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Abstract

Objective: Adiponectin (ApN) is an adipocytokine expressed in human adipose cells with anti-athero-
genic and anti-inflammatory properties that plays a role in the pathophysiology of insulin resistance,
metabolic syndrome and coronary artery disease. The aim of the study was to evaluate ApN secretion
in patients with acromegaly, a chronic disease associated with insulin resistance and increased cardio-
vascular mortality, and to correlate ApN levels with hormonal, metabolic and cardiovascular
parameters.
Design and methods: The study included 32 patients with active acromegaly (11 male and 21 female,
aged 48^11 years, duration of disease: 8^6 years, GH: 9.2^9.8mg/l, IGF-I: 80^33 nmol/l (means^
S.D.)) and 38 control subjects sex- and body mass index (BMI)-matched. In all subjects, serum ApN,
leptin and ghrelin levels, BMI, waist circumference, insulin resistance (assessed by homeostasis model
assessment and the quantitative insulin check index), lipid profile and blood pressure values were
evaluated.
Results: Acromegalic patients and control subjects had similar ApN levels (9.4^3.5 vs 9.5^4.0 mg/l,
NS), while when considering obese subjects acromegalic patients had ApN levels significantly higher
than controls (10.2^4 vs 7.5^3 mg/l, P , 0.05). No significant correlation between ApN and
GH/IGF-I levels or duration of disease was found. ApN concentrations negatively correlated with
BMI, waist circumference, glucose and diastolic blood pressure and positively with high-density
lipoprotein cholesterol and ghrelin in controls, while all these correlations were lost in acromegalic
patients.
Conclusions: We provide evidence that, although metabolic and cardiovascular abnormalities are pre-
sent in most acromegalic patients, in these subjects ApN levels are not reduced and, contrary to what
is found in BMI-matched controls, do not correlate with cardiovascular risk factors. These data sup-
port the view that atherosclerosis is not the main determinant of cardiovascular mortality in acro-
megaly and suggest a permissive action of GH and/or IGF-I excess on ApN secretion.
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Introduction

Adiponectin (ApN) is an adipocytokine highly and
specifically expressed in human adipose cells. It belongs
to the group of adipose regulatory peptides that also
includes tumor necrosis factor-a, leptin and resistin.
It has been demonstrated that ApN has anti-athero-
genic and anti-inflammatory properties with direct
effects on endothelial cells and macrophage-to-foam
cell transformation (1 –4). Previous studies showed
that ApN negatively correlates with the degree of insu-
lin resistance and is able to enhance insulin sensitivity
at liver and muscle levels by inhibiting gluconeogenesis
and increasing fatty acid oxidation (1, 5–8). Low ApN
levels have been found in some insulin-resistant con-
ditions, such as obesity (9), lipodystrophy (10), type 2
diabetes mellitus (11) and metabolic syndrome (12),

as well as in dyslipidemia (13), essential hypertension
(14) and coronary artery disease (15).

Acromegaly is a chronic disease associated with high
cardiovascular morbidity and mortality whose patho-
genesis is not fully understood. This disease is charac-
terized by the association of a specific cardiomyopathy
(16), mainly represented by concentric hypertrophy of
the left ventricle, with many other metabolic and
cardiovascular alterations. In particular, abnormalities
of glucose metabolism, such as impairment of glucose
tolerance and reduced insulin sensitivity, have been
reported (17 –21). Furthermore, other cardiovascular
risk factors, such as altered lipid profile, in particular
low high-density lipoprotein (HDL)-cholesterol and
high small dense low-density lipoprotein (LDL)-choles-
terol levels, and blood hypertension are frequently
present in these patients (22, 23).
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The aim of the study was to evaluate ApN concen-
trations in patients with active acromegaly and to
correlate these values with hormonal, metabolic and
cardiovascular parameters. We provide evidence that
in acromegalic patients ApN levels are not reduced
and, contrary to what is observed in body mass index
(BMI)-matched controls, do not correlate with cardio-
vascular risk factors.

