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ABSTRACT

Background

Cardiovascular, respiratory and metabolic comorbidities associated with acromegaly con-
tribute to a significant increase in the mortality of this disease. Many of these patients are
also diabetic.

Although it is frequent to find abnormal lipid and lipoprotein profiles in patients with
acromegaly, controversial outcomes arise in an attempt to identify and/or establish the
degree of the modifications of specific parameters.

Obijectives

To assess the presence of biomarkers of atherosclerosis in non-diabetic patients with active
acromegaly and its association with growth hormone (GH) and with insulin-like growth
factor type 1 (IGF-1).

Material and Methods

The study included 14 patients and 14 healthy controls, pared by sex and age. Serum con-
centration of GH and IGF-1 were determined by immunoassays. Indicators of insulin re-
sistance (glucose, insulin and HOMA) were measured, as well as lipoprotein profile, plas-
matic levels of oxidized LDL (oxLDL), vascular cell adhesion molecule 1 (VCAM-1),
endothelin-1 and lipoprotein-associated phospholipase A2 activity (LpPLA,).

Results

Compared to controls, non-diabetic acromegalic patients had increased levels of GH (p<0.05)
and IGF-1 (p<0.001), of indicators of insulin resistance (insulin p<0.001; HOMA p<0.001),
triglycerides (p<0.05), apo B (p<0.001), oxLLDL (117%20 versus 89+23 U/L; p<0.05) and
endothelin-1 (0.9+0.2 versus 0.7%+0.2 pg/ml; p<0.05). In addition, GH and IGF-1 were posi-
tively associated with (r; p <) insulin (0.40; 0.05y 0.73; 0.001), HOMA (0.39; 0.05 and 0.74;
0.001), triglycerides (0.57; 0.05 and 0.64; 0.001), very low-density lipoprotein-cholesterol
(VLDL-C) (0.54; 0.05 and 0.47; 0.05), apo B (0.40; 0.05 y 0.54; 0.05), oxLLDL (0.59; 0.05 and
0.66; 0.05) and endothelin-1 (0.55; 0.05 y 0.51; 0.05).

Conclusions

Non-diabetic patients with active acromegaly presented an insulin resistance state, as well
as subtle modifications of lipid profile and increased levels of oxLDL and endothelin-1.
These alterations could explain why these patients are more likely to develop atheroscle-
rotic cardiovascular disease in addition to acromegalic cardiomyopathy.
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Abbreviations > Apo  Apolipoprotein oxLDL  Oxidized low-density lipoprotein
CETP  Cholesteryl ester transfer protein Lp(a) Lipoprotein (a)
TC Total cholesterol Lp-PLA, Lipoprotein-associated phospholipase A,
GH Growth hormone CRP C-reactive protein
HDL High density lipoprotein TG Triglycerides

HOMA Homeostasis Model Assessment

IGF-1
BMI Body mass index

BACKGROUND

Cardiovascular, respiratory and metabolic comor-
bidities associated with acromegaly contribute to a
significant increase in the mortality of this disease,
which doubles mortality rates of healthy populations.
In fact, life expectancy of patients with active acrome-
galy is reduced approximately by 10 years. (1) Even
more, between 10% and 30% of acromegalic patients
present diabetes mellitus, (2) a condition that in-
creases the complexity of the disease.

Systemic complications of acromegaly are associ-
ated with the chronic rise in the levels of growth hor-
mone (GH) and type 1 insulin-like growth factor (IGF-
1). (3) Studies performed in vitro and in vivo have
widely demonstrated the effect that the increase in
serum levels of GH and IGF-1 has on the structure
and function of the heart. (4) Nevertheless, the poor
prognosis associated with this condition is related not
only with a specific cardiomyopathy,(5) but also with
the presence of atherosclerotic disease.

Several studies agree to show abnormal lipid and
lipoprotein profiles in acromegalic patients. In spite
of that, the results are controversial while trying to
identify and to establish the degree of modifications
of the specific parameters.

