
Skeletal Muscle Evaluation in Patients With Acromegaly
Angelo Milioto,1 Giuliana Corica,1 Federica Nista,1 Luiz Eduardo Armondi Wildemberg,2

Federica Rossi,3 Bianca Bignotti,4 Mônica R. Gadelha,2 Diego Ferone,1,5

Alberto Stefano Tagliafico,6,4 and Federico Gatto5

1Endocrinology Unit, Department of Internal Medicine and Medical Specialties (DIMI), University of Genoa, Genoa 16138, Italy
2Neuroendocrinology Research Center/Endocrinology Division, Medical School and Hospital Universitário Clementino Fraga Filho, 
Universidade Federal do Rio de Janeiro, Rio de Janeiro 21941-913, Brazil
3Department of Radiology, Ospedale Santa Corona, Pietra Ligure 17027, Italy
4Department of Radiology, IRCCS Ospedale Policlinico San Martino, Genoa 16139, Italy
5Endocrinology Unit, IRCCS Ospedale Policlinico San Martino, Genoa 16139, Italy
6Department of Health Sciences (DISSAL), University of Genoa, Genoa 16138, Italy
Correspondence: Alberto Stefano Tagliafico, MD, PhD, Dipartimento di Scienze Della Salute—DISSAL, University of Genoa, Via Pastore 1, Genoa 16138, Italy. 
Email: alberto.tagliafico@unige.it; albertotagliafico@gmail.com.  

Abstract 
Context: Patients with acromegaly are characterized by chronic exposure to high growth hormone (GH) and insulin-like growth factor-1 levels, 
known for their anabolic effect on skeletal muscle. Therefore, an increased skeletal muscle mass could be hypothesized in these individuals. 
Herein, we have performed a systematic revision of published evidence regarding skeletal muscle mass, quality, and performance in patients 
with acromegaly.
Evidence Acquisition: A systematic review of the literature in the PubMed database up to September 1, 2023, was conducted with the 
following query: acromegaly AND (“muscle mass” OR “skeletal muscle”). We excluded studies that did not compare different disease 
states or used nonradiological methods for the skeletal muscle analyses, except for bioelectrical impedance analysis.
Evidence Synthesis: Fifteen studies met the inclusion criteria. A total of 360 patients were evaluated for skeletal muscle mass, 122 for muscle 
fatty atrophy, and 192 for muscle performance. No clear evidence of increased skeletal muscle mass in patients with active disease compared to 
control or healthy individuals emerged. As for skeletal muscle quality, we observed a trend toward higher fatty infiltration among patients with 
acromegaly compared to healthy participants. Likewise, patients with active disease showed consistently worse physical performance compared 
to control or healthy individuals.
Conclusion: Skeletal muscle in acromegaly has lower quality and performance compared to that of healthy individuals. The small number of 
published studies and multiple confounding factors (eg, use of different radiological techniques) contributed to mixed results, especially 
regarding skeletal muscle mass. Well-designed prospective studies are needed to investigate skeletal muscle mass in patients with acromegaly.
Key Words: acromegaly, skeletal muscle, mass, quality, function, myopathy
Abbreviations: AD, active disease; BIA, bioelectrical impedance analysis; CD, controlled disease; CT, computed tomography; CTR, control group; DXA, 
dual-energy x-ray absorptiometry; fg-SRL, first-generation somatostatin receptor ligand; GH, growth hormone; HMRS, proton magnetic resonance 
spectroscopy; IGF-1, insulin-like growth factor-1; IMAT, intermuscular adipose tissue; IMCLs, intramyocellular lipids; MRI, magnetic resonance imaging; 
PA, pennation angle; US, ultrasound. 
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Acromegaly is a chronic and systemic disease characterized by 
elevated levels of growth hormone (GH) and insulin-like 
growth factor-1 (IGF-1), caused in the vast majority of cases 
(>95%) by a GH-secreting pituitary tumor [1]. Long-term ex
posure to supraphysiological levels of GH and IGF-1 may lead 
to several comorbidities, such as cardiovascular, respiratory, 
osteoarticular, and metabolic diseases, among others [2].

