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Abstract

Purpose Data regarding atherosclerosis in acromegaly is
controversial in literature. We aimed to investigate the
markers of early atherosclerosis, oxidative stress, inflam-
mation and their relationships with each other in
acromegaly.

Methods Thirty-nine patients with acromegaly and 40
control subjects were enrolled. Patients were classified into
two groups; active acromegaly (AA) and controlled acro-
megaly (CA). Controls were matched by age, gender, body
mass index and presence of cardiovascular risk factors.
Flow mediated dilatation (FMD), carotid intima media
thickness (CIMT), epicardial adipose tissue thickness
(EAT) were measured and serum levels of oxidative stress
parameters, high mobility group box 1 protein (HMGB1)
and high sensitive CRP (hs CRP) were evaluated.

Results  Significantly decreased FMD, increased CIMT
and EAT were found in patients with acromegaly com-
pared to controls (p < 0.01, p < 0.05, p < 0.001, respec-
tively). EAT correlated negatively with FMD (r = —0.24,
p = 0.038) and positively with CIMT (r= 0.37,
p < 0.01). Presence of acromegaly, hypertension and age
were found to be the predictors of early atherosclerosis

C. Ozkan (X)) - A. E. Altinova - E. T. Cerit -

F. B. Toruner - M. Akturk - M. Arslan

Department of Endocrinology and Metabolism, Gazi University
Faculty of Medicine, Besevler, 06500 Ankara, Turkey

e-mail: cozkan34 @hotmail.com

C. Yayla - A. Sahinarslan
Department of Cardiology, Gazi University Faculty of Medicine,
06500 Ankara, Turkey

D. Sahin - A. S. Dincel
Department of Biochemistry, Gazi University Faculty of
Medicine, 06500 Ankara, Turkey

(» <0.05). Hs CRP was decreased in AA compared to
controls (p = 0.01). There were no significant differences
for HMGBI1 and oxidized LDL (ox-LDL) cholesterol levels
and total antioxidant capacity (TAC) between AA, CA and
controls (p > 0.05).

Conclusion Early atherosclerosis measured with FMD,
CIMT and EAT may exist in acromegaly. However,
decreased hs CRP and unchanged HMGBI1, ox-LDL and
TAC levels suggest that inflammation and oxidative stress
do not seem to contribute to the development of athero-
sclerosis in these patients.

Keywords Acromegaly - Atherosclerosis - Oxidative
stress - Inflammation - CRP - HMGB1

Introduction

Acromegaly is an endocrine disease characterized by
increased circulating growth hormone (GH) and insulin-
like growth factor (IGF)-1 levels, usually resulting from a
pituitary adenoma [l]. Acromegaly has an estimated
prevalence of approximately 60 per million and an annual
incidence of 3 or 4 per million [2]. Cardiac failure, cardiac
valve diseases, cardiomyopathy and arrhythmias are the
causes of increased mortality in acromegaly [3]. Due to the
effects of increased GH, patients with acromegaly carry
increased risks of insulin resistance, diabetes mellitus
(DM), hypertension (HT) and hyperlipidemia (HL) [3].
Despite increased cardiovascular risk factors, data in the
literature on the development of atherosclerosis in acro-
megaly is controversial. Some previous reports suggested
that patients with acromegaly have a low risk for coronary
artery disease (CAD) [4] while others indicate the opposite
result [5].
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Impaired flow mediated dilatation (FMD), which is a
marker of endothelial dysfunction has been demonstrated
as an early marker of atherosclerosis [6]. Endothelial
dysfunction and carotid intima media thickness (CIMT)
have been explored in several studies performed in patients
with acromegaly [7-11]. Epicardial adipose tissue is
located around the heart, especially around the major cor-
onary vessels, and previous studies have shown that
increased epicardial adipose tissue thickness (EAT) is
associated with CAD and major adverse cardiac events
[12]. It has been suggested in a meta-analysis that EAT
may be an early marker of CAD [13]. In the literature, there
is only one study investigating EAT in patients with
acromegaly [14].

Oxidative stress and inflammation are associated with
the development of atherosclerosis and cardiovascular
disease (CVD) [15]. In the literature, a few studies have
shown increased oxidative stress and reduced antioxidant
status in acromegaly [16]. In contrast, the role of subclin-
ical inflammation on atherosclerosis in acromegaly is still
contradictory because previous studies have shown that
patients with acromegaly primarily have decreased [17] as
well as unchanged [18] high sensitive C-reactive protein
(hs CRP) levels.