Most studies have reported an increase in serum
levels of lipoprotein (a) [Lp(a)l, (6, 7), small dense low-
density lipoprotein (LDL) particles (8, 9) and fibrino-
gen. (10) On the contrary, Sesmilo et al. (11) have
found reduced levels of C-reactive protein (CRP),
while homocysteine levels were within the reference
range. According to our knowledge, no studies have
been performed to evaluate other atherogenic or in-
flammatory markers, such as oxidized LDL (oxLDL),
lipoprotein associated phospholipase A2 (Lp-PLA,),
endothelin-1 or soluble vascular cell adhesion mol-
ecules (VCAM-1) in acromegalic patients, compared
to healthy controls.

The aim of the present study was to assess the
presence of biomarkers of atherosclerosis in non-dia-
betic patients with active acromegaly and its associa-
tion with GH and with IGF-1.

MATERIAL AND METHODS

Subjects
Fourteen patients with a diagnosis of active acromegaly were
followed-up during one year at the Section of Endocrinology

Type 1 insulin-like growth factor

VCAM-1 Vascular cell adhesion molecule-1

VLDL Very low-density lipoprotein

of the Hospital de Clinicas ‘José de San Martin”. Patients
included had a diagnosis of active acromegaly that com-
prised clinical examination and an increase in the serum
levels of GH and/or IGF-1, according to age and sex. All
those patients with diabetes, hypothyroidism, liver diseases,
kidney diseases, adrenal insufficiency, hypogonadism, or
under any treatment that might affect the metabolism of
carbohydrates, the lipoprotein profile or the antioxidant
status were excluded. None of the patients had a history of
heart disease or cardiac symptoms.

The control group was constituted by 14 healthy men,
matched by sex and age with the acromegalic patients. All
the participants signed an informed consent form, and the
protocol of this transversal study was approved by the Com-
mittees on Ethics of the Faculty of Pharmacy and Biochem-
istry and of the Hospital de Clinicas ‘José de San Martin”
at the University of Buenos Aires.

Study protocol and samples

Blood samples were obtained from the antecubital vein
between 8 AM and 9 AM and after a 12-hour fast. Samples
were centrifuged at 1.500 x g for 15 minutes at 4 °C. Im-
mediately after, glucose level was determined and the se-
rum was kept at 4 °C for 24 hours for characterization of
lipid and lipoprotein levels. Serum aliquots were also stored
at -70 °C in order to perform determinations of the levels of
insulin, GH, IGF-1, VCAM-1 and oxLDL and to assess the
activities of the cholesteryl ester transfer protein (CETP)
and LpPLA,.

Analytic Determinations

Standardized methods with internal and external quality
control procedures were used to determine the plasmatic
levels of glucose, as well as lipid, lipoprotein and
apolipoprotein profiles. Serum concentration of insulin was
measured by enzyme immunoassay (MEIA, ABBOTT, Ja-
pan). The glucose/insulin ratio and the HOMA were calcu-
lated using the formula [Glucose (mmol/L) ® Insulin (uU/
ml)] / 22.5. Plasmatic levels of GH were measured with an
ultrasensitive chemiluminescent assay (Accessd, Beckman
Coulter TM, USA) and serum concentrations of IGF-1 were
determined with a solid-phase chemiluminescent enzyme
immunoassay (Immulite 2000, Diagnostics Products Corp.,
Los Angeles, CA, USA). oxLDL levels were measured by
enzyme immunoassay (Mercodia, Sylveniusgatan 8 A, SE-
754 50 Uppsala, Sweden). Endothelin-1 and VCAM-1 lev-
els were determined by enzyme immunoassay (R & D Sys-
tems, USA). White cell count was performed with an auto-
matic particle counter (Coulter MAXM).

Cholesteryl ester Transfer Protein Activity

Cholesteryl ester transfer protein (CETP) activity was de-
termined in serum samples according to the procedure pre-
viously described (12) with minimal modifications. Briefly,
the capacity of a plasma sample to promote the transfer of
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tritiated cholesteryl esters from a tracer amount of
biosynthetically labeled HDL, (*H-CE-HDL,) (NEN Life
Science Products, Boston, USA) towards plasma apoB-con-
taining lipoproteins was evaluated.

