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Abstract
Objective Although the focus of acromegaly treatment is the hormonal control of the disease, a new perspective must be
given to the functional rehabilitation of these patients, especially when considering the recent increase in survival. The aim
of this study was to evaluate the effects of therapist-oriented home rehabilitation (TOHR) on patients with acromegaly.
Patients and methods Seventeen adults with acromegaly followed an exercise programme from a booklet with instructions
for each exercise prescribed, for 2 months, and were reassessed after 1 month of washout. At each of the 3 timepoints (before
and after the intervention and at the 1-month follow-up), the participants were subjected to the following assessments: body
composition through bioimpedance, health-related quality of life (HRQoL) using the Acromegaly Quality of Life (AcroQoL)
questionnaire, general fatigue through the Functional Assessment of Chronic Illness Therapy-Fatigue scale, handgrip
strength, lower extremity functionality using isometric dynamometry and the Lower Extremity Functional Scale (LEFS),
body balance through stabilometry, and functional capacity through 6-minute walking distance (6MWD).
Results After performing TOHR, improvements in general fatigue, quadriceps muscle strength, LEFS, 6MWD, balance
control and all AcroQoL dimensions were observed (all P < 0.05). After 1 month of washout, however, these gains were lost
for all parameters, except the LEFS and balance control.
Conclusions In acromegaly, TOHR results in improvements in muscle function, functional capacity, general fatigue, body
balance, and HRQoL. Large randomized controlled trials are needed to replicate these benefits and to recommend rehabi-
litation, especially for those with long-term illness.
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Introduction

Acromegaly is a chronic debilitating disease characterized by
excess growth hormone (GH) and insulin-like growth factor 1
(IGF-1), most frequently caused by a pituitary adenoma. The
prevalence and incidence rates vary between 2.8 and 13.7;
and between 0.2–1.1 cases per 100,000 people, respectively
[1]. The mortality rate has decreased in the past decade,
possibly due to the improvement in surgical approaches,
greater use of drug therapies, and better control of comor-
bidities [2, 3]. Acromegaly is characterized by the develop-
ment of a dysmorphic syndrome with progressive cranial cap
and acral growth, accompanied by several comorbidities, such
as musculoskeletal disease, heart and respiratory failure, cer-
ebrovascular disease, neurological involvement, diabetes
mellitus, hypertension and neoplasms, which usually persist
or even appear after hormonal control of the disease [4].

Joint and musculoskeletal pain is described in up to 90%
of acromegalic patients and may persist even after
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long-term remission of the disease and compromise the
health-related quality of life (HRQoL) [5]. The worsening
of osteoarticular and muscular disease can result in wor-
sening HRQoL and a body balance disorder [4]. In addition,
the prevalence of visual disorders and cerebrovascular dis-
ease (including stroke) is high in patients with acromegaly,
especially in those with hypertension or who underwent
radiotherapy [3]; these alterations may also impact body
imbalance [6, 7]. Cardiac involvement is very frequent in
acromegaly, with acromegalic cardiomyopathy being an
entity characterized by a hyperdynamic state that can lead to
sudden heart failure [3]. Taken together, a multiplicity of
mechanisms can then negatively impact the functional
capacity of these individuals.

Management objectives in current acromegaly guidelines
are focused on achieving the biochemical targets for disease
control and the treatment of comorbidities, aiming to reduce
their mortality rate [3]. However, as part of the treatment of this
condition, emphasis should also be placed on HRQoL, which
often remains impaired despite the reduction in serum GH
levels. This finding suggests that other therapeutic approaches,
in addition to the biochemical control of the disease, are
necessary to improve the HRQoL of these individuals. At
present, acromegaly treatment is often multimodal, including
transsphenoidal surgery, drug therapy, and radiotherapy, which
basically aim to suppress the levels of GH/IGF-1. However,
due to the chronic and debilitating nature of the disease and the
numerous sequelae that result from it, few studies have focused
on functional rehabilitation [8, 9].

With progress in acromegaly management, the prognosis
of patients has improved, and in most cases, adequate
control of the levels of GH/IGF-1 has been achieved,
resulting in life expectancy comparable to that of the gen-
eral population [3, 4]. Therefore, there is an urgent need to
reduce the adverse consequences arising mainly from late
diagnosis and treatment, improve patient outcomes and
reduce the burden on the health system [1]. Because
arthropathy, muscle disease, cardiovascular involvement,
general fatigue, and balance disorders are conditions that
directly affect HRQoL, it becomes imperative to function-
ally rehabilitate these patients. Thus, the objective of this
study was to evaluate the effects of therapist-oriented home
rehabilitation (TOHR) on body composition, HRQoL,
general fatigue, peripheral muscle performance, body bal-
ance, and functional capacity in patients with acromegaly.

Materials and methods

Participants

Between March 2017 and December 2018, a quasi-
experimental and longitudinal study was performed with 17

patients with acromegaly aged ≥18 years, who were recruited
at the Clementino Fraga Filho University Hospital of the
Federal University of Rio de Janeiro, Brazil. The diagnosis of
acromegaly was based on clinical characteristics and con-
firmed by high levels of age-matched IGF-1 and high levels
of GH that were not suppressed to levels <1 μg/L in an oral
glucose tolerance test [10]; in this condition, the participant
was considered to have active disease, unlike if the excessive
release of GH/IGF-1 was obtained through pharmacological,
surgical or radiotherapy treatment (controlled disease). The
following exclusion criteria were applied: presence of
comorbidities unrelated to acromegaly; stroke; cognitive
alteration; uncontrolled hypertension; use of psychotropic
drugs; untreated hypothyroidism or Addison’s disease; any
significant limitations due to osteoarthropathy; history of any
orthopaedic surgery in the previous year; inability to perform
functional tests; subjects considered ‘very active’ by the
International Physical Activity Questionnaire (IPAQ) [11];
and treatment abandonment during protocol application. All
subjects signed a consent form, and the protocol was
approved by the Research Ethics Committee of the Augusto
Motta University Center under number CAAE-
53384316.6.0000.5235. The trial was registered at Clin-
icalTrials.gov, reference number NCT03710499.