High mobility group box 1 (HMGBI1) protein is an
intranuclear DNA binding protein and it has an essential
role in DNA repair [19]. The accumulation of HMGB1
protein has been shown at sites of oxidative stress and it
has been proposed as an early marker of oxidative damage
[19]. HMGBI1 protein is also released actively and pas-
sively in response to cell injury and has recently been
implicated in the pathogenesis and the progression of ath-
erosclerosis [20]. Increased expression of HMGB1 has also
been found in atherosclerotic lesions in cardiopulmonary
bypass surgery patients [21]. To the best of our knowledge,
there is no study evaluating HMGB1 in acromegaly as a
molecule which may have a role in the pathogenesis of
both oxidative stress and inflammation.

In this study; to determine the existence of early ath-
erosclerosis, we investigated the markers of atherosclerosis
(FMD, CIMT and EAT), parameters of inflammation
(HMGBI1 and hs CRP) and indicators of oxidative stress
(total antioxidant capacity (TAC) and oxidized LDL (ox-
LDL) cholesterol levels) in patients with acromegaly
according to their disease activity.

Materials and methods
Subjects

This study included patients diagnosed with acromegaly at
the Gazi University Endocrinology and Metabolism
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Department. Acromegaly was diagnosed by failure of
suppression of serum GH concentrations below 1 ng/mL
after a 75-g oral glucose tolerance test (OGTT) together
with fasting serum IGF-1 concentrations above the normal
ranges for age and gender with the presence of clinical
features of acromegaly [22]. Patients were classified into
two groups; active acromegaly (AA; n = 21) and con-
trolled acromegaly (CA; n = 18). Controlled acromegaly
was defined as GH below 1.0 ng/mL on a 75-g OGTT or if
in patients under somatostatin analogs a random GH was
below 1.0 ng/mL and IGF-1 values were in the reference
ranges for age and gender [2]. The CA group consisted of
patients who were in remission for at least 6 months.
Exclusion criteria were as follows: age younger than
18 years of age; untreated hormonal deficiencies, uncon-
trolled HT DM and HL, coexisting active inflammatory and
infectious diseases, known CAD and smoking. None of our
patients had hormonal co-production.

Thirty-nine patients with acromegaly and 40 matched
controls according to age, gender, body mass index (BMI)
and the presence of cardiovascular risk factors including
DM, HT and HL were enrolled into this study. Twenty nine
of 39 (74.4 %) patients were treated with surgery alone, 1
(2.6 %) with gamma-knife radiosurgery, 2 (5.1 %) with
surgery and gamma-knife radiosurgery. Seven (17.9 %)
patients who were included in the study before surgery
were newly diagnosed. Four (10.3 %) patients, two patients
in the AA group and two patients in the CA group, had
hypopituitarism and all were adequately treated. The study
was approved by the Gazi University Ethics Committee.
Written informed consent were also obtained from all
patients.

Anthropometric and laboratory measurements

BMI was calculated as weight in kg/(height in m)? and
waist circumference was measured at the midpoint between
the lower border of the rib cage and iliac crest. Blood
samples were obtained from all patients and controls after
an overnight fast for serum lipid profile, fasting blood
glucose, and creatinine and immediately stored at —80 °C
for subsequent analysis. Samples from all patients for GH
and IGF-1 analysis were also obtained early in the morning
after an overnight fast. Serum fasting blood glucose and
creatinine were assessed by a local laboratory using stan-
dard laboratory methods. Serum total cholesterol, HDL
cholesterol and triglycerides levels were measured by an
autoanalyzer (Beckman Coulter, Olympus AU2700) with
enzymatic colorimetric methods using commercial kits
(Beckman Coulter). LDL cholesterol levels were calculated
using the Friedewald formula [23]. Serum GH levels were
measured with an Immulite2000 (Siemens) autoanalyzer
using the chemiluminescence method. Serum IGF-1 levels
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were determined with an immunoradiometric assay using a
Beckman-Coulter Immunotech kit. Age and gender mat-
ched normal reference ranges were used for evaluation
according to the kit guide.