Skeletal muscle is one of the main target tissues both of GH 
and IGF-1 [2].Under physiological conditions, the activation 
of the GH/IGF-1 axis inhibits proteolysis and exerts an ana
bolic action on muscles [2]. In patients with acromegaly, a 
shift of amino acid metabolism toward protein synthesis and 
free fatty acids toward lipolysis has been described, likely 
due to the direct activation of the GH receptor and the 

impairment of insulin signaling [3]. Therefore, differently 
from the general population in which insulin resistance is 
often associated with increased body fat [4], active acromeg
aly constitutes a unique and paradoxical metabolic scenario 
in which patients harbor insulin resistance despite a relative 
decrease in adipose tissue [5]. Overall, the skeletal muscle of 
active acromegaly patients is characterized by decreased pro
tein breakdown and increased protein synthesis. An increase 
in skeletal muscle mass, and thus better physical performance, 
would be expected in these patients. However, some of the 
most prevalent and debilitating comorbidities of acromegaly 
include musculoskeletal pain and weakness, as well as osteo
articular diseases [6, 7]. Nevertheless, there is limited evidence 
regarding the effect of the disease and its biochemical control 
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on skeletal muscle (including tissue mass, quality, and 
function).

Nowadays, skeletal muscle is considered more than a tissue 
responsible only for mechanical functions (such as mobility). 
A number of studies have already demonstrated its role as 
an endocrine organ exerting a variety of functions, including 
glucose and lipid metabolism regulation [8-16]. Therefore, it 
is relevant to investigate and properly describe skeletal muscle 
status in a complex endocrinological disease like acromegaly, 
which is tightly linked to metabolic comorbidities.

Patients and Methods
Search Strategy and Selection Criteria
We performed a systematic review of the literature in the 
PubMed database with the following query: acromegaly 
AND (“muscle mass” OR “skeletal muscle”) (search up to 
September 1, 2023). A total of 67 studies were identified. 
We included only English-written studies. We excluded stud
ies that assessed or estimated entire lean mass without report
ing skeletal muscle data. Then, we included only studies 
comparing different disease statuses (ie, active acromegaly 
vs controlled acromegaly) or studies that compared a specific 
disease status vs a control group (ie, active acromegaly vs con
trol group or controlled acromegaly vs control group). Except 
for bioelectrical impedance analysis (BIA), studies that ana
lyzed or estimated skeletal muscle condition by use of nonra
diological methods were excluded. In detail, studies using 
magnetic resonance imaging (MRI) and ultrasound sonog
raphy (US) were included since they provide a direct measure 
of skeletal muscle mass; likewise, studies employing dual 
x-ray absorptiometry (DXA) and BIA were been included 
since they allow a reliable estimation of the same parameter. 
Regarding skeletal muscle quality, studies using MRI and pro
ton magnetic resonance spectroscopy (HMRS) were included, 
since they provide a measurement of intermuscular adipose 
tissue (IMAT) and intramyocellular lipids (IMCLs), respect
ively. We then considered studies using physical tests such as 
gait speed, 30-second chair stand, Timed Up and Go, as well 
as hand grip, thigh flex, and extension to evaluate skeletal 
muscle performance. A single study using pennation angle 
(PA) evaluated by US has been included as a reliable estima
tion of muscle performance.

To enhance the quality of the systematic review, the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) statement was applied. Fig. 1
shows a flow diagram of the study identification, screening, 
and inclusion process. After applying the aforementioned cri
teria, 15 manuscripts were identified and then analyzed.

