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Abstract
While many clinical guidelines recommend screening for osteoporosis for early detection and treatment, there is great diversity in
the case-finding strategies globally. We sought to compare case-finding strategies, focusing on the approaches used in European
and Asian countries. This article provides an overview of the current case-finding strategies in the UK, Germany (including
Austria and German-speaking regions of Switzerland), China, Japan, and Korea. We conducted a review of current treatment
guidelines in each country and included expert opinions from key opinion leaders. Most countries define osteoporosis among
patients with a radiographically identified fracture of the hip or the vertebrae. However, for other types of fractures, or in the
absence of a fracture, varying combinations of risk-factor assessment and areal bonemineral density (aBMD) assessed by dual X-
ray absorptiometry are used to define osteoporosis cases. A T-score ≤ − 2.5 is accepted to identify osteoporosis in the absence of a
fracture; however, not all countries accept DXA alone as the sole criteria. Additionally, the critera for requiring clinical risk
factors in addition to aBMD differ across countries. In most Asian countries, aBMD scanning is only provided beyond a
particular age threshold. However, all guidelines recommend fracture risk assessment in younger ages if risk factors are present.
Our review identified that strategies for case-finding differ regionally, particularly among patients without a fracture. More
homogenized ways of identifying osteoporosis cases are needed, in both the Eastern and the Western countries, to improve
osteoporosis case-finding before a fracture occurs.

Case-finding in osteoporosis is essential to initiate treatment and minimize fracture risk. We identified differences in case-
finding strategies between Eastern and Western countries. In the absence of a diagnosed fracture, varying combinations of risk
factors and bone density measurements are used. Standardized case-finding strategies may help improve treatment rates.
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Introduction

Osteoporosis is one of the most common diseases of aging,
with an increasing prevalence of disease and fractures with

age [1]. The worldwide prevalence of osteoporosis is difficult
to ascertain due to differing definitions and diagnostic criteria.
However, one-in-four women and one-in-eight men aged 50
years or older have osteoporosis [2]. If these proportions are
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extrapolated to the current world population statistics [3], over
228 million adults aged 55 years or older would have osteo-
porosis, which is a marked increase from the previous estimate
of 200 million in 2006 [4].

Characterized by a gradual loss in areal bone mineral den-
sity (aBMD) and deterioration of bonemicroarchitecture, clin-
ically osteoporosis leads to increased bone fragility and sub-
sequent fragility fractures—typically of the forearm, humerus,
vertebra, and hip (femur and femoral neck). Osteoporotic frac-
tures, in particular hip fractures, have an important and serious
health impact leading to significant increases in mortality,
pain, and loss of independence [5, 6]. Importantly, osteoporo-
sis is a silent disease as patients are often unaware of the
disease progression due to a lack of observable symptoms
until a fall or an impact of an adequate force results in a bone
fracture. Therefore, identifying individuals with increased risk
of experiencing a fracture is crucial for early intervention and
minimization of fracture risk. This applies to all fractures,
regardless of the level of aBMD [7]. However, despite ac-
knowledging the negative consequences of fractures, such as
reductions in quality of life and higher mortality associated
with fracture [5, 6] and the efficacy of treatment to reduce risk,
osteoporosis remains widely under-diagnosed and under-
treated [8–11].

Thus, while there are several country-specific guidelines to
identify those patients at increased risk of fractures, there is
great diversity in the case-finding strategies globally, particu-
larly between eastern and western countries [12, 13]. To ad-
dress these differences, this narrative review by members of
the East-meets-West working group within the European
Calcified Tissue Society (ECTS) aims to summarize the
case-finding strategies in osteoporosis, with a focus on a com-
parative review between a selection of Asian and European
countries—including China, Japan, South Korea, the UK, and
German-speaking countries (Germany, Austria, a Swiss-
speaking Switzerland).

