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ABSTRACT. This analytical, observational, retro-
spective, case-control study was designed to de-
scribe clinical presentation, biochemical disease 
severity, presence, and severity of metabolic 
and cardiovascular complications in patients di-
agnosed as having acromegaly at 60 yr or older 
(no.=57) as compared to sex- and age-matched 
healthy controls. Patients and controls underwent 
a complete endocrine, metabolic, and cardiovas-
cular check-up. The age at diagnosis was equally 
distributed between 60 to 75 yr while only a mi-
nority of the patients (5.3%) was diagnosed after 
75 yr. Median GH and IGF-I levels were 15 μg/l 
and 557 μg/l. The prevalence of microadenomas, 
enclosed macroadenomas, and extrasellar/inva-
sive macroadenomas was 30%, 49%, and 21%, 
respectively. All patients had joint complaints 
and goiter (euthyroid in 65% and pre-toxic/toxic 

in 35%), 82% had hypertension, 58% diabetes 
and 54% had both. As compared to controls, a 
higher number of patients were receiving treat-
ment with anti-arrhythmiacs (p=0.033), anti-ag-
gregants (p=0.013), levothyroxine (p=0.015), and 
metformin (p=0.022). Nevertheless, the patients 
had higher systolic and diastolic blood pressure, 
heart rate, left ventricular mass index, lipids, glu-
cose and insulin levels as well as percent function 
of  cells than controls. In conclusion, the high 
prevalence of systemic complications makes eld-
erly acromegalics more susceptible than controls 
to cardiovascular events. We suggest that an ac-
curate clinical check-up and, possibly, a more ag-
gressive treatment of hypertension and diabetes 
are required in elderly acromegalics.
(J. Endocrinol. Invest. 30: 497-506, 2007)
©2007, Editrice Kurtis

INTRODUCTION

Acromegaly is considered a rare disease, with an in-
cidence of 3-4 cases per million population per yr 
and a prevalence of 50-80 cases per million popula-
tion. It is caused by a GH-secreting pituitary tumor 
in more than 98% of cases (1). Pituitary tumors are 
generally benign; mean age at diagnosis ranges be-
tween 40-50 yr (2). Long-lasting uncontrolled GH 

and IGF-I excess is associated with increased mor-
tality due to cardiovascular, cerebrovascular, and 
respiratory diseases (3-10). Patients diagnosed at an 
older age are likely to present more severe cardio-
vascular and respiratory complications due to the 
generally long period of uncontrolled disease but a 
complete description of acromegaly in the elderly is 
not currently available (11).
In general, pituitary adenomas in the elderly, com-
monly defined as people aged from 65 yr and older, 
are fewer than 10% (12). As reported in a recent re-
view by Minniti et al. (12), changes related to age-
ing and associated diseases may significantly delay 
the diagnosis of pituitary tumors in this age range. 
Visual-field defects might be missed in patients suf-
fering from common age-related ocular diseases; 
cardiovascular and/or respiratory disease, articular 
problems, hypertension, and diabetes, which are 
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frequent in the non-acromegalic elderly population, 
might confound the clinical picture of acromegaly in 
elderly subjects. 
Nowadays, life expectancy is significantly longer 
than 20 yr ago in the general population: it is thus 
expected that a higher proportion of patients will be 
diagnosed for acromegaly in the near future. Never-
theless, GH-secreting pituitary adenomas represent 
a minority of the tumors removed in the elderly pa-
tients in different series (12). Very few data are cur-
rently available in the cohort of elderly patients with 
acromegaly (12) and no data are available on the se-
verity of cardiovascular risk and cardiomyopathy in 
this age group. 
The current study aims at reporting on clinical pres-
entation, biochemical disease severity, presence, 
and severity of metabolic complications and cardio-
vascular risk in a consecutive series of 57 patients di-
agnosed as having acromegaly at 60 yr or older. The 
patients were compared to controls matched for age 
and gender and undergoing a complete endocrine, 
metabolic, and cardiovascular check-up.

