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Context: Hypertension is a major cardiovascular risk factor related to increased mortality
in acromegaly. Surgical cure of acromegaly is associated with improvement in blood
pressure levels, however little is known about the effect of pegvisomant (PEGV) treatment
in patients with hypertension. This analysis evaluates outcomes in patients with
hypertension and acromegaly included in ACROSTUDY.

Methods: ACROSTUDY is a global non-interventional surveillance study of long-term
treatment with PEGV, monitoring its safety and efficacy. The cohort was retrospectively
divided in two subgroups: patients with and without hypertension. Stepwise logistic
regression and Kaplan-Meyer analyses were performed for testing predictors of mortality.

Results: The total cohort included 2,090 patients with acromegaly treated with PEGV
who were followed for a median of 6.8 years (range up to 12.1 years). In ACROSTUDY
there were 1,344 patients with hypertension (52.3%males). This subgroup was older, had
a higher BMI, and higher prevalence of diabetes, hyperlipidemia, and cardiovascular
disease (CVD) when compared to patients without hypertension. During ACROSTUDY,
68 deaths were reported in the hypertension cohort, vs 10 in the cohort without
hypertension. Both CVD (p<0.0001) and anterior pituitary deficiencies (p=0.0105) at
study entry independently predicted mortality in patients with acromegaly and
hypertension; Kaplan-Meier analysis confirmed that CVD significantly impairs survival.

Conclusions: Hypertension is common in patients with acromegaly and significantly
increases mortality, especially when there is concomitant CVD. These data suggest that
treatment goals should extend beyond IGF-I normalization, and include optimisation of
substitution of pituitary deficiencies and scrutinous screening and treatment of CVD.
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INTRODUCTION

Hypertension is a classical cardiovascular risk factor and the
most prevalent cardiovascular comorbidity accompanying
acromegaly, reported in 15–60% of registry based acromegaly
cohorts (1–7). The severity of hypertension in acromegaly is
related to GH-IGF-I excess, which is associated with enhanced
sodium- and water retention, expansion of plasma volume and
increased systemic vascular resistance (8–10).

Both GH hypersecretion and hypertension contribute to the
pathophysiology of cardiovascular changes accompanying
acromegaly, which include left ventricular hypertrophy,
cardiomyopathy, valvular disease, arrhythmias, and heart
failure (5, 8). GH hypersecretion is considered the most
important causitive factor, as it has a strong impact on heart
morphology and function, independent of blood pressure (5, 11,
12). Several studies reported that hypertension plays an additive
role aggravating the cardiomyopathy and increasing
cardiovascular risk in acromegaly (5, 13). Although cardiac
disease is highly prevalent in patients with acromegaly, with
over 70% of cases in autopsy studies, and has even been found in
asymptomatic patients, several studies have shown that
acromegaly per se is not specifically associated with an
increased incidence of coronary heart disease (10, 11, 14).
Nevertheless, the atherogenic effects of most acromegaly
comorbidities such as hypertension, insulin resistance, diabetes,
hyperlipidemia and sleep apnea, as well as the acromegaly
cardiomyopathy, all contribute to the increased incidence of
cardiovascular and cerebrovascular diseases in this population
(8, 10, 15).

Acromegaly is also associated with an excess in mortality,
predominantly due to cardiovascular and cerebrovascular
diseases, and several studies have confirmed that normalisation
in GH/IGF-I ameliorates and even nearly normalizes mortality
rate (16–18). Mortality in patients with acromegaly is directly
associated to IGF-I concentrations, older age, the presence of
hypertension and duration of symptoms prior to diagnosis (13,
19). Therefore, the optimal management of acromegaly includes
the normalisation of GH/IGF-I levels and disease symptoms, as
well as the evaluation and treatment of comorbidities, aiming at
reducing morbidity and mortality (20, 21).

Here we prospectively studied patients with acromegaly
included in ACROSTUDY™ receiving pegvisomant, aiming at
characterising the cohort of patients with hypertension, their
biochemical control, comorbidities, and factors related
to mortality.
PATIENTS AND METHODS

Study Protocol
ACROSTUDY™ is a global non-interventional surveillance
study of long-term treatment with pegvisomant established in
2004 for evaluating outcomes in patients with acromegaly (22,
23). The study prospectively recruited patients in 204 centers
from 15 countries and adhered to all applicable local laws and
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regulatory requirements; local ethical approval was obtained for
each participating center and all patients were enrolled after
providing written informed consent. Patients were eligible for
inclusion if they were on PEGV treatment, or if they were about
to start PEGV therapy. Exclusion criteria were participation in
any interventional trial and/or tumor mass problems requiring
surgical decompression. Study protocol details have been
described in previous publications (4, 22, 23). Importantly,
decisions on acromegaly treatment were made by the
investigators following the routine clinical practice of specific
clinics and countries.

