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Abstract

Objective: Growth hormone (GH) and insulin-like growth factor 1 (IGF-1) excess results in both reversible and 
irreversible musculoskeletal damage, including increased vertebral fracture (VF) risk. The prevalence of VFs is 
approximately 60% in controlled acromegaly patients, and these VFs can progress in time. We aimed to identify 
the course of VFs in a cohort of acromegaly patients in long-term remission and their associated risk factors during 
prolonged follow-up.
Methods: Thirty-one patients with acromegaly (49% female, median age 60 years (IQR 53–66)), who were in remission 
for ≥2 years, were included in this longitudinal, prospective, follow-up study. Spine radiographs of vertebrae Th4 to L4 
were assessed for VFs using the Genant score, at baseline, after 2.6 years and 9.1 years. Progression was defined as 
either a new fracture or a ≥1-point increase in Genant score.
Results: The prevalence of VF at baseline was 87% (27/31 patients). Progression of VFs was observed in eleven patients 
(35.5%) during the 9.1-year follow-up period, with a total incidence rate of 65.5 per 1000 person years (males 59.8 per 
1000 person years vs females 71.6 per 1000 person years). Patients treated with surgery or radiotherapy had a higher 
risk of VF progression in this cohort (P = 0.030).
Conclusions: In this cohort of long-term, well-controlled acromegalic patients, the prevalence and progression of 
VFs was high, showing that the deleterious effects of GH and IGF-1 excess on bone persist despite achievement of 
longstanding remission.

Introduction

Acromegaly is a rare, chronic, and progressive endocrine 
disorder caused by a growth hormone (GH)-producing 
pituitary adenoma, resulting in elevated serum GH 
and insulin-like growth factor-1 (IGF-1) levels (1), 
which requires a multimodal, individualized treatment 
approach. Current treatment options are neurosurgery, 
radiotherapy, and medical therapy with somatostatin 
(SMS) analogues, cabergoline, or pegvisomant (PegV)  

(2, 3). Acromegaly patients suffer from many GH-induced 
systemic comorbidities, of which musculoskeletal 
complications are one of the most invalidating 
manifestations significantly impacting quality of life 
(QoL) (4, 5). While reversal of GH excess ameliorates most 
symptoms and mortality risk, the skeletal complications, 
for example, vertebral fractures (VF) and arthropathy, 
persist or even progress (6).
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Longstanding exposure to supraphysiologic GH and 
IGF-1 levels increase bone turnover in favor of bone 
formation, leading to normal or high-normal bone 
mineral density (BMD) in most patients (7). However, 
notwithstanding the ‘reassuring’ BMD data, vertebral 
resistance is significantly impaired in acromegaly 
patients. In acromegaly patients, the altered bone 
microarchitecture, resulting in cortical bone thickening 
and loss of trabecular volume, contributes to the 
increased fracture risk (8, 9, 10). These alterations persist 
after biochemical remission (8). The increased skeletal 
fragility is reflected by a high VF prevalence, up to 60%, 
both after long-term disease control and irrespective of 
BMD levels (7). Risk factors for VFs are male sex, active 
disease duration and untreated hypogonadism (11, 12, 
13, 14).

Multiple small longitudinal studies have shown 
that, despite adequate biochemical control, VFs 
progress in 20–25% of treated acromegaly patients 
over a follow-up period of approximately 3 years, 
predominantly in males and patients with pre-existing 
VFs (15, 16). Furthermore, new VFs were described in 
35% of medically treated patients during a follow-up 
period of 6.8 years (17).

In this long-term, follow-up study, we aimed to 
evaluate the course of VFs during a prolonged follow-up 
period of 9 years in a cohort of long-term, well-controlled 
acromegaly patients, focusing on the identification of risk 
factors for VF progression.

Subjects and methods

Study design

A graphic overview of the study design is shown in Fig. 1.  
This prospective cohort study was approved by the 

Medical Ethics Committee of LUMC and all participants 
gave written informed consent. This manuscript is written 
adhering to STROBE guidelines (18).