Intervention

Before starting the protocol, the patients were instructed by
the physiotherapist about how to perform the physical
exercises. Patients followed an exercise programme from a
booklet with instructions for each exercise prescribed for
2 months, 3 times a week, for a total of 24 sessions. With a
focus on muscle training, aerobic resistance, and flexibility
exercises, each session lasted approximately 60 min and
consisted of the following steps: (1) 5 min of warm-up
exercises, where the patient was instructed to stretch the
muscles (sternocleidomastoid, pectoral, broad dorsal,
adductor magnus, biceps femoris, lateral deltoids, trapezius,
external oblique, posterior surface of the thighs, hamstrings,
calves, quadriceps and lumbar region) to the limit tolerated
comfortably while maintaining each elongation for 20 to
30 s; (2) 20 min of muscle strengthening and resistance
exercises for the upper and lower limbs, including lateral
elevation, frontal elevation, and flexion and extension
exercises associated with functional diagonal movements;
squatting, dorsiflexion, and plantiflexion exercises were also
performed, using objects such as light weights, chairs, steps
and the walls of the environment itself; the participants were
instructed to perform 20 repetitions of each activity with a
1 min interval between exercises for recovery; (3) 10 min of
balance training through proprioceptive exercises on the
floor, using objects to overcome and others to be cir-
cumvented; (4) 20 min of aerobic training by means of
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walking and functional circuits, taking into account the
muscle groups that are usually used in their daily lives; and
(5) 5 min of global stretching and relaxation exercises, using
calisthenic exercises for upper and lower limbs [8, 12, 13].
Following the initial physical therapy assessment and
inclusion in the protocol, the patients were re-evaluated
after 8 weeks, when the TOHR was completed; these
patients were reassessed 4 weeks after completing the
TOHR. The physiotherapist contacted the patients by phone
weekly to monitor treatment progression. The exercise
intensity at the household level was monitored using the
Borg < 4 perceived exertion scale; if this signal was not
within the given range, the patient was instructed to
decrease the repetitions [14].

Outcomes

Body composition was measured by bioimpedance (BIA
310e, Biodynamics, Seattle, WA, USA). Patients were
instructed to rest for 5 min before the test and remain
barefoot, without any metallic object near them, with their
feet 15–30 cm apart. Next, two electrodes were placed on
the dorsal surface of the right hand, and two electrodes were
placed on the dorsal surface of their right foot. Resistance
and reactance were calculated and used to estimate fat-free
mass (FFM) [15].

HRQoL was assessed using Acromegaly Quality of Life
(AcroQoL) questionnaire, which is a disease-specific
questionnaire that evaluates specific dimensions affected
by acromegaly. This 22-item questionnaire consists of
physical (n= 8) and psychological (n= 14) dimensions
subdivided into the dimensions appearance (n= 7) and
personal relationships (n= 7), which can be analysed
separately or globally [16]. In the AcroQoL, a lower score is
associated with worse HRQoL.

To evaluate general fatigue, we used the Functional
Assessment of Chronic Illness Therapy-Fatigue (FACIT-F)
scale, which has 13 questions ranging from 0 to 4, where
the higher the score lower the fatigue. Its score ranges from
0 to 52. FACIT-F is a specific scale for fatigue assessment
that has a good representation of the individual’s condition
and is considered an easily applied instrument [17, 18].

Handgrip strength (HGS) was measured using an iso-
metric hydraulic dynamometer (SH5001, Saehan Corpora-
tion, Korea) on the dominant side of the body. The tests
followed the recommendations of the American Society of
Hand Therapists [19]. For standardization, the participants
were seated with the elbow flexed at 90° and the forearm in
a neutral position. Then, three maximal voluntary contrac-
tions were performed with a 60 s interval between tests; the
highest value was used for analysis.

Lower limb muscle strength and fatigue resistance were
evaluated using a traction dynamometer (DIN-TRO, EMG

System do Brasil LTDA, Brazil) and an electromyograph
(EMG model 810 C, EMG System do Brasil LTDA, Brazil).
For the strength test, the muscle evaluated was the quad-
riceps, and the maximum load protocol was performed. The
dynamometer was positioned at a 90° angle relative to the
longitudinal axis of the tibia and was fixed to the ankle
joint. The resistance test consisted of a sustained contraction
for 60 s using 40% of the greatest maximum voluntary
isometric contraction obtained in the strength test. The
median frequency and the root mean square slopes (MDF
and RMS, respectively) corresponding to the electromyo-
graphic signal were recorded as a function of time during
the resistance test [20]. In addition, we used the Lower
Extremity Functional Scale (LEFS), which is a self-
administered questionnaire consisting of 20 questions,
each of which has a score ranging from 0 to 4. The sum of
all items can generate a maximum total of 80 points. In the
LEFS, the higher the value obtained, the higher the level of
functionality in the lower limbs [7].

