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Abstract

Objective Acromegaly is associated with increased car-
diovascular morbidity and mortality. The data about the
evaluation of coagulation and fibrinolysis in acromegalic
patients are very limited and to our knowledge, platelet
function analysis has never been investigated. So, we aimed
to investigate the levels of protein C, protein S, fibrinogen,
antithrombin 3 and platelet function analysis in patients
with acromegaly.

Methods Thirty-nine patients with active acromegaly and
35 healthy subjects were included in the study. Plasma glu-
cose and lipid profile, fibrinogen levels, GH and IGF-1 lev-
els and protein C, protein S and antithrombin III activities
were measured in all study subjects. Also, platelet function
analysis was evaluated with collagen/ADP and collagen—
epinephrine-closure times.

Results Demographic characteristics of the patient and
the control were similar. As expected, fasting blood glucose
levels and serum GH and IGF-1 levels were significantly
higher in the patient group compared with the control
group (pgle: 0.002, pGH: 0.006, pIGF-1: 0.001, respec-
tively). But lipid parameters were similar between the two
groups. While serum fibrinogen and antithrombin III levels
were found to be significantly higher in acromegaly group
(Pfibrinogen: 0-005 and pantithrombin III: 0.001), protein S
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and protein C activity values were significantly lower in the
patient group (Ppqein st 0-001, pproein ¢ 0-001). Also signifi-
cantly enhanced platelet function (measured by collagen/
ADP- and collagen/epinephrine-closure times) was demon-
strated in acromegaly (P qi-app: 0.002, Pegrcpinephrine: 0-002).
The results did not change, when we excluded six patients
with type 2 diabetes in the acromegaly group. There was
a negative correlation between serum GH levels and pro-
tein S (r: —0.25, p: 0.04)) and protein C (r: —0.26, p: 0.04)
values. Likewise, there was a negative correlation between
IGF-1 levels and protein C values (r: —0.39, p: 0.002), pro-
tein S values (: —0.39, p: 0.001), collagen/ADP-closure
times (r: —0.28, p: 0.02) and collagen/epinephrine-closure
times (7:-0.26, p: 0.04). Also, we observed a positive corre-
lation between IGF-1 levels and fibrinogen levels (r: 0.31,
p:0.01).

Conclusion Acromegaly was found to be associated with
increased tendency to coagulation and enhanced plate-
let activity. This hypercoagulable state might increase
the risk for cardiovascular and cerebrovascular events in
acromegaly.

Keywords Acromegaly - Coagulation - Platelet function
analysis

Acromegaly is the clinical syndrome that results from
excessive secretion of growth hormone. It is associated
with increased cardiovascular risk, whose pathogenesis is
not completely identified [1]. Cardiovascular abnormali-
ties include hypertension, left ventricular hypertrophy and
cardiomyopathy. The cardiomyopathy is characterized by
diastolic dysfunction and arrhythmias [2]. Left ventricu-
lar concentric hypertrophy and left ventricular systolic
and diastolic dysfunction was reported even in controlled
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disease [3]. Other cardiovascular risk factors include
abnormal glucose metabolism (hyperinsulinism, impaired
glucose tolerance or overt diabetes) and lipid profile (low
levels of high-density lipoprotein (HDL)-cholesterol, high
levels of small dense low-density lipoprotein (LDL)-cho-
lesterol, triglyceride (TG), lipoprotein (Lp) (a)) [1, 4].

The role of atherosclerosis in the pathogenesis of car-
diovascular complications of acromegaly is not clearly
defined. The reported prevalence of coronary artery disease
in acromegalic patients ranges from 3 to 37 % in different
studies [1, 5]. There are several studies about coagulation
and fibrinolysis in acromegalic patients as possible risk
factors for cardiovascular disease [6-9]. Also, the effect of
growth hormone (GH) on coagulation parameters has been
previously studied [1, 7-9] but there are only two studies
which evaluate protein C and S activities in patients with
acromegaly [1, 6].