Lipoprotein-Associated Phospholipase A2 Activity
Determinations of lipoprotein-associated phospholipase A2
activity (LpPLA,) were performed using a radiometric as-
say described by Blank et al. (13) with minor modifications.
Briefly, the radioactive acetate released by the lipid
substrate was extracted and the radioactivity of the aque-
ous phase was measured thereafter.

Statistical analysis

The Shapiro-Wilk test explored the nature of the distribu-
tion of quantitative variables. Parametric data were ex-
pressed as mean = standard deviation (SD) and the Stu-
dent’s ¢ test was used to compare means. The results of non-
parametric data were analyzed with the Mann-Whitney test
and expressed as median and range. The correlation coeffi-
cient was analyzed by Pearson’s test or Spearman’s rank
test according to the normality of data distribution A p value
< 0.05 was considered to be statistically significant.

RESULTS

Table 1 shows the clinical characteristics, the
biomarkers of insulin resistance and hormonal pa-
rameters of the 14 acromegalic patients and of the
14 healthy controls. Body mass index and waist cir-
cumference were significantly greater in acromegalic
patients. Glucose and insulin levels, the glucose/in-
sulin ratio and HOMA were also greater in patients
than in controls. According to the inclusion criteria,
serum concentrations of GH and IGF-1 were higher
in acromegalic patients compared to controls.

Table 2 shows the levels of lipids, lipoproteins and
apolipoproteins. Levels of triglicerids and apoB were
significantly greater in acromegalic patients. Insulin

Tabla 1. Clinical characteristics,
biomarkers of insulin resist-
ance and hormonal param- N
eters of acromegalic patients

and healthy controls Women/men

Age (years)

BMI (kg/m?)

Waist circumference (cm)
Glucosa (mg/dl)

Insulin (mU/L)
Glucose/insuline ratio
HOMA

GH (ng/ml)

IGF-1 (ng/ml)

expressed as median (range).

resistance ratio, atherogenic index and the propor-
tion of small dense LDL particles were also impaired
in acromegalic patients. CETP activity was signifi-
cantly greater in acromegalic patients compared to
controls (168 + 19 versus 148 + 31%/ml.h, respec-
tively; p < 0.05).

There was a significant increase in biomarkers of
atherogenesis or inflammation - oxLDL and
endothelin-1 - in acromegalic patients compared to
healthy controls, as shown in Table 3. However, no
differences were seen in LpPLAZ2 activity, in the con-
centrations of VCAM-1 or in white cell count.

The analysis of the association between the hor-
mones that define acromegaly and the different bio-
chemical parameters evaluated in the present paper
showed significant correlations between GH and/or
IGF-1 and most of the indicators of insulin resistance
and lipid risk factors for atherosclerosis (Table 4). In
addition, positive and significant correlations were
observed with oxLLDL and endothelin-1.

DISCUSSION

In the present study, a group of non-diabetic patients
with active acromegaly, defined by their clinical mani-
festations and by the increase in the serum levels of
GH and/or IGF-1, had lipid and lipoprotein profiles
that were more atherogenic than those of healthy
subjects, matched by sex and age. We assessed OxLDL,
LpPLAZ2, endothelin-1, VCAM-1 and white cell count
as biomarkers of cardiovascular disease. Acromegaly
was associated with a significant increase in oxLDL
and endothelin-1.