The Bio-Tek ELX800 absorbance microplate reader and
washer (USA, Minnesota) were used for the measurements.
Ox-LDL (ng/mL) levels were measured using Immune Diag-
nostic ox-LDL/MDA adduct Elisa kit with 1/10 diluted plasma
samples. HMGB1 (pg/mL) levels were measured using the
HMGBI1 Elisa kit (CUSABIO) with plasma samples. TAC
levels were detected with an antioxidant assay kit (Cayman
Chemicals) using serum samples and results were given as an
mM Trolox equivalent. For hs CRP measurements, the DIA
Source hs CRP enzyme immunoassay (DIA Source Immuno-
Assays S.A. Belgium) kit was used and measurements (ng/mL)
were obtained using 1/20 diluted serum samples.

Flow mediated dilatation measurement

FMD measurement was performed in a quiet, temperature-
controlled room (22-24 °C) by the same trained endocrinol-
ogist. Patients fasted for at least 8 h before the study and
abstained from exercise and caffeine for 24 h and alcohol for
12 h prior to testing. Measures were obtained in the supine
position. FMD of the brachial artery was assessed by B-Mode
high-resolution ultrasound imaging (Logic 5 Pro, General
Electric) according to previous guidelines [24]. The right
brachial artery was imaged above the antecubital fossa in the
longitudinal plane with a 7.0 MHz linear array transducer. A
baseline rest image was acquired. A sphygmomanometric
(blood pressure) cuff was placed on the forearm, and arterial
occlusion was created by cuff inflation to 200 mmHg systolic
pressure for 5 min. Subsequently, the cuff was deflated and
the longitudinal image of the artery was recorded continu-
ously from 30 s before to 2 min after cuff deflation. The
maximum change in the post-ischemia diameter as a per-
centage of the baseline diameter was recorded as FMD [24].

Carotid intima media thickness measurement

CIMT measurement was performed using B-mode ultra-
sound imaging (Logic 5 Pro, General Electric) by the same
endocrinologist. The common carotid, the carotid bifurca-
tion and the internal carotid near and far wall segments
were scanned bilaterally with a linear-array transducer
(7-12 mHz). Subjects were examined in the supine posi-
tion with the head turned 20° contra-lateral to the side of
imaging. Images were obtained in the longitudinal plane.
Measurements from three segments of both the left and
right common carotid arteries 1 cm proximal to the origin
of the carotid bulb were averaged for each side, and the
mean value of a combination of both sides was calculated
as CIMT [25].

Epicardial adipose tissue thickness measurement

Echocardiograms were performed with a VIVID 7 (Ving-
med-General Electric, Horten, Norway) instrument
according to the recommendations of the American Society
of Echocardiography [26]. Echocardiographic images were
recorded onto a computerized database and videotape. EAT
was measured on the free wall of the right ventricle from
the parasternal long-axis views. Epicardial adipose tissue
was identified as an echo-free space in the pericardial
layers on the 2-dimensional echocardiography, and its
thickness was measured perpendicularly on the free wall of
the right ventricle at end-diastole for three cardiac cycles
[27]. The average values of three cardiac cycles from each
echocardiographic view were determined. The average
value was used for statistical analysis. A single, experi-
enced cardiologist performed all of the EAT assessments.

Statistical analysis

The Statistical Packages for Social Sciences SPSS version 21
was used for data analysis. Continuous variables were pre-
sented as the mean + SD or median (minimum—maximum).
Categorical data were presented as numbers and percentages.
Differences between groups were detected using the Chi
Square test for categorical variables. Normality of distribution
for continuous variables was assessed using the Shapiro—
Wilks test, and homogeneity of variances was assessed using
the Levene test. For continuous variables, differences between
groups were determined using one-way variance analysis or
the Welch ANOVA test if parametric test assumptions were
satisfied. If differences were identified between groups, Tu-
key’s HSD test or Games Howell test were used to identify the
differences between pairs. When parametric test assumptions
were not satisfied, the Kruskal-Wallis test was used to
determine differences between groups and the group which
caused difference was detected using the Siegel-Castellan test.
The Mann—Whitney U test was used to compare differences
between two groups when parametric test assumptions were
not satisfied. The correlation between numerical variables was
presented with a Spearman correlation coefficient. Multiple
stepwise linear regression analysis which includes forward
selection and backward elimination was used to determine
factors affecting continuous variables. A p value of <0.05 was
considered statistically significant.

