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CLINICAL STUDY

Ambulatory arterial stiffness indexes in acromegaly
Francesca Dassie*, Andrea Grillo1,*, Renzo Carretta1, Bruno Fabris1, Loredana Macaluso1, Moreno Bardelli1,
Chiara Martini, Agostino Paoletta2, Roberto Vettor, Nicola Sicolo, Francesco Fallo and Pietro Maffei
Department of Medical and Surgical Sciences, University of Padova, Via Ospedale 105, 35128 Padova, Italy, 1Department of Medical, Surgical and Health
Sciences, University of Trieste, Trieste, Italy and 2Endocrinology Outpatient Service, Cittadella Hospital, Cittadella, Italy

(Correspondence should be addressed to P Maffei; Email: pietromaffei@libero.it)

*(F Dassie and A Grillo contributed equally to this work)
q 2012 European Society of E
Abstract

Objective: Acromegaly is associated with increased cardiovascular morbidity and mortality and with
specific heart and vascular abnormalities. The aim of our study was to investigate arterial stiffness
using the ambulatory arterial stiffness index (AASI) and symmetric AASI (Sym-AASI), two indexes
derived from 24-h ambulatory blood pressure monitoring (ABPM), in a group of normotensive and
hypertensive patients with active acromegaly, compared with normotensive controls (NOR-CTR) or
hypertensive controls (HYP-CTR).
Subjects and methods: Ninety-six consecutive patients with active acromegaly (46 males, mean age
49G14 years) underwent 24-h ABPM and evaluation of cardiovascular risk factors. Based on ABPM
measurement, acromegalic patients were divided into 64 normotensive (normotensive acromegalic
patients (NOR-ACRO)) and 32 hypertensive (hypertensive acromegalic patients (HYP-ACRO)) patients,
and were compared with 35 normotensive (NOR-CTR) and 34 hypertensive (HYP-CTR) age-, sex,- and
ABPM-matched control subjects.
Results: The AASI and Sym-AASI indexes were significantly higher in acromegalic patients than in
controls, either in the normotensive (NOR-ACRO vs NOR-CTR, P!0.0001 for AASI and PZ0.005 for
Sym-AASI) or in the hypertensive (HYP-ACRO vs HYP-CTR, PZ0.01 for AASI and PZ0.01 for Sym-
AASI) group. Multiple logistic regression analysis showed a significant association of the highest AASI
tertile with serum IGF1 (PZ0.034) in the whole acromegalic group.
Conclusion: AASIs are increased in acromegaly, independent of blood pressure (BP) elevation, and may
have an important role in predicting cardiovascular risk in this disease.
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Introduction

Acromegaly is caused by hypersecretion of a somato-
tropic pituitary adenoma of GH, which acts through the
insulin-like growth factor 1 (IGF1), leading to multiple
systemic complications. In fact, in acromegalic patients,
there is an increase in morbidity and mortality rate,
largely due to cardiovascular disease (1, 2), and new
strategies to investigate this problem are welcome. An
increased prevalence of major cardiovascular risk
factors has an important role in causing functional
and structural vascular damage, while a direct
pathogenic role of GH/IGF1 is still unclear. Cardiovas-
cular abnormalities in uncomplicated acromegalics,
where coexisting risk factors are not present (3, 4, 5),
and the improvement of cardiac function after suppres-
sion of GH excess (6), both support this hypothesis.
Alterations of the vascular system include endothelial
dysfunction (7) and a specific cardiomyopathy (8)
characterized by left ventricular concentric hypertrophy
and diastolic dysfunction. The incidences of coronary
ndocrinology
artery atherosclerosis (9) and myocardial infarction
(10) are, however, similar to those found in the general
population.

