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Abstract  

Objective: The high prevalence of cardiovascular diseases in acromegaly patients attracted attention to the 

association between the growth hormone and cardiovascular system. New markers such as the augmentation 

index (AIx) and central aortic pressure (CAP) have recently been introduced to the clinical practice for a 

variety of diagnostic and monitoring purposes in predicting arterial stiffness and associated endothelial 

dysfunction. In this present study, we aimed to determine the condition of the vascular system using the non-

invasive arterial stiffness marker; AIx measured using by the Arteriograph device and to evaluate the 

relationship between these markers and the disease activity in acromegaly patients. 

Methods: This was a cross-sectional study. The study included 53 acromegaly patients and 20 individuals 

age and sex matched as controls. The arterial stiffness was evaluated to estimate the AIx and CAP with a 

low-frequency suprasystolic waveform analysis in the occluded brachial artery, performed by using a Cardio 

Scope II Arteriograph device, which was adapted from a standard sphygmomanometer. 

Results: The mean augmentation index was statistically significantly different between the three groups, 

being 98% in the active acromegaly (AA) group, 92% in controlled acromegaly (CA) and 79.5% in the 

control group (p=0.001). In the acromegaly group, the results of the regression analysis indicated a strong 

correlation of the arterial stiffness parameters with HbA1c and the platelet counts, however, the levels of 

IGF-1 and GH were not correlated 

Conclusion: It might be thought that AIx may have an important role in predicting the cardiovascular risk in 

acromegaly. 
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Introduction  

Acromegaly is a syndrome characterised by the 

secretion of growth hormone (GH) and insulin-like 

growth factor (IGF-1) (Colao et al. 2001). The long-

term exposure of tissues to excessive GH in 

acromegaly leads to increases in the cardiovascular 

disease-associated morbidity and mortality by two- to 

three-folds. The coronary heart disease and 

hypertension are the most important causes of 

increased mortality and morbidity in acromegaly 

patients (Bengtsson et al. 1988). 

The development of vascular abnormalities has 

been demonstrated in acromegaly patients even in the 

absence of cardiovascular risk factors. Studies have 

shown that the abnormal GH secretion may be 

associated with an increased risk of atherosclerosis in 

acromegaly (Bengtsson et al. 1988). In the liver, the 

GH stimulates the production of IGF-1, which 

mediates the GH activity in the peripheral tissues 

(Sowers, 1997). GH and IGF-1 have significant 

effects on the cardiovascular system (Celermajer et 

al. 1992, Neunteufl et al. 2000). In acromegaly, GH 

assume its effects on the endothelium via the 

endothelial IGF-1 receptors directly or via the lipid 

metabolism indirectly (Tan et al. 1997). It affects the 

IGF-1's regulating function on the vascular tonus, 

attenuating the vascular contractility and triggering 

the endothelial dysfunction (Walsh et al. 1996). 

Endothelial dysfunction and arterial stiffness in 

acromegaly patients have received a considerable 

attention in recent years (Smith et al. 2003). Several 

parameters have recently been introduced to assess 

arterial stiffness and have proven to be the 

independent predictors of untoward cardiovascular 

outcomes. (Nichols, 2005, Laurent et al. 2006) Pulse 

wave analysis has been used in most studies to 

investigate arterial stiffness in acromegaly. (Smith, et 

al. 2003; Sakai et al. 2008; Paisley et al. 2011).  

Augmentation index (AIx) is the amplification ratio 

of the central arterial waveform pressure attributed to 

the reflected pulse pressure. Central AIx has been 

reported to be closely associated with several risk 

factors for atherosclerosis and future cardiovascular 

events (London et al. 2001; Izzo, 2004; Weber, et al. 

2004) and in these studies AIx had measured by using 

applanation tonometry. However, in Yaron et al. 

(2016) study, there were no significant differences in 

Alx between acromegaly and control subjects. AIx 

can be estimated from the brachial artery waveform 

as peripheral AIx and can provide information on 

arterial stiffness, as it is closely related to the central 

aortic AIx (Manisty and Hughes, 2013).  

