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Abstract
Summary  We studied the characteristics of patients prescribed osteoporosis medication and patterns of use in European 
databases. Patients were mostly female, older, had hypertension. There was suboptimal persistence particularly for oral 
medications. Our findings would be useful to healthcare providers to focus their resources on improving persistence to 
specific osteoporosis treatments.
Purpose  To characterise the patients prescribed osteoporosis therapy and describe the drug utilization patterns.
Methods  We investigated the treatment patterns of bisphosphonates, denosumab, teriparatide, and selective estrogen recep-
tor modulators (SERMs) in seven European databases in the United Kingdom, Italy, the Netherlands, Denmark, Spain, and 
Germany. In this cohort study, we included adults aged ≥ 18 years, with ≥ 1 year of registration in the respective databases, 
who were new users of the osteoporosis medications. The study period was between 01 January 2018 to 31 January 2022.
Results  Overall, patients were most commonly initiated on alendronate. Persistence decreased over time across all medica-
tions and databases, ranging from 52–73% at 6 months to 29–53% at 12 months for alendronate. For other oral bisphospho-
nates, the proportion of persistent users was 50–66% at 6 months and decreased to 30–44% at 12 months. For SERMs, the 
proportion of persistent users at 6 months was 40–73% and decreased to 25–59% at 12 months. For parenteral treatment 
groups, the proportions of persistence with denosumab were 50–85% (6 month), 30–63% (12 month) and with teripara-
tide 40–75% (6 month) decreasing to 21–54% (12 month). Switching occurred most frequently in the alendronate group 
(2.8–5.8%) and in the teriparatide group (7.1–14%). Switching typically occurred in the first 6 months and decreased over 
time. Patients in the alendronate group most often switched to other oral or intravenous bisphosphonates and denosumab.
Conclusion  Our results show suboptimal persistence to medications that varied across different databases and treatment 
switching was relatively rare.
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Introduction

Osteoporosis medications, including bisphosphonates, deno-
sumab, teriparatide, and selective estrogen receptor modula-
tors (SERM) have well-established efficacy in reducing fracture 
risk [1, 2]. Clinical guidelines from the United Kingdom (UK) 
[3] and the European Union (EU) [1] recommend bisphospho-
nates as first-line therapy for primary and secondary preven-
tion of fragility fractures. SERMs are indicated for treatment 
and prevention of osteoporosis in postmenopausal women. In 
patients with higher risk of fractures, denosumab or teriparatide 
may be initiated. Sequential therapy includes starting an ana-
bolic agent and switching over to an anti-resorptive to poten-
tiate skeletal benefit. Non-persistence is associated with 40% 
greater fracture risk [4]. Persistence to osteoporosis therapy can 
be measured using real world data which includes electronic 
healthcare records, claims data, and prescription databases. The 
use of these data sources reflects clinical practice and may be 
more reliable than self-reported persistence rates, which tend 
to be higher than pharmacy dispensation data [5]. Systematic 
reviews of persistence to osteoporosis medications using real 
world data showed declining rates at 1 year and 2 years after 
starting therapy [5, 6]. In the literature, studies were mostly 
limited to specific types of osteoporosis medications in a single 
population. Two recent systematic reviews only focused on oral 
bisphosphonates [6] and parenteral therapies [5] respectively 
and have limitations due to methodological heterogeneity used 
by the included studies, making it difficult to compare trends 
across different countries. Thus, the objective of our study was 
to describe the characteristics of patients initiated on various 
osteoporosis therapy, as well as the drug utilization patterns 
after starting treatment using standardised methodology across 
the adult population in six European countries.

Methods

Study design

This was a multi-national, multi-database cohort study 
conducted in 6 European countries. The study protocol 
(EUPAS35956) was registered on the European Network 
of Centres for Pharmacoepidemiology and Pharmacovigi-
lance (ENCePP) [7].

The following data sources comprising primary care, 
secondary care, health registers, prescription/dispensation 
registers and claims were utilized.

1.	 Clinical Practice Research Datalink (CPRD) GOLD [8] 
and AURUM [9] from the UK.

2.	 Health Search Database (HSD) [10, 11] from Italy.

3.	 Integrated Primary Care Information Project (IPCI) 12 
from the Netherlands.

4.	 Data linked from the population-based administrative 
and health registries in Denmark (NDR) [13–16].

5.	 Sistema d'Informació per al Desenvolupament de la 
Investigació en Atenció Primària (SIDIAP) [17] from 
Spain.

6.	 German Pharmacoepidemiological Research Database 
(GePaRD) [18] from Germany.

The observation period for all databases started on 01 
January 2018 and ended on 31 December 2019 for GePaRD; 
31 December 2020 for NDR; 31 December 2021 for HSD, 
IPCI, and SIDIAP; and 31 January 2022 for CPRD GOLD 
and AURUM. The databases were accessed in a federated 
network. Standardized input files containing harmonised 
codes for drug exposure and comorbidities were processed 
via the Jerboa © software [19] for CPRD, HSD, IPCI, and 
SIDIAP; and using verified SAS 9.4 analytical codes for 
NDR and GePaRD, where only aggregated results were per-
mitted to be shared. The output of de-identified results was 
deposited in a remote research environment with secure and 
restricted access provided to data partners and analysts.