Arterial stiffness, which can be measured in different
ways, has proved to be an independent predictor of
adverse cardiovascular outcome (11). Few studies have
focused on arterial stiffness in acromegaly, all using
pulse wave analysis, with contrasting results (12, 13,
14). The aim of our study was to investigate arterial
stiffness using the ambulatory arterial stiffness index
(AASI) and symmetric AASI (Sym-AASI), two indexes
derived from 24 h ambulatory blood pressure moni-
toring (ABPM) (15, 16), in a group of normotensive and
hypertensive patients with active acromegaly, compared
with normotensive controls (NOR-CTR) or hypertensive
controls (HYP-CTR). These two indexes have been
shown to be good predictors of cardiovascular morbidity
and mortality (17, 18), are independently associated
with target organ damage (19), and express the
interaction of hemodynamic and atherosclerotic factors
in increasing cardiovascular burden (20).
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Subjects and methods

Study population

Ninety-six patients (46 males, mean age 49G14 years)
with active acromegaly were studied. Active acromegaly
was defined in patients presenting with the typical
clinical features, by high serum GH levels (mean of
three serum GH baseline samples O2.5 mg/l) or GH
not suppressible by the oral glucose tolerance test
(GH O1.0 mg/l), in association with high levels of
IGF1 (according to age and gender normal values) and
the presence of a pituitary adenoma on magnetic
resonance imaging (21). The age of patients at
diagnosis was between 12 and 71 years, with a mean
age of 40G15.5 years.

Forty-three patients were studied with ABPM at
diagnosis of acromegaly, while 53 were studied in a
later period of time during follow-up evaluation. At the
time of ABPM study, acromegalic patients had no
washout from antihypertensive or GH/IGF1 suppressive
medications. Specifically, 40 out of 96 (42%) patients
were on antihypertensive therapy, 19 (20%) with an
association of two or more drugs. Forty-one acromegalic
patients already had transsphenoidal adenomectomy
and 11 patients had radiotherapy; 32 patients were
on treatment with somatostatin analogs, three with
pegvisomant, and two with cabergoline.

Age- and sex-matched control subjects were recruited
from consecutive patients evaluated at the Hyper-
tension Outpatient Clinic in Trieste University Hospital
for the diagnosis of hypertension (Table 1). On the basis
of 24-h ABPM values, the hypertensive acromegalic
subjects (nZ32) were matched with a group of
HYP-CTR (nZ34) selected on purpose within a larger
essential hypertensive population, and off treatment
at the time of the study. NOR-CTR (nZ35) were the
patients who, at the end of the evaluation, showed
normal blood pressure (BP) values.

Informed consent was obtained from all cases. The
study was approved by Institutional Ethics Committees.
Table 1 Age, gender, and anthropometric differences among normote
with acromegaly (HYP-ACRO), normotensive controls (NOR-CTR), a

NOR-CTR HYP-CTR

n 35 34
Age 48.1G6.7 54.1G12.4

Gender (male, %) 43 26

Weight (kg) 72.5G9.9 67.0G2.7

Height (cm) 169.1G0.7 168.3G0.1

BMI (kg/m2) 25.2G3.2 23.7G2.7

PNOR, NOR-CTR vs NOR-ACRO; PHYP, HYP-CTR vs HYP-ACRO. BMI, body
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Anthropometric and laboratory methods

In all individuals, anthropometric measures and blood
samples for biochemical parameters were obtained
in the morning after overnight fasting, at the time of
ABPM study.

As previously reported (22), serum GH was mea-
sured by chemiluminescence with reagents supplied
by GH IMMUNOLITE 2000 (Siemens, Muenchen,
Germany). The detection limit was 0.05 mg/l, with
intra- and inter-assay variation coefficients of 4.0
and 6.5% respectively. Serum IGF1 was measured
by chemiluminescence with reagents supplied by
DiaSorin Liaison (Saluggia (VC), Italy). The detection
limit was 0.6 mg/l, with intra- and inter-assay variation
coefficients of 5.6 and 7.7% respectively. All other
biochemical variables were assayed in plasma or serum
using standard methods.
Ambulatory BP measurement

Twenty-four hour ABPM measurement was carried out
in acromegalic patients with the A&D Takeda TM-2430
device (Asahi, Japan) (23). In control patients, ABPM
measurement was obtained using SpaceLab 90207
instrumentation (Redmond, WA, USA). Both the BP
measuring automated devices were validated in accor-
dance with the criteria of the International Protocol
of the European Society of Hypertension (ESH) (24).