While arterial stiffness can be measured in many 

different ways, few studies have focused on arterial 

stiffness in acromegaly using peripheral arteries 

(Matsuda, Kawate et al. 2013). The aim of our study 

was to investigate the brachial artery AIx as an 

arterial stiffness parameter by using arteriograph 

device in a group of acromegaly patients with active 

acromegaly (AA) controlled acromegaly (CA) 

compared with control group. Also, we want to 

demonstrate the correlation between the endothelial 

dysfunction and the disease activity in acromegaly 

patients. 

 

Methods 

 

Study population 

The study included acromegaly patients presented 

to the endocrinology outpatient clinic of the internal 

medicine department of Uludag University between 

May 2015 and August 2015. In order to prevent any 

interferences with the cardiovascular assessments, the 

patients were excluded from the study if they had a 

previously known structural heart disease 

(congenital/rheumatic heart valve disease, 

arrhythmia, or heart failure), coronary artery disease, 

a diagnosis of cancer, renal or hepatic failure, an acute 

or chronic infectious disease, a diagnosis of 

autoimmune disease or had a history of undergoing a 

major surgery or trauma in the recent 3 months. 

It was planned to include acromegaly patients who 

were followed up in the endocrinology outpatient 

clinic. During the endocrinology outpatient clinic 

application, the patients were asked to be included in 

the study and were evaluated. After the preliminary 

evaluation, 21 patients were excluded from the study 

for the reasons stated above. A total of 53 patients 

were included in the study. 

A control group comprised the individuals with 

diabetes or hypertension at ages between 20 and 80 

years, in whom the diagnosis of acromegaly was 

excluded. The individuals in the control group were 

matched with those in the patient group in terms of 

age and gender. 

 

Assessment of Disease Activity  

The diagnosis of acromegaly was made with the 

presence of classical clinical features, higher serum 

IGF-1 levels by age, and GH concentrations of 1 μg/L 

(ng/ml) or higher after a 75-gram OGTT. 

The patients with acromegaly were assigned to 

two groups as active acromegaly (AA) and controlled 

acromegaly (CA) according to the disease activity 

and the consensus criteria for cure of acromegaly 

(Melmed et al. 2018) The patients with GH levels 

reduced below 1 μg/L (ng/ml) and the patients 

achieving IGF-1 levels within the age-adjusted limits 
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were included in the cured acromegaly group. A total 

of 32 patients in the study were included in this group 

meeting the criteria for cure. In the active acromegaly 

group, a total of 21 patients, who did not meet the 

criteria for cure were included. Of these 21 patients, 

four were newly diagnosed acromegaly patients and 

10 were the patients who did not meet the cure criteria 

despite the ongoing hormone suppressor therapy. 

All patients were questioned about the duration of 

symptoms before clinical diagnosis, the treatments 

they received, any systemic involvement in 

association with acromegaly, and the co-morbid 

systemic diseases. The following independent risk 

factors for cardiovascular diseases were evaluated, 

including diabetes mellitus (DM), hypertension (HT), 

hyperlipidemia, obesity, and smoking.  

The height (cm) and body weight (kg) of the 

patients were recorded and their body mass indices 

(BMI) kg/m2 were calculated. The results of the 

laboratory tests performed at the routine outpatient 

control visits were recorded including the fasting 

plasma glucose, total cholesterol, triglycerides, HDL, 

LDL, GH, IGF-1, HbA1c, and hemoglobin levels and 

the platelet and leukocyte counts. 

 