Patients Stratification and Control Populations
The criteria to define controlled disease (CD) were not consist
ent among the identified manuscripts. Some authors defined 
patients as reaching biochemical control by presence of circu
lating IGF-1 levels below the upper limit of normal (IGF-1 ≤ 1 
×ULN), adjusted for age in most cases [17-19]. However, oth
er authors preferred to consider GH levels—during fasting 
conditions, after an oral glucose tolerance test, or evaluated 
as a daily curve—to define the biochemical control of the dis
ease [20-23].

In most studies, the control group (CTR) was selected 
among “healthy” or “nonacromegalic” individuals matched 

for several criteria such as age, sex, height, weight, and body 
mass index. In one manuscript, the control group was com
posed of participants affected by clinically nonfunctioning pi
tuitary tumor [24].

Results
Skeletal Muscle Mass
Skeletal muscle mass was assessed in 9 studies [17-19, 22-27], 
most of them with a cross-sectional design only [17, 18, 22, 
23, 25], except 4 manuscripts that adopted both a cross- 
sectional and a prospective design [19, 24, 26, 27] (Table 1). 
MRI was the most employed method (n = 5/9) [18, 19, 25-27], 
followed by DXA (n = 4/9) [17, 18, 23, 25], then BIA (n = 2/9) 
[23, 24], and US, this latter performed only once (n = 1/9) 
[22]. As mentioned earlier, MRI and US both can provide a 
direct measurement of skeletal muscle tissue based on the 
area or the volume of a specific region (or evaluation of the en
tire body). On the other hand, DXA and BIA can provide an 
estimate of skeletal muscle mass derived from the measure
ment of appendicular lean tissue or tissue impedance, respect
ively (see “Discussion.”).

Computed tomography (CT) was not employed in any of 
the studies included in our systematic review.

Of note, in 3 studies more than 1 technique was used (name
ly, 12 skeletal muscle mass analyses were performed in 9 stud
ies) [18, 23, 25]. A total body assessment was performed in all 
but 4 studies: Eroğlu et al [18] employed DXA to estimate the 
appendicular skeletal mass and used MRI to evaluate the ab
dominal muscle area; Lopes et al [23] used DXA to estimate 
the appendicular skeletal mass; Ozturk Gokce et al [22] per
formed US on the thigh and calf; Bredella et al [19] employed 
MRI to evaluate the thigh region. A total of 360 patients with 
acromegaly underwent 478 skeletal muscle mass analyses: 
DXA was employed in 224 cases, followed by MRI (135 
cases) and BIA (80 cases). Lastly, 39 cases were assessed by 
US (Fig. 2A).

The results of skeletal muscle mass analyses in patients with 
active disease (AD), CD, and CTR groups are shown in 
Fig. 3A. The AD group was compared to the CD group in 6 
studies (including 8 analyses globally). In 2 analyses, the AD 
group showed higher skeletal muscle mass than the CD group 
[17, 19], whereas the opposite was reported in 1 analysis [24]. 
No differences between the 2 groups (AD vs CD) were identi
fied in the remaining 5 evaluations [18, 22, 23].

When comparing the AD group with the CTR group, only 1 
analysis found a greater muscle mass in AD vs CTR [24], 
whereas 2 analyses found the opposite (ie, participants in 
the CTR group had higher muscle mass than in the AD group) 
[22, 26]. Of note, most analyses (n = 6) did not find any sig
nificant difference in skeletal muscle mass between AD and 
CTR [18, 19, 25, 27].

Finally, the skeletal muscle mass of CD and CTR groups 
were compared in 4 analyses, showing no significant differen
ces [18, 19, 22].

