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Abstract
Worldwide, a care gap has been recognized between presenting with a fracture and prevention of the next fracture. Fracture 
Liaison Service is the most cost-effective method to close this gap, but its implementation is sparse in the Nordic countries. 
To assess the need for a fracture prevention program, the primary aim of this study was to estimate the prevalence of osteo-
porosis in patients treated for fragility fractures at Aarhus University Hospital, Denmark. Secondary aims were to identify 
clinical risk factors associated with osteoporosis and the up-take of anti-osteoporosis treatment. The study was conducted as 
a cross-sectional study and patients aged 18+ years were consecutively identified over a 12 months period. Of 1164 identified 
patients, 832 were included and 794 (70% women, 66% aged ≥ 50 years) patients completed the study. Bone mineral density 
was measured by DXA and information about clinical risk factors were obtained. The overall prevalence of osteoporosis in 
this cohort was 14.9%, increasing to 20.3% in patients ≥ 50 years (22.9% in women, 9.6% in men). In addition to age above 
50 years, female sex, low BMI, and early menopause were significantly associated with osteoporosis. At 3-years follow-up 
in patients diagnosed with osteoporosis, 95% of patients who initiated anti-osteoporosis treatment after their fracture were 
still adherent to treatment. Given that osteoporosis was demonstrated in one in five fragility fracture patients above 50 years, 
OFELIA stresses the need for implementation of a program aiming at securing appropriate investigation and treatment of 
osteoporosis in patients presenting a fragility fracture.

Keywords Osteoporosis · Secondary fracture prevention · Fracture risk assessment · Screening

Introduction

Osteoporosis is a systemic skeletal condition characterized 
by low bone mass and micro architectural deterioration of 
bone that increases bone fragility and risk of fractures [1–3]. 
It is a common but under-diagnosed disease in most parts of 

the world [4–8]. The clinical consequence of osteoporosis 
is fractures, and the ultimate goal of treating osteoporosis 
is to prevent fractures and reduce the associated morbidity 
and mortality [9]. Pharmacological treatments that effec-
tively reduce both first and subsequent fractures in men and 
women are available [10–15]. Given that low-energy frac-
tures are associated with a two-to-four fold increased risk of 
subsequent fractures and their associated risk of premature 
mortality [16, 17], patients, who already have sustained a 
fracture, are relevant candidates for osteoporosis investiga-
tion and subsequent fracture prevention. The International 
Osteoporosis Foundation (IOF) suggests that the single most 
important thing that can directly improve patient care and 
reduce spiraling fracture-related healthcare costs worldwide 
is the implementation of Fracture Liaison Service (FLS) [18, 
19]. FLS is a coordinator-based, post-fracture model of care 
to ensure, that patients aged 50 years or older suffering fra-
gility fractures receive appropriate assessment and interven-
tion to reduce future fractures. Two decades ago, FLS was 
successfully implemented in Glasgow, Scotland [20], and 
today FLS covers more than half of United Kingdom [21]. 
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The documented reduction in fractures, especially disabling 
hip-fractures, as a result of FLS is an important outcome for 
the patients as well as the society [5, 18, 22]. Despite evi-
dence of cost effectiveness of organized fracture prevention 
programs and on-going international campaigns, a care gap 
remains worldwide in the prevention of subsequent fractures 
in fracture patients [23–25]. To bridge the care gap, the Task 
Force Report [26] performed in 2012 by an international 
group representing 36 countries urged: “At a systems level, 
when a patient presents with a fracture to the emergency 
room or to an orthopedist, there should be a care pathway 
in place to ensure that clinicians evaluate for osteoporosis, 
future fracture risk, and for the need for treatment for pre-
vention of secondary fractures”.

In Denmark, only one in four of 500,000 individuals 
estimated by World Health Organisation (WHO) to have 
osteoporosis is diagnosed according to Health Government 
in Denmark, and despite campaigns and national recommen-
dations, the majority of the 50,000 patients above 50 years, 
who annually sustain a fracture [27], does not receive appro-
priate investigation and assessment of future fracture risk. 
Prevention of subsequent fractures is therefore very limited.

Thus, to assess the need for FLS in a context, where 
implementation of fracture prevention programs is sparse 
and the population may differ from the UK population, the 
aim of the present study was to estimate the prevalence of 
osteoporosis and identify clinical risk factors related to oste-
oporosis in a Danish population of fragility fracture patients. 
Since being younger than 50 years or a man has been shown 
to be associated with lower rates of investigation for osteo-
porosis [28], we included both male and female fracture 
patients aged 18 years or more in this study.

Materials and Methods

Study Design

Osteoporosis Fracture Liaison Aarhus (OFELIA) was con-
ducted as a cross-sectional study in a population of patients 
presenting with fractures after low-energy traumas (fragility 
fractures). A low-energy trauma was defined as a fall from 
same level (slip) or maximum 1 m. No motor vehicles could 
be involved. Fractures caused by the hit of a ball or another 
person’s hand during sport were included. Inclusion criterion 
was patients at or above the age of 18 years (no upper limit) 
presenting with a fragility fracture. Exclusion criteria were 
pathological fractures, fractures at face or skull, dementia, or 
difficulties in understanding Danish in speaking and reading.