In addition to coagulation and fibrinolysis parameters,
recently platelet hyperfunction was reported to be elevated
in patients with myocardial infarction (MI) and proposed to
be a risk factor for coronary atherosclerosis [10, 11]. To our
knowledge, platelet function analysis has not been studied
before in acromegalic patients. Therefore, in this study,
we aimed to investigate the levels of protein C, protein S,
fibrinogen, antithrombin 3 and platelet function analysis
(performed with collagen/ADP and collagen—epinephrine)
in patients with acromegaly. We also investigated the cor-
relation between GH and insulin-like growth factor (IGF)-1
levels and these hemostatic parameters in acromegalic
patients.

Subjects and methods
Patients and study design

The study was a single-center, prospective, case—con-
trol study in patients with active acromegaly. Thirty-nine
patients attending to our outpatient Endocrinology Clinic
of Tepecik Research and Training Hospital with active
acromegaly (age range 28—71 years) were recruited as
acromegaly group between August 2013 and June 2014.
The diagnosis of acromegaly was previously established
by the typical clinical signs and symptoms (acral enlarge-
ment, soft tissue overgrowth, hyperhidrosis), by a failure
of GH levels to suppress below 1 ng/ml during a standard
(75 g) oral glucose tolerance test (OGTT) associated with
increased IGF-1 values for age and sex. Pituitary imag-
ing was obtained by pituitary magnetic resonance imaging
(MRI) and 28 (71.8 %) patients had macroadenomas and 11
(28.2 %) had microadenomas. All patients were untreated
and had active acromegaly at the time of the study. Thirty-
two patients had undergone selective resection of pituitary
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adenomas by the transsphenoidal approach and 7 patients
had been administered primary medical therapy as somato-
statin receptor ligands (octreotide-LAR), since the patients
had refused to undergo surgery. Also, somatostatin recep-
tor ligands (octreotide-LAR or lanreotide) were given to
patients who had undergone surgery, since they had still
elevated GH and IFG-1 levels after surgery. The patients
who had hypopituitarism were taking adequate replacement
treatment.

A total of 35 healthy persons (15 men, 20 women),
mean age 47.3 + 4.7 years, attending to our Family Prac-
tice outpatient clinic just for check-up were included as
the control group. None of the study participants in the
control group were taking any medical treatments (estro-
gen, anti-hyperlipidemic therapy or treatment that affects
hemostatic parameters) or had diseases (diabetes mellitus,
dyslipidemia, thyroid dysfunction, atrial fibrillation, renal
disease, liver cirrhosis) that might affect blood coagulation
and fibrinolysis, and lipid profile.

Also, all participants were non-smokers or none of them
had family history of clotting disorders and none of them
were receiving any medication that might affect blood
coagulation and fibrinolysis.

The study was approved by the medical ethics commit-
tee of the Tepecik Research and Training Hospital and all
participants provided written informed consent.

Body mass index (BMI) was measured in all study sub-
jects. BMI was calculated by the ratio between weight and
height squared in kg/m?. Blood pressure was measured
with the person in a seated position after a 5-min rest with
an Omron M3 HEM-7131 electronic, auscultatory blood
pressure reading machine. The first reading was discarded,
and the mean of the next three consecutive readings was
used.

After an overnight fast of 12 h, venous blood was col-
lected from the antecubital vein for the evaluation of fol-
lowing biochemical parameters: plasma glucose and
lipid profile (total cholesterol, HDL-cholesterol, LDL-
cholesterol and triglycerides), fibrinogen, protein C and
S, antithrombin III, platelet function analysis performed
with collagen/ADP and collagen—epinephrine and GH and
IGF-1 levels. Blood for haemostatic assays was collected in
3.2 % sodium citrate in a 9 to 1 blood to anticoagulant ratio
and processed within 1 h of venipuncture. Also, ABO blood
group was analyzed in all study participants.