Patients

All acromegaly patients with ≥2 years of biochemical 
remission, visiting the outpatient clinic of the Leiden 
University Medical Center (LUMC), were invited to 
participate in a cross-sectional study in 2007, resulting 
in the inclusion of 89 patients for the baseline visit (11, 
19, 20, 21, 22, 23, 24). Details on the regular follow-up 
and different treatment modalities of acromegaly in our 
center were described in more detail elsewhere (11, 15). 
All these patients were invited for a follow-up study visit 
in 2010 after a mean interval of 2.6 years (range 2.3–2.9 
years), of whom 58 patients (65%) agreed to participate 
(15, 25, 26, 27, 28). All these 58 patients were invited for 
a second follow-up study visit in 2017 after a median total 
follow-up duration of 9.1 years (range 8.8–10.6 years), of 
whom 31 patients (53%) responded positively. Patients 
declined participation due to non–musculoskeletal-
related health problems (n = 4), lack of time (n = 2), loss 
to follow-up (n = 9), psychological reasons (n = 1), being 
abroad (n = 1), or for unknown reasons (n = 10). Age, 
BMD and VF number at baseline did not differ between 
participants and non-participants, except for higher BMI 
among non-participants (P = 0.013).

General parameters

At all three study visits, patients completed a 
standardized questionnaire providing data on 
demographics, medical history, and clinical risk factors 
for VFs, such as early menopause, previous fractures, 
and glucocorticoid use.

Baseline First FU visit Second FU visitStart of symptoms Biochemical remissionDiagnosis
Treatment

Ac�ve disease dura�on
Variable

Remission dura�on
Variable, ≥2 yrs

First FU dura�on
Fixed, 2.6 yrs

Second FU dura�on
Fixed, 6.5 yrs

Study period
Fixed, 9.1yrs

Time since diagnosis
Variable, ≥2 yrs

Figure 1
Overview of the study design. A schematic overview of study, including study parameters disease duration, remission duration 
and time since diagnosis, is depicted. FU, follow-up.
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Acromegaly disease parameters

At least annual assessment of fasting serum GH and 
IGF-1 levels was performed in all patients to assess 
disease activity status. In non-medically treated patients, 
periodical oral glucose tolerance tests were performed 
to evaluate remission at the discretion of the treating 
physician. In PegV treated patients, GH was not evaluable. 
Disease remission was defined as normal IGF-1 levels 
for age (based on SD scores (SDS)) and normal glucose-
suppressed GH levels. Biochemical disease control was 
defined as normal age-adjusted IGF-1 levels during 
medical treatment. Both patients cured by surgery 
or radiotherapy and those biochemically controlled 
using medication were considered to be in remission as 
previously described. Duration of active acromegaly was 
calculated using the estimated date of disease onset and 
the date of IGF-1 normalization following treatment 
(11, 15). Remission duration was calculated from the 
date of biochemical remission to the date of the second  
follow-up visit.

Assessment of pituitary and gonadal function

Hypopituitarism was defined as clinically significant 
hormone deficiencies of ≥1 pituitary axis requiring 
replacement therapy according to the following 
definitions (29, 30): TSH deficiency was defined as a 
free T4 level below <10 pmol/L. ACTH deficiency was 
defined as an insufficient increase in cortisol levels (<0.55 
μmol/L) after stimulation by CRH or insulin tolerance 
test. GH deficiency (GHD) was assessed following 
clinical or biochemical suspicion. Male patients with a 
testosterone concentration <8.0 nmol/L for >1 year were 
considered hypogonadal. Female patients with prolonged 
untreated amenorrhea in the presence of a serum estradiol 
concentration <70 nmol/L or natural menopause were 
considered hypogonadal. Patients with adequately treated 
hypogonadism with replacement therapy <1 year after 
the onset of hypogonadism were considered eugonadal. 
Females with normal spontaneous menstrual cycles and 
patients using estrogen replacement therapy were also 
considered eugonadal.

Assays

For GH, a RIA assay (Biolab, Serona) was used before 
1992, followed by a sensitive 22-kDa GH protein 
immunofluorometric assay (Wallac) from 1992–2005 (15). 
Starting in 2005, GH was measured using a nationally 

harmonized GH assay on the Immulite 2500/2000XPi 
immunoanalyser until November 3, 2017 (harmonization 
factor: 1.02) (31). Currently the IDS-iSYS analyser is 
used, including harmonization. Serum IGF-1 levels were 
determined by RIA (Incstar) (detection limit of 1.5 nmol/L 
and an inter-assay CV <11%) prior to 2005. Following 
2005, serum IGF-1 concentrations were measured using 
immunometrics (Immulite 2500 system, Diagnostic 
Products Corporation). The intra-assay variations at mean 
plasma levels of 8 and 75 nmol/L were 5.0% and 7.5%, 
respectively. Since 2017, IGF-1 is measured on IDS-iSYS 
immunoanalyser. SD scores were used to evaluate IGF-1 
levels, using λ-μ-σ smoothed reference curves for age- and 
sex-related normal levels based on measurements in 906 
healthy individuals (32, 33).