Results

Clinical and demographical characteristics of patient and
control groups are shown in Table 1. Regarding age, gen-
der, BMI, waist circumference, systolic and diastolic
pressure there were no significant differences between the

@ Springer



624

Pituitary (2015) 18:621-629

groups (p > 0.05). DM, HT and HL rates were similar
between groups (p > 0.05). Also, there was no significant
difference between the groups for lipid profile and fasting
blood glucose levels (p > 0.05). There was no significant
difference between AA and CA groups for waist circum-
ference (p > 0.05). Disease duration and somatostatin
analog usage rates were similar between AA and CA
groups (p > 0.05). GH and IGF-1 levels were significantly
higher in the AA group than CA group (p < 0.001).

Mean FMD was 9.33 £ 4.62 % in AA, 8.66 £ 291 %
in CA and 12.39 £ 5.80 % in control group. FMD was
found significantly lower in acromegaly group compared to
control group (p = 0.008). The difference between AA and
CA groups was not statistically significant (p > 0.05).
Median CIMT was 0.67 mm (0.55-1.24) in AA group,
0.67 mm (0.46-1.09) in CA group and 0.59 mm
(0.49-0.93) in control group. CIMT was found significantly
higher in acromegaly group compared to control group
(p = 0.038). There was no statististical difference between
AA and CA groups (p > 0.05). CIMT was significantly
higher in AA and CA compared to controls (p = 0.029,
p = 0.047, respectively). Mean EAT was measured
264 +£ 094 mm in AA, 248 &+ 0.57 mm in CA and
1.45 £ 0.52 mm in control group. EAT was found to be
significantly increased both in AA and CA groups com-
pared to control group (p < 0.001, p < 0.001, respec-
tively). EAT was found to be increased in AA group
compared to CA group but there was no statistical signif-
icance between the groups (p = 0.80). Measurements of
FMD, CIMT and EAT are shown in Fig. 1.

Among inflammatory and oxidative stress parameters, hs
CRP levels were found to be lowest in the AA group and
highest in control group. Median hs CRP level was 168 ng/mL

(76-1,127) in AA, 367 ng/mL (146-1,478)in CA and 512 ng/
mL (122-1,611) in control group. Hs CRP was significantly
decreased in AA compared to control group (p = 0.01). There
were no statistically significant differences for ox-LDL, TAC
and HMGBI1 levels between the groups (p > 0.05). Bio-
chemical parameters of patient and control groups are shown
in Table 2.

Correlation analysis

In correlation analysis, in the whole group, FMD was sig-
nificantly and inversely corrrelated with CIMT and EAT
(r=—-0.32,p <0.0l,r = —0.24, p = 0.038, respectively).
CIMT and EAT were positively correlated with each other
(r = 0.37, p < 0.01). There were no significant correlations
between measured oxidative stress and inflammatory
parameters and FMD, CIMT, EAT (p > 0.05). Among
inflammatory parameters, hs CRP was positively correlated
with BMI (r = 0.53, p < 0.01) and inversely correlated with
GH and IGF-1 levels (r = —0.54, p < 0.01, r = —045,
p < 0.01, respectively). The correlation graphics between
EAT, FMD and CIMT are shown in Fig. 2.

Regression analysis

To determine the factors affecting FMD, CIMT and EAT,
stepwise regression analysis was performed with the vari-
ables; BMI, age and presence of acromegaly, DM, HT, HL.
The model in which EAT was the dependent variable
(R* = 0.47, p < 0.001) revealed that presence of acromegaly
and HT were determinants for increased EAT in patients with
acromegaly (B coefficient = 1.11, p <0.01; B coeffi-
cient = 046, p < 0.01; respectively). Also, in stepwise

Table 1 Demographic and
clinical characteristics of patient

and control groups (n = 79)

Data are expressed as

mean = SD or median
(minimum-maximum)

WC waist circumference, BMI
body mass index, DM diabetes
mellitus, HT hypertension, HL
hyperlipidemia, NA not
available

@ Springer

Active acromegaly ~ Controlled acromegaly Controls p value
AA (n =21) CA (n = 18) (n = 40)
Age (years) 46.1 = 114 47.8 £ 11.2 48.1 £ 105 0.72
Sex (male, %) 52.4 44.4 475 0.88
Systolic blood pressure 117.0 £ 18.3 1155 £ 15.0 118.1 =+ 144 0.84
(mmHg)
Diastolic blood pressure 80 (60-100) 80 (60-90) 80 (70-100)  0.66
(mmHg)
WC (cm) 88.7 £ 10.4 932 +94 947 £ 112  0.12
BMI (kg/m?) 303 +£42 31.1 £ 4.6 29.7 + 4.7 0.57
DM (%) 4 (19.0) 3 (16.7) 7 (17.5) 0.98
HT (%) 10 (47.6) 7 (38.9) 17 (42.5) 0.85
HL (%) 3 (14.3) 2 (11.1) 5 (12.5) 0.95
Disease duration (years) 3.0 (0-11) 2.0 (0.5-25) NA 0.60
Somatostatin analog use (%) 6 (28.6) 5(27.8) NA 0.90
Surgery (%) 12 (57.1) 17 (94.4) NA 0.03
Hypopituitarism (under 2 (9.5 2 (11.1) NA 0.63