Introduction to case-finding

Osteoporosis is most commonly classified using the World
Health Organization (WHO) operational definition and based
on aBMD measurement using dual X-ray absorptiometry
(DXA), relative to the aBMD of an average young adult
[14–16]. Using this approach, osteoporosis patients are those
with an aBMD in the femoral neck (hip), spine, or forearm that
is 2.5 standard deviations or more below that of the mean of
healthy young adult females (the so-called T-score) [14].
Fracture risk decreases exponentially with increasing aBMD,
and low aBMD is a strong predictor of fracture of multiple
types, even over more extended periods [17]. However, it is
well established that fractures can occur in patients without an
aBMD T-score of − 2.5 and below. Indeed, since there are

many more subjects with an aBMD T-scores above − 2.5 than
with an aBMD T-score below − 2.5, most fractures occur in
people with BMDT-score > − 2.5 [18]. Consequently, clinical
factors such as age, sex, family history, smoking status, and
physical activity, along with disorders or medications with a
negative impact on bone, likely play important roles in frac-
ture risk and should be included in the case-finding
assessment.

Indeed, using aBMD alone to identify patients at risk for a
fracture will likely have poor sensitivity as many patients at
risk for a fracture will not be identified and thereby not offered
therapeutic management. Technically, aBMD as a projection
measure is affected by body size, but definitions based on
volumetric BMD, assessed by quantitative computed tomog-
raphy (QCT), also show limited sensitivity. More importantly,
there are a number of disorders other than osteoporosis, where
aBMD is also substantially reduced (e.g., multiple myeloma
or osteogenesis imperfecta), thereby pointing out the need for
differential diagnosis. DXA-based aBMD assessment is,
therefore, an indicator of bone mass-related fracture risk as
opposed to fracture risk resulting from extra-skeletal factors,
such as a propensity for falling or due to deteriorated bone
material properties. This reflects a strength (low aBMD indi-
cates the need to target treatment to the bone) and a weakness
(limited capability to identify risks due to causes other than
bone mass deficits) of using DXA alone to identify osteopo-
rosis. Thus, low aBMD should be considered a risk factor for
fracture rather than a singular definition of osteoporosis.
Accordingly, considering aBMD, in addition to other clinical
risk factors, will increase fracture risk assessment accuracy.

Several clinical tools have been developed to calculate an
individual’s risk of fracture in light of this. The most widely
used tool is the fracture risk assessment tool FRAX® (www.
shef.ac.uk/FRAX). Developed at the University of
Sheffield in the UK, FRAX® estimates the 10-year proba-
bility of major osteoporotic (hip, forearm, proximal humer-
us, and clinical vertebral) and hip fracture. The FRAX®
algorithm determines the fracture probability by integrating
the weight of important clinical risk factors, with or without
an aBMD measurement. In the UK, the SCreening for
Osteoporosis in Older women for the Prevention of fracture
[SCOOP] study tested whether risk-based screening using
FRAX® effectively reduced fracture incidence [19, 20].
The study was a community-based screening intervention
of 12,483 women aged 70 to 85 years in the UK. In the
screening arm, licensed osteoporosis treatments were rec-
ommended in women identified to be at high risk of hip
fracture using the FRAX® risk assessment tool (including
aBMDmeasurement). In the control arm, standard care was
provided. Screening led to a significant 28% (adjusted haz-
ard ratio [aHR] 0.72, 95% confidence interval [CI] 0.59–0.
89) reduction in hip fractures over 5 years, with no overall
reduction in fracture risk [19].
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Another study testing whether a FRAX®-based risk assess-
ment effectively reduced fracture incidence in the Danish Risk-
stratified Osteoporosis Strategy Evaluation (ROSE) study [21,
22]. Here, patients were randomized before the invitation to
screening was sent out. Participants filled out a questionnaire
to calculate the FRAX® 10-year risk of major osteoporotic
fracture. Researchers did not inform women in the control
group about the result of the FRAX calculation. In contrast,
women in the intervention group, with a ≥ 15% risk, were
invited to undergo DXA scanning. The woman and her general
practitioner (GP) received the examination results by letter. The
information included treatment recommendations based on the
Danish national guidelines; however, the patient and GP made
the treatment decisions. The primary intention-to-treat analysis
of the 34,229 women aged 65–80 years showed no significant
overall effect onmajor osteoporotic fracture (aHR 0.99, 95%CI
0.92–1.06) or hip fracture (aHR 1.00, 95% CI 0.89–1.13) be-
tween those randomized to the screening group compared to the
control group. However, a pre-planned per-protocol analysis,
among only those who returned the questionnaire with suffi-
cient information to calculate FRAX®, showed a slight risk
reduction in the screening group compared to women in the
control group for major osteoporotic fracture (aHR 0.91, 95%
CI 0.83–1.01) and hip fracture (aHR 0.82, 95% CI 0.67–1.01).
However, compared to controls with a FRAX® ≥ 15%, the
screening group showed a significant reduction in major oste-
oporotic fractures (aHR 0.87, 95% CI 0.77–0.99) and hip frac-
tures (aHR 0.74, 95% CI 0.58–0.95) was observed [21].
However, we note that a self-selection bias may be present in
the per-protocol analyses.