Follow-up visits were scheduled following the practice of the
treating physician, generally at least once yearly. Case report
forms were specially designed for capturing comorbidities and
cardiovascular risk factors in addition to acromegaly-specific
outcomes, and the following parameters were obtained at
baseline (entry in the ACROSTUDY) and during each follow-
up visit: blood pressure, weight, height, GH, IGF-I, liver function
tests, plasma glucose, HbA1c, comorbidities, current medication
(including any changes and reasons for changing), and
information on pituitary imaging. At baseline and at each visit,
the investigators were asked to confirm the presence or absence
of the following cardiovascular risk factors: hypertension,
smoking, obesity, diabetes, hyperlipidemia, as well as the
presence of cardiovascular and cerebrovascular diseases.

Mortality
For the present study, we evaluated data from the 2nd interim
analysis database freeze on the 12th of May 2016, which included
2090 patients followed up for a median of 6.8 years with a
maximum of 12.1 years (23). Data on mortality during the study
period were obtained from the adverse report forms, which were
evaluated by two independent researchers for verifying the cause
of death given by the investigator.

Hypertension Group
For this analysis, patients were retrospectively divided in two
cohorts: Hypertension and Normotension. Patients were
included in the Hypertension group if they were identified to
have hypertension at any visit during the ACROSTUDY. The
presence of hypertension was determined when at least one of
the following three was present: 1) hypertension listed as
comorbidity by the investigator, 2) antihypertensive
medication was used and 3) systolic blood pressure was
>140 mm Hg and/or diastolic blood pressure was >90 mm Hg.

Comorbidities
The presence of comorbidities at ACROSTUDY entry was
evaluated by asking the investigators to fill in the study report
form with “yes” or “no” for the presence of diabetes,
hyperlipidemia, coronary heart disease, coronary angioplasty
with or without stent implantation, coronary artery bypass
surgery, arrhythmia, heart failure, myocardial infarction,
transient ischemic attack, cerebrovascular event, sleep apnea,
other respiratory disease, liver disease, gallstones, and cancer.
Diabetes was diagnosed if at least one of the following was
present: 1) diabetes given as a comorbidity by the investigator, 2)
November 2020 | Volume 11 | Article 577173
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concomitant intake of antidiabetic medication and 3) HbA1c
≥6.5% (48 mmol/mol), or random glucose >200 mg/dl (11.1
mmol/L) as previously described (24). Hyperlipidemia was
diagnosed if at least one of the following was present: 1)
hyperlipidemia given as comorbidity by the investigator, 2)
concomitant intake of lipid-lowering drugs.

Patients were considered to have cardiovascular disease (CVD)
at baseline if any of the following was reported at ACROSTUDY
entry: left ventricular hypertrophy, cardiomyopathy, aortic valvular
disorders, mitral valvular disorders, tricuspid valvular disorders,
arrhythmias, myocardial ischaemia, myocardial infarction, heart
failure, cerebrovascular accident, transient ischaemic attack,
haemorrhagic stroke and ischaemic stroke.

Statistical Analysis
Continuous measurements were summarized using descriptive
statistics and discrete data by counts. Demographic and co-
morbidities of acromegaly patients enrolled in the study are
summarized descriptively by hypertensive and normotensive
groups. As this is a non-interventional study, all tests of
significance provided (eg., p-values) are exploratory, not
definitive and post-hoc in nature and should be interpreted
with caution. Stepwise logistic regression for mortality was
performed using independent predictors of demographic,
clinical and co-morbid risk factors. Odds ratios and 95%
confidence intervals for them are also provided. Kaplan-Meier
analyses were performed for the significant predictors of
mortality and survival from the stepwise logistic regression
analysis for the total cohort of patients and within the
hypertensive sub-cohort.

For the purposes of statistical analyses, baseline was defined
as the start of PEGV therapy upon entry in the ACROSTUDY.
For adverse event (AE) reporting, including serious adverse
events (SAEs), death and laboratory results, safety data were
Frontiers in Endocrinology | www.frontiersin.org 3
assessed at all visits through case report forms and spontaneous
reports. Adverse events data were coded using the current
MedDRA version available at the time of reporting. All
statistical analyses are performed using SAS version 9.4 (25).
RESULTS

Here we analyse data from 2,090 patients followed for a median
of 6.8 years (range up to 12.1 yrs), in total, 7,687.5 patient years
(Figure 1). Data on acromegaly treatment outcomes were
already reported previously (23).

