographic parameters were measured in

accordance with Recommendations for Cardiac Chamber

Quantification by Echocardiography in Adults: An Update from

the American Society of Echocardiography and the European

Association of Cardiovascular Imaging (23).

LV diastolic function was measured using pulse Doppler from

the apical 4-chamber view (assessing mitral inflow velocities as E
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wave and A wave) and using tissue Doppler imaging (assessing

mitral annulus septal and lateral velocities as E’med and E’lat). To

calculate the ratio E/e’ the average value of the septal and lateral

mitral annulus velocities was used.

E’lat was not measured in 5 patients, and in this group E’ med

was used to calculate the E/E’ ratio. E’med value above and equal to

7 and E’lat above and equal to 10 were considered normal.

E/E’ ratio of less than 10 was considered the cut-off for normal.

The value of the E/A ratio in the range of 0.8 to 2 is considered

normal, and values below 0.8 and above 2 were interpreted in the

context of other parameters, including age.

These pulse and tissue Doppler parameters were evaluated and

interpreted in accordance with Recommendations for the Evaluation

of Left Ventricular Diastolic Function by Echocardiography: An

Update from the American Society of Echocardiography and the

European Association of Cardiovascular Imaging (24).
Speckle tracking echocardiography

The images for GLS measurement were stored for later offline

analysis using dedicated software (EchoPac PC, workstation version

113, GE Medical Systems). We used the automated function

imaging (AFI) application to evaluate GLS.

The analysis involved ECG-gated digital images in four-, three-,

and two-chamber apical views, and a high temporal resolution of

50–60 frames per second was obtained to assure acoustic-marker

tracking. The LV walls were divided into six segments in each apical

view, and strain values were assessed for each LV segment. Only the

images with appropriate tracking in all the myocardial segments

were used in the analysis. GLS was the average of the values that

were obtained for three apical views. GLS is a negative percentage

number and indicates fiber shortening. In accordance with the

guidelines, a value of GLS of –20% or lower (i.e. more negative) was

taken as normal in our study (23).
Carotid doppler ultrasonography

Carotid Doppler ultrasound was performed using Vivid 9

device (Horten, Norway). A linear transducer with a frequency of

9.5 MHz was used (GE 11L). The measurements of the carotid

intima media thickness (CIMT) were obtained 5-10 mm from the

bifurcation around the posterior wall. To optimize the image zoom

was used. Color Doppler and pulse Doppler ultrasonography have

also been used. CIMT values ≤0.9 mm were considered normal, and

CIMT values ≥ 1.5mm were considered as atherosclerosis plaque.

Intermediate values (1.0-1.4mm) in our study were classified as

abnormal. This interpretation is in accordance with:

1. Recommendations for the Assessment of Carotid Arterial

Plaque by Ultrasound for the Characterization of Atherosclerosis

and Evaluation of Cardiovascular Risk: From the American Society

of Echocardiography (25).

2. Standards of ultrasound examinations of the Polish

Ultrasound Society - update. Examination of the intracranial

sections of the carotid and vertebral arteries (26).
Frontiers in Endocrinology 04
Statistical methods

The data were statistically analyzed using STATISTICA

13 software.

Median and interquartile range (IQR) (25% - 75%) were

estimated for numerical variables, while counts (n) and

percentages (%) of the occurrence of items for categorical variables.

Mann-Whitney U test was used to compare numerical

variables between two categories of categorical characteristics.

