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Growth hormone status predicts left ventricular mass in patients
after cure of acromegaly
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aNeuroendocrine Unit, Massachusetts General Hospital and Harvard Medical School, Boston,
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Abstract

Context—Growth hormone excess and growth hormone deficiency (GHD) are both associated
with increased cardiovascular morbidity. A specific acromegaly-related cardiomyopathy has been
described, characterized in part by increased left ventricular mass (LVM). Growth hormone
deficiency is associated with reduced LVVM. Following cure of acromegaly with surgery or
radiation therapy, GHD may develop; however, its effects on cardiac morphology and function in
this population are not established.

Objective—We hypothesized that the development of GHD in patients with prior acromegaly
would be associated with cardiacmorphologic and functional changes that differ from those in
patients who are GH sufficient following cure of acromegaly.

Design—A cross-sectional study was conducted in a Clinical Research Center. Study participants
consisted of three groups of subjects (/7=34): I. Cured acromegaly with GHD (/=15), II. Cured
acromegaly with GH sufficiency (/7=8), and Il11. Active acromegaly (/7=11). Main outcome
measures included cardiac morphology and function, using echocardiography parameters.

Results—Mean age and BMI, 44.6+2.3 years (SEM) and 30.7+1.3 kg/m?, respectively, were not
different among the three groups. Mean peak GH values were: 1. 2.8+0.4 ng/ml; Il. 30.1+9.1 ng/ml
(5=0.0002.) In group I, left ventricular mass, indexed to body surface area (LVMi), was within the
normal range in all patients; moreover, left ventricular (LV) geometry was normal. At least 50%
of patients in groups Il and Il had elevated LVMi, and in 50% of patients, LV geometry was
abnormal, indicating pathologic hypertrophy. Ejection fraction was similar between all three
groups. There were no significant differences in diastolic function.

Conclusions—~Patients who develop GHD following cure of acromegaly do not demonstrate
elevated LV mass, in contrast to patients with a history of acromegaly but normal GH levels or to
patients with active acromegaly. This suggests that GH status after treatment of acromegaly
correlates with LV mass, and that, in GH sufficient patients, reversal of remodeling may be slower
than previously thought. These data suggest that it will be important to determine whether GH
replacement alters left ventricular morphology over time.
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1. Introduction

Cardiovascular (CV) disease is a leading cause of death in acromegaly. Overall survival is
reduced by an average of ten years in active acromegaly [1], and persistent disease following
surgical intervention carries a 2 to 3.5-fold increased relative mortality risk per year [2-4].
The sequelae of growth hormone excess include structural and functional cardiac changes,
as well as inflammatory and metabolic effects [5]. A distinct entity of cardiac hypertrophy
associated with acromegaly has been described [6,7], independent of the hypertension often
seen in these patients [8,9]. Morphological cardiac changes include increased left ventricular
mass (LVM) [8,10-12], which appears to reflect interstitial fibrosis as well as increased
myocyte size [13,14]. Increased stroke volume and cardiac output, and decreased end-
systolic stress and systemic vascular resistance, have also been observed [8,12]. Structural
changes may occur before any clinical signs of cardiac dysfunction [6]; left ventricular (LV)
hypertrophy is seen even in younger patients with shorter durations of disease [12,15].

Normalization of GH and/or IGF-1 levels reduces mortality rates to normal and is therefore
a major therapeutic goal in the treatment of acromegaly [1,3,4]. Treatment, whether medical
or surgical, has also been shown to reduce left ventricular mass index (LVVMi) [8,10,16-19].
With transsphenoidal surgery, radiosurgery, and current medical therapy, the majority of
patients with acromegaly can achieve biochemical control. However, patients may develop
growth hormone deficiency (GHD) after curative surgery or radiation therapy.

GHD, in patients without a history of acromegaly, carries an increased risk of CV mortality
[20], and is well-established to be associated with increased CV risk. This risk is
characterized not only by metabolic effects [21-33] and systolic hypertension [22,31] but
also by reduced LVM and LV systolic function, including decreased ejection fraction (EF)
[34-37]. Growth hormone replacement has been demonstrated in such patients to increase
the reduced LVVMi and to improve EF [8,36,38]. However, in patients with GHD with a
history of acromegaly, the implications for cardiovascular risk and cardiac function are
largely unknown.