Participants were recruited from the Emergency Depart-
ment (ED), the Orthopedic Department, Trauma Unit (OD), 
and the fracture clinics (FC) at Aarhus University Hospi-
tal (AUH) in the period from 1st of May 2014 until 30th 

of April 2015. Due to the logistics at AUH, spine fracture 
patients normally bypass the acute wards and are admitted 
directly to the specialized unit of spine surgery or to the 
internal medicine wards if surgery is not needed and there-
fore only spine fracture patients admitted to ED or OD were 
potential participants. AUH is located in the second largest 
city in Denmark and serves 320,000 inhabitants. Approxi-
mately 4000 patients aged 18 years and older are annually 
treated for a fracture at AUH.

Methods

Bone mineral density (BMD) of the hip (total hip, femoral 
neck, trochanter) and spine was measured by Dual energy 
X-ray Absorptiometry (DXA) by trained and experienced 
technicians using one of three Hologic discovery system 
(Hologic Inc., Waltham, MA, USA) DXA-scanners, all 
routinely calibrated with routine daily quality control. The 
primary result of the DXA was categorized as “normal”, 
“osteopenia”, or “osteoporosis” using the standard BMD-
based diagnostic criteria at the total hip or spine (normal: 
T-score ≥ − 1; osteopenia: T-score between − 1 and − 2.5; 
and osteoporosis: T-scores ≤ − 2.5) [29]. If a DXA had 
been performed within 12 months prior to the fracture, 
these results were used. Body height and weight (wearing 
in-doors clothing and without shoes) were measured at the 
time of DXA.

A questionnaire capturing history of fractures in adult-
hood, co-morbidities, medical treatments, lifestyle, and other 
risk factors for osteoporosis was answered retrospectively by 
the participants. The risk factors asked were identified from 
guidelines and the fracture risk assessment tool; FRAX [30].

Body mass index (BMI) was calculated, and low BMI 
was in this study defined as BMI < 20 kg/m2. “Early meno-
pause” was set to be menopause in women younger than 
46 years. Menopause was defined as a period of 12 month 
without menstruation; meaning that the last menstrual bleed-
ing happened before the age of 45 years.

Identification and Inclusion of Participants

Potential participants were identified by the health-profes-
sionals at the ED, OD, and FC and asked for their permis-
sion to be contacted by phone within 2–3 week. In order to 
facilitate recruitment, an illustrated website and a hand-out 
card in pocketsize (OFELIA-card) provided relevant study 
information including contact details of the study coordina-
tor (a clinical nurse specialist). Identified patients were reg-
istered in log-books present in the different departments. If 
given permission, the study coordinator contacted the poten-
tial participant by phone. During this conversation, in-depth 
information about the study and the association between 
bone health, bone strength and fracture risk were given. 
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Supplementation with D-vitamin and calcium was recom-
mended and practical issues related to DXA were explained. 
DXA was scheduled within the following 2–12 weeks. Writ-
ten patient information, informed consent form and a ques-
tionnaire were mailed after the enrolling phone call and 
returned in connection with DXA. DXA was performed by 
trained technicians, who also collected the informed consent 
form, briefly reviewed the answering of the questionnaire, 
and if needed assisted the patients in answering the question-
naire. The interpretation of DXA was performed by con-
sultant endocrinologists. Outcome and further advices were 
mailed to the patient’s general practitioner (GP), who was 
responsible for follow-up, including further investigation and 
treatment, if needed. In case of T-scores ≤ − 2.5, the study 
coordinator contacted the patient within 1 week from time of 
DXA to provide information about the result, to offer blood 
tests for secondary osteoporosis, and to secure involvement 
of the patients’ GP for further investigation and treatment.

Follow‑Up in Patients Diagnosed with Osteoporosis

Patients diagnosed with osteoporosis in OFELIA were con-
tacted by phone 3 years after their enrollment in OFELIA to 
answer questions about treatment, subsequent fractures and 
results of new DXA scans if performed.

Statistical Analysis

Characteristics of the fracture patients are presented as 
numbers and percentages [n (%)] for categorical variables 
and range, mean, and standard deviation [mean (SD)] for 
continuous variables. QQ-plots and histograms were used 
to evaluate if the continuous variables followed a normal 
distribution. Age, sex, BMI, and other potential confounders 
were compared across BMD categories (normal, osteope-
nia, or osteoporosis), using Chi-squared tests for categorical 
variables and analysis of variance (ANOVA) for continuous 
variables. Associations between risk factors and osteoporo-
sis were investigated in logistic regression models, adjust-
ing for age and sex, and reported as odds ratios (OR) with 
95% confidence intervals (95% CI). Statistical analyses were 
carried out using STATA 13 (Stata Corporation, College 
Station, TX, USA).