Laboratory assessments

Glucose concentrations were measured by a hexokinase
method with the Olympus AU-2700 analyzer. Triglycer-
ides, total cholesterol and HDL-cholesterol were meas-
ured by an enzymatic method with Olympus AU-2700
analyzer using reagents from Olympus Diagnostics
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Table 1 Clinical characteristics

) Acromegaly group (n: 39) Control group (n: 35) p value
of the study population
Age 508 114 473 £4.7 0.133
Gender (M/F) 18/21 15/20 0.182
BMI (kg/m?) 28.7+£3.2 30.1+£54 0.117
Systolic blood pressure (mmHg) 121 £ 18.8 116.9 +10.8 >0.05
Diastolic blood pressure (mmHg) 86+ 11.3 824+£69 >0.05
(Gmbh, Hamburg, Germany). LDL-cholesterol was cal- Table 2 Laboratory parameters of the study population
culated by the Friedewald’s equation method. Serum GH Acromegaly group  Control group  p value
and IGF-1 levels were measured by a chemiluminescent (n: 39) (n: 35)
immunometric assay (Immulite XPi, Siemens, Germany).
The normal range for IGF-1 was age dependent (21- Glucose (mg/dL.) 119,14 41 949 £ 157 0.002%
g g P
25 years; 116-358, 26-30 years: 117-329, 31-35 years: L]g]I:)-cholesterol (mg/ 1332 £ 30.8 11924296  0.061
115-307, 36-40 years; 109-284, 41-45 years; 101267, 1y} ecierol (mg/ 542+ 114 518412 0.453
46-50 years; 94-252, 51-55 years; 87-238, 56-60 years; dL)
81-225, 61-65 years; 75-212, 66-70 years; 69-200, o) cholesterol (mg/211.2 & 39.9 197.7+388  0.083
71-75 years; 64-188, 76-80 years; 59-177 ng/mL). dL)
Plasma fibrinogen levels (reference range 200— 400 mg/  Triglyceride (mg/dL) 124.5 + 59.6 139+949  0.757
dL), protein S activity (reference range 76-135 %), GH (ng/ml) 32444 14431 0.006*
protein C activity (reference range 70-140 %) and IGF-1 (ng/ml) 369.9 + 83.3 1277 + 498 0.001
antithrombin III activity (reference range 83-128 %) Fibrinogen (mg/dL) 436.9 & 143.7 362 £ 449  0.005%
were determined using ACL coagulation analyzer system  Pprotein C (%) 973 + 18.2 12344231  0.001*
(Instrumentation Laboratories, Lexington). Protein C and  protein S (%) 815+ 132 1005+ 147  0.001*
antithrombin activity was determined using the chromo-  Apgithrombin Il (%) 94.5 + 27.7 113.9 + 83 0.001%*
genic method. Protein S activity was measured using a  Col/ADP-CT (s) 75.4 + 15.2 100.4 + 41 0.002%
clotting assay for the measurement of a functional protein  coyEpi-CT (s) 101.9 + 19.3 13144+47.1  0.002%

S level. The antithrombin, protein C and protein S inter-
assay coefficients of variation (CVs) were 2.1, 2.6 and
3.1 % for the normal level, respectively.

Platelet function analysis was evaluated by the plate-
let function analyzer (PFA-100) [12, 13]; a US Food and
Drug Administration-approved device (Dade Behring) was
used for measuring platelet function. It aspirates blood in
vitro from a blood specimen into disposable test cartridges
through a microscopic aperture cut into a biologically
active membrane at the end of the capillary. The membrane
of the cartridges is coated with collagen and adenosine
diphosphate (ADP) or collagen and epinephrine inducing a
platelet plug to form which closes the aperture. The time
passed between the aspiration of the blood to the closure of
the aperture and termination of the flow of blood is called
closure time (CT). Normal collagen/epinephrine CT is
85-165 s and collagen/ADP-CT 71-118 s [14].

