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Abstract Hip fractures represent a major public health

challenge worldwide. Multinational studies using a com-

mon methodology are scarce. We aimed to estimate the

incidence rates (IRs) and trends of hip/femur fractures

over the period 2003–2009 in five European countries.

The study was performed using seven electronic health-

care records databases (DBs) from Denmark, The Neth-

erlands, Germany, Spain, and the United Kingdom, based

on the same protocol. Yearly IRs of hip/femur fractures

were calculated for the general population and for those

aged C50 years. Trends over time were evaluated using

linear regression analysis for both crude and standardized

IRs. Sex- and age-standardized IRs for the UK, Nether-

lands, and Spanish DBs varied from 9 to 11 per 10,000

person-years for the general population and from 22 to 26

for those C50 years old; the German DB showed slightly

higher IRs (about 13 and 30, respectively), whereas the

Danish DB yielded IRs twofold higher (19 and 52,

respectively). IRs increased exponentially with age in

both sexes. The ratio of females to males was C2 for

patients aged C70–79 years in most DBs. Statistically

significant trends over time were only shown for the UK

DB (CPRD) (?0.7 % per year, P \ 0.01) and the Danish

DB (-1.4 % per year, P \ 0.01). IRs of hip/femur
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fractures varied greatly across European countries. With

the exception of Denmark, no decreasing trend was

observed over the study period.

Keywords Hip fracture � Incidence rate � Electronic

health-care record � European country

Introduction

Hip fractures represent a major public health challenge in

developed countries due to the increasing age of the pop-

ulation [1]. In 2000, there were almost 1 million patients

with an episode of hip fracture in the European Union, and

it has been predicted that this figure will increase more than

twofold in the coming 50 years [2]. The increasing trend in

the incidence of hip fractures along with associated mor-

bidity complications, dependence, and mortality [3, 4]

make this condition a major public health concern. In

addition, hospital resources for injury-related admissions

are one of the major causes of total health-care costs in

Europe [5]. Distribution of this injury in the world is het-

erogeneous [1], although Europe holds an important share

of these fractures (37 %) worldwide [6].

In recent years an increasing number of studies have

reported that the secular trends in the incidence of hip

fractures have leveled off [7–9] or started to decline

since the late 1990s [10] in some European countries.

Allegedly, this would be the result of the effectiveness

of national campaigns to prevent both osteoporosis and

falls [2, 11]. A call to update the data for as many

countries as possible has been made [12] in order to

check whether this favorable trend is consistent. In the

present study we describe the incidence of hip and femur

fractures across five European countries (Denmark,

Germany, The Netherlands, the United Kingdom, and

Spain) using seven different electronic health-care record

databases and compare the rates and trends over the

period 2003–2009.

Patients and Methods

Data Sources

Seven European data sources located in five different

countries were used in this study. The Danish national

registries (DKMA; http://www.dkma.dk, http://www.sst.

dk); the German bavarian association of statutory health

insurance physicians database (Bavarian claims; http://

subs.emis.de/LNI/Proceedings/); the Dutch Mondriaan

project (http://www.projectmondriaan.nl) with two dat-

abases, Netherlands primary care research database

(NPCRD) and Almere health care group (AHC; http://

www.zorggroep-almere.nl); the Spanish Base de datos para
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Primaria (BIFAP; http://www.bifap.org); and two dat-

abases from the United Kingdom, the Clinical practice

research datalink (CPRD, formerly known as the general

practice research database; http://www.cprd.com) and the

health improvement network (THIN; http://www.thin-uk.

com).

Four are nationwide primary care databases covering a

part of their country’s population: 2 % (Mondriaan

NPCRD), 5.7 % (THIN), 6.8 % (BIFAP), and 8 %

(CPRD). Mondriaan-AHC is a primary care regional

database representing over 170,000 patients (90.3 % of

citizens in 2008) from the newly built city Almere in The

Netherlands. The Bavarian Claims database includes pop-

ulation-based data on diagnoses and medical services

linked to outpatient treatment data through general practi-

tioners (GPs) and specialists, covering 10.5 million people

(85 % of the Bavarian population). Dates of prescribing

and diagnoses are not available in the Bavarian Claims

database, which includes only the quarter of the year a

prescription or a diagnosis was registered. And finally, the

Danish national registries, maintained by the National

Institute for Health Data and Disease Control, contain

information on all hospital contacts since 1995 (inpatient

contacts since 1977 and emergency and outpatient contacts

since 1995), medication dispensing on a pharmacy level

linked to individuals who redeemed a prescription from

1994 onward, causes of death for the entire population (5.3

million inhabitants), and contact information of visits to

GPs as well as specialists in private care.