Results

Participants

A total of 1164 consecutive fracture patients were identi-
fied and approached by the health-professionals (Fig. 1). 
Of these, 75 patients refused immediately any contact 
whereas 1089 patients accepted to be contacted for further 

information (group A). A group of 136 patients (12.5%) 
were unreachable after 3–8 phone calls at different times and 
weekdays (group B), and 59 patients (5.4%) were after being 
contacted found to be ineligible for inclusion in accord-
ance with the inclusion- and exclusion criteria (group E). 
A group of 62 patients (5.7%) refused participation (group 
C) mostly due to lack of surplus related to co-morbidities 
or practical problems related to e.g., transportation, open-
ing hours. A total of 832 patients (76.4% of the identified 
fracture patients) were enrolled in OFELIA, but 38 patients 
(3.5%) never showed up for DXA (group D). The final study 
population (72.9% of those contacted) therefore consisted of 
794 participants; 237 men and 557 women between 18 and 
93 years, who answered the questionnaire and were inves-
tigated by DXA within 2–16 weeks after their fracture epi-
sode. All patients were mobilized at the time of DXA. The 
eligible 311 approached non-participants fell in four groups 
(referred to as A, B, C and D in Fig. 1). Details on these 
patients are shown in Supplementary Table A.

Descriptive Data

Characteristics of the 794 participants are shown in Table 1 
stratified according to sex. A total of 527 (66.4%) partici-
pants were 50 years or older. On average female partici-
pants were 11 years older than males. BMI was similar (26.2 
and 25.9) in male and female participants. DXA were per-
formed within 2–16 weeks from the fracture episode in 738 
(92.9%) participants in OFELIA, as 56 participants had a 
recent (< 12 months) DXA. Of these 56 participants already 
knowing their bone health status, 20 (35.7%) patients had 
osteoporosis.

The total of 859 fractures occurred in 794 patients, 59 
patients had more than one fracture, in most cases fractures 
at the same extremity. Five patients had three fractures each, 
and one patient suffered four fractures; shoulder, forearm, 
hand, and hip after a slip on the grass while exercising her 
dog.

Characteristics of participants stratified by their BMD 
T-score as osteoporotic, osteopenic, or normal are presented 
in Table 2. The prevalence of osteoporosis in the overall 
study population was 14.9%. More women (18.7%) than men 
(5.9%) had osteoporosis, in patients aged ≥ 50 years the prev-
alence of osteoporosis was 20.3%; in women 22.9% and in 
men 9.6%. Mean age increased from 46 years in participants 
presenting a T-score within the normal range to a mean age 
of 57 years in osteopenic participants and up to 63 years in 
osteoporotic participants. BMI average was declined from 
27.6 kg/m2 in participants within a normal BMD T-score 
range to 23.8 kg/m2 in osteoporotic participants.

As osteoporosis was known before the fracture in 20 of 
118 osteoporotic patients, the remaining 98 (13.3% of 738 
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patients) were unaware of having osteoporosis before inves-
tigated in OFELIA.

The prevalence of osteoporosis according to fracture loca-
tion stratified for sex and age is shown in Figs. 2 and 3, 
respectively. In women, osteoporosis was present in ≥ 20% 
of the patients with fractures of the clavicle, shoulder/upper 
arm or fore-arm. In patients aged 50+ years, osteoporosis 
was found in > 30% of patients with fractures of hip/femur, 
and in ≥ 50% of patients with fractures of pelvis or the spine. 
Details of the fracture localization in men and women aged 
< 50/≥ 50 years divided by BMD T-score categories are 
shown in Table 3.

Table 4 shows crude and age-/sex-adjusted associations 
of having osteoporosis if being a woman versus a man, aged 
≥ 50 versus < 50 years, having experienced a fracture earlier 
in life versus not having experienced a fracture, present-
ing a BMI below 20 versus a BMI at or above 20 kg/m2, 

being menopausal before the age of 46 years versus older, 
being a non-smoker versus former or current smoker, being 
alcohol abstinent versus different degrees of alcohol con-
sumption. Independent of sex, a lower T-score was observed 
with higher age, and the risk of having osteoporosis was 
almost five times higher in individuals aged 50+ years than 
in individuals < 50 years [sex-adjusted OR 4.7 (2.5; 9.1)]. 
Among the 42% of the participants, who had experienced at 
least one previous fracture in adulthood, the risk of having 
osteoporosis was similar to the risk in those without a previ-
ous fracture [OR 1.3 (0.9; 2.0)]. Low BMI was associated 
with osteoporosis [5.7 (2.6; 12.4)] as was early menopause 
in women [OR 2.3 (1.3; 3.9)].

No associations were observed between smoking or alco-
hol consumption and osteoporosis.

Supplementary Table B shows non-significant asso-
ciations between use of prednisolone, family history 

Fig. 1  Flow of the patients 
enrolled in OFELIA

Fracture patients 
approached for OFELIA

n=1164

Patients accepting 
being contacted

n=1089

Participants enrolled 

n= 832

Participants 
fulfilled OFELIA

n= 794

(B) Not 
reachable 
n=136 (C) Refused

enrollment 
n=62

(A) Refused 
any contact 

n=75

(E)Exclusion 
due to criteria

n=59

(D)Drop out 
n=38
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of osteoporosis, loss of height, and diseases previously 
demonstrated to be associated with fracture risk and 
osteoporosis.