Although cure of acromegaly is associated with a reduction in the mortality attributable to
GH excess [3], subsequent GHD may be a contributing factor to cardiovascular morbidity
and mortality in this group of patients, as it is in patients with GHD due to other types of
pituitary disease and treatment. We hypothesized that patients who develop GHD following
treatment of acromegaly have cardiac morphologic differences compared to those patients
who are GH sufficient. We therefore investigated the effects of GHD on cardiac morphology
and function by echocardiography in patients with prior acromegaly, compared to patients
who were GH sufficient after treatment of acromegaly and to those with active disease.

2. Materials and methods

2.1. Study participants

Two dimensional echocardiograms with Doppler were performed on 34 adults (ages 18-75)
with histories of acromegaly, in the following groups: 1. Cured acromegaly with growth
hormone deficiency (GHD, n=15); Il. Cured acromegaly with current growth hormone
sufficiency (GHS, 7=8); Ill. Active acromegaly (AA, n=11). Study participants were
diagnosed with GHD based on a peak GH<5 ng/ml in response to GHRH-arginine
stimulation, performed as previously described [39], or an IGF-1 level more than two
standard deviations below the age-specific normal range in subjects with at least three other
documented anterior pituitary hormone deficiencies [40]. Subjects receiving thyroid
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hormone, gonadal steroid and/or glucocorticoid replacement therapy were required to have
received stable replacement doses for at least three months prior to entry into the study.

Exclusion criteria included pharmacologic treatment of acromegaly including somatostatin
analogs, dopamine agonists or growth hormone receptor antagonists, untreated adrenal or
thyroid deficiency, hemoglobin <11.0 g/dl, ALT/AST>3x the upper limit of normal,
creatinine level>2.5 mg/dl, congestive heart failure (NewYork Heart Association’s Classes
I1-1V) (unstable coronary artery or cerebrovascular disease), pregnancy, breastfeeding,
uncontrolled diabetes (HbA1C>7.5, fasting glucose>126 mg/dl, or 2 h OGTT glucose>200
mg/dl), or known acute illness. The study was conducted in the Clinical Research Centers of
the Massachusetts General Hospital (MGH) and Massachusetts Institute of Technology. The
study was approved by the Partners Healthcare and Massachusetts Institute of Technology
Institutional Review Boards, and all subjects gave written informed consent. Clinical
characteristics on a subset of the study participants, but no echocardiographic studies, were
previously reported [41].

2.2. Echocardiography

Echocardiographic images were acquired with a 2.5-5 MHz transducer on a Vivid-7 or
Vivid-I cardiac ultrasound system (GE Healthcare, Milwaukee, Wisconsin) at the MGH
Cardiac Ultrasound Laboratory. Offline analysis was performed using Echopac version
BT08 (GE Healthcare, Milwaukee, Wisconsin). Standard transthoracic echocardiographic
images were acquired from parasternal and apical windows with the patient in the left lateral
semi-recumbent position. Parasternal long axis and short axis views of the left and right
ventricle, and apical four chamber, two chamber and long axis views were recorded. Four
cardiac cycles were recorded during each acquisition.

Left ventricular dimensions were measured according to the recommendations of the
American Society of Echocardiography [42]. Relative wall thickness (RWT) was calculated
as [(2 X posterior wall thickness)/LV end diastolic internal dimension)] [42]. LVM was
calculated from LV dimensions using the Penn method [43]. LV volumes were measured
from the apical four and two chamber views by the biplane method of discs. Left atrial
volume (LAV) was measured using the area-length method. Where appropriate, lengths and
volumes were corrected for body surface area. Pulsed wave Doppler was performed at the
level of the mitral leaflet tips to obtain parameters of LV diastolic filling [peak early filling
(E) and atrial contraction (A) velocities, E/A ratio, E wave deceleration time]. Spectral
pulsed wave Doppler was performed to obtain tissue velocities at the lateral mitral annulus.
The peak myocardial systolic (S”), early (E’), and late (A") diastolic velocities were
measured, and the E/E” ratio calculated. These diastolic parameters were used to categorize
LV diastolic function as normal or abnormal, with the grade of dysfunction determined
according to the recommendations of the American Society of Echocardiography [44].