Kruskal-Wallis H test was used to compare numerical variables

between three categories of categorical characteristics. Fisher exact

test was used to compare categorical variables between categories

of categorical characteristics. Wilcoxon signed ranks test was used

to compare numerical variables between baseline and after 3 and 6

months of SRL treatment, and 3 months after TSS. Scatter plots

and Pearson’s correlation coefficient were used to correlate

numerical variables between each other. The missing data were

omitted in all the analyses. The significance level was assumed

at 0.05.
Results

Clinical and biochemical characteristics of
the study group

The median age of 32 enrolled patients with newly diagnosed

acromegaly was 52.5 (IQR 42-60) years and there were 16 (50%)

males. The median duration of symptoms until the diagnosis of

acromegaly was 10 (IQR 5-10) years. Seventeen patients (53.13%)

had hypertension at acromegaly diagnosis and the majority (82.3%)

of them were treated either with angiotensin converting enzyme

inhibitors (ACEI) or angiotensin receptor blockers (ARB). Only

18.75% of the patients had normal glucose tolerance, 21.88% had

diabetes and 59.38% - prediabetes. Dyslipidemia was present in

37.5% of acromegalic patients and 25% had carotid artery

atherosclerosis diagnosed by Doppler ultrasonography. None of

the patients with confirmed atherosclerosis had significant stenoses

above 50% of the vessel lumen. Seven females (46.7%) were

considered to be eugonadal because they had regular menstrual

cycles and/or conceived spontaneously and had normal FSH/LH

and estradiol concentrations at diagnosis while 9 females (56.3%)

were considered hypogonadal either due to menopause or due to

gonadotroph deficiency.

There were no statistically significant differences in the

occurrence of comorbidities and the duration of symptoms to

diagnosis between women and men. Men had statistically

significant higher BMI and BSA compared to women: 29.0 (IQR

27.4-30.5) vs. 26.0 (21.8-27.7) kg/m2, p=0.006 and 2.2 (2.1-2.3) vs.

1.8 (1.7-1.8) m2, p<0.001.

The median baseline GH concentration was 9.1 (IQR 3.2-21.9)

ng/mL, nadir GH on OGTT was 4.9 (IQR 1.9-21.1) ng/mL and IGF-

1 concentration was 3.2 (IQR 2.3-4.3) x ULN for sex and age. Men

had significantly higher biochemical activity of acromegaly

compared to women measured by IGF-1 concentration: 3.9 (IQR
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3.0-4.7) x ULN vs. 2.8 (IQR 2.1-3.3) x ULN, p=0.027. The detailed

baseline clinical and biochemical characteristics of the studied

group are presented in Table 1.
Hormonal parameters during
acromegaly treatment

After preoperative SRL treatment the median fasting GH

concentration decreased significantly after 3 months since the

initiation of SRL from 9.1 (IQR 3.2-21.9) ng/mL to 1.8 (IQR 0.9-

5.2) ng/mL, p<0.001. Longer treatment with SRL did not result in

further significant decrease in GH concentration (p=0.836).

However, a significant further decrease in GH concentration was

reached after TSS: from 1.2 (IQR 0.8-2.1) ng/mL after 6 months SRL

treatment to 0.9 (IQR 0.3-2.4) ng/mL after TSS, p=0.016

(Figure 1A). The median GH nadir on OGTT decreased from 4.9

(IQR 1.9-21.1) ng/mL at baseline to 0.5 (IQR 0.2-1.2) ng/mL after

TSS, p<0.001.

The baseline median IGF-1 concentration was 3.2 (IQR 2.3-4.3)

x ULN and significantly decreased 3 months after SRL initiation to

1.5 (IQR 1.1-2.5) x ULN, p<0.001. Longer treatment with SRL did

not lead to further decrease in IGF-1 concentration (p=0.620).

Biochemical control after 6 months of SRL treatment was achieved

in 8 out of 31 patients (25.81%). A significant decrease in IGF-1

levels compared to IGF-1 levels on SRL treatment was observed 3

months after TSS: from 1.5 (IQR 1.2-2.5) x ULN after 3 months SRL

treatment to 1.3 (IQR 1.0-1.6) x ULN after TSS, p=0.003

(Figures 1B, C).
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Complete surgical remission after TSS was achieved in 10 out of

24 operated patients (41.67%). Females had significantly lower IGF-

1 levels not only before treatment but also after 6 months of SRL

and 3 months after TSS compared to males (Figure 2).