Skeletal Muscle Quality
To evaluate the quality of skeletal muscle, fatty atrophy was 
assessed (ie, the higher the fatty atrophy, the lower the quality 
of the muscle, and vice versa). A cross-sectional design was 
used in all 6 publications that evaluated skeletal muscle qual
ity [5, 19-21, 26, 27], and 3 of them cited a prospective study 
design [19, 26, 27] (Table 2). The techniques employed were 
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MRI and HMRS in 4 [5, 21, 26, 27] and 2 studies [19, 20], re
spectively. A total of 91 analyses involving 91 patients with 
acromegaly were performed by MRI (Fig. 2B). Likewise, 
HMRS was used for 43 analyses conducted on 27 patients 
with acromegaly (see Fig. 2B). Of note, HMRS was performed 
twice for 16 patients with acromegaly, before and after bio
chemical control was achieved. In 3 out of 4 studies that 
used MRI, IMAT was measured across all body regions to as
sess muscle quality [5, 26, 27], whereas in 1 study the fat frac
tion of thighs (ie, percentage of fatty infiltration in skeletal 
muscle) was assessed [21]. In the 2 studies that employed 
HMRS, IMCL was assessed in the soleus muscle in 1 case 

[19] and both in the soleus and tibialis anterior muscles in 
the other one [20].

Fig. 3B shows the results of fatty atrophy analyses among 
AD, CD, and CTR groups. In one analysis, skeletal muscle 
fatty atrophy in the AD group was compared with the CD 
group, revealing no significant difference [19].

Among the 4 studies that compared the AD group vs the 
CTR group, 3 analyses showed a higher degree of skeletal 
muscle fatty atrophy in AD patients [5, 26, 27], while in 1 ana
lysis no significant difference was found [19].

Furthermore, no difference in skeletal muscle fatty atrophy 
was demonstrated between CD and CTR groups in 2 analyses 

Figure 1. PRISMA flowchart. aNot written in English. bExcluded by title. cOnly studies comparing different disease statuses (ie, active acromegaly vs 
controlled acromegaly) or a specific disease status vs control group (ie, active acromegaly vs control group or controlled acromegaly vs control group) 
have been included. dBioelectrical impedance analysis has been included.
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[19, 20]. However, one analysis demonstrated more fatty at
rophy in the CD group compared to the CTR [21].

Skeletal Muscle Performance
A total of 5 cross-sectional studies used functional exercises 
[18, 21], dynamometers [6, 18, 21, 29], and US [22] to evalu
ate or estimate the skeletal muscle performance in patients 
with acromegaly (Table 3). Among these, one study also 
used a prospective design [6]. Overall, 477 performance tests 
were conducted in 209 acromegalic patients; the results are 
shown in Table 3 and Fig. 3C.

In 3 analyses in which patients with AD were compared to 
the CD group, AD patients performed worse than those with 
CD [6, 29]. On the other hand, 4 performance analyses found 
no difference between AD and CD groups [18, 22].

When the AD group was compared to CTR, patients with 
AD performed worse than controls in 2 analyses [6, 22], 
whereas in 1 evaluation the opposite result was found (AD 
performed better than CTR) [6]. No difference between AD 

and CTR groups was reported in the remaining 3 analyses 
[18].

Finally, 10 analyses compared CD and CTR groups: In 3 
evaluations the CD group had worse results [21], while in 7 
analyses no difference was found (ie, CD and CTR groups per
formed similarly) [6, 18, 21, 22].

Discussion
Skeletal muscle is one of the main target tissues of GH and 
IGF-1 activity, and it is typically affected in acromegaly. 
Despite the first evaluation of skeletal muscle status in patients 
with acromegaly dating back to 1965 [30], the number of 
studies primarily focused on this issue is still relatively low.

Overall, performing a critical analysis of our systematic re
view on available literature data, the assumption that patients 
with acromegaly and AD could have more muscle mass than 
patients with CD (or healthy individuals) does not emerge 
clearly. Indeed, most analyses performed to compare patients 

Table 1. Skeletal muscle mass evaluation

Acromegaly patients

Study Design Technique Body region Total AD CD CTR Outcome

Eroğlu et al [18] Cross-sectional DXA Appendicular 33 16 17 19 AD = CD
AD = CTR
CD = CTR

MRI Abdominal 33 16 17 19 AD = CD
AD = CTR
CD = CTR

Lopes et al [23] Cross-sectional DXA Appendicular 28 13 15 — AD = CD
BIA Total body 28 13 15 — AD = CD

