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Abstract

Summary We estimated and characterized the imminent fracture risk (1-2 years) of high-risk fracture patients through a
multinational (UK, Spain, Denmark) cohort study. Older individuals with newly diagnosed osteoporosis and individuals who
had a fracture while on treatment with a bisphosphonate were at a high risk of imminent fracture.

Purpose To characterize and estimate 1- to 2-year fracture risk in high-risk fracture patients.

Methods Multi-cohort study in (database/study period) UK (CPRD/1995-2017), Spain (SIDIAP/2006-2016) and Denmark
(DHR/1995-2016) including individuals > 50 years old in NDO (newly diagnosed osteoporosis), OFx (incident osteoporotic
fracture), BP (incident oral bisphosphonates use) or FWOT (fracture while on treatment with bisphosphonates). Outcomes
(ICD-10/READ): hip, clinical spine, non-hip, non-spine and hip/humerus/distal forearm fracture. Follow-up: from cohort
entry until death, migration/transfer or end of the study. Statistics: baseline characteristics and incidence rate (IR per 1000
persons).

Results (1-year IR) NDO included 69,899 (UK), 37,901 (Spain) and 158,191 (Denmark) individuals. Spanish-IR was low-
est for hip (4.7), clinical spine (2.5) and major osteoporotic fracture (MOF) (17.3) and highest in Denmark (74.2, 26.0 and
120.1, respectively). OFx included 83,514 (UK), 51,044 (Spain) and 509,551 (Denmark) individuals. IR in Denmark was
highest for hip (24.1) and MOF (47.2), in Spain was highest for the clinical spine (9.4) and lowest for hip (9.5) and in the UK
was lowest for the clinical spine (2.8) and MOF (20.7). BP included 148,507 (UK), 52,037 (Spain) and 204,010 (Denmark)
individuals. Spanish-IR was lowest for hip (5.0) and MOF (21.1) and highest in Denmark (20.3 and 48.6, respectively).
FWOT included 28,930 (UK), 1,865 (Spain) and 31,882 (Denmark) individuals. Clinical spine-IR was highest for Spain
(12.0). Hip-IR was lowest for Spain (7.6) and highest for Denmark (33.6). Comparing young subjects, those who have FWOT
started with an increased fracture rate.

Conclusion OFx and FWOT individuals experience higher re-fracture incidence rates than those with osteoporosis with or
without treatment.
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Introduction

Osteoporotic fractures entail a social and economic bur-
den for populations and health care systems worldwide
[1]. Costs reached €37 billion in Europe already by 2010
[2]. In addition to societal costs, there is also the question
of the individual implications of these fractures, such as
an increased disability and mortality of the individuals
affected [1]. Effective management centred on high frac-
ture risk patients would improve outcomes and reduce the
burden of fragility fractures.

In this context, the identification of the population at
greater risk of fracture has been the focus of extensive
research in the last decades. In recent years, particular
attention has been drawn to the analysis of the imminent
risk of fracture, defined as the markedly increased risk in
the 2-year period that follows a fragility fracture [3-9].

Many risk factors for fracture have been identified;
however, while some of them appear to confer an increased
risk at any time (age [3-5, 7], previous falls [4, 8, 9], low
bone mineral density [10], previous fractures and most
specifically vertebral fractures [3, 5, 8, 9]), others (comor-
bidities [3-5], use of benzodiazepines [4, 5] or nitrates [8])
seem to have a significant impact in the short term.

Fracture risk can be quantified with risk assessment
tools such as FRAX [11] and QFracture [12]. However,
these tools focus on the 5- or 10-year future risk and are
untested for imminent risk of fracture. Scaling risk to
a different time period is more challenging than it may
seem at first—risk factors might not remain constant over
a 10-year period, with a higher risk of fracture during the
first year after the index fracture. A population-based study
carried out in postmenopausal women found a higher rela-
tive risk of fracture in the first year with a further decrease
in the following years [13]. To design effective preventive
strategies and help the early post-fracture management of
affected individuals, it is therefore important to accurately
identify the population with an imminent risk of fracture.

