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Abstract
Introduction  Evidence on myocardial deformation, detected by speckle tracking echocardiography (STE), in patients with 
acromegaly is scanty.
Aim  The aim of the present meta-analysis was to provide an updated information on left ventricular (LV) systolic function 
assessed by global longitudinal strain (GLS) in patients with acromegaly and preserved LVEF.
Methods  Following the PRISMA guidelines, systematic searches were conducted across bibliographic databases (Pub-Med, 
OVID, EMBASE and Cochrane library) to identify eligible studies from inception up to June 30-2024. Clinical studies pub-
lished in English reporting data on LV mechanics in patients with acromegaly and controls were included. The statistical 
difference of the echocardiographic variables of interest between groups such as LVEF and global longitudinal strain (GLS) 
was calculated by standardized mean difference (SMD) with 95% confidence interval (CI) by using random-effects models.
Results  Seven studies including 288 patients with acromegaly and 294 healthy individuals were considered for the analysis. 
Pooled average LVEF values were 64.6 ± 1.5% in the healthy control group and 64.0 ± 1.3% in the acromegaly group (SMD: 
− 0.21 ± 0.22, CI -0.62/0.22, p = 0.34); the corresponding values of GLS were − 19.1.1 ± 1.2% and − 17.5 ± 1.2% (SMD: 
-0.52 ± 0.27, CI − 1.05/0.01, p = 0.05). No difference was found between the two groups for both global circumferential strain 
(GCS) and global radial strain (GRS).
Conclusions  Our findings suggest that patients with acromegaly in which LVEF is completely comparable to healthy con-
trols show an impairment in GLS of borderline statistical significance. Whether GLS assessment can actually unmask early 
alterations of systolic function in patients with acromegaly better than LVEF will need to be investigated by future studies.
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1  Introduction

Acromegaly is a neuroendocrine disease, due to hypersecre-
tion of growth hormone (GH), most commonly from a pitui-
tary adenoma [1]. Recent epidemiological data support the 
view that acromegaly is a rare syndrome with an estimated 
prevalence of between 30 and 13.5 cases/million inhabitants 
and an annual incidence of between 2 and 11 cases/million 
per year, depending on the diagnostic criteria, clinical setting 
and ethnicity [2, 3].

Chronic excess secretion of GH and insulin-like growth 
factor 1 (IGF1) induces structural and functional altera-
tions in many organs and tissues such as osteo-muscular 
and respiratory system, brain, kidneys, liver, pancreas, thy-
roid, and, last but not least, heart and blood vessels [4]. It 
should be further noted that acromegaly is linked to several 
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cardiovascular (CV) risk factors such as hypertension, dys-
lipidaemia, sleep apnoea, glucose intolerance and diabe-
tes. CV disease, together with cancer, is the leading cause 
of mortality in patients with acromegaly [5]. Until a few 
decades ago life expectancy was reported to be reduced by 
approximately 10 years compared to the general population 
with a double standardized mortality rate for CV diseases. 
More recently, thanks to an early diagnosis and the modern, 
multimodal therapy mortality rates have declined [6], but 
this favourable trend has been denied by other authors [7].

CV complications remain an important public health bur-
den in this setting in relation to the high risk of cardiomyo-
pathy, coronary artery disease, valve disease, heart failure, 
and arrhythmias (i.e. atrial fibrillation) [8–10]. Increased 
GH and IGF-I secretion affects cardiac function and mor-
phology resulting in biventricular concentric remodelling 
due to myocyte hypertrophy and accumulation of fibrous 
tissue within the cardiac interstitium [11, 12]. These altera-
tions in myocardial texture lead to progressive deteriora-
tion of diastolic and systolic cardiac performance [13, 14]. 
Many echocardiographic studies and, more recently, mag-
netic resonance imaging (MRI) studies have investigated 
the prevalence of abnormal cardiac phenotypes in patients 
with acromegaly, showing a high prevalence of LVH and LV 
diastolic dysfunction [15, 16]. On the contrary, impairment 
of systolic function, assessed by LVEF, has been reported to 
be much less frequent than diastolic dysfunction. Whether 
this feature is linked to the pathophysiology of acromegaly 
or to the inherent limitations of LVEF in assessing LV sys-
tolic performance remains currently undefined. It should be 
remarked that a large body of evidence supports the view 
that early changes in LV systolic function can hardly be 
revealed by LVEF [17]. The growing implementation of two 
(2D) and three-dimensional (3D) speckle tracking echocar-
diography (STE) both in research and clinical practice has 
shown that global longitudinal strain (GLS) is a more reli-
able and sensitive index of LV systolic function than LVEF 
[18]. To date, information on LV mechanics in acromegaly 
patients is scanty. Therefore, the aim of the present meta-
analysis was to provide a comprehensive, updated findings 
on LV systolic function assessed by GLS in patients with 
acromegaly and preserved LVEF.