To evaluate body balance, a force plate (AccuSway Plus
AMTI, Watertown, MA, USA) was used coupled to a com-
puterized system to capture the signal and subsequent analysis
of the results. Patients were instructed to remain in an
orthostatic posture, aligned and immobile, fixing their eyes on
a target on the wall for 30 s. All participants were evaluated
using two tasks: feet apart, eyes open (FAEO, where the heels
should be separated by 30 cm) and feet together, eyes closed
(FTEC, where the feet were less than 1 cm apart). Block
randomization with six participants in each block was used.
Considering the three visits of each patient, each block con-
tained the six possible sequences as follows: FAEO-FTEC-
FAEO; FAEO-FAEO-FTEC; FAEO-FTEC-FTEC; FTEC-
FAEO-FTEC; FTEC-FTEC-FAEO; and FTEC-FAEO-FAEO
[21]. We measured the following variables: medial-lateral
standard derivation (X SD); anterior-posterior standard deri-
vation (Y SD); medial-lateral range (X range); anterior-
posterior range (Y range); length; and average velocity (V
avg) [6, 22].

A 30-m hall, marked every 3 m, was used to perform the
6-minute walk test (6MWT). Patients were instructed to
walk as fast as possible, and peripheral oxygen saturation,
heart rate, blood pressure, and degree of dyspnoea were
checked at rest and at the end of the test using the modified
Borg scale. Two tests were performed with a 30-min
interval between them. The selected 6-min walking distance
(6MWD) was that with the best performance. Subsequently,
data were calculated according to the predicted values for
the 6MWD published by Britto et al. [23].

For each of the study moments (baseline, after 2 months
of exercises and after 1 month of washout), all assessments
were made within two days. The days on which the eva-
luations were carried out, as well as the sequences of
methods used are show in Fig. 1.
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Statistical analysis

Non-parametric methods were applied because the variables
did not present a Gaussian distribution according to rejec-
tion of the normality hypothesis by the Shapiro-Wilk test
along with graphical analysis of the histograms. Inferential
analysis was composed of Friedman’s ANOVA to verify if
there was significant variation in the parameters over 3
timepoints: baseline (moment 1, MO-1), after 2 months of
exercise (moment 2, MO-2), and after 1 month of washout
(moment 3, MO-3). In addition, the Nemenyi multiple
comparisons test was used to identify which moments were
significantly different from each other. The association
between pre-intervention and post-intervention relative
deltas (MO-2 value−MO-1 value/MO-1 value × 100) with
disease duration since the onset of symptoms and GH and
IGF-1 levels was analysed by the Spearman correlation
coefficient (rs), while the association with disease classifi-
cation (active vs. controlled) was assessed by the Mann-
Whitney test. Data analysis was performed using SAS
6.11 software (SAS Institute, Inc., Cary, NC, USA). The
results are expressed as medians and interquartile ranges or
by frequencies (percentages), and a value of P < 0.05 indi-
cated statistical significance.

Results

We asked 81 patients with acromegaly who were regularly
followed in our hospital to participate in the study. Among
the 25 patients who accepted to participate in the protocol, 4
were excluded for the following reasons: considered “very

active” by IPAQ (n= 2); used orthosis for locomotion (n=
1); and history of recent orthopaedic surgery (n= 1). In
addition, 4 patients discontinued the physical exercises
during protocol application and therefore were withdrawn
from the study. The reasons for the discontinuation of the
TOHR programme by these patients were the presence of
arthralgia and/or myalgia.

Among the 17 patients who completed the TOHR pro-
tocol, the median age was 53 (50.5–57) years-old, and there
were 14 women. Disease duration since the onset of
symptoms was 12 (8.50–16) years. Five had active disease,
while 12 had controlled disease. Sixteen participants had
undergone transsphenoidal surgery, while only 3 had
undergone radiotherapy. Regarding pharmacological treat-
ment, 9 used somatostatin receptor ligands, while 3 used
combination therapy (somatostatin receptor ligand plus GH
receptor blocker). Four participants were ex-smokers (all
with smoking status < 10 pack-years), 9 participants were
hypertensive, and 1 had diabetes. The demographic data,
clinical characteristics, and biochemical values at baseline
are shown in Table 1.

After performing TOHR, improvements in general fati-
gue, quadriceps muscle strength (QMS), lower limb func-
tionality, 6MWD and HRQoL parameters evaluated by the
AcroQoL were observed. After 1 month of washout, how-
ever, this gain was lost for all parameters, except for the
LEFS. The results for body composition, functional
assessment and HRQoL at baseline, after 2 months of
exercise and after 1 month of washout are shown in Table 2.

Regarding body balance, there were improvements in Y
SD and V avg after TOHR in the trial performed with feet
together and eyes closed. Interestingly, this improvement in

Fig. 1 Flow chart showing the days on which the evaluations were
carried out, as well as the sequences of methods used. AcroQoL
acromegaly quality of life questionnaire, FACIT-F functional

assessment of chronic illness therapy-fatigue scale, 6MWT 6-min walk
test, LEFS lower extremity functional scale
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balance control was maintained after 1 month of washout.
The results of body balance at baseline, after 2 months of
exercise and after 1 month of washout are shown in Table 3.

