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Abstract
Summary Androgen Deprivation Therapy (ADT) increases long-term fracture risk in prostate cancer. Our study showed a 
higher fracture risk within six months of ADT use, and current use was associated with a higher risk of fragility fractures. 
Attention is needed for the prevention of fragility fractures at the start of ADT.
Purpose Androgen Deprivation Therapy (ADT) is known to increase long-term fracture risk in men with prostate cancer 
(PCa), although the risk of fragility fractures remains unclear. This study aims to evaluate the risk of fragility and malignancy-
related fractures in men with PCa treated with ADT.
Methods We conducted a retrospective cohort study of men with PCa. Follow-up time was divided into 30-day intervals and 
exposure (current, past, or no-ADT use). Current ADT use was stratified by duration of ADT use (≤ 182 days, 183–730 days, 
and > 730 days). Cause-specific Cox proportional hazard models were used to estimate the risk of fractures.
Results We included 471 patients (mean age 70.5 (± 8.3) years). The mean follow-up time was 5.0 (± 1.7) years in patients 
who never started ADT, 3.4 (± 2.3) years and 4.1 (± 2.0) years in patients who started ADT at baseline and during follow-
up, respectively. In total, 60 patients had a fracture, 48 (80%) fragility, and 12 (20%) malignancy-related fractures. Current 
ADT use was associated with a higher risk of all fractures (HR 5.10, 95% CI 2.34–11.13) and fragility fractures (HR 3.61, 
95% CI 1.57–8.30). The association with malignancy-related fractures could not be studied due to no events during no-ADT 
use. There was an increased risk of all fractures with longer duration of ADT use.
Conclusions Current ADT use was associated with a higher risk of fragility fractures than no-ADT use. A higher fracture 
risk was observed within the first six months of ADT use and persisted for longer durations.
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Introduction

Worldwide, prostate cancer (PCa) is the most diagnosed 
malignancy among men [1]. In The Netherlands, about 
12,000 patients are diagnosed with PCa annually [2], with 
approximately 90% of cases occurring in patients over the 
age of 60 and 30% in those aged over 75 [2]. The advance-
ments in diagnosis and treatment have made a significant 
contribution to the increased 10-year survival rate up to 95% 
in men with localized PCa and 70% in men over 75 [3]. 
Androgen Deprivation Therapy (ADT) plays a considerable 
part in this improved survival [4]. ADT is administered to 
approximately one in two PCa patients at some point during 
their disease progression, either as (neo)adjuvant curative 

therapy in conjunction with radiotherapy for low or inter-
mediate risk PCa, or as long-term management for advanced 
metastatic disease [5, 6]. While ADT has been proven to ben-
efit survival rates, compelling evidence indicates that it also 
elevates the risk of long-term fractures [7–11], particularly 
in men who receive ADT as long term-treatment, but also in 
men who received ADT combined with radiotherapy [8]. It 
has been estimated that ADT is associated with a 0.6 to 4.6% 
reduction in bone mineral density (BMD), especially dur-
ing the first year of therapy [12, 13], leading to a low BMD 
increasing the risk for the development of fragility fractures 
that are associated with an increased morbidity and mortality 
[14–16]. In addition to the approximately 20–25% of PCa 
patients that sustain malignancy-related fractures during 
the course of their disease [17]. Patients with PCa live with 
their disease for many years, and long-term consequences 
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such as fragility fracture risk are an important considera-
tion in ADT treatment. Consequently, current national and 
international guidelines recommend prevention of fragility 
fractures [18–21]. However, these current guidelines vary 
and lack detailed recommendations for managing fracture 
prevention in men starting or receiving ADT [22]. Nonethe-
less, the association between ADT and fracture risk has been 
consistently established, mainly in prescription-claims data-
bases and national registries that have suggested that ADT is 
associated with a 1.5-fold increased risk of fragility fracture 
[10, 23, 24]. However, these studies do not include the effect 
of duration and exposure to ADT on fracture risk. A review 
on fracture risk [25] also describes an increased risk of frac-
tures in men receiving ADT (OR 1.39; 95% CI, 1.26–1.52), 
positively correlated with the duration of ADT. However, 
heterogeneity in included population, treatment indications 
and disease stages potentially contribute to a variation in 
outcomes. Additionally, fracture risk in men on ADT can be 
confounded by pathologic fractures impairing the translation 
of the findings into the daily practice of fracture prevention.

This study aims to evaluate the risk of fragility and malig-
nancy-related fractures in men with PCa treated with ADT 
compared to those not treated with ADT and the effect of 
duration and exposure to ADT on fracture risk in men with 
PCa treated with ADT. By exploring this aspect, we aim to 
provide further insights into the fracture risk associated with 
ADT and its implications for patient care and management.