Calcium and bone metabolism

Serum β-crosslaps (ng/mL, reference ranges depending 
on sex and age) and procollagen type 1 amino-terminal 
propeptide (P1NP) (ng/mL, reference ranges depending 
on sex and gonadal status) were determined using an 
electrochemoluminescent immunoassay (Modular 
Analytics E-170 system, Roche Diagnostics). Albumin-
binding-adjusted serum calcium levels (reference range 
2.15–2.55 nmol/L) were assessed using a semiautomated 
technique. 25-Hydroxyvitamin D was measured by 
RIA (Incstar/DiaSorin). Vitamin D deficiency was 
defined as serum levels <50 nmol/L (34). Dual energy 
X-ray absorptiometry (DXA) scans were not routinely 
performed during the study visits. Since guidelines for the 
treatment of bone health in acromegaly are lacking, for 
the management of osteoporosis in acromegaly patients, 
antiresorptive agents, either with or without vitamin 
D ± calcium supplementation, were given based on the 
expert opinion of the treating physician guided by the 
Dutch national guidelines (35).

Radiographic VF assessment

Plain lateral radiographs of the thoracic and lumbar spine, 
with the film centralized on Th7 and L3, respectively, were 
made by the same experienced radiology technician at all 
study visits following a standardized protocol. Vertebrae 
Th4 to L4 were assessed for the presence of VFs according 
to the validated Genant’s semiquantitative method 
(36). The Genant Grades were defined as the following 
percentage reduction of the anterior, middle, and/or 
posterior height: grade 1 (mild fracture) 20–25%; grade 2 
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(moderate fracture) 25–40%; and grade 3 (severe fracture) 
>40%. Wedge, biconcave and concave fractures were 
distinguished. Spinal deformity index (SDI), a measure for 
VF severity, was calculated as the sum of the grades of all 
vertebrae and could vary from 0, that is, no VFs, to 39, 
that is, all VFs grade 3 (36, 37).

To facilitate the assessment of risk factors for VF 
progression, radiographs were evaluated in chronological 
order, blinded for patient characteristics (38). Radiographs 
were assessed simultaneously by a team of two experienced 
observers (H M K and K M J A C) in consensus, one of 
whom is a musculoskeletal radiologist (H M K). For 
five random patients, radiographs were scored twice to 
calculate intra-observer variability (intra-class coefficient 
(ICC) 0.919 (95%CI 0.895–0.938)). Two individual 
vertebrae were excluded because of pre-existing pathology. 
Progression of VFs was defined as the development of a 
new fracture or ≥1-point increase in the Genant Grade of a  
pre-existing VF.

Statistical analysis

Data analysis was performed using SPSS for Windows 
version 25.0 (SPSS Inc). The reliability analysis (ICC) 
was calculated using a two-way mixed model for single 
measurements. Data are presented as mean ± s.d., median 
(interquartile range (IQR)) or n (%), unless otherwise 
specified. Changes over time were analyzed by parametric 
t-tests or repeated measures ANOVA or non-parametric 
Mann–Whitney U-test or Friedman tests when applicable. 
To assess risk factors, either χ2 tests, Fishers exact tests, 
or binary logistic regression analyses, adjusting for age, 
sex, BMI, were performed in patients with and without VF 
progression. P < 0.05 was considered significant.

Results

Patient characteristics

Thirty-one patients were included (49% female; median 
age 60 years (IQR 53–66)), of whom baseline characteristics 
are depicted in Table 1. At baseline, 18 patients (58.1%) 
were in remission following surgery, of whom three 
patients received additional radiotherapy. The remaining 
13 patients (41.9%) were treated with SMS analogues, 
either following surgery (n = 11), radiotherapy (n = 1) or a 
combination of both (n = 1). During the study period, SMS 
analogues were discontinued in two patients, whereas SMS 
analogues were initiated in one patient following surgical 
treatment for recurrent disease. No patients received PegV.