We included patients aged 18 years or older, who had 
at least one year of data available in one of the con-
tributing databases and were new users of one of the 
six osteoporosis treatment groups with the correspond-
ing ATC codes: (i) alendronate [M05BA04], (ii) other 
oral bisphosphonates (ibandronate [M05BA06] or rise-
dronate [M05BA07]), (iii) intravenous bisphospho-
nates (zoledronate [M05BA08]), (iv) SERM (raloxifene 
[G03XC01], bazedoxifene [G03XC02], and lasofoxifene 
[G03XC03]), (v) denosumab [M05BX04], (vi) teripara-
tide [H05AA02]. New users were defined as patients who 
did not have a prescription of an osteoporosis treatment 
from the same treatment group in the year prior to the 
start of osteoporosis therapy. The date of the first pre-
scription for a given drug was used as the index date. 
The end of drug exposure was defined as the date of the 
last prescription or dispensation or claim for the study 
drug plus the calculated number of exposure days pro-
vided in the last prescription or dispensation based on the 
dispensed strength, package size and defined daily dose 
(DDD). For parenteral treatments, durations were defined 
according to the indicated dosing intervals: zoledronate 
(365 days), denosumab (182 days), teriparatide (quan-
tity of 28-dose pen multiplied by 28 days). To define 
treatment episodes of continuous use of osteoporosis 
drugs, any two prescriptions of the same treatment cohort 
were concatenated. Treatment gaps of ≤ 90 days [20, 21] 
between drug utilization records for the study drug were 
allowed and stockpiling was dismissed. A refill gap 
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Table 1   Patient characteristics for each database

Characteristics CPRD GOLD 
(UK)

CPRD AURUM 
(UK)

HSD (IT) IPCI (NL) NDR (DK) SIDIAP (ES) GePaRD (DE)

  N 7,665 175,557 24,155 18,218 95,601 72,457 89,344
Sex
  Female 6,098 (80%) 139,355 (79%) 22,071 (91%) 13,852 (76%) 74,345 (78%) 63,761 (88%) 78,231 (88%)
Age continuous at start
  Median (IQR) 75 (66—82) 75 (66—82) 72 (63—79) 72 (64—80) 71 (63—78) 72 (64—81) 75 (66—80)
General practice visits in the prior year
  Median (IQR) 12 (7—20) 10 (6—17) 14 (8—23) 2 (0—4) NA 7 (3—12) 5 (0- 10)
  Other osteo-

porotic medica-
tions

1,798 (23%) 42,982 (24%) 6,737 (28%) 4,853 (27%) 16,583 (17%) 15,794 (22%) 18,358 (21%)

  Antiarrhythmic 
drugs

188 (2.5%) 7,919 (4.5%) 1,050 (4.3%) 658 (3.6%) 2,428 (2.5%) 1,225 (1.7%) 2,821 (3.2%)

  Beta blockers 1,569 (20%) 35,774 (20%) 6,243 (26%) 4,446 (24%) 17,744 (19%) 5,327 (7.4%) 32,673 (37%)
  ACE Inhibitors 1,547 (20%) 35,602 (20%) 4,986 (21%) 3,079 (17%) 14,376 (15%) 7,856 (11%) 22,206 (25%)
  Angiotensin II 

inhibitors
950 (12%) 21,288 (12%) 5,070 (21%) 2,522 (14%) 17,668 (18%) 5,350 (7.4%) 22,490 (25%)

  Other antihyper-
tensives

2,927 (38%) 69,649 (40%) 6,365 (26%) 5,824 (32%) 36,228 (38%) 13,817 (19%) 31,175 (35%)

  Diabetes thera-
pies

683 (8.9%) 16,954 (9.7%) 1,942 (8.0%) 1,779 (9.8%) 7,162 (7.5%) 4,533 (6.3%) 6,764 (7.6%)

  Lipid lowering 
drugs

3,021 (39%) 70,891 (40%) 7,025 (29%) 5,700 (31%) 29,421 (31%) 10,356 (14%) 24,042 (27%)

  Platelet aggrega-
tion inhibitors

479 (6.2%) 12,410 (7.1%) 1,323 (5.5%) 1,959 (11%) 7,726 (8.1%) 921 (1.3%) 2,786 (3.1%)

  Antithrombotics 898 (12%) 22,603 (13%) 3,495 (14%) 2,936 (16%) 10,436 (11%) 5,981 (8.3%) 19,746 (22%)
  Systemic gluco-

corticoids
2,140 (28%) 46,743 (27%) 6,322 (26%) 5,249 (29%) 19,798 (21%) 9,576 (13%) 22,175 (25%)

  Proton pump 
inhibitors

3,785 (49%) 86,839 (49%) 11,158 (46%) 9,741 (53%) 33,258 (35%) 19,879 (27%) 42,679 (48%)

  Antidepressants 2,270 (30%) 50,955 (29%) 4,376 (18%) 2,630 (14%) 16,208 (17%) 12,003 (17%) 17,518 (20%)
  Opioids 2,722 (36%) 59,603 (34%) 2,454 (10%) 5,111 (28%) 32,229 (34%) 15,299 (21%) 25,540 (29%)
  NSAIDS 1,138 (15%) 23,274 (13%) 9,824 (41%) 4,939 (27%) 24,927 (26%) 17,874 (25%) 41,300 (46%)
  Aspirin 1,126 (15%) 24,111 (14%) 4,579 (19%) 2,036 (11%) 14,407 (15%) 4,419 (6.1%) 7,258 (8.1%)
  Inhaled gluco-

corticoids
1,435 (19%) 32,410 (18%) 3,217 (13%) 2,909 (16%) 12,056 (13%) 5,078 (7.0%) 11,665 (13%)