Characteristics of the
Hypertension Cohort
The prevalence of hypertension in the ACROSTUDY cohort was
56% at study entry and increased to 64% during the follow-up
period, with 182 newly diagnosed patients with hypertension
during the study (Figure 1). For this analysis, the entire
ACROSTUDY population was divided in two groups: 1)
patients with hypertension at any time during the study (64%
of patients) and 2) patients with normotension at any time
during the study (36% of patients). Baseline demographic
characteristics of the cohorts with and without hypertension
are shown in Table 1. At study entry, patients belonging to the
hypertension group were older at initial diagnosis of acromegaly,
older at study entry, had higher BMI and a higher prevalence of
all cardiovascular risk factors (Table 1). In addition, patients
with hypertension had significantly more pituitary deficiencies
and received less pituitary surgery (Table 1). Patients who
started PEGV ≥5 years after diagnosis had a higher prevalence
of hypertension. At baseline and at year 5, the average blood
pressure reduced from 137/84 to 134/81 mmHg in Hypertension
and 122/76 to 120/75 mmHg in Normotension groups,
FIGURE 1 | ACROSTUDY flow chart.
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respectively. 20.4% of patients receiving PEGV monotherapy,
19.7% of patients receiving PEGV + somatostatin receptor
ligands (SRL), 20.7% of patients receiving PEGV + dopamine
agonists (DA) and 24.1% of patients receiving tripple therapy
(PEGV + SRL + DA) developed novel hypertension during the
observation time in ACROSTUDY.
Frontiers in Endocrinology | www.frontiersin.org 4
Acromegaly Control Rates in the
Hypertension Cohort
At entry into the ACROSTUDY, IGF-I values evaluated as fold-
ULN were similar in both groups (Table 1). During the follow-
up period, the percentages of patients with IGF-I within the
normal range continously increased in both groups, changing
from 52.2 to 59.5% in the Hypertension group and from 54.6 to
69.3% in the Normotension group, but were significantly higher
in the Normotension group when compared to the Hypertension
group 1–5 years after starting PEGV (p<0.001 (Figure 2).
Hypertensive patients received significantly higher PEGV doses
(p=0.014) for the first five years after the start of Somavert
therapy ranging from 15 to 18.3 mg/day, when compared to 13.5
to 16 mg/day in the Normotension group.

Mortality in the Hypertension Cohort
All adverse effects observed in ACROSTUDY are shown in Table
2. They were also previously reported for the overall population
by Buchfelder et al. (23). A total of 78 deaths (56% in males) were
observed: 68 in the Hypertension group (5.1%) and 10 in the
Normotension group (1.3%), and mortality rate was 13.2 per
1,000 patient years in the Hypertension group and 4 per 1,000
patient years in the Normotension group. The causes of death
were predominantly cardiovascular (31%), cerebrovascular
(18%), cancer (18%) and respiratory problems/sepsis (13%).
For further analysis, both cardiovascular and cerebrovascular
causes of death are classified as cardiovascular deaths, and
included cardiac arrest, ventricular fibrillation, myocardial
infarction, heart failure, aortic aneurysm rupture, cardiogenic
shock, bilateral massive pulmonary embolism, stroke/
cerebrovascular accident, basilar vein thrombosis and
subarachnoidal haemorrhage. The most common cause of
TABLE 1 | Differences in baseline characteristics, comorbidities and pituitary
disease between patients with and without hypertension.

Hypertension
n=1344

Normotension
n=746

P-value

Patient characteristics
Age at diagnosis of acromegaly
(years)

46.0 (13.1) 37.1 (12.4) <0.0001

Age at PEGV start (yrs) 53.9 (12.9) 44.0 (13.6) <0.0001
Gender 47.7% ♀ 50.7% ♀ 0.1723
Ethnicity 92.9%

caucasian
93.1%

caucasian
0.1428

CV risk factors and comorbidities
Age at ACROSTUDY start (years) 55.6 (12.9) 45.6 (13.7) <0.0001
BMI (kg/m2) 30.5 (5.4) 28.3 (4.9) <0.0001
Smoking 27.7% 24.9% <0.0001
Cardiovascular disease 7.4% 2.5% <0.0001
Diabetes 20.2% 11.4% <0.0001
Hyperlipidemia 17.0% 5.6% <0.0001
Pituitary disease
Pituitary surgery 73.7% 82.7% <0.0001
Radiotherapy 30.9% 30.8% 0.9606
Pituitary deficiencies 53% 47% 0.0224
ACTH deficiency 24% 23% 0.7078
Baseline IGF-I (µg/L) 364 (283) 387 (278) 0.3265
IGF-I > ULN 88.9% 87.4% 0.3924
IGF-I (foldULN = IGF-I/ULN) 1.54 (1.11) 1.39 (0.87) 0.0841
Data are shown as mean (SD) or percentage. CV, cardiovascular; CVD, cardiovascular
disease; IGF-I, insulin-like growth factor-I; PEGV, pegvisomant; ULN, upper limit of normal.
A B