Patients and methods

We conducted a retrospective cohort study in men diagnosed 
with PCa between 1 November 2014 and 31 December 2019. 
Data was extracted from the electronic health records of all 
patients diagnosed with PCa in VieCuri Medical Centre. The 
diagnosis of PCa was based on pathology reports and/or 
radiological confirmation. Data on fractures was collected 
until 31 May 2022. We excluded patients with a diagno-
sis > inclusion date (n = 34), with administrational error in 
coding of diagnosis (n = 21) and with missing/incomplete 
files (n = 15). Additionally, regarding treatment, we excluded 
patients on anti-androgen mono therapy (n = 5) and patients 
who were diagnosed or referred for treatment elsewhere 
(n = 34). After exclusion, data of 471 patients were included 
in this study. All included patients were followed from 
PCa diagnosis date until death, end of study, or a fracture, 
whichever came first. Patient, tumor, treatment, and fracture 
characteristics and date of death were retrieved from medi-
cal records. Date of PCa diagnosis was defined as date of 
pathological or radiological diagnosis. The stage of PCa at 
diagnosis was based on the TNM staging system and strati-
fied as localized (T1-2/M0), locally advanced (T3-4/Nx-1/
M0), advanced (M +) or unknown. This study was approved 

by the medical research ethics committee Academic Hospi-
tal Maastricht/University Maastricht (METC 2019–1266).

Definition of exposure

Use of ADT was determined using prescription data from the 
electronic health records. ADT use was defined as ≥ 1 dose 
GnRH-agonist monotherapy (gosereline, leuproreline) or 
in combination therapy with anti-androgens (bicalutamide, 
enzalutamide) at baseline (date of diagnosis) or during fol-
low up. Exposure to ADT was defined in a time-dependent 
manner. Follow-up time was divided into 30-day intervals, 
and exposure (current, past, or no-ADT use) was determined 
at each interval based on prescription data. When there was 
an ongoing prescription at the start of an interval, an interval 
was classified as current ADT use. When ADT treatment 
was discontinued before the start of an interval, the interval 
was classified as past ADT use. When there were no ADT 
prescriptions before the start of an interval, it was classified 
as no-ADT use. Current ADT use was further stratified by 
duration of ADT use, which was determined at each interval, 
and which was defined as time since first ADT prescription 
(≤ 182 days, 183–730 days, and > 730 days). These inter-
vals are derived from the Dutch PCa treatment guidelines 
[26], where ADT treatment is prescribed for 6-month neo-
adjuvant to radiation therapy, 2-year adjuvant to radiation 
therapy, or continuous ADT treatment in advanced disease 
stages.

Fractures

All fractures were verified by evaluation of X-ray reports 
and were recorded by type and date. In order to differenti-
ate between fractures caused by malignancy and fragility 
fractures, as defined by Palmer et al. [26], all fractures were 
thoroughly examined. When a fracture was mentioned in 
the radiology reports, we conducted a detailed comparison 
of the fracture location with any known or newly discov-
ered pathological lesions from CT or MR images, when 
available. This enabled us to ascertain whether the fracture 
occurred at the site due to a neoplasm, including metastasis. 
Moreover, we verified whether the fracture was treated as a 
“malignancy-related” fracture through orthopedic surgery 
or radiotherapy. “All fractures” is used when describing 
patients with a fracture regardless of their origin. Previous 
fractures were defined as fractures that had occurred before 
the date of PCa diagnosis.

Statistical analysis

Age and follow-up in years were presented as means and 
standard deviations (SD) and PSA as median and inter quar-
tile range (IQR). A time-dependent exposure definition was 
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used in which follow-uptime was split into intervals, which 
were classified as either ADT current, past, or never exposed. 
This allowed patients to contribute person-time to different 
exposure groups. Current use was further stratified by dura-
tion of ADT treatment (≤ 182, 183–730, and > 730 days). 
As a sensitivity analysis, we used another stratification of 
the duration of ADT treatment (≤ 182, 183–365, 366–730, 
and > 730 days). As a second sensitivity analysis, we addi-
tionally adjusted for the current use of anti-osteoporosis 
medication.

Cause-specific Cox proportional hazard models were used 
to estimate the risk of all fractures, the risk of fragility frac-
tures and malignancy-related fractures separately, and the 
risk of mortality with current use of ADT vs. no-ADT use. 
All analyses were adjusted for age and stage of disease. All 
analyses were performed using SAS (SAS version 9.4 (SAS 
Institute, Cary, NC, USA)).

Results

We included 471 patients with PCa. In total, 227 patients 
received ADT treatment at diagnosis or during follow-up, 
while 244 patients were not treated with ADT (Fig. 1). The 
mean age of ADT users at baseline was 73.6 (± 9.8) years 
and 73.8 (± 8.4) years for those starting ADT during follow-
up and in no-ADT users 67.5 (± 6.6) years. The mean fol-
low-up time was 3.4 (± 2.3) years for patients receiving ADT 
at baseline, 4.1 (± 2.0) years in patients who started ADT 
during follow-up, and 5.0 (± 1.7) years in patients who never 
started ADT. ADT users had a more advanced stage of the 

disease at diagnosis and a higher Gleason/ISUP score. The 
proportion of patients who deceased during follow-up was 
52.6% in patients who started with ADT at baseline, 27.5% 
in patients in whom ADT was initiated at some point during 
follow-up, and 6.6% in patients with no ADT-use (Table 1).

In total, 60 fractures were observed in 60 patients (all 
fractures), of these 48 (80%) had a fragility fracture and 12 
(20%) a malignancy-related fracture. Overall, during (cur-
rent and past) ADT use 30 patients with a fragility fracture 
and 12 with a malignancy-related fracture were observed, 
and 18 and 0 in the no-ADT users, respectively. Most 
patients sustained a clinical vertebral fracture (17 fragility 
and 7 malignancy-related fractures) or rib fractures (8 fragil-
ity fractures and 3 malignancy-related fractures) (Fig. 2).