  Osteoporosis 3,545 (46%) 88,312 (50%) 15,748 (65%) 8,883 (49%) 42,876 (45%) 46,404 (64%) 76,987 (86%)
  Fracture 3,684 (48%) 94,836 (54%) 8,607 (36%) 7,366 (40%) 39,136 (41%) 34,158 (47%) 28,592 (32%)
Number of records of fracture since age of 45
  Mean (SD) 0.86 (1.18) 1.25 (1.83) 0.61 (0.95) 1.11 (2.28) 0.78 (1.29) 0.96 (1.24) 0.49 (0.88)
  Cancer 1,785 (23%) 44,256 (25%) 5,300 (22%) 3,978 (22%) 30,883 (32%) 31,871 (44%) 21,170 (24%)
  Myocardial 

infarction
522 (6.8%) 12,471 (7.1%) 364 (1.5%) 1,053 (5.8%) 3,685 (3.9%) 1,866 (2.6%) 5,132 (5.7%)

  Stroke 518 (6.8%) 12,726 (7.2%) 1,638 (6.8%) 1,266 (6.9%) 7,132 (7.5%) 3,939 (5.4%) 7,495 (8.4%)
  Arrhythmia 1,331 (17%) 32,992 (19%) 4,268 (18%) 2,588 (14%) 12,467 (13%) 12,186 (17%) 28,364 (32%)
  Atrial fibrilla-

tion/flutter
1,008 (13%) 24,568 (14%) 1,794 (7.4%) 2,032 (11%) 9,295 (9.7%) 6,997 (9.7%) 5,158 (5.8%)

  Heart failure 603 (7.9%) 15,878 (9.0%) 649 (2.7%) 1,170 (6.4%) 3,880 (4.1%) 5,737 (7.9%) 22,064 (25%)
  Established 

cardiovascular 
disease^

2,857 (37%) 69,147 (39%) 6,983 (29%) 6,732 (37%) 26,148 (27%) 20,059 (28%) 45,308 (51%)

  Peripheral vas-
cular disease

254 (3.3%) 6,188 (3.5%) 972 (4.0%) 1,348 (7.4%) 3,970 (4.2%) 2,273 (3.1%) 9,213 (10%)
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exceeding 90 days was considered therapy discontinua-
tion. Drug discontinuation was therefore defined as the 
last date of exposure to a study drug plus an additional 
90 days (in line with the treatment gap). After study drug 
discontinuation, a patient could initiate another osteo-
porosis medication. All analyses were conducted at the 
treatment episode level. The same patient was therefore 

eligible to contribute to different drug cohorts if they 
switched treatments during the study period. Treatment 
switching was defined as initiation of another medica-
tion from a different osteoporosis treatment group as 
aforementioned. At the time of switching, patient was 
considered to have discontinued the first medication 
if the treatment gap was less than 90  days. For each 

Patients contribute once per exposure to each osteoporosis treatment group. Results presented in numbers (percentages) unless otherwise specified
ACE: angiotensin converting enzyme; IQR: interquartile range; NA: Not available; SD: standard deviation. Body mass index and Garvan fracture 
risk not available in NDR and GePaRD. Smoking and GP visits not available in NDR
^includes angina, atherosclerosis, atrial fibrillation;
* includes cerebral ischemia and transient ischemic attack
DE: Germany; DK: Denmark; ES: Spain; IT: Italy; NL: The Netherlands; UK: United Kingdom

Table 1   (continued)

Characteristics CPRD GOLD 
(UK)

CPRD AURUM 
(UK)

HSD (IT) IPCI (NL) NDR (DK) SIDIAP (ES) GePaRD (DE)

  Hypercholester-
olemia

2,568 (34%) 63,666 (36%) 8,948 (37%) 4,056 (22%) 29,484 (31%) 29,341 (40%) 52,712 (59%)

  Ischemic heart 
disease

1,253 (16%) 29,923 (17%) 1,441 (6.0%) 2,150 (12%) 10,295 (11%) 4,816 (6.6%) 23,441 (26%)

  Cerebrovascular 
disease (not 
stroke)*

400 (5.2%) 8,769 (5.0%) 541 (2.2%) 1,236 (6.8%) 2,945 (3.1%) 2,037 (2.8%) 4,017 (4.5%)

  Thromboembo-
lism

543 (7.1%) 12,736 (7.3%) 432 (1.8%) 931 (5.1%) 2,687 (2.8%) 1,741 (2.4%) 5,525 (6.2%)

  Hypertension 4,160 (54%) 97,809 (56%) 13,015 (54%) 8,243 (45%) 26,186 (27%) 36,776 (51%) 59,466 (67%)
  Diabetes (Type 

1, type 2 or 
secondary)

1,090 (14%) 27,811 (16%) 2,720 (11%) 2,573 (14%) 8,767 (9.2%) 10,600 (15%) 7,328 (8.2%)

  Chronic kidney 
disease

1,650 (22%) 35,414 (20%) 1,751 (7.2%) 2,077 (11%) 10,573 (11%) 8,927 (12%) 9,876 (11%)