Normal values for L\VM were based on prior published data from the Framingham heart
study [42]. Normal range of LVM was defined as£2 SD of the mean reference values
corrected for gender. Patients were classified into one of three mutually exclusive patterns of
pathological LV hypertrophy, based on the ratio of LVM to the RWT, as follows: concentric
hypertrophy (increased LVM with increased RWT); eccentric hypertrophy (increased LVM
with normal RWT); and concentric remodeling (normal LVM with increased RWT) [45].

2.3. Biochemical analysis

Serum and plasma samples were collected and stored at —80 °C. Serum IGF-I levels were
measured by Immulite 2000 automated immunoanalyzer (Diagnostic Products Corp., Inc,

Growth Horm IGF Res. Author manuscript; available in PMC 2013 June 03.
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Los Angeles, CA), a solid-phase, enzyme-labeled chemiluminescent immunometric assay
with an inter-assay coefficient of variation of 3.7%—4.2%.

2.4. Statistical analysis

3. Results

JMP Statistical Discoveries software (version 4.0.2; SAS Institute, Inc., Cary, NC) was used
for statistical analysis. All variables were tested for normality using the Shapiro-Wilk test.
Means were compared with ANOVA for normally distributed variables. For non-normally
distributed variables, nonparametric comparisons were performed using the Wilcoxon test.
Univariate regression models were constructed to determine whether change in IGF-1 levels
predicted changes in the endpoints studied. Statistical significance was defined as a 2-tailed
pvalue less than 0.05. Baseline characteristics (Table 1) are expressed as mean = SD and
results are expressed as mean + SEM unless otherwise noted. Echocardiographic
measurements were indexed by body surface area where indicated.

3.1. Clinical characteristics (Table 1)

Clinical characteristics, including etiology of hypothalamic/pituitary disease and
characterization of pituitary hormone deficiencies, are shown in Table 1. Age and gender
distributions were comparable in the three groups (I: GHD post-acromegaly; 11: GHS post-
acromegaly; Il1: active acromegaly.) Mean age was 44.6+2.3 years (SEM). In all but one
subject in Groups I and I, diagnosis of GHD or GH sufficiency was based on GH
stimulation testing as described above, and not according to IGF-1 level. Mean peak GH
values were significantly lower in Group | (2.8+0.4 ng/ml) than in Group I1 (30.1£9.1 ng/
ml) (p=0.0002.) As expected, IGF-1 levels were higher in the active acromegaly group (I11)
than the treated groups (1, 11). Active disease in Group 111 was defined by an IGF-1 level
more than 1.5 times the upper limit of normal. Central hypothyroidism was present only in
subjects in groups | and 11, but all patients were replaced to euthyroid range, and there was
no significant difference in mean free T4 values among all three groups. BMI did not differ
significantly between the groups (mean BMI 30.7+1.3 kg/m?2). There were no significant
differences between the groups in systolic blood pressure, diastolic blood pressure or mean
arterial pressure. There was no difference in time since surgery among groups, or in time
since radiotherapy between Groups | and Il (See Table 1).

3.2. Echocardiographic findings

3.2.1. Left ventricular mass index—Left ventricular mass index (LVMi) correlated
significantly with IGF-1 levels (R value 0.37, p=0.037), and there was a trend towards an
association with peak GH (R value 0.42, p=0.066.) LVMi was also associated with systolic
blood pressure (R=0.53, p=0.005), and there was a trend toward an association with mean
arterial pressure (R=0.33, p=0.089). GH deficient patients had significantly lower LVMi
compared to the two other groups (Fig. 1). Mean LVMi values by group were: I. 86.2+4.6;
I1. 108.4+8.9; and Il1. 105.7+8.9 g/BSA. As seen in Table 2, 62% of GHS and 45% of AA
patients (groups Il and 111) had elevated LV Mi, while all GHD patients (group 1) had LVM
measurements in the normal range.

Seventy-seven percent of GHD patients (Group |) had normal LV mass, and 23% had
concentric hypertrophy. In the GHS group (1), 50% of subjects had normal LV mass, 16%
had eccentric hypertrophy and 33% had concentric hypertrophy. In the AA group (l11), 50%
had normal LV mass and 50% of subjects had concentric hypertrophy.