In this context, we aimed to characterize patients at
high imminent risk of fracture and to estimate their 1-
and 2-year risk of fracture. We considered a number of
scenarios with an increased risk of fracture and selected
appropriate cohorts for assessment. In the cohort of newly
diagnosed osteoporosis, we sought to identify rates of
imminent fracture in patients following their first assign-
ment of an osteoporosis diagnosis. In the cohort of inci-
dent osteoporosis fracture, we focused on patients experi-
encing their first incident osteoporotic fracture and again
focused on subsequent event rates for new fractures. In
the cohort of incident oral bisphosphonates, we included
incident users of oral bisphosphonate therapy, and in
the cohort of incident fracture while on treatment with
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bisphosphonates, we selected patients with an incident
fracture while using bisphosphonate treatment.

Materials and methods

We conducted a retrospective cohort study using data from
three European electronic health care databases from the
United Kingdom (UK), Denmark and Spain. The databases
used were as follows:

(1) The Clinical Practice Research Datalink (CPRD) from
the UK, which contains anonymized and computer-
ized primary care outpatient records for a representa-
tive sample of the UK population (> 7 million patients,
approximately 8% of UK population) in addition to
demographic information, medication prescriptions,
clinical events, referrals and hospital admissions. Pre-
vious reports have demonstrated the availability and
quality of CPRD [14]. For completeness and improved
data quality, we linked CPRD to the Hospital Episode
Statistics Admitted Patient Care, which contains clini-
cal diagnoses during hospital admissions in England,
to the Office for National Statistics mortality records
and to the Index of Multiple Deprivation dataset.

(2) The Sistema d’informaci6 per al desenvolupament de
la investigacié en Atenci6 primaria (SIDIAP) which
comprises primary health care anonymised electronic
medical records for a representative > 80% of the popu-
lation of Catalonia, as well as demographic informa-
tion, clinical events (ICD10 codes), prescriptions and
community pharmacy dispensations. Previous reports
have demonstrated the availability and quality data of
SIDIAP [15]. In order to avoid incomplete fracture
records, we linked SIDIAP to regional hospital admis-
sions data available for those hospitals part of the same
trust/health care provider covering around 30% of the
Catalan population (CMBD-AH ICS for its acronym in
the Catalan language).

(3) The Danish Health Registry (Lagemiddel-registret)
[16], which contains all filled prescriptions in the
country, is linked to the National Hospital Discharge
Register (Landspatientsregistret—all diagnosis codes
and treatments for inpatients and outpatients) and to
the National Cause of Death Register (Dgdsarsagsreg-
istret). It represents the total Danish population, and
previous reports have demonstrated the validity of the
DHR database for epidemiological studies [17].

Participants
The source population for this study included individuals

aged at least 50 years old at cohort entry, with at least 1 year
of patient records available prior to inclusion.
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The study period for CPRD was from 1 January 1995
to 31 January 2017; for SIDIAP from 1 January 2006 to
31 December 2016 and for DHR from 1 January 1995 to
31 December 2016. The study population included cohorts
of individuals at potentially high fracture risk, as identified
from the literature, divided into 4 cohorts (Online Resource

1.
Cohorts (non-exclusive)

(1) NDO (newly diagnosed osteoporosis) patients with
an incident recorded diagnosis of osteoporosis which
might include those with or without a fracture (diag-
nosed through read codes or ICD-10 codes).

(2) OFx (osteoporotic fracture) patients with a first incident
fracture (all except face, skull and digits), diagnosed
either through read codes or ICD-10 codes and without
fracture coded at the same anatomical site in the prior
6 months.

(3) BP (oral bisphosphonates use) incident users of oral
bisphosphonates (ATC 05B*) without bisphosphonate
use in the prior year.

(4) FWOT (fracture while on treatment) patients with an
incident fracture (as in the osteoporotic fracture cohort)
while on treatment with oral bisphosphonates. This
cohort was defined by a fracture diagnosed after bis-
phosphonate initiation and during continued therapy
(with a gap of 90 days between dispensations allowed)
and without fracture at the same site in the prior
6 months.

For a given individual, the date of entry into a cohort
was defined as the index date (Table S2). Participants could
potentially be present in more than one of the cohorts earlier,
with different index dates.

Exclusion criteria

Individuals with Paget disease of bone and those with a his-
tory of breast or prostate cancer (at any time before the index
date) were excluded. Furthermore, those with the use of any
anti-osteoporotic drug (except Calcium and Vitamin D sup-
plements) in the previous year were also excluded from the
BP cohort.