  Hyper or hypoc-
alcemia

178 (2.3%) 5,062 (2.9%) 119 (0.5%) 0 (0%) 8,961 (9.4%) 780 (1.1%) 2,970 (3.3%)

  Asthma 1,715 (22%) 38,564 (22%) 2,658 (11%) 2,699 (15%) 5,339 (5.6%) 6,121 (8.4%) 15,030 (17%)
  Chronic obstruc-

tive pulmonary 
disease

1,273 (17%) 28,753 (16%) 1,877 (7.8%) 2,570 (14%) 10,277 (11%) 6,168 (8.5%) 18,139 (20%)

  Heavy alcohol 
use

196 (2.6%) 7,062 (4.0%) 191 (0.8%) 328 (1.8%) 2,042 (2.1%) 589 (0.8%) 2,946 (3.3%)

  Current smoker 808 (11%) 62,452 (36%) 1,417 (5.9%) 2,520 (14%) NA 6,635 (9.2%) 8,454 (9.5%)
BMI
  Median (IQR) 25.0 (22.0-28.6) 25.3 (22.2-29.0) 24.8 (21.7-28.3) 25.6 (22.9-28.9) NA 25.9 (23.1-29.2) NA
  missing 220 (2.9%) 23,283 (13%) 14,814 (61%) 6,791 (37%) 9,477 (13%)
Charlson comorbidity score
  0 1,328 (17%) 27,312 (16%) 10,738 (44%) 6,482 (36%) 60,244 (63%) 17,370 (24%) 30,006 (34%)
  1 337 (4.4%) 6,788 (3.9%) 701 (2.9%) 441 (2.4%) 13,066 (14%) 1,386 (1.9%) 19,405 (22%)
  2 3,307 (43%) 68,787 (39%) 11,066 (46%) 9,324 (51%) 15,946 (17%) 41,115 (57%) 15,666 (18%)
  3 1,573 (21%) 40,913 (23%) 1,201 (5.0%) 1,500 (8.2%) 2,952 (3.1%) 6,802 (9.4%) 9,513 (11%)
   >  = 4 1,120 (15%) 31,757 (18%) 449 (1.9%) 471 (2.6%) 3,393 (3.5%) 5,784 (8.0%) 14,754 (17%)
Garvan fracture risk—weight based
  Median (IQR) 10.8 (5.5—21.1) 11.7 (6.0—24.3) 10.1 (5.9—18.0) 10.3 (5.3—19.9) NA 11.6 (6.5—24.3) NA
  missing 144 (1.9%) 16,746 (9.5%) 14,570 (60%) 5,902 (32%) 8,622 (12%)
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medication, patients were followed from the index date 
until the earliest of the following dates: discontinuation 
of current treatment, switching to another osteoporosis 
medication, death, end of enrolment in database, or end 
of data collection.

Statistical analysis

We described the baseline characteristics, comorbidities, and 
medication history of the patients in each database. These 
variables were defined using diagnosis codes (Appendix 
1), medication codes (Appendix 2), and measurement data 
(Appendix 3). The lookback period for comorbidities was 
any time prior to index date to account for chronic condi-
tions, and one year prior to index date for medication his-
tory to indicate recency of use. Descriptive statistics were 
reported for treatment duration. The proportion of persistent 
users and the proportion of patients who switched medica-
tion were assessed for each treatment group and database at 
6 months, 12 months, 18 months, and 24 months. Persistence 
was defined as the continuation of treatment with ≤ 90 days 

gap between prescriptions. Sankey diagrams were plotted 
to illustrate treatment patterns over time. Counts < 5 were 
supressed in line with database specific guidelines. Data 
analysis was performed using R version 4.0.3.

Results

Patient characteristics

We included the following number of patients from each 
database (CPRD GOLD: 7,665; CPRD AURUM: 175,557; 
HSD: 24,155; IPCI: 18,218; NDR: 95,601; SIDIAP: 72,457; 
GePaRD: 89,344) (Table 1). The median age (interquartile 
range [IQR]) of new users at initiation of osteoporosis therapy 
was similar across CPRD GOLD and AURUM (75 [66 – 82] 
years), HSD (72 [63–79] years), IPCI (72 [64–80] years), 
NDR (71 [63–78]), SIDIAP (72 [64–81] years), and GePaRD 
(75 [66–80] years). Most participants were females across all 
data sources (CPRD GOLD 80%, CPRD AURUM 79%, HSD 
91%, IPCI 76%, NDR 78%, SIDIAP 88%, GePaRD 88%).

Table 2   Number of patients in 
each treatment group for each 
database

ALN: alendronate; DENO: denosumab; IVBP: intravenous bisphosphonates; OBP: oral bisphosphonates; 
SERM: selective estrogen receptor modulators; TERI: teriparatide
DE: Germany; DK: Denmark; ES: Spain; IT: Italy; NL: The Netherlands; UK: United Kingdom

Data source ALN OBP IVBP DENO TERI SERM

CPRD GOLD (UK) 6,605 825 6 197 0 32
CPRD AURUM (UK) 138,206 20,643 1,928 13,632 541 607
HSD (IT) 12,934 6,893 52 3,446 697 133
IPCI (NL) 11,571 3,972 232 2,305 102 36
NDR (DK) 54,428 3,089 25,344 10,707 1,958 75
SIDIAP (ES) 42,536 6,543 0 18,218 3,623 1,537
GePaRD (DE) 53,449 14,234 2,425 17,071 1,081 1,084

