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ABSTRACT 
Background: Acromegaly is a systemic disease associated with multiple 
comorbidities. The clinical characteristics of acromegaly develop insidiously 
over several years and the diagnosis is usually delayed. Progress has been 
made in diagnostic and treatment strategies for acromegaly but whether this 
has led to an improvement in survival remains to be shown. The aim of this 
thesis was to determine mortality, morbidity, and the impact of diagnostic 
delay and other comorbidities on long-term outcome in patients with 
acromegaly. 

Methods: Patients with acromegaly were identified in the Swedish National 
Patient Registry, which was linked to five other national registries via personal 
identification numbers. To study mortality and morbidity in acromegaly, 
standardised mortality ratios (SMRs) or standardised incidence ratios (SIRs) 
were calculated with 95% confidence intervals (CIs) using the Swedish 
population as reference. To study the impact of diabetes on outcomes, patients 
with acromegaly and associated diabetes were compared with those without 
diabetes using Cox regression analysis. 

Results: Mortality in patients with acromegaly was increased (SMR 1.3, 95% 
CI 1.2–1.5) and was mainly ascribed to circulatory diseases. The diagnosis of 
acromegaly was delayed by a mean (SD) of 5.5 (6.2) years [median 3.3 (0.0–
25.9)] and diagnostic delay had an important impact on outcome. The number 
of comorbidities was higher with longer diagnostic delay and mortality was 
significantly increased only in patients with diagnostic delay ≥10 years. 
Patients with acromegaly also had increased incidence of both benign (SIR 
2.4, 95% 2.1–2.7) and malignant tumours (SIR 1.3, 95% 1.1–1.5). Specifically, 
the incidence of colorectal and anal cancer (SIR 1.5, 95% CI 1.0–2.2) as well 
as renal and ureteral cancer (SIR 4.0, 95% CI 2.3–6.5) was increased, while 
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the incidence of thyroid, lung, brain, breast and prostate cancer was not. 
However, mortality due to malignancy was not increased. The presence of 
diabetes was associated with a worse outcome. In patients with acromegaly 
and associated diabetes, overall mortality was increased by 60% (hazard ratio 
[HR] 1.6, 95% CI 1.1–2.2), cardiovascular mortality 2-fold (HR 2.1, 95% CI 
1.1–4.1) and the risk of cardiovascular diseases by 50% (HR 1.5, 95% CI 1.2–
1.8) compared with patients without diabetes. 

Conclusions: Despite improvements in the management of acromegaly, 
prognosis is still poor, especially in patients diagnosed with a longer delay and 
in those with associated diabetes. These findings highlight the importance of 
early diagnosis and the need of optimising care of acromegaly and its 
associated complications to improve long-term outcome. 
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SAMMANFATTNING PÅ SVENSKA 
Bakgrund: Akromegali är en systemisk sjukdom associerad med flera 
följdsjukdomar. Kliniska drag av akromegali utvecklas smygande under flera 
år och diagnosen är vanligtvis fördröjd. Framsteg har gjorts i diagnostiska och 
behandlingsstrategier för akromegali men om detta har lett till en förbättring 
av överlevnaden är okänt. I denna avhandling studerades dödlighet, sjuklighet 
och inverkan av diagnostisk fördröjning och diabetes på överlevnaden hos en 
nationell oselekterad kohort av patienter med akromegali.  

Metod: Patienter med akromegali identifierades i Svenska Patientregistret som 
är kopplat till andra nationella register via personnumren. För att studera 
dödlighet och sjuklighet vid akromegali beräknades standardiserad 
mortalitetsratio (SMR) eller standardiserad incidensratio (SIR) med 95% 
konfidensintervall (CI), med den svenska befolkningen som referens. För att 
studera effekten av diabetes på sjuklighet och dödlighet jämfördes patienter 
med akromegali och associerad diabetes med de utan diabetes med hjälp av 
cox-regressionsanalys. 

Resultat: Patienter med akromegali hade förhöjd dödlighet (SMR 1.33, 95% 
CI 1.17–1.52) och den huvudsakliga dödsorsaken var hjärt-kärlsjukdomar. 
Diagnosen akromegali var fördröjd med i genomsnitt 5.5 (6.2) år. Antalet 
komorbiditeter var högre vid längre diagnostisk fördröjning och mortaliteten 
var signifikant förhöjd endast hos patienter med diagnostiska fördröjningen 
≥10 år. Patienter med akromegali hade också en högre incidens av både 
benigna (SIR 2.4, 95% 2.1–2.7) och maligna tumörer (SIR 1.3, 95% 1.1–1.5). 
Incidensen av kolorektal- och anal cancer (SIR 1.5, 95% CI 1.0–2.2) samt njur- 
och ureteralcancer (SIR 4.0, 95% CI 2.3–6.5) var förhöjd medan det var ej 
fallet för sköldkörtel, lunga, hjärna, bröst och prostatacancer. Dödligheten på 
grund av cancer var dock inte förhöjd. Förekomsten av diabetes visade sig vara 
en viktig riskfaktor för dödlighet. Dödligheten hos akromegala patienter med 
associerad diabetes var 60% högre än de utan diabetes (hazard ratio [HR] 1.58, 
95% CI 1.12–2.23) trots justering för flera störande faktorer. Dessutom var 
dödligheten i hjärt-kärlsjukdomar 2 gånger högre (HR 2.11, 95% CI 1.09–4.1) 
och risken för hjärt-kärlsjukdomar 50% högre (HR 1.49, 95% CI 1.21–1.82) 
hos patienter med akromegali och diabetes. 

Konklusion: Trots förbättringar i hanteringen av patienter med akromegali är 
prognosen fortfarande dålig, särskilt hos patienter med fördröjd diagnos och 
hos patienter med associerad diabetes. Dessa fynd understryker vikten av tidig 
diagnos och behovet av att optimera vården av patienter med akromegali och 
dess associerade komplikationer för att förbättra överlevnaden. 
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1. INTRODUCTION 

1.1 History of Acromegaly 
The term acromegaly (from the Greek words “ákron”, extremity and “mégas”, 
enlargement) was used for the first time in 1886 by the French neurologist 
Pierre Marie to describe the clinical characteristics of two female patients 
observed at the Pitié-Salpêtrière Hospital, Paris (Figure 1A) (1,2). In the 
description of one of his patients (a 37-year-old woman shown in Figure 1B) 
in Revue de Médicine, Pierre Marie wrote (in French):  

“… It was at the age of twenty-four, at the time menstruation suddenly ceased, 
that she noticed a sudden increase in her hands. Her face at this time also 
underwent changes, ... so that when the patient returned home none of her 
relatives could recognise her. … Present condition. The whole feet are large, 
including the toes. Though the latter are increased in size, they have preserved 
their form, there is no true deformity, their appearance is simply that of a very 
big person … The tongue is enlarged … The sight is also slightly defective … 
The lower jaw is well-developed …”. 

 

A B  
 
Fig. 1. Pierre Marie coined the term acromegaly for the first time in 1886 (A). A 37-
year-old woman with acromegaly followed by Pierre Marie at the Pitié-Salpêtrière 
Hospital, Paris (B) Collection: W.W. de Herder. Reproduced with permission from 
Neuroendocrinology, The history of Acromegaly. de Herder 2016, Copyright S. 
Karger AG, Basel. 

 Other physicians had however described the condition years before, such 
as the Dutch physician Johannes Wier, who reported the case of a female giant 
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in 1567, and the French surgeon Nicolas Saucerotte in 1772 (2,3). The disease 
was described by other physicians using different names including “géant 
scrofuleux”, “macrosomia” and “prosopectasia” (2,4,5). Interestingly, the 
latter was used in 1864 by the Italian neurologist-psychiatrist Andrea Verga, 
who for the first time described a sellar tumour with enlargement and 
destruction of the sella turcica at the post-mortem examination of a woman 
with clinical features consistent with acromegaly (4). Enlargement of the 
pituitary gland was thereafter reported by the French Henrot in 1877 and in the 
same year by the Italian Brigidi, who reported the case of the Italian actor 
Ghirlenzoni with typical features of acromegaly (2). Despite the enlargement 
of the pituitary gland being described in several cases, the aetiology of 
acromegaly remained unknown for many years and, only at the end of the 19th 
century, a hyperfunctioning pituitary tumour was clearly established as the 
cause of acromegaly (2). 

1.2 Physiology of the GH/IGF-I Axis 
Growth hormone (GH) is a 191 amino acid polypeptide produced by 
somatotrophic cells of the anterior pituitary gland in a pulsatile manner and in 
a circadian rhythm with maximal secretion during the night and slow-wave 
sleep (6,7). GH production is under hypothalamic control by GH-releasing 
hormone (GHRH) and somatostatin (SST). The former stimulates GH 
production and release, and the latter inhibits GH secretion by blunting 
responsiveness to GHRH in the pituitary gland (Figure 2). In addition, the 
gastric peptide ghrelin exerts GH-stimulating effects, activating a different 
receptor on somatotrophic cells (i.e. the GH secretagogue receptor), but its role 
in physiological GH regulation has not yet been completely elucidated (6,8). 
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data showing that GH levels are higher in women than men (10,11). Available 
data suggest that oestrogens stimulate GH production, but at the same time 
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signalling (12). Conversely, androgens seem to increase the peripheral actions 
of GH (12). 

 
Fig. 2. Regulation of GH secretion. Abbreviations: GH, growth hormone; GHRH, GH-
releasing hormone; IGF-I, insulin-like growth factor I. Reproduced with permission of 
Springer Nature from Nature Review Endocrinology, Diagnosis and treatment of 
growth hormone deficiency in adults. Kargi et al. 2013, Copyright Clearance Center. 

 GH acts both directly through the GH receptor (GHR) and indirectly 
through IGF-I. IGF-I is a 70 amino acid peptide with structural similarities to 
pro-insulin and exerts growth-promoting actions through endocrine, autocrine 
and paracrine effects. Liver is the main source of IGF-I, accounting for 
approximately 85% of circulating IGF-I, but other tissues such as kidney, 
adipose tissue, bone, brain and muscles may contribute (6). The majority of 
circulating IGF-I (99%) is bound to IGF-binding proteins (IGFBPs). Six 
binding proteins (IGFBP 1–6) have been identified, with IGFBP-3 and IGFBP-
2 being the most abundant forms. Approximately 75% of circulating IGF-I is 
bound to IGFBP-3, whose secretion, as for IGF-I, is mainly regulated by GH 
(13). 
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 GH has an important role in in the regulation of glucose, lipid and protein 
metabolism. Specifically, GH stimulates lipolysis and protein synthesis, and 
decreases insulin sensitivity and glucose uptake (6). The effects of GH on 
protein metabolism consist of an increase in protein synthesis and a reduction 
in protein breakdown, amino acid degradation and urea production in the liver 
(9). 

 The effects of GH on carbohydrate metabolism are complex: the direct 
effect of GH is to antagonise insulin action, while an indirect effect through 
IGF-I may facilitate insulin action. During fasting, GH induces lipolysis with 
an increase in free fatty acids, resulting in decreased glucose and protein 
oxidation with consequent preservation of glycogen stores and lean body mass. 
During feeding, stimulation of both IGF-I and insulin by GH results in anabolic 
storage and growth of lean body mass, glycogen reserves and adipose tissue 
(9). 

 The mechanism by which GH antagonises insulin has not been completely 
elucidated. One possibility is the lipolytic effect of GH, which results in 
increased free fatty acids with suppression of glucose intake and, 
consequently, insulin resistance (9). In addition, GH and insulin pathways 
cross-talk at the post-receptor level and GH seems to directly block insulin 
signalling (14). An opposite effect is exerted by IGF-I, which increases insulin 
sensitivity by promoting free fatty acids and glucose uptake. In acromegaly, 
chronic GH excess largely overcomes the beneficial effects of IGF-I on 
glucose metabolism (14). 

1.3 Pathogenesis and Epidemiology 
Acromegaly is commonly due to a pituitary adenoma, arising from 
somatotropic cells in the anterior pituitary gland that secrete GH (Figure 3) 
(15). GH excess leads to hypersecretion of IGF-1 from the liver and systemic 
tissues, resulting in the typical clinical features of acromegaly (see Section 1.4) 
(15). The most common GH-secreting pituitary tumours are sparsely or 
densely granulated somatotroph adenomas (Table 1) (16). The former usually 
occur in younger patients, have a more aggressive growth and are associated 
with a higher level of GH. The latter are more common in older patients, 
smaller and less aggressive. Other forms of GH-secreting adenomas are less 
common, including mixed GH and prolactin (PRL) cell, mammosomatotroph 
cell, acidophil stem cell and plurihormonal cell adenomas (Table 1) (16,17). 
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Fig. 3. Causes of acromegaly. Abbreviations: GH, growth hormone; GHRH, growth 
hormone-releasing hormone; GHS, growth hormone secretagogues; IGF-I, insulin-
like growth factor I; PRL, prolactin. Reproduced with permission from New England 
Journal of Medicine, Medical progress: acromegaly. Melmed 2006, Copyright 
Massachusetts Medical Society. 