FIGURE 2 | Number and proportion of patients with normal IGF-I (bar charts) and respective PEGV (pegvisomant) dose (blue boxes) in the subcohorts of patients
with (A) and without (B) hypertension.
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death due to CVD was heart failure, which accounted for 9 cases.
Age of death ranged from 35.6 to 88.6 years (mean 68.4 years, SD
12.4). Two deaths occurred before the age of 40 and were caused
by ventricular fibrillation in one patient and aortic aneurysm
rupture in the other. Female patients died at an older age, with a
mean age at death of 71.8 years (SD 13.2) for females and 65.9
years (SD 11.3) for males. No gender differences were observed in
the distribution of causes of death.

For identifying which factors influenced the increased
mortality in the hypertension cohort we performed a
univariate analysis testing the relationship between mortality
and baseline factors obtained at the ACROSTUDY entry visit.
Older age, the concomitant presence of pituitary deficiencies,
diabetes, hyperlipidemia, and CVD were all significantly related
to mortality (Table 3). Gender, BMI, smoking habits and IGF-I
levels were not associated with mortality.

Using step-wise logistic regression analyses with all-cause-
mortality as the outcome measure, we found that only age at
diagnosis of acromegaly, the presence of CVD and pituitary
deficiencies independently predicted mortality (Table 3). In the
Frontiers in Endocrinology | www.frontiersin.org 5
Hypertension cohort, 34% of patients who died had already been
diagnosed with CVD at study entry. In the cohort of
hypertensive patients who survived, CVD was present in less
then 6%. Pituitary deficiency was present in 72% of hypertensive
patients who died, and in 51% of survivors. Traditional
cardiovascular risk factors such as smoking, BMI and gender
were not associated to mortality in acromegaly patients
with hypertension.

To further explore the importance of CVD and pituitary
deficiencies on mortality, we performed a Kaplan-Meyer analysis
testing the differences in survival curves between hypertensive
patients with and without pituitary deficiencies and CVD
(Figure 3). Survival in patients with acromegaly and
hypertension was not significantly influenced by concomitant
hypopituitarism (Figure 3A). The presence of CVD led to a
remarkable reduction in survival (Figure 3B).
DISCUSSION

Previous studies have identified hypertension as an independent
factor related to an increased mortality in patients with
acromegaly (13, 26). Here we report the data from a large
international cohort study of patients with a long history of
acromegaly, necessitating long-term acromegaly-specific
therapies. We observed a high prevalence of hypertension,
which increases during the follow-up period, as patients get
older. In this cohort, the presence of hypertension is associated
with ageing and with a higher prevalence of diabetes,
hyperlipidemia and other cardiovascular risk factors. After five
years, blood pressure values decreased in the whole
ACROSTUDY cohort. In the subgroup of patients with
acromegaly and hypertension, the presence of CVD was the
most robust independent predictor of mortality in both logistic
regression and Kaplan-Meier analysis.

Improvements in glucose metabolism and blood pressure
observed after successful treatment interventions of acromegaly
with PEGV corroborate a direct link between GH-IGF-I excess
and hypertension and diabetes (6, 15, 24, 27, 28). Indeed, long-
term excess in GH/IGF-I plays an important role in the
development of hypertension, insulin resistance, diabetes and
obesity, which in turn also impact each other (8, 10, 15). As
PEGV is commonly used as a second- or third-line therapy in
acromegaly, most patients included in ACROSTUDY were either
not adequately controlled with other treatment modalities or
could not receive/tolerate other treatments. This may explain
why ACROSTUDY patients were older and had active disease
longer than other cohorts studied to date; this may also be the
reason that the ACROSTUDY population had a higher
prevalence of acromegaly-associated comorbidities at baseline
when compared to other cohorts (4, 22, 23). The long follow-up
period in the study extending to up to 12.2 years allowed us to
identify a large number of patients with hypertension, which
reached 1,344 patients (64% of the cohort) at the time of the
study data freeze for the second interim analysis. The high
prevalence of arterial hypertension in the ACROSTUDY
TABLE 3 | Factors related to mortality in hypertensive patients with acromegaly.