As it was expected, body mass index and waist cir-
cumference were greater in patients with active ac-
romegaly than in controls. The study design consid-

Acromegalic patients Healthy controls

14 14
11/3 11/3
47 £ 14 42+12
295 233 3F
94 +12 86+ 18°
97.5+10.7 88.4+7.5°
15.8+8.6 57+2.4°
7.1 (3.4-14.6) 15.9 (8.8-51.1)°
3.6 (1.1-8.2) 1.1 (0.5-2.2)°
7.0 (2.2-66.0) 2.6 (0.9-9.3)®
625 +2 154 +26°

IBMI: Body mass index. HOMA: Homeostasis Model Assessment. GH: Growth hormone. IGF-1: Type1 insulin-like
growth factor. Results are expressed as mean + SD, except for Glucose/insulin ratio, HOMA and GH, which are

2p <0,001; ®p < 0,05 versus non-diabetic acromegalic patients.
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Acromegalic patients

(n=14)
TG (mg/dl) 116 £33
TC (mg/dl) 209 £ 37
VLDL-C (mg/dl) 23+8
LDL-C (mg/dl) 138 £31
HDL-C (mg/dl) 50+ 13
Non-HDL-C (mg/dl) 159 + 31
Apo B (mg/dl) 108 + 20
Apo A-I (mg/dl) 151 +£28
TG/HDL-C 2.49 +£0.98
TC/HDL-C 4.36 +0.89
LDL-C/HDL-C 2.87 £0.77
Apo B/Apo A-l 0.72 +0.16
LDL-C/Apo B 1.25 (1.00-2.10)

TG: Triglycerides. TC: Total cholesterol. VLDL: Very low-density lipoprotein. LDL: Low-density lipoprotein. HDL:
High-density lipoprotein. Apo: Apolipoprotein. Results are expressed as mean * SD, except for LDL-C/Apo B,

which is expressed as median (range).
2p <0,05; b p <0,001 versus non-diabetic acromegalic patients.

Acromegalic patients

(n = 14)
oxLDL (U/L) 117 £ 20
Lp-PLA, (umol/ml.h) 85+25
Endothelin-1 (pg/ml) 0.9+0.2
VCAM-1 (ng/ml) 41 +13
White cell count (10%/mm?) 6.0+1.2

oxLDL: Oxidized low-density lipoprotein. Lp-PLA,: Lipoprotein-associated phospholipase A,. VCAM-1: Vascular

cell adhesion molecule-1. Results are expressed as mean + SD.
2p < 0.05 versus non-diabetic acromegalic patients.

GHr (p <)
Glucose 0.40 (0.05)
Insulin 0.40 (0.05)
HOMA 0.39 (0.05)
TG 0.57 (0.05)
VLDL-C 0.54 (0.05)
Non HDL-C 0.42 (0.05)
Apo B 0.40 (0.05)
oxLDL 0.59 (0.05)
Endothelin-1 0.55 (0.05)

HOMA Homeostasis Model Assessment. GH: Growth hormone. IGF-1: Type1 insulin-like growth factor. TG:
Triglycerides. VLDL: Very low-density lipoprotein. HDL: High-density lipoprotein. Apo: Apolipoprotein.

ered the possibility of matching patients with controls
according to their body mass index and waist circum-
ference; however, as fat distribution in acromegalic
patients and in subjects with central obesity and car-
diovascular risk are not comparable, this criterion was
not included. It has been demonstrated that patients

Healthy controls Tabla 2. Lipids, lipoproteins
(n=14) and apolipoproteins in non-
diabetic acromegalic patients

80 £26° and healthy controls

203 £38
19+4
124 +30
56 +8
140 +34
79 +£16°
147 £13
1.41+£0.39°
3.51+£0.58°
2.23 +0.54¢2
0.55+0.16°
1.60 (1.30-1.80)°

Tabla 3. Markers of inflamma-
tion and atherogenesis in non-
diabetic acromegalic patients
and healthy controls

Healthy controls
(n=14)

89 +232
7.8+1.7
0.7 +£0.22
38+7

6.5+1.9

Tabla 4. Correlations between
GH and/ IGF-1 with different
parameters in non-diabetic ac-
romegalic patients and healthy
controls (n = 28).