2 � Methods

The review was performed according to the key recom-
mendations provided by the Preferred Reporting Items of 
Systematic Reviews and Meta-Analyses (PRISMA) state-
ment 2020 [19], and prospectively registered with the 
International Prospective Register of Systematic Reviews 
(unique identifier: CRD42024539686). Medical literature 
was reviewed in order to identify all articles evaluating 

LV mechanics by STE in patients with acromegaly. To this 
purpose, a systemic search was performed using four elec-
tronic databases (Pub-Med, OVID, EMBASE and Cochrane 
library) from inception up to June 30th 2024. Searches were 
limited to clinical investigations published in English. Stud-
ies were identified by using MeSH terms and crossing the 
following search items: “acromegaly”, “heart”, “cardiac 
disease”, “myocardial strain” “left ventricular mechanics”, 
“longitudinal global strain”, “speckle tracking echocardi-
ography”, “systolic dysfunction”, “left ventricular ejection 
fraction”.

Checks of the reference lists of original papers and per-
tinent review articles were also searched for additional rel-
evant literature. Data were examined and extracted by three 
independent investigators (EG, AF and CS). In case of no 
agreement on a specific record, the full text of the study was 
analyzed by all reviewers in order to establish its eligibility 
according to the inclusion criteria mentioned below.

Main inclusion criteria were: (I) English articles pub-
lished in peer-reviewed journals; (II) studies providing data 
on GLS by STE in patients with acromegaly and preserved 
LVEF compared to healthy individuals; (III) minimum set 
of clinical/demographic data (i.e. sex and age)

Two independent investigators based on the Newcastle-
Ottawa Scale (http://​www.​ohrica/​progr​ams/​clini​cal_​epide​
miolo​gyoxf​ord.​html) assessed the methodological quality 
of each study (CC and CS). The Newcastle-Ottawa Scale of 
seven or more was considered as a good quality.

2.1 � Statistical Analysis

The primary aim of the meta-analysis was to compare LV 
systolic function assessed by GLS in patients with acromeg-
aly and preserved LVEF with that of their healthy counter-
parts. Additional conventional parameters were also consid-
ered in the analysis (see results below).

A pooled analysis of demographic and clinical variables 
was performed using fixed or random effects meta-analysis 
by Comprehensive Meta-Analysis Version 2, Biostat, Engle-
wood, NJ. Standardized mean difference (SMD) with 95% 
confidence interval (CI) was calculated to test the statis-
tical difference of continuous echocardiographic variables 
between healthy controls and patients with acromegaly.

Demographic, clinical and echocardiographic data pro-
vided by selected studies were expressed as absolute num-
bers, percentages, mean  ±  SD, mean  ±  SE or mean with 
CI.

The random effect model was applied due to the high 
heterogeneity across studies (I2 > 75). To assess the effect 
of individual studies on the pooled result, we conducted a 
sensitivity analysis by excluding each study one by one and 
recalculating the combined estimates on the remaining stud-
ies. Publication bias was assessed by using the funnel plot 

http://www.ohrica/programs/clinical_epidemiologyoxford.html
http://www.ohrica/programs/clinical_epidemiologyoxford.html
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method (Trim and fill test) Statistical significance was set 
at p < 0.05.

3 � Results

3.1 � Search Results

The PRISMA flowchart as presented in Fig. 1 describes 
the full selection process. After removing duplicates, the 
first literature search identified 683 papers. After the initial 
screening of titles and abstracts, 581 studies were excluded 
as they were not related to the topic. Therefore 102 studies 
were reviewed; of these, 70 did not report data on echo-
cardiographic speckle tracking parameters, 23 were review, 
commentary, editorial articles, case reports and double 
publications and 2 did not include healthy controls. Thus, 
a total of 7 studies focusing on LV mechanics (i.e. GLS) 
were included in the analysis (Fig. 1). The Newcastle-Ottawa 
Score, used for assessing the quality of the studies, ranged 

from 7 to 9, the mean score being 7.5. Therefore, no study 
was excluded based on its limited quality.

3.2 � Main Study Features

On the whole 288 patients with acromegaly, defined accord-
ing to clinical symptoms as well as results of testing (stand-
ard hormonal criteria) and medical imaging (magnetic 
resonance imaging) and 294 healthy controls were included 
in 7 studies (acromegaly sample size ranging from 25 to 
81 participants) performed in four countries (Brazil = 2; 
Poland = 2, Turkey = 2; Hungary = 1) [19–26].