Statistical analysis

Results are expressed as mean + SD. The patient and the
control group were compared using Student 7 test. The Chi-
square test was used for non-parametric variables. Pearson
correlation analysis was carried out to evaluate correlation
between GH/IGF-1 levels and biochemical and coagulation

* Statistically significant and p value is less than 0.05

parameters. p < 0.05 was considered statistically signifi-
cant. Statistical analysis was performed with SPSS 15.0
statistical software.

Results

Clinical characteristics of the patient and the control groups
are described in Table 1. There were no significant differ-
ences between the two groups according to age, gender,
BMI and systolic and diastolic blood pressure values. Fast-
ing blood glucose levels and serum GH and IGF-1 levels
were significantly higher in the patient group compared
with the control group (pg.: 0.002, pgy: 0.006, pige.;:
0.001, respectively). In the acromegaly group, 6 patients
had type 2 diabetes and in the control group none of the
subjects had diabetes. But lipid parameters were similar
between the two groups (Table 2).

ABO blood groups which interfere in von Willebrand
factor (VWF) and affect platelet activity were similar
between the two groups (p: 0.168).
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While serum fibrinogen and antithrombin III levels
were found to be significantly higher in acromegaly group
(pﬁbrinogen: 0.005 and Pantithrombin III* 0001) with respect to
control group, protein S and protein C activity values were
significantly lower in the patient group (pppein s: 0.001,
Pprotein - 0.001). We still observed similar findings when
we excluded the diabetic patients in the acromegaly group
(pﬁbrinogen: 0.005 and Pantithrombin TIT* 0.001, Pprotein $- 0.001,
pprotein c 0.001).

Acromegalic patients were found to have significantly
enhanced platelet function as measured by collagen/ADP-
and collagen/epinephrine-closure times. Collagen/ADP-
and collagen/epinephrine-closure times were significantly
decreased in patients with acromegaly (p.,.app: 0.002,
Peol-epinephrine: 0-002). Also the results were not changed sig-
nificantly, when we excluded the diabetic patients in the
acromegaly group (poi.app: 0-01, Peolepinephrine: 0-011).

In patients with acromegaly, there was a weak nega-
tive correlation between serum GH levels and collagen/
ADP-closure time (r —0.35, p: 0.05). There was a nega-
tive correlation between serum GH levels and protein S
(r =0.25, p: 0.04)) and protein C (r —0.26, p: 0.04) values.
As IGF-1 levels are concerned, we found a negative corre-
lation between IGF-1 levels and protein C values (r —0.39,
p: 0.002), protein S values (r —0.39, p: 0.001), collagen/
ADP-closure times (r —0.28, p: 0.02) and collagen/epineph-
rine-closure times (» —0.26, p: 0.04). Also, we observed a
positive correlation between IGF-1 levels and fibrinogen
levels (r 0.31, p: 0.01).

Discussion

Cardiovascular and cerebrovascular events are the pri-
mary cause of death in acromegaly [6, 15]. The increase in
mortality may be attributed to the increased prevalence of
hypertension, insulin resistance, dyslipidemia, hypertrophic
cardiomyopathy, and endothelial dysfunction in patients
with acromegaly. GH hypersecretion increases insulin
resistance, producing impaired glucose tolerance and dia-
betes mellitus [15-17]. Hypertension occurs in 33—46 %
of acromegalic patients, with a predominance of diastolic
blood pressure elevation that increases in prevalence with
age [15-17]. Dyslipidemia observed in acromegaly include
elevated triglyceride, lipoprotein (a) and small dense, LDL-
cholesterol levels [15, 18]. In addition to cardiomyopathy,
valvular heart disease, arrhythmias and conduction disor-
ders are frequent in acromegaly [15, 18]. Considering the
aforementioned risk factors, in our study, fasting blood glu-
cose levels were significantly higher in patients with acro-
megaly compared with the control group, but lipid profile
and blood pressure values were similar between the two
groups.
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In addition to these risk factors, alterations in hemo-
static parameters might also contribute to the increased
cardiovascular and cerebrovascular mortality in acromeg-
aly patients. Fibrinogen is a coagulation factor involved
in thrombus formation. Several prospective studies have
consistently shown that a direct, independent, and sta-
tistically significant association exists between fibrino-
gen levels and subsequent incidence of heart disease [6,
8, 19]. Increased fibrinogen levels have been reported
in patients with acromegaly [6-8, 20]. Similarly, in our
study we observed increased fibrinogen levels in acro-
megalic patients. The increased fibrinogen levels may
cause a tendency toward coagulation in patients with
acromegaly.