Exposures, outcomes and covariates

All study variables (exposures, outcomes and covariates)
were identified using pre-specified lists of diagnosis codes
(ICD10, READ and ICD9) and medication codes (ATC and
BNF/Prodcodes) (Online Resource 2).

The main study outcome was the first fracture of the hip,
clinical spine, non-hip, non-spine and hip/humerus/distal

forearm during the first and second years of follow-up. Any
two fractures of the same bone/site coded within 6 months
of each other were considered duplicate records, and the one
recorded the latest was dismissed in regard to the primary
outcome.

The aim of the aforementioned groups of outcomes is to
capture all types of fractures; however, for clinical purposes,
these groups are not practical. For this reason, we grouped
the outcomes considered as ‘major osteoporotic fractures’
(MOF), which included fractures at the hip/humerus/distal
forearm and clinical spine.

For each study outcome, patients were followed from the
index date until the earliest of the study outcome, death,
migration/transfer out and end of the study period (based
on data availability at extraction date), whichever came first.

Covariates of interest included risk factors of fracture
studied in the literature and those included in the QFracture
[12] and FRAX [11] risk score calculators: age, sex, ethnic-
ity, smoking status, alcohol drinking, diabetes mellitus, fam-
ily history of osteoporosis/hip fracture, residence in a nurs-
ing/care home, previous history of distal forearm/spine/hip/
shoulder fracture, history of falls, dementia, cancer, asthma
or COPD, ischaemic heart disease, chronic liver disease,
chronic kidney disease (stage 4+), Parkinson’s disease,
rheumatoid arthritis or SLE, malabsorption and endocrine
problems including thyrotoxicosis, hyperparathyroidism,
Cushing’s, epilepsy or use of anticonvulsants, use of anti-
depressants, steroid tablets use, use of oestrogen or hormone
replacement therapy body mass index, weight, height, any
previous fracture, secondary osteoporosis, recent fracture
(in the previous 6 months and 1 year), use of proton pump
inhibitors, vitamin D deficiency, previously described pre-
dictors of imminent fracture and comorbidities: ankylosing
spondylitis, anxiety disorders, Charlson co-morbidity index
and medication: previous anti-osteoporosis drug use, hepa-
rin, beta-blockers, nitrates and calcium channel blockers.

In terms of the look-back period, we considered all med-
ical history, e.g. if diabetes mellitus was ever diagnosed,
it was coded ‘yes’. For smoking, drinking, BMI, nursing
home, falls and medication, a look-back period of 1 year
was used, given that the most recent recorded status would
be the most correct at baseline. For fractures, a look-back
period of 6 months, 1 year and ever before the index date
(baseline) were all included.

Statistical analysis

Baseline demographics were reported. These included socio-
economics, medical history and fracture risk factors strati-
fied by cohort and country.

For each outcome, the 1-year and 2-year incidence
rates were calculated. The incidence rate was defined as
the number of events of the outcome of interest divided
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by the summation of patient years contributed by all
patients in the cohort. Plots of the 1- and 2-year cumula-
tive incidence (95% CI) function were also produced for
each outcome.

Sub-group analysis

One-year incidence rates were also calculated for each
of the following sub-groups: age groups, type of index
fracture (hip and clinical spine fracture); and for the OBP
cohort only, previous fracture history.

A common data dictionary was used to extract vari-
ables from all three databases, and a single R script was
used to run the analyses in all three databases; all analy-
ses were performed using RStudio version 1.1.380.

Fig. 1 NDO, OFx, BP and

Results

NDO: newly diagnosed osteoporosis patients (with
or without a fracture)

The NDO cohort consisted of a total of 69,899 from the
CPRD database, 37,901 from the SIDIAP database and
158,191 individuals from the DHR database (Fig. 1).

Baseline characteristics of the population included are
reported in Table 1. The proportion of men among these
newly diagnosed patients was low, especially in Spain
(8.6%). There were also pronounced differences in comor-
bidity between the countries with Denmark having the low-
est proportion of individuals with > 3 points in the Charlson
Comorbidity Index.

