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Abstract We aimed to characterize incident users of

alendronate from Denmark and Spain, and investigate their

eligibility for participation in the pivotal Fracture Inter-

vention Trial (FIT). This is an international cross-sectional

study, where the data were obtained from the SIDIAP

database (Sistema d’Informació per al Desenvolupament

de l’Investigació en Atenció Primària) from Catalonia

(Spain) and the Danish Health Registries (DHR). This

study included patients who were incident users of alen-

dronate, C40 years old with no history of Paget’s disease.

Our measurements were the proportion of incident users of

alendronate who were not eligible to participate in FIT.

14,316 and 21,221 subjects initiated alendronate in

2006–2007 (SIDIAP) and 2005–2006 (DHR), respectively.

SIDIAP and DHR alendronate user cohorts had 2347

(16.4 %) and 5275 (24.9 %) subjects aged [80 years old,

reported 9 (0.1 %) and 91 (0.4 %) diagnoses of myocardial

infarction, 423 (3 %) and 368 (1.7 %) of erosive gastro-

intestinal disease, 200 (1.4 %) and 1109 (5.2 %) of dys-

pepsia, and 349 (2.4 %) and 149 (0.7 %) of metabolic bone

disease, all of which were exclusion criteria in FIT. Men

[3818 (26.7 %) in SIDIAP and 3885 (18.3 %) in DHR] and
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glucocorticoid users [1229 (8.6 %) in SIDIAP and 4716

(22.2 %) in DHR] were also excluded from the FIT trial.

Overall, 3447 (35.4 %) SIDIAP and 6228 (44.5 %) (when

not considering men and glucocorticoid users) DHR of

incident alendronate users would have been excluded from

FIT. One in two real-life users of alendronate exhibited one

or more clinical characteristics that would have led to them

being excluded from the FIT trial.

Keywords Osteoporosis � Randomized controlled trial �
Population characteristics � Alendronate � Observational

study

Introduction

Randomized controlled trials (RCT) are the backbone of

evidence-based medicine and are considered as the gold

standard study design to determine the effect of new or

already commercialized medications. While medical doc-

tors are familiar with these studies, the challenge lies in

being able to summarize and apply this evidence in their

day-to-day practice. The rigorous designs inherent to most

RCT confer them high internal validity. However, when

applied in a real-world setting, results have been shown on

occasion to be much less favorable than expected [1, 2].

Despite considerations about external validity being a

pre-requisite for every well-conducted trial [3], this

remains a common limitation in RCTs [1], limiting the

value of the findings obtained through these studies in real-

life practice settings. This has been illustrated in a number

of therapeutic areas, including cardiac rehabilitation, where

an observational study [2] reported a much less optimistic

reduction in mortality than previous Cochrane reviews [4].

Fracture reduction therapies [also called anti-osteo-

porosis medications] are not an exception; since the first

RCT of alendronate (the Fracture Intervention Trial, FIT

[5, 6]), observational studies have detected discrepancies

between the fracture reduction expected from the RCT

findings and what is actually observed in real-life patients

[7–10]. Such discrepancies contribute to the debate on the

differences between efficacy and effectiveness as well as

on potential safety issues not seen in RCTs but possibly

present in real-life drug users. The main cause of these

discrepancies is likely the strict selection criteria used in

most clinical trials.

To illustrate the differences between RCT participants

and real-life drug users, we used routinely collected data

from two nationwide databases, and compared the FIT’s

exclusion and inclusion criteria with the baseline charac-

teristics of incident users of alendronate. We hypothesize

that a relevant proportion of these subjects will not be

eligible for their inclusion in the FIT.

Methods

Study Design and Setting

We conducted an international cross-sectional register-

based study using data obtained from the SIDIAP (Sis-

temad’Informació per al Desenvolupament de l’Investi-

gació en AtencióPrimària) Database from Catalonia

(Spain), and the DHR (Danish Health Registries) from

Denmark.

The SIDIAP database is a comprehensive collection of

longitudinal records from 274 primary care practices, with

the participation of 3414 GPs. It includes primary care

electronic medical records for approximately 5 million

patients in Catalonia (80 % of the total population in this

region). SIDIAP comprises the clinical and referral events

registered by primary care health professionals (GPs and

nurses 9) and administrative staff in e-records, compre-

hensive demographic information, prescriptions and cor-

responding pharmacy invoicing data, specialist referrals,

primary care laboratory test results, hospital admissions,

and their major outcomes [11]. All this information is

anonymized and encoded using the ICD-10 codes and

structured forms designed for the collection of variables

relevant to primary care professionals. Only GPs who

achieve quality control standards can contribute to the

SIDIAP database [12].