Devices were programmed to perform records every
15 min in 24 h or alternatively every 15 min in daytime
and every 20 min in nighttime. Daytime and nighttime
periods were considered as the intervals from 0800
to 2200 h and from midnight to 0600 h respectively.
During the recordings, patients were instructed to
follow their usual activity and to report sleep duration.
The arm cuff was positioned on the non-dominant
upper limb. The readings of the automatic recorder
were checked against those obtained with a mercury
sphygmomanometer at the beginning and end of
each 24-h monitoring session; a difference within
nsive patients with acromegaly (NOR-ACRO), hypertensive patients
nd hypertensive controls (HYP-CTR).

NOR-ACRO HYP-ACRO P values

64 32 PZNS
46.5G14.0 54.8G12.8 PNORZNS

PHYPZNS
47 26 PNORZNS

PHYPZNS
81.6G15.3 84.1G19.2 PNORZ0.002

PHYPZ0.0001
171.4G0.1 162.0G0.3 PNOR!0.0001

PHYP!0.0001
27.9G4.4 30.4G6.8 PNORZ0.001

PHYP!0.0001

mass index.
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G5 mmHg was considered an adequate agreement
between the two methods. Measured values of systolic
BP, diastolic BP, and heart rate were downloaded
using custom software. BP and heart rate measure-
ments were excluded from the analysis when they were
missing or labeled as technically erroneous by the
monitor software. Records containing !70% successful
readings were rejected. In every subject, 24-h ambu-
latory BP mean and daytime BP and nighttime BP
means were calculated.

According to the 2007 ESH–European Society of
Cardiology Guidelines for the management of arterial
hypertension (25), on the basis of ABPM measure-
ment, patients were divided into 64 normotensive
(normotensive acromegalic patients (NOR-ACRO))
and 32 hypertensive (hypertensive acromegalic
patients (HYP-ACRO)) patients, and were compared
with 35 normotensive (NOR-CTR) and 34 hypertensive
(HYP-CTR) control subjects.
Arterial stiffness indexes

Calculations of AASI and Sym-AASI were derived
from individual ABPM recordings. The AASI index
was calculated according to the following formula: 1K
the regression slope of diastolic pressure on systolic BP.
The Sym-AASI index was calculated using the simpli-
fied formulation published by Gavish et al. (16):
Sym-AASIZ1K(correlation coefficient/regression
slope of systolic on diastolic BP).
Table 2 Clinical and biochemical differences among n
hypertensive patients with acromegaly (HYP-ACRO), n
controls (HYP-CTR).

NOR-CTR HYP-CTR

24-h systolic/
diastolic BP (mmHg)

116.3G5.8/
71.5G6.8

134.1G8.3/
82.7G6.1

Daytime systolic/
diastolic BP (mmHg)

118.4G5.6/
73.5G7.4

139.4G7.8/
86.1G6.3

Nighttime systolic/
diastolic BP (mmHg)

109.3G9.0/
64.6G7.3

126.4G8.2/
75.9G6.7

24-h heart rate (bpm) 72G12 73G7

GH (mg/ml) – –
IGF1 (mg/ml) – –
Fasting glucose (mmol/l) 5.32G0.59 4.95G0.66

LDL-C (mmol/l) 3.86G0.86 3.18G0.70

Medication
For hypertension 0 0
For acromegaly 0 0

PNOR, NOR-CTR vs NOR-ACRO; PHYP, HYP-CTR vs HYP-A
cholesterol; IGF1, insulin-like growth factor 1.
Statistical analysis

Data were expressed as meanGS.D. for continuous
variables and as proportion for categorical variables.
Statistical significance between groups was assessed in
normally distributed data by Student’s t-test for indepen-
dent samples and in non-normally distributed data by
Mann–Whitney U test. Categorical variables were ana-
lyzed by the c2 analysis or Fisher’s exact test, when
appropriate. Statistical comparisons among multiple
groups were made using ANOVA, and the following
variables were considered independently: age, 24-h systolic
and diastolic BP, heart rate, body mass index (BMI), fasting
glucose levels, low-density lipoprotein cholesterol (LDL-C),
AASI, and Sym-AASI. In the acromegalic population, linear
regression analysis was used to explore the relationship
between AASI and anthropometric and disease activity (i.e.
IGF1/GH concentration) parameters and a multivariate
logistic regression analysis was carried out to evaluate the
association of these variables with AASI and Sym-AASI
tertiles. Statistical significance was assumed if the null
hypothesis could be rejected at P!0.05. All statistical
analyses were performed using Statview for Windows
(version 5.0; SAS Institute, Inc., Cary, NC, USA).
Results