As shown in Table 2, ADT use was associated with a 
higher risk of all fractures (HR 2.94, 95% CI 1.46–5.93) 
compared to no-ADT use. When stratified by recency of 
ADT use, current use was associated with a higher fracture 
risk (HR 5.10, 95% CI 2.34–11.13), while past ADT use was 
not (HR 1.63, 95% CI 0.67–3.99). All categories of ADT 
duration were significantly associated with a higher risk of 
all fractures ((HR 5.61, 95% CI 1.94–16.20) in ≤ 182 days 
(HR 4.76, 95% CI 1.92–11.81) in 183–730 days and (HR 
5.18, 95% CI 2.06–13.03) in > 730 days of exposure), com-
pared to no-ADT use. ADT use was associated with a higher 
mortality risk (HR 2.51, 95% CI 1.25–5.02) compared to 
no-ADT use. When stratified by recency, only past use was 
associated with a higher risk of mortality (HR 3.75, 95% CI 
1.87–7.51), but there was no significant association between 
current ADT use and any of the duration categories and mor-
tality risk.

Fig. 1  Selection procedure of 
patients with prostate cancer 
with and without treatment with 
Androgen Deprivation Therapy
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^When there was an ongoing prescription at the start of 
an interval, an interval was classified as current ADT use. 
When ADT treatment was discontinued before the start of an 
interval, the interval was classified as past ADT use. When 
there were no ADT prescriptions before the start of an inter-
val, it was classified as no-ADT use.

As shown in Table 3, current ADT use was associated 
with an increased risk of fragility fracture in (HR 3.61, 
95% CI 1.57–8.30), compared to no-ADT use, and past 
ADT use was not. All categories of ADT duration were 
significantly associated with a higher risk of fragility frac-
tures (HR 4.17, 95% CI 1.29–13.49 in ≤ 182 days; HR 3.04, 
95% CI 1.10–8.40 in 183–730 days; and HR 3.93, 95% CI 
1.42–10.87 in > 730 days of exposure), compared to no-
ADT use. Only past ADT use was associated with a higher 
mortality risk (HR 3.76, 95% CI 1.88–7.51) compared to 
no-ADT use. When stratified by duration, ADT use was not 
associated with a higher risk of mortality in any of the ADT 
duration categories.

The association between malignancy-related fractures and 
ADT stratified by recency and duration could not be studied 
because there were no patients that sustained a malignancy-
related fracture in the no-ADT use group.

The sensitivity analysis in which we studied four differ-
ent groups of duration of ADT showed similar results as 
the original stratification into three groups (Supplemental 
Table 1). Additional adjustment for current use of anti-osteo-
porotic medication did not significantly alter the results.

Discussion

This study demonstrates that the risk of sustaining a fragil-
ity fracture is almost 4 times higher in patients that started 
with ADT treatment following PCa diagnosis, and the risk 
is already higher within the first 6 months of ADT use. Fur-
thermore, this study showed that the risk of sustaining any 
fracture (both fragility and malignancy-related) is fivefold 

Table 1  Baseline characteristics 
at prostate cancer diagnosis

ADT Androgen Deprivation Therapy, ISUP International Society of Urological Pathology, PSA prostate-
specific antigen, T,N,M tumor, nodes, metastases
*Based on at least 1 current ADT use at time of PCa diagnosis
# Based on at least 1 current ADT use period during follow-up
$ Before PCa diagnosis

ADT users
N = 227

No-ADT users
N = 244

ADT use start at 
baseline*
N = 38

ADT use during 
follow  up#

N = 189

Age (mean, SD) 73.6 9.8 73.8 8.4 67.5 6.6

Previous fractures (N, %)$

  - No fracture 5 13.2 32 16.9 31 12.7
  - 1 fracture 31 81.6 148 78.3 205 84.0
   ≥ 1 fracture 2 5.3 9 4.8 8 3.3

Gleason/ISUP score
  - ≤ 6/1 0 0 9 4.8 158 64.8
  - 3 + 4 = 7/2 1 2.6 22 11.6 43 17.6
  - 4 + 3 = 7/3 1 2.6 20 10.6 18 7.4
  - 8/4 6 15.8 46 24.3 13 5.3
  - 9–10/5 24 63.2 79 41.8 11 4.5
  - Unknown 6 15.8 13 6.9 1 0.4
  PSA (median, IQR) 306.5 134.0–904.0 26.0 11.5–67.5 7.9 5.7–11.0

Risk stage
  - T1-2, M0 1 2.6 65 34.4 218 89.3
  - T3-Nx1, M0 14 36.8 82 43.4 21 8.6
  - M1 23 60.5 39 20.6
  - Unknown 0 3 1.6 5 2.0
  Follow-up in years (mean, SD) 3.4 2.3 4.1 2.0 5.0 1.7
  Mortality (N, SD) 20 52.6 52 27.5 16 6.6
  Current use of anti-osteoporosis treatment 7 18.4 3 1.6 2 0.8
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Fig. 2  Malignancy-related 
fractures and fragility fractures 
in ADT and no-ADT users. 
*Intertrochanteric, subtro-
chanteric, and femoral neck. 
#Femoral shaft fractures. Of 471 
included met with PCa, a total 
of 60 (12.7%) fractures were 
observed, 48 (10.2%) fragil-
ity fractures, and 12 (2.6%) 
malignancy-related fractures