In addition, we evaluated the correlations between the
pre-intervention and post-intervention relative deltas (MO-
2–MO-1) of the functional parameters HRQoL and body
balance with disease duration since the onset of symptoms
and hormone levels. In this analysis, IGF-1 levels showed
significant and positive correlations with the following
stabilometry variables evaluated in the trial with the feet
together and eyes closed: Y range (rs= 0.70; P= 0.001)
and length (rs= 0.56; P= 0.020). When the pre-
intervention and post-intervention relative deltas (MO-
2–MO-1) of the functional parameters HRQoL and body
balance were compared according to disease classification,
there was no difference between patients with active disease
and those with controlled disease.

Discussion

The impact of various currently used acromegaly treatment
modalities (including transsphenoidal surgery, hormonal
block, and radiotherapy) on physical performance and
HRQoL seems to be small or null [24–26]. In addition, there
is also a considerable increase in the life expectancy of
acromegalic patients in recent decades, which requires the
need for new therapeutic approaches that are capable of
acting on the physical and emotional consequences and on
the long-term burden of disease for the health system. Thus,
in addition to normalization of the GH-IGF-1 axis and the
treatment of sequelae brought on by the disease, these new

forms of treatment must also focus on the HRQoL and
functional rehabilitation of this patient population [27].
Within this new perspective, we evaluated the benefits that
rehabilitation can bring to patients with acromegaly. The
main findings were that after a TOHR programme, there
was an increase in the performance of lower limb muscu-
lature and in functional capacity, a reduction in general
fatigue, and an improvement in HRQoL. However, these
benefits were lost and returned to baseline levels after
1 month of washout. In these patients, there was also an
improvement in body balance after TOHR, and this benefit
was maintained even after rehabilitation interruption. In
addition, pre-intervention IGF-1 levels were associated with
changes in body balance resulting from TOHR.

Body composition and metabolism in patients with
acromegaly show interesting and unique patterns, and BIA
can comprehensively assess these abnormalities. Using
BIA, Guo et al. [28] have recently shown that body com-
position (including adipose tissue and body water) and basal
metabolism are altered after pituitary adenomectomy in
individuals with acromegaly, and that the sex and age
influence these changes. In our study, however, we did not
observe significant changes in body composition parameters
evaluated by BIA after TOHR. This finding suggests that
TOHR has no important effect on the GH-IGF-1 axis and
that its benefits possibly stem from peripheral gains.

Despite the increase in skeletal muscle mass, muscle
weakness has been reported in acromegalic patients, with a
decrease in both HGS and lower limb strength [7, 29].
Excess GH results in larger but functionally weaker mus-
cles, with hypertrophy of type 1 muscle fibres and various
findings in type 2 fibres [24, 30]. In our study, we observed
a significant improvement in QMS assessed by isometric
dynamometry and the LEFS after TOHR, although after
1 month of washout, the values returned to close to those
observed at baseline. Although we identified an increase in
QMS, no change in HGS was noted after TOHR. This
finding is in line with Hatipoglu et al. [9], who also did not
notice any increase in HGS after 3 months of exercise in
individuals with acromegaly. HGS reflects the combined
action of the arm and hand muscles and is also associated
with total muscle mass in many patient populations. How-
ever, carpal tunnel syndrome and swelling of the hand and
fingers are common in acromegalic patients, and because
these changes can lead to nerve compression, it is possible
that this justifies, at least in part, the lack of HGS gain after
TOHR [18, 30]. Although the presence of myopathy is not
correlated with the magnitude of GH elevation or any sec-
ondary endocrine disorder, it is associated with a longer
duration of disease [31]. Thus, the findings of our study
suggest that strength and endurance training should be
started as early as possible in this patient population.

Table 1 Demographic data, clinical characteristics, and biochemical
values at baseline

Variable Value

Demographic data

Age (years) 53 (50.5–57)

Body mass (kg) 82.5 (74–92.9)

Body height (cm) 165 (158–169)

Clinical characteristics

Controlled disease, n (%) 12 (70.6)

Patients submitted to surgery, n (%) 16 (94.1)

Patients submitted to radiotherapy, n (%) 3 (17.6)

Laboratory data

GH (µg/L) 0.60 (0.50–1)

IGF-1 (µg/L) 88 (80.5–101.5)

Note: The results are expressed as the median (interquartile range) or
number (%)

GH growth hormone, IGF-1 insulin-like growth factor 1
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The maintenance of postural balance includes the sensory
detection of body movements, the integration of sensory-
motor information in the central nervous system (CNS) and
the execution of appropriate musculoskeletal responses
[6, 7]. In acromegaly, there are several abnormalities that can
alter postural control, including musculoskeletal involve-
ment and visual disturbances [6, 7, 9, 32]. However, Lopes
et al. [6] observed abnormalities in static equilibrium with
displacements of the centre of pressure (CoP) in both the
anterior-posterior and medial-lateral directions in a popula-
tion of individuals with acromegaly. In our study, we
observed an improvement in the average velocity of CoP
displacement in the anterior-posterior direction, which was
maintained even after 1 month of washout. Because anterior-
posterior balance is primarily maintained by ankle torque

[33], we hypothesized that the TOHR programme improved
ankle stability, leading to compensatory adjustment when
the CoP projection moves out of the support base.

Regarding balance control, we found that pre-
intervention IGF-1 levels showed significant and positive
correlations with length and Y range. Changes in these
stabilometric variables also point to a CoP oscillation in the
anterior-posterior direction. Although physiological levels
of IGF-1 maintain cognitive function in the brain through its
beneficial effects on synaptic structure and plasticity, excess
IGF-1 can cause insulin resistance in the brain with
hyperphosphorylation and accumulation of amyloid that, in
turn, can result in synaptic loss [34]. Thus, these neurotoxic
processes may ultimately contribute to the loss of balance
control in patients with acromegaly.