The detailed characteristics of biochemical parameters during

treatment for each patient is presented in Supplementary

Figures 1A–C.
Standard echocardiographic evaluation

The majority of patients had normal end diastolic and end

systolic LV volumes. Only 9.38% of patients had increased end

diastolic volume and 12.5% had increased end systolic volume. The

median values of these parameters were within normal limits:

LVEDVi 56.4mL/m2 in males and 44.5mL/m2 in females, LVESVi

23.4mL/m2 in males, and 16.7mL/m2 in females.

46.88% of patients (8 females and 7 males) had abnormal LVMi,

however the median values of LVMi remained normal in both sex

groups: 99g/m2 in males and 94g/m2 in females.

Most patients (78.13%; 14 females and 11 males) had abnormal

LAVi and the median was 41.8mL/m2. Interestingly, in the group of

women this value was higher compared to men (43mL/m2 vs.

38.5mL/m2), but the difference was not statistically significant

(p=0.3). More than 50% of the patients had abnormal diastolic

function assessed by TDI; the median E’med was 6 cm/s and E’lat

was 9 cm/s, these values were mildly lower than normal, and the

median E/E’ ratio was 10 and it remained within the ULN. Most

patients (68.75%) had normal mitral inflow as assessed by pulse
TABLE 1 Clinical and hormonal characteristics of acromegalic patients (N=32), at baseline.

Variable Total (N=32) Men (N=16) Women (N=16) p

Age at diagnosis (years), median (IQR) 53 (42–60) 53 (41-58) 51 (42-61) 0.748

BMI (kg/m2), median (IQR) 27.9 (25.8-29.8) 29.0 (27.4-30.5) 26.0 (21.8-27.7) 0.006

Disease duration (years), median (IQR) 10 (5-10) 10 (5-13) 5 (3-10) 0.117

BSA (m2), median (IQR) 2.0 (1.8-2.2) 2.2 (2.1-2.3) 1.8 (1.7-1.8) <0.001

Hypertension, n (%), yes 17 (53.13) 10 (62.50) 7 (43.75) 0.479

Diabetes status, n (%), diabetes 7 (21.88) 2 (12.50) 5 (31.25) 0.492

prediabetes 19 (59.38) 11 (68.75) 8 (50.00)

no diabetes 6 (18.75) 3 (18.75) 3 (18.75)

Dyslipidemia, n (%), yes 12 (37.50) 7 (43.75) 5 (31.25) 0.716

Carotid arteries, n (%), atherosclerosis * 7 (25.00) 3 (23.08) 4 (26.67) 0.999

normal 18 (64.29) 9 (69.23) 9 (60.00)

abnormal 3 (10.71) 1 (7.69) 2 (13.33)

Fasting GH (ng/mL), median (IQR) 9.1 (3.2-21.9) 11.6 (3.3-27.1) 6.4 (2.5-20.8) 0.665

Nadir GH during 75g OGTT (ng/mL), median (IQR) 4.9 (1.9-21.1) 6.8 (2.4-32.1) 4.7 (1.8-13.4) 0.621

IGF-1 (ng/mL), median (IQR) 755 (558-942) 803 (643-1051) 732 (508-842) 0.181

IGF-1 (x ULN), median (IQR) 3.2 (2.3-4.3) 3.9 (3.0-4.7) 2.8 (2.1-3.3) 0.027
frontie
*no data for 4 patients (3 men and 1 woman), IQR, interquartile range; BMI, body mass index; BSA, body surface area; ULN, upper limit of normal; p for U – Mann-Whitney test to compare
numerical variables between genders, or for Fisher exact test to compare categorical variables between genders. The bold values are statistically significant.
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Doppler; the median E/A ratio was 0.9 and it was normal. All

patients included in the study had normal EF, the median EF was

64% (62% in males and 66% in females). The baseline

echocardiography parameters are presented in Table 2.
Left ventricular myocardial strain
assessed by STE

At baseline 50% of newly diagnosed patients with acromegaly

had abnormal GLS, i.e., higher than -20%. The majority of patients

with abnormal GLS constituted men (62.5% vs. 37.5%). GLS

significantly improved after 3 months of SRL treatment

comparing to baseline: -20.4% vs. -20.0%, respectively, p=0.045.