Table 3   Treatment duration in days for each osteoporosis treatment group and database

Results presented in median days (interquartile range)
ALN: alendronate; DENO: denosumab; IVBP: intravenous bisphosphonates; NA: not available;
OBP: other oral bisphosphonates; SERM: selective estrogen receptor modulators; TERI: teriparatide
DE: Germany; DK: Denmark; ES: Spain; IT: Italy; NL: The Netherlands; UK: United Kingdom

Database ALN OBP IVBP DENO TERI SERM

CPRD GOLD (UK) 242 (118-499) 223 (118-466) 400 (287-443) 329 (219-576) NA 348 (196-766)
CPRD AURUM (UK) 272 (125-639) 245 (118-557) 455 (250-455) 307 (272-656) 118 (118-118) 347 (146-855)
HSD (IT) 200 (118-432) 202 (120-446) 455 (227-455) 271 (271-563) 341 (151-668) 146 (118-387)
IPCI (NL) 224 (124-455) 238 (153-506) 455 (294-671) 396 (272-689) 148 (118-379) 218 (145-484)
NDR (DK) 308 (174-589) 183 (120-420) 455 (298-703) 356 (235-630) 405 (184-662) 247 (174-442)
SIDIAP (ES) 407 (182-750) 319 (150-598) NA 368 (159-696) 315 (150-626) 397 (182-735)
GePaRD (DE) 174 (118-322) 180 (118-333) 342 (168-455) 272 (174-462) 220 (118-429) 174 (118-332)
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The most prevalent comorbidities were hyperten-
sion (CPRD GOLD 54%, CPRD AURUM 56%, HSD 
54%, IPCI 45%, NDR 27%, SIDIAP 51%, GePaRD 
67%), hypercholesterolemia (CPRD GOLD 34%, CPRD 
AURUM 36%, HSD 37%, IPCI 22%, NDR 31%, SIDIAP 
40%, GePaRD 59%), and cancer (CPRD GOLD 23%, 
CPRD AURUM 25%, HSD 22%, IPCI 22%, NDR 32%, 
SIDIAP 44%, GePaRD 24%).

Prevalence of cardiovascular disease (angina, athero-
sclerosis, atrial fibrillation) were 37% (CPRD GOLD), 
39% (CPRD AURUM), 29% (HSD), 37% (IPCI), 27% 
(NDR), 28% (SIDIAP) and 51% (GePaRD); of myocar-
dial infarction (CPRD GOLD 6.8%, CPRD AURUM 
7.1%, HSD 1.5%, IPCI 5.8%, NDR 3.9%, SIDIAP 2.6%, 
GePaRD 5.7%) and prior stroke (CPRD GOLD 6.8%, 

CPRD AURUM 7.2%, HSD 6.8%, IPCI 6.9%, NDR 7.5%, 
SIDIAP 5.4%, GePaRD 8.4%).

A total of 45-86% of patients had a formal diagnosis of 
osteoporosis at the time of therapy initiation (CPRD GOLD 
46%, CPRD AURUM 50%, HSD 65%, IPCI 49%, NDR 45%, 
SIDIAP 64%, GePaRD 86%). A total of 32-54% of patients 
(CPRD GOLD 48%, CPRD AURUM 54%, HSD 36%, IPCI 
40%, NDR 41%, SIDIAP 47%, GePaRD 32%) had a previ-
ous history of fracture.

The most prevalent medications were proton pump inhibi-
tors (CPRD 49%, HSD 46%, IPCI 53%, NDR 35%, SIDIAP 
27%, GePaRD 48%), antihypertensives (excluding beta 
blockers, ACE/angiotensin inhibitors) (CPRD GOLD 38%, 
CPRD AURUM 40%, HSD 26%, IPCI 32%, NDR 38%, SID-
IAP 19%, GePaRD 35%), and lipid lowering agents (CPRD 

Table 4   Treatment persistence for each osteoporosis treatment group and database

Results presented in numbers (percentages) and masked when patient counts were less than five
ALN: alendronate; DENO: denosumab; IVBP: intravenous bisphosphonates; NA: not available;
OBP: other oral bisphosphonates; SERM: selective estrogen receptor modulators; TERI: teriparatide
DE: Germany; DK: Denmark; ES: Spain; IT: Italy; NL: The Netherlands; UK: United Kingdom

Database Persistence ALN OBP IVBP DENO TERI SERMS

CPRD GOLD (UK) 6 months 3,956 (60) 478 (58) 5 (83) 156 (79) NA 25 (78)
12 months 2,345 (36) 276 (33)  < 5 95 (48) NA 16 (50)
18 months 1,472 (22) 161 (20) 0 (0) 54 (27) NA 10 (31)
24 months 879 (13) 87 (11) 0 (0) 34 (17) NA 9 (28)

CPRD AURUM (UK) 6 months 85,855 (62) 12,299 (60) 1,561 (81) 11,405 (84) 26 (4.8) 403 (66)
12 months 57,134 (41) 7,730 (37) 1,239 (64) 6,275 (46) 14 (2.6) 298 (49)
18 months 40,094 (29) 5,244 (25) 69 (3.6) 4,237 (31) 5 (0.9) 227 (37)
24 months 28,839 (21) 3,642 (18) 50 (2.6) 2,872 (21)  < 5 185 (30)