While the SCOOP study and the per-protocol analyses in
the ROSE study support the notion that screening for fracture
risk is associated with a significant risk reduction for hip frac-
tures, the SALT Osteoporosis Study (SOS) from the
Netherlands failed to find a similar conclusion [23]. This study
included only women aged 65 to 90 years, with more than one
clinical risk factor for fracture. Women with a high 10-year
FRAX® risk, or a prior vertebral fracture, were offered oste-
oporosis treatment. Among the 5575 patients in the screening
group, 25% (n = 1417) indicated to receive osteoporosis treat-
ment, yet during follow-up, there was a non-significant effect
on fracture risk, including hip fracture (aHR 0.91, 95% CI
0.1–1.15) [23]. However, unlike the SCOOP or ROSE stud-
ies, the definition of the high-risk group is unclear, and there
are important caveats that may underestimate the effect of
screening programs [24].

Since 2008 when the FRAX® tool was launched, it has
been diversified for use in 63 countries, currently 35
European countries and 11 countries/regions in Eastern Asia,
with each tool calibrated based on estimates of the national hip
fracture and mortality epidemiology. Currently, calibrated
FRAX® models are available for 58 countries globally [25].
A comprehsive overview of these can be identified in

systematic reviews by the National Osteoporosis Guideline
Group and the International Osteoporosis Foundation (IOF)
[25]. Importantly, as it was primarily developed in Caucasian
populations [25, 26], FRAX® may overestimate the fracture
risk in minority populations (including Asian, African, and
Hispanic populations) [27]. Thus, local calibration is perti-
nent. A discussion of the strengths and limitations of
FRAX® is available elsewhere [27]. For example, in contrast
to hip fractures, data on the incidence of other fractures is
limited. Thus, to construct a FRAX® tool in the absence of
such data, it is assumed that the ratio of hip fractures to other
types of fractures is similar across populations. While true in
Caucasians, this needs to be confirmed in other ethnicities. For
example, in elderly (> 65 years) Hong Kong Chinese and
Japanese individuals, the ratio of vertebral fractures to hip
fractures may be higher [28].

Currently, FRAX® is widely used, particularly in China,
Hong Kong, Japan, South Korea, and Taiwan, where there
are population-specific FRAX® algorithms. Limited access
to DXA in some countries remains an issue, with some
adopting the use of quantitative ultrasound (QUS) measure-
ments. To date, FRAX® does not accommodate the QUS
[29, 30]. Additionally, other screening tools developed to
calculate the likelihood of underlying osteoporosis rather
than fracture risk are available. Examples include the
Osteoporosis Self-Assessment Tool for Asians (OSTA) or
the IOF 1-min questionnaire, which simply detects the pres-
ence of risk factors associated with osteoporosis. Such tools
have been implemented in China to identify those at risk for
osteoporosis, thereby optimizing DXA scan use given lim-
ited resources [31].

Geographical variations in case-finding
strategies

China

Osteoporosis burden

The size of the aging population in China is growing rapidly,
and consequently, osteoporosis is becoming one of the
country’s largest health problems. A recent study identified
that, among those aged 65 years or older, the hip fracture rate
increased substantially from the early 1990s to 2006 [32].
Thus, osteoporosis case-finding to prevent fractures and min-
imize the associated costs has emerged as a high priority.

Osteoporosis case-finding strategies

To tackle the challenge of identifying and treating osteoporo-
sis, physicians complete a two-phase case-finding approach.
The approach is in accordance with the guidelines for primary
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osteoporosis provided by the Chinese Society of Osteoporosis
and Bone Mineral Research (CSOBMR) founded under the
Chinese Medical Association [33]. Under these guidelines, a
first case diagnosis is determined based on a history of known
fractures. Thus, those with an identified fracture receive a
diagnosis of osteoporosis and medical treatment recommen-
dation. Those without a known fracture, radiographic imaging
for a suspected vertebral fracture, and aBMD measurement
using DXA for osteoporosis diagnosis are considered.
Similarly, if a vertebral fracture is identified, or an aBMD T-
score ≤ − 2.5 is observed, the diagnosis of osteoporosis is
established. An overview of the criteria for receiving aBMD
or radiographic assessment to identify osteoporosis cases is
provided in Table 1.