Kuker et al [26] Cross-sectional/Prospectivea MRI Total body 16 16 — n.a.b AD < CTR
Ozturk Gokce et al [22] Cross-sectional US Thigh and calfc 39 22 17 39 AD < CTR

AD = CD
CD = CTR

Guo et al [24] Cross-sectional/Prospective BIA Total body 36 36 — 37d AD > CTR
— 16e 16e — AD < CD

Bredella et al [19] Cross-sectional/Prospective MRI Thigh 20 20e 16e 20 AD > CD
AD = CTR
CD = CTR

Reyes-Vidal et al [27] Cross-sectional/Prospectivea MRI Total body 23 23 — n.a.f AD = CTR
Reid et al [17] Cross-sectional DXA Total body 138g 77 61 — AD > CD
Freda et al [25] Cross-sectional MRI Total body 27 27 — n.a.h AD = CTR

DXA Total body 25 25 — n.a.h AD = CTR
360 250 142

The total number of patients included is shown in the bottom row. 
Abbreviations: AD, active disease; BIA, bioelectrical impedance analysis; CD, controlled disease; CTR, control group; DXA, dual-energy x-ray absorptiometry; MRI, 
magnetic resonance imaging; n.a., not available; US, ultrasound. 
aProspective data were not included since AD and CD patients were pooled together. 
bA prediction equation was developed for skeletal muscle accounting for sex, age, height, weight, and race using generalized linear models from data obtained from 315 
nonacromegalic patients. 
cVastus medial, vastus intermedius, vastus lateralis, and gastrocnemius medial head were evaluated. 
dIn this study, participants affected by a nonfunctioning pituitary adenoma were considered the control group. 
eThe AD and CD groups included the same acromegaly patients before and after disease control. 
fThe observed acromegaly values were compared with predicted values calculated using a previously derived prediction equation described by generalized linear models that 
account for age, weight, race, height, and sex [25]. 
gOf the 138 patients included, 22 did not undergo DXA assessment. However, it is not possible to determine how many of these individuals were active and how many 
were in the control group. 
hThe control group was selected from a larger group of 315 nonacromegalic patients in a 3-4:1 ratio to acromegalic patients and matched for sex, weight, and age.
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with AD with both CD or healthy individuals did not find a 
significantly higher skeletal muscle mass in AD patients (14/ 
17 evaluations). In 3 other analyses, the authors reported 
higher skeletal muscle mass in AD compared to CD or CTR 
individuals (Fig. 3A). Of note, 1 of these 3 analyses, carried 
out by Reid and colleagues [17], included the highest number 
of patients evaluated in a single study (n = 138; see Table 1).

On the other hand, a clear trend toward lower muscle qual
ity in patients with acromegaly is apparent. Indeed, in all re
ported analyses, patients with acromegaly (either AD or 
CD) had equal or higher muscle fatty atrophy compared to 
healthy controls (see Fig. 3B).

A fair degree of consistency was found in the muscle per
formance assessment, as in all but one analysis the AD group 
performed worse than both the CD and the CTR groups (see 
Fig. 3C). In line with this finding, CD patients performed 
equal to (6 analyses) or worse than (3 analyses) healthy 
controls.

Therefore, while data on muscle mass are still conflicting, 
the evaluated studies are consistent in reporting higher fatty 
atrophy and lower muscle performance in patients with acro
megaly compared to controls, with a further detrimental effect 
of AD. Patients with acromegaly presenting with high fatty at
rophy and reduced muscle performance may show impaired 
mobility, walking ability, and higher fall risk [21]. Together 
with the well-known bone impairment and skeletal frailty re
ported in patients with acromegaly [31, 32], these factors may 
significantly affect patients’ quality of life and contribute to 
the increased fracture risk observed in this particular popula
tion [2]. Overall, musculoskeletal complications represent one 
of the most debilitating conditions associated with acromeg
aly [31].