There was no further change in GLS after 6 months of SRL therapy

and no significant change after TSS. The number of patients with

abnormal GLS decreased at the end of the study to 43%. The change
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in GLS during acromegaly treatment is presented in Figure 3 and in

Supplementary Figure 2. The median baseline GLS was lower in

females compared to males: -20.2% vs. -18.6%, however the

difference did not reach the statistical significance (p=0.06).

Women had significantly lower GLS than men after 3 and 6

months of SRL treatment (Figure 4). There was no statistically

significant difference in GLS between women with hypogonadism

and women with normal gonadal function either at baseline

(p=0.24) or during treatment with SRL (3 and 6 months,

respectively: p=0.18, p=0.25) and 3 months after TSS (p=0.92).
Correlations between GLS and clinical and
hormonal characteristics

We found a significant positive correlation of baseline GLS with

BMI (r=0.446, p=0.011) and BSA (r=0.411, p=0.019). It means that

the higher the patient’s BMI and BSA was, the worse their GLS was,

on average. We did not find any statistical correlation of baseline

GLS with age, disease duration, arterial hypertension, diabetes

status or disease activity at baseline (p>0.05) (Table 3).

There was also a strong positive correlation between GLS and

IGF-1 levels after TSS (r=0.570, p=0.007) (Table 3). It means that

the higher the patient’s IGF-1was, the worse their GLS was, on

average. The median GLS was significantly lower in patients who

achieved remission after TSS compared to those who did not

normalize GH and IGF-1 levels: -22.5% vs -19.8%, respectively,

p=0.029 (Figure 5).
Correlations between GLS and baseline
echocardiography parameters

We found a significant negative correlation between baseline GLS

and LAVi: r= -0.354, p=0.047 (Figure 6A) and a negative correlation

between GLS and E/A: r= -0.381, p=0.031 (Figure 6B). It means that

the higher the patient’s LAVi and E/A were, the more negative their

GLS was, which means better, on average. We did not find any

significant correlations between GLS and other echocardiographic

parameters, including LVMi, at baseline (Table 4).
Discussion

Our study confirmed the beneficial impact of acromegaly

treatment on LV systolic function assessed by STE. The median

baseline GLS in the study group was normal and amounted to -20%.

However, it is worth emphasizing that 50% of the subjects had an

abnormal value of this parameter which indicated subclinical LV

systolic dysfunction. In our recent study, retrospectively evaluating

a cohort of 43 previously untreated acromegaly patients with

normal EF, the median GLS value was significantly worse

compared to the control group (-16.6% vs. -20.7%; p < 0.01) and

that was consistent with subclinical systolic dysfunction (21). The

better GLS values observed in the current prospective study could

be probably attributed to the fact that the mean LVMi was normal
A

B

C

FIGURE 1

(A) Changes of GH at baseline, after 3 and 6 months of SRL
treatment and 3 months after TSS. (B) Changes of IGF-1 at baseline,
after 3 and 6 months of SRL treatment and 3 months after TSS. (C)
Changes of IGF-1xULN at baseline, after 3 and 6 months of SRL
treatment and 3 months after TSS.
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in both male and female groups: 99g/m2 and 94g/m2, respectively,

though almost 47% of patients had LVH. In the studies available in

the literature, where abnormal GLS in acromegaly patients was

found, the LVMi values were definitely higher than in our group of

patients (18, 21).