Table 1 shows demographic, clinical and echocardio-
graphic characteristics of participants from selected stud-
ies such as setting (i.e. active or controlled acromegaly), 
sample size, GH levels, mean age, LVMI, GLS and LVEF 
and LAVI.

Mean age ranged from 45 to 57 years in acromegaly and 
from 44 to 52 years in controls. LVEF varied from 58 to 
67% in acromegaly and from 59 to 67% in controls; the 

Fig. 1   Schematic flow-chart for 
the selection of studies
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corresponding average GLS values ranged from − 11 to 
− 20% and − 14 to − 23% in controls, respectively.

Table 2 summarizes the results of the meta-analysis 
comparing the demographic and clinical characteristics of 
the pooled acromegaly and control group (48% and 46% 
female, respectively). Mean age, systolic, diastolic BP values 
and sex distribution were similar between groups; whereas, 
body surface area (BSA) (SMD: 0.13 ± 0.02, CI 0.11/0.62, 
p = 0.005) and body mass index (BMI) (SMD: 0.27 ± 0.11, 
CI 0.06/0.48, p = 0.01) were significantly higher in acro-
megaly than in their counterparts without it.

3.3 � Echocardiographic Methods

In all studies, the conventional analysis of cardiac structure 
and function was performed according to the recommenda-
tions of the American Society of Echocardiography and the 
European Association of Cardiovascular Imaging published 
in 2015. LV myocardial deformation was measured offline 
from 2D or 3D echocardiographic images using commer-
cial dedicated softwares. R-R gating was used for LV strain 
assessment. In all studies, LV endocardium was manually 
traced and corrected, if necessary, and average longitudinal 
strain curve was automatically provided by the software.

3.4 � Echocardiographic Findings

The following echocardiographic parameters of LV struc-
ture, geometry and function were considered in the present 
review: LV wall thicknesses (i. e. interventricular septum 
and posterior wall, 4 studies), relative wall thickness (RWT, 
3 studies), LVMI (6 studies), LVEF (7 studies), GLS (7 stud-
ies), GCS (3 studies), GRS (3 studies), LAVI (4 studies), 
E/A ratio (4 studies), E/e’ ratio (3 studies).

3.5 � LV Function

Pooled average LVEF values were 64.6 ± 1.3% in the healthy 
control group and 64.0  ±  1.5% in the acromegaly group. 

As depicted by the forest plot in Fig. 2 the meta-analysis 
of selected studies revealed a non-significant difference 
between groups (SMD: − 0.21 ± 0.22, CI − 0.64/0.22, 
p = 0.34).

Pooled mean GLS values were 19.1 ± 1.2 % in the con-
trol and 17.5 ± 1.2% in the acromegaly group. Figure 3 
shows the results of the meta-analysis of seven studies 
where SMD indicated that this index of systolic func-
tion tended to be lower in the acromegaly group, reach-
ing borderline statistical significance (− 0.52 ± 0.27, CI 
− 1.06/0.01, p = 0.05). In a further meta-analysis restricted 
to 3 studies reporting data on GCS, the SMD revealed 
that also this parameter was not different between groups 
(− 0.09 ± 0.14, CI − 0.38/0.19, p = 0.52). This was also the 
case for GRS [data from 3 studies, SMD: − 0.44 ± 0.58, 
CI − 1.58/0.70, p = 0.45). As for LV diastolic function, as 
assessed by the E/A ratio (data from 4 studies), the aver-
age value was lower in acromegaly patients (0.97 ± 0.06) 
than in controls (1.18 ± 0.07) with a significant SMD of 
− 0.37 ± 0.11, CI − 0.59/− 0.15, p = 0.001. The value of the 
E/e′ ratio was greater in the pooled acromegaly group (data 
from 3 studies) than in the control group (8.27 ± 1.02 vs 

Table 2   Demographic and clinical characteristics of the pooled healthy controls and patients with acromegaly

BSA body surface area, BMI body mass index, DBP diastolic blood pressure, HR heart rate, SBP systolic blood pressure; SE standard error, SMD 
standard mean difference