Table 2 Body composition, functional parameters, and quality of life at baseline, after 2 months of exercises and after 1 month of washout with a
therapist-oriented home rehabilitation

Variable MO-1 MO-2 MO-3 P-value

Body composition

Body mass index (kg/m2) 29.7 (25.4–35.2) 30.9 (27.5–35.3) 31.2 (27.5–35.5) 0.0001a,b

Reactance (Ω) 66 (62–72.1) 64.9 (60.1–67.5) 64.4 (55.4–70.5) 0.37

Resistance (Ω) 591.6 (512.1–622.6) 583 (535.5–613.5) 545.1 (519.3–606.5) 0.35

Fat percentage (%) 39.2 (31.2–43.4) 39 (34.5–42.5) 38.5 (33.3–43.6) 0.18

Height(2)/resistance index (cm2/Ω) 2.72 (2.50–2.84) 2.72 (2.51–2.84) 2.72 (2.50–2.84) 0.22

FFM (kg) 23.8 (22.6–26.2) 24.6 (21.8–26.3) 23.8 (22.2–26.2) 0.98

General fatigue

FACIT-F (points) 39 (30–43) 41 (36–48) 40 (35–45.5) 0.002a

Peripheral muscle performance

HGS (kgf) 31 (28.5–34) 32 (29–34) 32 (27.5–33) 0.68

QMS (kg) 32.2 (26.5–41.6) 42.1 (32.3–51.3) 35 (27.8–48.2) <0.0001a,c

RMS slope 0.63 (0.26–1.44) 0.34 (0.17–1.22) 0.69 (0.27–1.72) 0.26

MDF slope –0.15 (−0.32–0.07) −0.18 (−0.32–0.04) −0.13 (−0.20–0.05) 0.73

LEFS (points) 49 (25–69.5) 56 (33.5–70.5) 55 (33.5–67.5) 0.006a,b

6-min walk test

6MWD (m) 484 (415–530) 500 (443–558) 460 (423–555) 0.0002a,c

6MWD (% predicted) 72.9 (66.2–83.4) 78.3 (70.7–86.2) 73.2 (67.5–87.1) 0.0002a,c

AcroQol

Global score (points) 65 (56.5–72.5) 77 (68–89.5) 70 (58.5–80.5) <0.0001a,c

Physical function (points) 21 (18–27.5) 26 (25–32) 23 (20–30) 0.0001a,c

Psychological function (points) 43 (38–50.5) 50 (42.5–58) 49 (38.5–50.5) 0.0002a

Personal relationships (points) 19 (16.5–25.5) 24 (19.5–28.5) 23 (18.5–28) 0.011a

Appearance (points) 25 (19–26.5) 27 (21–29) 23 (19.5–27) 0.036a,c

Note: The results are expressed as the median (interquartile range). The values in bold type show significant differences.

MO-1 baseline MO-2 after 2 months of exercises, MO-3 after 1 month of washout, FFM fat-free mass, FACIT-F functional assessment of chronic
illness therapy-fatigue, HGS handgrip strength, QMS quadriceps muscle strength, RMS slope angle of the linear regression obtained from the
values of the root mean square electromyography signal over time during the fatigability test of the vastus medialis muscle,MDF slope angle of the
linear regression line obtained from the values of the median frequency electromyography signal over time during the fatigability test of the vastus
medialis muscle, LEFS lower extremity functional scale, 6MWD 6-min walking distance, AcroQoL acromegaly quality of life questionnaire
aMO-1 # MO-2, bMO-1 # MO-3, cMO-2 # MO-3
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The 6MWT may be an important sub-maximal tool in
acromegalic patients because these patients have reduced
aerobic metabolism, which in turn is dependent on cardiac
function, peripheral blood flow, and the ability of muscle
tissue to use oxygen [35]. In the present study, we observed
a significant increase in the distance travelled after TOHR,
although this benefit was lost after 1 month of washout. In
line with our findings, Hatipoglu et al. [9] observed an
improvement in maximal oxygen uptake when they com-
pared a group of patients with acromegaly who underwent
an exercise protocol for 3 months with a control group.
Although joint disease has been described as the main
limiting factor for the functional capacity of these indivi-
duals, several other factors may also be involved in poor
performance during exercise, including impairment of the
heart, lungs, and muscles [35, 36].

Acromegalic patients commonly complain of general
fatigue, which seems to be more associated with aerobic
than muscle performance [24]. Moreover, higher levels of
general fatigue are observed in those with more functional
limitations [37]. In our study, we observed an improvement
in general fatigue after the application of TOHR, which was
maintained after the washout period. Walchan et al. [29]
observed that high levels of general fatigue were not dif-
ferent between acromegalic patients with active or

controlled disease, while Woodhouse et al. [24] did not
show any effect of somatostatin receptor ligands on the
general fatigue of these individuals. This suggests that the
improvement in general fatigue observed in our patients is
due to peripheral gain rather than to any modification in the
GH-IGF-1 axis.