MATERIALS AND METHODS 
Patients
Inclusion criteria: Patients with active acromegaly coming to the 
Endocrinology Unit of the “Federico II” University of Naples from 
Jan 1st 1995 to December 31st 2004 aged 60 yr or more never 
before treated for acromegaly.
Exclusion criteria: Patients aged <60 yr, or already treated for 
acromegaly with surgery, medical therapy (dopamine agonists, 
somatostatin analogues or GH-receptor antagonist) or radio-
therapy.
Patients: Of 275 patients diagnosed with acromegaly in our de-
partment, 57 patients (27 women, 30 men) were included in this 
study. All patients had newly diagnosed acromegaly, defined as 
previously reported (1), by high serum GH levels during a 6-h time 
course, not suppressible <1 μg/l after glucose load (in non-dia-
betic patients) and high plasma IGF-I levels for age (expressed 
as the upper limit value of normal range) (Table 1). The presumed 
duration of acromegaly was assessed by comparing photographs 
taken over a period of 10-40 yr and by interviewing the patients 
as to the date of onset of acral enlargement and facial disfigure-
ment. The interval between assumed clinical onset and the time 
of diagnosis ranged from 12-480 months (median duration of 204 
months). All patients signed an informed consent form at entry 
to the clinic to approve diagnostic testing, treatment decision, 
follow-up, and treatment of the data for scientific purposes. This 
study was conducted in accordance with the Helsinki II Declara-
tion on human experimentation.
Of 235 non-acromegalic control subjects recruited among the 
medical and paramedical personnel of our department and their 
relatives plus clerks and their relatives, 57 (27 women and 30 men) 
were matched with the patients for age (±2 yr), and gender. Results 
of 174 out of 235 controls (92 women, 82 men aged 18-80 yr) (13), 
selected on the basis of the absence of complications were previ-
ously reported. In contrast with the previous study (13), the controls 

included in the current study were unselected for the presence of 
hypertension, diabetes or obesity in order to have information on 
the prevalence, severity, and treatment of these complications, if 
any, between the patients with acromegaly and their controls.
The protocol of the study was approved by the Ethical Commit-
tee of the “Federico II” University of Naples and all subjects gave 
their informed consent to the study. The comparison between 
patients and controls at study entry is shown in Table 1. 
Study design and protocol: This is an analytical, observational, 
retrospective, case-control study to investigate the cardiovascular 
risk of elderly patients with acromegaly. After an overnight fasting 
in all patients and controls the following were performed:
1)  Measurement of serum IGF-I levels twice in a single sample 

at time 0 of the GH profile; GH levels calculated as the mean 
value of at least 6 samples drawn every 30 min over a period 
of 3 h; the average value was considered for statistical analysis. 
Hypogonadism in males was diagnosed by FSH and/or LH <3 
mU/l and testosterone levels <2.9 μg/l; in women deficit of FSH 
and LH was considered when levels were inappropriately low 
(<10 mU/l) for the post-menopausal age. Deficiency of FSH and 
LH (<3 mU/l) was considered separately. Pituitary ACTH defi-
ciency was diagnosed when serum 08:00 h cortisol levels were 
low (<3.6 μg/dl; 100 nmol/l) or cortisol peaked below 21 μg/dl 
(600 nmol/l) in response to synthetic ACTH stimulation (250 μg, 
iv) together with an increase from basal of less than 8 μg/dl 
(220 nmol/l). TSH deficiency was diagnosed when a subnormal 
serum free T4 (FT4) level (<9 pmol/l) was associated with a low 
or normal TSH (0.3-5 mU/l) level. 

2)  Measurement of total cholesterol, HDL cholesterol, and triglycer-
ides levels; the total/HDL-cholesterol ratio, index of cardiovascu-
lar risk, was calculated (14). Hypertriglyceridemia was diagnosed 
when triglycerides levels were >1.7 mmol/l (150 mg/dl) (15), hy-
percholesterolemia was diagnosed when LDL-cholesterol levels 
were >2.6 mmol/l (100 mg/dl) (15). In line with the modern guide-
lines (15), the LDL/HDL-cholesterol ratio was also calculated. 

3)  Measurement of glucose and insulin levels at fasting and eve-
ry 30 min for 2 h after the oral administration of 75 g of glu-
cose diluted in 250 ml of saline solution. In 10 patients and 
in 8 controls the glucose load was not performed because of 
overt diabetes. Diabetes mellitus was diagnosed when fasting 
glucose was above 7 mmol/l (125 mg/dl) at two consecutive 
measurements or when 2 h after the oral glucose tolerance test 
(oGTT) glucose was >11 mmol/l (200 mg/dl) (16). Impaired glu-
cose tolerance (IGT) was diagnosed when glucose level was 
between 7.8 mmol/l and <11 mmol/l 2 h after the oGTT while 
impaired fasting glucose (IFG) was diagnosed when glucose 
level was between 5.6 and 6.9 mmol/l at fasting (16). Normal 
glucose level was considered when below 5.6 mmol/l at fast-
ing. To predict insulin resistance and -cell function the HOMA 
(homeostatic model assessment) [HOMA-R (%), and HOMA-  
(%), respectively] was used according to Matthews et al. (17). 
By assuming that normal-weight healthy subjects aged <35 yr 
have a HOMA-  of 100% and a HOMA-R of 1, the values for 
individual patients can be assessed from the insulin and glu-
cose concentrations by the formulae: HOMA-R = [insulin (mU/
l)*fasting glucose (mmol/l)] / 22.5; HOMA-  (%) = [20*insulin 
(mU/l)] / [glucose (mmol/l)-3.5]. 