Variables N studies Mean values ± SE
Healthy controls

Lower-upper limit
Healthy controls

Mean val-
ues ± SE
Patients with 
acromegaly

Lower-upper 
limit
Patients with 
acromegaly

SMD, p value

Age (years) 7 48.2  ±  1.4 45.3–51.0 49.1  ±  1.3 46.4–51.6 0.14 ± 0.08, p = 0.09
BMI (kg/m2) 5 27.7  ±  0.18 27.3–28.1 29.2  ±  0.5 28.0–30.3 0.27 ± 0.11, p = 0.01
BSA (m2) 3 1.92  ±  0.04 1.84–2.01 2.00  ±  0.02 1.95–2.05 0.13 ± 0.02, p = 0.005
SBP (mmHg) 3 115.1  ±  0.3 108.7–121.5 124.3  ±  2.7 118.9–129.7 0.64 ± 0.41, p = 0.12
DBP (mmHg) 3 72.9 ±  3.6 65.8–79.9 78.4  ±  1.4 75.6–81.2 0.62 ± 0.55, p = 0.27

Fig. 2   Forest plot of left ventricular ejection fraction (LVEF) in 
healthy controls and patients with acromegaly. Standard mean dif-
ference (SMD) and 95% confidence interval (CI); Random model (I2 
> 75%)
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7.28 ± 0.34) without however reaching statistical signifi-
cance (SMD: 0.18 ± 0.13, CI − 0.06/0.43, p = 0.14).

3.6 � LV Structure

Pooled mean absolute LVM index values (data from 6 stud-
ies) were 85.2 ± 6.3 g/m2 in controls and 109.2 ± 7.3 g/m2 
in acromegaly patients (SMD: 0.84 ± 0.09, CI 0.65/1.02, 
p < 0.0001) (Figure  4). The corresponding values of 
interventricular septum thickness (IVST, 9.7 ± 0.2 mm 
versus 11.5 ± 0.6 mm, SMD: 0.77 ± 0.27, CI: 0.24/1.29, 
p = 0.004), and posterior wall thickness (PWT, 9.7 ± 0.1 
mm vs 11.3 ±  0.4 mm, SMD: 0.84 ± 0.37, CI 0.11/1.56, 
p = 0.02) were significantly lower in the control than in the 
acromegaly group.

Pooled RWT, an established index of LV geometry, was 
higher in acromegalic patients than in controls (0.39 ± 0.01 
versus 0.37 ± 0.021) suggesting a more concentric geom-
etry, without however reaching statistical significance.

3.7 � LA Size

Average LAVI (4 studies) was significantly higher in acro-
megaly patients than in their normal counterparts (34.9 ± 5.0 
versus 25.5 ± 1.9 ml/m2) with a SMD of 0.72 ± 0.26, CI 
0.22/1.23; p = 0.005) (Fig. 5).

3.8 � Publication Bias

No publication bias was observed for all the analysis per-
formed in the study. No single study effect was observed for 
the analysis of LVEF, GLS (Supplementary Fig. 1).

4 � Discussion

The results of our meta-analysis add new information on 
cardiac structural and functional changes in patients with 
acromegaly that can be summarized as follows: (I) both 
LVMI and LAVI were increased compared to healthy con-
trols matched for sex, age and BP; (II) these alterations were 
associated with impaired diastolic function; (III) no differ-
ence between the two pooled groups was evident for LV 
systolic function, assessed with LVEF; (IV) conversely, GLS 
was lower in patients with acromegaly, with a difference of 
borderline statistical significance.

Increased secretion of GH has been shown to directly 
affect heart resulting in a specific cardiomyopathy whose 
main phenotype is LVH. In line with this view, the present 
meta-analysis showed that LVMI was markedly higher in 
patients with acromegaly than in controls (+ 24 g/m2) and 
this marker of LVH was associated with greater LV wall 
thicknesses, and LA dilatation. Data on cardiac involvement 
in acromegaly are based on a variety methods such as elec-
trocardiogram, echocardiogram and MRI.

An early MRI study showed that 72% of patients with 
untreated active acromegaly had LVH, whereas it was 
detected in only 36% of patients by echocardiography 

Fig. 3   Forest plot of global longitudinal strain (GLS) in healthy con-
trols and patients with acromegaly. Standard mean difference (SMD) 
and 95% confidence interval (CI); Random model (I2 > 75%)

Fig. 4   Forest plot of left ventricular mass index (LVMI) in healthy 
controls and patients with acromegaly. Standard mean difference 
(SMD) and 95% confidence interval (CI); Random model (I2 > 75%)