 In less than 5% of cases, acromegaly is due to other underlying causes 
rather than a benign pituitary adenoma (Figure 3) (15). Hypersecretion of 
GHRH may lead to somatotroph cell hyperplasia and, consequently, GH 
excess and acromegaly. GHRH hypersecretion may be due to hypothalamic 
tumours or peripheral neuroendocrine tumours, usually localised in the lungs 
and pancreas (15). Ectopic GH hypersecretion is very rare and has been 
described in isolated cases of lymphoma or pancreatic islet-cell tumours 
(18,19). Acromegaly may also occur in hereditary conditions, including 
familial isolated pituitary adenoma, multiple endocrine neoplasia 1, McCune-
Albright syndrome, X-linked acrogigantism and Carney complex (15). 
 The prevalence of acromegaly has been reported to be 2.8–13.7 cases/100 
000 people, with an annual incidence of 0.2–1.1 cases/100 000 people (15,20). 
It is most frequently diagnosed in the fourth or fifth decade of life. Men have 
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been reported to be younger than women by a median of 4.5 years at diagnosis 
(21). 

Abbreviations: ACTH, adrenocorticotrophic hormone; GH, growth hormone; PRL, 
prolactin; TSH, thyroid-stimulating hormone. 

1.4 Clinical Features 
Signs and symptoms of acromegaly develop insidiously over several years and 
presenting clinical features vary greatly depending on the degree of GH/IGF-I 
hypersecretion, age at onset, disease duration and tumour size (22). 

 Common clinical manifestations of acromegaly include soft tissue swelling 
and skeletal growth, leading to acral enlargement and changes of facial 
features such as frontal bone overgrowth, macrognathia and widened 
interdental space (Figure 4). If GH-secreting adenomas arise in young patients 

Table 1. Pituitary adenomas expressing growth hormone 
Densely granulated GH 
cell 

 Pure GH secretion 
 More common in older patients (usually >50 

years) 
 Usually smaller and less aggressive 
 Minimally elevated GH levels 

Sparsely granulated GH 
cell 

 Pure GH secretion 
 More common in younger patients 
 Usually more aggressive growth 
 Higher GH levels 

Mixed GH and PRL cell  GH and PRL secretion by mixed somatotroph 
and lactotroph cells 

 May occur with gigantism 

Mammosomatotroph 
cell 

 GH and PRL secretion by monomorphous 
mammosomatotroph cells 

 May occur with gigantism 

Acidophil stem cell  GH and PRL secretion by precursor cell 
tumour 

 Usually aggressive 
 May occur with gigantism 

Plurihormonal cell  GH secretion coexistent with PRL, ACTH or 
seldom TSH secretion  
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before the time of epiphyseal closure, accelerated growth and gigantism can 
occur. 

 
Fig. 4. Clinical features of a man with newly diagnosed acromegaly followed at the 
Department of Endocrinology, Sahlgrenska University Hospital, Gothenburg. 
Reproduced with the patient's permission. 

 Acromegalic patients usually present with excess sweating, hypertrichosis 
and thickening of the skin caused by the deposition of hydrophilic 
glycosaminoglycans (23). Pigmented skin tags over the trunk may also occur 
and it is unclear whether these are due to a direct GH/IGF-I effect or a 
consequence of insulin resistance and dyslipidaemia (24). Chronic 
overexposure to GH and IGF-I also leads to visceromegaly, which can 
potentially affect all organs resulting in hepatomegaly, splenomegaly, 
macroglossia, thyroid goitre, etc. Periarticular and cartilaginous tissues are 
also affected with many patients presenting painful large-joint osteoarthritis 
(Figure 5) (16,25). 

 Due to its insidious nature, acromegaly usually remains unnoticed for 
several years and most patients present with macroadenomas and several 
complications at the time of diagnosis. In patients with macroadenomas, 
symptoms related to local effects of the expanding pituitary tumour on 
surrounding tissues may occur, including visual field defects, headache and 
hypopituitarism (Figure 5). Hyperprolactinaemia is usually observed in 
approximately 30% of patients and may be ascribed to compression of the 
pituitary stalk by the tumour mass or to mixed adenomas co-secreting GH and 
PRL (16). Common complications associated to acromegaly are shown in 
Figure 5 and include hypertension, cardiomyopathy, diabetes, obstructive 
sleep apnoea, carpal tunnel syndrome, arthropathy and malignancies (see 
Section 1.7) (26). 



Acromegaly – Mortality, Morbidity and Treatment patterns 
 

10 
 

been reported to be younger than women by a median of 4.5 years at diagnosis 
(21). 

Abbreviations: ACTH, adrenocorticotrophic hormone; GH, growth hormone; PRL, 
prolactin; TSH, thyroid-stimulating hormone. 

1.4 Clinical Features 
Signs and symptoms of acromegaly develop insidiously over several years and 
presenting clinical features vary greatly depending on the degree of GH/IGF-I 
hypersecretion, age at onset, disease duration and tumour size (22). 

 Common clinical manifestations of acromegaly include soft tissue swelling 
and skeletal growth, leading to acral enlargement and changes of facial 
features such as frontal bone overgrowth, macrognathia and widened 
interdental space (Figure 4). If GH-secreting adenomas arise in young patients 

Table 1. Pituitary adenomas expressing growth hormone 
Densely granulated GH 
cell 

 Pure GH secretion 
 More common in older patients (usually >50 

years) 
 Usually smaller and less aggressive 
 Minimally elevated GH levels 

Sparsely granulated GH 
cell 

 Pure GH secretion 
 More common in younger patients 
 Usually more aggressive growth 
 Higher GH levels 

Mixed GH and PRL cell  GH and PRL secretion by mixed somatotroph 
and lactotroph cells 

 May occur with gigantism 

Mammosomatotroph 
cell 

 GH and PRL secretion by monomorphous 
mammosomatotroph cells 

 May occur with gigantism 

Acidophil stem cell  GH and PRL secretion by precursor cell 
tumour 

 Usually aggressive 
 May occur with gigantism 

Plurihormonal cell  GH secretion coexistent with PRL, ACTH or 
seldom TSH secretion  

Daniela Esposito 
 

11 
 

before the time of epiphyseal closure, accelerated growth and gigantism can 
occur. 

 
Fig. 4. Clinical features of a man with newly diagnosed acromegaly followed at the 
Department of Endocrinology, Sahlgrenska University Hospital, Gothenburg. 
Reproduced with the patient's permission. 

 Acromegalic patients usually present with excess sweating, hypertrichosis 
and thickening of the skin caused by the deposition of hydrophilic 
glycosaminoglycans (23). Pigmented skin tags over the trunk may also occur 
and it is unclear whether these are due to a direct GH/IGF-I effect or a 
consequence of insulin resistance and dyslipidaemia (24). Chronic 
overexposure to GH and IGF-I also leads to visceromegaly, which can 
potentially affect all organs resulting in hepatomegaly, splenomegaly, 
macroglossia, thyroid goitre, etc. Periarticular and cartilaginous tissues are 
also affected with many patients presenting painful large-joint osteoarthritis 
(Figure 5) (16,25). 

 Due to its insidious nature, acromegaly usually remains unnoticed for 
several years and most patients present with macroadenomas and several 
complications at the time of diagnosis. In patients with macroadenomas, 
symptoms related to local effects of the expanding pituitary tumour on 
surrounding tissues may occur, including visual field defects, headache and 
hypopituitarism (Figure 5). Hyperprolactinaemia is usually observed in 
approximately 30% of patients and may be ascribed to compression of the 
pituitary stalk by the tumour mass or to mixed adenomas co-secreting GH and 
PRL (16). Common complications associated to acromegaly are shown in 
Figure 5 and include hypertension, cardiomyopathy, diabetes, obstructive 
sleep apnoea, carpal tunnel syndrome, arthropathy and malignancies (see 
Section 1.7) (26). 



Acromegaly – Mortality, Morbidity and Treatment patterns 
 

12 
 

 
Fig. 5. Clinical characteristics of acromegaly and its associated complications. 
Reproduced with permission of Springer Nature from Nature Reviews Disease 
Primers, Acromegaly. Colao et al. 2019, Copyright Clearance Center. 

1.5 Diagnosis 
Individuals with typical clinical features of acromegaly or with several 
acromegaly-related complications should undergo biochemical screening with 
measurement of IGF-I levels (27). Serum IGF-I exhibits no significant diurnal 
variation and displays a high correlation with the degree of GH hypersecretion 
(28). IGF-I decreases progressively with ageing, thus IGF-I values should be 
evaluated based on age-adjusted normal values. In addition, there is large 
interassay variability; it is therefore difficult to establish reliable reference 
values for IGF-I (29,30). It is important to consider that lower IGF-I levels 
may be found in patients treated with oral oestrogens that reduce liver 
responsiveness to GH as well as in those with malnutrition and liver or renal 
failure (31,32). 

 Basal GH secretion is constantly elevated in patients with acromegaly, 
while it is pulsatile in healthy subjects (Figure 6) (16). Random GH 
measurements are, however, not recommended in the diagnostic workup of 
acromegaly since high randomly obtained GH levels do not necessarily imply 
the diagnosis of acromegaly. 
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Fig. 6. Growth hormone secretion patterns in a healthy subject and in a patient with 
acromegaly. Abbreviation: GH, growth hormone. Adapted with permission of 
American Society for Clinical Investigation from Journal of Clinical Investigation, 
Acromegaly pathogenesis and treatment. Melmed 2009, Copyright Clearance Center. 

 Confirmation of the diagnosis of acromegaly is made with an oral glucose 
tolerance test (OGTT) by assessing GH levels during a 2-hour period after the 
administration of glucose 75 g. The cut-offs for the diagnosis of acromegaly 
have long been debated due to high heterogeneity between different GH 
immunoassay kits (33,34). According to current guidelines (27), the lack of 
suppression of serum GH to <1 µg/L after the glucose load confirms the 
diagnosis of acromegaly. However, using current GH assays with a higher 
sensitivity (i.e. detection of GH concentrations of ≤0.05 μg/L), a lower cut-off 
GH of <0.4 μg/L may be used (27). Glucose levels should be measured before 
and after loading to ascertain that hyperglycaemia has been achieved. 

 Once the diagnosis of acromegaly is confirmed biochemically, the 
diagnostic work-up continues with assessment of pituitary reserve function 
and pituitary magnetic resonance imaging (MRI) with and without gadolinium 
contrast for tumour localisation. MRI shows, with high reliability, the distance 
of the adenoma from the chiasma and the carotid arteries, and invasiveness 
into the cavernous sinuses (27,35). In patients with macroadenomas that abut 
the optic chiasm, ophthalmologic assessment with visual field and acuity 
examination should be performed (27). 

1.6 Treatment Strategies 
The goal of management of acromegaly is to remove the pituitary tumour, 
normalise GH and IGF-I concentrations, and control or possibly reverse 
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associated comorbidities. The therapeutic options are shown in Figure 7 and 
include pituitary surgery, medical therapy and radiation therapy (36). 

 Pituitary surgery is recommended as first-line treatment. Medical therapy 
and radiotherapy are usually used as second- and third-line therapeutic options, 
respectively, when biochemical remission is not achieved after surgery. 
Preoperative medical therapy with SST analogues may be considered in 
patients with severe acromegaly-associated comorbidities and high surgical 
risks as well as in patients with large tumours (without chiasma compression) 
with the aim of reducing tumour size and improving surgical outcome (36,37). 
However, there is no consensus on the routine use of medical therapy before 
surgery. In addition to tumour removal, screening and treatment of 
acromegaly-associated complications are crucial to improve long-term 
outcome (38,39). Specifically, assessment of glucose metabolism impairment, 
cardiovascular diseases, sleep apnoea, hypopituitarism, colonoscopy and 
assessment of quality of life have been recommended at the diagnosis of 
acromegaly (see Section 1.7) (27,39). 