Three years (± 6 month) after the fracture that led to par-
ticipation in OFELIA, the 98 patients who had been diag-
nosed with osteoporosis in OFELIA were contacted again. 
A total of 93 patients could be reached. All patients and their 
GPs had been given recommendation to start anti-osteoporo-
sis treatment. Seventy-five (81%) of the patients had started 
anti-osteoporosis treatment. Weekly alendronate was the 
chosen treatment in 90% of the patients starting treatment. 
Three years after the fracture 71 of the 75 patients (95%) 
who started treatment are still adherent and compliant with 
the treatment. Eighty-five percent of the patients diagnosed 
with osteoporosis are taking calcium and vitamin D sup-
plementation on daily basis.

Despite treatment compliance, 6 of 71 patients (8%) 
receiving anti-osteoporosis treatment experienced a (minor) 
subsequent fracture in the follow-up period. Four of these 
six had had increasing BMD by DXA 2 years after initiation 
of treatment. In the group of 18 patients who did not receive 
anti-osteoporosis treatment, four patients (22%) experienced 
a new fracture at follow-up. DXA has been repeated in 55 
patients. BMD was improved in 49 (89.1%), unchanged in 
one (1.8%) and reduced in 5 (9.1%). Of the five patients 
who had lost BMD, four had not initiated anti-osteoporosis 
treatment.

Discussion

We estimated the prevalence of osteoporosis and investi-
gated clinical risk factors for osteoporosis in a population of 
male and female fracture patients between 18 and 93 years 
presenting numerous fracture locations following a low-
energy trauma except fractures at skull and face (excluded) 
and ribs. A few patients with rib fractures were approached 
but declined participation. In OFELIA, osteoporosis was 
present in more than one in seven patients, and in more than 
one in eight patients the diagnosis was previously unknown. 
In patients aged 50+ years, osteoporosis was observed in 
one in five patients.

The prevalence of osteoporosis in OFELIA was consid-
erably lower than the prevalence seen in The West Glas-
gow FLS-cohort [20]. Assuming that the OFELIA cohort 
is representative for the Danish and perhaps even Nordic 
populations with limitations as argued above, the socioeco-
nomic benefits of FLS based on the Glasgow model may 
be challenged in a Danish/Nordic context. In this very first 
FLS-cohort investigated in Glasgow 15 years ago includ-
ing (n = 734) men and women aged 50+ years with any 
low-trauma fractures except skull and facial, the preva-
lence of osteoporosis was 46.7% (32.5% in men and 49.5% 
in women) [20]. The difference in osteoporosis prevalence 
between the West Glasgow FLS and the present study may 
be explained by several factors. First of all, the recruit-
ment strategies were different. In West Glasgow FLS, hip-
fractures comprised 9.3% of the cohort, whereas as in the 
present study, only 5.2% of the patients had hip-fractures. 
Based on the strong associations between osteoporosis and 
high age, hip-fractures and female gender, it can be assumed 
that the ten patients (five men and five women), six of them 
being 70+ years with hip-fractures, who refused participa-
tion would have increased the prevalence of osteoporosis in 
our study, had they been investigated. Secondly, the socio-
economic background and level of education of the Glasgow 
and Aarhus populations may differ [31]. Thirdly, general 
knowledge about bone health and the importance of suffi-
cient intake of calcium and vitamin D has improved over the 

Table 1  Baseline characteristics of 794 participants in OFELIA, a 
prevalence study of osteoporosis in fracture patients

Values shown in N (%) unless other mentioned

Participants Male Female Both

Age mean (SD) 46 (16.6) 57 (15.1) 54 (16.3)
Range (min–max) (19–85) (18–93) (18–93)
All 237 (100.0) 557 (100.0) 794 (100.0)
 18–29 years 53 (22.4) 43 (7.7) 96 (12.1)
 30–49 80 (33.8) 91 (16.3) 171 (21.5)
 50–69 83 (35.0) 314 (56.4) 397 (50.0)
 70–93 21 (8.9) 109 (19.6) 130 (16.4)
 ≥ 50 years 104 (43.9) 423 (75.9) 527 (66.4)
 Mean-age (SD) 62 (8.3) 64 (8.2) 64 (8.6)

History of fracture 122 (51.5) 328 (58.9) 450 (56.7)
 No 112 (47.3) 222 (39.9) 334 (42.1)
 Yes 2 (0.8) 5 (0.9) 7 (0.9)
 Unsure 1 (0.4) 2 (0.4) 3 (0.4)
 Non-respondent

BMI mean (SD) 26.2 (4.4) 25.9 (5.0) 26.0 (4.8)
Range (min–max) (17.8–43.2) (15.4–51.4) (15.4–51.4)
Smoking status
 Current 62 (26.2) 60 (10.8) 122 (15.4)
 Former 52 (21.9) 186 (33.4) 238 (30.1)
 Non-smoker 121 (51.2) 308 (55.3) 429 (54..0)
 Non-respondent 2 (0.8) 3 (0.5) 5 (0.6)

Alcohol status
 Absent 21 (8.9) 103 (18.5) 124 (15.6)
 < 7 units/week 111 (46.8) 331 (59.4) 442 (55.7)
 7–21 units/week 79 (33.3) 116 (20.8) 195 (24.6)
 > 21 units/week 23 (9.7) 4 (0.7) 27 (3.4)
 Non-respondent 3 (1.3) 3 (0.5) 6 (0.8)

DXA performed
 In OFELIA 233 (98.3) 505 (90.7) 738 (92.9)
 Previous (< 1 year) 4 (1.7) 52 (9.3) 56 (7.1)
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15 years since the patients were recruited into the Glasgow 
FLS [32], and the fracture rate has been decreasing [33]. 
The importance of the latter two explanations is underscored 
by the findings of a recent study by Clunie and Stephenson 
investigating fracture patients above the age of 45 years and 
found osteoporosis to be present in 18% of patients [34].