4)  Measurement of blood pressure, as previously reported (18) and 
heart rate. The average of 6 measurements (3 taken by each of 
the two examiners) was used in all analysis. In accordance with 
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the seventh report of the Joint National Committee on Preven-
tion, Detection, Evaluation, and Treatment of High Blood Pres-
sure (19) the severity of hypertension was classified as mild (Stage 
1) when the systolic blood pressure (SBP) or diastolic blood pres-
sure (DBP) were between 140 and 159 mmHg and between 90 
and 99 mmHg, respectively; severe (Stage 2) when the SBP or 
DBP were >160 and >100 mmHg respectively; prehypertension 
was defined as SBP >120 - <140 and DBP >80 - <90 mmHg. 

5)  Echocardiography by M-mode, 2-dimensional and pulsed Dop-
pler for 3-5 consecutive cardiac cycles as previously reported 
(20-22) and according to the recommendations of the American 
Society of Echocardiography (ASE) (23). The following meas-
urements were determined on M-mode tracing: inter-ventricu-

lar septum thickness (IVST), left ventricular internal end-di-
astolic diameter (LVID), and posterior wall thickness (PWT), left 
ventricular mass (LVM) calculation by Devereux’s formula (24): 
LVM= 1.04[(IVST+LVID+PWT)3-(LVID)3]-14 g. LVM indexed for 
body surface area (LVMi) was 135 g/m2 in men and 110 g/m2 
in women and were considered as cut-off points for LVH. Di-
astolic function was evaluated by pulsed Doppler mitral inflow 
as early (E) and atrial (A) peak velocity ratio (E/A), indicating 
the normal pattern of ventricular diastolic filling when 1. Left 
ventricular systolic function was evaluated by ejection fraction 
normal (LVEF) when >50%. 

6)  Only in the patients, magnetic resonance imaging (MRI) of 
the sellar region performed on clinical 1T and 1.5T scanners 

Table 1 - Clinical and endocrine parameters in patients and controls.

Patients Controls p

(Mean±SD) (95% CI) (Mean±SD) (95% CI)

No. 57 57

W/M 27/30 27/30

Age (yr) 70±6 68-71 70±6 68-71 1

Body mass index (kg/m2) 24.6±2.3 24.0-25.2 25.3±2.2 24.7-25.8 0.011

GH levels (μg/l) 30.8±62.9 14.1-47.5 0.3±0.3 0.3-0.4 0.0006

Nadir GH levels after oGTT (μg/l)* 12.9±29.7 4.2-21.7 0.03±0.03 0.02-0.03 0.0045

IGF-I levels (μg/l) 598±218 540-656 150±40 139-160 <0.0001

IGF-I levels (ULN) 2.83±1.02 2.56-3.10 0.70±0.17 0.65-0.76 <0.0001

Systolic blood pressure levels (mmHg) 163±20 158-161 148±13 144-152 <0.0001

Diastolic blood pressure levels (mmHg) 96±11 93-99 84±7 82-85 <0.0001

Heart rate (bpm)** 81±5 80-83 79±6 78-81 0.01

Left ventricular mass index (g/m2) 182.3±63.5 165.4-199.1 102.5±16.8 98.1-107.0 <0.0001

Early to atrial mitral flow velocity (msec) 0.83±0.17 0.78-0.87 1.13±0.08 1.11-1.15 <0.0001

Left ventricular ejection fraction (%) 50.0±5.8 48.6-51.4 58.9±5.8 57.3-60.4 <0.0001