The DHR comprises by the National Prescriptions

Database [13] (Lægemiddelregistret) which contains all

filled prescriptions in the country since 1995, the National

Hospital Discharge Register [14] (NHDR) (Landspa-

tientsregistret) comprising all diagnosis codes (ICD-8 until

the end of 1993 and ICD-10 afterwards) for contacts for

inpatients (since 1977) and outpatients (since 1995) and the

date of death from the Danish Civil Register [15] (Cen-

tralePersonregister, CPR).

Participants

We included all subjects [40 year old registered in the

SIDIAP and DHR database between 1/1/2006 and 12/31/

2007 and between 1/1/2005 and 12/31/2006 respectively,

with an incident use of alendronate within these periods

(only naı̈ve subjects to any anti-osteoporosis treatment

were included). Incident use of alendronate was defined as

no previous alendronate prescription registered from 1/1/

2005 for SIDIAP database and from 1/1/1995 for DHR

database.

We excluded those with a diagnosis of Paget disease,

previous use of any anti-osteoporosis drug in the year prior

to the first prescription of alendronate as well as those

receiving high-dose bisphosphonates treatment (high dose

of risedronate basically for Paget treatment).
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Variables

The main study measurements were the inclusion and

exclusion criteria reported in the FIT trial: age, sex, bone

mineral density (BMD), major illnesses (myocardial

infarction, erosive gastrointestinal disease, dyspepsia,

metabolic bone disease, cancer, hypertension, unsta-

ble angina, malabsorbtion), drug treatments affecting bone

turnover (glucocorticoids, estrogen, anabolic steroids, cal-

citonin, progestin, fluoride) among other variables such as

levels of creatinine in blood sample, changes in thyroid

hormone dosage, unexplained weight loss, unsuit-

able anatomy on spinal radiographs, not being ambulatory,

history of bilateral hip replacement and alcohol abuse.

For each variable, an operational definition was created

adapted to the SIDIAP [16] and DHR databases. When a

variable was not available in the participating data sources

(e.g., BMD), the related inclusion criteria were assumed to

be fulfilled, in order to provide a conservative estimate of

non-eligibility. The primary analysis addressed the simi-

larity of real-world alendronate users to the patients per-

mitted to participate in the FIT trial, while a sensitivity

analysis broadened the inclusion criteria to allow gluco-

corticoid users and men to allow for the fact that successful

clinical trials with alendronate have been conducted in

these patient groups after completion of the original FIT

trial.

Statistical Methods

Numbers and proportions of participants fulfilling each of

the eligibility criteria were reported for both Spanish and

Danish incident alendronate users separately. Further sen-

sitive analyses were carried out without considering male

gender and steroid use as criteria of non-eligibility, as these

patient groups were included in subsequent alendronate

trials [17, 18] where an increase in vertebral BMD was

reported.

Results

A total of 14,316 (SIDIAP) and 21,214 (DHR) incident

users of bisphosphonates were analyzed which was reduced

to 9725 (SIDIAP) and 14,006 (DHR) if not considering

men and glucocorticoid users. Baseline characteristics of

the real-life incident users of alendronate compared with

the exclusion criteria of the FIT pivotal trial are summa-

rized in Tables 1 and 2.

When analyzing strictly the exclusion criteria reported

in the FIT trial, among the incident users of alendronate

included in the SIDIAP and DHR database, 9.8 and 21.5 %

of the subjects respectively were either under 55 or over

80 years old, falling outside the age-range of the FIT trial.

The SIDIAP and DHR population also frequently displayed

comorbidities such as a history of myocardial infarction,

erosive gastro-intestinal disease, dyspepsia and metabolic

bone disease, all of which were exclusion criteria of the

FIT trial. Men (26.7 and 18.3 % of the Spanish and Danish

participants) and systemic glucocorticoid users (8.6 and

22.2 % alendronate users in SIDIAP and DHR respec-

tively) were also excluded from the FIT trial. Overall, 8038

(56.2 %) and 13,443 (63.3 %) incident alendronate users in

the SIDIAP and DHR, respectively, had at least one of the

previously mentioned exclusion criteria (including men

and glucocorticoid users).

Given that men and glucocorticoid users have been

included in subsequent RCTs on alendronate [17, 18], a

sensitivity analysis was carried out broadening the inclu-

sion criteria to include both variables. When not consid-

ering male gender and use of systemic glucocorticoids as

exclusion criteria, the proportion of subjects with at least

one of the previously mentioned exclusion criteria was

reduced to 3447 (35.4 %) and 6228 (44.5 %) in Spain and

Denmark.

Discussion

Real-life patients that initiated oral alendronic acid in

Spanish or Danish actual practice settings do not resemble

the patients included in the alendronate pivotal trial FIT, as

just over half of these incident users would have been

eligible for this randomized controlled trial.