All acromegalic patients were studied during disease
activity, and their mean GH and IGF1 values were
27.6G70.4 and 706.6G308.4 mg/l respectively.
ormotensive patients with acromegaly (NOR-ACRO),
ormotensive controls (NOR-CTR), and hypertensive

NOR-ACRO HYP-ACRO P values

115.6G7.7/
70.0G5.6

136.2G8.2/
83.6G8.2

PNOR-systolic BPZNS
PNOR-diastolic BPZNS
PHYP-systolic BPZNS
PHYP-diastolic BPZNS

119.9G8.4/
74.3G9.7

139.7G8.2/
86.3G8.6

PNOR-systolic BPZNS
PNOR-diastolic BPZNS
PHYP-systolic BPZNS
PHYP-diastolic BPZNS

106.8G9.1/
63.0G6.8

128.3G11.5/
77.7G9.3

PNOR-systolic BPZNS
PNOR-diastolic BPZNS
PHYP-systolic BPZNS
PHYP-diastolic BPZNS

71G9 72G10 PNORZNS
PHYPZNS

19.3G41.0 28.3G58.7
698.8G344.1 709.0G240.4
6.04G1.50 6.58G2.38 PNORZ0.008

PHYPZ0.0002
3.17G0.82 3.37G0.69 PNORZ0.0002

PHYPZNS

20 20
28 9

CRO; BP, blood pressure; LDL-C, low-density lipoprotein
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Table 3 Multiple linear regression analysis showing the association
of ambulatory arterial stiffness index with anthropometric and
biochemical parameters in the entire acromegalic group.

Coeff. T value P value

MBP 0.0003 0.174 0.862
Age 0.002 1.615 0.11
BMI K0.001 K0.301 0.764
Fasting glucose K0.001 K1.091 0.278
LDL-C 0.001 1.28 0.219
GH 0.0003 0.101 0.919
IGF1 0.0001 1.976 0.052

MBP, mean blood pressure (24-h diastolic BPC1/3(24-h systolic BPK24-h
diastolic BP)); BMI, body mass index; LDL-C, low-density lipoprotein
cholesterol; IGF1, insulin-like growth factor 1.
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Figure 1 Box plots including lower and upper quartiles, median
(50th percentile), extreme data, and S.D. above and below the mean
of (a) AASI and (b) Sym-AASI in controls (1, NOR-CTR; 2, HYP-
CTR) and in acromegalic patients (3, NOR-ACRO; 4, HYP-ACRO).
Significant P values for AASI: NOR-CTR vs HYP-CTR, PZ0.001;
NOR-CTR vs NOR-ACRO, P!0.0001; HYP-CTR vs HYP-ACRO,
PZ0.01. Significant P values for Sym-AASI: NOR-CTR vs NOR-
ACRO, PZ0.003; HYP-CTR vs HYP-ACRO, PZ0.01.
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Age and sex were similar (PZNS) in the entire
acromegalic (49G14 years, 46 males/50 females) and
in the entire control group (51.1G9.6 years, 25
males/44 females). Twenty-four hour systolic BP,
diastolic BP, and heart rate did not differ between the
entire acromegalic population and control population
(125.2G7.1 vs 125.9G7.9 mmHg, 76.8G6.9 vs
77.1G6.1 mmHg, and 72.1G10.1 beats per minute
(bpm) vs 73.1G9.6 bpm respectively; PZNS). Acro-
megalic patients had a mean weight of 82.4G21.2 kg
and a BMI of 28.6G5.5 kg/m2, which were signi-
ficantly higher in comparison with controls (weight
69.7G11.3 kg, P!0.0001 and BMI 24.4G3.0 kg/m2,
P!0.0001 respectively). Regarding metabolic par-
ameters, fasting glucose in the entire acromegalic
group was significantly higher than that in the entire
control group (2.94G0.89 vs 2.39G0.30 mmol/l,
P!0.0001), while LDL-C was higher in controls than
in acromegalic patients (3.52G0.86 vs 3.25G
0.77 mmol/l, PZ0.003).