In the present study, we only diagnosed osteoporosis 
based on BMD T-scores. In daily clinical practice, fractures 
of the hip and spine after low-energy traumas are also used 
to diagnose osteoporosis even with BMD in the osteopenic 

or normal ranges. Some participants, who were categorized 
in OFELIA as not having osteoporosis, therefore had a previ-
ous osteoporosis diagnosis and had received anti-osteoporo-
tic treatment or were diagnosed with osteoporosis due to 
the incident fracture. As we only classified participants with 
T-scores ≤ − 2.5 in hip or spine as osteoporotic in this study, 
we most likely have underestimated the prevalence of clini-
cally relevant osteoporosis.As the time span from fracture to 
DXA was relatively short, and as all patients were mobilized 

Fig. 2  Fracture localisation and prevalence of osteoporosis in women 
and men, respectively. The color coding illustrates the risk of osteo-
porosis depending on the fracture location. (Color figure online)

Fig. 3  Fracture localisation and prevalence of osteoporosis in patients 
at or above and below 50 years, respectively. The color coding illus-
trates the risk of osteoporosis depending on the fracture location. 
(Color figure online)
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at the time of DXA, we suggest that bone loss as a result of 
immobilization in relation to the fracture is reflected in the 
BMD measured by DXA in OFELIA.

Only one out of three fracture patients had normal BMD. 
The lack of care for fracture patients is highlighted by the 
fact that 42% of the patients have had a previous fracture, 
but only few of these patients have had a DXA performed 

because of the fracture. Our findings are in accordance 
with findings from both Canada [35] and a fracture cohort 
from Australia [28], where approximately half of the frac-
ture patients had already suffered a previous low-energy 
fracture. Participants in OFELIA with a history of fracture 
had a higher risk of having osteopenia or osteoporosis than 
patients without previous fractures. We also observed that 

Table 3  Fracture localization of 859 fractures in 794 fracture patients participating in OFELIA divided in men/women aged < 50/≥ 50 years with 
normal, osteopenic, or osteoporotic BMD T-scores

Normal T-score Osteopenic T-score Osteoporotic T-score Total % of all fractures

Patients (n) 388 288 118 794
All current fractures 304 (35.4) 422 (49.1) 133 (15.5) 859 (100) 100.0
 Men/women 119 (46.5)/185 (30.6) 122 (47.7)/300 (49.8) 15 (5.8)/118 (19.6) 256 (100)/603 (100)
 < 50 years/≥ 50 years 166 (58.0)/138 (24.1) 106 (37.1)/316 (55.1) 14 (4.9)/119 (20.8) 286 (100)/573 (100)

Collar bone 10 (31.3) 18 (56.3) 4 (12.5) 32 (100) 3.7
 Men/women 4 (21.1)/6 (46.2) 14 (73.7)/4 (30.8) 1 (5.3)/3 (23.1) 19 (100)/13 (100)
 < 50 years/≥ 50 years 9 (50.0)/1 (7.1) 9 (50.0)/9 (64.3) 0 (0.0)/4 (28.6) 18 (100)/14 (100)

Shoulder/upper arm 23 (22.3) 61 (59.2) 19 (18.4) 103 (100) 12.0
 Men/women 9 (42.9)/14 (171) 11 (52.4)/50 (60.9) 1 (4.8)/18 (22.0) 21 (100)/82 (100)
 < 50 years/≥ 50 years 8 (42.1)/15 (17.9) 10 (52.6)/51 (59.5) 1 (5.3)/18 (21.4) 19 (100)/84 (100)

Elbow 25 (52.1) 17 (35.4) 6 (12.5) 48 (100) 5.6
 Men/women 3 (37.5)/22 (55.0) 5 (62.5)/12 (30.0) 0 (0.0)/6 (15.0) 8 (100)/40 (100)
 < 50 years/≥ 50 years 16 (69.6)/9 (36.0) 6 (26.1)/11 (44.0) 1 (4.3)/5 (20.0) 23 (100)/25 (100)

Lower arm/wrist 77 (31.7) 119 (49.0) 47 (19.3) 243 (100) 28.3
 Men/women 31 (52.5)/46 (25.0) 25 (42.4)/94 (51.1) 3 (5.0)/44 (23.9) 59 (100)/184 (100)
 < 50 years/≥ 50 years 43 (72.9)/34 (18.5) 24 (40.7)/95 (51.6) 2 (3.4)/45 (24.5) 59 (100)/184 (100)

Hand/fingers 48 (44.4) 53 (49.0) 7 (6.5) 108 (100) 12.6
 Men/women 21 (47.7)/27 (42.2) 23 (52.3)/30 (46.9) 0 (0.0)/7 (10.9) 44 (100)/64 (100)
 < 50 years/≥ 50 years 34 (57.6)/14 (28.6) 23 (39.0)/30 (61.2) 2 (3.4)/5 (10.2) 59 (100)/49 (100)