Three male patients (18.8%) had substantial 
hypogonadal periods during follow-up (1, 3, and 6 
years, respectively), followed by adequate testosterone 
replacement. During follow-up, one male patient 
developed hypogonadism, which lasted for 5 years prior to 
being adequately replaced. Eleven female patients (73.3%) 
were postmenopausal at baseline and four additional 
females (26.7%) went into menopause during follow-up, 
of whom one patient at the age of 42 years. All patients 
with diagnosed GHD prior to and during the study were 
adequately replaced.

Bone status

All patients had normal bone marker levels at baseline, 
except for one patient with slightly elevated β-crosslaps 

Table 1 Clinical baseline characteristics of long-term 
remission acromegaly patients. Data are shown as median 
(IQR) or n (%).

Clinical characteristics All patients (n=31)

Sex (female) 15 (48.4%)
Age (years) 60 (53–66)
BMI (kg/m2)* 26.0 (23.5–31.2)
Baseline treatment status
 Without SMS analogue 19 (61.3%)
 With SMS analogue 12 (38.7%)
Treatment
 Surgery 15 (48.4%)
 SMS analogues 0 (0.0%)
 Surgery + RT 3 (9.7%)
 Surgery + SMS analogues 11 (35.5%)
 RT + SMS analogues 1 (3.2%)
 Surgery + RT + SMS 1 (3.2%)
Hypopituitarism
 Corticotrophs 5 (16.1%)
 Thyreotrophs 5 (16.1%)
 ADH deficiency 1 (3.2%)
 GH deficiency 5 (16.1%)
 Gonadotrophs 14 (45.2%)
 Hypogonadism (male) 3 (18.8%)
 Postmenopausal (female) 11 (73.3%)
Growth hormone (mU/L)
 Pre-treatment** 70 (26–133)
 Baseline 1.38 (0.58–3.55)
IGF-1 (nmol/L)
 Pre-treatment*** 53.0 (42.8–70.5)
 SDS*** 5.5 (4.1–6.7)
 Baseline 18.4 (14.7–24.4)
 SDS 1.1 (−0.2–1.9)
Disease duration (years) 5 (3–10)
Remission duration (years) 12 (7–17)

*Data available in 30 patients; **data available in 27 patients; ***data 
available in 24 patients.
IGF-1, insulin like growth factor-1; n, number of patients; RT, radiotherapy, 
SDS, standard deviation score; SMS, somatostatin analogues.
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levels and one patient with increased P1NP levels  
(Table 2). Five patients (10.3%; three males/two females) 
had vitamin D deficiency at baseline, for which they 
received supplementation during follow-up. At the second 
follow-up visit, seven patients (22.6%; four males/three 
females) were receiving oral vitamin D supplementation. 
At baseline, two patients used anti-resorptive drugs, of 
whom one patient was treated prior to entering the study. 
During the study follow-up, four patients were treated 
with anti-resorptives. None of the patients were receiving 
anti-resorptive treatment at the second follow-up  
study visit.

Non-vertebral fractures

During the entire study period, only one male patient 
suffered from a traumatic clavicula fracture, as subjectively 
reported in the standardized questionnaire.

VFs at baseline

At baseline, 27 patients (87.1%) had ≥1 VF with a total 
of 79 recorded VFs. As shown in Fig. 2, a bimodal pattern 
of VF distribution, that is, two distinct peaks in VF 
number based on the vertebral location, was observed. 
Vertebrae Th8, Th9, Th11 and Th12 were fractured most 
frequently. At lumbar level, 14 grade-1 fractures and 
one grade-2 fracture were observed. At thoracic level, 
however, moderate and severe fractures were observed 
more frequently (namely, 53 grade-1 fractures, 6 grade-2 
fractures and 2 grade-3 fractures).

Median number of VFs per patient was 2 (IQR 1–4) 
(males 2.5 (IQR 1–4) vs females 1 in (IQR 1–4), NS). 
Number of VFs at baseline was associated with active 
disease duration (r = 0.462, P = 0.009), but not with 
remission duration (r = 0.311, P = 0.089). Number of VFs 
at baseline was not associated with age, pre-treatment 
or baseline GH, or IGF-1 levels, and baseline markers of  
bone turnover.