Table 1 summarizes age, gender, and anthropometric
parameters in the different acromegalic and control
subgroups. Significant differences for weight, height,
www.eje-online.org
and BMI were detected between NOR-ACRO and
NOR-CTR as well as between HYP-ACRO and HYP-CTR.

Table 2 summarizes ABPM and biochemical
differences among different acromegalic and control
subgroups. Mean 24-h as well as daytime and nighttime
systolic or diastolic BP, and 24-h heart rate did not
differ between NOR-ACRO and NOR-CTR or between
HYP-ACRO and HYP-CTR. Fasting glucose was signi-
ficantly higher in NOR-ACRO and HYP-ACRO than in
NOR-CTR and HYP-CTR, respectively, while LDL-C was
higher in NOR-ACRO than in NOR-CTR, but not higher
in HYP-ACRO than in HYP-CTR. Comparing the AASI,
we found that NOR-ACRO had a significantly higher
AASI than NOR-CTR (0.52G0.17 vs 0.36G0.14,
P!0.0001); also, HYP-ACRO had higher AASI than
HYP-CTR (0.59G0.15 vs 0.49G0.17, PZ0.011).
Sym-AASI in both NOR-ACRO (0.23G0.14) and
HYP-ACRO (Sym-AASIZ0.28G0.12) were higher
than the values in NOR-CTR (0.15G0.12) and
HYP-CTR (0.20G0.10; PZ0.005 and PZ0.009)
respectively. Box plots for AASI and Sym-AASI,
including lower and upper quartile, median (50th
percentile), extreme data, and S.D. above and below the
mean are shown in Fig. 1a and b respectively.

In the entire acromegalic group, linear regression
analysis did not demonstrate any significant correlation
with anthropometric or biochemical parameters,
except for a borderline significant association with
IGF1 (PZ0.052; Table 3). The multivariate logistic
regression showed a significant association of the
highest AASI tertile with IGF1 (PZ0.034; Table 4).
Discussion

In this study, we found significantly higher AASI and
Sym-AASI in NOR-ACRO and HYP-ACRO, compared
with control groups, matched by sex, age, and mean
systolic and diastolic 24-h BP.

Recently, detection of early functional and structural
changes in the arterial wall has been recommended by
various authors as a strong prognostic factor and as an
end point in cardiovascular morbidity and mortality (11).
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Table 4 Multiple logistic regression analysis showing the associ-
ation of the highest ambulatory arterial stiffness index tertile with
anthropometric and biochemical parameters in the entire acrome-
galic group.

Coeff. c2 P value

MBP K0.013 0.111 0.738
Age 0.044 2.984 0.841
BMI K0.031 0.221 0.638
Fasting glucose K0.003 0.06 0.807
LDL-C 0.01 0.855 0.355
GH 0.005 0.448 0.503
IGF1 0.002 4.47 0.034

MBP, mean blood pressure (24-h diastolic BPC1/3(24-h systolic BPK24-h
diastolic BP)); BMI, body mass index; LDL-C, low-density lipoprotein
cholesterol; IGF1, insulin-like growth factor 1.
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The AASI and Sym-AASI are based on the rationale that
the relationship between systolic and diastolic BP is
dynamic and depends on the functional and structural
characteristics of large arteries. Elevation of these indexes
shows a larger increase in systolic BP compared with
diastolic BP, with changes in distending pressure. This
dynamic behavior reflects an intermittent load on the
heart and arterial tree, which can lead to organ damage.
The AASI has been proposed as an easily available
measure of arterial stiffness, when compared with more
costly and specialized techniques. Reproducibility of AASI
has been found to be lower than that of other types of
arterial stiffness measurement techniques (26) and to be
moderate in terms of difference between repeat recordings
(27). Furthermore, there are still some questions on
considering AASI as a good surrogate measure of arterial
stiffness (28, 29); this parameter has been validated as a
predictor of cardiovascular and cerebrovascular outcome
in the general population in large cohort studies (17, 18,
19, 20). The use of a symmetric regression in diastolic
and systolic BP slope, proposed by Gavish et al. (16), led to
the definition of Sym-AASI, which is independent of
nocturnal BP pattern and might provide a better approach
for estimating arterial stiffness.