HSD (IT) 6 months 6,813 (53) 3,641 (53) 40 (77) 2,919 (85) 502 (72) 59 (44)
12 months 3,875 (30) 2,129 (31) 31 (60) 1,509 (44) 335 (48) 36 (27)
18 months 2,469 (19) 1,353 (20)  < 5 881 (26) 219 (31) 24 (18)
24 months 1,625 (13) 870 (13)  < 5 579 (17) 140 (20) 19 (14)

IPCI (NL) 6 months 6,524 (56) 2,286 (58) 193 (83) 2,003 (87) 44 (43) 19 (53)
12 months 3,744 (32) 1,391 (35) 158 (68) 1,207 (52) 28 (27) 14 (39)
18 months 2,265 (20) 903 (23) 73 (31) 783 (34) 15 (15) 7 (19)
24 months 1,465 (13) 616 (16) 53 (23) 523 (23) 8 (7.8) 5 (14)

NDR (DK) 6 months 38,926 (72) 1,547 (50) 21,203 (84) 8,576 (80) 1,476 (75) 41 (55)
12 months 23,598 (43) 922 (30) 17,236 (68) 5,253 (49) 1,064 (54) 31 (41)
18 months 15,276 (28) 461 (15) 9,806 (39) 3,348 (31) 714 (36) 8 (11)
24 months 8,590 (16) 262 (8.5) 5,811 (23) 1,842 (17) 317 (16)  < 5

SIDIAP (ES) 6 months 31,881 (75) 4,492 (69) NA 13,113 (72) 2,437 (67) 1,152 (75)
12 months 23,192 (55) 2,978 (46) NA 9,147 (50) 1,672 (46) 833 (54)
18 months 15,087 (35) 1,784 (27) NA 6,025 (33) 1,036 (29) 522 (34)
24 months 11,087 (26) 1,227 (19) NA 4,242 (23) 636 (18) 390 (25)

GePaRD (DE) 6 months 23,384 (44) 6,493 (46) 1,761 (73) 12,547 (73) 624 (58) 492 (45)
12 months 11,148 (21) 3,108 (22) 1,138 (47) 6,253 (37) 343 (32) 238 (22)
18 months 4,662 (8.7) 1,277 (9.0) 285 (12) 2,713 (16) 152 (14) 95 (8.8)
24 months 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
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GOLD 39%, CPRD AURUM 40%, HSD 29%, IPCI 31%, 
NDR 31%, SIDIAP 14%, GePaRD 27%). Key co-medica-
tions and co-morbidities in the overall population for each 
database are presented in Table 1.

Treatment duration

Overall, alendronate was the most common osteoporosis treat-
ment in all databases (Table 2). This was followed by other 
oral bisphosphonates (CPRD GOLD, CPRD AURUM, HSD, 
and IPCI), denosumab (SIDIAP and GePaRD), or intravenous 
bisphosphonates (NDR). Across all data sources, the type of 
osteoporosis treatment with the longest median duration of 
treatment was intravenous bisphosphonates in most data-
bases – CPRD GOLD: 400 (interquartile range [IQR] [287 
– 443]) days; CPRD AURUM: 455 [250 – 455]; HSD: 455 

[227 – 455]; IPCI: 455 [294 – 671]; NDR: 455 [298 – 703]; 
GePaRD: 342 [168 – 455] (Table 3). There were no users 
of intravenous bisphosphonates in SIDIAP where the longest 
median duration of treatment was 407 [182 – 750] days in 
alendronate users. Duration of alendronate use was highest in 
SIDIAP and lowest in GePaRD (174 [118 – 322]).

Treatment persistence

Across all data sources and treatment groups, the propor-
tion of patients persistent to treatment decreased over time. 
For alendronate, persistence at 6 months ranged across 
databases between 44–75% and decreased to 21–55% at 
12 months, 9–35% at 18 months, 0–26% at 24 months. For 
other oral bisphosphonates, persistence at 6 months was 
46–69% and decreased to 22–46% at 12 months, 9–27% 

Table 5   Treatment switching 
for each osteoporosis treatment 
group and database

Results presented in numbers (percentages) and masked when patient counts were less than five
ALN: alendronate; DENO: denosumab; IVBP: intravenous bisphosphonates; NA: not available;
OBP: other oral bisphosphonates; SERM: selective estrogen receptor modulators; TERI: teriparatide
DE: Germany; DK: Denmark; ES: Spain; IT: Italy; NL: The Netherlands; UK: United Kingdom

Database Switching ALN OBP IVBP DENO TERI SERMS

CPRD GOLD (UK) 6 months 149 (2.3) 8 (1.0) 0 (0) 0 (0) NA 0 (0)
12 months 22 (0.3) 6 (0.7) 0 (0) 0 (0) NA 0 (0)
18 months 10 (0.2)  < 5 0 (0) 0 (0) NA 0 (0)
24 months  < 5  < 5 0 (0)  < 5 NA 0 (0)

CPRD AURUM (UK) 6 months 3,545 (2.6) 514 (2.5) 17 (0.9) 110 (0.8) 5 (0.9) 15 (2.5)
12 months 834 (0.6) 189 (0.9) 10 (0.5) 62 (0.5) 0 (0) 5 (0.8)
18 months 334 (0.2) 94 (0.5) 13 (0.7) 19 (0.1) 0 (0) 7 (1.2)
24 months 149 (0.1) 30 (0.1) 0 (0) 12 (< 0.1) 0 (0)  < 5