Overall, 1-year incidence rates of all individual fracture
categories (Table 2) were highest in Denmark and lowest in

Incident

Fracture While On

FWOT study cohorts  osteaparosts Osteoporosis sisphosphateuse  TTeatment with oral
Total Eligible Fracture Total Eligible bisphosphonates
CPRD 75,977 Total Eligible CPRD 160,577 Total Eligible
SIDIAP 41,375 CPRD 87,848 SIDIAP 57,265 CPRD 31,882
DHR 178,248 SIDIAP 61,715 DHR 230.467 SIDIAP 2,091
DHR 1,133,667 ! DHR 34,386
Excluded Excluded Excluded Excluded
Age <50 Age < 50 Age <50 Age <50
CPRD 1,130 CPRD 239 CPRD 679 CPRDO
SIDIAP 890 SIDIAP 4,260 SIDIAP 1,522 SIDIAP 15
DHR 10,447 DHR 602,167 DHR 9,646 DHR 468
Index date Index date Index date Index date
later than 31 later than 31 later than 31 later than 31
Dec. 2015 Dec. 2015 Dec. 2015 Dec. 2015
CPRD 1,859 CPRD 1,451 CPRD 3,898 CPRD 1,342
SIDIAP 2,584 SIDIAP 6,411 SIDIAP 3,054 SIDIAP 211
— DHR O — DHR O - DHR O * DHRO
Paget disease Paget disease Paget disease Paget disease
or history of or history of or history of or history of
breast/ breast/ breast/ breast/
prostrate prostrate prostrate prostrate
cancer cancer cancer cancer
CPRD 3,261 CPRD 2,768 CPRDO CPRD 1,518
SIDIAP O SIDIAP O SIDIAP SIDIAP O
DHR 9,646 DHR 21,949 DHR 3,525 DHR 2,036
Included Included Included Included
CPRD 69,899 CPRD 83,514 CPRD 148,507 CPRD 28,930
SIDIAP 37,901 SIDIAP 51,044 SIDIAP 52,037 SIDIAP 1,865
DHR 158,191 DHR 514,139 DHR 204,010 DHR 32,611
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Spain. The difference between the countries was observed
for all fracture types but most pronounced for hip fractures,
ranging from 4.7 to 74.2 per 1000 persons-years in Spain
and Denmark, respectively.

The major osteoporotic fracture was created by adding
the incidence rate of hip/humerus/distal forearm and clini-
cal spine. The 1-year incidence rate of major osteoporotic
fracture was highest for Denmark, followed by the UK and
Spain (127.8, 33.4 and 17.3 per 1000 persons-year, respec-
tively). One-year incidence rate per sex is depicted in the
supplemental data (Online Resource 6); incidence rate of
major osteoporosis fracture was greater in women in CPRD
(16.3 vs 9.1 per 1000 persons-year in women and men,
respectively) and in men in DHR (123.3 vs 150.1 per 1000
persons-year in women and men, respectively) with no sig-
nificant differences found in SIDIAP.

The age-specific 1-year incidence of major osteoporo-
tic fractures is reported in Fig. 2. While all three countries
showed an increase in rates with increasing age, there were
nation-specific differences, with the highest rates for Den-
mark compared to the UK and Spain. These differences were
more pronounced between the youngest (subjects between
50 and 60 years old) and the oldest (subjects over 90 years
old). Young Danish subjects had a double risk of suffering
a fracture compared to subjects the same age in the UK or
Spain, and the oldest Danish individuals had higher inci-
dence rates of fracture (over 400 per 1000 persons-year)
compared to the UK (75) and Spain (57).

The 2-year incidence rate of fracture is reported in
Table 3. Incidence rates of all fracture categories remained
highest for Denmark followed by the UK and Spain but
were still lower than those found for the 1st year; the great-
est reduction was found for Denmark, with approximately
a 40% decrease in the incidence rates of hip and clinical
spine fracture. The same was observed when grouping by
major osteoporotic fracture (IR of 84.5, 28.8 and 15.4 for
Denmark, the UK and Spain, respectively).

OFx: patients with a first incident fracture
at osteoporotic sites

The OFx cohort consisted of a total of 83,514 from the
CPRD database, 51,044 from the SIDIAP database and
509,551 individuals from the DHR database (Fig. 1).

UK individuals were on average 8 and 6 years older than
the Danish and Spanish individuals, and there were fewer
men (around 1 in 5 participants) compared to Denmark or
Spain (about 1/3 in both); 9.6%, 15.7% and 4.5% patients in
the UK, Spain and Denmark had an osteoporosis diagnosis.

Compared to the newly diagnosed osteoporosis cohort,
individuals with an incident osteoporosis fracture had lower
use of steroids and bisphosphonates and had an overall
worse health status (Table 1).