 
Fig. 7. Algorithm for management of acromegaly. Abbreviations: GH, growth 
hormone; IGF-I, insulin-like growth factor-I; SRL, somatostatin receptor ligands 
octreotide or lanreotide. Adapted with permission from Springer Nature, Reviews in 
Endocrine and Metabolic Disorders, Multidisciplinary management of acromegaly: a 
consensus. Giustina et al. 2020, Copyright Clearance Center. 
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Pituitary Surgery 

The standard technique is microscopy- or endoscopy-assisted transsphenoidal 
surgery. Comparative studies of a microscopy versus endoscopy approach are 
scarce and it is still unclear which technique is associated with a better outcome 
in terms of gross total resection, endocrine remission rates and surgical 
complications, (40-42). The experience of the surgeon rather than the surgical 
approach seems to play a crucial role. In pituitary centres of excellence, the 
remission rate ranges between 75% and 90% for patients with microadenomas 
and 45–75% for those with macroadenomas (43,44). Post-surgical GH levels 
are a strong predictor of surgical outcome since GH will fall immediately after 
successful surgical procedures (45,46). In the case of tumour extension into 
the cavernous sinus, clivus or dura, the probability of achieving biochemical 
remission is low; however, surgical debulking of the pituitary tumour has been 
shown to improve response to medical treatment with SST analogues (47). In 
patients with residual intrasellar lesion, there is an indication to repeat surgery 
when the adenoma is accessible, with a reported success rate of 60% in terms 
of biochemical control (48,49). 

 Clinical, biochemical and radiological assessment are recommended 3 
months postoperatively. Biochemical control is achieved when IGF-I levels 
are normalised, i.e. within 1.2–1.3 × upper limit of normal (ULN) and random 
GH levels <1 µg/L, as this correlates with normalisation of mortality risk. If 
GH is >1 µg/L, an OGTT should be performed, with 0.4 µg/L as threshold for 
cut-off (36). In case of discrepancy between GH and IGF-I levels, it is 
suggested to rely on IGF-I levels (36). It is important to consider that IGF-I 
levels decline more slowly than GH levels after surgery (50). Thus, if IGF-I 
levels have improved but not normalised, measurement of IGF-I should be 
repeated (27). 

Medical Therapy 

Approximately 50% of patients with acromegaly require medical treatment 
after surgery to achieve biochemical control. Current pharmacological options 
for treatment of acromegaly include SST analogues (SSAs), GH receptor 
antagonists (GHRAs) and dopamine agonists (DAs). 

 First-generation SSAs have been shown to be effective at inhibiting GH 
secretion and obtaining pituitary adenoma shrinkage; they are therefore 
usually used as first-line medical treatment following surgery (27,51,52). Five 
subtypes of SST receptor (SSTR) have been characterised in humans (SSTR1–
5). The pituitary gland expresses four subtypes (SSTR1, SSTR2, SSTR3 and 
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Pituitary Surgery 
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scarce and it is still unclear which technique is associated with a better outcome 
in terms of gross total resection, endocrine remission rates and surgical 
complications, (40-42). The experience of the surgeon rather than the surgical 
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subtypes of SST receptor (SSTR) have been characterised in humans (SSTR1–
5). The pituitary gland expresses four subtypes (SSTR1, SSTR2, SSTR3 and 
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SSTR5), with SSTR2 and SSTR5 playing a primary role in mediating the 
inhibitory effects of SST on GH secretion (13,53). First-generation SSAs bind 
with high affinity to SSTR2 and to lesser extent SSTR5. Commonly used first-
generation SSAs include long-acting-release octreotide and depot/autogel 
lanreotide, which have been shown to be equally effective in biochemical 
control and tumour shrinkage. Biochemical control is achieved in 
approximately 30–55% and tumour shrinkage in up to 80% of acromegalic 
patients on treatment with first-generation SSAs (36,54-58). Dose optimisation 
and, eventually, addition of another medical therapy are recommended if 
biochemical control is not achieved (36,59). 
 Oral octreotide capsules have been shown to be non-inferior to injectable 
first-generation SSAs and have been recently approved by the United States 
Food and Drug Administration for the long-term maintenance treatment of 
patients with acromegaly (60).  
 Several predictive factors for a favourable response to SSAs have been 
identified, including older age, female sex, smaller tumour size, lower Ki-67 
index (<2.3%) and higher SSTR2 expression (44,61,62). In addition, it has 
been shown that patients with densely granulated tumours and hypointense 
tumour on T2-weighted MRI images tend to have a better response to SSAs 
(63,64). Octreotide and lanreotide share similar side effects. They may reduce 
intestinal motility and gallbladder contractility, and inhibit secretion of 
pancreatic and gastrointestinal peptides, resulting in various side effects such 
as abdominal pain, nausea, diarrhoea, gallbladder stones and sludge, and 
reduced insulin secretion. Bradycardia has also been recorded in a few cases 
(65). 

 Pasireotide, a second-generation SSA binds to SSTR1, 2, 3 and 5, and its 
affinity to SSTR5 is 40–100 times higher than first-generation SSAs. When 
compared with first-generation SSAs, pasireotide shows higher efficacy in 
term of biochemical control in both naïve patients and in those resistant to 
conventional SSAs but it has a greater impact on glucose homeostasis, with 
data showing that approximately 70% of patients treated with pasireotide 
developing hyperglycaemia (66,67). This is likely due to its higher SSTR5 
affinity, which is abundantly expressed in the pancreas, resulting in decreased 
secretion of insulin and glucagon-like peptide 1. 

 Dopamine agonists, particularly cabergoline, are only indicated in patients 
with mild disease and modest elevations of serum GH/IGF-I levels (i.e. IGF-I 
levels <2.5  ULN) (36). The control rate in patients treated with cabergoline 
monotherapy is reported to be approximately 35%. Cabergoline may be used 
in combination with first-generation SSAs in patients who are partially 
resistant to SSAs, resulting in a control rate of 50% (68). Side effects include 
nausea, vomiting, nasal congestion, fatigue, headache and orthostasis. Cardiac 
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valve abnormalities have been reported in patients with Parkinson's disease 
treated with high doses of cabergoline. This has not been confirmed in patients 
with prolactinomas treated with conventional doses (0.5–2.0 mg/week) (69). 
Studies in patients with acromegaly are lacking and it is unknown whether 
cardiac valve monitoring with echocardiography should be performed in this 
population. However, a baseline echocardiography appears prudent in patients 
treated with doses >2 mg/week (27). 

 GHRAs (pegvisomant) bind to GH receptor with high affinity and block 
peripheral production of IGF-I (27). It is usually administered to patients who 
do not achieve biochemical control with maximal doses of SSAs (36). In 
pivotal clinical trials, pegvisomant led to normalisation of IGF-I levels in up 
to 95% of patients. In post-marketing studies, IGF-I normalisation was 
achieved in up to 75% of patients (70,71). This discrepancy may be due to 
inadequate dose titration or lower compliance in the real-world setting. 
Increased efficacy has been shown when pegvisomant is administered in 
combination with SSAs (72). Pegvisomant has a favourable effect on 
glycaemic control: it may therefore be considered in patients with concurrent 
diabetes mellitus. According to current guidelines, serial MRI assessment 
should be performed in patients treated with pegvisomant as an increase in 
tumour volume has been observed in 3–5% of cases. Whether the tumour 
growth is due to the natural history of the disease or to the lack of tumour-
suppressive effects of pegvisomant is unknown. Side effects of pegvisomant 
include rash, injection site reactions (including lipohypertrophy) and 
hypertransaminasaemia. 

Radiation Therapy 

Radiotherapy (RT) is currently used as third-line therapy if remission is not 
achieved after surgical treatment and pharmacotherapy is unsuccessful, not 
available or not tolerated (27,36). RT can be administered as conventional 
fractionated RT (in at least 20 fractions) or as stereotactic RT (gamma knife, 
linear accelerator/CyberKnife and proton beam), which is now preferred as it 
provides more precise targeting of the tumour with a high dose of irradiation 
that can be delivered as a single dose (gamma knife) or as a low number of 
fractions. Stereotactic RT is however contraindicated in patients with residual 
tumour too close to the optic chiasma (73). 
 Biochemical control is achieved in up to 60% of patients and tumour 
control in >90% of patients treated with RT (74). However, a therapeutic effect 
from RT takes several years so medical therapy needs to be continued while 
awaiting the response to this treatment (27). 
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 Recent data suggest that biochemical remission may be achieved sooner in 
patients treated with stereotactic RT compared with those treated with 
conventional RT (75). Hypopituitarism is a common adverse effect of RT, 
occurring in 40–50% of patients at 5 years and it may be less frequent after 
stereotactic techniques (75). 
 Other adverse effects associated with conventional RT include radiation-
induced cranial neuropathies (in 1–2% of cases), secondary tumours, 
radionecrosis, stroke and cognitive impairment. Stereotactic RT reduces the 
exposure of healthy brain structures to radiation; therefore, the risk of the 
aforementioned complications may be lower but studies of long-term outcome 
in patients treated with this technique are lacking (74). 

1.7 Morbidity 
Acromegaly is associated with systemic complications, including metabolic, 
cardiovascular and respiratory diseases, orthopaedic issues, sexual dysfunction 
and malignancies. Diagnosis of acromegaly is delayed for several years and 
patients usually present with multiple comorbidities by the time of diagnosis. 
These comorbidities significantly affect quality of life and life expectancy. 
Furthermore, recent data suggest that disease remission achieved by 
biochemical control does not always reverse the associated complications 
(38,76,77). Early diagnosis of acromegaly and accurate screening and 
treatment of associated complications are therefore of crucial importance to 
improve quality of life and reduce mortality risk. 

Cardiovascular Disease 

Cardiovascular diseases are common complications in patients with 
acromegaly and important contributors to excess mortality. Excess GH is 
associated with a typical cardiomyopathy characterised by left ventricular 
hypertrophy, which can evolve into diastolic dysfunction and, sometimes, 
systolic dysfunction in uncontrolled disease (26,38). 

 There is convincing evidence that GH and IGF-I have a direct action on 
cardiac muscle and the excess of these hormones is the main cause of 
cardiomyopathy. Indeed, GH and IGF-I receptors have been identified in the 
heart and IGF-I seems to be synthesised directly in cardiomyocytes. In animal 
studies, IGF-I has been shown to increase myocardial contractility and induce 
proliferation of cardiomyocytes (78,79). However, an indirect effect of 
GH/IGF-I excess with development of hypertension and impairment of 
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glucose and lipid metabolism may contribute to development and/or 
worsening of cardiomyopathy (80). 

 Hypertension, valvulopathy, arrhythmias and endothelial dysfunction are 
also common in acromegaly (80). The prevalence of hypertension ranges 
between 30% and 60% (39). Pathophysiological mechanisms of hypertension 
in acromegaly have not been fully elucidated but are thought to involve the 
delicate balance between the antinatriuretic effect of GH and the potential 
vasodilatory effects of IGF-I (76). Hypertension in acromegaly is 
independently associated with left ventricular hypertrophy, and diastolic and 
systolic dysfunction. Moreover, hypertension is an important determinant of 
mortality, with data suggesting that the risk of death in acromegalic patients 
with associated hypertension is increased 3-fold compared with those without 
hypertension (81). Biochemical control seems to be associated with better 
control of blood pressure in hypertensive patients and a lower incidence of 
hypertension in normotensive patients (76). 

 Valvulopathy affects up to two-thirds of patients with acromegaly, with 
aortic and mitral valves being most affected (80,82). Valvular disease seems 
to be due to a dysregulation of extracellular matrix and deposition of 
mucopolysaccharides and collagen in valvular tissues, resulting in leaflet 
disarray and valve regurgitation (80). Previous studies have also described a 
high prevalence of arrhythmias in patients with acromegaly. This was thought 
to be related to myocardial fibrosis, but this was not observed in recent studies 
using cardiac MRI (38). Moreover, clinically significant arrhythmias were not 
found in a more recent cohort of patients assessed using 12- or 24-hour Holter 
monitoring (83). 

Diabetes  

The effects of GH on glucose metabolism are described in Section 1.2. 
 The prevalence of diabetes in patients with acromegaly is highly variable 
between studies, ranging from 11% to 53% (38). This variability may be 
explained by heterogeneity of study cohorts and differences in the 
methodology used for the diagnosis. The largest multicentre studies have 
however reported a prevalence of approximately 30%, which is significantly 
higher than that recorded in the general population (84-86). Older age, family 
history of diabetes, acromegaly duration, and higher concentrations of GH and 
IGF-I have been shown to be important risk factors for diabetes (38). At 
diagnosis, most patients with acromegaly have hyperinsulinaemia and insulin 
resistance but not all patients present with impairment of glucose homeostasis. 
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It is therefore probable that a progressive impairment of β-cell function 
contributes to the development of diabetes (38). 