Total cholesterol levels (mmol/l) 5.7±1.3 5.3-6.0 5.2±0.8 5.0-5.4 0.037

HDL-cholesterol levels (mmol/l) 1.1±0.1 1.0-1.1 1.4±0.1 1.4-1.5 <0.0001

Total/HDL-cholesterol ratio 5.3±1.6 4.9-5.8 3.7±0.8 3.5-3.9 <0.0001

LDL-cholesterol levels (mmol/l) 4.2±1.3 3.9-4.6 3.5±0.8 3.3-3.7 <0.0001

LDL/HDL-cholesterol ratio 4.0±1.6 3.6-4.4 2.5±0.8 2.3-2.7 <0.0001

Triglycerides levels (mmol/l) 1.9±0.5 1.7-2.0 1.3±0.3 1.3-1.4 <0.0001

Fibrinogen levels (mg/dl) 380±33 371-388 253±46 241-265 <0.0001

Glucose levels (mmol/l) 6.2±1.5 5.8-6.6 5.4±1.0 5.2-5.7 0.0005

Insulin levels (mU/l) 26.4±14.4 22.4-30.5 10.3±6.2 8.6-11.9 <0.0001

HOMA-R index (%) 2.3±1.1 1.9-2.6 2.7±2.1 2.1-3.2 0.73

HOMA-  index (%) 277±187 188-290 114±49 101-127 <0.0001

* Comparison was performed between 47 patients and 49 controls. ** Comparison was performed between 39 patients and 57 controls. The other 18 patients 
had different arrhythmias.
W: women; M: men; oGTT: oral glucose tolerance test; ULN: upper limit of normal range; HOMA-R: insulin resistance homeostasis model assessment; HOMA-
: -cell function homeostasis model assessment
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as previously reported (25-26). The sagittal, axial, and coronal 
diameters at their maximal value were measured to calculate 
tumor volume by the De Chiro and Nelson formula [(volume= 
sagittal*coronal*axial diameters)* /6].

Assays 
Serum GH levels were measured by immunoradiometric method: 
from Jan 1st 1995 to Dec 31st 2001, the sensitivity of the assay was 
0.2 μg/l and the intra- and inter-assay variation coefficients (CV) 
were respectively 4.5 and 7.9%; from Jan 1st 2002, the sensitiv-
ity of the assay was 0.02 μg/l and the intra- and inter-assay CV 
were 4.3 and 8.5%, respectively. Serum IGF-I was measured by 
immunoradiometric assay (IRMA) after ethanol extraction. The 
normal range in 51-60, 61-70 and >70 yr old men was 95-270, 88-
250, 78-200 μg/l, respectively; in women it was 90-250, 82-200, 
68-188 μg/l, respectively. The sensitivity of the assay was 0.8 μg/l. 
The intra-assay CV were 3.4, 3.0, and 1.5% for low, medium, and 
high points of the standard curve, respectively. The inter-assay CV 
were 8.2, 1.5, and 3.7% for low, medium, and high points of the 
standard curve. IGF-I data are shown as the upper limit of normal 
range [(ULN) normal= 1].

Statistical analysis 
The data were analyzed using MedCalc Software for Windows 
(MedCalc, Mariakerke, Belgium). Data are reported as mean±SD 
unless otherwise specified. The comparison between patients 
and controls was made by the Student’s t-test for paired data. The 
comparisons between patients and controls when subgrouped 
according with the presence or absence of hypertension or dia-
betes was made by the Mann-Whitney test, due to the limited 
number of cases included in this analysis. Categorical variables 
were compared using the Pearson’s chi-square test. 

RESULTS
Disease onset and clinical presentation 
As shown in Figure 1, the age at diagnosis was equal-
ly distributed between 60 to 75 yr while only a minor-
ity of the patients (5.3%) was diagnosed after 75 yr. 
The estimated age of disease onset (calculated as 
the difference between the age at diagnosis and the 
estimated disease duration) was in the 5th decade of 
life in 28%, in the 6th decade in 40%, and in the 7th 
decade in 30%. 
Of all patients, 33 (57.9%) were referred to our 
Unit with a diagnosis of acromegaly or suspected 
acromegaly performed by family doctors or neuro-
surgeons. The remaining 24 patients (42.1%) were 
referred to our Unit because of the presence of eu-
thyroid goiter (no.=8, 33.3%), subclinical toxic or 
toxic goiter (no.=9, 37.5%) or severe cardiac prob-
lems in patients with goiter and diabetes (no.=7, 
29.2%). 
At diagnosis, all patients had joint complaints and 
goiter (euthyroid in 65% and subclinical toxic/toxic 
in 35%), the majority had hypertension (82%) and/or 
diabetes (58%); 54% of patients had both hyperten-
sion and diabetes (Fig. 2). In controls prevalence of 

hypertension, diabetes, and euthyroid goiter was 
67%, 28%, and 42%, respectively.

GH and IGF-I levels and tumor size 
Fasting mean GH levels were 15 μg/l (median), 9.5 
μg/l in women and 16 μg/l in men (p=0.47), while 
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Fig. 1 - Age at diagnosis (top) and estimated age of onset of ac-
romegaly (bottom) in the 57 patients aged above 60 yr included 
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IGF-I levels were 557 μg/l (median), 454 μg/l in 
women and 630 μg/l in men (p=0.13). The preva-
lence of microadenomas, enclosed macroadeno-
mas, and extrasellar/invasive macroadenomas was 
30%, 49%, and 21%, respectively, similarly distribut-
ed in women and men (Table 2). Tumor volume was 
1360±1102 mm3 in women and 1484±2069 mm3 in 
men (p=0.28): individual tumor volume distribution 
is shown in Figure 3. Patients with microadenomas 
and enclosed macroadenomas had a longer disease 
duration (and thus a younger age at disease onset) 
than those with extrasellar/invasive macroadenomas 
(Table 3). Seven patients (12%), all women, had asso-
ciated hyperprolactinemia (range 31-355 μg/l).
Normal pituitary function was found in 5 patients 
with microadenomas (29%), 11 patients with en-