Spine 0 (0.0) 5 (55.6) 4 (44.4) 9 (100) 1.0
 Men/women 0 (0.0)/0 (0.0) 2 (66.7)/3 (50.0) 1 (33.3)/3 (50.0) 3 (100)/6 (100)
 < 50 years/≥ 50 years 0 (0.0)/0 (0.0) 2 (100.0)/3 (42.9) 0 (0.0)/4 (57.1) 2 (100)/7 (100)

Pelvis 1 (10.0) 2 (20.0) 7 (70.0) 10 (100) 1.2
 Men/women 1 (50.0)/0 (0.0) 0 (0.0)/2 (5.0) 1 (50.0)/6 (75.0) 2 (100)/8 (100)
 < 50 years/≥ 50 years 0 (0.0)/1 (12.5) 0 (0.0)/2 (25.0) 2 (100.0)/5 (62.5) 2 (100)/8 (100)

Hip/femur 5 (11.1) 26 (57.8) 14 (31.1) 45 (100) 5.2
 Men/women 3 (23.1)/2 (6.3) 8 (61.5)/18 (56.3) 2 (15.4)/12 (37.5) 13 (100)/32 (100)
 < 50 years/≥ 50 years 1 (25.0)/4 (9.8) 2 (50.0)/24 (58.5) 1 (25.0)/13 (31.7) 4 (100)/41 (100)

Knee 8 (38.1) 11 (52.4) 2 (9.5) 21 (100) 2.4
 Men/women 6 (85.7)/2 (14.3) 1 (14.3)/10 (71.4) 0 (0.0)/2 (14.3) 7 (100)/14 (100)
 < 50 years/≥ 50 years 3 (60.0)/5 (31.3) 1 (20.0)/10 (62.5) 1 (20.0)/1 (6.3) 5 (100)/16 (100)

Lower leg 20 (42.6) 20 (42.6) 7 (14.9) 47 (100) 5.5
 Men/women 10 (47.6)/10 (38.5) 9 (42.9)/11 (42.3) 2 (9.5)/5 (19.2) 21 (100)/26 (100)
 < 50 years/≥ 50 years 8 (50.0)/12 (38.7) 6 (37.5)/14 (45.2) 2 (12.5)/5 (16.1) 16 (100)/31 (100)

Ankle 49 (41.5) 59 (50.0) 10 (8.5) 118 (100) 13.7
 Men/women 18 (51.4)/31 (37.3) 14 (40.0)/45 (54.2) 3 (8.6)/7 (8.4) 35 (100)/83 (100)
 < 50 years/≥ 50 years 20 (60.6)/29 (34.1) 12 (36.4)/47 (55.3) 1 (3.0)/9 (10.6) 33 (100)/85 (100)

Foot/toe 38 (50.6) 31 (41.3) 6 (8.0) 75 (100) 8.7
 Men/women 13 (45.2)/25 (49.0) 10 (41.7)/21 (41.2) 1 (4.2)/5 (9.8) 24 (100)/51 (100)
 < 50 years/≥ 50 years 24 (66.7)/14 (35.9) 11 (30.6)/20 (51.3) 1 (2.8)/5 (12.8) 36 (100)/39 (100)
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the majority of fractures in OFELIA occurred in patients 
with osteopenia (48.9%), which is in agreement with previ-
ous studies [6, 36–38]. This is a challenge for secondary 
prevention programs as these patients will not be offered 
secondary prevention in the form of medical treatment 
according to guidelines which suggest treatment to patients 
with osteoporosis, whereas at least some of these patients 
would be offered treatment if guidelines based on absolute 
fracture risk are used.

In both men and women, osteoporosis was found in more 
than 30%, if the fracture was located at pelvic, hip, or spine. 
Furthermore, in women, fractures of the clavicle, shoul-
der/upper arm, and fore-arm were also associated with the 
presence of osteoporosis. Löffman et al. [36] found a simi-
lar strong association between osteoporosis and fractures 
at spine, hip, or shoulder/upper arm in their study of 303 
Norwegian women aged 55–75 years, and osteoporosis was 
observed in one-third of patients with forearm fracture.

Even though certain fracture sites (e.g., forearm, shoulder 
and hip) are recognized as ‘osteoporotic fractures’ we did 
see clinically relevant prevalence of osteoporosis in patients 
with other fracture locations as e.g., pelvis (Figs. 2, 4). This 
finding is supported by a study from the UK [34] where 
Clunie and Stephenson advocate that osteoporosis in a sub-
stantial minority of patients can present with fractures at 
other sites. They investigated 1014 fracture patients aged 
45–70 years over a period of 2 years and found osteoporosis 
prevalence in relation to specific fracture localizations simi-
lar to our findings in OFELIA.