The incidence rate for hip fracture was highest in Den-
mark (24.1 per 1000 persons-years) followed by the UK
(18.1) and Spain (9.5); however, the opposite was found for
clinical spine fractures which rates were highest in Spain
(9.4 per 1000 persons-years) followed by Denmark (5.1)
and the UK (2.8). The incidence rate of major osteoporotic
fracture was highest for Denmark, followed by Spain and the
UK (42.7, 38.3 and 20.7, respectively). The 1-year incidence
rate of major osteoporosis fracture per sex is depicted in
the supplemental data (Online Resource 6); incidence rate
(per 1000 persons-year) was greater in women in SIDIAP
(41.4 vs 30.8) and DHR (44.35 vs 36.8 in women and men,
respectively) with no significant differences found in CPRD.

Age-specific 1-year incidence rates of major osteoporotic
fracture (Fig. 3) increased similarly in Spain and Denmark
and were both higher than the ones found for the UK, whose
individuals had lower incidence rates in all age bands.

Regarding 2-year incidence rates of fracture (Table 3),
overall, it was highest in Denmark, followed by the UK and
Spain. Major osteoporotic fracture followed the same trend
with incidence rates of 41, 30 and 24.9 in Denmark, Spain
and the UK, respectively. Of note is the slight increase in
the UK from the Ist year to the 2nd year (incidence rate of
20.3 to 24.9).

BP: new users of oral bisphosphonates

The BP cohort was formed by a total of 148,507 individu-
als from the CPRD database, 52,037 individuals from the
SIDIAP database and 204,010 individuals from the DHR
database (Fig. 1).

Danish and Spanish individuals in this cohort were 3 and
4 years younger than the UK individuals, and Spanish indi-
viduals had a lower proportion of steroid users compared
to the other countries (Table 1); 16.3%, 25.4% and 34.0%
patients in the UK, Spain and Denmark had an osteoporosis
diagnosis. The mean time to fracture from index date was
181 days, 144 days and 141 days for the UK, Spain and Dan-
ish individuals, respectively.

The 1-year incidence rates of individual fracture catego-
ries were highest in Denmark followed by the UK and lowest
in Spain (Table 2). When considering hip fractures, both the
UK and Denmark had higher rates than the ones experienced
by Spanish individuals. The incidence rate of clinical spine
fractures in Denmark (8.3 per 1000 persons-year) doubled
the ones found in the UK or Spain (4.3 in both countries).
Overall, the 1-year rates of major osteoporotic fractures
were highest for Denmark, followed by the UK and Spain
(48.6, 31.3 and 21.1, respectively). The 1-year incidence
rate of major osteoporosis fracture per sex is depicted in
the supplemental data (Online Resource 6); incidence rate
(per 1000 persons-year) was greater in women in SIDIAP
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Fig.2 Age-specific 1-year incidence rate per 1000 persons-year of
major osteoporotic fractures in newly diagnosed osteoporosis cohort

(22.7 vs 14.1) and DHR (49.8 vs 43.4 in women and men,
respectively) with no significant differences found in CPRD.

The age-specific 1-year risk of major osteoporotic frac-
ture showed increasing IR with age and higher rates for Den-
mark followed by the UK and Spain (Fig. 3).

When stratifying this cohort depending on their previ-
ous fracture history (Online Resource 3), those who had a
previous fracture had high incidence rates of major osteo-
porotic fracture in all countries and for subjects in the UK
and Denmark higher incidence rates of the hip compared to
clinical spine fracture.

Two-year IR (Table 3) of major osteoporotic fracture
group was highest in Denmark and the UK than in Spain
(40.1, 26.9 and 16.6 in Denmark, the UK and Spain,
respectively).

FWOT: patients with incident fracture while on treatment
with oral bisphosphonates

The FWOT study cohort composed a total of 28,930 from
the CPRD database, 1,865 from the SIDIAP database and
31,882 individuals from the DHR database (Fig. 1).

As with the other three cohorts, Spanish patients were
the youngest and had a lower proportion of men. Compared
to Denmark, Spain and UK individuals had poorer health
status, with 17% and 13% of individuals with a Charlson
index 3+ respectively (Table 1); 47.8%, 52.9% and 50% of
patients in the UK, Spain and Denmark had an osteoporosis
diagnosis. The mean duration of bisphosphonate use from
index date to incident fracture was 100.8, 43.7 and 61 days
for the UK, Spain and Denmark, respectively.