Odds
Ratio

95% confidence
limits for Odds

Ratio

P-value

Univariate analysis
Age at diagnosis of acromegaly
(years)

1.008 0.982 1.034 <0.0001

Age at ACROSTUDY start (yrs) 0.868 0.767 0.982 0.0247
Gender 0.797 0.487 1.304 0.3662
BMI 0.972 0.929 1.016 0.2105
Smoking 0.963 0.568 1.633 0.8895
Diabetes 0.558 0.342 0.910 0.0194
Hyperlipidemia 3.263 1.014 10.500 0.0474
Cardiovascular disease 0.124 0.071 0.215 <0.0001
IGF-I at study entry (µg/L) 1.001 0.999 1.002 0.3252
IGF-I at last visit (µg/L) 0.999 0.997 1.001 0.1997
Pituitary deficiencies 0.415 0.242 0.714 0.0015
ACTH deficiency 0.652 0.401 1.060 0.0844
Step-wise logistic regression analysis
Age at diagnosis of acromegaly
(years)

0.931 0.906 0.958 <0.0001

Cardiovascular disease 0.145 0.068 0.308 <0.0001
Pituitary deficiencies 0.378 0.179 0.796 0.0105
TABLE 2 | Adverse events in patients with and without hypertension.

Hypertension
N (%)

Normotension
N (%)

Adverse effects (AEs)
Subjects with AEs (all cause) 773 (57.5%) 364 (48.8%)
Subjects with treatment-related AEs 206 (15.3%) 131 (17.6%)
Serious adverse effects (SAEs)
Subjects with SAEs (all cause) 343 (25.5%) 116 (15.5%)
Subjects with treatment-related SAEs 35 (2.6%) 14 (1.9%)
Deaths (all non-treatment related) 68 (5.1%) 10 (1.3%)
Drugs withdrawn due to SAEs
Discontinued due to SAEs 116 (8.6%) 30 (4%)
Discontinued due to treatment-related SAEs 19 (1.4%) 5 (0.7%)
Data are shown as total numbers and respective percentages. Treatment=Pegvisomant.
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cohort, which has a high frequency of IGF-I normalization, and
its relationship to age, higher BMI, smoking and other
comorbidities, corroborates the multifactorial pathophysiology
of hypertension in patients with acromegaly, comparable to the
general population. To our knowledge, this is the largest cohort
of patients with acromegaly and hypertension studied to date.

Based on already published reports and our clinical
experience, hypertension in acromegaly is usually not very
severe, and can be effectively controlled with available
antihypertensive medications (6). This is also confirmed by our
observations on a small decrease in blood pressure values during
ACROSTUDY. Nevertheless, hypertension plays an important
pathophysiological role in the development of acromegaly-
associated comorbidities, such as insulin resistance, diabetes
and CVD (6, 8). Indeed, in the present study we found
significantly higher PEGV doses in patients with hypertension.
The main reasons for this might be the larger prevalence of
diabetes and the higher BMI in patients with hypertension and
acromegaly, when compared to patients without hypertension, as
the presence of diabetes necessitates higher PEGV doses for
achieving biochemical control (29). In terms of pituitary disease,
Frontiers in Endocrinology | www.frontiersin.org 6
the most significant difference was the fact that patients with
hypertension had undergone significantly less pituitary surgery.
Although the reason for this was not captured, it may be related
to the older age and multiple comorbidities found in the
hypertensive population and is in agreement with previous
reports on acromegaly in older patients (30).

At entry in ACROSTUDY the prevalence of CVD reported in
the sub-cohort of patients with acromegaly and hypertension
was 7.4%. Cardiac disease in acromegaly was found by other
investigators to depend on the amount and extent of GH
hypersecretion, and was often partly reversible after
normalization of GH levels via surgery or by blocking GH
action via PEGV (31). Hypertension plays an additive role,
aggravating GH/IGF-I-induced heart disease (5). A previous
study specifically analyzing all acromegaly patients for the
presence of CVD reported that all patients with hypertension
and diabetes had echocardiographic abnormalities (8). In clinical
practice, testing for the presence of CVD necessitates referrals to
other specialists and is not systematically done by the internist/
endocrinologist. Patients with acromegaly were found to have
morphological cardiac disease in the absence of signs and
A

B

FIGURE 3 | Kaplan Meier plot survival curves in patients with acromegaly and hypertension in relation to the presence of (A) pituitary deficiencies and (B)
cardiovascular disease at baseline visit (ACROSTUDY entry).
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symptoms. So we cannot exclude that clinically silent but
functional or morphological CVD might be underdiagnosed in
our population. Our data show that the prevalence of reported
CVD in the subcohort of patients with acromegaly and
normotension is not higher than in the general normotensive
population, while the prevalence of reported CVD in patients
with acromegaly and hypertension is similar to the general
population with well-treated hypertension (32). This evidence
supports the fact that arterial hypertension appears to be the
main factor contributing to the development of CVD in this
cohort of patients with acromegaly, who have a high frequency of
IGF-I normalization. In addition, our data are in line with recent
studies finding a lower frequency of CVD in acromegaly than
described in older cohorts, mainly attributed to better disease
control due to novel treatment modalities (10).