Table 2  Association of ADT use (by recency and duration) with the risk of all fractures and mortality

ADT Androgen Deprivation Therapy, PY person years, n number
*All fractures, including 12 malignancy-related fractures (exclusively in ADT-users)

Unadjusted Adjusted for age Adjusted for 
age + risk clas-
sification

Fractures* (N = 60) Incidence rate/1000PY HR (95% CI) HR (95% CI) HR (95% CI)
No-ADT use 18 14.3 Ref Ref Ref
ADT use 42 48.6 3.46 (1.99–6.02) 3.22 (1.79–5.80) 2.94 (1.46–5.93)
By recency

  Past use 8 23.0 1.49 (0.65–3.46) 1.40 (0.59–3.32) 1.63 (0.67–3.99)
  Current use 34 65.9 5.09 (2.84–9.12) 4.76 (2.57–8.82) 5.10 (2.34–11.13)

By duration
   ≤ 182 days 7 66.6 5.63 (2.15–14.75) 5.18 (1.92–13.99) 5.61 (1.94–16.20)
  183–730 days 13 56.2 4.68 (2.17–10.07) 4.35 (1.96–9.65) 4.76 (1.92–11.81)
   > 730 days 14 78.1 5.23 (2.56–10.67) 4.94 (2.37–10.30) 5.18 (2.06–13.03)

Mortality (N = 88) Incidence rate HR (95% CI) HR (95% CI) HR (95% CI)
  No-ADT use 16 12.7 Ref Ref Ref
  ADT use 72 83.3 6.51 (3.79–11.19) 5.00 (2.82–8.88) 2.51 (1.25–5.02)

By recency^
  Past use 35 100.4 8.19 (4.49–14.94) 6.35 (3.39–11.88) 3.75 (1.87–7.51)
  Current use 37 71.7 5.42 (3.00–9.81) 4.08 (2.18–7.63) 1.25 (0.57–2.74)

By duration
   ≤ 182 days 8 76.1 4.84 (1.98–11.88) 3.49 (1.39–8.76) 1.24 (0.45–3.42)
  183–730 days 14 60.5 4.28 (2.05–8.94) 3.16 (1.47–6.79) 1.10 (0.45–2.66)
   > 730 days 15 83.7 7.22 (3.51–14.86) 5.63 (2.67–11.86) 1.47 (0.59–3.67)
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in patients that started with ADT treatment. Our findings 
regarding the overall fracture risk are in line with those 
reported in several epidemiological studies that showed an 
association between ADT and an increased fracture risk. A 
recently published meta-analysis of 16 studies with a total 
population of 519,168 men with PCa by Wu et al. [25] also 
showed that ADT use was associated with an increased 
fracture risk (OR 1.39; 95% CI 1.26–1.52). The primary 
outcome in this study was “any fracture” and included stud-
ies with fragility fractures as well as malignancy-related 
fractures but the authors did not perform stratified analy-
ses for fragility fractures and malignancy-related fractures 
respectively. The authors concluded that although ADT is 
associated with an increased risk of any fracture and the risk 
is positively correlated with the duration of ADT, heteroge-
neity in study populations (e.g., age, disease stage, and treat-
ment duration) contribute to outcomes with low to moderate 
certainty of evidence [25].

As in our study, a large Swedish registry study by Wal-
lander et al. [10] reported an increased risk of fragility 
fractures of (HR 1.40, 95% CI 1.28–1.53) in men treated 
with ADT compared to PCa patients without ADT and 
patients without PCa. However, the men treated with ADT 

included in this study were older compared to our study 
(82 years ± 7.0 vs 70.5 ± 8.3), and this study reported a 
statistical interaction between age and risk of fracture. In 
comparison to these previous studies, our results distinguish 
between malignancy-related and fragility fractures by manu-
ally reviewing all radiology reports, additionally, our analy-
ses were adjusted for age and stage of disease. According to 
our results, the patients with PCa on ADT treatment repre-
sent a group with a high risk of fractures, especially fragility 
fractures (HR 3.62, 95% CI 1.57–8.32). This was also found 
by Lee et al. [11] with a comparable design and approach to 
our study, involving 741 Chinese PCa patients. They found 
that ADT was significantly associated with risk of fragility 
fractures (HR 3.60, 95% CI 1.41–9.23) [11] which is very 
similar to the findings in our study. The findings in these 
previous studies and in our study emphasize that although 
there are geographical variations in peak bone mass and 
skeletal geometry, as well as lifestyle and environmental 
factors associated with fracture risk, ADT use is associated 
with an increased fracture risk of fragility fractures among 
patients with divers ethnologically characteristics.