In addition to controlling excess GH, treating its asso-
ciated comorbidities, and reducing mortality, the HRQoL
approach has increasingly become a target in acromegaly
management as therapeutic options improve [3]. Our study
showed that HRQoL improved after the application of
TOHR and that many of the dimensions of the AcroQoL did
not return to baseline levels after the washout period. This
finding is consistent with the currently accepted view that
the long-term biochemical remission of acromegaly does
not seem to have a direct impact on the HRQoL of this
population because most of our patients had controlled
disease [3, 26, 38]. In fact, a cross-sectional study com-
paring HRQoL between patients with controlled acrome-
galy and healthy controls and a longitudinal study
evaluating changes in HRQoL in patients with biochemi-
cally stable disease during a 6-year follow-up period
showed that impaired HRQoL persisted despite disease
control over the long term [26]. Many of the dysfunctions of
acromegaly are most likely the result of irreversible changes

Table 3 Body balance
parameters at baseline, after
2 months of exercises and after
1 month of washout with a
therapist-oriented home
rehabilitation

Variable Feet apart, eyes open

MO-1 MO-2 MO-3 P-value

X SD (cm) 0.09 (0.05–0.19) 0.07 (0.05–0.10) 0.08 (0.05–0.14) 0.82

Y SD (cm) 0.44 (0.30–0.55) 0.32 (0.24–0.41) 0.30 (0.23–0.42) 0.66

X range (cm) 0.42 (0.24–0.78) 0.39 (0.30–0.53) 0.41 (0.26–0.83) 0.66

Y range (cm) 1.82 (1.13–2.68) 1.46 (1.10–2.08) 1.48 (1.00–2.54) 0.94

Length (cm) 18.5 (10.6–23.2) 15.6 (12.4–24.2) 13.8 (12.7–23.6) 0.49

V avg (cm/s) 0.63 (0.41–0.86) 0.52 (0.41–0.81) 0.46 (0.43–0.79) 0.90

Variable Feet together, eyes closed

MO-1 MO-2 MO-3 P-value

X SD (cm) 0.32 (0.25–0.38) 0.27 (0.22–0.38) 0.24 (0.20–0.31) 0.56

Y SD (cm) 0.47 (0.38–0.68) 0.38 (0.29–0.53) 0.36 (0.31–0.54) 0.042b

X range (cm) 1.37 (1.12–2.03) 1.30 (1.09–1.88) 1.29 (1.12–1.80) 0.90

Y range (cm) 2.97 (2.22–4.25) 2.76 (2.34–3.51) 2.84 (2.05–3.45) 0.53

Length (cm) 38.4 (28.1–45.6) 32.3 (28.1–46.9) 36.4 (27.2–45.7) 0.58

V avg (cm/s) 0.95 (0.56–1.24) 0.75 (0.55–0.95) 0.68 (0.53–0.92) 0.015a,b

Note: The results are expressed as the median (interquartile range). The values in bold type show significant
differences.

MO-1 baseline, MO-2 after 2 months of exercises, MO-3 after 1 month of washout, X SD medial-lateral
standard deviation, Y SD anterior-posterior standard deviation, X range medial-lateral range, Y range
anterior-posterior range, V avg average velocity
aMO-1 # MO-2, bMO-1 # MO-3, cMO-2 # MO-3
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in the CNS that result from excessive GH levels [38], and
therefore, the search for alternative treatment (such as the
TOHR) becomes essential.

Study limitations

The strength of this study is that it is the first to show the
benefits of TOHR on peripheral muscle performance,
6MWD, general fatigue, balance control, and AcroQoL
scores in individuals with acromegaly. Despite these
strengths, our study also has limitations. First, the study
used a small number of participants. However, the chronic
physical complications due to acromegaly along with the
prolonged duration of functional rehabilitation reduced the
patients’ motivation to enter into a TOHR protocol. In
addition, joint deformities, arthralgia, muscle dysfunction,
bone disease, cardiopulmonary involvement, and metabolic
complications can make it difficult for the patient to adhere
to an exercise programme for long periods. Second, we do
not use face-to-face rehabilitation, which can be difficult to
perform when patients live far from outpatient clinics or are
unable to attend regular appointments. In spite of these
limitations, we believe that the results of this study may
serve as a basis for new studies aiming at replicating the
efficacy of functional rehabilitation programmes in this
patient population, especially because TOHR has been
shown to improve adherence rates, increase patient satis-
faction, reduce costs for the health system and increase
long-term efficacy [39, 40].

Conclusions

This study showed that patients with acromegaly may
benefit from TOHR because it improves muscle dysfunc-
tion, functional capacity, general fatigue, balance control,
and HRQoL. Considering the recent advances in functional
rehabilitation, multicentre trials may be important to iden-
tify its importance in patients with acromegaly and how
beneficial it would become in the long term as an adjunctive
method to hormonal control therapy. In this context, this
study may be a starting point for large randomized con-
trolled trials aiming at the recommendation of functional
rehabilitation, especially for those with long-term illness.

Acknowledgements The authors thank the participants for their con-
tinuing participation in this research effort.

Funding This study was funded by the Conselho Brasileiro de
Desenvolvimento Científico e Tecnológico (grant number 304625/
2016-7), the Fundação Carlos Chagas Filho de Amparo à Pesquisa do
Estado do Rio de Janeiro (grant number E-26/202.679/2018), and the
Coordenação de Aperfeiçoamento de Pessoal de Nível Superior
(Finance Code 001).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards.

Informed consent Informed consent was obtained from all individual
participants included in this study.