Early menopause was associated with osteoporosis in the 
present study. This is in line with a population-based obser-
vational study from Sweden, where early menopause was 
found to be associated with risk of osteoporosis, fractures 
and increased mortality [39]. It is well-known that the inci-
dence of fractures in women rises rapidly after the meno-
pause because of the increased bone turnover and the rapid 

Table 4  In OFELIA; a cohort 
of 794 fracture patients aged 
18–93 years, associations 
between osteoporosis and 
clinical risk factors are 
estimated as crude and adjusted 
OR

Adjusting for sex and age was done (where appropriate) as these factors are known as confounders for 
osteoporosis
Numbers of patients with/without osteoporosis (cases/non-cases) in each specific category are shown

Variable Osteoporosis 
OR (95% CI)
Crude

Osteoporosis 
OR (95% CI)
Adj. (sex/age)

Cases/non-cases in total

Sex male 1.0 1.0 14/223 in 237
Sex female 3.7 (2.0; 6.5) 2.5 (1.4; 4.5) 104/453 in 557
Age < 50 1.0 1.0 11/256 in 267
Age ≥ 50 5.9 (3.1; 11.2) 4.7 (2.5; 9.1) 107/420 in 527
Age group (years)
 18–29 1.0 1.0 3/93
 30–49 1.5 (0.4; 5.9) 1.4 (0.3; 5.5) 8/163
 50–69 6.9 (2.1; 22.3) 5.3 (1.6; 17.4) 72/325
 70+ 11.4 (3.4; 38.4) 8.6 (2.5; 29.3) 35/95

No history of fracture 1.0 1.0 58/392
History of fracture 1.4 (1.0; 2.2) 1.3 (0.9; 2.0) 59/275
BMI ≥ 20 kg/m2 1.0 1.0 100/652 in 752
BMI < 20 4.1 (2.1; 8.2) 5.7 (2.6; 12.4) 15/23 in 38
Menopause (mp) ≥ 46 years 1.0 1.0 73/266 in 339
Early mp < 46 years 2.3 (1.3; 4.0) 2.3 (1.3; 3.9) 26/45 in 71
Yet unknown age of mp – – 5/142 in 147
Smoker
 Never 1.0 1.0 58/371 in 429
 Current 1.0 (0.6; 1.9) 1.3 (0.7; 2.4) 17/105 in 122
 Former 1.4 (0.9; 2.1) 1.1 (0.7; 1.7) 42/194 in 238
 Unknown – – 1/4 in 5

Alcohol
 Absent 1.0 1.0 19/105 in 124
 < 7 units/week 1.1 (0.6; 1.9) 1.2 (0.7; 2.2) 72/370 in 442
 7–21 units/week 0.8 (0.4; 1.5) 0.8 (0.4; 1.7) 24/171 in 195
 > 21 units/week 0.7 (0.2; 2.5) 1.3 (0.3; 4.5) 3/24 in 27
 Unknown – – 0/6 in 6
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bone loss seen after menopause [40]. In the case of early 
menopause, a longer period of a woman’s lifespan is with 
low BMD compared to women who enter menopause at the 
normal age. Low body weight is a well-known risk factor 
for osteoporosis [41, 42] and in OFELIA, BMI < 20 kg/m2 
was strongly associated with osteoporosis. We observed no 
association between previously identified risk factors such 
as tobacco, alcohol and treatment with prednisolone and 
osteoporosis. As all the participants in the present study 
had suffered one or more fractures they might constitute a 
different population than the general populations used for 
establishing the clinical risk factors for osteoporosis and/or 
fractures in international guidelines [43]. Information about 
smoking status, alcohol consumption, use of prednisolone 
etc. was retrospectively self-reported and might be affected 
by recall-bias most often leading to underestimate real use 
of cigarettes and alcohol. All questions were answered by the 
participants before knowing the outcome of the DXA. There-
fore, any misclassification is most likely of non-differential 
nature, resulting in bias towards the null. The response rate 
was high, which may be a result of the procedure by which 
the questionnaires were collected as described in methods.

We explored information on gender, age and fracture 
localisation in approached eligible non-participants at 
all stages of the enrolment procedure. As mentioned, 
the number of hip-fractures among non-participants was 
higher than in the OFELIA cohort and the prevalence of 
osteoporosis found in this study is probably an underesti-
mation of the true osteoporosis prevalence among fracture 
patients due to the difficulties associated with enrolling 
more fragile patients such as patients with hip or spine 
fractures or patients with severe comorbidity. As shown 
in Supplementary Table B, the comorbidity in participants 
was relatively low, and patients refusing enrolment often 
mentioned comorbidity and lack of surplus as reasons 
for not attending to OFELIA. These difficulties were not 

unique for participants in OFELIA, where 41% (31 of 76) 
identified and eligible hip-fracture patients refused inves-
tigation. A recent Dutch study by Eekman et al. [44] found 
that the overall response rate to more than 2200 invita-
tions to participate in FLS at four hospitals was 51% and 
that patients with a hip-fracture responded less frequently 
(29%)., Therefore, when implementing a future prevention 
program, this non-participating group of patients under-
scores that, there is a need for organizing special offers 
of investigation/intervention in the group of fragile older 
patients with high risk of having osteoporosis who are 
unable to show up for a DXA.