Regarding ADT exposure, Shahinian et al. [7] showed a 
dose-dependent increase of the risk (RR 1.45, 95% CI 1.36 

Table 3  Association of ADT use (by recency and duration) with the risk of fragility fractures and mortality

ADT Androgen Deprivation Therapy, PY person years, n number
*When there was an ongoing prescription at the start of an interval, an interval was classified as current ADT use. When ADT treatment was 
discontinued before the start of an interval, the interval was classified as past ADT use. When there were no ADT prescriptions before the start 
of an interval, it was classified as no-ADT use

Unadjusted Adjusted for age Adjusted for 
age + risk clas-
sification

Fragility fractures (N = 48) Incidence rate/1000PY HR (95% CI) HR (95% CI) HR (95% CI)
No-ADT use 18 14.3 Ref Ref Ref
ADT use 30 34.1 2.45 (1.36–4.39) 2.03 (1.08–3.82) 2.27 (1.08–4.75)
ADT use by recency*

  Past use 8 22.5 1.48 (0.64–3.44) 1.25 (0.52–2.98) 1.43 (0.57–3.56)
  Current use 22 42.1 3.22 (1.71–6.07) 2.68 (1.35–5.29) 3.61 (1.57–8.30)

By duration
  0–182 days 5 47.4 4.15 (1.40–12.26) 3.32 (1.08–10.17) 4.17 (1.29–13.49)
  183–730 days 8 34.2 2.84 (1.18–6.86) 2.32 (0.93–5.82) 3.04 (1.10–8.40)
   > 730 days 9 48.9 3.23 (1.43–7.30) 2.76 (1.18–6.421) 3.93 (1.42–10.87)

Mortality (N = 95) Incidence rate HR (95% CI) HR (95% CI) HR (95% CI)
  No-ADT use 16 12.7 Ref Ref Ref
  ADT use 79 89.8 7.01 (4.09–12.00) 5.59 (3.18–9.85) 2.75 (1.39–5.46)

ADT use by recency
  Past use 35 98.2 7.93 (4.35–14.45) 6.39 (3.43–11.90) 3.76 (1.88–7.51)
  Current use 44 84.1 6.39 (3.59–11.40) 5.04 (2.75–9.25) 1.67 (0.78–3.56)

By duration
  0–182 days 9 86.3 5.45 (2.30–12.90) 4.08 (1.68–9.89) 1.58 (0.59–4.20)
  183–730 days 16 68.5 4.78 (2.35–9.74) 3.70 (1.77–7.72) 1.39 (0.59–3.27)
   > 730 days 19 103.3 8.97 (4.43–17.73) 7.30 (3.62–14.73) 2.10 (0.88–4.99)
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to 1.56) of any fracture during the first year of PCa with an 
administration of > 9 doses of ADT. Wu et al. [25] found an 
increased risk of “any fracture” with increased dosages in 
their analyses, with ORs of 1.08 in low, 1.20 in medium, and 
1.54 in high dosage. However, no sensitivity analysis could 
be conducted for this stratification because the included 
studies were adjusted for more than 4 factors. Moreover, 
in our study we also found an increased risk of all fractures 
and especially of fragility fractures in men treated with ADT 
even when exposed less than 6 months. We believe that a 
possible explanation for this observation, which is not in 
line with the studies by Shahinian et al. [7] and Wu et al. 
[25], could possibly be explained by the different inclusion 
criteria and methods used in those studies as compared to 
the present study. Wu et al. [25] and Shahinian et al. [7] only 
included patients who survived the first 5 years after the 
prostate cancer diagnosis, and did not suffer from a fracture 
during the first 12 months. Furthermore, they performed a 
time-fixed analysis which was stratified by the total received 
ADT doses within the first year after diagnosis. This finding, 
however, emphasizes that preventive strategies have to be 
implemented at the time of ADT treatment initiation, even 
in patients who receive short-term (neo) adjuvant curative 
treatment in conjunction with radiotherapy.

This study has several strengths and limitations. We used 
real-world data including longitudinal information on ADT 
prescription as well as radiographically confirmed fractures. 
Further with respect to the fractures, we were able to distin-
guish malignancy-related fractures from fragility fractures. 
Additionally, by initiating follow-up from the point of diag-
nosis and treatment, which enabled the timely observation 
of fracture risk. The limitations of our study are the single-
center observational design with a relatively small sample 
size and number of events (fractures). Due to the finding that 
there were no patients that sustained a malignancy-related 
fracture in the no-ADT users, the association between ADT 
stratified by recency and duration and malignancy-related 
fractures could not be studied. Furthermore, due to the 
nature of our data collection, which is based on real-world 
data, we were unable to present a comprehensive analysis on 
body mass index or comorbidities associated with fracture 
risk because we only had partial information at baseline or 
during follow up. Nonetheless, our study found a higher risk 
of fragility fractures that are significant risks to the PCa 
patient, as these fractures have been proven to have a major 
impact of their mortality risk and quality of life [8, 27]. In 
many patients with PCa, there is anxiety around treatment 
and fear of complications and disease progression [28]. In 
those who are at high risk of fractures, improving preven-
tive strategies are important to optimally benefit from ADT. 
In general, the overall survival of men with PCa on ADT 
should be aimed for without compromising quality of life 
due to fractures, with a timely start of preventive strategies. 