Another reasons that could explain the normal median GLS

result and normal median LVMi were possibly the good

hypertension control and the cardioprotective effect of novel

antihypertensive drugs which has been proven in many studies

(27–29). In our study, in the group of 17 patients diagnosed with

hypertension, 14 (82.3%) were treated with ACEI/ARB-the drugs

that have the potential to reverse LVH. Interestingly, in our study

women had significantly better GLS values not only baseline but

also during acromegaly treatment compared to men. This fact may

be partly explained by the lower BMI and BSA values in women

compared to men: 26 kg/m2 vs. 29 kg/m2, p<0.001 and 1.8 m2 vs. 2.2

m2, p<0.001, respectively and a strong positive correlation between

these parameters and GLS.

Women with acromegaly, like women in the general

population, have better GLS compared to men (30). Similar

observations had researchers evaluating the heart of athletes by

STE. Female athletes have also been found to have better GLS than

male athletes suggesting that further research is needed in STE and

gender differences (31).

These results are surprising especially when we realize that

women with acromegaly, but also with other cardiovascular diseases

have a worse prognosis and shorter life expectancy (7). A Korean

nationwide study based on 718 acromegaly patients confirmed a

significantly increased mortality risk in females (HR=1.75) but not

in males (4). It is not fully known whether gender affects

acromegaly, but it has been proven that some diseases show

sexual dimorphism. The gonadal steroids modulate the GH axis,

androgens enhance the effects of GH, and in contrast, estrogens

exert an opposite effect by inhibiting the production of IGF-1 from
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the liver (32–34). Lenders et al. wrote about a different biochemical

profile in women and men with acromegaly (35). This profile in

women consists of relatively higher GH levels, which causes insulin

resistance, and lower IGF-1 levels, which mediates anabolism.

These differences can cause higher prevalence of hypertension

and diabetes in women, and what is very important, they can be

the cause of longer delay in diagnosis in women (35, 36). The lower

IGF-1 levels in females with acromegaly may be also the reason for

better GLS values. In our study females had significantly lower IGF-

1 levels compared to males not only baseline but also

during treatment.

In the light of the previous data on healthy subjects and our

results, it may be necessary to redefine and differentiate the cut-off

points for women and men for the GLS parameter, similarly to the

different normal ranges used for other echocardiographic parameters.

Pierre et al. wrote that it was necessary, because a woman’s heart

differed not only in size but above all, it had a different

microstructural architecture (37).

The female heart has a larger EF and beats at a faster rate but

generates a smaller cardiac output. It has a lower blood pressure but

produces universally larger contractile strains (37).

The sex differences in cardiac form and function are complex,

important, and obvious, and can’t be ignored. When we use similar

diagnostic criteria for female and male hearts, cardiac diseases in

women can be overlooked, diagnosed later and with more severe

symptoms than in men. This should be applied also to females with

acromegaly to improve their increased cardiovascular mortality

compared to males.

To the best of our knowledge this is the first prospective

study to evaluate the effect of acromegaly treatment on GLS

value, not only the effect of SRL treatment but also the effect of

TSS. Silva et al. and Bogazzi et al. in prospective studies

evaluated patients with acromegaly before and after 12

months of octreotide and 6 months of lanreotide treatment
FIGURE 2

IGF-1xULN at baseline, after 3 and 6 months of SRL treatment and 3 months after TSS, by gender.
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(38, 39). However, the results of SRL treatment on the heart

were conflicting.

In the above-mentioned studies, echocardiography and cardiac

magnetic resonance imaging (CMRI) were used to assess changes in

the patients’ heart. Silva et al. in a group of 40 patients (30 were

reevaluated after 12 months) did not find any clinically relevant

differences in cardiac variables after 12 months of acromegaly

treatment. Interestingly, only 5% of patients had LV hypertrophy

features in CMRI versus 31% in echocardiography (38). In turn,

Bogazzi et al. in a smaller group of 14 acromegaly patients, found a

significant reduction in LVMi in the CMRI after 6 months of SRL

treatment, which was even more evident when the disease was

biochemically controlled (39). Colao et al. assessed the early effect of
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octreotide LAR treatment on echocardiography parameters in 15

patients and among them 10 patients had previously undergone

TSS. In this study more serious abnormalities in the heart of

patients were observed baseline: advanced LVH and systolic

dysfunction assessed by reduced EF. In the Colao et al. study a

significant reduction in LVMi was obtained in all patients, with a

resolution of LVH in 6 out of 11 patients. In 5 acromegalics (33%)

who had reduced EF at baseline, normalization of EF was achieved

in the course of treatment. Additionally, in the patients who

achieved disease control - in 9 out of 15, an improvement of

exercise duration and capacity was observed (40).