closed macroadenomas (39%), and two patients 
with extrasellar/invasive macroadenomas (16.7%; 
p=0.36). The prevalence of one or two pituitary 
hormone deficiencies was also similar in the three 
groups: 71%, 54%, and 82%, respectively. Only two 
male patients with enclosed macroadenomas (7%) 
had three hormone deficiencies, namely FSH, LH, 
and TSH. Fourteen patients had hypoprolactinemia 
(PRL levels below 5 μg/l). 
None of the patients with microadenoma or with en-
closed macroadenoma had visual field defects; 6 of 
the 12 patients with extrasellar/invasive macroad-
enomas (50%) showed impinging of the optic chiasm 
by the tumor but only two of them showed minor 
visual field defects such as monolateral quadran-
topsy. The prevalence of hypertension (88%, 86%, 

Table 2 - Clinical and endocrine parameters in the patients according to tumor size.

Microadenomas Macroadenomas 
enclosed

Macroadenomas 
extrasellar/invasive

p

No. 17 28 12 0.003

W/M 8/9 12/16 7/5

Tumor volume (mm3) 162±86 1121±509 4204±3168 <0.0001

Age (yr) 70±6 71±6 68±5 0.32

Estimated disease duration (months) 260±86 178±117 6±33 <0.0001

Estimated age at onset of acromegaly (yr) 48±9 56±8 63±5 <0.0001

GH levels (μg/liter) 18.3±19.6 22.6±17.2 67.9±130.3 0.068

Nadir GH levels after oGTT (μg/l)* 5.2±2.7 10.4±12.4 29.3±60.9 0.13

IGF-I levels (μg/l) 582±294 615±209 583±199 0.55

IGF-I levels (ULN) 2.73±1.12 2.92±1.01 2.91±1.0 0.35

Systolic blood pressure levels (mmHg) 161±18 163±19 166±24 0.58

Diastolic blood pressure levels (mmHg) 98±13 96±9 93±13 0.6

Heart rate (bpm) 79±3 81±6 84±4 0.072

Left ventricular mass index (g/m2) 180.7±53.4 188.5±76.2 170.1±42.7 0.98

Early to late mitral flow velocity (msec) 0.83±0.18 0.83±0.18 0.83±0.15 0.96

Left ventricular ejection fraction (%) 49.4±4.9 49.7±4.3 51.1±8.1 0.61

Total/HDL-cholesterol ratio 5.7±2.2 5.4±1.3 4.7±1.3 0.26

LDL/HDL-cholesterol ratio 4.3±2.1 4.0±1.3 3.4±1.2 0.61

Glucose levels (mmol/l) 6.4±1.6 6.5±1.5 5.5±1.2 0.14

Insulin levels (mU/l) 29.2±10.0 29.0±14.7 26.4±7.6 0.16

HOMA-R index (%) 2.4±1.1 2.4±1.3 1.9±0.5 0.13

HOMA-  index (%) 264±87 222±100 421±327 0.005

*Comparison was performed among 13, 24 and 10 patients undergoing the glucose tolerance test at diagnosis.
W: women; M: men; oGTT: oral glucose tolerance test; ULN: upper limit of normal range; HOMA-R: insulin resistance homeostasis model assessment; HOMA-
: -cell function homeostasis model assessment. 
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83%; p=0.93) and of abnormalities of glucose tol-
erance (71%, 71%, 50%; p=0.39) was similar in the 
three groups.

Cardiovascular risk and cardiac parameters 
As for the classical cardiovascular risk factors, 24 
patients (42.1%) and 29 controls (50.9%) were non-
smokers, 7 (12.3%) and 10 (17.5%) were ex-smok-
ers while 26 (45.6%) and 18 (31.6%) were smokers. 
Normal weight (<25 kg/m2) was found in 31 patients 
(54%) and 22 controls (39%; p=0.13); overweight 
(25-30 kg/m2) in 25 (44%) and 34 (59%, p=0.13) while 
obesity (>30 kg/m2) was found in one subject in 
each group (2%). Mean body mass index was slightly 
lower in the patients than in controls (Table 1). As 
compared to controls (Fig. 4), a higher number of 
patients were receiving treatment with anti-arrhyth-
mics, anti-aggregants levothyroxin and metformin.
The patients had higher SBP and DBP, heart rate, 
LVMi, lipids, glucose, and insulin levels as well as the 
percent function of  cells than controls (Table 1). 
Only 6 of the 57 patients (10%) did not have hyper-
tension or were not receiving treatment for hyper-
tension, thus a subanalysis of normotensive subjects 
was not performed. Pre-hypertension was found in 
all these 6 patients and in 17 controls (30%, p=0.02). 
Left ventricular hypertrophy was found in all but 2 
patients (96%) and in 9 controls (16%, p<0.0001). 
Diastolic and systolic dysfunction was significantly 
more prevalent in the patients than in controls (82% 
vs 2% and 51% vs 2%; p<0.0001). 
Patients and controls were grouped according to 
the presence of normal glucose tolerance or dia-
betes (Table 3). Impaired glucose tolerance and/or 
impaired fasting glucose was found in 13% of pa-
tients and in 30% of controls (p=0.0006). Patients 