However, fracture prevention in PCa patients on ADT is not 
well implemented; there are low rates of diagnostic testing, 
low rates of education and diet and lifestyle guidance, and 
low rates of pharmacological management to reduce fracture 
risk [29]. Actively and systematically screened and treated 
PCa patients on ADT had a 72% lower hip fracture rate com-
pared to a non-screened control group [30]. A known highly 
effective approach for systematically screening fracture risk 
in patients is through Fracture Liaison Services (FLS). FLSs 
have demonstrated a reduction in both subsequent fractures 
and mortality according to Vranken et al. [31]. Moreover, the 
professionals engaged in FLSs have extensive expertise and 
experience in fracture prevention which could potentially 
be applied to prevent fragility fractures in patients with PCa 
on ADT thereby offering the opportunity to improve patient 
care.

Conclusion

In men with prostate cancer, current ADT use was associated 
with a higher risk of fragility fractures than no-ADT use. A 
higher fracture risk was observed within the first six months 
of ADT use and persisted for longer durations. Therefore, 
attention is needed for the prevention of fragility fractures 
at the start of ADT.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00198- 024- 07180-8.

Declarations 

Conflicts of interest None.

Open Access This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any 
non-commercial use, sharing, adaptation, distribution and reproduction 
in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other 
third party material in this article are included in the article’s Creative 
Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons 
licence and your intended use is not permitted by statutory regula-
tion or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by-nc/4.0/.

References

 1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D (2011) 
Global cancer statistics. CA Cancer J Clin 61:69–90. https:// doi. 
org/ 10. 3322/ caac. 20107

 2. IKNL Nederlandse Kankerregistratie (NKR). https:// iknl. nl/ nkr- 
cijfe rs. Accessed 01-04-2022

https://doi.org/10.1007/s00198-024-07180-8
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.3322/caac.20107
https://doi.org/10.3322/caac.20107
https://iknl.nl/nkr-cijfers
https://iknl.nl/nkr-cijfers


 Osteoporosis International

 3. (IKNL) NCCO (2016) rapport-kankerzorg-in-beeld-de-oudere-
patient. pp 139–151. https:// iknl. nl. Accessed 04-04-2022

 4. Bolla M, de Reijke TM, Van Tienhoven G et al (2009) Duration of 
androgen suppression in the treatment of prostate cancer. N Engl 
J Med 360:2516–2527. https:// doi. org/ 10. 1056/ NEJMo a0810 095

 5. Meng MV, Grossfeld GD, Carroll PR, Small EJ (2002) Neoadju-
vant strategies for prostate cancer prior to radical prostatectomy. 
Semin Urol Oncol 20:10–18. https:// doi. org/ 10. 1053/ suro. 2002. 
35055

 6. Bekelman JE, Mitra N, Handorf EA, Uzzo RG, Hahn SA, Polsky 
D, Armstrong K (2015) Effectiveness of androgen-deprivation 
therapy and radiotherapy for older men with locally advanced 
prostate cancer. J Clin Oncol 33:716–722. https:// doi. org/ 10. 1200/ 
jco. 2014. 57. 2743

 7. Shahinian VB, Kuo YF, Freeman JL, Goodwin JS (2005) Risk of 
fracture after androgen deprivation for prostate cancer. N Engl J 
Med 352:154–164. https:// doi. org/ 10. 1056/ NEJMo a0419 43

 8. Shao YH, Moore DF, Shih W, Lin Y, Jang TL, Lu-Yao GL (2013) 
Fracture after androgen deprivation therapy among men with a 
high baseline risk of skeletal complications. BJU Int 111:745–
752. https:// doi. org/ 10. 1111/j. 1464- 410X. 2012. 11758.x

 9. Wu CT, Yang YH, Chen PC, Chen MF, Chen WC (2015) Andro-
gen deprivation increases the risk of fracture in prostate cancer 
patients: a population-based study in Chinese patients. Osteoporos 
Int 26:2281–2290. https:// doi. org/ 10. 1007/ s00198- 015- 3135-9

 10. Wallander M, Axelsson KF, Lundh D, Lorentzon M (2019) 
Patients with prostate cancer and androgen deprivation therapy 
have increased risk of fractures-a study from the fractures and 
fall injuries in the elderly cohort (FRAILCO). Osteoporos Int 
30:115–125. https:// doi. org/ 10. 1007/ s00198- 018- 4722-3

 11. Lee CH, Huang G, Chan PH et al (2017) Androgen deprivation 
therapy and fracture risk in Chinese patients with prostate carci-
noma. PLoS ONE 12:e0171495. https:// doi. org/ 10. 1371/ journ al. 
pone. 01714 95

 12. Higano CS (2008) Androgen-deprivation-therapy-induced frac-
tures in men with nonmetastatic prostate cancer: what do we really 
know? Nat Clin Pract Urol 5:24–34. https:// doi. org/ 10. 1038/ ncpur 
o0995

 13. Greenspan SL, Coates P, Sereika SM, Nelson JB, Trump DL, 
Resnick NM (2005) Bone loss after initiation of androgen depri-
vation therapy in patients with prostate cancer. J Clin Endocrinol 
Metab 90:6410–6417. https:// doi. org/ 10. 1210/ jc. 2005- 0183

 14. Oefelein MG, Ricchiuti V, Conrad W, Resnick MI (2002) Skeletal 
fractures negatively correlate with overall survival in men with 
prostate cancer. J Urol 168:1005–1007. https:// doi. org/ 10. 1097/ 
01. ju. 00000 24395. 86788. cc