Smith et al. (12) observed an increased augmentation
index (a measure of arterial stiffness) in 16 NOR-ACRO,
when compared with healthy controls, with a partial
reduction after 3 months of GH suppression therapy.
Sakai et al. (13) reported no change in pulse wave
velocity (a different measure of arterial stiffness) in
patients with active acromegaly after transsphenoidal
surgery, despite improved endothelium-mediated
dilation. More recently, Paisley et al. (14) reported a
significantly increased pulse wave velocity but unaltered
intima–media thickness in 56 patients with acromegaly
when compared with controls, considering this
phenomenon as a pressure-related stiffening of the
arterial wall.

In our study, age, an important factor associated with
increased arterial stiffening (30), did not differ when
comparing NOR-ACRO with NOR-CTR or HYP-ACRO
with HYP-CTR; thus, this parameter was reasonably
excluded as a possible confounder. Heart rate, recently
identified as an additional confounder of AASI (31), was
similar in the four groups of patients.

Among the other possible factors affecting arterial
wall structure and function, comorbidities can play an
important role in acromegaly. The GH/IGF1 overproduc-
tion could in fact produce vascular detrimental effects in
addition to those caused by the presence per se of various
cardiovascular risk factors such as hypertension,
dyslipidemia, and/or altered glucose metabolism (8,
23). Hypertension is considered to be the most important
factor in determining alterations of the vascular wall,
leading to arterial stiffness (32). In acromegaly, imbal-
ance of the GH–IGF1 axis leads through various
pathogenic mechanisms to an increased prevalence of
hypertension (8). In our study, we found an alteration of
arterial stiffness independent of BP, since NOR-ACRO had
significantly increased AASI and Sym-AASI when
compared with matched NOR-CTR. In our HYP-ACRO,
antihypertensive therapy was not discontinued due to
ethical reasons. However, medical treatment for hyper-
tension is known to decrease large artery stiffening (11).
Although this could appear as a limitation in the design
of the study, our data showing increased AASI and Sym-
AASI in HYP-ACRO compared with HYP-CTR reinforce
the hypothesis that hypertension per se may not have a
specific role in increasing arterial stiffness in acromegaly.
Fasting glucose and BMI in our acromegalic patients
were indeed higher than in controls. BMI, impaired
glucose tolerance, and diabetes are associated with
higher arterial stiffness in the general population (33,
34, 35), and their role in contributing to increased
arterial stiffness in the acromegalic population cannot be
completely ruled out. At variance, LDL-C levels were
lower in our NOR-ACRO compared with NOR-CTR; a
possible contribution of higher lipoprotein(a), found to be
associated with acromegaly (36), should be considered.
Also, a direct influence of GH/IGF1 excess in altering
AASI and Sym-AASI seems to be not excluded by our
findings. In fact, IGF1 was the only parameter related to
AASI at multiple linear regression analysis, and IGF1
was significantly associated with the highest AASI tertile
at multivariate logistic regression analysis in the
acromegalic group. In this regard, the GH/IGF1 excess
is thought to promote migration and proliferation of
vascular smooth muscle cells (37) and to produce in
animal models an increase in collagen type III (38),
resulting in derangement of vessel mechanical
properties.

In conclusion, our study shows that AASIs are
increased in acromegaly, independent of BP elevation,
and may have an important role in predicting
cardiovascular risk in this disease.
Declaration of interest

The authors declare that there is no conflict of interest that could be
perceived as prejudicing the impartiality of the research reported.
www.eje-online.org



AUTHOR COPY ONLY
204 F Dassie, A Grillo and others EUROPEAN JOURNAL OF ENDOCRINOLOGY (2012) 166
Funding

This research did not receive any specific grant from any funding
agency in the public, commercial or not-for-profit sector.
References

1 Wright AD, Hill DM, Lowy C & Russell-Fraser T. Mortality in
acromegaly. Quarterly Journal of Medicine 1970 153 1–16.

2 Orme SM, McNally RJQ, Cartwright RA & Belchetz PE.
Mortality and cancer incidence in acromegaly: a retrospective
cohort study. Journal of Clinical Endocrinology and Metabolism 1998
83 2730–2734. (doi:10.1210/jc.83.8.2730)

3 Fazio S, Cittadini A, Biondi B, Palmieri EA, Riccio G, Bone F,
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