Measurement of Arterial Stiffness 

Patients who were included in the study at the time 

of the endocrinology outpatient clinic admission were 

evaluated. At the same time, cardiac evaluation was 

performed. Our aim was to measure the central SBP, 

DBP and brachial AIx as the primary output 

variables. The patients had a rest for 15 minutes, 

staying away from external stimuli after the control 

visit in the endocrinology outpatient clinic. In this 

study, arterial stiffness was assessed with the blood 

pressure (BP) and the central blood pressure in the 

brachial artery in a non-invasive manner using the 

Cardio Scope II device. After completing the pressure 

measurements with the specified device, the cuff was 

inflated to a level above the current systolic pressure 

(at least 35 mmHg). This way, occlusion of the 

brachial artery was accomplished, stopping the blood 

flow during the measurement according to the 

procedure protocol (only 8-20 seconds, with a mean 

of 8 seconds). In this very specific condition (stop-

flow condition), a membrane develops in the brachial 

artery at the level of the upper margin of the inflated 

cuff, where the blood flow was stopped. When the 

central pressure changes and early (direct P1) and late 

(reflected backwards; P2) systolic and diastolic 

waves reach the site of occlusion, they became 

detectable like the pulsating blood beating the 

membrane. Like a transferring medium, the upper 

arm tissue transfers the small but sensible changes, 

caused by the pressure of the flowing fluid, to the cuff 

along the skin and the border of the cuff, allowing 

them being generalized. The high-resolution pressure 

sensors of the arteriography are capable of detecting 

these small and weak changes in the pressure. Two 

components of the measured pulse wave, the pulse 

wave from the heart and the reflection wave at the 

periphery, were analyzed. The data were processed 

with a specific software developed for this purpose 

and the central SBP, DBP, and AIx values were 

recorded. 

 

Statistical analyses  

It was calculated that at least 38 patients should be 

included in the study for AIx 90% in acromegaly 

patients with an alpha value of 0.05 and a strength of 

80% in the power analysis program. The SPSS 22.0 

statistical package program (SPSS Inc., Illinois, 

USA) was used to perform all data analyses. The 

Kolmogorov–Smirnov test was used to analyze the 

distribution pattern. Normally distributed numerical 

variables were presented as mean ± standard 

deviation, whereas the ones not normally distributed 

were presented as median and interquartile range. 

Categorical variables were presented as number and 

percent (%). Basal characteristics were classified 

according to predefined subgroups and the parametric 

variables of the three independent groups were 

evaluated using analysis of variance with/without 

Bonferroni. The categorical variables were evaluated 

using the appropriate Chi-square test. The Kruskal–

Wallis H test with/without Bonferroni correction was 

used while examining the three groups in the analysis 

of variables that do not fit the normal distribution. 

The Spearman rank test was performed to define the 

correlation of disease activity and arterial stiffness. 

The relationship coefficient was expressed as "r" and 

the significance value was expressed as "p". 

 

Results 

Based on the previously defined disease activity 

criteria; 21 active acromegaly (AA) and 32 controlled 

cured acromegaly (CA) patients were included in the 

study. Table 1 presents the comparison of the patient 

and control groups in terms of their demographic and 

basic clinical features and in terms of the risk factors 

for cardiovascular diseases. There were no 

statistically significant differences in gender or age 

between the control group and the two patient groups. 

Body mass index was higher in both AA and CA 

groups compared to the control group when all 

acromegaly patients were compared to the control 

group and also when AA and CA groups were 
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individually compared to the control group (p = 

0.001).  

There were no significant differences in terms of 

treatment duration or the history of surgery or 

radiotherapy between the active acromegaly and cure 

acromegaly groups. The medication use was higher in 

the AA group compared to the CA group (p = 0.001). 

DM rate was statistically significantly higher in the 

AA group compared to the CA and control groups 

(p=0.001). HT was found to be at similar rates in the 

CA and AA groups; however, the rates of HT in these 

groups were higher compared to the control group. 

The rates of HL and smoking were similar in all three 

groups. Obesity was observed at similar rates in the 

CA and AA groups; but these rates were higher than 

that of the control group. 

Table 2 lists the biochemical parameters compared 

between the groups. The levels of growth hormone, 

IGF-1, glucose, and HbA1c were significantly higher 

in the AA group compared to the CA and control 

groups (p = 0.001). The levels of HDL, LDL, and 

haemoglobin; and the WBC counts were not different 

among the groups. TG levels were higher in the 

control group (p = 0.001). The platelet count was 

higher in the AA and CA groups compared to the 

control group (p = 0.001). 

Arterial stiffness parameters measured with the 

arteriograph devices were presented in Table 3. In our 

study, the arterial stiffness parameters including AIx, 

central SBP, central DBP; and SBP and DBP were 

significantly higher in the AA group compared to 

both CA and control groups (p = 0.001). The AIx, 

central SBP and DBP were significantly higher in the 

CA group compared to the control group (p = 0.001). 