However, it is crucial to examine the potential confounding 
factors of the included studies to correctly interpret the reported 
findings. First, the impairment of skeletal muscle function and 
the osteoarticular pain often observed in patients with acro
megaly may contribute to a more sedentary lifestyle compared 
to age- and sex-matched populations. Nevertheless, physical ac
tivity has been included among the matching factors for healthy 
controls in only one study [21]. Additionally, comorbidities 
such as diabetes mellitus or impairment of other pituitary 

axes, such as the gonadal axis or, to a lesser extent, the cortico
troph or thyrotroph axis, could affect skeletal muscle metabol
ism [33-36]. Unfortunately, detailed information on the 
complete hormonal status of evaluated patients is missing in 
most of the studies we have analyzed in the present manuscript. 
The potential effect of distinct imaging modalities and heteroge
neous treatments (ie, medical therapy and surgical approach) 
on the evaluated clinical outcomes is described in the following 
sections.

Radiological Factors
Recent discoveries on the clinical implications of sarcopenia 
[8] led several groups to focus on skeletal muscle evaluation. 
In 2019, the European Working Group on Sarcopenia in 
Older People 2 (EWGSOP2) indicated MRI and CT as the 
gold-standard techniques to evaluate skeletal muscle mass 
and quality due to their precision and reliability. However, 
the high cost of MRI and the use of ionizing radiation for 
CT make the use of both techniques not always suitable on 
a large scale in clinical practice. At the same time, the group 
defined various pitfalls of DXA (lack of consistency among 
different DXA instrument brands, the influence of subject hy
dration status) and BIA (lack of consistency among different 
age and ethnic groups, the influence of subject hydration sta
tus) [37]. Differently from MRI, CT, and US, neither DXA nor 
BIA can directly assess skeletal muscle mass. DXA can esti
mate the body lean mass, which includes organs and soft tissue 
in addition to muscle tissue [25]. Kim and colleagues [38] pro
posed an equation that estimates skeletal muscle mass in 
healthy individuals from DXA-estimated appendicular lean 
tissue, which strongly correlates with MRI-assessed skeletal 
muscle mass. Because of the well-established fluid-retentive ef
fect of high IGF-1 and GH, patients with acromegaly re
present a special population with a condition similar to an 
overhydration status. Consistent with this consideration, pa
tients with acromegaly show an increase in lean mass [25], 
which may lead to an overestimation of skeletal muscle 
mass by DXA. However, the equation proposed by Kim and 
colleagues [38] was later validated in a group of acromegalic 
patients with AD [25].

Figure 2. Techniques employed to assess A, skeletal muscle mass, and B, fatty atrophy. A technique was counted as one each time it was performed on 
a patient with acromegaly. If the same technique was used on the same patient with acromegaly at a different time and with a different disease status, it 
has been counted as two. BIA, bioelectrical impedance analysis; DXA, dual-energy x-ray absorptiometry; HMRS, proton magnetic resonance 
spectroscopy; MRI, magnetic resonance imaging; US: ultrasound.
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As mentioned earlier, even BIA devices cannot directly 
measure skeletal muscle mass but rather estimate it through 
an equation that defines a positive correlation between the 
measured resistance expressed in ohms and the estimated skel
etal muscle mass. While this equation has been shown to 
strongly correlate with skeletal muscle mass measured by 
MRI in healthy adults [39], there are currently no data valid
ating its use in patients with acromegaly. Considering the high 
water conductivity and the fluid retention present in acromeg
alic patients, and the direct proportionality between 
BIA-estimated muscle mass and measured resistance, it can 
be inferred that resistance is undermeasured, leading to an 

underestimation in skeletal muscle mass in these patients. 
However, Lopes et al [23] reported a strong correlation in 
muscle mass estimation among acromegalic patients by com
paring DXA with BIA in AD vs CD groups.