VF progression

During 9.1 years of follow-up, VF progression occurred 
in 11 patients (35.5%; 7 females/4 males). In all patients, 
progression was defined as a new fracture. Two patients 
developed new grade-2 fractures, whereas the remaining 
nine patients developed new grade-1 fractures. Most 
progression was seen at vertebrae Th5 and Th8 (three 
new fractures). The number of VFs per patient increased 
significantly in time (median 2 (IQR 1–4) at baseline 
vs median 3 (IQR 1–5) at the second follow-up visit, 
P = 0.003). Furthermore, SDI increased during follow-up 
(median 2 (IQR 1–4) at baseline vs median 3 (IQR 1–5), 
P < 0.0001). During a total follow-up of 290.1 years, 19 
new VFs occurred, resulting in an overall incidence rate 
of 65.5 VFs per 1000 person years (males 59.8 per 1000 
person years vs females 71.6 per 1000 person years, 
respectively).

VF progression during the first follow-up period 
was seen in three patients (two males/one female), all 
having one pre-existing VF at baseline. During the second 
follow-up duration, VF progression was observed in eight 
patients (two males/six females), with the number of 
baseline VFs ranging from 0 to 6. Therefore, VF progression 
appeared to occur more frequently between baseline and 
the first follow-up visit, with an incidence rate of 86.9 
per 1000 person years (males 145.5 per 1000 person years 
vs females 25.4 per 1000 person years, respectively), 
compared to the period between the first and second 
follow-up visit having an incidence rate of 57.7 per 1000 
person years (males 27.5 per 1000 person years vs females 
89.7 per 1000 person years, respectively).

In Fig. 3A and C, respectively, the number of baseline 
VFs in relationship to the time since diagnosis,and 
age at baseline is depicted for progressive and non-
progressive patients. Moreover, the course of VF 
progression in relationship to the time since diagnosis 
and age is shown for the progressive patients (Fig. 3B 
and D, respectively).

Table 2 Bone markers of long term remission acromegaly patients at baseline. Data are shown as median (IQR).

Bone markers
Total population Male Female

P-valuen = 31 n = 16 n = 15

Calcium (nmol/L) 2.34 (2.28–2.45) 2.41 (2.29–2.48) 2.32 (2.27–2.45) 0.232
Vitamin D (nmol/L) 73 (59–91) 71 (57–86) 74 (59–94) 0.74
β-crosslaps (ng/mL)* 0.35 (0.23–0.57) 0.32 (0.23–0.39) 0.43 (0.22–0.66) 0.377
P1NP (ng/mL)** 34 (27–43) 33 (23–42) 34 (30–43) 0.305

Bone markers at baseline were depicted for the total population (n = 31) and for male (n = 16) and female patients (n = 15) separately.
*Data available for 29 patients, data missing for one male and one female patient; **data available for 30 patients, data missing for one male patient.
n, number of patients.
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Risk factors for VF progression

As shown in Table 3, patients cured after surgery with 
or without adjuvant radiotherapy had a higher risk 
of VF progression than patients on current medical 
treatment (P = 0.030). VF progression was not related to 
pre-treatment IGF-1 levels, active disease or remission 
duration, hypogonadism, and SDI at baseline.

Discussion

This prospective longitudinal cohort study is the first 
to study the spontaneous course of VFs in patients 
with acromegaly after long-term disease control, and it 
demonstrates VF progression in 35% of patients during 
a 9-year follow-up period. Strikingly, this progression 
occurred more frequently in the subset of patients without 
(current) medical therapy.

Baseline VF prevalence was 87.1% with a clear 
association between VF number and active disease 
duration, although the exact timing of VF occurrence 
prior to the start of the study, including an active and 
remission phases, remains unknown. VF rates in patients 
with active disease are speculated to be even higher. 
Previous studies have shown VF progression in 20–25% 
of treated acromegaly patients during a 3-year follow-up  
period (15, 16). Our VF incidence rate of 35% during 
9.1 years of prolonged follow-up in remission seems to 
be significantly higher than the general population, 
particularly in males. In the Rotterdam Study, a 
representative sample of the Dutch population, VF 
incidence was 10.9 per 1000 person years (males 5.9 
per 1000 person years and females 14.7 per 1000 person 
years, respectively) during 6.3 years of follow-up (39). In 
the subgroup of individuals between 55–65 years with 

Figure 2
Bimodal pattern of distribution of VFs at baseline in male and 
female patients. At baseline, the number of VFs were assessed 
at thoracic vertebrae Th4 to Th12 and at lumbar vertebrae L1 
to L4. VF counts are depicted for male (black bars) and female 
patients (grey bars) separately. L, lumbar vertebrae;  
Th, thoracic vertebrae; VF, vertebral fracture.