The population selected for the firsts RCT of alen-

dronate published in the 90s [5, 19] included a large

number of exclusion criteria. These limitations were par-

tially compensated, with the publication of further RCTs

[17, 18] that included men and oral glucocorticoid users.

However, in spite of the proven efficacy for fracture

reduction of alendronate [5, 6], some studies have detected

differences between the expected effect and the actual

effectiveness when applied to the general population [7–

10]. Differences in the inclusion–exclusion criteria

between trials and these observational studies could partly

explain these uneven results.

The real-life population in this study reported many of

the FIT’s exclusion criteria, mostly considering age and

comorbidities. The older subjects are frequently excluded

from RCT; in a review published in 2011 [20], the majority

of the RCT excluded the aged population either through

direct age-exclusion criteria or indirectly by non-age-ex-

clusion criteria focused on comorbidities highly frequent

among these subjects. Our population accounted for a large

proportion of old people (subjects over 80 years old),

which are a target population for bisphosphonate treatment
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due to the increased risk of fracture with older age, as well

as common comorbidities such as gastrointestinal disorders

or cancer, which could further increase the risk of fracture.

Furthermore, the FIT trial excluded subjects with high

alcohol consumption [5] which is considered a risk factor

for fragility fracture included in the WHO fracture risk

assessment tool FRAX [21].

Lastly, the FIT also included a ‘‘run in period’’ before

randomization, during which those subjects with a good-

drug adherence or those with fewer side effects were

selected for participation. In summation, these choices in

the design of the FIT trial are likely to have led to a highly

selected population that is very different from the incident

real-life users of alendronate, thus limiting the external

validity of the findings [1].

The differences between the population selected for

RCTs and real-world drug users have been reported pre-

viously in other diseases, such as hypertension, cardio-

vascular disease or chronic obstructive pulmonary disease

[22–24]. In a Canadian study published in 2006 [22], only

34–38 % of the real-world population that were taking

anti-hypertensive medication would have been selected for

the RCTs of these same treatments. This under represen-

tation also affects patients with chronic kidney disease,

Table 1 Comparison of the exclusion criteria in the FIT trial with the incident users of alendronate in the SIDIAP and DHR database

FIT exclusion criteriaa Operational definition/ICD-10 Codes Incident users of Alendronated

SIDIAP

N = 14,316

(%)

DHR

N = 21,214

(%)

Men Sex according to administrative data 3818

(26.7 %)

3885

(18.3 %)

Age\55 years old Age at first ALD dispensation 1844

(12.9 %)

1654 (7.8 %)

Age[80 years old Age at first ALD dispensation 2347

(16.4 %)

5275

(24.9 %)

Major illnesses

Myocardial infarctionb MIc

(6 months before alendronate initiation date)

9 (0.1 %) 91 (0.4 %)

Serum creatinine[1.6 mg/dl CKDc (Anytime before alendronate initiation date) 300 (2.1 %) 182 (0.9 %)

Erosive gastrointestinal disease within

5 years

K21 (previous 5 years) 423 (3.0 %) 368 (1.7 %)

Dyspepsia requiring daily treatment K25/K26/K27 200 (1.4 %) 1109 (5.2 %)

Metabolic bone disease Any of the following at any time before or on date of alendronate

initiation:

Hyperparathyroidism: E21

OI: Q78.0

Osteopetrosis: Q78.2

Osteomalacia: M83

349 (2.4 %) 142 (0.7 %)

History of cancer Malignancyc

(Anytime before or on therapy initiation date)

438 (3.1 %) 2561

(12.1 %)

Treatment affecting bone turnover

Glucocorticoidb Any use of glucocorticoidsb 1229 (8.6 %) 4716

(22.2 %)

Other exclusion criteria

Alcohol abuse Lifestyle factors in primary care records 99 (0.7 %) NA

NA Data not available, assumed to be fulfilled, CKD Chronic Kidney Disease, MI Myocardial Infarction, OI Osteogenesis imperfect

Other NA Severe hypertension, unstable angina, malabsorbtion, oestrogens, anabolic steroids, calcitonin, progestin, change in thyroid hormone

dosage, fluoride treatment, unexplained weight loss, unsuitable anatomy on spinal radiographs, non-compliance with pre-randomizations study

procedures, not ambulatory, history of bilateral hip replacement, unable to give informed consent, participating in another trial, intention to move

within 4 years. Data not available: BMD at femoral neck over 3 SD
a See Ref. [26]
b Within 6 months
c See Ref. [16]
d Subjects can be included in more than one category
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who are systematically excluded from most of cardiovas-

cular disease trial, in spite of the great cardiovascular

mortality within this particular population [23].