All participating databases fulfill quality standards for

pharmacoepidemiology research [13]. A common protocol

and data specifications, revised and approved by all study

participants and by an external committee, were adopted by

the seven databases. This study is part of the Pharma-

coepidemiological Research on Outcomes of Therapeutics

by a European Consortium (PROTECT; http://www.imi-

protect.eu/). The study protocol has been registered in the

European Network of Centres for Pharmacoepidemiology

and Pharmacovigilance study registry (http://www.encepp.

eu/).

Study Population

The study population comprised patients of all age groups

within each database during the period from January 1,

2003 to December 31, 2009, fulfilling the quality criteria of

valid registration status established by the respective

database owners. Within this period, we selected as a start

date the latest of the following: the date when the practice

came up to a research standard, the date when the practice

was enrolled into the database, or the date when a patient

was enrolled into a practice or into the database (this does

not apply to the Danish data, which included all citizens).

End of follow-up was defined as the end of the study period

or the earliest of the following events: the patient died, the

patient was transferred out, the practice left the database, or

the last event was recorded. For the Danish databases fol-

low-up was stopped at the end of the study period or if the

patient died or left Denmark. For the Mondriaan AHC

database data from 2009 were not available, and the

Bavarian Claims database provided data only from 2006 to

2008.

Outcome Definition

Although our main interest was hip fracture, defined as a

fracture of the proximal femur in the cervix or in the tro-

chanteric region, we considered ‘‘any femur fracture’’ to be

the operational outcome definition for this study (herein-

after referred to as ‘‘hip/femur’’ fracture). The main reason

was that some of the participating databases (the Dutch

NPCRD and AHC and the Spanish BIFAP) use the Inter-

national Classification of Primary Care (ICPC-2) for dis-

ease coding, which does not have a specific code for hip

fracture but a broader code for ‘‘femur’’ fracture (L75); and

a primary objective of PROTECT was to assure consis-

tency in the outcome definition across databases. Addi-

tionally, the use of a broader code may avoid overlooking

hip fractures by miscoding [14]. The codes applied for the

outcome searching strategy are described in Online

Resource I. The coding system was unchanged during the

study period in each database.

We included all patients with a first ever diagnosis of

hip/femur fracture during the study period. Patients with a

history of past hip/femur fracture ever before were exclu-

ded, to increase the likelihood of including incident epi-

sodes only.

Analysis

Annual incidence rates (IRs) of hip/femur fractures were

calculated for the whole study population. The numerator

comprised all first ever recorded cases of hip/femur frac-

ture, and the denominator was the total number of person-

years of follow-up. We also calculated the annual IR

among people aged 50 years or above separately as most

fractures occurring before this age are primarily due to

trauma and many studies use this age limit [15, 16].

For the comparison of the IRs in the whole population

and the population 50 years or older across databases and

over time, we carried out a direct sex and age standardi-

zation using the European Union population in 2008

(EUROSTAT) as the standard (http://epp.eurostat.ec.

europa.eu/portal/page/portal/population/data/database).

We also calculated age- (in 10-year bands) and sex-

specific IRs over the study period. Age of patients was
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computed at midyear within each calendar year of the study

period. The incidence rate ratios (IRRs) and their 95 %

confidence intervals (95 % CIs) were calculated to assess

the effect of sex on different age groups within each

database.

To quantify the trend over the study period, we per-

formed linear regression analysis for both crude and stan-

dardized rates in each database, defining the annual IR as

the dependent variable and the calendar year as the inde-

pendent variable. The respective slope (b coefficient) was

considered as the average change per year over the study

period. This annual change was also expressed as a per-

centage of IR using the first year as reference. The null

hypothesis of b = 0 was tested using the t test. P \ 0.05

was considered significant. The 95 % CI of the slope was

also calculated.

Results

IRs of Hip/Femur Fractures

The data sources from the United Kingdom, The Nether-

lands, and Spain provided standardized IRs for the general

population, mostly ranging from 9 to 11 per 10,000 person-

years (py). The Bavarian Claims database displayed rates

around 13 per 10,000 py, whereas the Danish database

yielded rates around 19 per 10,000 py (Online Resource II:

Table A).

The standardized IRs of hip/femur fracture for the

population 50 years or older were two to three times higher

than those for the general population, ranging 15–25 per

10,000 py in the United Kingdom, The Netherlands, and

Spain to 52 per 10,000 py in Denmark and around 30 per

10,000 py in Germany (Table 1).