As in subjects with an incident osteoporotic fracture,
the 1-year incidence rate of hip fracture was higher in Den-
mark and lowest in Spain; however, this was not true for the

clinical spine, where Spain had the highest incidence rates
in this population. One-year IR of major osteoporotic frac-
ture was highest in the UK followed by Denmark and Spain
(51.9, 49.5 and 40.8, respectively). The 1-year incidence
rate of major osteoporosis fracture per sex is depicted in
the supplemental data (Online Resource 6); incidence rate
(per 1000 persons-year) did not show significant differences
between men and women.

The age-specific major osteoporotic fracture rates were
very similar for all three countries up to the age of 90 years
old, over which the Spanish individuals suffer a drop in their
incidence rates reaching the lowest levels in this cohort prob-
ably influenced by the low number of individuals included in
this age band (Fig. 3). Interestingly, the risk appeared much
higher than in previous cohorts among the younger groups
of 50 to 60 years of age: from 37 (Spain) to 44 per 1000
persons-years (UK and Denmark) for major osteoporotic
fracture (Fig. 3).

Two-year incidence rates (Table 3) of hip fracture were
highest in Denmark followed by the UK and Spain. How-
ever, similar rates of clinical spine fracture were demon-
strated in all three countries.

Site of index fracture (OFx and FWOT)
OFx: incident osteoporotic fracture cohort

When analyzing data by the site of index fracture, in all
countries, those who had an index hip fracture (Online
Resource 4) or clinical spine fracture (Online Resource 5)
had higher incidence rates of major osteoporotic fracture
than of hip or clinical spine fractures.

Incidence rates of hip fracture were higher among indi-
viduals with an index clinical spine fracture compared with
those with an index hip fracture.

FWOT: fracture while on treatment with bisphosphonates
cohort

As in the incident osteoporotic fracture cohort, those who
had index hip fracture had more frequently a subsequent
major osteoporotic fracture and among these a second hip
fracture (Online Resource 4). Those who had an index clini-
cal spine fracture had more frequently a hip fracture in the
UK and Denmark but had higher rates of clinical spine frac-
ture in Spain (Online Resource 5).

Discussion
In this large multi-database and multinational cohort study,

we report 1-year and 2-year fracture risk in four different
cohorts: (1) newly diagnosed osteoporosis, (2) incident

@ Springer
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osteoporotic fracture, (3) incident use of oral bisphospho-
nates and (4) fractures while on treatment with oral bispho-
sphonates. The study highlights that at the end of the 1st and
2nd years, patients who fracture while on treatment are par-
ticularly prone to further major osteoporotic fractures; this
is true for two of the three databases (SIDIAP and CPRD).
For DHR, individuals at greater risk of major osteoporotic
fractures are those with newly diagnosed osteoporosis. In
accordance with the global epidemiology of osteoporosis,
we consistently found an increased risk of fracture with
increasing age, with relatively little difference in the age-
risk gradient between the different cohorts. Of particular
note is the highly elevated risk of fracture found especially
among the younger individuals (50-60 years old) included in
the fracture while on treatment cohort, which was twice that
found in the same age category in the incident osteoporotic
fracture cohort.

Fractures in Spain

The SIDIAP database is a primary health care population-
based database. Overall, Spanish individuals were diagnosed
and treated for osteoporosis at younger ages compared to the
other countries.

Individuals who fractured while on treatment were
older than the rest of cohorts in this country (mean age of
73 years) and had, as for the incident osteoporotic fracture
cohort, poorer health status with a higher proportion of indi-
viduals with > 3 points in the Charlson Comorbidity Index

(13.4% and 13.3% in the fracture while on treatment and
incident osteoporotic fracture cohort, respectively). The
majority of the index fractures in these cohorts were non-
hip, non-spine.

In Spain, individuals who experienced the highest 1-year
incidence rate of fracture and therefore at greater risk of
major osteoporotic fractures were those who fractured while
on treatment (40.8 per 1000 persons-year) followed by those
who had had an incident osteoporotic fracture (38.3 per 1000
persons-year). The same is seen at the end of the 2nd year.