Correlation analysis of AIx are presented in Table 

4. In acromegaly patients, there was a positive and 

strong correlation of AIx with the HbA1c levels and 

the platelet count [respectively (r:0.699, p<0.01) 

(r:0.796, p<0.01)]. The correlation analysis showed a 

positive and strong correlation of AIx with APG, 

HbA1c, and BMI in the control group [respectively 

(r: 0.535, p<0.01) (r: 0.660, p<0.01) (r:0.796, 

p<0.01)].  

 

 
Table 1. Clinical characteristics of acromegaly patients and healthy control 

 AA (n=21) CA (n=32) Control(n=20) 

Age, years 45.5 ±14.2 48.7± 12.7 47.5± 10.3 

Gender, f/m 9/12 13/17 9/11 

BMI, kg/m2 29,3±4.1† 29,4±4.5* 24,5±3.6 

Surgery, n 20 31 - 

Drug use, n  

Somatostatin analogs 11 12 - 

Dopamine agonist 3 1 - 

GH receptor ant. 2 1 - 

TOTAL, n (%) 16(%76) ‡ 14(%46) - 

Radiotherapy, n (%) 4/21 6/32  

Treatment duration 7.8 ± 5.0 7.4± 3.9  

DM, n (%) 8 (%38) †‡ 8(%25) 5(%25) 

HT, n (%) 11 (%53) † 16 (%51) * 5(%25) 

HL, n (%) 4(%19) 6 (%20) 3 (%15) 

Obezite, n (%) 7 (%33) † 11 (%34) * 1 (%5) 

Sigara, n (%) 5 (%19) 7 (%21) 4 (%20) 
AA: active acromegaly; CA: Controlled acromegaly, F: female; M: male; BMI: body mass index; GH; growth hormone; DM: diabetes 

mellitus; HL: hyperlipidemia; HT: hypertension; 
* P < 0.01 for controls versus KA 

†P < 0.01 for controls versus AA 

‡P < 0.01 for KA versus AA 
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Table 2. Biochemical measurements in acromegaly and control groups 

 AA (n=21) CA (n=32) Control(n=20) 

GH, ng/ml 2.37(1.1-40.0)†‡ 0.46(0.060.99) 0.51(0.431.63) 

IGF-1, ng/ml 265(91-982) †‡ 206(49-417)* 157(121-203) 

Glucose, mg/dl 120.4±23.7†‡ 103.2±40.5 99.6±8.7 

HDL, mg/dl 43.0±10.7 42.5±9.5 43.9±6.7 

LDL, mg/dl 115(63-272) 114(51-292) 112(79-192) 

TG, mg/dl 136(64-441) †‡ 115(26-272) * 187(103-303) 

Hemoglobin, mg/dl 13.3±1.44 13.6±1.3 13.5±1.1 

WBC, 103/ul 7757±1400 8128±1209 7705±1059 

PLT, 103/ul 286900±64100† 297000±48200* 235000±48200 

HBA1c, mg/dl 6.1(5.1-12.5) †‡ 5.6(5.0-9.5) 5.5(5.0-9.6) 

AA: active acromegaly; CA: Controlled acromegaly, GH: growth hormone; IGF-1: insülin like growht factor-1; HDL: high density 
lipoprotein; LDL: low density lipoprotein; TG: triglyceride; WBC: White blood cell; PLT: platelet; HBA1c: hemoglobin A1c; 

* P < 0.01 for controls versus KA 
† P < 0.01 for controls versus AA 
‡P < 0.01 for KA versus AA 

 

Table 3. Arterial stiffness parameters acromegaly and control groups 

 AA (n=21) CA (n=32) Control(n=20) 

AIx, % 98(74-145) †‡ 92(75-126)* 79.5(69-96) 