Time Trends

A significant trend in standardized IRs in people 50 years

or older was only observed for the British CPRD (?0.7 %

per year, P \ 0.01) and the Danish database (-1.4 % per

year, P \ 0.01) (Table 1). For the remaining databases no

significant trend was observed. The short study period

available for the Bavarian Claims database precluded any

trend analysis.

Sex- and Age-Specific IRs of Hip/Femur Fracture

The crude and age-standardized IRs were two to three

times higher in women than in men for the whole popu-

lation (data not shown) and for the population 50 years or

older, over the study period and across all databases

(Fig. 1). In 2008, the median standardized IRR of females

vs. males was 2.4 (range across databases 1.3–3.3) for the

general population and 2.6 (range across databases 1.6–3.1)

for the population 50 years or older. This ratio, however,

was shown to be strongly dependent on age: for age groups

less than 50 years the IRRs of females vs. males were

consistently below 1 but then increased gradually, reaching

a maximum at age 70–79 and then declining (Fig. 2).

The IRs of hip/femur fractures grew exponentially at the

age of 50 years for both females and males (Fig. 3a, b,

respectively), which was a constant feature for all dat-

abases and for the whole study period (see complete data

for all databases in Online Resource III: Table B).

Trends of age- and sex-specific IRs over the study per-

iod showed that there was no relevant trend in any age

group or sex in the British, Dutch, and Spanish databases.

In the Danish database there appeared to be sex- and age-

dependent trends: an increasing trend in females

50–59 years old and a decreasing trend in both males and

females among the 70–79 age group, being stable or

slightly decreasing among the other age groups (Online

Resource IV: Figure a).

Discussion

To the best of our knowledge this is the first study to

provide a direct comparison across European countries of

incidence rates of hip/femur fractures and trends over time,

using the same case definition and the same standard

population. The main findings of our study were as follows:

(1) Denmark showed age- and sex-standardized IRs of hip/

femur fractures two times higher than those observed in the

United Kingdom, The Netherlands, and Spain, while Ger-

many yielded IRs in between; (2) in all countries, IRs were

about two to three times greater in females than in males

and grew exponentially with age regardless of sex, both

patterns being constant in all databases; and (3) significant

trends in standardized IRs over time were observed only in

two databases (slight increasing trend in the British CPRD

and a decreasing trend in the Danish databases), both

among the general population and among the population

50 years or older.

Denmark showed the highest IRs throughout the study

period with figures rather similar to those already published

for the general population (21.1 per 10,000 population) [2]

and for the population 50 years or older (45 per 10,000 py)

[17]. The two UK databases participating in the present

study yielded almost identical results and were similar to

those reported for England (10.2 per 10,000 py) using

hospital admission rates [18]. The IRs from the Spanish

database in people 50 years or older are also similar to

those reported by Hernandez et al. [8] using hospital dis-

charge data from Cantabria in 2002 (25.9 per 10,000 py)
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and to those reported in Catalonia [19] using GP records in

2009 (22.3 per 10,000 py). The two GP databases from The

Netherlands provided standardized IRs that fluctuated

greatly over the study period, showing lower values than

those based on hospital registries [15, 20]. One plausible

explanation for these results is that there was a slight un-

derregistration of ICPC codes by GPs until 2009 in The

Netherlands. This has been proved since after a national

campaign to stimulate ICPC coding in 2010–2011, the

incidence of hip/femur fractures rose to 13.5 per 10,000,

which is similar to both the hospital registration and the

NPCRD Web site. Finally, IRs from the Bavarian claims

database were marginally lower than those in other studies

[7, 21], which might be due to differences in ICD coding

and the data sources employed (national hospital discharge

diagnosis opposed to outpatient diagnosis). Therefore, in

general, the data provided in the present study seem to be

consistent with results from previous studies using different

data sources. Also, our data confirm the evidence that
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Fig. 1 Age-standardized
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European Nordic countries exhibit greater IRs of hip/femur

fractures than other European countries [1, 22]. There is no

definitive explanation for that, but lifestyle, limited expo-

sure to sunlight, and weather conditions may play a role

[23, 24]. Regarding this latter factor, some studies per-

formed in Nordic countries observed higher IRs in winter

than summer, likely related to the fact that worse weather

conditions with slippery roads and pavements increase the

risk of falls [25, 26].