Hypersecretion of GH appears to have a direct effect on the

heart and is associated with a specific cardiomyopathy that results
TABLE 2 Echocardiography parameters in acromegalic patients (N=32), at baseline.

Variable Total (N=32) Men (N=16) Women (N=16) p

Cardiac chamber size

LVEDV (mL), median (IQR) 105 (81-124) 119 (99-141) 83 (72-109) 0.001

above normal, n (%) 8 (25.00) 3 (18.75) 5 (31.25) 0.685

LVEDV/BSA (mL/m2), median (IQR) 50.7 (43.2-63.4) 56.4 (47.3-66.7) 44.5 (42.4-57.4) 0.118

above normal, n (%) 3 (9.38) 0 (0.00) 3 (18.75) 0.226

LVESV (mL), median (IQR) 39 (29-53) 50 (38-56) 30 (26-41) 0.003

above normal, n (%) 6 (18.75) 3 (18.75) 3 (18.75) 0.999

LVESV/BSA (mL/m2), median (IQR) 20.0 (15.8-24.1) 23.4 (18.2-24.4) 16.7 (14.8-22.7) 0.052

above normal, n (%) 4 (12.50) 1 (6.25) 3 (18.75) 0.600

LAVi (mL/m2), median (IQR) 41.8 (36.6-52.5) 38.5 (31.5-51.4) 43.0 (37.9-53.0) 0.300

above normal, n (%) 25 (78.13) 11 (68.75) 14 (87.50) 0.394

LV mass

LVMi (g/m2), median (IQR) 96 (85-115) 99 (87-123) 94 (83-111) 0.207

above normal, n (%) 15 (46.88) 7 (43.75) 8 (50.00) 0.999

Diastolic function

E’med. (cm/s), median (IQR) 6 (5-9) 6 (5-9) 7 (5-9) 0.789

below normal, n (%) 17 (53.13) 9 (56.25) 8 (50.00) 0.999

E’lat * (cm/s), median (IQR) 9 (7-11) 10 (7-11) 8 (7-10) 0.340

below normal, n (%) 14 (51.85) 6 (42.86) 8 (61.54) 0.449

E/E’, median (IQR) 10 (8-12) 8 (7-12) 10 (9-12) 0.392

above normal, n (%) 16 (50.00) 6 (37.50) 10 (62.50) 0.144

E/A, median (IQR) 0.9 (0.7-1.2) 0.9 (0.7-1.0) 0.9 (0.7-1.3) 0.361

abnormal, n (%) 10 (31.25) 5 (31.25) 5 (31.25) 0.999

Systolic function

EF (%), median (IQR) 64 (61-67) 62 (58-65) 66 (63-68) 0.005

abnormal, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0.999

GLS (%), median (IQR) -20.0 (-21.4 - -18.4) -18.5 (-20.9 - -15.9) -20.2 (-21.5 - - 19.4) 0.062

abnormal, n (%) 16 (50.00) 10 (62.50) 6 (37.50) 0.289
frontier
*no data for 5 patients (2 men and 3 women), IQR, interquartile range; p for U – Mann-Whitney test to compare numerical variables between genders, or p for Fisher exact test to compare
categorical variables between genders. The bold values are statistically significant.
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in structural and functional abnormalities due to interstitial fibrosis