with normal glucose tolerance were younger, had 
a shorter disease duration (131±100 vs 207±123 
months, p=0.026), lower SBP, triglycerides levels, 
total/HDL cholesterol, and LDL/HDL-cholesterol 
ratios and higher HDL-cholesterol levels than those 
with diabetes. Similarly, controls with normal glucose 
tolerance were younger, slimmer, had a lower DBP, 
better cardiac function, and lipid profile than those 
with diabetes. 
Of all subjects with normal glucose tolerance, fasting 
glucose levels were higher in the patients than in the 
controls (5.1±0.4 vs 4.5±0.3 mmol/l, p=0.0002). The 
HOMA-R index in the patients with normal or ab-
normal glucose tolerance was unexpectedly similar 
(2.2±0.9 vs 2.4±1.4, p=0.59) while it was expectedly 
higher in the controls with abnormal glucose toler-
ance than in those with normal tolerance (1.4±0.7 vs 
2.2±0.7, p<0.0001). The patients with acromegaly 
and normal glucose tolerance had a HOMA-  index 
approximately 3 times higher than controls (409±235 
vs 138±59%, p<0.0001).

DISCUSSION

Only very few studies have characterized the clinical 
and hormonal features of acromegaly in elderly pa-
tients. This analytical, observational, retrospective, 
case-control study shows that acromegaly diagnosed 
after the age of 60 yr has no gender difference; it has 
a distribution of age of onset similar for each 5-yr pe-
riod up to 70 yr and is rarer afterwards; it is caused less 
frequently by extrasellar or invasive macroadenomas, 
is characterized by goiter and left ventricular hyper-
trophy, and has a higher prevalence of hypertension, 
diabetes, diastolic and systolic dysfunction than sex- 
and age-matched non acromegalic controls. 
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Disease onset and clinical presentation 
The prevalence of acromegaly in different series of 
pituitary adenomas of elderly patients has been re-
ported to be lower than that of other tumor histo-
types such as clinically non-functioning adenomas 
(12, 27-29). This clinical finding is confirmed by the 
rarity of positive GH immunostaining in pituitaries 
obtained at unselected autopsies of 152 subjects 
over 80 yr of age (30). In the period of one decade, 
we diagnosed pituitary tumors in 170 patients of eld-
erly age: the majority (no.=88; 52%) had a clinically 
non-functioning adenoma, 14% had a macroprolac-
tinoma (no.=24), only one had an ACTH-secreting 
adenoma (0.6%), while 57 had acromegaly (33.5%). 
Thus, at least in our series of elderly patients with 
pituitary adenomas, the GH-secreting is the second 
most frequent histotype, while in the general popula-
tion of pituitary tumors it is less frequent than prolac-
tinomas and clinically non-functioning adenomas.
As reported by other authors, visual impairment due 
to chiasmatic compression is rare in GH-secreting 
tumors, affecting fewer than 20% of cases (28, 31, 
32). In our series, which is by far the largest report-

ed series of patients with acromegaly aged above 
60 yr at diagnosis, visual field defects were indeed 
uncommon (3.5%), even in the small groups of pa-
tients bearing extrasellar or invasive macroadeno-
mas (17%). Acromegaly is generally recognized by 
typical clinical features even if the clinical picture is 
reported to be milder than in younger patients (28). 
In the current study we did not perform a compari-
son between young and elderly patients: however, 
all patients presented with arthropathy and skeletal 
abnormalities which were more severe and more 
frequent than previously reported (11). Besides, 
all the 57 patients with acromegaly presented with 
goiter that was pre-toxic or toxic in 35% of cases, 
confirming a previous report in a larger series of 
patients unselected for age of disease diagnosis 
(33). Associated hypopituitarism is reported to be 
uncommon (31, 32). Our findings are in partial disa-
greement with the previous ones since one or two 
pituitary hormone deficiencies were found in 71% of 
patients with microadenomas, 54% of patients with 
enclosed macroadenomas, and 82% of those with 
extrasellar or invasive macroadenomas. However, 

Table 3 - Clinical and endocrine parameters in patients and controls according to their glucose tolerance status.