The current guidelines for diagnosing and treating
acromegaly promote screening all patients for the presence of
comorbidities, including CVD (20). Mortality in acromegaly has
improved during the last decades and is considered to be similar
to the normal population in well-controlled patients, and this is
linked to the lower prevalence of CVD (10, 18, 33). Here we show
that the presence of hypertension is associated with a 3.3 fold
increased mortality rate in patients with acromegaly,
nevertheless mortality rate in the cohort of patients with
acromegaly and hypertension appears similar to the mortality
rate of the general population with hypertension (34).

The strength of the present study is the prospective design for
capturing acromegaly comorbidities, and the inclusion of a large
number of patients with uncontrolled acromegaly, which led to a
high number of comorbidities and mortality events. Additional
strengths are the long-term follow up, the real-world setting with
inclusion of patients that may not have been enrolled in clinical
trials. Limitations include the retrospective classification of
Hypertension or Normotension groups, the investigator-based
definition of cardiovascular disease, the lack of information on
how adequately pituitary deficiencies were treated and the fact
that all patients were on PEGV, so there was no treatment
comparator group. Additional strengths/limitations of
ACROSTUDY overall were described in the previous
publication (23).

Taken together, here we report data on a very large cohort of
patients with acromegaly and hypertension, describing a higher
prevalence of other comorbidities and cardiovascular risk factors
and a 3.3 fold increased mortality when compared to patients
with acromegaly without hypertension. Our findings indicate
that hypertension significantly increases mortality in patients
with acromegaly, especially in the presence of concomitant CVD,
highlighting the importance of testing for and treating cardiac
disease in hypertensive patients with acromegaly.
Frontiers in Endocrinology | www.frontiersin.org 7
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5. López-Velasco R, Escobar-Morreale HF, Vega B, Villa E, Sancho JM, Moya-
Mur JL, et al. Cardiac Involvement in acromegaly: specific myocardiopathy or
consequence of systemic hypertension? J Clin Endocrinol Metab (1997)
82:1047–53. doi: 10.1210/jcem.82.4.3876

6. Bondanelli M, Ambrosio MR, degli Uberti EC. Pathogenesis and prevalence
of hypertension in acromegaly. Pituitary (2001) 4:239–49. doi: 10.1023/
A:1020798430884

7. Petrossians P, Daly AF, Natchev E, Maione L, Blijdorp K, Sahnoun-Fathallah M,
et al. Acromegaly at diagnosis in 3173 patients from the Liège Acromegaly Survey
(LAS)Database. Endocr Relat Cancer (2017) 24:505–18. doi: 10.1530/ERC-17-0253

8. Ramos-Levı ́ AM, Marazuela M. Bringing Cardiovascular Comorbidities in
Acromegaly to an Update. How Should We Diagnose and Manage Them?
Front Endocrinol (Lausanne) (2019) 10:120. doi: 10.3389/fendo.2019.00120

9. Bohlooly-Y M, Carlson L, Olsson B, Gustafsson H, Andersson IJ, Törnell J,
et al. Vascular function and blood pressure in GH transgenic mice.
Endocrinology (2001) 142:3317–23. doi: 10.1210/endo.142.8.8296

10. Gadelha MR, Kasuki L, Lim DS, Fleseriu M. Systemic complications of
acromegaly and the impact of the current treatment landscape: an update.
Endocr Rev (2019) 40:268–332. doi: 10.1210/er.2018-00115

11. Lie JT. Pathology of the heart in acromegaly: anatomic findings in 27
autopsied patients. Am Heart J (1980) 100:41–52. doi: 10.1016/0002-8703
(80)90277-X

12. Berg C, Petersenn S, Lahner H, Herrmann BL, Buchfelder M, Droste M, et al.
Investigative Group of the Heinz Nixdorf Recall Study and the German
Pegvisomant Observational Study Board and Investigators. Cardiovascular
risk factors in patients with uncontrolled and long-term acromegaly:
comparison with matched data from the general population and the effect
of disease control. J Clin Endocrinol Metab (2010) 95:3648–56. doi: 10.1210/
jc.2009-2570

13. Holdaway IM, Rajasoorya RC, Gamble GD. Factors Influencing mortality in
acromegaly. J Clin Endocrinol Metab (2004) 89:667–74. doi: 10.1210/jc.2003-
031199

14. Mosca S, Paolillo S, Colao A, Bossone E, Cittadini A, Iudice FL, et al.
Cardiovascular involvement in patients affected by acromegaly: an
appraisal. Int J Cardiol (2013) 167:1712–8. doi: 10.1016/j.ijcard.2012.11.109