The IRs of hip/femur fractures increased exponentially

with age for both males and females, as observed in other

studies, which may be explained partly by the progressive

bone mass reduction with aging [27] but also by the

accumulation of other risk factors, such as disability and

increasing risk of falls, as well as increasing use of drugs

acting at the central nervous system (e.g., antidepressants,

hypnosedatives, antiparkinsonians, opioids) or the cardio-

vascular system (e.g., antihypertensives, diuretics) or drugs

affecting bone mineral density (e.g., corticosteroids, glit-

azones, SSRIs).

The female to male IR ratios steadily increased with age

among the population over 50 years but declined at older

ages (C80 years), probably indicating that males approxi-

mate females in bone mineral density and major risk fac-

tors at very old ages [28]. This pattern was consistent

across most databases and over the whole study period and

is in accordance with previously published results [16, 29,

30]. Conversely, men presented higher IRs than women
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under the age of 50 years, most probably due to the greater

incidence of trauma-related fractures among males [31].

Time trend analyses showed no decreasing trend in the

standardized IRs over time in most databases, with the

exception of the Danish database. Thus, the general picture

is of a rather stable situation which appears to date back to

the 1990s, as shown by previous reports in the same

countries [3, 18]. Denmark is the only country in our study

which showed a steady decline over the study period, in

particular among the population 70–79 years old, in both

males and females. This tendency is shared by other Nordic

countries [32], as well as by the United States [33], Aus-

tralia [34], Canada [35], and Scotland [36]. This decline in

the Nordic countries might be attributable to a better

management of osteoporosis (earlier screening, diagnosis,

and treatment of patients at risk) [37] and a combination of

healthier diet, increase of physical activity, and educative

measures to prevent falls [38]. Also, a trend toward a lower

consumption of certain drugs that increase the risk of falls

and fractures may have contributed. Interestingly, in a

parallel PROTECT study we observed an important

decreasing trend in the use of benzodiazepines in Denmark

during the same time period [39]. In the AHC database

there was also the suggestion of a decreasing trend since

2005; but the IRs were based on a small number of cases,

and this trend was not observed in the other Dutch

database.

Among the strengths of the present study is the use of

multiple databases that proved valid for pharmacoepide-

miological research [13] including representative popula-

tions regarding age and sex. Additionally, a common

protocol and data specifications were used by all partici-

pants, with consistent criteria for case searches and oper-

ational case definitions, which facilitates comparison of

results across data sources. The present study is part of a

larger research program aimed at describing and analyzing

the discrepancies found among data sources from different

European countries with respect to selected outcomes, drug

exposures, and, particularly, associations between drug

exposures and outcomes. Therefore, common analytical

procedures were employed in order to minimize method-

ological discrepancies as much as possible. Nevertheless,

each data source has its own limitations with regard to data

collection, and each country has different health policies

and prescription patterns, which, among other intrinsic

characteristics of populations and their lifestyles, may

contribute to the variability of our results.

As limitations we should mention that IRs of hip/femur

fractures reported in this article come from codes recorded

in the corresponding databases, and no further validation

was performed [40]. This, in particular for the GP-based

data sources, may result in an underreporting of hip frac-

tures, in particular of fatal cases, which might not be

reported to the GP. However, the IRs obtained in the

present study were fairly consistent with those published

previously by other authors using different data sources

(most of them from hospital records), which reinforces the

idea that the data provided can be used as reasonably valid

estimates for each country. Importantly, the analysis of

time trends should not be affected by such potential limi-

tation as the search criteria were unchanged over the study

period. However, the study period (7 years) may not be

long enough to observe slight trends. On the other hand, the

use of the outcome ‘‘hip/femur’’ fracture might have

inflated the number of cases with respect to other studies

which only focused on ‘‘hip’’ fractures. However, it is

pertinent to note that some authors [14, 41] have recom-

mended the use of this broader outcome for monitoring hip

fractures, even when using hospital records, as ‘‘there is

often miscoding between fractures of the neck of the femur

and fractures of other parts or unspecified parts of the

femur’’ [14]. However, this limitation is less important

when the data are referred to the population 50 years or

older as 90 % of femoral fractures beyond this age are of

osteoporotic nature and mostly affect the neck or intertro-

chanteric site [42].

In conclusion, IRs of hip/femur fractures in the Euro-

pean countries that took part in this research showed no

significant trend over the study period. A remarkable

exception to this general picture is Denmark, which pre-

sented the highest IRs but showed a consistent decline in

both males and females 70 years or older. Our results

confirm the strong relation between this injury and age and

sex, largely published in the literature, and give an updated

overview of the IRs of this major public health issue in

Europe. In addition, this study proves the value of GP

databases to estimate and compare incidence of disease

among multiple sources once common procedures are

followed.
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