IGF-11 (p <)

0.65 (0.05)
0.73 (0.001)
0.74 (0.001)
0.64 (0.001)
0.47 (0.05)
0.37 (NS)
0.54 (0.05)
0.66 (0.05)
0.51 (0.05)

with acromegaly present greater body mass indices and
waist circumferences but a low proportion of fat; thus
they have a concomitant gain of muscle mass. (14)
Carbohydrates metabolism presented an increase
in insulin resistance with subsequent glucose intol-
erance, evident by high levels of glucose and insulin,
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an increase in the glucose/insulin ratio, HOMA, and
the triglyceride/HDL-C ratio; for this reason the lat-
ter has been proposed as an interesting marker to
identify subjects with insulin resistance and high risk
of cardiovascular disease. (15) Half of the acromeg-
alic patients (7/14) presented plasmatic levels of in-
sulin above the cut-point for our population and for
the method used (15 mUI/ml) while insulin levels were
normal in all controls. Insulin resistance is a frequent
metabolic anomaly in acromegalic patients, (16, 17)
and it may probably contribute with most of the car-
diovascular risk associated with this disease. (18, 19)
It has been demonstrated that, in the fasting state,
the action of insulin on glucose utilization but not on
lipolysis is impaired in adipose tissue of acromegalic
patients because of a postreceptor defect. After glu-
cose ingestion, the resistance to insulin in acrome-
galy is further enhanced and antilipolysis is also im-
paired. (20)

It is well known that insulin resistance, a condi-
tion that is present in disorders such as metabolic
syndrome, type 2 diabetes mellitus and polycystic
ovary syndrome, is responsible for the modifications
in the metabolism of lipids and lipoproteins. (21) In
the present study acromegalic patients presented
higher levels of triglycerides, probably due to accu-
mulation of particles of VLDL overloaded with
triglycerides, and an increase in the concentrations
of apo B compared to controls. This reflects the pres-
ence of more atherogenic lipid and lipoprotein pro-
files in acromegalic patients than in healthy subjects,
which is also confirmed by higher values of the differ-
ent atherogenic indices. The apo B/apo A-I ratio has
been proposed as a marker of cardiovascular disease
with a high positive predictive value. (22) Even more,
the LDL-C/apo B ratio was significantly lower in ac-
romegalic patients than in controls, suggesting an
increase in the proportion of the more atherogenic
small dense LDL particles. (23) Recently, Mc Laughlin
et al. (24) have proposed to use the triglycerides/HDL-
C ratio as a predictor not only of insulin resistance
but also of the proportion of small dense LDL parti-
cles. Arosio et al. (9) also evaluated the physical prop-
erties of LDL by ultracentrifugation and they observed
that LDL particles in patients with acromegaly were
smaller and/or denser. These finding are similar to
those reported by Tan et al. (8) and to our conclu-
sions regarding the LDL-C/apo B ratio. CETP activ-
ity was greater in patients than in controls, as Tan et
al. have also reported. (8) This lipid-transfer protein
might be partially responsible for generating small
dense LDL particles. (8) These results differ from
other study that measured the transfer of cholesteryl
esters from LDL to HDL particles. (6)

Insulin resistance may be crucial for modifying li-
poprotein profile. Nevertheless, it must be noted that
an increase in the activity of the GH/IGF-1 axis may
amplify the insulin resistance state (25) and that GH

has a direct effect on lipopoprotein metabolism. (26,
27) GH inhibits lipoprotein lipase in the adipose tis-
sue and stimulates the hepatic lipase and the hor-
mone-sensitive lipase; the latter is responsible for the
release of free fatty acids from the adipose tissue,
which are taken up by the liver and used to synthe-
size triglycerides. GH and IGF-1 were positively as-
sociated with plasmatic levels of glucose, insulin,
HOMA, triglycerides, VLDL-C, non HDL-C, apoB,
oxLDL and endothelin-1.

This paper describes the umpairment in the lipo-
protein physiology in acromegalic patients, which has
a more atherogenic profile compared to control sub-
jects. Nevertheless, although some of the results ob-
tained in the group of patients are higher than in the
control group, they are within the reference values.
Beentjes et al. (6) and Arosio et al. (9) analyzed the
basal values of patients with acromegaly and of healthy
subjects, and obtained similar results. It is clear that
acromegaly poses a high risk for coronary artery dis-
ease. (28) In consequence, at the time of determining
the absolute risk of a subject with acromegaly, the
likelihood of considering this disease as an equiva-
lent of coronary artery disease should be taken into
account, as it was also suggested by the National Cho-
lesterol Education Program, Adult Treatment Panel
IIT (ATP III) for diabetes mellitus. (29) In this sense,
the optimal levels of LDL, lipids and lipoproteins
should be lower than the levels of patients without
acromegaly or diabetes.