replacement therapy) (%)
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Fig. 1 Measurements of FMD, CIMT, EAT of patient and control
groups

regression analysis for FMD as dependent parameter
(R* = 0.30, p < 0.01), presence of acromegaly and age were
independent variables leading to decreased FMD in acro-
megaly (B coefficient = —0.33, p < 0.01, B coefficient =
—047, p < 0.01, respectively). Moreover, in the model in
which CIMT was the dependent variable (R* = 0.22,
p < 0.01), presence of acromegaly and HT were found to be
the significant parameters for increased CIMT in acromegaly
(B coefficient = 0.26, p = 0.018, B coefficient = 0.41,
p < 0.01, respectively). Factors affecting EAT, CIMT and
FMD in regression analysis are shown in Table 3.

Discussion

Our results indicated decreased FMD and increased CIMT
and EAT as early markers of atherosclerosis in patients

with acromegaly. Additionally, we found significant rela-
tionships between FMD, CIMT and EAT. Moreover, our
data suggested that the markers of atherosclerosis were not
different between active and controlled acromegaly groups.
In contrast, hs CRP levels were decreased but oxidative
stress parameters and HMGB1 levels did not change in our
patients with acromegaly.

Excess GH leads to several co-morbidities such as DM,
HT, and HL in patients with acromegaly. The presence of
these co-morbidities makes the evaluation of the effect of
excess GH on atherosclerosis difficult. Most studies on
acromegaly in the literature have compared patients with
acromegaly to healthy individuals. In our study, to mini-
mize the possible effects of co-morbidities, we matched the
controls according to the presence of DM, HT and HL. In
doing this, we attempted to investigate the specific role of
acromegaly in the development of atherosclerosis in
patients with acromegaly. On the other hand, in a recent
study, Reyes-Vidal et al. [28] revealed that some cardio-
vascular risk factors, including body weight and waist
circumference, were increased when remission was
achieved in acromegaly. In our study, waist circumference
in the AA group was higher than the CA group; however,
this difference was not statistically significant. Therefore,
lower body fat did not seem to influence our results in
patients with acromegaly.

In the present study, FMD was found to be significantly
decreased in patients with acromegaly compared to the
control group. However, there were no significant differ-
ences between active and controlled patients. Additionally,
the ‘presence of acromegaly’ and ‘age’ were found to be
the most important predictors of endothelial dysfunction in
our study. Chanson et al. [8] reported increased local
resistance and decreased blood flow in the brachial artery
compared to matched controls in acromegaly. Similarly,
Baykan et al. [9] evaluated patients with acromegaly and
reported decreased FMD in acromegaly. Moreover, some
studies revealed that patients with active acromegaly had
significantly decreased FMD compared to controls [10, 11].
Significant improvements in endothelial dysfunction after
transsphenoidal surgery or GH receptor antagonist therapy
in patients with acromegaly were found in other previous
studies [29, 30]. Akgul et al. [7] found decreased FMD in
acromegaly, but they suggested that endothelial dysfunc-
tion persists even after treatment with somatostatin ana-
logs. These findings and our data support the presence of
endothelial dysfunction, which plays an important role in
the development of atherosclerosis. Although the possible
mechanisms related to endothelial dysfunction in acro-
megaly is not fully known, it has been suggested in a study
that GH may exert acute vascular effects independent of
IGF-1 via GH receptors and endothelial nitric oxide syn-
thase in the vascular endothelium [31].
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Table 2 Biochemical parameters of patient and control groups