 Different treatment strategies for acromegaly exert different effects on 
glucose metabolism. Surgical treatment has been shown to improve insulin 
sensitivity and secretion, and seems to normalise glucose metabolism in 23–
58% of patients with diabetes (80). Data on the effect of medical treatment on 
glucose metabolism are conflicting. Treatment with first-generation SSAs 
appears to improve insulin resistance by decreasing GH levels but, on the other 
hand, it may reduce insulin secretion from β cells. In a recent meta-analysis, a 
mild increase in glycated haemoglobin (HbA1c) but no significant differences 
in fasting glucose were found after treatment with conventional SSAs (87). 
Conversely, pasireotide has an important impact on glucose metabolism due 
to a marked suppression of both insulin and incretin secretion, as described in 
Section 1.6. Pegvisomant has beneficial effects on glucose homeostasis, with 
studies showing an important reduction of fasting glucose and HbA1c (88). 
The effect of DAs on glucose metabolism in acromegaly has not been 
investigated so far. 

 Data are lacking on the optimal treatment of secondary diabetes in 
acromegaly and it is unknown whether the treatment strategies used in type 2 
diabetes are also effective in acromegalic patients. In addition, the effect of 
diabetes on life expectancy in patients with acromegaly has not been 
systematically studied. 

Malignancies 

It is well known that GH and IGF-I have an important role in tumour growth 
and development since they inhibit apoptosis and promote cellular 
proliferation and differentiation as well as angiogenesis (Figure 8). Several in 
vitro studies have shown that GH overexpression promotes cell proliferation 
in different tissues and facilitates metastasis via cell migration and invasion 
(89). This has been confirmed in transgenic animal models, showing that 
overexpression of human GH, IGF-I, IGF-I receptor and IGF-II leads to 
tumour development (38,90). Conversely, overexpression of IGFBPs seems to 
induce apoptosis and inhibit angiogenesis, resulting in a reduction of tumour 
growth in several tissues (91). Epidemiological studies in healthy subjects 
have shown an association between IGF-I levels and the risk of colorectal, 
breast, prostate and thyroid cancer (92). 
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Fig. 8. Endocrine, autocrine and paracrine effects of growth hormone in 
carcinogenesis. Abbreviations: BMP, bone morphogenic protein; GH, growth 
hormone; GHRH, growth hormone-releasing hormone; IGF-I, insulin-like growth 
factor-I; IL, interleukin; OMD, osteomodulin; SST, somatostatin; TFF, trefoil factor; 
VEGF, vascular endothelial growth factor. Reproduced with permission of Elsevier 
from Trends in Endocrinology & Metabolism, Tumour-derived human growth 
hormone as a therapeutic target in oncology. Perry et al. 2017, Copyright Clearance 
Center. 

 Whether patients with acromegaly have an increased risk of malignancies 
is debated, with some studies showing an increased risk and others not 
confirming this (93-95). For example, cancer incidence was increased in a 
nationwide study from Italy but decreased or not different from the general 
population in studies from the UK and France, respectively (93-95). Many 
factors may have influenced these results such as heterogeneity of study 
methodologies, study cohorts and follow-up as well as differences in genetic 
and environmental factors in different geographical areas. Cancer risk has been 
mainly assessed in multicentre studies, which may present some weaknesses 
that might affect the reliability of the results. Population-based studies are 
considered more reliable for assessing cancer incidence. A recent population-
based study including 529 patients with acromegaly from Denmark has 
reported a standardised incidence ratio (SIR) of 1.1 (95% confidence interval 
[CI] 0.9–1.4) for overall malignancies. Interestingly, in that study, no 
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considered more reliable for assessing cancer incidence. A recent population-
based study including 529 patients with acromegaly from Denmark has 
reported a standardised incidence ratio (SIR) of 1.1 (95% confidence interval 
[CI] 0.9–1.4) for overall malignancies. Interestingly, in that study, no 



Acromegaly – Mortality, Morbidity and Treatment patterns 
 

22 
 

increased incidence of colorectal and thyroid cancer was recorded (96). 
Further population-based studies are, however, needed to confirm this finding. 

 Risk of colorectal and thyroid cancer remains the most debated aspect of 
cancer risk in acromegaly. The prevalence of colonic polyps differs greatly 
between studies, ranging from 7% up to 76%, depending on differences in the 
screening strategies used in different studies (38). In the Liège Acromegaly 
Survey, a European database including more than 3000 acromegalic patients, 
13% of patients were found to have colonic polyps at diagnosis (84). However, 
only a quarter of patients had undergone a colonoscopy at diagnosis. A 
systematic review including nine colonoscopy-based case-control studies 
found an increased risk of benign colon neoplasms (both hyperplastic polyps 
and colonic adenomas) and colon cancer in acromegaly patients versus 
controls (97). Uncontrolled disease and a previous history of polyps were 
associated with higher risk of colon neoplasms (98). Of note, in the general 
population, colon cancers usually derive from mutations occurring in pre-
existing adenomatous polyps over several years. Hyperplastic polyps may also 
present malignant transformation (99). Thus, in patients with acromegaly, who 
have higher risk of polyps, screening with colonoscopy is suggested at least at 
the time of diagnosis (27). 

 Nodular goitre is common in patients with acromegaly, with a prevalence 
ranging between 43% and 75% in ultrasound-based studies (100). IGF-I 
directly promotes thyroid cell proliferation through activation of IGF-I 
receptors on thyrocytes. In addition, GH and IGF-I potentiate the effect of 
thyroid-stimulating hormone, indirectly promoting thyroid growth. However, 
whether the high prevalence of nodular goitre in acromegaly results in an 
increased incidence of thyroid cancer is unclear, with recent nationwide 
multicentre studies showing conflicting results (38). In the Finnish (101) and 
Italian (93) Acromegaly Registries, an increased incidence of thyroid cancer 
was found but the number of observed events was very small (6 cases out of 
333 patients in the former and 13 cases out of 1512 patients in the latter), 
resulting in a low precision estimate. On the other hand, in the German 
Acromegaly Registry, the risk of thyroid cancer was not increased (102). This 
was confirmed in a recent population-based study from Denmark where only 
one case of thyroid cancer was recorded in a nationwide cohort of 529 patients 
with acromegaly (96). A recent meta-analysis of case-control studies reported 
an increased risk of both benign thyroid nodules and thyroid cancer in 
acromegalic patients (103). However, cancer risk is usually overestimated in 
case-control studies. It is also important to note that differences in screening 
strategies, with extensive use of ultrasonography in patients with acromegaly 
versus selected screening in the general population, may result in bias. 
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Respiratory Complications 

Anatomical changes occur in the craniofacial region and the respiratory tract 
in acromegaly. These include macroglossia, pharyngeal and laryngeal 
swelling, increase in lung volume and changes in rib cage geometry, which 
result in a range of respiratory disorders (i.e. impairment of respiratory muscles 
and airflow transit, sleep apnoea syndrome and, eventually, respiratory 
insufficiency) (26). 

 In recent nationwide studies, the prevalence of sleep apnoea syndrome has 
been reported to be 14–26% (38,94,104) but it seems to increase to up 70% in 
patients with active disease (105). Untreated sleep apnoea syndrome is 
independently associated with reduced quality of life, cardiovascular diseases, 
stroke and, in some studies, even to dyslipidaemia, insulin resistance and 
diabetes (105). Therefore, screening with polysomnography and prompt 
treatment of this disorder is currently recommended in all acromegalic patients 
(27). Patients with acromegaly have increased lung volume and decreased lung 
elasticity as well as decreased inspiratory and expiratory muscle force. 
Respiratory insufficiency may also occur. Of interest, biochemical remission 
does not seem to completely reverse respiratory complications, with available 
data showing that sleep apnoea may persist in more than 40% of patients who 
achieve disease control (105). However, data on long-term outcome of 
respiratory function in patients with acromegaly are lacking and optimal 
management of respiratory complications in these patients remains poorly 
defined. 

Arthropathy and Bone Complications 

The prevalence of arthropathy ranges between 20% and 69%, with knee, hip 
and shoulders being the main joints affected (38). It is well recognised that GH 
exerts an important effect on bone metabolism both directly and indirectly via 
circulating and local IGF-I, promoting osteoblastogenesis, osteoblast 
differentiation and accumulation of osteoprotegerin in bone matrix. On the 
other hand, GH appears to promote bone reabsorption (106). Cross-sectional 
studies have shown an increased risk of vertebral fractures in patients with 
acromegaly with a prevalence up to 60%, which is independent of bone 
mineral densitometry (107,108). This was confirmed in a recent meta-analysis 
by Mazziotti et al. (109), who also showed that the risk of vertebral fractures 
was 3-fold higher in patients with active acromegaly compared with those with 
controlled disease. Arthropathy and vertebral fractures have an important 
impact on quality of life and physical functioning in patients with acromegaly 
(38). Screening and optimal care of bone complications with a 



Acromegaly – Mortality, Morbidity and Treatment patterns 
 

22 
 

increased incidence of colorectal and thyroid cancer was recorded (96). 
Further population-based studies are, however, needed to confirm this finding. 

 Risk of colorectal and thyroid cancer remains the most debated aspect of 
cancer risk in acromegaly. The prevalence of colonic polyps differs greatly 
between studies, ranging from 7% up to 76%, depending on differences in the 
screening strategies used in different studies (38). In the Liège Acromegaly 
Survey, a European database including more than 3000 acromegalic patients, 
13% of patients were found to have colonic polyps at diagnosis (84). However, 
only a quarter of patients had undergone a colonoscopy at diagnosis. A 
systematic review including nine colonoscopy-based case-control studies 
found an increased risk of benign colon neoplasms (both hyperplastic polyps 
and colonic adenomas) and colon cancer in acromegaly patients versus 
controls (97). Uncontrolled disease and a previous history of polyps were 
associated with higher risk of colon neoplasms (98). Of note, in the general 
population, colon cancers usually derive from mutations occurring in pre-
existing adenomatous polyps over several years. Hyperplastic polyps may also 
present malignant transformation (99). Thus, in patients with acromegaly, who 
have higher risk of polyps, screening with colonoscopy is suggested at least at 
the time of diagnosis (27). 

 Nodular goitre is common in patients with acromegaly, with a prevalence 
ranging between 43% and 75% in ultrasound-based studies (100). IGF-I 
directly promotes thyroid cell proliferation through activation of IGF-I 
receptors on thyrocytes. In addition, GH and IGF-I potentiate the effect of 
thyroid-stimulating hormone, indirectly promoting thyroid growth. However, 
whether the high prevalence of nodular goitre in acromegaly results in an 
increased incidence of thyroid cancer is unclear, with recent nationwide 
multicentre studies showing conflicting results (38). In the Finnish (101) and 
Italian (93) Acromegaly Registries, an increased incidence of thyroid cancer 
was found but the number of observed events was very small (6 cases out of 
333 patients in the former and 13 cases out of 1512 patients in the latter), 
resulting in a low precision estimate. On the other hand, in the German 
Acromegaly Registry, the risk of thyroid cancer was not increased (102). This 
was confirmed in a recent population-based study from Denmark where only 
one case of thyroid cancer was recorded in a nationwide cohort of 529 patients 
with acromegaly (96). A recent meta-analysis of case-control studies reported 
an increased risk of both benign thyroid nodules and thyroid cancer in 
acromegalic patients (103). However, cancer risk is usually overestimated in 
case-control studies. It is also important to note that differences in screening 
strategies, with extensive use of ultrasonography in patients with acromegaly 
versus selected screening in the general population, may result in bias. 

Daniela Esposito 
 

23 
 

Respiratory Complications 

Anatomical changes occur in the craniofacial region and the respiratory tract 
in acromegaly. These include macroglossia, pharyngeal and laryngeal 
swelling, increase in lung volume and changes in rib cage geometry, which 
result in a range of respiratory disorders (i.e. impairment of respiratory muscles 
and airflow transit, sleep apnoea syndrome and, eventually, respiratory 
insufficiency) (26). 