We assessed oxLDL, LpPLA,, endothelin-1, VCAM-
1 and white cell count searching for biomarkers with
independent diagnostic and prognostic value to rep-
resent the underlying biology of blood vessels wall and,
in particular, of the atherosclerotic process and its
consequences. According to our knowledge, this would
represent the first report of high levels of oxLDL and
endothelin-1 in acromegalic patients compared to
healthy subjects. This is an interesting finding as
oxLDL might reflect the presence of oxidative proc-
esses in the arterial wall which are determinant for
the development of the atheroma. In addition,
endothelin-1, the most powerful vasoconstrictor in
human beings, has atherogenic and inflammatory
properties, such as the release of vasoactive sub-
stances, stimulation of mitogenesis in smooth muscle
fibers and contraction of the heart. (30) oxLDL and
endothelin-1 showed a positive correlation with GH
and IGF-1, suggesting not only that there is an asso-
ciation between them but also the degree of activity
of the disease.

To conclude, patients with active acromegaly
present subtle modifications in lipid and lipoprotein
profiles, and high concentrations of oxLDL and
endothelin-1. All the conditions described in this pa-
per could explain why these patients are more likely
to develop atherosclerotic cardiovascular disease in
addition to the specific acromegalic cardiomiopathy.
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RESUMEN

Introduccion

En la acromegalia, las comorbilidades cardiovasculares,
respiratorias y metabdlicas contribuyen a un aumento
significativo de la mortalidad de los pacientes afectados.
Asimismo, una proporcién elevada de estos pacientes
presentan diabetes mellitus.

Pese a que el hallazgo de un perfil lipidico y lipoproteico
anormal en pacientes acromegélicos suele ser habitual,
cuando se intenta identificar y/o establecer el grado de
modificaciones de parametros especificos, los resultados son
controversiales.

Objetivos

Evaluar la presencia de biomarcadores de aterosclerosis en
pacientes con acromegalia activa no diabéticos y su
asociacion con la hormona del crecimiento (GH) y el factor
de crecimiento similar a la insulina tipo 1 (IGF-1).

Material y métodos

Se estudiaron 14 pacientes y 14 controles sanos pareados
por sexo y edad. Se midieron las concentraciones de GH e
IGF-1 por inmunoensayos. Se evaluaron indicadores de re-
sistencia insulinica (glucosa, insulina y HOMA), perfil
lipoproteico, niveles plasmaticos de lipo-proteinas de baja
densidad oxidadas (LDLox), moléculas de adhesién celular
vascular 1 (VCAM-1), endotelina-1y actividad de fosfolipasa
A, asociada con lipoproteinas (LpPLA,).

Resultados

En comparacion con los controles, los pacientes presentaron
aumentos de GH (p < 0,05) e IGF-1 (p < 0,001), de los
indicadores de resistencia insulinica (insulina p < 0,001;
HOMA p < 0,001), triglicéridos (p < 0,05), apo B (p <
0,001), LDLox (117 * 20 versus 89 + 23 U/L; p < 0,05) y
endotelina-1 (0,9 *+ 0,2 versus 0,7 = 0,2 pg/ml; p < 0,05).
Maés atin, la GH y el IGF-1 se asociaron positivamente con
(r; p <) insulina (0,40; 0,05 y 0,73; 0,001), HOMA (0,39;
0,05 y 0,74; 0,001), triglicéridos (0,57; 0,05 y 0,64; 0,001),
colesterol de lipoproteinas de muy baja densidad (C-VLDL)
(0,54; 0,05 y 0,47; 0,05), apo B (0,40; 0,05 y 0,54; 0,05),
LDLox (0,59; 0,05 y 0,66; 0,05) y endotelina-1 (0,55; 0,05 y
0,51; 0,05).