There was no significant correlation between LVVMi and the following variables: time since
acromegaly treatment (surgery or radiotherapy), duration of acromegaly symptoms prior to

Growth Horm IGF Res. Author manuscript; available in PMC 2013 June 03.
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treatment, age, or diastolic blood pressure. Mean LVVMi did not differ between subjects
receiving and not receiving antihypertensive medications.

3.3. LVEDV, EF, LAV, E/A, aortic root

Ejection fraction was similar among all groups, with mean EF of 63+£1%, and no significant
difference was observed in indexed LAV or aortic root diameter. Diastolic dysfunction was
equally distributed among the 3 groups (Table 3).

4. Discussion

Hypopituitarism confers an increased risk of cardiovascular events and death in patients
with GHD resulting from treatment of non-somatotroph pituitary disease. It has been
proposed that GHD is an important factor. Such patients are routinely treated with GH
replacement. However, patients treated for acromegaly have typically not been screened for
GHD, and if GHD is diagnosed it is not uniformly treated. While cardiovascular sequelae of
acromegaly and the mortality benefit of biochemical cure are well-established [3], it is
unknown whether the GH deficiency state that may follow definitive therapy introduces
additional cardiovascular risk or cardiac dysfunction.

In this study we show that subjects with GHD after successful definitive treatment of
acromegaly have lower LVMi measurements than both GH sufficient subjects and those
with active acromegaly. The GH deficient subjects’ LV Mi measurements are in the lower
normal range, and the majority have normal LV geometry; these LV Mi measurements are
consistent with literature reports of reduced LVM in GHD patients [36]. In contrast, subjects
who are GH sufficient after successful acromegaly treatment demonstrate increased LVM
(with 62% having measurements above the upper limit of normal) and pathologic
remodeling. Subjects with active acromegaly have increased LVM and abnormal LV
geometry, as has been well-established. Given that all three groups studied were of similar
age and BMI, and none had untreated hypertension, differences in past exposure to GH and
current levels of GH secretion were likely important determinants of left ventricular mass
index.

The finding of significant LV hypertrophy not only in patients with GH excess (Group 111)
but also in those with GH sufficiency after treatment of acromegaly (Group 1) demonstrates
the significant cardiac impact of acromegaly prior to treatment, and suggests that a longer
period of time may be needed to reverse effects of GH excess. The time required to reverse
the cardiac morphologic changes that accompany acromegaly is not known. We did not
observe correlations between LVMi and time since treatment of acromegaly, but further
studies are needed to investigate this potential relationship.

Our finding of increased LVMi in GH sufficient subjects differs from previous studies
which demonstrated reduction of LVMi following successful treatment of acromegaly
[10,16-19]. In our study, pre-treatment LVVMi values were not available for subjects in
Groups I and I1; we therefore cannot exclude the possibility that the LV Mi values of GH
sufficient subjects did represent relative decreases from higher pre-treatment baselines.

GH deficiency, in patients without a history of acromegaly, is associated with reduced
LVMi [36]. We found that LVMi measurements in adult post-acromegaly GHD subjects
were lower than those of post-acromegaly GH sufficient subjects, and clustered toward the
lower end of the established normal reference range. LVVMi in such patients with a history of
GH excess but current GHD had not previously been examined. Our data suggest that
reduced LVMi may develop in adult GHD patients. L\VM may continue to decline with
persistent GH deficiency.

Growth Horm IGF Res. Author manuscript; available in PMC 2013 June 03.
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In our study, in contrast to other reports, differences in diastolic or systolic ventricular
function between the groups at rest were not present. There are several potential reasons for
this. As shown in previous studies, early functional abnormalities may become evident only
under the stress of exercise [46]. Alternatively, some of the changes in diastolic function
following biochemical remission of acromegaly, as described in literature, may relate to
intravascular volume status and heart rate [16]. In particular, the transmitral diastolic
Doppler E/A ratio, while commonly reported in epidemiological studies, is very sensitive to
preload in individual patients.

Our study has several limitations. The length of exposure to GH excess, or, following
treatment, to GH deficiency is unknown. The symptoms of acromegaly can be insidious,
with diagnosis lagging behind onset, and definitive biochemical remission does not reliably
follow treatment. In addition, cross-sectional studies such as this cannot determine causality;
prospective longitudinal studies are necessary to determine whether echocardiographic
measurements change with GH replacement in patients with GH deficiency after cure from
acromegaly, and to establish the time course of any changes noted. Finally, as our study
population contained no subjects with heart failure, these observations may not apply to the
minority of patients with acromegaly who have been diagnosed with cardiomyopathy.