and edema. It is well known that GH affects water balance, and that

GH excess increases myocardial water content. Gouya et al. showed

that increased myocardial T2 relaxation time in CMRI which

indicates myocardial edema can be normalized soon after effective

treatment (10 days for seven patients) and is significantly correlated

with successful reduction of GH and IGF-1 levels (41). We showed

in our study that after 3 months of SRL treatment there was a

significant improvement in GLS values. During this period, there

was also the greatest reduction in IGF-1 levels. Therefore, the

initiation of medical treatment should not be delayed, especially if

the patient must wait for TSS. We also showed that complete

transsphenoidal adenomectomy should always be aimed at - in this

group of patients, GLS values were significantly lower than in non-
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radically operated patients. We also noticed a significant correlation

between IGF-1 levels and GLS values.

The beneficial effect of acromegaly treatment could explain the

discrepancies in GLS in recent studies, where STE was performed in

patients who previously underwent TSS and were treated with SRL.

Volschan et al. and Gadelha et al. did not find a significant

differences in GLS between acromegaly patients and control

groups. However, 62.2% of the patients enrolled to the Volschan

et al. study were during acromegaly treatment, and 80% of the

patients in Gadelha et al. study had a history of TSS and 72% were

using medical therapy (19, 20). In recent studies a very similar

picture of the “acromegalic heart” is presented with normal EF,

varying degrees of LVH, usually mildly expressed diastolic

dysfunction, and significantly enlarged LA (8, 18, 19, 21).
FIGURE 3

Changes of GLS at baseline, after 3 and 6 months of SRL treatment and 3 months after TSS.
FIGURE 4

GLS at baseline, after 3 and 6 months of SRL treatment and 3 months after TSS, by gender.
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Almost 80% of our patients had an enlarged LA with mild

diastolic dysfunction (in about 50% of patients) and with LVH

occurring in less than 50% of patients, however the mean LVMi was

normal in both male and female groups. It is difficult to explain

such changes only by an increase in the afterload. Some similarities

can be found with an athlete’s heart in which atrial remodeling is a

physiological adaptation to volume overload allowing for greater

volume delivery and increased cardiac output (42).

In patients with acromegaly, volume overload may result from

the action of GH leading to water and sodium retention (36). When
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we look for similarities between the “acromegalic heart” and the

athlete’s heart, it is important to remember that hypertrophy of the

LV in athletes occurs just through the activation of the IGF-1

pathway, unlike in pathological hypertrophy where the angiotensin

1 pathway is activated (43).

The LA has been incorrectly perceived as a simple transport

chamber for many years.

Currently, its hemodynamic function is known in three

integrated phases:1. reservoir 2. conduit and 3. booster-pump.

Similarly to the LV, the Frank-Starling mechanism works in the

LA. The increase in blood volume stretches the myocardial fibers,

causing the cardiac muscle to contract more forcefully with increase

in its mechanical performance (44).

In our study, we showed a negative correlation between LAVi and

GLS. It may indicate that the dynamic and interactive relationship

between LA and LV in the heart of an acromegaly patient is similar to

that of an athlete’s heart. Nevertheless, atrial fiber shortening, and

contractility begin to fail with progressive dilation of LA. It means the

threshold fiber length has been reached and further enlargement will

only result in a decline of atrial function (44). Regardless of the

mechanisms by which LA enlargement occurs, it results in an

increased risk of arrhythmias, including atrial fibrillation, stroke,

mitral regurgitation and heart failure.

Therefore, people with the so-called healthy heart and enlarged

LA, like athletes, should be periodically examined using the STE

method to evaluate both the LV and the LA (45) and they should

have Holter ECG periodically performed (46). It is known from

many studies that abnormal GLS in patients with preserved EF is

associated with an increased risk of cardiac hospitalization and

cardiovascular mortality (12). However, it is still an open question

whether abnormal GLS in acromegalic patients with normal EF
TABLE 3 Correlations of GLS (%) with characteristics and hormonal parameters in acromegalic patients.