Normal glucose tolerance Diabetes mellitus

Patients Controls p Patients Controls p

No.* 19 23 33 17

Age (yr) 68±4A 66±5B 0.28 71±7 73±7 0.68

Body mass index (kg/m2) 24.6±2.2 24.6±2.1B 0.86 24.6±2.5 26.4±2.3 0.012

GH levels (μg/liter) 18.7±16.2 0.4±0.3B <0.001 26.8±29.6 0.2±0.3 <0.001

IGF-I levels (μg/liter) 573±232 167±37 <0.001 607±221 137±45 <0.001

IGF-I levels (ULN) 2.61±1.01 0.76±0.15 <0.001 2.94±1.07 0.67±0.21 <0.001

Systolic blood pressure levels (mmHg) 156±20A 140±12 0.01 167±19 156±15 0.057

Diastolic blood pressure levels (mmHg) 95±10 80±7B <0.001 98±12 87±6 0.002

Heart rate (bpm) 81±3 79±7 0.13 81±6 80±4 0.47

Left ventricular mass index (g/m2) 170.5±48.5 90.7±10.2B <0.001 192.1±73.7 113.2±13.7 <0.001

Early to Atrial mitral flow velocity (msec) 0.87±0.17 1.17±0.7B <0.001 0.80±0.18 1.10±0.08 <0.001

Left ventricular ejection fraction (%) 52.2±6.8 62.7±5.9B <0.001 48.6±4.2 54.8±3.4 <0.001

Total cholesterol levels (mmol/l) 5.3±1.1 4.8±0.6B 0.18 5.9±1.5 5.6±0.9 0.37

LDL-cholesterol levels (mmol/l) 3.8±1.1 3.1±0.6B 0.034 4.5±1.5 3.9±0.9 0.15

HDL-cholesterol levels (mmol/l) 1.1±0.1B 1.5±0.1B <0.001 1.0±0.1 1.3±0.1 <0.001

Triglycerides levels (mmol/l) 1.7±0.3A 1.1±0.2B <0.001 2.0±0.5 1.5±0.2 0.003

Total/HDL-cholesterol ratio 4.7±1.2B 3.2±0.6B <0.001 5.8±1.8 4.2±0.9 0.001

LDL/HDL-cholesterol ratio 3.4±1.2B 2.1±0.6B <0.001 4.4±1.7 3.0±0.9 0.001

*: Prevalence in the two cohorts, p=0.56. Superscript letters indicate the statistical significance of patients and controls with diabetes. A=p<0.05; B=p<0.01. 
Significance was established by the Mann-Whitney U test. ULN: upper limit of normal range.
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these were mainly referred to FSH and LH. It should 
be considered, however, that some degree of tes-
ticular dysfunction in the elderly is not rare (34, 35) 
and that other complications such as diabetes and 
obesity might play a role in determining hypogonad-
ism. Though obesity is not common in acromegaly, 
poor control of diabetes may be responsible (at least 
partly) for such high prevalence of hypogonadism in 
this cohort. 
In contrast, systemic complications, such as diabe-
tes mellitus and hypertension, are known to be more 
frequent in this age group and increase cardiovas-
cular risk (11, 12, 36). In our series, the vast majority 
of the patients were hypertensive (82%) or diabetic 
(58%) or both (54%). The remaining 18% of the pa-
tients had the newly classified pre-hypertension so 
that none of the patients has normal blood pressure 
levels. Strikingly, most hypertensive and diabetic pa-
tients were already receiving treatment addressing 
these complications (49% and 51%) with unsatisfac-
tory therapeutic effects. 

GH and IGF-I levels and tumor size
The severity of acromegaly was reported to be mild-
er in elderly patients than in young ones as it was 
associated with lower GH values and smaller tumors 
at presentation (28, 37, 38). In a previous multicenter 

study enrolling 45 elderly patients with acromegaly 
(including 17 of the 57 reported in the current study), 
we found a median GH level of 7.5 μg/l and IGF-I 
levels of 622 μg/l, significantly lower than patients 
aged below 40 yr or aged between 40 to 60 yr (38). 
In the current series, GH levels, but not IGF-I levels, 
were higher than previously found (38). This finding 
could be explained by the larger tumors included 
in the current series: in fact, the maximal tumor di-
ameter reported in our previous series (38) was of 
11 mm (median) while in the current series the me-
dian diameters of coronal, anteroposterior, and sag-
ittal were respectively of 12.2, 13.5, and 13.4 mm. 
The reported smaller tumors in elderly patients is, 
anyway, confirmed by the evidence of a significantly 
lower prevalence of extrasellar or invasive tumors in 
this series (21%) compared to a recently published 
series of 99 patients unselected for age (62%) which 
included 25 patients of the present study (39). Addi-
tionally, we did not find any gender difference here 
as for GH and IGF-I levels. In younger patients series, 
women were reported to have lower IGF-I levels (38) 
easier to normalize after treatment (40, 41). The gen-
der difference in the GH status is generally explained 
by the patients’ gonadal status and therefore in the 
elderly patients no gender difference is expected. 
In a recent study, however, we did not report any 
gender difference in the response to somatostatin 
analogues in a series of patients analyzed according 
to gonadal status and gender (26).