Antithrombin III is a natural anticoagulant that inhib-
its the activated coagulation factors thrombin (factor Ila),
factor Xa, and, to a lesser extent, factor XlIa and factor
IXa. Antithrombin IIT deficiency leads to increased risk of
venous and arterial thrombosis. There are only three stud-
ies that evaluate the antithrombin III levels in acromegalic
patients [1, 6, 9].

Sartorio et al. [9] and Vilar et al. [1] reported similar
antithrombin III levels between acromegalic patients and
healthy controls. In concordance with our results, Erem
et al. found a significant increase in AT III levels in patients
with acromegaly. The increase in antithrombin III levels
was suggested as a protective mechanism and/or compen-
satory response against hypercoagulable state [6].

Activated protein C cleaves and inhibits coagulation fac-
tors FVIIla and FVa. As a cofactor, protein S enhances the
anticoagulant activity of activated protein C [6, 21]. Only
Vilar et al. [1] and Erem et al. [6] examined protein C and
protein S values before, in patients with acromegaly. Both
of them found significantly decreased protein S values in
patients with acromegaly. Likewise, in the present study,
we observed significantly decreased protein S and protein
C activities in acromegalic patients with respect to healthy
controls.

Platelet activation is a hallmark of acute coronary syn-
drome. Increased platelet activation that was evaluated
by PFA-100 (platelet function analyser) which measured
decreased collagen/ADP and collagen—epinephrine-closure
times, was previously reported in patients with acute coro-
nary syndrome and myocardial infarction [14, 15]. But
to our knowledge, platelet function analysis has not been
investigated before in patients with acromegaly. In our
study, we observed significantly decreased collagen/ADP
and collagen—epinephrine-closure times, indicating the
platelet hyperfunction, in acromegalic patients with respect
to controls. Apart from the alterations in proteins or co-fac-
tors functioning in the coagulation pathway, platelet hyper-
activity may also contribute to hypercoagulability that was
reported in patients with acromegaly.
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Vilar et al. found a significant positive correlation
between IGF-1 and antithrombin III levels and signifi-
cant positive correlation between GH and fibrinogen and
antithrombin III levels, whereas Sartorio et al. found no
correlations between hemostatic variables and GH or IGF-1
[1, 9]. In our study, we observed a negative correlation
between serum GH levels and collagen/ADP-closure time,
protein S and protein C activities. Also, we found a nega-
tive correlation between IGF-1 levels and protein C and
protein S activities, collagen/ADP- and collagen/epineph-
rine-closure times. These findings may reflect the effect of
GH or IGF-1 on hemostatic parameters and may explain
the tendency toward hypercoagulability.

In conclusion, our findings have shown that patients
with acromegaly had higher fibrinogen levels, lower pro-
tein C and S activity values and enhanced platelet func-
tion with respect to controls. In addition, we found cor-
relation between IGF-1 levels and these hemostatic
parameters. Therefore, it may be suggested that, afore-
mentioned changes in hemostatic parameters may lead to
a hypercoagulable state which might increase the risk for
cardiovascular and cerebrovascular events in acromegaly.
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