Conclusiones

Los pacientes con acromegalia activa no diabéticos
presentaron un estado de resistencia insulinica, asi como
modificaciones sutiles en el perfil lipoproteico y concen-
traciones elevadas de LDLox y endotelina-1. Las alteraciones
descriptas podrian contribuir a un estado de mayor
propension al desarrollo de enfermedad cardiovascular
aterosclerética, la cual se sumaria a la miocardiopatia
especifica de la acromegalia.

Palabras clave > Acromegalia - Aterosclerosis - Lipoproteinas -
Marcadores bioldgicos

Acknowledegements

Leonardo Gémez Rosso is a Fellow of the Argentine Minis-
try of Health (Ramén Carrillo-Arturo Onativia Fellowship).
This study was supported by grants from the Fundacién
Alberto Roemmers, CONICET (PIP 6111) and the Univer-
sity of Buenos Aires (UBACYT B069 y UBACyT B053). The
authors are grateful to Roche Diagnostics and Biodiagnéstico
S.A for their collaboration.

BIBLOGRAPHY

1. Rajasoorya C, Holdaway IM, Wrightson P, Scott DdJ, Ibbertson HK.
Determinants of clinical outcome and survival in acromegaly. Clin
Endocrinol (Oxf) 1994;41:95-102.

2. Melmed S. Acromegaly. N Engl J Med 1990;322:966-77.

3. Melmed S, Casanueva E, Cavagnini F, Chanson P, Frohman LA,
Gaillard R, et al. Consensus statement: medical management of ac-
romegaly. Eur J Endocrinol 2005;153:737-40.

4. Colao A, Marzullo P, Di Somma C, Lombardi G. Growth hormone
and the heart. Clin Endocrinol (Oxf) 2001;54:137-54.

5. Colao A, Baldelli R, Marzullo P, Ferretti E, Ferone D, Gargiulo B et
al. Systemic hypertension and impaired glucose tolerance are inde-
pendently correlated to the severity of the acromegalic cardiomyopa-
thy. J Clin Endocrinol Metab 2000;85:193-9.

6. Beentjes JA, van Tol A, Sluiter WJ, Dullaart RP. Low plasma
lecithin:cholesterol acyltransferase and lipid transfer protein activi-
ties in growth hormone deficient and acromegalic men: role in al-
tered high density lipoproteins. Atherosclerosis 2000;153:491-8.

7. Maffei P, Sicolo N, Plebani M. Lipoprotein(a) in acromegaly. Ann
Intern Med 1999;130:537-8.

8. Tan KC, Shiu SW, Janus ED, Lam KS. LDL subfractions in ac-
romegaly: relation to growth hormone and insulin-like growth fac-
tor-I. Atherosclerosis 1997;129:59-65.

9. Arosio M, Sartore G, Rossi CM, Casati G, Faglia G, Manzato E.
LDL physical properties, lipoprotein and Lp(a) levels in acromegalic
patients. Effects of octreotide therapy. Italian Multicenter Octreotide
Study Group. Atherosclerosis 2000;151:551-7.

10. Colao A, Spiezia S, Cerbone G, Pivonello R, Marzullo P, Ferone D,
et al. Increased arterial intima-media thickness by B-M mode
echodoppler ultrasonography in acromegaly. Clin Endocrinol (Oxf)
2001;54:515-24.

11. Sesmilo G, Fairfield WE, Katznelson L, Pulaski K, Freda PU,
Bonert V, et al. Cardiovascular risk factors in acromegaly before and
after normalization of serum IGF-I levels with the GH antagonist
pegvisomant. J Clin Endocrinol Metab 2002;87:1692-9.

12. Lagrost L, Gandjini H, Athias A, Guyard-Dangremont V,
Lallemant C, Gambert P. Influence of plasma cholesteryl ester trans-
fer activity on the LDL and HDL distribution profiles in
normolipidemic subjects. Arterioscler Thromb 1993;13:815-25.