SBP, mm/Hg 133.8±10.2†‡ 129.9±9.5* 125.5±11.3 

DBP, mm/Hg 84.4±8.2†‡ 83.2±8.7* 77.3±10.7 

Central SBP, mm/Hg 123.5±10.1†‡ 119.6±9.2* 115.5±11.1 

Central DBP, mm/Hg 88.5±9.5†‡ 84.8±7.6* 78.5±10.8 

AA: active acromegaly; CA: Controlled acromegaly; AIx: augmentation index; SBP: Systolic blood pressure; DKB: Diastolic blood 

pressure 
* P < 0.01 for controls versus KA 
†P < 0.01 for controls versus AA 

‡P < 0.01 for KA versus AA 

 
Tablo 4. Correlation analysis of Augmentation index 

Parameters 
Acromegaly (n=53) Control (n=20) 

r p r p 

GH 0.067 p>0.05 0.148 p>0.05 

IGF-1 -0.331 p>0.05 0.074 p>0.05 

Glucose 0.410 p>0.05 0.535 p<0.01 

TG -0.077 p>0.05 -0.066 p>0.05 

PLT 0.796 p<0.01 -0.22 p>0.05 

HBA1c 0.699 p<0.01 0.660 p<0.01 

BMI 0.355 p>0.05 0.495 P<0.01 

GH: growth hormone; IGF-1: insülin like growht factor-1; TG: triglyceride; PLT: platelet; HBA1c: hemoglobin A1c; BMI: body mass 
index 

Discussion 

Our study is the first, in which the augmentation 

index measured with the cardioscope device was used 

to determine the arterial stiffness in predicting the 

cardiovascular risk in acromegaly patients. AIx and 

the central aortic blood pressure were significantly 

increased in acromegaly patients compared to the 

controls. Arterial stiffness markers were found to be 

associated with the disease activity; however, there 

was not a significant correlation between the 

biochemical parameters.  

High levels of GH and IGF-1 in the patients cause 

structural and functional changes in the heart and 

vascular system. These specific changes developing 

in the heart and the vascular bed in the absence of 

hypertension or diabetes mellitus occur starting from 

the early stages of the disease; however, the clinical 

symptoms become manifest in years (Morvan et al. 

1991). This leads the cardiovascular involvement to 

progress without being noticed. Several studies have 

shown that cardiac dysfunction is alleviated with the 

curative treatment given in the early stages of cardiac 
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involvement (Parolin, Dassie et al. 2018). However, 

the regression of the vascular bed alterations was not 

satisfactory. For example, it was reported that the 

increase in the IMT persisted due to the high insulin 

levels in the patients including the cured ones (Colao 

et al. 2001). Endothelial dysfunction and arterial 

stiffness increase as a result of early 

pathophysiological and structural changes in the 

cardiovascular system.  

In acromegaly patients, a method or a diagnostic 

test that can identify the cardiovascular involvement 

in the early asymptomatic phase will allow for 

making the diagnosis of cardiovascular diseases at 

earlier stages and taking necessary preventive 

measures before disease progression. Non-invasive 

methods, such as pulse wave velocity, flow-mediated 

vasodilation, cardio-ankle vascular index, and 

ambulatory arterial stiffness index, have been used in 

a variety of studies to identify the subclinical 

structural changes, leading to the development of 

arterial stiffness in acromegaly. (Davies and Struthers 

2003, Baykan et al. 2009, Matsuda et al. 2013). 

Among these non-invasive methods, AIx receives 

attention as it is easy and fast to measure, therefore, 

AIx was used to detect arterial stiffness in different 

clinical conditions (Fischer-Rasokat et al. 2009, 

Eguchi et al. 2016, García-Ortiz et al. 2018). Aortic 

pressure wave comprises a forward propagating wave 

caused by the left ventricular ejection and the 

retrograde waves reflected back from the periphery. 

Therefore, the augmentation of the aortic pressure 

waveform is a manifestation of wave reflection. To 

make it clear, the augmentation pressure or the 

augmentation index (AIx) can be expressed as a 

percentage of the pulse pressure. Peripheral 

augmentation index (PAIx) is defined as the ratio of 

the systolic peaks and is considered as a measure of 

the arterial functions (Rosenbaum et al. 2013, Eguchi 

et al. 2016). A high PAIx causes an increased 

systemic vascular resistance resulting in an increased 

systolic load. Therefore, it indicates that the 

myocardial hypertrophy is increased (Izzo, 2014). 