The present study is among the first studies to investigate 
the prevalence of osteoporosis and fracture location in adult 
male and female patients as young as 18 years. We observed 
a strong association between increasing age and osteopo-
rosis, however, 11 participants in OFELIA (four men and 
seven women) under the age of 50 years had osteoporosis, 
and more than 40% of patients below the age of 30 years had 
abnormal BMD. The diagnosis and treatment of osteoporo-
sis in younger patients are complex and controversial [45], 
and although specific anti-osteoporotic treatment would not 
be recommended in these patients, they may benefit from 
general advice regarding bone healthy lifestyle and a plan for 
a follow-up evaluation in due time. When FLS traditionally 
investigates fracture patients aged 50+ years, a potential care 
gap still remains of reducing the risk of subsequent fractures 
among this subgroup of younger fracture patients; however, 
a significant knowledge gap still exists when it comes to 
understanding the risk of future fractures in younger fracture 
patients.

A recent meta-analysis has found that the fracture risk 
increases by approximately 30% with non-compliance to 
therapy for osteoporosis [46]. In OFELIA more than 4 of 
5 (81%) patients diagnosed with osteoporosis initiated anti-
osteoporosis treatment and 95% of those initiating treatment 
were still adherent and compliant 3 years later. An overall 
treatment up-take and adherence over 3 years of 76% dem-
onstrates that implementation of FLS will reduce the future 
fracture burden in patients presenting with fragility fracture. 
In OFELIA the fraction of patients treated is higher com-
pared to other reports. A meta-analysis of adherence to drug 
therapy for osteoporosis concluded that one-third to half of 
patients did not take their medication as directed [47]. Simi-
larly, a French epidemiological study including 785 women 
(51.5% with a history of fracture) found 65% adherence to 
treatment [48] and suggested that being well-informed of 
osteoporosis since diagnosis were significantly associated 
with compliance. In OFELIA all patients had suffered a 
fracture which may motivate them to comply with fracture 
prevention. In addition, as participants in OFELIA they had 
an in-depth conversation about the link between fractures 
and bone health, and at the time for diagnosis they had a 
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Fig. 4  Age distribution in the OFELIA cohort
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new informative conversation about osteoporosis which may 
also have improved the up-take and adherence to treatment.

The study has strengths and limitations. We investigated a 
large number of male and female fracture patients presenting 
a wide range of age and different localisations of fractures. 
In addition, the inclusion of patients was performed over 
a full year, including all four seasons which, in Denmark, 
include a rainy, slippery autumn and a cold winter with snow 
and iced roads and pavements. BMD, weight and height 
were measured by trained technicians and, in combination 
with sex and age, with negligible numbers of missing data.

The enrolment procedure depended on the willingness of 
the health-professionals to ask patients for permission to be 
contacted by the study coordinator. The study coordinator 
repeatedly informed and stressed the importance of avoid-
ing subjective selection of patients for the study due to any 
“sense of the patient’s risk of having osteoporosis”. Approxi-
mately, one-fourth of fracture patients treated at AUH were 
approached by the health-professionals to provide informa-
tion about the study. When exploring the registration of all 
approached fracture patients in the OFELIA log-book we 
recognized an overall tendency that recruitment of eligible 
patients was mostly based on the enthusiasm of the indi-
vidual health professional at work and not upon the health 
care professional assumption regarding the likelihood of the 
patient having osteoporosis or not. This could lead us to 
suggest, that the OFELIA cohort represented a non-selected 
group of fracture patients. However, according to fracture 
localisation, the percentage of hip-fractures in OFELIA 
was lower than in the approached non-participating group 
of fracture patients as well as in the patients identified in the 
register at AUH. Thus, to assess the generalisability of the 
study population in OFELIA to the overall Danish fracture 
population, we need to take selection bias and the differ-
ences in the distribution of fractures in patients being inves-
tigated compared to patients not investigated into account.

The participants and the non-participants differed in age, 
sex and fracture localisation—especially hip-fractures—
which may have caused selection bias. The older (women) 
with hip-fractures expected to be at high risk of osteoporosis 
and the younger men expected to be at low risk declined 
participating in the study. A perception of osteoporosis as 
an “old-woman disease” could be the reason behind the 
younger men’s relatively higher rate as non-participates, 
but despite reasons behind, the young men’s’ absence might 
have overestimated the prevalence of osteoporosis in OFE-
LIA. On the other hand, the prevalence estimate could also 
be underestimated given the high proportion of older hip-
fracture patients among the group of non-participants due to 
co-morbidities and lack of surplus. We assume that a study 
population comprising relatively less patients with hip or 
spine fractures might cause an underestimation of the preva-
lence of osteoporosis.

The OFELIA study demonstrated that osteoporosis was 
present in more than one in five fragility fracture patients 
≥ 50 years, that nearly half of the fracture patients had 
suffered a fracture previously, and that the vast majority 
of patients was unaware of osteoporosis prior to the frac-
ture and is unlikely to be investigated for osteoporosis by 
the current non-systematic approach to fracture patients. 
Furthermore, the up-take and adherence to anti-osteopo-
rosis treatment are high in patients being diagnosed with 
osteoporosis after a fracture. We therefore suggest that a 
considerable group of fracture patients will benefit from 
a systematic approach to reduce the risk of subsequent 
fractures in Denmark. We also suggest implementing an 
individualized approach to the most fragile and older frac-
ture patients.
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