Publisher’s note: Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

References

1. A. Lavrentaki, A. Paluzzi, J.A. Wass, N. Karavitaki, Epidemiol-
ogy of acromegaly: review of population studies. Pituitary 20, 4–9
(2017)

2. F. Bolfi, A.F. Neves, C.L. Boguszewski, V.S. Nunes-Nogueira,
Mortality in acromegaly decreased in the last decade: a systematic
review and meta-analysis. Eur. J. Endocrinol. 179, 59–71 (2018)

3. M.R. Gadelha, L. Kasuki, D.S.T. Lim, M. Fleseriu, Systemic
complications of acromegaly and the impact of the current treat-
ment landscape: an update. Endocr. Rev. 40, 268–332 (2019)

4. S. AlDallal, Acromegaly: a challenging condition to diagnose. Int.
J. Gen. Med. 11, 337–343 (2018)

5. M.J. Wassenaar, N.R. Biermasz, M. Kloppenburg, A.A. van der
Klaauw, J. Tiemensma, J.W. Smit, A.M. Pereira, F. Roelfsema, H.
M. Kroon, J.A. Romijn, Clinical osteoarthritis predicts physical
and psychological QoL in acromegaly patients. Growth Horm.
IGF Res. 20, 226–233 (2010)

6. A.J. Lopes, D.P. da Silva, L. Kasuki, M.R. Gadelha, G.B. Camilo,
F.S. Guimarães, Posture and balance control in patients with
acromegaly: results of a cross-sectional study. Gait Posture 40,
154–159 (2014)

7. T.S. Homem, F.S. Guimarães, M.S. Soares, L. Kasuki, M.R.
Gadelha, A.J. Lopes, Balance control and peripheral muscle func-
tion in aging: a comparison between individuals with acromegaly
and healthy subjects. J. Aging Phys. Act. 25, 218–227 (2017)

8. E. Hatipoglu, N. Topsakal, O.E. Atilgan, N. Alcalar, A.F. Cam-
liguney, M. Niyazoglu, Impact of exercise on quality of life and
body-self perception of patients with acromegaly. Pituitary 17,
38–43 (2014)

9. E. Hatipoglu, N. Topsakal, O. Erkut Atilgan, A.F. Camliguney, B.
Ikitimur, S. Ugurlu, M. Niyazoglu, H.B. Cotuk, P. Kadioglu,
Physical and cardiovascular performance in cases with acromegaly
after regular short-term exercise. Clin. Endocrinol. 83, 91–97 (2015)

10. L. Katznelson, E.R. Laws Jr, S. Melmed, M.E. Molitch, M.H.
Murad, A. Utz, J.A. Wass; Endocrine Society, Acromegaly: an
endocrine society clinical practice guideline. J. Clin. Endocrinol.
Metab. 99, 3933–3951 (2014)

11. S. Matsudo, T. Araújo, V. Matsudo, D. Andrade, E. Andrade, L.C.
Oliveira, G. Braggion, International physical activity ques-
tionnaire (IPAQ): study of validity and reliability in Brazil. Ativ.
FíSci. Saúde. 6, 5–18 (2001)

12. J.A. Alison, Z.J. McKeough, Pulmonary rehabilitation for COPD:
are programs with minimal exercise equipment effective? J.
Thorac. Dis. 6, 1606–1614 (2014)

13. J. Baltich, C.A. Emery, D. Stefanyshyn, B.M. Nigg, The effects of
isolated ankle strengthening and functional balance training on

308 Endocrine (2019) 66:301–309



strength, running mechanics, postural control and injury preven-
tion in novice runners: design of a randomized controlled trial.
BMC Musculoskelet. Disord. 15, 407 (2014)

14. L. Ganderton, S. Jenkins, K. Gain, R. Fowler, P. Winship, D.
Lunt, E. Gabbay, Short term effects of exercise training on
exercise capacity and quality of life in patients with pulmonary
arterial hypertension: protocol for a randomised controlled trial.
BMC Pulm. Med. 23, 11–25 (2011)

15. M.N. Rodrigues, S.C. Silva, W.D. Monteiro, P.T.V. Farinatti,
Comparison of body fat estimation by bioelectric impedance,
skinfold thickness, and underwater weighing. Rev. Bras. Med.
Esport. 7, 125–131 (2001)

16. S.M. Webb, X. Badia, N.L. Surinach, Validity and clinical
applicability of the acromegaly quality of life questionnaire,
AcroQoL: a 6-month prospective study. Eur. J. Endocrinol. 155,
269–277 (2006)

17. C.E. Mosher, K.N. Duhamel, An examination of distress, sleep,
and fatigue in metastatic breast cancer patients. Psychooncology
21, 100–107 (2012)

18. T.R.L. Lima, L. Kasuki, M.R. Gadelha, A.J. Lopes, The effective-
ness of a therapist-oriented home rehabilitation program for a patient
with acromegaly: a case study. J. Bodyw. Mov. Ther. (2019) https://
doi.org/10.1016/j.jbmt.2019.01.006

19. C.A. Crosby, M.A. Wehbe, B. Mawr, Hand strength: normative
values. J. Hand. Surg. Am. 19, 665–670 (1994)

20. A.S. Ferreira, F.S. Guimarães, J.G. Silva, Aspectos metodológicos
da eletromiografia de superfície: considerações sobre os sinais e
processamentos para estudo da função neuromuscular. Rev. Bras.
Cienc. Esport. 31, 11–30 (2010)

21. J.C. Ferreira, C.M. Patino, Randomization: beyond tossing a coin.
J. Bras. Pneumol. 42, 310 (2016)

22. T.R. Lima, F.S. Guimarães, R.S. Neves, S.L. Menezes, A.J.
Lopes, Scleroderma: assessment of posture, balance and pul-
monary function in a cross-sectional controlled study. Clin. Bio-
mech. 30, 438–443 (2015)