13. Blank ML, Hall MN, Cress EA, Snyder F. Inactivation of 1-alkyl-
2-acetyl-sn-glycero-3-phosphocholine by a plasma acetylhydrolase:
higher activities in hypertensive rats. Biochem Biophys Res Commun
1983;113:666-71.

14. Bengtsson BA, Brummer RJ, Edén S, Bosaeus I. Body composi-
tion in acromegaly. Clin Endocrinol (Oxf) 1989;30:121-30.

15. McLaughlin T, Abbasi F, Cheal K, Chu J, Lamendola C, Reaven
G. Use of metabolic markers to identify overweight individuals who
are insulin resistant. Ann Intern Med 2003;139:802-9.

16. Luger A, Prager R, Gaube S, Graf H, Klauser R, Schernthaner G.
Decreased peripheral insulin sensitivity in acromegalic patients. Exp
Clin Endocrinol 1990;95:339-43.

17. Puder JJ, Nilavar S, Post KD, Freda PU. Relationship between
disease-related morbidity and biochemical markers of activity in pa-
tients with acromegaly. J Clin Endocrinol Metab 2005;90:1972-8.
18. Holdaway IM, Rajasoorya RC, Gamble GD. Factors influencing
mortality in acromegaly. J Clin Endocrinol Metab 2004;89:667-74.
19. Colao A, Ferone D, Marzullo B Lombardi G. Systemic complica-
tions of acromegaly: epidemiology, pathogenesis, and management.
Endocr Rev 2004;25:102-52.

20. Bolinder J, Ostman J, Werner S, Arner P. Insulin action in hu-
man adipose tissue in acromegaly. J Clin Invest 1986;77:1201-6.

21. Taskinen MR. Insulin resistance and lipoprotein metabolism. Curr
Opin Lipidol 1995;6:153-60.

22. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas E et al;
INTERHEART Study Investigators. Effect of potentially modifiable



INDICAR CABEZAL / Laura E. Boero et al

179

risk factors associated with myocardial infarction in 52 countries
(the INTERHEART study): case-control study. Lancet 2004;364:
937-52.

23. Hattori Y, Suzuki M, Tsushima M, Yoshida M, Tokunaga Y, Wang
Y, et al. Development of approximate formula for LDL-chol, LDL-
apo B and LDL-chol/LDL-apo B as indices of hyperapobetalipoprotei-
nemia and small dense LDL. Atherosclerosis 1998;138:289-99.

24. McLaughlin T, Reaven G, Abbasi F, Lamendola C, Saad M, Wa-
ters D, et al. Is there a simple way to identify insulin-resistant indi-
viduals at increased risk of cardiovascular disease? Am J Cardiol
2005;96:399-404.

25. Hansen I, Tsalikian E, Beaufrere B, Gerich J, Haymond M, Rizza
R. Insulin resistance in acromegaly: defects in both hepatic and ext-
rahepatic insulin action. Am J Physiol 1986;250:E269-73.

26. Ottosson M, Vikman-Adolfsson K, Enerbéck S, Elander A, Bjérntorp

B Edén S. Growth hormone inhibits lipoprotein lipase activity in hu-
man adipose tissue. J Clin Endocrinol Metab 1995;80:936-41.

27. Ottosson M, Lénnroth B, Bjérntorp P, Edén S. Effects of cortisol
and growth hormone on lipolysis in human adipose tissue. J Clin
Endocrinol Metab 2000;85:799-803.

28. Sacca L, Cittadini A, Fazio S. Growth hormone and the heart.
Endocr Rev 1994;15:555-73.

29. Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults. Executive Summary of The Third Re-
port of The National Cholesterol Education Program (NCEP) Ex-
pert Panel on Detection, Evaluation, And Treatment of High Blood
Cholesterol In Adults (Adult Treatment Panel III). JAMA
2001;285:2486-97.

30. Miller RC, Pelton JT, Huggins JP. Endothelins- from receptors to
medicine. Trends Pharmacol Sci 1993;14:54-60.