 15. Van Hemelrijck M, Garmo H, Michaelsson K, Thorstenson A, 
Akre O, Stattin P, Holmberg L, Adolfsson J (2013) Mortality 
following hip fracture in men with prostate cancer. PLoS ONE 
8:e74492. https:// doi. org/ 10. 1371/ journ al. pone. 00744 92

 16. Thorstenson A, Bratt O, Akre O, Hellborg H, Holmberg L, Lambe 
M, Bill-Axelson A, Stattin P, Adolfsson J (2012) Incidence of 
fractures causing hospitalisation in prostate cancer patients: 
results from the population-based PCBaSe Sweden. Eur J Cancer 
48:1672–1681. https:// doi. org/ 10. 1016/j. ejca. 2012. 01. 035

 17. Saad F, Schulman CC (2004) Role of bisphosphonates in prostate 
cancer. Eur Urol 45:26–34. https:// doi. org/ 10. 1016/j. eururo. 2003. 
10. 003

 18. Mottet N, van den Bergh RCN, Briers E et  al (2021) EAU-
EANM-ESTRO-ESUR-SIOG Guidelines on Prostate Cancer-2020 
Update. Part 1: Screening, Diagnosis, and Local Treatment with 
Curative Intent. Eur Urol 79:243–262. https:// doi. org/ 10. 1016/j. 
eururo. 2020. 09. 042

 19. Mottet N, Bellmunt J, Bolla M et al (2017) EAU-ESTRO-SIOG 
Guidelines on Prostate Cancer. Part 1: Screening, Diagnosis, and 
Local Treatment with Curative Intent. Eur Urol 71:618–629. 
https:// doi. org/ 10. 1016/j. eururo. 2016. 08. 003

 20. Coleman R, Hadji P, Body JJ et al (2020) Bone health in cancer: 
ESMO Clinical Practice Guidelines. Ann Oncol 31:1650–1663. 
https:// doi. org/ 10. 1016/j. annonc. 2020. 07. 019

 21. Saylor PJ, Rumble RB, Michalski JM (2020) Bone Health and 
bone-targeted therapies for prostate cancer: American Society 
of Clinical Oncology Endorsement Summary of a Cancer Care 
Ontario Guideline. JCO Oncol Pract 16:389–393. https:// doi. org/ 
10. 1200/ jop. 19. 00778

 22. Brown JE, Handforth C, Compston JE et al (2020) Guidance for 
the assessment and management of prostate cancer treatment-
induced bone loss. A consensus position statement from an expert 
group. J Bone Oncol 25:100311. https:// doi. org/ 10. 1016/j. jbo. 
2020. 100311

 23. Wang A, Obertova Z, Brown C, Karunasinghe N, Bishop K, Fer-
guson L, Lawrenson R (2015) Risk of fracture in men with pros-
tate cancer on androgen deprivation therapy: a population-based 
cohort study in New Zealand. BMC Cancer 15:837. https:// doi. 
org/ 10. 1186/ s12885- 015- 1843-3

 24. Abrahamsen B, Brixen K (2009) Mapping the prescriptiome to 
fractures in men–a national analysis of prescription history and 
fracture risk. Osteoporos Int 20:585–597. https:// doi. org/ 10. 1007/ 
s00198- 008- 0711-2

 25. Wu CC, Chen PY, Wang SW, Tsai MH, Wang YCL, Tai CL, Luo 
HL, Wang HJ, Chen CY (2021) Risk of fracture during androgen 
deprivation therapy among patients with prostate cancer: a sys-
tematic review and meta-analysis of cohort studies. Front Phar-
macol 12:652979. https:// doi. org/ 10. 3389/ fphar. 2021. 652979

 26. (NVU) NvvU (2016) richtlijn Prostaatcarcinoom. https:// richt lijne 
ndata base. nl/ nieuws/ herzi ening_ richt lijn_ prost aatca rcino om. html. 
Accessed 01-04-2022

 27. Oefelein MG, Resnick MI (2004) The impact of osteoporosis in 
men treated for prostate cancer. Urol Clin North Am 31:313–319. 
https:// doi. org/ 10. 1016/j. ucl. 2004. 02. 002

 28. Bourke L, Sohanpal R, Nanton V, Crank H, Rosario DJ, Saxton 
JM (2012) A qualitative study evaluating experiences of a life-
style intervention in men with prostate cancer undergoing andro-
gen suppression therapy. Trials 13:208. https:// doi. org/ 10. 1186/ 
1745- 6215- 13- 208

 29. Alibhai SMH, Zukotynski K, Walker-Dilks C, Emmenegger U, 
Finelli A, Morgan SC, Hotte SJ, Winquist E, Cancer Care Ontario 
Genitourinary Cancer Disease Site G (2017) Bone health and 
bone-targeted therapies for prostate cancer: a programme in evi-
dence-based care - Cancer Care Ontario Clinical Practice Guide-
line. Clin Oncol (R Coll Radiol) 29:348–355. https:// doi. org/ 10. 
1016/j. clon. 2017. 01. 007

 30. Zhumkhawala AA, Gleason JM, Cheetham TC, Niu F, Loo RK, 
Dell RM, Jacobsen SJ, Chien GW (2013) Osteoporosis manage-
ment program decreases incidence of hip fracture in patients with 
prostate cancer receiving androgen deprivation therapy. Urology 
81:1010–1015. https:// doi. org/ 10. 1016/j. urolo gy. 2012. 11. 066