15. Vila G, Jorgensen JO, Luger A, Stalla GK. Insulin resistance in patients with
acromegaly. Review. Front Endocrinol (Lausanne) (2019) 10:509. doi: 10.3389/
fendo.2019.00509

16. Holdaway IM, Bolland MJ, Gamble GD. A meta- analysis of the effect of
lowering serum levels of GH and IGF- I on mortality in acromegaly. Eur J
Endocrinol (2008) 159:89–95. doi: 10.1530/EJE-08-0267

17. Dekkers OM, Biermasz NR, Pereira AM, Romijn JA, Vandenbroucke JP.
Mortality in acromegaly: a metaanalysis. J Clin Endocrinol Metab (2008)
93:61–7. doi: 10.1210/jc.2007-1191

18. Bolfi F, Neves AF, Boguszewski CL, Nunes-Nogueira VS. Mortality in
acromegaly decreased in the last decade: a systematic review and meta-
analysis. Eur J Endocrinol (2018) 179:59–71. doi: 10.1530/EJE-18-0255

19. Tritos NA, Mattson AF, Vila G, Biller BMK, Klibanski A, Valluri S, et al. All-
cause mortality in patients with acromegaly treated with pegvisomant: an
ACROSTUDY analysis. Eur J Endocrinol (2020) 182:285–92. doi: 10.1530/
EJE-19-0794

20. Katznelson L, Laws ERJr, Melmed S, Molitch ME, Murad MH, Utz A, et al.
Endocrine Society. Acromegaly: An Endocrine Society Clinical Practice
Guideline. J Clin EndocrinolMetab (2014) 99:3933–51. doi: 10.1210/jc.2014-2700

21. Melmed S, Bronstein MD, Chanson P, Klibanski A, Casanueva FF, Wass JAH,
et al. A Consensus Statement on acromegaly therapeutic outcomes. Nat Rev
Endocrinol (2018) 14:552–61. doi: 10.1038/s41574-018-0058-5

22. Brue T, Castinetti F, Lundgren F, Koltowska-Häggström M, Petrossians P.
ACROSTUDY investigators. Which patients with acromegaly are treated with
Frontiers in Endocrinology | www.frontiersin.org 8
pegvisomant? An overview of methodology and baseline data in
ACROSTUDY. Eur J Endocrinol (2009) 161(Suppl 1):S11–7. doi: 10.1530/
EJE-09-0333

23. Buchfelder M, van der Lely AJ, Biller BMK, Webb SM, Brue T, Strasburger CJ,
et al. Long-term treatment with pegvisomant: observations from 2090
acromegaly patients in ACROSTUDY. Eur J Endocrinol (2018) 179:419–27.
doi: 10.1530/EJE-18-0616

24. Brue T, Lindberg A, Jan van der Lely A, Akerblad AC, Koltowska-Häggström
M, Gomez R, et al. Diabetes in patients with acromegaly treated with
pegvisomant: observations from acrostudy. Endocrine (2019) 63:563–72.
doi: 10.1007/s12020-018-1792-0

25. SAS Institute Inc. SAS/STAT® Users Guide, Version 9. Cary, NC: SAS Institute
Inc (2018).

26. Melmed S. Acromegaly and cancer: not a problem? J Clin Endocrinol Metab
(2001) 86:2929–34. doi: 10.1210/jcem.86.7.7635

27. Colao A, Pivonello R, Galderisi M, Cappabianca P, Auriemma RS, Galdiero
M, et al. Impact of treating acromegaly first with surgery or somatostatin
analogs on cardiomyopathy. J Clin Endocrinol Metab (2008) 93:2639–46. doi:
10.1210/jc.2008-0299

28. Sardella C, Urbani C, Lombardi M, Nuzzo A, Manetti L, Lupi I, et al. The
beneficial effect of acromegaly control on blood pressure values in
normotensive patients. Clin Endocrinol (Oxf) (2014) 81:573–81. doi:
10.1111/cen.12455

29. Droste M, Domberg J, Buchfelder M, Mann K, Schwanke A, Stalla G, et al.
Therapy of acromegalic patients exacerbated by concomitant type 2 diabetes
requires higher pegvisomant doses to normalise IGF1 levels. Eur J Endocrinol
(2014) 171:59–68. doi: 10.1530/EJE-13-0438

30. Dupuy O, Petrossians P, Brue T, Morange I, Bordier L, Mayaudon H, et al.
Acromegaly in the elderly. Ann Endocrinol (Paris) (2009) 70:225–9. doi:
10.1016/j.ando.2009.05.002