The differences between the final target population and

the one selected for the RCT has proven to lead to dan-

gerous results; higher rates of hyperkalemia and mortality

due to the increase in the rates of prescription of spirono-

lactone were found in hospitalized patients with heart

failure after the aldactone randomized trial was published

[24].

We arrive at the same conclusion; real-life users of

alendronate in the SIDIAP and DHR databases are mark-

edly different to those included in the FIT trial, even when

broadening the inclusion criteria to include men and glu-

cocorticoid users. This underlines the importance that the

final population used to study bisphosphonates resembles

the end-users, so that medical doctors can predict the effect

and properly apply the evidence-based medicine in their

daily practice.

Although RCT are the best method to assess, the (ef-

fectiveness) efficacy of medical interventions suffers from

limitations of external validity, especially regarding the

population included. Observational studies, while with

different limitations, can however address this issue [25].

The main strength of our study lies in its large, validated

and representative population included in the SIDIAP and

Table 2 Comparison of the exclusion criteria in the FIT trial with the incident users of alendronate in the SIDIAP and DHR database after

excluding men and systemic steroid users

FIT exclusion criteriaa Operational definition/ICD-10 Codes Incident users of

Alendronated

SIDIAP

N = 9725

DHR

N = 14,006

Age\55 years old Age at first ALD dispensation 1442

(14.8 %)

1026

(7.3 %)

Age[80 years old Age at first ALD dispensation 1525

(15.7 %)

3562

(25.4 %)

Major illnesses

Myocardial infarctionb MIc

(6 months before alendronate initiation date)

4 (0.04 %) 39 (0.3 %)

Serum creatinine[1.6 mg/dl CKDc (Anytime before alendronate initiation date) 139 (1.4 %) 79 (0.6 %)

Erosive gastrointestinal disease within

5 years

K21 (previous 5 years) 255 (2.6 %) 207 (1.5 %)

Dyspepsia requiring daily treatment K25/K26/K27 126 (1.3 %) 645 (4.6 %)

Metabolic bone disease Any of the following at any time before or on date of alendronate

initiation:

Hyperparathyroidism: E21

OI: Q78.0

Osteopetrosis: Q78.2

Osteomalacia: M83

177 (1.8 %) 107 (0.8 %)

History of cancer Malignancyc

(Anytime before or on therapy initiation date)

146 (1.5 %) 1675

(12.0 %)

Other exclusion criteria

Alcohol abuse Lifestyle factors in primary care records 34 (0.4 %) NA

Any exclusion criteria Any of the above 3447

(35.4 %)

6228

(44.5 %)

NA Data not available, assumed to be fulfilled, CKD Chronic Kidney Disease, MI Myocardial Infarction, OI Osteogenesis imperfect

Other NA Severe hypertension, unstable angina, malabsorbtion, oestrogens, anabolic steroids, calcitonin, progestin, change in thyroid hormone

dosage, fluoride treatment, unexplained weight loss, unsuitable anatomy on spinal radiographs, non-compliance with pre-randomizations study

procedures, not ambulatory, history of bilateral hip replacement, unable to give informed consent, participating in another trial, intention to move

within 4 years. Data not available: BMD at femoral neck over 3 SD
a See Ref. [26]
b Within 6 months
c See Ref. [16]
d Subjects can be included in more than one category
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DHR databases. Secondly, to the best of our knowledge,

this is the first study that carries out an in-depth analysis of

the differences between the populations included in the

alendronate pivotal trial FIT and the final target population

that received this medication. Nevertheless, this study must

be analyzed in the light of some limitations; due to the

nature of the administrative data in both databases, we

were not able to capture some of the exclusion criteria from

the FIT trial as, for example, BMD levels (although it

would have likely not altered our results), those exclusion

and inclusion criterion related to the methodology of RCT

(e.g., pre-randomization procedures, informed consent) or

certain illness and treatments not routinely collected in

primary care. Considering that the missing exclusion cri-

teria such as severe hypertension, unexplained weight loss

or changes in the thyroid hormone dosage are frequent

reasons for medical consultation in primary care, our

results are likely underestimating the proportion of users

that would have been excluded from the FIT trial, limiting

even more its external validity. We were also not able to

account for subjects who had low eGFR, which would

contraindicate the initiation of alendronate. Finally, this

study used European routinely collected data and since the

FIT trial was carried out in the United States, other dif-

ferences between these two populations could not be

accounted, hence our conclusions should be extrapolated

with caution.

Conclusion

Patient characteristics used as exclusion criteria in FIT

were commonly found among real-life users of alen-

dronate. This severely limits the external validity of this

trial. While subsequent RCTs have established the efficacy

of alendronate in men and glucocorticoid users, efficacy

data are needed for octogenarians, as well as for patients

with other common co-morbidities.
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