 In recent nationwide studies, the prevalence of sleep apnoea syndrome has 
been reported to be 14–26% (38,94,104) but it seems to increase to up 70% in 
patients with active disease (105). Untreated sleep apnoea syndrome is 
independently associated with reduced quality of life, cardiovascular diseases, 
stroke and, in some studies, even to dyslipidaemia, insulin resistance and 
diabetes (105). Therefore, screening with polysomnography and prompt 
treatment of this disorder is currently recommended in all acromegalic patients 
(27). Patients with acromegaly have increased lung volume and decreased lung 
elasticity as well as decreased inspiratory and expiratory muscle force. 
Respiratory insufficiency may also occur. Of interest, biochemical remission 
does not seem to completely reverse respiratory complications, with available 
data showing that sleep apnoea may persist in more than 40% of patients who 
achieve disease control (105). However, data on long-term outcome of 
respiratory function in patients with acromegaly are lacking and optimal 
management of respiratory complications in these patients remains poorly 
defined. 

Arthropathy and Bone Complications 

The prevalence of arthropathy ranges between 20% and 69%, with knee, hip 
and shoulders being the main joints affected (38). It is well recognised that GH 
exerts an important effect on bone metabolism both directly and indirectly via 
circulating and local IGF-I, promoting osteoblastogenesis, osteoblast 
differentiation and accumulation of osteoprotegerin in bone matrix. On the 
other hand, GH appears to promote bone reabsorption (106). Cross-sectional 
studies have shown an increased risk of vertebral fractures in patients with 
acromegaly with a prevalence up to 60%, which is independent of bone 
mineral densitometry (107,108). This was confirmed in a recent meta-analysis 
by Mazziotti et al. (109), who also showed that the risk of vertebral fractures 
was 3-fold higher in patients with active acromegaly compared with those with 
controlled disease. Arthropathy and vertebral fractures have an important 
impact on quality of life and physical functioning in patients with acromegaly 
(38). Screening and optimal care of bone complications with a 



Acromegaly – Mortality, Morbidity and Treatment patterns 
 

24 
 

multidisciplinary approach are therefore of great importance to improve long-
term outcome in patients with acromegaly. 

1.8 Mortality 
The first evidence of poor outcome in acromegaly was reported in the 1970s 
by Wright and colleagues (110), who found a 2-fold higher mortality in 
patients with acromegaly compared with the general population. This finding 
was later confirmed in other studies which reported that the risk of death in 
acromegaly was increased up to 3 times (111,112). In 2008, two large 
systematic reviews showed an improvement in mortality rates (113,114). 
Dekkers et al. (113) analysed 16 studies published between 1970 and 2005 
including a total of 4947 acromegalic patients and found a standardised 
mortality ratio (SMR) of 1.72 (95% CI 1.62–1.83). In agreement with these 
data, Holdaway et al. (114) reviewed 18 studies published between 1965 and 
2008 including 4806 patients and found a similar mortality rate (SMR 1.7, 95% 
CI 1.5–2.0). Interestingly, mortality has decreased over time, with an SMR of 
2.2 (95% CI 1.8–2.8) in studies published before 1984 and 1.3 (95% CI 1.1–
1.6) in those published thereafter. More recent nationwide studies report 
conflicting results, with some studies showing increased mortality rates 
(115,116) which was not confirmed by others (94,117,118). Cardiovascular 
diseases have been described as the main cause of death in acromegaly 
although, in the last decade, some (94,117,118) but not all studies (119) have 
reported that malignancies have overtaken cardiovascular causes. Biochemical 
control is an important determinant of mortality. Holdaway et al. (114) showed 
that patients with a random GH after treatment <2.5 μg/L (measured by 
standard radioimmunoassay) had a mortality rate close to that recorded in the 
general population whereas those with GH >2.5 μg/L had increased mortality. 
Similar findings were observed when IGF-I was analysed. There is convincing 
evidence that, with modern assays, lower GH levels (<1 μg/L) are associated 
with a better outcome (27,38). Other factors that may have an impact on 
survival include age, hypopituitarism and treatment strategies. Specifically, 
older age, higher frequency of hypopituitarism and treatment with RT have 
been associated with excess mortality (119,120). 

 Diagnostic tools and management strategies for acromegaly have improved 
over time but whether this has led to improvement of the burden of associated 
complications and mortality risk remains poorly studied. 
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2. AIMS 

The hypotheses that generated the studies in this thesis were: 

 Patients with acromegaly treated with modern treatment strategies 
have a good prognosis; 

 Delay in diagnosis of acromegaly has a negative impact on morbidity 
and mortality; 

 Patients with acromegaly are at increased risk of benign and malignant 
tumours; 

 The presence of diabetes in patients with acromegaly is associated 
with a worse outcome. 

The overall aim of this thesis was to study mortality, morbidity, and the impact 
of diagnostic delay and other comorbidities on long-term outcomes in a 
nationwide, unselected cohort of patients with acromegaly. 

The specific aims of the thesis were: 

 To study mortality, time trends in mortality and treatment patterns in 
acromegaly (Paper I – Mortality Study); 

 To study diagnostic delay and its impact on long-term outcome in 
patients with acromegaly (Paper II – Diagnostic Delay Study); 

 To study the incidence of benign and malignant tumours in patients 
with acromegaly (Paper III – Tumour Incidence Study); 

 To study the impact of diabetes on morbidity and mortality in patients 
with acromegaly (Paper IV – Diabetes Study). 
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3. PATIENTS AND METHODS  

Data Sources 

Healthcare data were retrieved form several Swedish national health and 
administrative registers as shown in Figure 9. The main data source was the 
Swedish National Patient Registry which was used to identify the nationwide 
cohort of patient with acromegaly. Linkage of data from different registries 
was possible using a unique 12-digit personal identification number which is 
assigned to each resident in Sweden and allows following an individual 
throughout life. 

 
 

 
Fig. 9. Swedish national registries used to collect healthcare data through the unique 
12-digit personal identification number. Abbreviations: LISA, Longitudinal Integrated 
Database for Health Insurance and Labour Market Studies; NDR, National Diabetes 
Register. 
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Specifically, the following registries were used: 

 Swedish National Patient Registry (Patient Registry) contains all 
diagnoses within the Swedish national hospital system since 1987; 

 Swedish National Cause of Death Registry (Death Registry) provides 
information on cause and date of death for each Swedish resident since 
1952; 

 Swedish Cancer Registry (Cancer Registry) contains data on 
malignant tumours since 1958; 

 Prescribed Drug Registry (Drug Registry) includes information on all 
prescribed medical therapies dispensed in Sweden since July 1, 2005. 
Pharmacotherapies are categorised according to the Anatomical 
Therapeutic Chemical (ATC) Classification System; 

 The National Diabetes Registry (NDR) contains comprehensive 
clinical data of patients with diabetes (i.e. clinical characteristics, risk 
factors, laboratory tests, therapeutic information and complications) 
since 1996; 

 Longitudinal Integrated Database for Health Insurance and Labour 
Market Studies (LISA, Longitudinell Integrationsdatabas för 
Sjukförsäkrings- och Arbetsmarknadsstudier) provides information on 
country of birth, education, civil status, occupation and income since 
1990.  

 National registries are held by the National Board of Health and Welfare or 
by other government agencies or organisations, which guarantee high data 
quality (121-124). 

Study Population and Study Variables 

Adult (≥18 years) patients with acromegaly were identified in the Patient 
Registry using the following codes of the International Classification of 
Diseases (ICD), Ninth Revision (ICD-9), and Tenth Revision (ICD-10): 
 

 Acromegaly: E22.0 (ICD-10) or 253A (ICD-9); 
 Neoplasm of pituitary gland: D35.2 or D44.3 (ICD-10) or 237A or 

227D (ICD-9). 
 
 Only patients with both diagnostic codes of acromegaly and pituitary 
adenoma were included in the study population to guarantee high accuracy in 
patient selection. The first specialised visit or hospitalisation with an ICD code 
for acromegaly (as main or secondary diagnosis) was defined as the date of 
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acromegaly diagnosis. ICD codes for pituitary adenoma should have been 
registered either up to 5 years before or any time after acromegaly diagnosis. 
 The NDR and the Drug Registry were used for the identification of patients 
with diabetes. Specifically, patients registered in the NDR and those who had 
received any diabetes treatment (identified with the ATC code A10 in the Drug 
Registry) were categorised as acromegalic patients with associated diabetes. 
 
 The following data were retrieved from the Patient Registry: 
 

 Acromegaly duration 
 Acromegaly-associated comorbidities 
 Diagnosis of hypopituitarism 
 Diagnosis of diabetes insipidus 
 Treatment with pituitary surgery or RT 
 Diagnosis of benign tumours. 

 
 ICD, Seventh Revision (ICD-7) codes were used to retrieve information on 
cancer diagnoses from the Cancer Register. The Drug Registry was used to 
collect data on medical treatment for acromegaly, including SSAs, GHRAs 
and DAs. Diabetes treatment (insulin and other diabetes medications) as well 
as lipid-lowering medication and antihypertensive drugs were also recorded. 

Ethics 

All studies were approved by the Regional Ethical Review Board in 
Gothenburg, Sweden (diary numbers [DNR] 820-14 and addenda T479-17 and 
T971-18 for the Mortality, Diagnostic Delay and Tumour Incidence Studies; 
and DNR 604-17 and addendum 2019-00899 for the Diabetes Study) and by 
the National Board of Health and Welfare, Sweden. 

Study Design and Statistical Methods 

An overview of the studies included in this thesis is shown in Table 2. 
 Descriptive statistical analyses were presented as mean (standard deviation 
[SD]), median (minimum, maximum) or number (%). All statistical analyses 
were performed using SAS, version 9.4 (Cary, NC) and R. 
 Person-years at risk were computed from inclusion to death or the end of 
study and stratified according to 5-year age groups, gender and 1-year calendar 
periods. The Swedish general population was used as a reference to estimate 
the expected number of events (death or comorbidity) for each stratum and 
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calculate SMRs or SIRs with 95% CIs. A Poisson distribution of the observed 
numbers was assumed to calculate 95% CIs. Comparison between SMRs or 
SIRs was performed for non-overlapping groups (125). To analyse risk factors 
of mortality or morbidity, Cox regression models were used. Specific 
procedures and analyses performed in each study are described separately. 
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Table 2. Overview of the studies included in this thesis 

 Paper I 
Mortality 

Paper II 
Diagnostic 

Delay 

Paper III 
Tumour 

Incidence 

Paper IV 
Diabetes 

 Population-
based cohort 

Population-
based cohort 

Population-
based cohort 

Observational, 
matched-cohort 

Study 
period 

1987–2013 2001–2013 1987–2017 2006–2020 

Subjects 
(no.) 

1089 603 1296 786 (not unique) 
ACRO-DM: 254 

ACRO: 532 
Outcomes 
studied 

Overall and 
cause-specific 

mortality 

DD and its 
impact on 

morbidity and 
mortality 

Tumour 
incidence and 

cancer mortality  

Impact of 
diabetes on 

morbidity and 
mortality 

Registries 
included 

Patient, Death 
and Drug 
Registries 

Patient, Death 
and Drug 
Registries 

Patient, Death, 
Drug and 
Cancer 

Registries 

Patient, Death, 
Drug, LISA 

Registries and 
NDR 

Results SMR (95% CI) 
 
 

Overall 
1.33 (1.17–1.52) 

 
Circulatory 

diseases 
1.34 (1.08–1.64) 

 

DD 
 Mean (SD) 

 
5.5 (6.2) years 

 
Morbidity is 

increased with 
longer DD 

 
Mortality is 

only increased 
with DD ≥10 

years 

SIR (95% CI) 
 
 

Cancer 
1.3 (1.1–1.5) 

 
Benign tumours 

2.4 (2.1–2.7) 
 

SMR (95% CI) 
Cancer 

1.1 (0.9–1.4) 

HR (95% CI) 
in ACRO-DM 

 
Overall mortality 
1.58 (1.12–2.23) 

 
CV mortality 

2.11 (1.09–4.10) 
 

CV morbidity 
1.49 (1.21–1.82) 

Conclusion Mortality in 
acromegaly is 
increased by 
30%, mainly 

due to 
circulatory 

diseases 

Prolonged DD 
in acromegaly is 
associated with 
a high number 

of comorbidities 
and increased 
risk of death 

The incidence 
of tumours in 
acromegaly is 

increased 
whereas cancer 
mortality is not 

Diabetes in 
acromegaly is 

associated with 
increased 

mortality and 
cardiovascular 

morbidity 
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Mortality Study – Paper I 

In Paper I, the study population was divided into three subgroups (1987–1995, 
1996–2004 and 2005–2013) based on the year of the first acromegaly 
diagnosis to study time trends in mortality and treatment patterns. 
 