HSD (IT) 6 months 243 (1.9) 123 (1.8)  < 5 23 (0.7) 15 (2.2)  < 5
12 months 76 (0.6) 36 (0.5) 0 (0) 25 (0.7) 7 (1.0) 0 (0)
18 months 32 (0.2) 19 (0.3) 0 (0) 6 (0.2) 13 (1.9)  < 5
24 months 15 (0.1) 7 (0.1) 0 (0)  < 5 16 (2.3) 0 (0)

IPCI (NL) 6 months 469 (4.1) 120 (3.0)  < 5 17 (0.7)  < 5 0 (0)
12 months 126 (1.1) 49 (1.2)  < 5 12 (0.5) 0 (0) 0 (0)
18 months 65 (0.6) 13 (0.3)  < 5 9 (0.4) 0 (0)  < 5
24 months 11 (< 0.1) 7 (0.2) 0 (0)  < 5  < 5 0 (0)

NDR (DK) 6 months 2,364 (4.3) 207 (6.7) 252 (1.0) 115 (1.1) 82 (4.2) 6 (8.0)
12 months 676 (1.2) 65 (2.1) 166 (0.7) 85 (0.8) 39 (2.0)  < 5
18 months 252 (0.5) 31 (1.0) 147 (0.6) 65 (0.6) 31 (1.6)  < 5
24 months 118 (0.2) 17 (0.6) 50 (0.2) 44 (0.4) 114 (5.8) 0 (0)

SIDIAP (ES) 6 months 999 (2.3) 248 (3.8) NA 139 (0.8) 138 (3.8) 52 (3.4)
12 months 417 (1.0) 82 (1.3) NA 88 (0.5) 62 (1.7) 41 (2.7)
18 months 247 (0.6) 56 (0.9) NA 62 (0.3) 41 (1.1) 20 (1.3)
24 months 141 (0.3) 29 (0.4) NA 51 (0.3) 87 (2.4) 24 (1.6)

GePaRD (DE) 6 months 2,444 (4.6) 720 (5.1) 31 (1.3) 154 (0.9) 46 (4.3) 48 (4.4)
12 months 335 (0.6) 136 (1.0) 16 (0.7) 99 (0.6) 15 (1.4) 15 (1.4)
18 months 134 (0.3) 55 (0.4) 18 (0.7) 34 (0.2) 11 (1.0) 8 (0.7)
24 months 16 (< 0.1) 8 (< 0.1)  < 5 12 (< 0.1) 5 (0.5)  < 5
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at 18 months, 0–19% at 24 months. For SERMs, persis-
tence at 6 months was 44–78% and decreased to 22–54% 
at 12 months, 9–37% at 18 months, at 0–30% at 24 months. 
For parenteral treatment groups, the proportions of persistent 
users for zoledronic acid were: 73–84% (6 month), 47–68% 
(12 month), 4–39% (18 month), 0–23% (24 month); for den-
osumab: 72–87% (6 month), 37–52% (12 month), 16–34% 
(18 month), 0–23% (24 month); for teriparatide: 5–75% 
(6 month), 3–54% (12 month), 1–36% (18 month), 0–20% 
(24 month). To note, actual duration of treatment might have 
exceeded the end date of data extraction. The treatment per-
sistence over time for each drug group and database is pre-
sented in Table 4.

Treatment switching

Overall, switching occurred most frequently in the alendronate 
group (2.8 – 5.8%) in CPRD GOLD and IPCI; in the teriparatide 
group (7.1–14%) across HSD, NDR, and SIDIAP, and GePaRD; 
and in the SERM group (4.9%) in CPRD AURUM. Switching 
occurred most frequently in the first 6 months and decreased 
over time (Table 5). The Sankey diagrams of switching patterns 
are presented in Fig. 1. Patients in alendronate group most often 
switched to other oral bisphosphonates in CPRD GOLD, CPRD 
AURUM, HSD, IPCI; to denosumab in SIDIAP; to denosumab 
and IV bisphosphonates in NDR, and to denosumab and other 
oral bisphosphonates in GePaRD.

Discussion

The trends observed in our drug utilization study are in line 
with previous studies and with current European guidelines 
and treatment algorithms [22], with a predominance of older 
women amongst patients receiving osteoporosis treatment. 
The baseline characteristics of the participants indicated a 
high proportion of women in their 70s, and a high prevalence 
of osteoporosis and/or previous fracture. Cardiovascular 
history and risk factors for cardiovascular disease such as 

hypertension and hypercholesterolemia were common in this 
population, probably due to ageing and the known associa-
tion between osteoporosis and cardiovascular disease [23].

The treatment persistence to oral bisphosphonates was 
similar to that reported in a systematic review, which 
ranged from 35–71% at 6 months, 18–75% at 1 year and 
13–72% at 2 years [6]. Persistence to SERMs in our study 
was similar to that by Li et al. [24], which found persis-
tence to raloxifene was 45% at 6 months and 33% at 1 year 
in the General Practitioner Research Database. Persistence 
to parenteral osteoporosis therapy in our study was lower 
than that reported in a systematic review, which ranged 
from 34–73% for zoledronic acid, 61–100% for deno-
sumab, 10–87% for teriparatide at 1 year respectively [5]. 
The observed persistence with osteoporosis treatments was 
well below the recommended treatment duration of at least 
18 months with teriparatide [1] and three to five years with 
all other treatments [1, 25]. Unfortunately, this is a known 
issue in the field, which hampers the effort to treat patients 
at high risk of fracture due to suboptimal compliance [26]. 
Conversely, prescription of teriparatide beyond 24 months 
shows possible off-label usage as teriparatide is clinically 
limited to 24 months [25]. In primary care in Italy, teri-
paratide cannot be prescribed by general practitioners, but 
only by specialists. It is possible that the off-label use is 
the result of a lag in the registration of prescriptions by 
the general practitioner into the electronic health record.