23. R.R. Britto, V.S. Probst, A.F. de Andrade, G.A. Samora, N.A.
Hernandes, P.E. Marinho, M. Karsten, F. Pitta, V.F. Parreira,
Reference equations for the six-minute walk distance based on a
Brazilian multicenter study. Braz. J. Phys. Ther. 17, 556–563
(2013)

24. L.J. Woodhouse, A. Mukherjee, S.M. Shalet, S. Ezzat, The
influence of growth hormone status on physical impairments,
functional limitations, and health-related quality of life in adults.
Endocr. Rev. 27, 287–317 (2006)

25. J. Tiemensma, A.A. Kaptein, A.M. Pereira, J.W. Smit, J.A.
Romijn, N.R. Biermasz, Affected illness perceptions and the
association with impaired quality of life in patients with long-term
remission of acromegaly. J. Clin. Endocrinol. Metab. 96,
3550–3558 (2011)

26. N. Kyriakakis, J. Lynch, S.G. Gilbey, S.M. Webb, R.D. Murray,
Impaired quality of life in patients with treated acromegaly despite
long-term biochemically stable disease: Results from a 5-years
prospective study. Clin. Endocrinol. 86, 806–815 (2017)

27. E. Solomon, D. Brănișteanu, A. Dumbravă, R.G. Solomon, L.
Kiss, M. Glod, C. Preda, Executive functioning and quality of life
in acromegaly. Psychol. Res. Behav. Manag. 12, 39–44 (2019)

28. X. Guo, L. Gao, X. Shi, H. Li, Q. Wang, Z. Wang, W. Chen, B.
Xing, Pre- and postoperative body composition and metabolic
characteristics in patients with acromegaly: a prospective study.
Int. J. Endocrinol. 2018, 4125013 (2018)

29. E.M. Walchan, F.S. Guimarães, M.S. Soares, L. Kasuki, M.R.
Gadelha, A.J. Lopes, Parameters of knee isokinetic dynamometry
in individuals with acromegaly: association with growth hormone
levels and general fatigue. Isokinet. Exerc. Sci. 24, 331–340
(2016)

30. L. Füchtbauer, D.S. Olsson, B.Å. Bengtsson, L.L. Norrman, K.S.
Sunnerhagen, G. Johannsson, Muscle strength in patients with
acromegaly at diagnosis and during long-term follow-up. Eur. J.
Endocrinol. 177, 217–226 (2017)

31. J.B. Pickett, R.B. Layzer, S.R. Levin, V. Scheider, M.J. Campbell,
A.J. Sumner, Neuromuscular complications of acromegaly. Neu-
rology 1975 25, 638–645 (1975)

32. D.P. Guedes da Silva, F.S. Guimarães, C.M. Dias, A. Guimarães
Sde, L. Kasuki, M.R. Gadelha, G.B. Camilo, A.J. Lopes, On the
functional capacity and quality of life of patients with acromegaly:
are they candidates for rehabilitation programs? J. Phys. Ther. Sci.
25, 1497–1501 (2013)

33. M.D. Smith, A.T. Chang, H.E. Seale, J.R. Walsh, P.W. Hodges,
Balance is impaired in people with chronic obstructive pulmonary
disease. Gait Posture 31, 456–460 (2010)

34. I. Crespo, S.M. Webb, Perception of health and cognitive dys-
function in acromegaly patients. Endocrine 46, 365–367 (2014)

35. A.J. Lopes, D.P. Guedes da Silva, S. Ferreira Ade, L. Kasuki,
M.R. Gadelha, F.S. Guimarães, FS, What is the effect of periph-
eral muscle fatigue, pulmonary function, and body composition on
functional exercise capacity in acromegalic patients? J. Phys.
Ther. Sci. 27, 719–724 (2015)

36. A. Colao, D. Ferone, P. Marzullo, G. Lombardi, Systemic com-
plications of acromegaly: epidemiology, pathogenesis, and man-
agement. Endocr. Rev. 25, 102–152 (2004)

37. S.G. Thomas, L.J. Woodhouse, S.M. Pagura, S. Ezzat, Ventilation
threshold as a measure of impaired physical performance in adults
with growth hormone excess. Clin. Endocrinol. 56, 351–358
(2002)

38. A.M. Pereira, J. Tiemensma, J.A. Romijn, N.R. Biermasz, Cog-
nitive impairment and psychopathology in patients with pituitary
diseases. Neth. J. Med. 70, 255–260 (2012)

39. C.L. Coulter, J.M. Scarvell, T.M. Neeman, P.N. Smith,
Physiotherapist-directed rehabilitation exercises in the outpatient
or home setting improve strength, gait speed and cadence after
elective total hip replacement: a systematic review. J. Physiother.
59, 219–226 (2013)

40. J.J. Kraal, M.E. Van den Akker-Van Marle, A. Abu-Hanna, W.
Stut, N. Peek, H.M. Kemps, Clinical and cost-effectiveness of
home-based cardiac rehabilitation compared to conventional,
centre-based cardiac rehabilitation: results of the FIT@Home
study. Eur. J. Prev. Cardiol. 24, 1260–1273 (2017)

Endocrine (2019) 66:301–309 309

https://doi.org/10.1016/j.jbmt.2019.01.006
https://doi.org/10.1016/j.jbmt.2019.01.006

	Physical exercise improves functional capacity and quality of life in�patients with acromegaly: a 12-week follow-up study
	Abstract
	Introduction
	Materials and methods
	Participants
	Intervention
	Outcomes
	Statistical analysis

	Results
	Discussion
	Study limitations

	Conclusions
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