Erratum 
 
After the publication of Paper I, a subsequent study (Paper II) was designed 
with the aim of analysing the determinants of the increased mortality found in 
patients with acromegaly in Sweden. During this process, including feasibility 
calculations, we discovered that mortality rates did not align with the mortality 
results published in Paper I. We directly started a careful investigation and 
complete statistical analyses were repeated by two independent parties other 
than the original to evaluate the correctness of the results. The two separate 
recalculations resulted in identical findings that were different from those 
reported in the original paper. We thereafter had repeated contact with the 
Journal and provided full insight into our investigation. Final decision by the 
Editor was to publish an erratum with the amended results (available at the end 
of this thesis). We also informed other scientists in the field who had used our 
data about the erratum to avoid bias in publication. 

Diagnostic Delay Study – Paper II 

Diagnostic delay was estimated as the time between the first acromegaly-
related comorbidity and the date of acromegaly diagnosis. Acromegaly-related 
comorbidities were defined based on our previous study and acromegaly 
guidelines (27,104). The study cohort was divided into four subgroups based 
on diagnostic delays (Figure 10).  

Tumour Incidence Study – Paper III 

To study whether tumour incidence has changed over time, patients were 
divided into three groups (1987–1995, 1996–2004 and 2005–2012) based on 
the year of the first acromegaly diagnosis. 
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Table 2. Overview of the studies included in this thesis 
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Paper II 
Diagnostic 

Delay 

Paper III 
Tumour 

Incidence 

Paper IV 
Diabetes 

 Population-
based cohort 

Population-
based cohort 

Population-
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Registries 
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and Drug 
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Patient, Death 
and Drug 
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Patient, Death, 
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Fig. 10. Diagnostic delays groups. Abbreviations: Acro, acromegaly; DD, diagnostic 
delay; y, year. Adapted with permission of Bioscentifica Limited from European 
Journal of Endocrinology, Prolonged diagnostic delay in acromegaly is associated 
with increased morbidity and mortality. Esposito et al. 2020, Copyright Clearance 
Center. 

Diabetes Study – Paper IV 

In this study, standardised mean difference (SMD) was used to assess whether 
imbalances were present at baseline between the group of patients with 
acromegaly and associated diabetes compared with the group of patients 
without diabetes. Specifically, an SMD >0.2 indicates an imbalance between 
groups, an SMD from ≥0.1 to ≤0.2 adequate balance and an SMD <0.1 
excellent balance. Mortality rate (or incidence rate of cardiovascular 
morbidity) was calculated as the number of events (deaths or cardiovascular 
events) per 1000 person-years with exact 95% CIs based on the Poisson 
distribution. Mortality rates in the two groups were compared using a Cox 
regression model adjusted for multiple confounding factors using propensity 
scores. The following variables were included in the propensity score model: 
gender, age, acromegaly duration, marital status, mean income, educational 
level, hypopituitarism, visual field defects, sleep apnoea, pituitary surgery, 
radiation therapy, SSAs, DAs and GHRAs. Mortality was primarily analysed 
without adjustment for cardiovascular and kidney diseases because they are 
highly related to diabetes and adjusting for these variables could have led to 
an underestimation of the effects of diabetes. However, a sub-analysis was 
performed with adjustment for these variables. 
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Methodological Considerations 

The main strengths of the studies included in this thesis are the large unselected 
nationwide population, the high quality of data and the long follow-up. 
Acromegaly is a rare disease and only nationwide studies with a long follow-
up period may produce reliable data on morbidity and mortality. All the studies 
included in this thesis are based on data obtained from national registries which 
cover the entire Swedish population. National registries are held by 
government agencies or other organisations which guarantee a high quality of 
data. Sweden has a long history of register-based research and is one of few 
countries in Europe where each resident has a unique personal identity number, 
which allows linkage between different registries to obtain comprehensive 
healthcare data. The use of the national registries gave the unique opportunity 
to include an unselected nationwide cohort of patients with acromegaly 
regardless of the burden of disease or the following centre and collect complete 
data, potentially without any loss to follow-up. This is of great importance 
because each patient can be followed throughout life in the national registries; 
therefore, even if an acromegalic patient discontinues follow-up at the 
Department of Endocrinology, it is still possible to record any event 
(comorbidities and death) in the national registries. Most previous nationwide 
studies are based on clinical National Acromegaly Registries that are not 
population-based but essentially multicentre studies – they mainly include 
patients at tertiary referral centres where patients with more severe disease are 
usually followed, resulting in possible selection bias. Additionally, in these 
other studies, there is a varying degree for loss to follow-up that can affect the 
results because, in the group of patients who discontinue follow-up, it is not 
possible to record any events (morbidities and death). On the other hand, the 
strength of these multicentre studies is the availability of clinical information 
including biochemical data (GH and IGF-I levels), pituitary tumour 
characteristics and clinical data. 

 The studies included in this thesis had some methodological limitations. 
The main limitations are the retrospective nature and the lack of detailed 
clinical, biochemical and environmental factors (i.e. GH and IGF-I levels, 
tumour volume, body mass index, physical activity, dietary habits, smoking 
status, lipids, etc.) that can affect outcomes. In the Diabetes Study, detailed 
clinical data were available for the group of patients with diabetes but not for 
the group without diabetes. There is an abundance of evidence that GH and 
IGF-I levels are strong predictors of mortality and the lack of these data may 
be considered an important weakness of our studies. However, it is important 
to consider that our intent was to study the risk of death and cancer, and the 
impact of diagnostic delay and diabetes on outcomes in the entire population 
of patients with acromegaly regardless of biochemical control. Another 
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limitation to be considered is that some of the acromegaly-associated 
comorbidities are diagnosed in the primary healthcare system and coverage in 
the Patient Registry may therefore be low.  
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4. RESULTS 

4.1 Mortality – Paper I 

Patient Characteristics and Treatment Patterns 

A total of 1089 patients diagnosed with acromegaly due to a pituitary adenoma 
were included between 1987 and 2013. Clinical characteristics and treatment 
patterns are shown in Table 3. Mean (SD) age at diagnosis was 51.6 (15.1) 
years and mean follow-up duration 11.8 (7.5) years. Pituitary surgery was 
performed in about two-thirds of patients and RT in 13%. Medical therapy was 
analysed in a subgroup of patients (n=338) receiving their diagnosis since July 
2005, when data from the Drug Registry were available. Medical therapy was 
administered to 45% of patients in this subgroup. SSA use was recorded in 
35% of patients, DAs in 15% and GHRA in 9%. 

Table 3. Characteristics of patients with acromegaly diagnosed between 1987 
and 2013 in Sweden 
 
Characteristic 

Total 
(n=1089) 

Men 
(n=509) 

Women 
(n=580) 

Age at diagnosis, years 51.6 (15.1) 50.6 (13.9) 52.4 (16.1) 
Follow-up time, years 11.8 (7.5) 11.8 (7.7) 11.8 (7.3) 
Treatment patterns    

Any surgery 700 (64%) 340 (67%) 360 (62%) 
Any RT 144 (13%) 67 (13%) 77 (13%) 
Surgery and RT 116 (11%) 50 (10%) 66 (11%) 
Neither surgery nor RT 361 (33%) 152 (30%) 209 (36%) 

Hypopituitarism 370 (34%) 195 (38%) 175 (30%) 
Diabetes insipidus 41 (4%) 14 (3%) 27 (5%) 

Data are n (%) or mean (SD). Abbreviations: RT, radiotherapy 

Overall and Cause-specific Mortality 

A total of 232 deaths were observed and 174 were expected, resulting in an 
overall SMR of 1.33 (95% CI 1.17–1.52). The main cause of death was 
ascribed to circulatory diseases, with 93 observed deaths compared to 69 
expected (SMR 1.34, 95% CI 1.08–1.64). Mortality due to malignancy, 
respiratory diseases and infections was not increased. Subgrouping based on 
treatment pattern showed that only patients treated with RT (SMR 2.02, 95% 
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CI 1.20–3.20) and those who received neither surgery nor RT (SMR 1.54, 95% 
CI 1.28–1.83) had excess mortality. However, the mortality rate was similar to 
that expected in the general population in patients treated with pituitary surgery 
(SMR 1.17, 95% CI 0.95–1.42). 

Time Trends 

The use of pituitary surgery increased progressively over time, i.e. 58%, 63% 
and 72% in the first, second and last time periods (P<0.001). On the other 
hand, the frequency of hypopituitarism declined from 41% to 38% and 23% 
over the same time periods (P<0.001) (Figure 11A). Mortality was increased 
in the first time period whereas it was not different from the background 
population during the following periods (Figure 11B). 

A

 

B  
Fig. 11. Time trends in the use of pituitary surgery and frequency of hypopituitarism 
(A). Time trends in and mortality rates (B). ***P<0.0001 vs background. Adapted with 
permission of Bioscentifica Limited from European Journal of Endocrinology, 
Decreasing mortality and changes in treatment patterns in patients with acromegaly 
from a nationwide study, Esposito et al. 2019. Copyright Clearance Center. 
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4.2 Diagnostic Delay – Paper II 

Delay to diagnosis of acromegaly  

The diagnosis of acromegaly was delayed by a mean (SD) of 5.5 (6.2) years 
[median 3.3 (0.0–25.9)]. There was a trend towards a longer diagnostic delay 
in women than in men (6.0 [6.3] vs 5.0 [6.1]; P=0.055). Overall, 219 (36%) 
patients received the diagnosis of acromegaly without delay: 140 (23%) with 
a delay of 1 to <5 years; 100 (17%) with a delay of 5 to <10 years; and 144 
(24%) with a delay of ≥10 years (Figure 10). The mean age at the first 
comorbidity was 46.8 (15.1) years. Almost all patients (96%) had at least one 
comorbidity during the study period, with a mean of 1.9 (1.8) comorbidities at 
diagnosis and 4.1 (2.5) during the entire study period for each patient. Women 
had a higher number of comorbidities than men both at diagnosis (2.1 [1.9] vs 
1.7 [1.6]; P=0.003) and during the entire follow-up period (4.3 [2.5] vs 3.7 
[2.4]; P=0.003). 

Morbidity and Mortality by Diagnostic Delay 

The number of acromegaly-related comorbidities was higher with longer 
diagnostic delay (P<0.0001) (Figure 12A). In the entire study cohort, overall 
mortality was increased, with an SMR of 1.45 (95% CI 1.11–1.86). Mortality 
was significantly increased only in the group of patients diagnosed with a delay 
≥10 years (SMR 1.76, 95% CI 1.12–2.65; P=0.016), whereas it was not 
different in the other groups from the general population (Figure 12B). 

Treatment Patterns by Diagnostic Delay  

When treatment pattern was analysed in the diagnostic delay groups, a lower 
frequency of pituitary surgery was recorded in the group with longer diagnostic 
delay (61% in patients with diagnostic delay ≥10 years vs 73% in those without 
diagnostic delay, P=0.017). The proportion of patients treated with RT alone 
was higher with longer diagnostic delay (P=0.005). In the subgroup of patients 
diagnosed after July 1, 2005, when data on medical treatment were available, 
a total of 56% of patients were treated with pharmacotherapy without 
differences across the diagnostic delay groups. 
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permission of Bioscentifica Limited from European Journal of Endocrinology, 
Decreasing mortality and changes in treatment patterns in patients with acromegaly 
from a nationwide study, Esposito et al. 2019. Copyright Clearance Center. 
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Fig. 12. Morbidity (A) and mortality (B) by diagnostic delay. Abbreviation: DD, 
diagnostic delay; y, year. Republished with permission of Bioscentifica Limited from 
European Journal of Endocrinology, Prolonged diagnostic delay in acromegaly is 
associated with increased morbidity and mortality. Esposito et al. 2020, Copyright 
Clearance Center. 

4.3 Tumour Incidence – Paper III 

Cancer Incidence  

A total of 186 malignant tumours were recorded in the study population 
compared with 144 expected in the background population, resulting in an SIR 
of 1.3 (95% CI 1.1–1.5) (Figure 13A). Mean (SD) age at diagnosis of any 
cancer was 66.1 (11.2) years. The incidence of colorectal and anal cancer (SIR 
1.5, 95% CI 1.0–2.2) was increased, with a mean age at diagnosis of 67.4 
(10.3) years. The incidence of renal and ureteral cancer (SIR 4.0, 95% CI 2.3–
6.5) was also increased, with a mean age at diagnosis of 65.4 (12.7) years. On 
the other hand, the incidence of lung, breast, brain and prostate cancer was not 
increased (Figure 13A). In the entire study population, thyroid cancer occurred 
in only three patients. The incidence of overall malignancies did not change 
over time, with an SIR of 1.8 (95% CI 1.0–2.8) in the first period (1987–1995), 
1.9 (95% CI 1.3–2.8) in the second period (1996–2004), and 2.0 (95% CI 1.3–
3.0) in the last period (2005–2012). 
 Age at diagnosis of acromegaly was related to an increased risk of 
malignancies (HR 1.1, 95% CI 1.0–1.1; P<0.0001). Conversely, gender, and 
treatment strategies for acromegaly, hypopituitarism, diabetes insipidus and 
diabetes mellitus did not have any effect on cancer risk. 
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Fig. 13. Standardised incidence ratio of malignant tumours (A) and benign tumours 
(B) in patients with acromegaly in Sweden. Adapted with permission of Oxford 
University Press from Journal of Clinical Endocrinology & Metabolism, Incidence of 
benign and malignant tumors in patients with acromegaly is increased: a nationwide 
population-based study. Esposito et al. 2021, Copyright Clearance Center. 