31. Pivonello R, Galderisi M, Auriemma RS, De Martino MC, Galdiero M,
Ciccarelli A, et al. Treatment with growth hormone receptor antagonist in
acromegaly: effect on cardiac structure and performance. J Clin Endocrinol
Metab (2007) 92:476–82. doi: 10.1210/jc.2006-1587

32. Nayor M, Duncan MS, Musani SK, Xanthakis V, LaValley MP, Larson MG,
et al. Incidence of cardiovascular disease in individuals affected by recent
changes to US blood pressure treatment guidelines. J Hypertens (2018)
36:436–43. doi: 10.1097/HJH.0000000000001570

33. Mercado M, Gonzalez B, Vargas G, Ramirez C, de los Monteros AL, Sosa E,
et al. Successful mortality reduction and control of comorbidities in patients
with acromegaly followed at a highly specialized multidisciplinary clinic. J Clin
Endocrinol Metab (2014) 99:4438–46. doi: 10.1210/jc.2014-2670

34. Ford ES. Trends in mortality from all causes and cardiovascular disease among
hypertensive and nonhypertensive adults in the United States. Circulation (2011)
123:1737–44. doi: 10.1161/CIRCULATIONAHA.110.005645

Conflict of Interest: GV has received research grants to her institution from
Chiasma and Novartis, and consultancy- and/or speakers fees from Pfizer,
Novartis and Ipsen. AL has received lecture and/or consulting honoraria from
Ipsen, Novartis, and Pfizer; research grants to the Medical University of Vienna
from Ipsen and Pfizer. AJL has received grants, consultancy- and speaker’s fees
from Pfizer. SN has received research grants and speaker fees from Ipsen, Novartis,
and Pfizer, and consulting fees from Ipsen. SW has received honoraria as a
member of the Acrostudy Advisory Board, and lecture fees from Pfizer, Novartis
and Ipsen. BB has served as PI of research grants from Novartis, Crinetics and
Ionis to Massachusetts General Hospital and has received occasional consulting
honoraria from Novartis, Crinetics and Pfizer. SV and JH-H are Pfizer employees.

Copyright © 2020 Vila, Luger, van der Lely, Neggers, Webb, Biller, Valluri and
Hey-Hadavi. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.
November 2020 | Volume 11 | Article 577173

https://doi.org/10.1210/jc.2016-1937
https://doi.org/10.1210/jc.2016-1937
https://doi.org/10.1210/jc.2011-2508
https://doi.org/10.1210/jcem.82.4.3876
https://doi.org/10.1023/A:1020798430884
https://doi.org/10.1023/A:1020798430884
https://doi.org/10.1530/ERC-17-0253
https://doi.org/10.3389/fendo.2019.00120
https://doi.org/10.1210/endo.142.8.8296
https://doi.org/10.1210/er.2018-00115
https://doi.org/10.1016/0002-8703(80)90277-X
https://doi.org/10.1016/0002-8703(80)90277-X
https://doi.org/10.1210/jc.2009-2570
https://doi.org/10.1210/jc.2009-2570
https://doi.org/10.1210/jc.2003-031199
https://doi.org/10.1210/jc.2003-031199
https://doi.org/10.1016/j.ijcard.2012.11.109
https://doi.org/10.3389/fendo.2019.00509
https://doi.org/10.3389/fendo.2019.00509
https://doi.org/10.1530/EJE-08-0267
https://doi.org/10.1210/jc.2007-1191
https://doi.org/10.1530/EJE-18-0255
https://doi.org/10.1530/EJE-19-0794
https://doi.org/10.1530/EJE-19-0794
https://doi.org/10.1210/jc.2014-2700
https://doi.org/10.1038/s41574-018-0058-5
https://doi.org/10.1530/EJE-09-0333
https://doi.org/10.1530/EJE-09-0333
https://doi.org/10.1530/EJE-18-0616
https://doi.org/10.1007/s12020-018-1792-0
https://doi.org/10.1210/jcem.86.7.7635
https://doi.org/10.1210/jc.2008-0299
https://doi.org/10.1111/cen.12455
https://doi.org/10.1530/EJE-13-0438
https://doi.org/10.1016/j.ando.2009.05.002
https://doi.org/10.1210/jc.2006-1587
https://doi.org/10.1097/HJH.0000000000001570
https://doi.org/10.1210/jc.2014-2670
https://doi.org/10.1161/CIRCULATIONAHA.110.005645
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Hypertension in Acromegaly in Relationship to Biochemical Control and Mortality: Global ACROSTUDY Outcomes
	Introduction
	Patients and Methods
	Study Protocol
	Mortality
	Hypertension Group
	Comorbidities
	Statistical Analysis

	Results
	Characteristics of the Hypertension Cohort
	Acromegaly Control Rates in the Hypertension Cohort
	Mortality in the Hypertension Cohort

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding 
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