Figure 3
Course of VF progression in long-term 
remission acromegaly patients. (A and C) 
Number of VFs are depicted for all 
patients compared to their respective 
time since diagnosis (A) or age (C) at 
baseline. Patients with progression during 
the study period are depicted in orange, 
whereas patients without VF progression 
during the study period are depicted in 
black. (B and D) For progressive patients, 
number of VFs are depicted compared to 
their respective time since diagnosis (B) 
and age (D) at baseline (first dot), first 
follow-up (second dot) and second 
follow-up study visit (third dot). Male 
patients are depicted in black, and female 
patients are depicted in grey. Because of 
the small sample size of the study 
population, no statistical analyses were 
performed. VF, vertebral fracture.
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pre-existing VFs, VF incidence was much lower than in 
acromegalics (males 7.2 per 1000 person years males 
vs females 6.9 per 1000 person years). In individuals 
between 65–75 years of age, the VF incidence numbers 
in the general population rise dramatically, although 
solely in males, VF incidence in the general population 
remains lower than in acromegalic patients (males 6.9 per 
1000 person years vs females 83.7 per 1000 person years, 
respectively). Therefore, male acromegaly patients appear 
to have the highest VF risk, especially when compared to 
the general population.

Remarkably, medically treated patients were less 
likely to manifest VF progression than patients without 
SMS analogues. Therefore, medically treated patients 
show an interesting difference between an increased risk 
of arthropathy progression and a decreased risk of VF 
progression (26, 28). Disease status in acromegaly patients 
is usually divided into active disease and biochemical 
remission. We propose adding a third category: patients 
with controlled smoldering disease. After non-curative 
treatment, many patients maintain slightly elevated GH 
levels and (near-)normal IGF-1 levels, which might be 
supraphysiologic for individuals. Since GH is secreted in a 
pulsatile manner, and GH and IGF-1 are secreted following 
an ultradian and circadian rhythm, and act locally, these 
patients with smoldering disease might not classify as 
uncontrolled based on current definitions of remission 
(40). This potential slight elevation of GH and IGF-1 
might have protective effects on bone. Furthermore, SMS 
analogues and PegV have been shown to have pleiotropic 
and, therefore, potential protective effects on bone, 
which might explain the observed lower fracture rates 
in the medically treated patients of our cohort (41, 42). 
Additionally, acromegalic patients under treatment with 

pasireotide showed lower risk of incident VFs compared to 
patients treated with PegV (17). Moreover, overtreatment 
by surgery or irradiation resulting in consequential mild 
GHD might contribute to the higher fracture risk in non-
medically treated patients, because of the diminished 
bone quality in these patients (5, 43, 44).

Duration of disease, pre-treatment IGF-1 levels and 
SDI, reflective of the severity of VFs (45), could not be 
detected as risk factors for VF progression, probably due to 
insufficient power in a relatively small patient population 
and the variability of IGF-1 exposure during follow-up 
(15, 16, 17). Sex differences, however, appear to play an 
important role in VF incidence, although the mechanisms 
remain unclear (5, 46, 47). Androgens and estrogens 
might mediate the effects of both IGF-1 and adiposity on 
bone quality (48). Moreover, sex-dependent effects of IGF 
binding proteins (IGFBPs) might play a role in fracture 
susceptibility. IGFBP2 and IGFBP4, specifically, have been 
proposed as mediators for the effects of IGF-1 on bone 
(47). Rodent studies have shown that both IGFBP2 and 
IGFBP4 knock-out mice have an sex-dependent altered 
bone microenvironment, with male mice being affected 
by knocking out either IGFBP2 or IGFBP4, whereas 
female mice were unaffected by knocking out IGFBP2 and 
demonstrated opposite effects of knocking out IGFBP4 
(49, 50, 51, 52, 53). These sex-dependent effects are in 
line with the observation that male patients were more 
severely affected.

BMD in acromegalic patients has been notoriously 
unreliable, since DXA does not take the structural 
changes due to GH excess into account (5, 47, 54). 
Exposure to increased GH/IGF-1 levels decreases the 
quality of trabecular microarchitecture, whereas cortical 
proliferation increases (8, 9, 10). Since DXA cannot 

Table 3 Risk factors for VF progression in patients with acromegaly in long-term remission. Data are shown as median (IQR) or 
as n (%). Potential risk factors for progression are depicted for patients with VF progression (n = 11) and patients without 
progression (n = 20). Binary logistic regression analyses in patients with and without progression were performed. All analyses 
were corrected for age, sex, and BMI.