Cancer Mortality 

Cancer mortality was not increased, with 74 deaths due malignant tumours 
being observed in the study population compared to 67 expected in the general 
population (SMR 1.1, 95% CI 0.9–1.4). Mortality due to colorectal and anal 
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Fig. 12. Morbidity (A) and mortality (B) by diagnostic delay. Abbreviation: DD, 
diagnostic delay; y, year. Republished with permission of Bioscentifica Limited from 
European Journal of Endocrinology, Prolonged diagnostic delay in acromegaly is 
associated with increased morbidity and mortality. Esposito et al. 2020, Copyright 
Clearance Center. 
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Fig. 13. Standardised incidence ratio of malignant tumours (A) and benign tumours 
(B) in patients with acromegaly in Sweden. Adapted with permission of Oxford 
University Press from Journal of Clinical Endocrinology & Metabolism, Incidence of 
benign and malignant tumors in patients with acromegaly is increased: a nationwide 
population-based study. Esposito et al. 2021, Copyright Clearance Center. 
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colorectal and anal tumours was increased 2.3 times (SIR 2.3, 95% CI 1.6–
3.3). In addition, an increased incidence of skin tumours, lipomas and nasal 
polyps was also recorded (Figure 13B). 

4.4 Diabetes – Paper IV 

The study included 254 patients with acromegaly and associated diabetes 
(ACRO-DM group) and 532 patients with acromegaly and without diabetes 
(ACRO group). At baseline, patients with diabetes were older, had lower levels 
of education and income as well as higher frequencies of cardiovascular 
diseases (60.6% vs 36.8%, SMD=0.49) and chronic kidney diseases (4.7% vs 
0.4%, SMD=0.28) compared with patients without diabetes. Overall mortality 
was increased in the ACRO-DM group compared with the ACRO group, with 
an HR of 1.58 (95% CI 1.12–2.23) after adjustment for multiple confounding 
factors using propensity score. When mortality was analysed by adding 
cardiovascular and kidney diseases to the propensity score model, a similar 
result was observed (HR 1.55, 95% CI 1.08–2.22). In addition, patients with 
diabetes had an increased risk of cardiovascular diseases (HR 1.49, 95% CI 
1.21–1.82) and increased risk of death from cardiovascular causes (HR of 2.11, 
95% CI 1.09–4.10). 
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5. DISCUSSION 

The aim of this thesis was to improve our understanding of mortality, 
morbidity and treatment strategies in patients with acromegaly. Most previous 
studies on acromegaly are small single-centre or multicentre studies, which 
may have weaknesses related to insufficient statistical power and selection 
bias, affecting the reliability of their findings. Many aspects on life expectancy 
and incidence of complications in acromegaly are therefore still debated.  

 This is the first comprehensive population-based analysis of long-term 
outcomes performed in a nationwide, unselected cohort of patients with 
acromegaly. This thesis has demonstrated that patients with acromegaly had 
excess mortality, which was 30% higher compared with the general 
population, and mainly due to circulatory diseases. Interestingly, despite an 
increased incidence of both benign and malignant tumours in acromegaly, 
cancer mortality was not different to the general population. Diagnostic delay 
and the presence of diabetes appear to be associated with a worse outcome. 
This thesis has indeed shown that patients diagnosed with a delay ≥10 years 
had the highest number of complications and excess mortality. Moreover, 
patients with acromegaly and associated diabetes had increased risk of 
cardiovascular morbidity as well increased overall and cardiovascular 
mortality. 

Mortality 

Mortality was 30% higher in patients with acromegaly than in the general 
Swedish population and was mainly related to circulatory diseases. Only one 
previous population-based study on mortality in acromegaly has been 
published (115). It included 405 patients with acromegaly and showed a 
similar result to ours with an increased risk of death (HR 1.3, 95% CI 1.0–1.7) 
mainly due to cardiovascular diseases. In contrast, recent nationwide 
multicentre studies have shown that the mortality rate in acromegaly is 
nowadays no different to the general population. In the French Registry, which 
included 999 patients with acromegaly followed between 1999 and 2012, an 
SMR of 1.05 (95% CI 0.70–1.42) was observed (94). In that study, however, 
17% of patients were lost to follow-up and, thus, the events (deaths) in that 
group could not be registered, which may have led to an underestimation of 
mortality. In line with the French study, the Italian Registry, which included 
1512 acromegalic patients followed at tertiary referral centres, also showed 
that mortality in acromegaly was no different to the general population (SMR 
1.13, 95% CI 0.87–1.46) but it was higher in the group of patients with active 
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disease (SMR 1.93, 95% CI 1.34–2.70) (118). Whether the increased mortality 
rate found in this thesis was due to poor biochemical control could not be 
analysed as biochemical data (i.e. GH and IGF-I levels) were not available. 

 Time trends in causes of death in acromegaly have been analysed by 
Ritvonen and colleagues (126), who showed that cardiovascular diseases were 
the leading cause of death during the first 10 years of follow-up, while 
malignancies became the main cause thereafter. Other recent studies have 
suggested that causes of death in acromegaly have changed over time, with the 
leading cause of death shifting from cardiovascular causes to cancer (94,118). 
For instance, in the French Registry, malignancies accounted for 34% of deaths 
compared with 22% from cardiovascular and cerebrovascular causes (94). 
However, this finding has not been confirmed in other studies (115,119). 
Paper I has shown that mortality in acromegaly is mainly due to circulatory 
diseases, accounting for 40% of all deaths. On the other hand, the risk of death 
related to malignancies was not increased. This was confirmed in Paper III, 
which aimed at performing a systematic analysis of cancer incidence and 
cancer mortality in acromegaly. The risk of dying from any cancer was not 
different from the general population (SMR 1.1, 95% CI 0.9–1.4). However, 
it has been argued that the prevalent cardiovascular mortality observed in 
patients with acromegaly might mask cancer-related mortality since 
cardiovascular deaths usually occur prior to the age when cancers usually 
develop. Likewise, improvements in diagnostic tools for cancer screening 
might have led to earlier diagnosis of cancer, resulting in immediate treatment 
and better cancer survival.  

Changes in Treatment Patterns 

In this thesis, it has been shown that about two-thirds of patients with 
acromegaly were treated with pituitary surgery and 13% with RT during the 
entire follow-up period, which agrees with data from other recent studies 
(94,127). In the subgroup of patients diagnosed since 2005, when data from 
the Drug Registry were available, half of patients received medical treatment 
for acromegaly, with SSAs being most used. The use of pituitary surgery 
increased from 58% to 72%. At the same time, the frequency of 
hypopituitarism decreased from 41% to 23%, which is probably explained by 
progress in surgical techniques and, likely, to the increased use of medical 
therapy as first-line treatment, as shown in the French Acromegaly Registry 
(94). Hypopituitarism itself has been associated with excess mortality 
(119,128). Therefore, the presence of hypopituitarism in patients with 
acromegaly may worsen the prognosis as reported by Sherlock and colleagues 
(119), who found increased mortality rates in acromegalic patients with ACTH 
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deficiency (SMR 2.5, 95% CI 1.9–3.2) and gonadotropin deficiency (SMR 2.1, 
95% CI 1.6–2.7). Interestingly, in Paper I, mortality was increased in the first 
time period whereas it was no different to the background population during 
the following, more recent, periods. This could be due to the small number of 
deaths in the most recent two time periods, leading to an imprecise estimate 
with larger CIs. However, it cannot be excluded that an improvement in 
mortality rates in acromegaly has occurred over time, as also reported in other 
studies (129), which can be probably explained by the decreased frequency of 
hypopituitarism, the increased use of pituitary surgery together with the 
decreased use of radiotherapy, and the advent of new therapeutic options 
(94,130). 

 Analysis of mortality by treatment pattern showed that only patients treated 
with RT and those who received neither surgery nor RT had excess mortality 
whereas, in patients treated with pituitary surgery, the mortality rate was no 
different to the general population. This finding agrees with previous studies, 
showing that RT is associated with an increased risk of death primarily related 
to cerebrovascular diseases (119,131). However, it is important to consider 
that RT is usually used in patients with persistent or recurrent disease, which 
is per se associated with a worse outcome. Interestingly, in Paper I, no deaths 
from cerebrovascular events were recorded in the subgroup of patients treated 
with RT but the number of deaths was too small to analyse the association 
between RT and mortality.  

Diagnostic Delay 

Clinical manifestations of acromegaly develop insidiously and are often 
unnoticed for several years by the patient, family members and physicians. The 
main complaints that usually bring patients to medical attention are acral 
enlargement and facial changes but most patients with acromegaly visit several 
healthcare providers before receiving the correct diagnosis (132). 
Endocrinologists are seldom the first specialists to see these patients. It has 
been shown that the diagnosis is suspected by an internist or general 
practitioner in 40% of cases and, in the remaining cases, acromegaly is 
detected by other specialists such as dentists, ophthalmologists, 
rheumatologists, gynaecologists, etc. (133). 

 The first evidence of diagnostic delay in acromegaly was reported in the 
1960s, when Gordon and colleagues (134) described a delay of 10–20 years. 
Despite enormous advances in diagnostic tools and improvements in the 
imaging techniques, diagnostic delay seems unchanged over recent decades 
(118,132). In a commentary on the Diagnostic Delay Study, Boguszewski 
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(135) emphasised that acromegaly still represents a diagnostic challenge with 
this motto: “You must know it to think of it!”. Recent epidemiological studies 
have reported a delay until diagnosis ranging from 5 to 14 years 
(94,118,136,137). However, these studies were mainly based on patient 
recollection, which may be an inaccurate method since it is susceptible to recall 
bias. In addition, none of these previous studies has specifically analysed the 
impact of diagnostic delay on long-term outcomes in acromegaly. 

 This thesis has shown that the mean delay to diagnosis of acromegaly is 5.5 
years, with a large proportion of patients (i.e. a quarter of the study cohort) 
receiving the diagnosis with a delay ≥10 years. It is important to consider that 
the first comorbidity was used as the starting date for disease onset, probably 
leading to a degree of underestimation in diagnostic delay. This was, however, 
the only approach that allows an objective estimate of diagnostic delay using 
accurate data from registries rather than subjective patient recall of signs and 
symptoms. The comorbidities used as the starting date were defined based on 
current guidelines and a previous study by our group (27, 104). It could be 
argued that these comorbidities are somewhat common diseases and not 
necessarily related to acromegaly. Therefore, a sub-analysis using fewer and 
more specific comorbidities was performed, which led to a similar diagnostic 
delay (available in Paper II at the end of this thesis). 

 Nearly all patients (96%) presented with at least one complication during 
follow-up and the number of complications was higher with longer diagnostic 
delay both at diagnosis and during the entire follow-up. A tendency towards a 
longer delay in the diagnosis was recorded in women, who also had a higher 
number of complications compared with men. In line with our findings, a 
recent meta-analysis reviewed 40 studies and showed that women are 
generally older at diagnosis and present a more prolonged diagnostic delay 
(138). It has also been reported that women usually consult more physicians 
prior the diagnosis of acromegaly (139). These gender differences have been 
seen in other diseases and may be related to a greater difficulty in making the 
diagnosis of some diseases in women or physician implicit bias resulting in 
unequal healthcare (140-142). 