As previously mentioned, among the studies we have iden
tified in our search, a total of 4 different techniques (MRI, 
BIA, DXA, US) have been employed to assess or estimate skel
etal muscle mass in patients with acromegaly; while MRI and 
HMRS have been used for the evaluation of skeletal muscle 
quality. This heterogeneity in the applied techniques reflects 
the lack of a standardized method proposed to study muscle 
mass in individuals with acromegaly in a clinical setting.

Figure 3. Analyses performed on A, skeletal muscle mass; B, fatty atrophy; and C, performance. Each thick line on the y-axis represents 1 analysis 
defined as a comparison of 2 different groups with a given technique. Some studies performed more than 1 analysis because they compared 2 groups 
with more than 1 technique or compared more than 2 groups with each other. AD, active disease group; CD, controlled disease group; CTR, control group.

Table 2. Fatty atrophy of skeletal muscle

Acromegaly 
patients

Study Design Technique Body region Evaluation Total AD CD CTR Outcome

Kuker et al [26] Cross-sectional/ 
Prospectivea

MRI Total body IMAT 16 16 — n.a.b AD >  
CTR

Martel-Duguech 
[21]

Cross-sectional MRI Thigh Fat Fraction 36 — 36 36 CD >  
CTR

Bredella et al [19] Cross-sectional/ 
Prospective

HMRS Soleus muscle IMCLs 20 20c 16c 20 AD = CD

AD =  
CTR

CD =  
CTR

Reyes-Vidal et al 
[27]

Cross-sectional/ 
Prospectivea

MRI Total body IMAT 23 23 — n.a.d AD >  
CTR

Szendroedi et al [20] Cross-sectional HMRS Soleus and tibialis anterior 
muscles

IMCLs 7 — 7 7 CD =  
CTR

Freda et al [5] Cross-sectional MRI Total body IMAT 16 16 — n.a.b AD >  
CTR

118 75 59

The total number of unique patients included is shown in the bottom row. 
Abbreviations: AD, active disease; CD, controlled disease; CTR, control group; HMRS, proton magnetic resonance spectroscopy; IMAT, intermuscular adipose tissue; 
IMCLs, intramyocellular lipids; MRI, magnetic resonance imaging; n.a., not available. 
aProspective data were not included since AD and CD patients were pooled together. 
bA prediction equation was developed for IMAT accounting for sex, age, height, weight, and race using generalized linear models from data obtained from 315 
nonacromegalic patients. 
cThe AD and CD groups included the same acromegaly patients before and after disease control. 
dThe observed acromegaly values were compared with predicted values calculated using a previously derived prediction equation described by generalized linear models that 
account for age, weight, race, height, and sex [28].
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Finally, there is also no agreement on how to evaluate mus
cular performance among patients with acromegaly. Indeed, 5 
different physical tests and 1 sonographic technique have been 
performed in the studies we have reported. Again, there is a 
lack of consensus on how to estimate muscle performance in 
different populations with various health statuses.

Therapeutical Approaches
Nowadays, several medical therapies for acromegaly are 
available in clinical practice. First-generation somatostatin re
ceptor ligands (fg-SRLs, octreotide and lanreotide) and the 
second-generation SRL, pasireotide, mainly act at the pituit
ary level reducing GH secretion and result in the lowering of 
circulating IGF-1 level [1]. On the other hand, pegvisomant 
is a recombinant GH analogue that acts on blocking GH sig
naling in the periphery—mainly at the liver—resulting in re
duced IGF-1 production [1].

As concerns fg-SRLs, an early study showed that subcutane
ous octreotide treatment leads to a reduction in lean body bass 
estimated by DXA; however, this finding has been attributed 
to the reduction in soft tissue fluid, more than a direct effect 
on skeletal muscle mass [40].

To our knowledge, there are no available clinical data on 
the effects of pasireotide on skeletal muscle; however, one in 
vitro study hypothesized a direct stimulation of this com
pound on protein synthesis in rat myoblast cells, although 
these data have not so far been confirmed by other studies 
[41].