Fractures in the UK

The CPRD database is a primary health care population
database. Individuals with an incident fracture and those
who fractured while on treatment were older than the rest
of the cohorts (mean age of 78—79 years old) and had poorer
health status, with a higher proportion of individuals with
> 3 points in the Charlson Comorbidity Index (17.6% and
11.9% for those who fractured while on treatment and the
incident osteoporotic fracture cohort, respectively).

Regarding the previous fractures, 15.2% of the individu-
als with an incident diagnose of osteoporosis already had a
fracture, and 8.3% of the individuals in the incident osteo-
porotic fracture cohort had already a previous fracture which
is due to difficulties in accurately dating the history of previ-
ous fractures with the read codes used in CPRD.

When analysing the distribution of the index fractures
in the incident osteoporotic fracture and fracture while on
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treatment cohort, 67.6% were hip in the incident osteoporo-
tic fracture, while the majority of the index fractures in the
fracture while on treatment cohort were non-hip, non-spine
(65.5%).

In the UK, the highest 1 year incidence rates of major
osteoporotic fractures are found among those who fractured
while on treatment followed by those who had a new diag-
nose of osteoporosis (51.9 and 33.4 per 1000 py, respec-
tively). The same is seen at the end of the 2nd year.

Fractures in Denmark

As in Spain and the UK, individuals who fractured while on
treatment were older than the rest of the cohorts (mean age
of 75 years old) and had poorer health status with a higher
proportion of individuals with >3 points in the Charlson
Comorbidity Index, which was true for those with incident
osteoporotic fracture and for those who fractured while on
treatment but was especially relevant in this last group (2.9%
and 2.2% for the fractures while on treatment and incident
osteoporotic fracture cohort, respectively). The majority of
the index fractures in the incident osteoporotic fracture and
in the fracture while on treatment cohort were non-hip, non-
spine. Incidence rates of fracture in Denmark were higher
than in the two other countries, and as will be discussed
in the succeeding text, the highest incidence rate of major
osteoporotic fracture was found for those individuals with
a newly diagnosed osteoporosis (127.8 per 1000 persons-
year); this was true for the 1st- and 2nd-year IR.

Interpretation and comparison with other studies

The increased rate of fracture found, in all the countries,
among individuals with a previous fracture (incident osteo-
porotic fracture and fracture while on treatment cohort) has
been already described, regardless of the bisphosphonate
adherence [18], and even among highly adherent individu-
als included in some randomized controlled trials of bis-
phosphonates [19, 20]. Fewer are the studies using real-
world data; in 2014, a study based on the SIDIAP database
reported an increased risk of fracture among bisphosphonate
users (3.4% of these individuals fractured every year) with
older age and previous fractures identified as risk factors
[21], and another carried out in Denmark in 2016 found a
higher incidence of subtrochanteric and femoral shaft frac-
tures among highly adherent alendronate users after 13 years
of treatment; however, further analysis justified this increase
by the worse profile of risk factors among the older pop-
ulation rather than by a detrimental effect of alendronate
[22]. As in these previous studies, in our study, individuals
who fractured while on treatment in all the countries were
older than the rest with poorer health status and higher

@ Springer

comorbidity which could have contributed to the increased
risk of fracture.

The difference in the rates of major osteoporotic frac-
tures—highest in Denmark and lowest in Spain—Ilikely
reflect the already known geographical worldwide variation
of fracture incidence with greater incidence rates of fracture
in Northern Europe [23]. The reasons for this remain elu-
sive and are beyond the scope of this paper but may include
genetic differences including differences in body height and
obesity, socio-economic differences, lifestyle habits, nutri-
tion and even intrinsic differences in bone quality and bone
geometry [24-26].

Age is an already known risk factor for fracture, and it
is unsurprising that this also affects the immediate risk of
major osteoporotic fractures [3, 4, 19, 27]. We found age-
specific major osteoporotic fractures rates very similar
between all the countries; however, we found that our young-
est population, those aged 50-60 years old, started with an
overall increased fracture rate (5 and 10 per 1000 per year).
Nevertheless, these incident rates are still lower than what
was found in a study carried out in Norway on this same age
band (35 to 50 per 1000 persons-year) [28].