 Diagnostic delay seems to have an impact on treatment strategies. Indeed, 
a lower frequency of pituitary surgery was recorded in the group with longer 
diagnostic delay. A higher number of complications in the group with longer 
diagnostic delay is associated to a higher risk of surgical complications and 
may explain the lower use of pituitary surgery in this group. In agreement with 
this hypothesis, the proportion of patients treated with radiotherapy alone was 
higher with longer diagnostic delay. 
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 Predictors of mortality in acromegaly have been evaluated in many studies. 
Age, previous RT, hypopituitarism, hypertension and, most importantly, active 
disease have been associated with excess mortality. However, no study has 
investigated the impact of diagnostic delay on survival in acromegaly to date. 
In this thesis, it has been demonstrated for the first time that excess mortality 
is only recorded in patients diagnosed with a delay ≥10 years and that longer 
diagnostic delay is associated to a higher number of complications. Previous 
studies have shown that biochemical remission does not always reverse the 
burden of acromegaly-related complications (77). This emphasises the 
importance of early recognition of acromegaly, which can prevent the 
development of associated complications and lead to a normalisation of 
mortality rates in these patients. 

Incidence of Malignant and Benign Tumours 

In this thesis, an increased incidence of malignant tumours was found in 
patients with acromegaly. Specifically, the incidence of colon, rectal and anal 
cancers as well as renal and ureteral cancers was increased, while the incidence 
of lung, brain, breast, prostate and thyroid cancers was not. 

 Available data from animal and in vitro studies suggest that GH and IGF-I 
play an important role in carcinogenesis, promoting cell proliferation and 
inhibiting apoptosis (92). This has been confirmed in epidemiological studies 
in the general non-acromegalic population, showing that levels of IGF-I in the 
upper normal range are associated with higher risk of some malignancies (92, 
143,144). An opposite effect has been attributed to IGFBP-3, i.e. the principal 
IGF-I-binding protein, which seems to promote growth arrest and apoptosis in 
some cancer cell lines (92). In acromegaly, both IGF-I and IGFBP-3 
concentrations are elevated and, whether cancer risk is increased remains 
debated (145-147). 

 Available data on cancer incidence in acromegaly are controversial (93-
95,102). A recent systematic review (96) analysed cancer incidence in 23 
studies including a total of 9677 acromegalic patients, showing an SIR of 1.5 
(95% CI 1.2–1.8). However, the reviewed studies were heterogeneous due to 
large differences in study cohorts and study design. In a meta-regression based 
on study design, cancer incidence was increased in single-centre studies (SIR 
3.2, 95% CI 2.4–4.1) but not in multicentre studies (1.2; 95% CI, 0.9–1.5). The 
three largest multicentre studies in Europe reported conflicting results. In the 
Italian Registry (93), including 1512 patients with acromegaly, the incidence 
of overall malignancies in acromegaly was 40% higher than in the general 
population (SIR 1.41; 95% CI 1.18–1.68). Colorectal and kidney cancer had 
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an increased incidence, which is in line with our findings. They also found an 
increased risk of thyroid cancer. However, in that study, data were retrieved 
from tertiary specialist centres where proactive cancer screening is performed, 
which may result in an overestimation of incidence rates. In the French cohort 
of acromegalic patients (94), cancer incidence was no different to the general 
population but the short follow-up and the rate of loss to follow-up (17%) may 
have had an important impact on the results. In the UK, Orme et al. (95) found 
a decreased incidence of malignant tumours in a cohort of 1239 patients with 
acromegaly (SIR 0.76, 95% CI 0.60–0.95). The differences in results between 
these studies may be due to possible weaknesses that affect multicentre studies, 
such as selection and surveillance bias, insufficient statistical power, short 
follow-up or loss to follow-up. Population-based studies are thought to be 
more reliable for assessing incidence of malignancies in rare diseases such as 
acromegaly since their design allows overcoming most of these limitations 
(148). 

 Paper III is the first study to analyse the risk of both benign and malignant 
tumours in acromegaly with a population-based approach, showing that cancer 
incidence was increased by 30% and the risk of benign neoplasms was 
increased by more than 2-fold. The analysis of risk factors for cancer showed 
that increased age at diagnosis was associated with an increased cancer risk, 
while gender, treatment pattern, hypopituitarism, diabetes mellitus and 
diabetes insipidus were not. The impact of GH and IGF-I levels on tumour 
incidence could not be analysed since these data were not available in the 
Patient Registry. Another important limitation was the lack of certain 
information such as smoking status, dietary habits and environmental factors, 
with consequent inability to study association between these variables and 
cancer risk. 

Colorectal  

The incidence of colon cancer was increased 50% and the incidence of benign 
colon tumours more than 2-fold higher in patients with acromegaly than in the 
general Swedish population. In agreement with our findings, Rokkas et al. 
(97), in a recent meta-analysis, found an increased risk of both malignant (OR 
4.4, 95% CI 1.5–12.4) and benign colon tumours (OR 2.5, 95% CI 1.9–3.4 for 
colon adenomas and OR 3.7, 95% CI 2.6–5.3 for hyperplastic polyps). This 
increased risk may be due to the direct procarcinogenic effect of GH but the 
increased bowel length in acromegaly may also contribute to the increased risk 
(149,150). However, an effect of surveillance bias cannot be excluded since, 
in most centres, patients undergo proactive screening with colonoscopy at 
diagnosis of acromegaly, which may result in an overestimation of cancer 
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incidence. It is important to note that, in Sweden, the screening programme for 
colon cancer in acromegaly is not different to that performed in the general 
population, which can limit surveillance bias. 

Thyroid  

In Paper III, the incidence of benign and malignant thyroid tumours was no 
different to the general population. This agrees with previous data shown by a 
multicentre study from the UK (95) as well as a recent population-based study 
from Denmark (96). On the other hand, a systematic review published in 2014 
reported an increased incidence of benign and malignant thyroid nodules 
(100). When the risk of thyroid tumours is analysed, it is important to consider 
that it can be affected by iodine intake, which may vary from region to region 
leading to large differences between studies. Data on iodine intake were not 
available and its impact on tumour incidence could not be studied in this thesis. 
The risk of surveillance bias should also be considered since thyroid volume 
is usually increased in acromegaly, which can result in the more frequent use 
of thyroid ultrasound, resulting in many incidentally discovered thyroid 
cancers and an overestimation of incidence rates. 

Kidney 

This thesis has shown an increased incidence of renal and ureteral 
malignancies, which was 4-fold higher than in the background population. In 
line with our data, Terzolo et al. (93) observed a 3-fold higher incidence of 
renal cancer in the Italian cohort of patients with acromegaly. Underlying 
mechanisms for this increased risk have not been studied. GH and IGF-I 
receptors are abundantly expressed in the kidney and GH excess has been 
associated with renal hypertrophy in animal studies (151,152). Furthermore, 
there are data showing increased renal size in patients with acromegaly (153). 
It could be speculated that chronic overexposure to GH and IGF-I may play a 
direct role in the risk of kidney cancer. However, it should also be considered 
that hypertension and diabetes are important risk factors for kidney cancer and 
common complications in patients with acromegaly. It remains to be shown 
whether the high prevalence of these diseases in acromegaly might explain the 
increased incidence of kidney cancer. 
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Impact of Diabetes 

In this thesis, excess mortality and cardiovascular morbidity were, for the first 
time, demonstrated in patients with acromegaly and associated diabetes 
compared with those without diabetes. Diabetes mellitus is common in 
acromegaly, occurring in approximately 30% of patients according to data 
from recent large multicentre studies (84,85,137). In the general population, 
patients with type 2 diabetes have a higher risk of death than individuals 
without diabetes, which appears to be associated with diabetes duration, 
glycaemic control and diabetes complications (154,155). Patients with 
acromegaly also have increased risk of death, mainly due to circulatory 
diseases, but the role of diabetes in this has not been investigated to date. 

 In this thesis, diabetes occurred in one-third of patients with acromegaly, 
which is in line with previous studies (84,85,137). Patients with acromegaly 
and associated diabetes were older and had a higher frequency of 
cardiovascular comorbidities than those without diabetes. This agrees with 
data from the Belgian Acromegaly Registry, which showed that patients with 
diabetes were 10 years older than those without (130). In the French 
Acromegaly Registry, patients with diabetes were older, had a higher body 
mass index, a longer disease duration and a higher prevalence of hypertension 
(85). Moreover, Colao et al. (156) have shown increased risk of diastolic and 
systolic dysfunction in acromegalic patients with associated impairment of 
glucose homeostasis. These data suggest that diabetes in acromegaly is 
associated with increased risk of cardiovascular diseases. However, no study 
has assessed mortality in patients with acromegaly and associated diabetes to 
date. 

 This thesis includes the first systematic analysis of the impact of diabetes 
on mortality and morbidity in acromegaly, showing that acromegalic patients 
with associated diabetes had a 60% higher risk of death from all causes, a 2-
fold higher risk of death from cardiovascular causes and a 50% higher risk of 
cardiovascular comorbidities compared with patients without diabetes. The 
higher frequency of cardiovascular diseases at baseline in patients with 
diabetes could be a confounding factor but a sub-analysis of mortality was 
performed adjusting for this factor and led to similar results. The main 
limitation of this study was the lack of information on disease activity. It is 
well known that elevated GH and IGF-I levels are associated with increased 
risk of diabetes and increased mortality; the intent of this study was however 
to study the impact of diabetes on outcome regardless of biochemical control. 
In addition, the impact of some clinical data such as body mass index, smoking 
habits and physical activity which are known to affect cardiovascular risk 
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could not be studied as these data were not available in the group with 
acromegaly and no diabetes. 

 In conclusion, the presence of diabetes in acromegaly is associated with a 
poor prognosis. This knowledge is of crucial importance since some treatment 
options offered to patients with acromegaly have adverse effects on glucose 
homeostasis and may contribute to development of diabetes. Our findings 
emphasise the need for optimising care of acromegaly and performing strict 
screening for metabolic complications, which are important determinants of 
morbidity and mortality. 
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6. CONCLUSION 

More than a century has passed since Pierre Marie first described acromegaly 
and enormous improvements in the management and treatment strategy of 
acromegaly have occurred, but many questions are still unsolved. This thesis 
has contributed to a better understanding of some of the unsolved issues with 
respect to morbidity and mortality in acromegaly. 

 Specifically, this thesis has demonstrated that mortality is 30% higher in 
patients with acromegaly compared with the general population and that this 
is mainly related to circulatory diseases. Interestingly, although there is an 
increased incidence of both benign and malignant tumours, cancer mortality is 
not increased. However, there are data from recent multicentre studies showing 
that the leading cause of death has changed from cardiovascular diseases to 
malignancies, reflecting the trend recorded in the general population 
(94,117,126). Indeed, in many European countries, cancer is nowadays the 
main cause of death but, in Sweden, circulatory diseases remain predominant, 
and this difference may explain the discrepancy in mortality results in 
acromegaly. 

 Despite great efforts to improve diagnostic tools, the clinical features of 
acromegaly remain under-recognised and its diagnosis is usually delayed. In 
this thesis, it has been shown that patients with acromegaly receive their 
diagnosis with an average delay of 5.5 years and that diagnostic delay is an 
important determinant of morbidity and mortality. Patients diagnosed with a 
delay ≥10 years have the highest number of complications and excess 
mortality. Early diagnosis appears therefore crucial since it reduces the length 
of exposure to GH and IGF-I excess, may reduce the burden of comorbidities 
and, ultimately, improve survival in patients with acromegaly. Significant 
progress has been made in diagnostic strategies over recent decades, including 
the introduction of sensitive assays for GH/IGF-I and the widespread use of 
pituitary MRI for identification of small microadenomas. Novel diagnostic 
strategies such as clinical scoring systems, automated software detecting subtle 
physical changes and deep-learning algorithms may contribute to reducing 
diagnostic delay; however, further studies are needed to evaluate the 
effectiveness of these tools. Meanwhile, efforts should be made at increasing 
the awareness of the disease among the general population as well as among 
general practitioners and other health professionals. 

 This thesis has, for the first time, shown that the presence of associated 
diabetes in patients with acromegaly leads to a worse outcome, with an 
increased risk of cardiovascular morbidity as well as increased overall and 
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cardiovascular mortality. The deleterious effect of diabetes on mortality rate 
suggests the need for an optimisation of the management strategy for 
acromegaly, with a strict screening for glucose metabolism impairment as well 
as personalised treatment that may reduce the risk of metabolic complications 
and prevent the development of diabetes. 

 In conclusion, this thesis has shown that mortality in acromegaly is still 
increased, especially in patients diagnosed with longer delay and those with 
associated diabetes. These findings highlight the importance of early 
diagnosis, prompt treatment and a careful screening of common associated 
complications at diagnosis of acromegaly. Furthermore, the findings underline 
that the goal of treatment of acromegaly should not only be biochemical 
control of the disease but also a comprehensive individualised management 
with a multidisciplinary approach to treat acromegaly-related complications, 
thereby improving long-term outcome. 
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