Parameters
Progression No progression

OR (95% CI) P-valuen = 11 n = 20

Age, years 58 (48–68) 60 (54–68) NA NA
Sex (female) 7 (63.6%) 8 (40.0%) NA NA
BMI 24.8 (23.5–28.9) 28.1 (23.5–31.2) NA NA
Treatment with surgery or RT 10 (90.9%) 9 (45.0%) 20.66 (1.34–318.98) 0.030
Active disease duration at baseline (years) 5 (3–10) 6 (3–13) 0.97 (0.83–1.1) 0.633
Remission duration at baseline (years) 13 (11–17) 11 (5–17) 1.08 (0.93–1.26) 0.299
Pre-treatment IGF-1 (nmol/L) 48.5 (40.3–60.5) 56.5 (44.3–76.5) 0.96 (0.91–1.02) 0.146
Hypogonadism at baseline 7 (63.6%) 7 (35.0%) 4.20 (0.26–67.27) 0.311
SDI at baseline 2 (1–4) 3 (1–5) 0.95 (0.67–1.34) 0.753

IGF-1, insulin-like growth-factor 1; OR, odds ratio; RT, radiotherapy; SDI, Spinal Deformity Index; NA, not applicable.
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differentiate between trabecular and cortical bone, BMD 
measures are normal or even high in acromegaly patients 
(7). Additionally, bone enlargement and degenerative 
joint disease might lead to an overestimation of BMD (55, 
56, 57). Therefore, structural, regular VF assessment using 
plain radiographs is performed in our center, based on 
patient risk profiles.

New imaging modalities have been proposed for the 
assessment of the skeletal status of acromegalic patients 
based on other forms of secondary osteoporosis (58, 
59, 60, 61). In patients with acromegaly, CT studies 
confirmed the presence of an impaired microarchitecture, 
during both active and controlled disease (9, 62, 63), 
and its relationship to VFs (62). Valuable, non-invasive 
alternatives for bone quality assessment could be 
3D-SHAPER and the trabecular bone score, with lower 
radiation exposure rates (64, 65, 66). Micro-indentation is 
a promising method to investigate bone material strength 
(67), previously showing lower bone material strength in 
treated acromegaly patients (68). Micro-indentation has 
been incorporated in clinical practice in our center.

To date, treatment of fragility fractures in acromegaly 
patients is unknown. One effective measure for 
decreasing fracture risk is restoration of eugonadism and 
amelioration of GH or IGF-1 excess (46). Trials assessing 
the efficacy of antiresorptive treatment in acromegaly 
are lacking, but in other forms of high-bone-turnover-
osteoporosis, antiresorptive treatment increased BMD 
scores significantly (46). Antiresorptive therapy has been 
postulated to be most effective during active acromegaly, 
when bone turnover is high. Future studies should focus 
on the effects of antiresorptive treatment, combined 
with the assessment of a clinically applicable measure 
of skeletal fragility, which should be incorporated into 
clinical practice.

The main limitation of this study is the limited 
number of patients resulting in insufficient power to 
detect risk factors for the occurrence and progression 
of VFs. Another limitation is the high baseline VF 
prevalence, probably as a result of selection bias, since 
patients with more complaints are possibly more likely 
to participate in follow-up studies, although subjective 
joint complaint scores were similar in participants and 
non-participants (data not shown). Furthermore, we 
included radiological grade-1 fractures in our analyses, 
of which the predictive role for future fractures in 
primary osteoporosis remains debatable, since the 
prognostic impact of these fractures in acromegaly 
remains unknown. Although the assessment of BMD has 
limitations in acromegaly (vide supra), one of the study’s 

limitations is refraining from measuring BMD, since 
worsening of bone mass and persisting osteoporosis are 
established risk factors for VFs.

To our knowledge, this is the first prospective study 
on VF progression in well-controlled acromegaly patients 
with a follow-up duration of almost 10 years, showing a 
very high VF prevalence with even further progression in 
time, especially in patients not receiving medical therapy. 
The exact mechanisms by which GH and IGF-1 affect 
bone quality remain to be elucidated. Ideally, prospective 
studies with multiyear follow-up duration should be 
performed in larger cohorts to replicate our results. 
Moreover, future studies should assess whether timely 
intervention with antiresorptive drugs is beneficial in the 
prevention of fractures in this specific form of secondary 
osteoporosis.
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