Variable Test Baseline SRL 3 months SRL 6 months After TSS

test p test p test p test p

Age (years) r 0.185 0.311 n/a n/a n/a

Sex (males vs females) U 0.062 0.001 0.003 0.062

BMI (kg/m2) r 0.446 0.011 n/a n/a n/a

Disease duration (years) r 0.210 0.248 n/a n/a n/a

BSA (m2) r 0.411 0.019 n/a n/a n/a

Arterial hypertension (yes vs no) U 0.281 0.129 0.068 0.944

Diabetes status (diabetes, no, prediabetes) H 0.612 0.847 0.363 0.796

Dyslipidemia (yes vs no) U 0.459 0.924 0.815 0.823

Carotid arteries (atherosclerosis vs normal) U 0.276 0.181 0.796 0.874

Fasting GH (ng/mL) r 0.051 0.782 -0.035 0.859 0.290 0.294 0.015 0.948

Nadir GH during 75g OGTT (ng/mL) r -0.041 0.826 * * 0.009 0.971

IGF-1 (ng/mL) r 0.002 0.993 0.056 0.777 0.423 0.117 0.568 0.007

IGF-1 (x ULN) r 0.066 0.721 0.151 0.444 0.446 0.096 0.570 0.007
frontier
n/a – not applied for time-dependent variables, * - not measured, SRL, somatostatin receptor ligand; TSS, transsphenoidal surgery,
r – Pearson correlation coefficient, U – Mann-Whitney test, H – Kruskal-Wallis test. The bold values are statistically significant.
FIGURE 5

Comparison of GLS after TSS between patients with and without
remission after TSS.
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changes the prognosis of these patients, assuming that they are

properly treated for the underlying disease and comorbidities. We

are aware that a short follow up duration is a limitation of our study.

We expect all our patients to improve or at least maintain their

results in the further follow up, and we are particularly interested in

the group of patients with abnormal GLS values, whether they will

maintain a normal EF after 5 years of follow-up.
Conclusions

To our knowledge, this is the first prospective study using GLS as

a marker to assess the impact of a comprehensive medical and

surgical treatment on LV function in patients with acromegaly,
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taking into account sex differences. Half of the newly diagnosed

patients with acromegaly presented subclinical LV systolic

dysfunction assessed by STE. However, the beneficial effect of

acromegaly treatment on the LV systolic function was noticeable

already after 3 months of SRL therapy, especially in females who had

better GLS values compared to males during medical treatment.

Surgical remission should always be aimed at, because surgical

remission leads to better systolic function assessed by STE in

acromegaly patients.
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FIGURE 6

(A) Correlation between GLS and LAVi. (B) Correlation between GLS and E/A.
TABLE 4 Correlations of GLS (%) with echocardiography parameters in
acromegalic patients, at baseline.

Variable r p

Cardiac chamber size

LVEDV (mL) 0.231 0.204

LVEDV/BSA (mL/m2) 0.054 0.768

LVESV (mL) 0.305 0.089

LVESV/BSA (mL/m2) 0.163 0.373

LAVi (mL/m2) -0.354 0.047

LV mass

LVMi (g/m2) 0.192 0.292

Diastolic function

E’med. (cm/s) -0.265 0.142

E’lat (cm/s) 0.138 0.493

E/E’ -0.010 0.978

E/A -0.381 0.031

Systolic function

EF (%) -0.538 0.001
r – Pearson correlation coefficient. The bold values are statistically significant.
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SUPPLEMENTARY FIGURE 1

(A). Individual changes of GH at baseline, after 3 and 6 months of SRL

treatment, 3 months after TSS. (B). Individual changes of IGF-1 at baseline,

after 3 and 6 months of SRL treatment, 3 months after TSS. (C). Individual
changes of IGF-1xULN at baseline, after 3 and 6 months of SRL treatment and

3 months after TSS.

SUPPLEMENTARY FIGURE 2

Individual changes of GLS at baseline, after 3 and 6 months of SRL treatment

and 3 months after TSS.
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