Patients and methods

Patients

Thirty-two patients (11 males and 21 females; aged
48^11 years (mean^S.D.), range 25–70 years) with
active acromegaly as documented by high levels of
growth hormone (GH) (9.2^9.8mg/l, range 2–39.5)
non-suppressible after oral glucose load (75 g) and of
insulin-like growth factor I (IGF-I) (80^33 nmol/l,
range 41–209) were included in this study. Ten
patients had newly diagnosed disease, while 22 had
previously undergone unsuccessful transphenoidal
adenomectomy and nine of them had also undergone
radiotherapy. The duration of disease was 8^6 years
(range 1–25). All patients had been free from medical
treatment with somatostatin analogues or dopamine
agonists for at least 3 months. BMI ranged from 20.8
to 45.3 kg/m2 (mean 27.4^5.0). In particular, 24
acromegalic patients had BMI ,30 kg/m2 (normal –
overweight) and eight BMI .30 kg/m2 (obese). Waist
circumference ranged from 76 to 139 cm (mean
96.2^16.0 cm). Twenty-six patients had insulin resist-
ance as assessed by homeostasis model assessment
(HOMA-IR) (mean values: 4.7^4.0) and the quantitat-
ive insulin check index (QUICKI) (mean values:
0.32^0.04) formulas, nine impaired glucose tolerance
and three diabetes mellitus type 2 (mean glucose levels:
5.6^2.0 mmol/l). As far as other cardiovascular risk
factors were concerned, 29 patients had dyslipidemia
(mean total cholesterol levels: 216^39 mg/dl, HDL-
cholesterol: 43^9 mg/dl, LDL-cholesterol: 150^35
mg/dl, triglycerides (TGs): 114^50 mg/dl) and 19
blood hypertension (mean systolic blood pressure
(SBP): 130^15 and diastolic blood pressure (DBP):
87^11 mmHg), both evaluated following ATPIII cri-
teria (24). Furthermore, 15 patients presented cardiac
abnormalities: seven patients had septal and/or ven-
tricular concentric hypertrophy, five valvulopathy,
three cardiac dilatation and three documented coron-
ary artery disease of atherosclerotic origin. In particu-
lar, one had developed a previous myocardial
infarction and two had abnormal resting and exercise
ECG stress testing. Nine patients (seven male and two
female, 28% of total) were affected by central hypogo-
nadism and 22% by central hypocortisolism and/or
hypothyroidism that were adequately substituted.

Control group

A total of 38 subjects sex- and age-matched (13 male
and 25 female, age 39^14 years, range 23–73) were
included in this study as a control group. These subjects
were also matched for BMI (26.7^70 kg/m2, range
190 –44.3) and waist circumference (89.1^17.7 cm,
range 700 –1260) since these parameters have been
previously identified as main determinants of ApN
levels. Twenty-eight controls had BMI ,30 kg/m2

(normal –overweight) while ten had BMI .30 kg/m2

(obese). All these subjects were not taking any medical
treatment. The study was approved by the local Ethical
Committee and all subjects provided their informed
consent before participation.

Study protocol

Anthropometric parameters (BMI and waist circumfer-
ence, taken at the level of the umbilicus in the standing
position), were measured in all subjects. After an over-
night fast, a peripheral venous blood sample was drawn
from all subjects for the measurement of circulating
ApN, leptin and ghrelin levels. Glucose metabolism
(determined by glucose, insulin levels and insulin resist-
ance), lipid profile (by total, HDL- and LDL-cholesterol
and TG concentrations), and blood pressure (by SBP
and DBP values) were measured in all patients. In acro-
megalic patients, GH and insulin-like growth factor
(IGF)-I levels were also evaluated.

Assays

Serum ApN concentrations were measured by ELISA
(B-Bridge International, Inc., San Jose, CA, USA),
serum leptin levels by IFMA (DRG International, Moun-
tainside, NJ, USA) and ghrelin levels by an RIA kit
(Phoenix Pharmaceuticals, Inc., Belmont, CA, USA)
that uses a polyclonal antibody recognizing the C-term-
inal end of ghrelin, i.e. total ghrelin. Serum GH levels
were assayed by IFMA (AutoDelfia kit; Wallac OY,
Turku, Finland) and serum IGF-I by RIA (Mediagnost,
Tübingen, Germany). Serum insulin was measured
by ELISA (Medgenix-Ins-EASIA; Biosource Europe,
Nivelles, Belgium) and plasma glucose by an autoana-
lyzer with the hexokinase method (Roche Diagnostics,
Mannheim, Germany).