Additionally, in the absence of a fracture, further risk
assessment can be conducted to identify patients at risk for
osteoporotic fractures. Here, the risk assessment is

multifaceted and includes the International Osteoporosis
Foundation (IOF) 1-min questionnaire for risk of osteopo-
rosis assessment [34], the Osteoporosis Self-assessment
Tool for Asians (OSTA: weight in kilograms − age in years]
* 0.2), FRAX® (for China) [35], falls, and other risk factors.
For patients with T ≤ − 2.5 and patients with − 2.5 < T-score
< −1, if FRAX® risk ≥ 20% for major osteoporotic fractures
or ≥ 3% for hip fractures, osteoporosis therapy is indicated.
Figure 1 provides a depiction of the risk assessment
procedure.

Japan

Osteoporosis burden

Approximately 28% of the population is aged 65 years or
older, and the estimated prevalence of osteoporosis is 15

Table 1 Criteria for aBMD
assessment or vertebral fracture
risk assessment in China

aBMD measurement Vertebral fracture assessment

(1) over 65 (women) or 70 (men) years of age,

(2) < 65 (women) or < 70 (men) years with one ormore major
risk factors for osteoporosis:

•Fragility fracture

•Hypogonadism

•Radiograph with the manifestation of osteoporosis

•Receive osteoporosis pharmacotherapy

•Diagnosis of disease influencing bone metabolism

•IOF 1-min questionnaire with “+” indicated for questions
requiring “greater than” responses

•OSTA score ≤ − 1

(1)Women ≥ 70 years and men ≥ 80 years with
an aBMD T-score ≤ − 1

(2) Women 65–69 years, and men 70–80 years
with an aBMD T ≤ − 1.5

(3) Adults (≥ 50 years) with one of the
following:

a Fragility fracture

b Height decrease of ≥ 4 cm, as compared to
peak adult height

c Height decrease of ≥ 1 cm within 1 year

d Glucocorticoid therapy ≥ 3 months

aBMD, bone mineral density; IOF, International Osteoporosis Foundation;OSTA, Osteoporosis Self-Assessment
Tool for Asians

Fig. 1 Flow-chart of the risk
assessment strategy for
identifying osteoporosis cases in
patients without a known fracture
in China
Abbreviations: IOF: International
Osteoporosis Foundation; OSTA:
Osteoporosis Self-Assessment
Tool for Asians; T: T-score;
FRAX: fracture risk assessment
tool (www.shef.ac.uk/FRAX)
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million individuals, resulting in roughly 200,000 hip fractures
annually [36–38]. Despite attention to the need for improved
screening services and education on osteoporosis, screening
rates for osteoporosis remain low compared to other chronic
diseases [39]. While historically osteoporosis screening is
deprioritized due to financial reasons, a recent economic anal-
ysis concluded that DXA screening for case-finding based on
age and risk factors would be cost-effective in Japan.

Osteoporosis case-finding strategies

In Japan, diagnostic criteria for osteoporosis follow the 2011
guidelines for the prevention and treatment of osteoporosis
[39]. Here diagnostic criteria for osteoporosis are based on
medical interviews, physical examinations, diagnostic imag-
ing, and blood and urine analysis [39]. Following an initial
assessment, patients receive further aBMD measurement and
a lateral spine radiograph, if deemed necessary by the clini-
cian. Osteoporosis diagnosis, and treatment recommenda-
tions, occur among patients with a defined fragility fracture
of the hip and/or vertebrae, and no alternative diagnosis (Fig.
2). We note that the Japanese guidelines were the only to
define and focus on “fragility” fractures.