In the last years, there is a growing awareness of the
importance of fracture prevention in the imminent fracture
risk period. Our results show that the imminent fracture risk
increased with age in all patients included (with or without
a fracture) but was especially pronounced in those who had
already fractured while on treatment with bisphosphonates.
These subjects even those at younger ages were twice as
likely to fracture compared to the rest of the cohorts; there-
fore, focusing the preventive strategies on these patients
could help optimize the health care resources in each coun-
try. Future studies are needed to stratify the results per sex,
or the Charlson Comorbidity Index and multivariate models’
analysis to assess the association between the imminent frac-
ture risk and baseline characteristics in each of the cohorts
would contribute to more accurately define the population
at risk.

Strengths and limitations

To our knowledge, this is the first multinational and multi-
database study that analyses the imminent risk of fracture
in four different groups of individuals at risk using real-
world data. The large number of individuals included and
given the data gathered (routinely collected in primary
care with hospital linkage) enables us to easily extrapolate
our results. However, this study must also be interpreted
in light of some limitations. First, there are differences in
the number of individuals provided by each database for
each cohort; in the incident osteoporotic fracture cohort,
the DHR database contributed with 509,551 individuals,
which is over sixfold higher compared to CPRD (83,514)
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and over ninefold higher compared to SIDIAP (55,304). Sec-
ond, the different nature of the databases (Online resource
6), with CPRD and SIDIAP from primary care and DHR
from hospital bases, renders comparison between them dif-
ficult. The DHR is a hospital-based database coupled with a
nationwide prescription register that includes primary prac-
tice, compared to the primary care database of CPRD and
SIDIAP. In some respects, it affects cohort definitions only
as regards the newly diagnosed osteoporosis cohort where a
small number of patients will be given an osteoporosis code
in hospitals compared that with primary practice, selecting
for a smaller and more severely affected population. This can
also be reflected in the proportion of patients with a higher
Charlson Comorbidity Index (> 3) which is similar in the
newly diagnosed osteoporosis, in the fracture while on treat-
ment with bisphosphonates and in the incident osteoporosis
fracture cohort in Denmark suggesting a possible selection
bias of a more severely affected population at baseline com-
pared to what is found in the other countries, which would
attenuate or confound the differences between the cohorts
found with regard to fracture risk. As a minimum, the data-
base differences will also affect the threshold for contacts
with the health service, given that patients, in general, will
have more contacts with primary practice than with hospi-
tal clinics, so the same patient is likely to achieve a higher
Charlson score in a general practice database than in a hos-
pital system database since some conditions do not require
referral to specialists. By contrast and critical to the epide-
miological value of the study, all three databases capture
hospital-treated fractures, and all three databases are able
to accurately capture initiation of osteoporosis treatment.
Third, among the incident fracture cohort, incident frac-
tures were, as defined, the first fracture sustained in all
Danish patients and in almost all patients in Spain. How-
ever, approximately 8% of the UK patients experienced a
fracture previous to the inclusion in the cohort (Table 1);
these patients’ fractures were found to be related to histori-
cal coding and were dismissed from the analysis. Fourth,
the duration of the treatment of bisphosphonates in the inci-
dent bisphosphonate treatment cohort was not assessed, and
therefore, we cannot exclude that the fracture rates reported
could be partly due to a previous baseline risk of the patient
(before the maximum effect of the bisphosphonate treat-
ment). However, evidence suggests that the anti-fracture
efficacy starts at the beginning of the treatment and reaches
its maximum of 3 months after the initiation of the bisphos-
phonates [29]. In the worst-case, fracture rates in this cohort
would be slightly lower, unlikely to affect our conclusions.
Moreover, potential unknown discrepancies in coding could
have taken place, leading to an under or overestimation of
the fracture rates. There are also potential analytical dis-
crepancies, which were minimized by the use of a single
standardized and double-checked (by two analysts) script

across all three databases. At last, the stratified results could
not be driven by the strata definition itself but underlying
differences; hence, multivariate models are required to truly
identify the patients with high risk.

Conclusions

Individuals who already have sustained an initial fracture
and especially those who suffer a fracture while on treatment
with bisphosphonates experience higher re-fracture inci-
dence rates than those with a newly diagnosed osteoporosis
with or without treatment. Spanish individuals demonstrated
an overall lower risk of major osteoporotic fractures except
for those individuals who re-fractured, where the incident
rate was found even higher than in the UK. Similar age-
specific major osteoporotic fractures were seen for all three
countries; however, the risk was much higher among the
younger patients (50—60 years old).

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00198-021-06077-0.
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