Fig. 5   Forest plot of left atrial volume index (LAVI) in healthy con-
trols and patients with acromegaly. Standard mean difference (SMD) 
and 95% confidence interval (CI); Random model (I2 > 75%)
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emphasizing how echocardiographic assessment may under-
estimate LVH [10]. However, subsequent larger MRI studies 
have provided lower prevalence rates, reporting that LVH 
may occur in approximately a quarter of patients with active 
acromegaly and a cluster of biventricular hypertrophy due to 
increased intracellular and myocardial mass and functional 
impairment has been described in these patients. [15, 27]. 
Chronic excess of GH and IGF-I secretion increases cardiac 
myocyte size, and, at the same time, extracellular collagen 
deposition, resulting in myofibrillar derangement, and areas 
of monocyte necrosis and lymphomononuclear infiltration, 
all of which gradually impair the whole cardiac texture. GH 
affects water balance and therefore acromegaly potentially 
can determine interstitial myocardial oedema. Some authors 
reported increased MRI-derived myocardial T2 relaxation 
time, which implies the existence of myocardial oedema that 
was normalized after effective treatment and significantly 
correlated with reduction of GH and IGF-1 levels [28]. GH-
induced insulin resistance, comorbidities such hypertension 
and obstructive apnea syndrome can be likely contributing 
factors to acromegalic heart disease.

Increased LAVI might be the consequence of increased 
LV stiffness, increased LV filling pressure and overall dias-
tolic dysfunction [29]. In addition, plasma volume expan-
sion in patients with acromegaly stretches the myocardial 
fibers, inducing the cardiac muscle to contract more effec-
tively and, through this mechanism, improving mechanical 
performance. Atrial fiber shortening and contractility can-
not follow progressive LA dilation in acromegaly patients, 
which means that further enlargement will only result in LA 
function reduction [30]. Irrespective of the mechanisms that 
induce LA enlargement in acromegaly, it results in elevated 
risk of arrhythmias, particularly atrial fibrillation, atrio-ven-
tricular valve insufficiency, stroke, and heart failure.

Moving from structural to functional modifications, 
our findings did not reveal significant differences in LVEF 
between acromegaly patients and controls. This is in agree-
ment with previous findings [20, 22, 24, 25]. Although sex-
related differences have been reported by some authors who 
have highlighted that acromegalic women have a higher 
LVEF than men [31].

Data about LV diastolic function is not that straight for-
ward and current data on this topic remain controversial 
[21, 22, 26, 31, 32]. Their inconsistency, however, must be 
interpreted in relation to the different characteristics of the 
studies, different from each other. regarding age, comorbidi-
ties (diabetes and hypertension), concomitant therapy and 
other confounding factors that were not possible to control 
(or avoid) in small populations of patients in these studies.

As LVEF remains preserved in acromegaly patients for a 
very long time, until cardiomyopathy develops, early iden-
tification of systolic dysfunction regardless of LVEF may 
be a step forward in preventing heart failure in this setting. 

Timely detection is nowadays feasible with STE, which ena-
bles revealing subclinical myocardial dysfunction. GLS is 
the leading strain parameter which indicates subtle cardiac 
changes before any other conventional echocardiographic 
parameter. Our meta-analysis showed that GLS was lower in 
acromegaly patients with borderline statistical significance, 
whereas GCS and GRS did not show any difference between 
acromegaly and control subjects. Data from single clinical 
studies are sparse: some of them found some deterioration 
in GLS [21, 25, 31], but other reports did not [20, 22, 33]. A 
significant difference in 3D multidirectional strain [longitu-
dinal, circumferential, radial and area) between acromegaly 
patients and controls has been also described [26]. Koca 
et al. documented that GLS was decreased in 48% of patients 
with active acromegaly being systolic BP, IGF-1 and LVMI 
were associated with global GLS [25].

The impairment of GLS in acromegaly is essentially 
explained by two mechanisms. The first is linked to con-
comitant diseases such as diabetes and hypertension, which 
are frequently seen in acromegaly patients. The second is 
related with LVH and myocardial fibrosis due to increased 
IGF-1 regardless of comorbidities [34, 35].

5 � Limitations

There are some limitations of the current meta-analysis. The 
number of patients in individual studies is limited and there 
is a significant proportion of patients with comorbidities 
such as hypertension, obesity and diabetes. Therefore, it is 
difficult to distinguish the effect of acromegaly per se from 
concomitant effects of comorbidities. The selected studies 
used various echocardiographic machines and software for 
strain evaluation, which might be the source of variation and 
heterogeneous results among researches.

6 � Conclusions

The present meta-analysis suggest that in patients with acro-
megaly subclinical cardiac damage, phenotyped by increased 
LVMI, LAVI volume and diastolic dysfunction, is associated 
with a reduction in GLS of borderline statistical significance, 
this is not the case for LVEF completely superimposable to 
that of healthy controls. Whether GLS can provide valuable 
information about LV functional impairment which precedes 
changes in LVEF and may be an early predictor of worse 
clinical outcome in the setting of acromegaly needs to be 
investigated in future studies.
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