To our knowledge, this is the first published report investigating echocardiographic changes
in patients who develop GHD following cure from acromegaly. We found that subjects with
post-acromegaly GH deficiency have significantly lower mean LVMi measurements. Many
patients with GH sufficiency post-acromegaly, as well as those with active acromegaly, have
elevated LVMi measurements. Our results suggest that the effects of growth hormone on the
heart are complex. Adults with a history of excess GH exposure followed by GHD represent
a unique population, and one in which GH replacement may beneficially impact
cardiovascular morbidity and mortality; further studies are warranted to evaluate the impact
of GH replacement in these patients, and to better understand the mechanisms responsible
for the changes observed and the natural history of these changes.
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I. GH Deficient II. GH Sufficient Ill. Active Acromegaly

* p<0.05 compared to Il. GH Sufficient and to lll. Active Acromegaly

Fig. 1.

LVMi is lower in patients with GH deficiency post-acromegaly. Left ventricular mass
(indexed to body surface area) was lower in patients who developed GH deficiency after
acromegaly (I), than in either patients with active acromegaly (111) (v=0.02) or those who
achieved GH sufficiency after cure (1) (p=0.049). There was no difference between patients
with active acromegaly and post-acromegaly GH sufficient patients. Bars indicate normal
LVMi levels for women [1] and men [2]. *p<0.05 compared to (I1) GH sufficient and to (111)
active acromegaly.
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Clinical characteristics of subject population?.

Table 1

GH deficient n=15 GH sufficient n=8  Active acromegaly n=11

Age (year) 4214
Gender (M/F) 8 M/7F

IGF-I (ng/ml) 98 +48%"
Peak GH level (ng/ml) 28+047%%
BMI (kg/m?) 35+6.7
Waist circumference (cm) 10.7+1.2
Waist/hip ratio 0.91+0.07%*
History of surgery (n,%) 12 (80%) ™
Time since surgery (mos) 9.6+5.1
History of radiotherapy (77, %) 9 (60%) FAA
Time since Radiotherapy 19.6+154
Duration of disease (mos) 13.3+87%*
ACTH deficiency (n, %) o 6 (40%)

TSH deficiency (n,%) 9 (60%) i
Free T4 (ng/dL) 1.26 £0.2
Male hypogonadism (7, %) 7 (88%)

Primary hypogonadisn (female) (77, %) 2 (29%)
Secondary hypogonadism (female) (7, %) 4 (57%) AAA

Current Tobacco Use (no.%) 1 (7%)
Systolic/diastolic blood pressure 117+1/174 +8
Mean arterial blood pressure (mmHg) 88+8

45+15 49+10
2 M/6F 5M/6F
11.2£38™ 59.9+21,1%7°F
301+9.17 N/A

3.0+84 25+8.1
91+18 94+21
0.84+0.06" 08700

8 (100%) ¥ 437%) 5
93+7.1 36+41
3(38%) 0%
12.3£12.9 N/A

*ok

13.2+11.6™° 6.0+8.4%

1 (13%) 0*

3 (38%) 0%
1.28+0.1 13202

1 (50%) 2 (40%)

3 (50%) 3 (50%)

1 (17%) 0

0 1(9%)

120+ 1/174 9 124 +1/178 + 1
90£1 93+1

*
p<0.05; significantly different from GHD group.
Ak

<0.05; significantly different from GHS group.
A

p<0.05; significantly different from active acromegaly group.

a
Results are presented as mean + SD.
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Table 2

LVMi distribution among subject groups.

Normal LVMi& Elevated LVMi

GHD r=14 14 (100%) 0
GHS =8 3 (38%) 5 (62%)
AA3 =11 6 (55%) 5 (45%)

aLVMi not above upper limit of established gender-specific reference range; of note, there is no officially defined lower limit of normal.
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Table 3

Diastolic function in subjects groups.

Normal  Mild dysfunction (impaired relaxation) Moderate dysfunction (pseudonormal)

GHD 7=15 10 (66%) 4 (27%) 1(7%)
GHS =8 5(62%) 3 (38%) 0
AA =11 8 (72%) 2 (18%) 1 (10%)
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