Treatment switching patterns varied across the databases. 
Switching from oral bisphosphonates are most likely moti-
vated by gastric intolerance or perceived lack of efficacy 
[27]. In contrast, switching from teriparatide is most likely 
related to planned sequential therapy, which has been shown 
to provide further benefits when a bone forming agent (teri-
paratide) is immediately followed by an anti-resorptive (a 
bisphosphonate or denosumab) [1]. In a study where gen-
eral practitioners recruited postmenopausal women across 
5 European countries [28], the percentage of switching 
among new users was 9%, which was comparable to the 
range observed in our study (3 to 14%).

The strength of our study is that we performed a multi-
national database analysis of prescription and dispensation 
records and included a variety of osteoporosis medica-
tions using standardized methodology, which allowed us to 
compare the recent trends of treatment patterns and path-
ways in different countries. Our study is the largest to date 
on the characteristics and treatment patterns of patients 
on osteoporosis therapy, with more than 450,000 patients 
from seven data sources in six European countries. Our 
results provide a timely update to the literature, as the 
latest time frame of data collection in recent systematic 
reviews were until 2011 for oral bisphosphonates [6] and 
2016 for parenteral treatments [5] respectively in Euro-
pean studies. Moreover, we provided information about 

Fig. 1   A Sankey diagram of treatment switching pattern (CPRD 
GOLD). B Sankey diagram of treatment switching pattern (CPRD 
AURUM). C Sankey diagram of treatment switching pattern (HSD). 
D Sankey diagram of treatment switching pattern (IPCI). E Sankey 
diagram of treatment switching pattern (NDR). F Sankey diagram of 
treatment switching pattern (SIDIAP). G Sankey diagram of treat-
ment switching pattern (GePaRD). ALN: alendronate; DENO: deno-
sumab; IVBP: intravenous bisphosphonates; OBP: other oral bispho-
sphonates; SERM: selective estrogen receptor modulators; TERI: 
teriparatide. The colour coded paths depict the proportion of users 
continuing/switching treatment at time points 6 months, 12 months, 
18  months, and 24  months. The red paths depict the proportion of 
users who discontinued treatment (STOP). The grey paths depict the 
proportion of users censored (CEN) (end of follow-up) before the 
respective time points

◂
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treatment duration and switching patterns in addition to 
treatment persistence. Our findings would be useful to 
healthcare providers to focus their resources on improv-
ing persistence to specific osteoporosis treatments with 
suboptimal compliance.

Our study has limitations. Firstly, misclassification of per-
sistence to the osteoporosis medications is possible. This is 
particularly relevant to primary care databases such as IPCI, 
HSD, and CPRD, since they are not necessarily equivalent 
to the actual consumption or use of the prescribed therapies. 
However, sensitivity analyses in a previous study [29] con-
ducted in Spain suggested little impact of such misclassifica-
tion in these data. This study was based on index exposure 
and dismissing compliance and showed similar findings to 
those seen in the ‘on treatment’ analyses. Second, no bis-
phosphonates in fixed combination with calcium/vitamin D 
were included for the definition of exposure drug classes. 
While potentially some prescriptions including drugs defin-
ing exposure could have been missed, these preparations 
are typically prescribed rarely compared to plain bisphos-
phonate preparations. Third, no distinction could be made 
between ibandronate as oral versus parenteral use because 
there is no difference in the ATC code, hence the intrave-
nous bisphosphonate group did not include the ATC code 
for ibandronate in this study. Fourth, due to the nature of the 
databases (CPRD, HSD, IPCI, SIDIAP), the use of intrave-
nous bisphosphonates, which is more commonly prescribed 
in secondary care settings, may be underreported. However, 
these dispensations would be captured in GePaRD and NDR. 
Lastly, the observational nature of this study makes it vulner-
able to confounding by indication due to differential use of 
medicines according to baseline fracture risk. For example, 
in all databases, diagnosis of osteoporosis and history of frac-
ture was higher in denosumab versus alendronate users. Such 
differences in perceived or estimated risk can lead to differ-
ences in persistence not attributable to the drug itself but 
to imbalances in patient characteristics. Patients with higher 
fracture risk may be more likely to persist with osteoporo-
sis therapy, but the difference in persistence at 12 months 
between denosumab and alendronate of more than 5% was 
only observed in some databases (HSD, IPCI, GePaRD) and 
not others (CPRD GOLD, CPRD AURUM, NDR, SIDIAP).

In conclusion, we have described the duration, persistence 
and switching of patients who initiated osteoporosis medica-
tions in six European countries. Switching was found to be 
relatively rare and could be for planned sequential therapy as 
recommended by healthcare professionals. Persistence was 
generally low and varied between databases. While treat-
ment use varied by country, alendronate was the most com-
mon osteoporosis treatment across all databases.
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