Active acromegaly AA (n = 21) Controlled acromegaly CA (n = 18) Controls (n = 40) p value
FPG (mg/dL) 96.5 (75-154) 94.0 (81-158) 91.0 (76-156) 0.32
Tchol (mg/dL) 203.0 £ 41.0 190.8 £ 38.5 185.5 £ 31.1 0.21
LDL (mg/dL) 126.7 £ 32.0 124.6 £ 35.6 111.8 £ 24.2 0.12
HDL (mg/dL) 45.0 £ 10.2 45.0 £ 8.0 46.7 £ 11.1 0.78
TG (mg/dL) 123 (44-333) 96.5 (34-300) 123 (41-319) 0.11
VLDL (mg/dL) 25.0 (9-67) 19.5 (7-60) 24 (8-73) 0.15
GH (ng/mL) 2.8 (0.35-25) 0.9 (0.1-1.6) NA <0.001
IGF-1 (ng/mL) 428 (242-1,230) 211 (99-342) NA <0.001
Ox-LDL (ng/mL) 19.7 (0.57-167) 38.5 (1.28-354) 18.2 (0.57-536) 0.31
HMGBI (pg/mL) 31.0 (19-313) 27.0 (21-275) 28.0 (17-58) 0.30
TAC (mM Trolox equivalent) 0.81 £ 0.45 0.67 + 0.49 0.82 + 0.48 0.54
Hs CRP (ng/mL) 168.0 (76.0-1,127)* 367.0 (146.0-1,478) 512.0 (122-1,611) 0.01

Data are expressed as mean & SD or median (minimum-maximum). p value represents the difference between three groups

FPG fasting blood glucose, Tchol total cholesterol, LDL low density lipoprotein, HDL high density lipoprotein, 7G triglycerides, VLDL very low
density lipoprotein, GH growth hormone, /GF-1 insulin-like growth factor 1, Ox-LDL oxidized low density lipoprotein, HM GBI high mobility
group box 1, TAC total antioxidant capacity, Hs CRP high sensitive C-reactive protein, NA not available

* p = 0.01 AA versus controls

There is increasing evidence in the literature to suggest
that CIMT increases in acromegaly [10]. Brevetti et al. [11]
also observed increased CIMT in acromegaly compared to
healthy controls; however, no significant difference was
found between patients with acromegaly and controls when
the control group was matched according to cardiovascular
risk factors. CIMT was found to be significantly increased
in acromegaly in our study; however, the active and con-
trolled acromegaly groups were similar in terms of CIMT.
Our study also revealed that the presence of acromegaly
and HT was the most important parameter for increased
CIMT in patients with acromegaly. Both GH and IGF-1
may have direct effects on vascular structure and lead to an
increase in CIMT. However, the exact mechanism of
increased CIMT in acromegaly is not yet clear.

Epicardial adipose tissue is an active endocrine organ
and secretes several cytokines that may have physiological
and pathological functions [32]. In recent years, several
studies have reported an association between epicardial
adipose tissue and cardiovascular risk factors, suggesting
that EAT may play a role in both the development and
progression of atherosclerosis [33, 34]. Mazurek et al. [35]
showed that the expression and secretion of some cytokines
and chemokines were increased in EAT samples in patients
with CAD compared to subcutaneous fat tissue samples.
Because there is no fascia separating epicardial adipose
tissue from surrounding structures, it is postulated that the
inflammatory state observed in epicardial adipose tissue
may play a role in atherogenesis via local paracrine and
vasocrine mechanisms [32]. To the best of our knowledge,
there is only one study evaluating EAT in acromegaly [14].
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In that study, EAT was found to be significantly increased
in patients with acromegaly and a correlation analysis
revealed a positive association between EAT and GH
levels. In our study, we evaluated patients with acromegaly
with matched controls according to cardiovascular risk
factors and, consistent with the study by Topaloglu et al.
we found significantly increased EAT in acromegaly
compared to controls. Moreover, in a regression analysis
for the parameters that were thought to be related to EAT,
the presence of acromegaly, not GH or IGF-1 levels, was
found to be the most important determinant of an increase
in EAT.

In spite of the increased frequency of DM, HT and HL,
there is still no clear evidence of increased risk of CAD or
carotid artery disease in acromegaly because some previ-
ous studies suggested that patients with acromegaly carry
low risk for these diseases [4, 36, 37]. However, as we
mentioned above, the issue is still controversial. Some
investigators speculated that IGF-1 may also have favor-
able effects on vasculature in some patients with acro-
megaly [38, 39]. IGF-1 has been suggested to have
atheroprotective effects because it has anti-inflammatory
and anti-oxidative properties [38]. Additionally, it has been
found that IGF-1 may alter vascular smooth muscle cell
turnover and phenotype, which results in plaque-stabiliza-
tion in atherosclerosis [39]. Nevertheless, we found
decreased FMD and increased CIMT and EAT, which
indicates early atherosclerosis in patients with acromegaly.