Cardiovascular risk and cardiac parameters
Cardiovascular and cerebrovascular diseases are 
the most frequent cause of premature death in ac-
romegaly (2-10). Long-lasting GH and IGF-I excess 
has been shown to induce several changes of the 
cardiovascular system: GH and IGF-I receptors have 
been shown on cardiomyocytes, vascular smooth 
muscle cells, arterial endothelial cells, as expression 
of the main cell subtypes of this system (11, 42). Left 
ventricular hypertrophy is the most common cardiac 
consequence of acromegaly, followed by hyperten-
sion, diastolic dysfunction, and cardiac valve disease 
(11). From a previous analysis, acromegaly in the eld-
erly was shown to be associated with left ventricular 
hypertrophy in approximately 80% of the patients 
(11). Few data on the severity of the cardiomyopa-
thy have been reported in other cohorts of elderly 
patients with acromegaly so far. In a study focusing 
on the surgical outcome in patients with acrome-
galy aged above 65 yr, Minniti et al. (32) reported 
hypertension in 50%, left ventricular hypertrophy in 
68%, diabetes or impaired glucose tolerance in 41%: 
overall the anesthesiological risk was increased in 
73% of the patients. To note that in this series, 6 out 

T4

Anti-arrhytmics

Anti-aggregants

Digitalis

Anti-hypertensive

Insulin

Metformin

Lipid lowering

0 2 4 6 8 10 12 14 16 18 20 22

Patients (no.)

C
o

nc
o

m
it

an
t 

tr
ea

tm
en

ts
 a

t 
st

ud
y 

en
tr

y

p=
0.015

p=
0.033

p=
0.013

p=
0.02

Controls

Patients

Fig. 4 - Treatment of complications in patients with acrome-
galy and controls over 60 yr. Data are expressed as percentage 
prevalence.



505

A. Colao, R. Pivonello, L. Spinelli, et al.

of 22 patients received pre-surgical treatment with 
somatostatin analogues for 2 to 6 months and thus 
left ventricular mass could have been partly reduced 
by this treatment (11). 
In the current study we included 20 of the patients 
whose results were previously reported in the analy-
sis of the severity of cardiomyopathy according to 
patients’ age (11). The current larger series of pa-
tients demonstrates that left ventricular hypertro-
phy can be considered a characteristic of elderly 
acromegaly being found in 96% of the patients. 
This can be explained both by the high incidence of 
hypertension and by the long-lasting GH and IGF-I 
hypersecretion that have clear-cut hypertrophic ef-
fect on cardiomyocytes (11). Interestingly, none of 
our patients showed normal blood pressure levels: 
a minority of the patients (18%) had the newly classi-
fied form of pre-hypertension which was found also 
in 30% of controls. Despite the fact that treatment 
of hypertension was given more frequently to the 
patients, blood pressure levels were higher in the 
patients than in controls. As a consequence, of the 
higher prevalence of uncontrolled hypertension and 
diabetes and the presence of left ventricular hyper-
trophy, a higher proportion of patients had diastolic 
and systolic dysfunction. This result was rather ex-
pected on the basis of previous findings showing 
a progressive aggravation of cardiac dysfunction 
during life-span in acromegalic patients. Similarly, it 
was not surprising that most patients had diabetes 
(either newly diagnosed or already receiving specific 
treatment). It is interesting that compared to controls 
with normal glucose tolerance, the patients had a 
significantly higher estimated percent function of -
cells: this is in line with the hypothesis that diabetes 
in acromegaly appears when -cells function fails af-
ter years of hyperstimulation (42).

CONCLUSION

Only very limited data are presently available in pa-
tients with acromegaly aged above 60 yr. The cur-
rent study indicates that left ventricular hypertrophy 
and goiter are invariably present in these patients 
at diagnosis. Hypertension, diabetes, diastolic and 
systolic dysfunction are also present in most patients 
at diagnosis. We suggest that an accurate clinical 
work-up and, possibly, a more efficient treatment of 
hypertension and diabetes are required in elderly 
acromegalics.
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