 31. Vranken L, de Bruin IJA, Driessen AHM et al (2022) Decreased 
mortality and subsequent fracture risk in patients with a major and 
hip fracture after the introduction of a fracture liaison service: a 
3-year follow-up survey. J Bone Miner Res 37:2025–2032. https:// 
doi. org/ 10. 1002/ jbmr. 4674

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://iknl.nl
https://doi.org/10.1056/NEJMoa0810095
https://doi.org/10.1053/suro.2002.35055
https://doi.org/10.1053/suro.2002.35055
https://doi.org/10.1200/jco.2014.57.2743
https://doi.org/10.1200/jco.2014.57.2743
https://doi.org/10.1056/NEJMoa041943
https://doi.org/10.1111/j.1464-410X.2012.11758.x
https://doi.org/10.1007/s00198-015-3135-9
https://doi.org/10.1007/s00198-018-4722-3
https://doi.org/10.1371/journal.pone.0171495
https://doi.org/10.1371/journal.pone.0171495
https://doi.org/10.1038/ncpuro0995
https://doi.org/10.1038/ncpuro0995
https://doi.org/10.1210/jc.2005-0183
https://doi.org/10.1097/01.ju.0000024395.86788.cc
https://doi.org/10.1097/01.ju.0000024395.86788.cc
https://doi.org/10.1371/journal.pone.0074492
https://doi.org/10.1016/j.ejca.2012.01.035
https://doi.org/10.1016/j.eururo.2003.10.003
https://doi.org/10.1016/j.eururo.2003.10.003
https://doi.org/10.1016/j.eururo.2020.09.042
https://doi.org/10.1016/j.eururo.2020.09.042
https://doi.org/10.1016/j.eururo.2016.08.003
https://doi.org/10.1016/j.annonc.2020.07.019
https://doi.org/10.1200/jop.19.00778
https://doi.org/10.1200/jop.19.00778
https://doi.org/10.1016/j.jbo.2020.100311
https://doi.org/10.1016/j.jbo.2020.100311
https://doi.org/10.1186/s12885-015-1843-3
https://doi.org/10.1186/s12885-015-1843-3
https://doi.org/10.1007/s00198-008-0711-2
https://doi.org/10.1007/s00198-008-0711-2
https://doi.org/10.3389/fphar.2021.652979
https://richtlijnendatabase.nl/nieuws/herziening_richtlijn_prostaatcarcinoom.html
https://richtlijnendatabase.nl/nieuws/herziening_richtlijn_prostaatcarcinoom.html
https://doi.org/10.1016/j.ucl.2004.02.002
https://doi.org/10.1186/1745-6215-13-208
https://doi.org/10.1186/1745-6215-13-208
https://doi.org/10.1016/j.clon.2017.01.007
https://doi.org/10.1016/j.clon.2017.01.007
https://doi.org/10.1016/j.urology.2012.11.066
https://doi.org/10.1002/jbmr.4674
https://doi.org/10.1002/jbmr.4674


Osteoporosis International 

Authors and Affiliations

Marsha M. van Oostwaard1,2  · Caroline E. Wyers1,2 · Johanna H. M. Driessen3,4 · Maud van Maren1 · Marc de Jong5 · 
Agnes J. van de Wouw1 · Maryska L. G. Janssen‑Heijnen6,7 · Joop P. van den Bergh1,2

 * Marsha M. van Oostwaard 
 m.vanoostwaard@maastrichtuniversity.nl

 Caroline E. Wyers 
 cwyers@viecuri.nl

 Johanna H. M. Driessen 
 annemariek.driessen@mumc.nl

 Maud van Maren 
 m.vanmaren@etz.nl

 Marc de Jong 
 Mdjong@viecuri.nl

 Agnes J. van de Wouw 
 yvdwouw@viecuri.nl

 Maryska L. G. Janssen-Heijnen 
 mjanssenheijnen@viecuri.nl

 Joop P. van den Bergh 
 Joop.vandenbergh@maastrichtuniversity.nl

1 Department of Internal Medicine, VieCuri Medical Center, 
Venlo, The Netherlands

2 NUTRIM School of Nutrition and Translational Research 
in Metabolism, Maastricht University Medical Center+, 
Maastricht, The Netherlands

3 Department of Clinical Pharmacy and Toxicology, Maastricht 
University Medical Center+, Maastricht, The Netherlands

4 Cardiovascular Research Institute Maastricht (CARIM), 
Maastricht University Medical Center+, Maastricht, 
The Netherlands

5 Department of Urology, VieCuri Medical Center, Venlo, 
The Netherlands

6 Department of Clinical Epidemiology, VieCuri Medical 
Center, Venlo, The Netherlands

7 Department of Epidemiology, GROW School for Oncology 
and Developmental Biology, Faculty of Health, Medicine 
and Life Sciences, Maastricht University, Maastricht, 
The Netherlands

http://orcid.org/0000-0002-2643-1592

	The risk of fragility fractures in men with prostate cancer treated with androgen deprivation therapy
	Abstract
	Summary 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Patients and methods
	Definition of exposure
	Fractures
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