Several studies have associated PAIx with 

cardiovascular morbidity and mortality and 

demonstrated that it predicts the untoward cardiac 

events independently.  (Fischer-Rasokat et al. 2009). 

In this study, we selected to investigate PAIx as an 

indicator of arterial stiffness because our aim was to 

use an easily applicable practical method. 

Measurements were made using a Cardio Scope II 

device. This non-invasive and sphygmomanometer-

based device is easy to use and provides highly 

precise and reproducible measurements of several 

parameters, including the (aortic) systolic and 

diastolic blood pressures, AIx, and the pulse 

waveform (Lin et al. 2012). The Cardio Scope uses 

the common upper arm cuff with conventional 

oscillometry in a fast, continuous, and simple manner 

without the need for additional training and without 

the requirement for additional sensors. In addition, it 

provides signal quality indices and data on the pulse 

rate variability. 

In our study, one of our aims was to evaluate the 

correlation between the arterial stiffness parameters 

and disease markers. But the correlation analysis did 

not reveal any association of AIx with either GH or 

IGF-1. This might have occurred due to the low 

number of study patients and the heterogeneity of the 

parameters such as the duration of the disease. It may 

be suggested that the most important reason was the 

difficulties in performing OGGT, leading to an 

unsatisfactory reflection of the disease activity by 

IGF-1 and GH levels used in the diagnosis and 

follow-up of the disease. It is recommended that only 

IGF-1 should be measured in the patients receiving 

growth hormone receptor antagonists (Trainer et al. 

2000). A multi-centre study has reported that 30% of 

the lowest GH levels after OGTT were inconsistent 

with the actual diagnosis (Pokrajac et al. 2007). There 

are several studies reporting that OGTT may not be 

needed if the levels of IGF-1 and GH are significantly 

higher. On the other hand, there are other studies 

indicating that the use of OGTT may not be 

appropriate to determine the disease activity in 

patients receiving medical treatment (Carmichael et 

al. 2009). Our study also included patients receiving 

radiotherapy. It has been reported that GH levels 

could be normal despite high levels of IGF-1 after 

radiotherapy, as radiotherapy ensures more stable 

levels of GH instead of a pulsatile secretion (Van 

Gelder et al. 2002). 

The DM frequency was similar in the patient and 

control groups of our study; however, the mean 

HbA1c levels were higher in the AA group. Lee Shin 

et al. (2016) and Cavero-Redondo et al. (2018) 

demonstrated in their studies that there was a positive 

association between arterial stiffness and HbA1c 

levels. Similar to the previous studies, the correlation 

analysis in our study revealed a positive correlation 

between HbA1c and AIx in both the patient group and 

the control group. 

 

Limitations 

We recognise the limitations of our study. First, 

this is a single-centre study conducted with a 

relatively small number of patients. Further multi-

centre studies with a larger patient population will be 

beneficial. The participants of our study did not have 
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overt cardiovascular diseases, however, some of them 

received antihypertensive, antidiabetic or statin 

medications with a potential to affect the 

measurement of AIx. The presence of a coronary 

heart disease could not be excluded completely as no 

invasive stress tests or angiographies have been 

performed; however, the presence of ischaemia was 

excluded by the clinical, electrocardiographic, or 

echocardiographic findings. A final possible 

limitation can be that an imaging of the arterial 

system of the upper extremities was not performed in 

the patients prior to the measurements, and that the 

potential presence of arterial stenoses might have 

affected the measurements. 

 

Conclusion 

In this study, AIx has been demonstrated as a 

parameter associated with arterial stiffness in 

predicting the cardiovascular risk in patients with 

acromegaly. As the use of Cardio Scope is simple and 

swift, it might be thought that AIx measured by using 

this device can be easy and economical in the 

prediction of arterial stiffness in patients with 

acromegaly, helping physicians identify the high-risk 

patients. Further prospective studies are required to 

investigate AIx in predicting arterial stiffness in a 

variety of clinical conditions in acromegaly as this 

parameter is practical to measure with a low-cost. 
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