Ocxidative stress leads to oxidation of LDL and impairs
production and activity of nitric oxide, which are the
important mechanisms in the atherosclerotic process [40].
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Fig. 2 Correlation graphics between EAT, CIMT and FMD

Table 3 Factors affecting FMD, CIMT and EAT in regression

analysis

B coefficient p R?
Independent variables — Dependent variable FMD
Acromegaly —0.33 <0.001 0.30
Age —-0.47 0.002
Independent variables  Dependent variable CIMT
Acromegaly 0.26 0.018 0.22
HT 0.41 <0.001
Independent variables — Dependent variable EAT
Acromegaly 1.11 <0.001 0.47
HT 0.46 0.003

FMD flow mediated dilatation, CIMT carotid intima media thickness,
EAT epicardial adipose tissue thickness, HT hypertension

Nishizawa et al. [16] showed that increased IGF-1 is
associated with increased oxidative stress both in rats and
humans. Recently, Anagnostis et al. [41] evaluated fifteen

patients with acromegaly with age and sex matched con-
trols and reported increased oxidative stress parameters and
reduced antioxidant capacity as well as endothelial dys-
function evaluated with nitric oxide levels in acromegaly.
Among oxidative stress parameters, there was a positive
correlation between nadir GH levels and total oxidized
glutathione [41]. In our study, we evaluated ox-LDL and
TAC as oxidative stress parameters and no significant
differences were noticed between the groups. Additionally,
there was no association between FMD, CIMT, EAT and
oxidative stress parameters.

HMGBI is a chromatin binding protein and accumulates
in cells as a response to early oxidative damage. HMGB1
has been shown to cause the production of reactive oxygen
species, induction of inflammation and endothelial dys-
function [19]. Previously, HMGB1 protein had not been
evaluated in patients with acromegaly. In our study, we
could not find any significant difference between acro-
megaly and control groups for HMGB1 protein levels.
Because it is implicated as an early marker of oxidative
damage, this result is consistent with the finding of a lack
of evidence of oxidative damage in acromegaly.

An association between hs CRP levels and CVD has
been described in many studies [42]. We also evaluated hs
CRP levels with other atherosclerosis markers, such as
FMD, CIMT and EAT. Interestingly, although these three
parameters were found to be impaired in our patients, hs
CRP levels were significantly decreased in the acromegaly
group. Hs CRP levels were lowest in the active acromegaly
group and highest in the control group. Consistent with our
result, Vilar et al. [43] reported decreased hs CRP levels in
patients with acromegaly. Andreassen et al. [44] evaluated
hs CRP levels in patients with acromegaly and reported
that serum levels of hs CRP were reduced in acromegaly
compared to the control group and increased with treat-
ment. In another study, active acromegaly, GH sufficient,
and GH deficient groups were compared and it was found
that hs CRP serum levels were lowest in the active acro-
megaly group and highest in the GH deficient group [45].
However, others studies have reported no significant dif-
ference in hs CRP levels between acromegaly and control
groups [14, 18, 46]. Taken together, subclinical inflam-
mation does not appear to contribute to the development of
atherosclerosis in patients with acromegaly. With respect to
the negative association between acromegaly and CRP,
data from a population based study recently revealed an
inverse correlation between hs CRP and IGF-1 levels [47].
Further studies are needed to define the underlying patho-
genetic mechanisms of decreased subclinical inflammation
in acromegaly.

In conclusion, the results of our study suggest that
acromegaly is associated with decreased FMD and
increased CIMT and EAT as the early markers of
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atherosclerosis. However, decreased hs CRP and unchan-
ged HMGBI1, ox-LDL and TAC levels indicate that
inflammation and oxidative stress do not seem to contribute
to the atherogenesis in acromegaly. Beyond these path-
ways, there may be unknown mechanisms related to the
development of atherosclerosis in acromegaly. The possi-
ble effects of GH and IGF-1 on the components of vessels,
such as smooth muscle cells or fibroblasts, may play a role
in the pathogenesis of atherosclerosis in acromegaly.
Studies investigating the direct effects of GH and IGF-1 on
vascular system especially at tissue level may help to
elucidate the underlying pathogenetic mechanisms of ath-
erosclerosis in acromegaly.
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