All other patients require further fracture and aBMD as-
sessment before a treatment decision. Among patients with a
non-hip or non-vertebral fragility fracture, treatment is

recommended among those with an aBMD less than 80% of
the young adult mean in women (YAM), the equivalent of a
DXA T-score of − 1.5 [39]. In the absence of a fragility frac-
ture, osteoporosis treatment initiation occurs among those
with aBMD less than 70% of YAM (equivalent to DXA T-
score of − 2.5). In comparison, those with aBMD between 70
and 80% of YAM require further clinical assessment. Among
the latter, those with a 10-year FRAX® probability of major
fracture ≥ 15%, or those with a family history of hip fractures,
initiate treatment, Fig. 2. We note that the relationship be-
tween the YAM and T-score cut-off values has shifted over
time. In 2008, it was identified that an aBMDmeasurement of
70% and 80% of the YAM in Japan was equivalent to a T-
score between − 2.7 and − 1.8, respectively [40]. However,
since the release of the 2011 osteoporosis treatment guidelines
[39], cut-off values associated with aBMD between 70 and
80% of the YAM have been updated to internationally recog-
nized standards of − 2.5 and − 1.5, respectively [41].

Korea

Osteoporosis burden

South Korea became an aging society in 2000, with those
aged 50 years or older comprising approximately 7% of the
total population. In 2018, South Korea is now an aging society

Fig. 2 Criteria for initiation of pharmacological treatment for
osteoporosis in Japan (adapted from Orimo et al. [39]). Abbreviations:
aBMD: bone mineral density, YAM: young adult mean for women;
FRAX: fracture risk assessment tool FRAX® (www.shef.ac.uk/FRAX).
1 proximal femur (hip) fracture and/or vertebral fracture caused by a slight
external force after menopause in women and after age 50 in men. 2 distal
forearm, proximal humerus, pelvis, lower leg, and/or rib fracture caused
by a slight external force after menopause in women and after age 50 in

men. 3 revision of additional T-scores is under consideration for some
measurement sites. An aBMD less than 70% of YAM is equivalent to
DXA T-score of − 2.5. 4 applied in persons < 75 years. Additionally, a
lower cut-off value does not include all young persons in and around their
50s for whom pharmacological treatment is recommended based on the
present diagnostic criteria. 5 critera should be applied only to persons who
answer “No” to FRAX® risk factors of “glucocorticoid,” “rheumatoid
arthritis,” or “secondary osteoporosis”
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with ≥ 14% of the full population aged 50 years or older, and
by 2026, it is projected that Korea will be a super-aged society
defined as ≥ 20% of the total population being aged 50 years
or older [42]. In line with the aging population, South Korea
experienced a substantial 47.3% increase in the number of
osteoporotic fractures in patients aged 50 years or older be-
tween 2008 (n = 146,240) and 2011 (n = 215,460) [43]. The
incidence of hip, vertebral, radius, and humerus fracture in-
creased more among women than men during this time [44]
[45–47]. Similarly, between 2008 and 2011, a study identified
that the total healthcare costs associated with fractures in-
creased by 31.6% from $549 million to $722 million, respec-
tively [48]. Depending on the fracture type, the most expen-
sive fracture for both genders was a vertebral fracture, ac-
counting for 43 to 45% of the total costs [48].

Osteoporosis case-finding strategy

Despite the growing elderly population and increased fracture
burden, osteoporosis is currently not considered a national
priority in Korea. Consequently, the government has not pro-
duced official national guidelines on osteoporosis. However,
the Korean Society for Bone andMineral Research (KSBMR)
has published its own Physician’s guide for diagnosing and
treating osteoporosis in 2007, with updates in 2008, 2011,

2013, 2015, 2018, and 2019 [49]. The guidelines offer criteria
for osteoporosis diagnosis and treatment recommendations.

The guidelines currently recommend a diagnosis of oste-
oporosis, and osteoporosis treatment initiation, for all pa-
tients aged 50 years or older who have a prior fragility frac-
ture. Since May 2015, patients with a fracture, diagnosed by
a physician and confirmed via X-ray, do not require a diag-
nosis of osteoporosis via DXA (T-score of ≤ − 2.5 from
aBMD) to be eligible for treatment. Under this guideline,
patients receive coverage for medical treatment costs over a
period of 3 years [50].