As concerns pegvisomant, Kuker and colleagues [26] eval
uated the effect of this drug on body composition in 21 pa
tients with acromegaly, reporting no significant changes in 
skeletal muscle mass and quality after long-term treatment.

Furthermore, 2 studies investigated the effect of the surgical 
approach on skeletal muscle in patients with acromegaly. Guo 
and colleagues [24] reported a decrease in skeletal muscle 
mass in acromegaly patients 1 year after surgery compared 
to the presurgical evaluation. Similarly, Reyes-Vidal and col
leagues [27] found a decrease in skeletal muscle mass 1 year 
after surgery only in male patients and a decrease in fatty at
rophy only in female patients at the same time point.

To our knowledge, currently there are no studies directly 
comparing the various medical therapies with each other or 
vs the surgical approach. Therefore, further research is needed 
to investigate whether different therapeutic approaches may 
affect skeletal muscle characteristics in a different way.

Table 3. Skeletal muscle performance

Acromegaly patients

Study Design Test Total AD CD CTR Outcome

Eroğlu et al [18] Cross-sectional Hand grip 33 16 17 19 AD = CD
AD = CTR
CD = CTR

Thigh extension 33 16 17 19 AD = CD
AD = CTR
CD = CTR

Gait speed 33 16 17 19 AD = CD
AD = CTR
CD = CTR

Martel-Duguech et al [21] Cross-sectional Gait speed 36 36 — 36 CD < CTR
30-s chair stand 36 36 — 36 CD < CTR
Timed Up and Go 36 36 — 36 CD < CTR
Hand grip 36 36 — 36 CD = CTR

Ozturk Gokce et al [22] Cross-sectional Pennation anglea 39 22 17 39 AD = CD
AD < CTR
CD = CTR

Füchtbauer et al [6] Cross-sectional/Prospective Thigh flex and extension 48 48 — n.a.b AD > CTR
— — 23 n.a.b CD = CTR

Hand grip 48 48 — n.a.b AD < CTR
— 23c 23c — AD < CD
— — 23 n.a.b CD = CTR

Lopes et al [29] Cross-sectional Thigh extension 53 23 30 — AD < CD
209 145 87

The total number of unique patients included is shown in the bottom row. A detailed explanation of the different methods used to assess muscle performance is reported in 
the text of the related reference. 
Abbreviations: AD, active disease; CD, controlled disease; CTR, control group; n.a., not available. 
aVastus medial, vastus intermedius, vastus lateralis, and gastrocnemius medial head were evaluated by ultrasonography. 
bThe control group was selected from a larger group of 144 nonacromegalic patients in a 6-27:1 ratio to acromegalic patients, matched for age and sex. 
cThe AD and CD groups included the same acromegaly patients before and after disease control.
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Conclusions
To the best of our knowledge, this is the first systematic review 
focusing on skeletal muscle evaluation in patients with 
acromegaly. We identified a few studies, mostly with a cross- 
sectional design, that investigated this topic. The rarity of 
acromegaly, the high prevalence of confounding factors, and 
the heterogeneity of the methods used to assess skeletal muscle 
characteristics led to mixed results.

However, performing an analysis of the evaluated studies, 
we found a fair degree of consistency in reporting higher fatty 
atrophy and lower muscle performance in patients with acro
megaly compared to healthy controls, with an additional det
rimental effect observed in patients with AD. On the other 
hand, data on skeletal muscle mass are still conflicting, par
ticularly as concerns the effect of disease activity.

It is therefore necessary to identify which method could be 
the most reliable, reproducible, and available on a large scale 
to properly investigate skeletal muscle mass, quality, and per
formance in a clinical setting. Then, larger studies with a lon
gitudinal design should be conducted to better define the effect 
that GH, IGF-1, and the aforementioned confounding factors 
may have on skeletal muscle in this special population.
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