Insulin resistance or sensitivity degree was determined
using the HOMA-IR (HOMA-IR ¼ fasting insulin (FI)
(mU/l) £ fasting glucose (FG) (mmol/l)/22.5) and
QUICKI (QUICKI ¼ 1/(log FG (mg/dl) þ log FI (mU/l)))
(25, 26). Serum total cholesterol, HDL-cholesterol and
TGs were determined by an autoanalyzer with a
colorimetric enzymatic assay (Roche Diagnostics).
LDL-cholesterol levels were evaluated by the
formula: LDL-cholesterol ¼ total cholesterol 2 HDL-
cholesterol 2 (TG/5).
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Statistical analysis

The results are expressed as means^S.D. unless other-
wise stated. Data were tested for normality of distribution
by the Kolmogorov –Smirnov test and consequently GH,
glucose and HOMA-IR were log-transformed to obtain
normal distribution. Statistical analysis was carried out
using an unpaired two-tailed Student’s t-test with
Welch correction if variances were significantly differ-
ent. Linear regression analysis was used to determine
correlation coefficients between different parameters
in each group separately. Values of P , 0.05 were
considered statistically significant.

Results

ApN levels in acromegalic patients

Circulating ApN concentrations were similar in acro-
megalic patients (9.4^3.5 mg/l) and control subjects
(9.5^4.0 mg/l, NS). The subgroup of obese acromega-
lic patients showed ApN levels significantly higher
than obese controls (10.2^4.0 vs 7.5^3.0 mg/l,
P , 0.05). In normal-weight control subjects ApN
was significantly lower in males compared with females
(7.0^1.0 vs 11.0^4.0 mg/l, P , 0.05), while gender
differences were absent in obese controls and in acro-
megalic patients. No significant correlation between
ApN and GH/IGF-I levels or the duration of disease
was observed in acromegalic patients.

BMI and waist circumference

In control subjects, circulating ApN levels negatively
correlated with BMI (P , 0.05, r ¼ 0.36) and waist

circumferences (P , 0.05, r ¼ 20.41). Both these
correlations were absent in the acromegalic group
(Fig. 1).

Adipose tissue regulatory peptides

In acromegalic patients, circulating levels of leptin and
ghrelin were significantly lower than those detected in
control subjects (9.0^5.0 vs 28.5^30 ng/ml,
P , 0.005, and 167^101 vs 316^143 pmol/l,
P , 0.0005 respectively). Serum leptin levels positively
correlated with waist circumference values in healthy
controls (P , 0.005 and r ¼ 0.56) while they did not
correlate in acromegalic patients. In both groups, no
significant correlation between ApN and leptin was
observed (data not shown). Furthermore, ApN levels
significantly correlated with ghrelin levels (P , 0.05,
r ¼ 0.47) in control subjects, but not in acromegalic
patients (Fig. 2).

Insulin resistance and glucose metabolism

Circulating ApN levels negatively correlated with log-
glucose levels (P , 0.05, r ¼ 20.35) in control sub-
jects, while no significant correlation was detected in
acromegalic patients (Fig. 3). No significant correlations
were found between ApN and insulin, log-HOMA-IR or
QUICKI values in both groups. Furthermore, the three
diabetic patients, the nine with impaired glucose toler-
ance and the 20 euglycemic acromegalic patients had
similar ApN concentrations (9.5^4.9, 10.1^3.5 and
9.1^3.5 mg/l respectively, NS).

Figure 1 Correlation of
serum ApN levels with BMI
and waist circumference
(WC) in control subjects
and acromegalic patients.
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Lipid profiles and blood pressure

Serum ApN levels positively correlated with HDL-
cholesterol (P , 0.05, r ¼ 0.48) (Fig. 3) and showed
a negative trend with TGs (P ¼ 0.07) in control sub-
jects. In acromegalic patients no correlation between
ApN and any one of these lipid profile parameters was
found (Fig. 3).

In the control subjects, ApN levels showed a signifi-
cant negative correlation with DBP (P , 0.05,
r ¼ 20.41) but not with SBP. No correlation was
present in acromegalic patients (Fig. 3).

Discussion

In this study we demonstrated that ApN levels were not
reduced and did not correlate with cardiovascular risk
factors in acromegaly. Acromegalic patients present
many metabolic alterations, such as insulin resistance,
altered lipid metabolism and arterial blood hyperten-
sion, that have been reported to be associated with
hypoadiponectinemia in both obese and normal-
weight subjects (11 –14). Although on the basis of
these observations acromegalic patients would be
anticipated to have low ApN levels, the present study

failed to find this metabolic alteration. In particular,
normal –overweight acromegalic patients showed ApN
levels superimposable on those found in BMI-matched
healthy subjects, while in obese patients ApN levels
were even higher than those observed in obese con-
trols. This observation is in agreement with previously
reported data (27).