Patients aged 50 years or older who do not have a fracture
require additional assessments before diagnosis. There is a rec-
ommendation for a DXA test for women aged 65 years or older
and men aged 70 years or older. Following DXA screening, the
guideline recommends treatment initiation among those with
aBMD T-score value of − 2.5 of the lumbar spine, femur, fem-
oral neck, or total hip [49]. Additionally, since 2019, osteopo-
rosis treatment is recommended for patients taking predniso-
lone ≥ 2.5 mg for 3 months or longer with a T-score of − 1.5
of the lumbar spine, femur, remoral neck, or total hip.
Additionally, men under 50 years and pre-menopausal women
taking prednisolone ≥ 2.5 mg for 3 months or longer with a Z-
score of − 3.0 of the lumbar spine, femur, femoral neck, or total
hip should receive treatment [51]. Figure 3 depicts the case-
finding and treatment recommendation strategy.

Fig. 3 Overview of osteoporosis
case-finding strategy in Korea.
Abbreviations: DXA: dual X-ray
absorptiometry, LS: lumbar spine,
FN: femoral neck, GC: glucocor-
ticoid, M: month, mg/d; milli-
grams per day
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The UK and European German-speaking countries

Osteoporosis burden

A 2013 review by the IOF estimated that 22 million women
and 5.5 million men had osteoporosis across Europe, which
resulted in 610,000 hip fractures, 520,000 vertebral fractures,
and > 2 million other fractures (e.g., forearm, pelvis, rib, hu-
merus, tibia, fibula, clavicle, scapula, sternum, or hip) [52].
The most recent estimates suggest the prevalence of osteopo-
rosis among those over 50 years of age in six large European
countries (France, Germany, Italy, Spain, Sweden, and the
UK) is approximate 7% for men and 22% for women, with
fracture-related costs of 37.5 billion Euros in 2017 [53].

Osteoporosis case-finding strategies in the UK

Most European countries promote a case-finding FRAX-based
approach, with fracture risk calculated in those with identifiable
risk factors, however not all identify thresholds for treatment
based on FRAX® alone. FRAX® does not specify treatment
thresholds, so that further interpretation and application of as-
sessment and intervention thresholds are needed. Guidance
from the IOF proposed a treatment threshold equivalent to a
FRAX®-based 10-year probability of a major osteoporotic
fracture of a woman with a previous fracture (no other clinical
risk factors, a body mass index 24 kg/m2, and without aBMD).

This treatment threshold would increase with age up to about
age 85, after which it levels off due to high mortality [15, 54].
This approach was first proposed by the National Osteoporosis
Guideline Group (NOGG) in the UK [55]. Under the NOGG
criteria, patients with a history of a fragility fracture should
receive treatment without the need for further assessment.
However, at younger ages, additional aBMD may be appropri-
ate. Among those without a fracture, age-dependent interven-
tion thresholds are applied up to 70 years, after which there are
fixed thresholds [55]. The plateau at age 70 reduces inequalities
in fracture risk required for treatment in those without a prior
fracture. Before the application of the plateau, older women
without fracture required a higher fracture risk to receive treat-
ment compared to those with a prior fracture [56].

Case-finding strategies in German-speaking regions

Not all European countries have adopted this age-related in-
tervention threshold, in the belief that it appears to impose a
relatively high threshold for treatment in the most elderly. For
instance, the Dachverband Osteoporose (DVO) [57], the um-
brella organization on osteoporosis for the German-speaking
countries of Austria, Germany, and Switzerland, has devel-
oped the DVO Osteoporosis Guidelines. These guidelines
specify constant diagnostic and therapeutic thresholds inde-
pendent of age and gender to avoid over-treating younger
patients and under-treating elderly ones. These thresholds

Fig. 4 Flow-chart of the osteoporosis case-finding strategy of the
Dachverband Osteologie (DVO) for Germany, Austria, and German-
speaking Switzerland. Risk is based on the incidence of a hip or vertebral
fracture; diagnostic (Dx) and therapeutic (Tx) thresholds that are constant,
independent of age. For patients with osteoporotic fractures of the spine
(see note1 above) or hip and for patients on oral glucocorticoid treatment
of 7.5 mg prednisolone equivalent for ≥ 3 months treatment is recom-
mended. For all others, a two-stage approach is used to assess fracture risk
based on aBMD and clinical risk factors. The diagnostic threshold is

equivalent to the fracture risk of a woman in the general population of
the age of 68. The treatment threshold is equivalent to the fracture risk of a
woman in the general population of the age of 74. Basic diagnostic lab-
oratory tests include serum calcium, serum phosphate, alkaline phospha-
tase (AP), gamma GT, creatinine, C-reactive protein, TSH, serum-protein
electrophoresis, hemogram, and vitamin D3. 1 An overview of the clinical
risk factors can be found in Thomasius et al. [57]. Abbreviations: Fx:
fracture, Dx: diagnosis, DXA: dual X-ray absorptiometry, VFA: vertebral
fracture assessment, GC: glucocorticoid
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are based on the incidence of hip or (radiographical or clinical)
vertebral fractures.