Most of the correlations between ApN levels and
metabolic parameters observed in healthy controls
were lost in acromegalic patients. First, the expected
negative correlation between ApN and BMI was only
observed in healthy control subjects. However, since
evidence indicates that ApN levels negatively correlate
with body fat mass (28, 29), the lack of correlation
between ApN and BMI in acromegalic patients may
depend on the fact that these patients had less adipose
tissue mass than BMI-matched controls (30, 31), as
also indicated by the low leptin levels (27). However,
in acromegalic patients ApN levels did not correlate
even with waist circumference, which is actually con-
sidered one of the most reliable indices for abdominal
visceral adipose tissue. Therefore, these data suggest a
minor involvement of adipose tissue in determining
ApN levels in acromegaly. Admittedly, the percent
body fat should be directly assessed in acromegalic
patients in order to drawn final conclusions.

Secondly, although most acromegalic patients of this
series presented insulin resistance and more than one-
third of them had impaired glucose tolerance or dia-
betes, no correlation between ApN levels and insulin
resistance was observed, in agreement with a previous
report that also failed to find any correlation between
insulin resistance and resistin (27). The same pattern
was observed by analyzing other adipose tissue regulat-
ory peptides. In this study, the levels of ghrelin, an acyl-
peptide gut –brain hormone that negatively correlates
with fasting insulin and/or insulin resistance (32,
33), was found to positively correlate with ApN levels
in healthy controls, while this relationship was absent
in the acromegalic group. Taken together, these data
suggest that the changes in ApN, and possibly resistin,
do not contribute to insulin resistance in acromegaly.

Finally, in the present study we considered other car-
diovascular risk factors that have been shown to be fre-
quently present in acromegaly and to be associated
with hypoadiponectinemia. As expected, acromegalic
patients showed several abnormalities in lipid profile
parameters and mild blood hypertension. In agreement
with previous studies, healthy controls had ApN levels
positively correlated with HDL-cholesterol, while the
negative correlation with TGs was not significant, prob-
ably due to the relatively low number of subjects stu-
died. Moreover, although data on the relationships
between ApN and blood pressures are still controver-
sial, ApN levels were found to negatively correlate
with DBP in controls. However, no correlation between
these cardiovascular risk factors and ApN levels was
observed in acromegalic patients.

Figure 2 Correlation of serum ApN levels with ghrelin and leptin
levels in control subjects and acromegalic patients.
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Taken together these data indicate that the metabolic
abnormalities observed in acromegalic patients, which
included increased body fat, insulin resistance, dyslipi-
demia and hypertension, were not accompanied by
the expected decline in ApN secretion, suggesting a
possible role of GH and IGF-I excess on ApN release
from adipose tissue. The in vitro studies so far available
showed that GH had any direct positive effect on ApN
expression in 3T3-L1 adipocytes (34). Conversely, it
has been demonstrated that IGF-I, like insulin, stimu-
lates the expression of ApN gene in human mature adi-
pocytes (35). Therefore, it is temping to speculate that
although we could not find a positive correlation
between ApN and IGF-I levels, the presence of
normal, instead of decreased, ApN levels in acromegalic
patients might be due to the stimulatory action of IGF-I,
able to counterbalance insulin resistance. In this
respect, acromegaly would differ from the other classic
conditions of insulin resistance, such as obesity and
type 2 diabetes, that are associated with hypoadiponec-
tinemia (9, 11). Although it has been demonstrated
that ApN enhances insulin sensitivity at liver and
muscle levels (5–8), the impact of the maintained
ApN secretion on insulin resistance in acromegaly

remains to be established. Similarly, taking into con-
sideration the anti-atherogenic and anti-inflammatory
properties of ApN at the endothelial cell level (2–4),
an action of ApN in counteracting the pathophysiologi-
cal effects of cardiovascular risk factors may be envis-
aged. In this respect, it is worth noting that while
almost one-half of acromegalic patients of this series
presented cardiac anomalies, only three of them had
documented coronary artery disease. Moreover, pre-
vious studies reported that in acromegalic patients
well-defined carotid wall plaques were as frequent as
in healthy subjects (36), consistent with the view that
atherosclerotic vascular damage does not represent
the main determinant of elevated cardiovascular mor-
tality in acromegaly (23).

In conclusion, although most acromegalic patients
had abnormalities in glucose metabolism, lipid profile
and/or blood pressure, they did not show the expected
hypoadiponectinemia, suggesting a possible permissive
role of GH and/or IGF-I excess on ApN secretion. The
impact of normal or even high ApN levels on the
clinical manifestations of the metabolic alterations
present in acromegalic patients remains to be
investigated.

Figure 3 Correlation
between serum ApN levels
and log-glucose, HDL-
cholesterol levels, and DBP
in control subjects and acro-
megalic patients.
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