Figure 4 presents the approach for case-finding by the
DVO. Patients with osteoporotic (“low-trauma”) fractures of
the hip or spine, or taking oral glucocorticoid therapy, can be
directly considered for treatment. For all others, case-finding
is a two-stage procedure. First, based on numerous clinical
risk factors [57], the patient’s risk is estimated. Second, if
the risk exceeds a diagnostic threshold (equivalent to the frac-
ture risk of a woman in the general population of about age
68), DXA and lab examinations, and optionally fracture as-
sessment by radiography, are indicated. After considering
these examinations, osteoporosis treatment recommendation
is made if aBMD ≤ − 2 and the risk exceeds the therapeutic
threshold (equivalent to the fracture risk of a woman in the
general population of about age 74).

Challenges in osteoporosis case-finding

Universally, one of the primary goals in osteoporosis manage-
ment is adequate case-finding to ensure that patients at risk for
fracture receive the appropriate therapies. However, to date,
we have not realized optimal osteoporosis identification and
management, as numerous studies have shown the low uptake
of osteoporosis treatment following a fragility fracture [8–11].
One key barrier may relate to a continued lack of appreciation
of the burden imposed by fragility fractures from all fronts—
government, physicians, and patients, thereby leading to a
lack of financial investment in resources and an under-diag-
nosis/under-assessment of at-risk patients. Moreover, with an
aging population comes an increasing burden of chronic dis-
eases in the elderly. Consequently, conducting multiple dis-
ease screenings is time-consuming, and osteoporosis case-
finding may be deprioritized compared to cancer or cardiovas-
cular risk. As seen in Japan, screening for cancer is > 30%,
while screening for osteoporosis is ~ 4% [39, 58]. This is
concerning in light of a previous US study that identified the
hospitalization costs associated with osteoporotic fractures for
women aged 55 years or older were higher than that of myo-
cardial infarction, stroke, or breast cancer [59].

While the diagnosis of osteoporosis in the absence of a frac-
ture may be time-consuming and could explain suboptimal
treatment initiation rates, it is noteworthy that treatment initia-
tion after a fracture also remains suboptimal worldwide. This is
despite evidence that bisphosphonate use is associated with a
decreased risk of subsequent fracture [60]. Indeed Solomon
et al. previously identified that only 21% of patients with a
hip fracture in 2011 received anti-osteoporosis therapy after a
hip fracture [9]. In another US study, the rate of patients initi-
ating (newly treated) osteoporosis treatment following a frac-
ture has decreased over time [10]. In their study, Desai and
colleagues found that treatment initiation following a hip frac-
ture was 9.8% in 2004, and only 3.3% in 2015 [10]. In

comparison, following a myocardial infarction, over 90% of
patients are initiated on antithrombotic therapy (e.g., statins).
Given the high morbidity, disability, and mortality following
osteoporotic hip fractures, it is essential to improve osteoporosis
treatment rate following a fracture. As noted above, the restric-
tion to consider treatment among only low-trauma fractures
may have led to reduced therapy rates. Importantly, we note
that the guidelines reviewed here showed inconsistent terminol-
ogy to define treatment indicators and additional fracture risk.
For example, the guidelines used the terms fracture, low-trau-
ma fracture, fragility fracture, or osteoporotic fracture to define
osteoporotic fractures, and occasionally excluded specific frac-
ture sites (e.g., cervical vertebrae, hand, foot). Homogenizing
these terms and definitions may require further consideration
and consensus finding.

While we observed that FRAX® is generally the preferred
algorithm for the prediction of fracture risk to identify osteo-
porosis cases and determine treatment initiation, additional
tools may help supplement fracture prediction and improve
case-finding. For example, trabecular bone score (TBS) per-
mits estimation of skeletal microstructure that cannot be cap-
tured from a standard aBMD measurement [61]. A recent
meta-analysis identified that TBS provides additional infor-
mation beyond FRAX® in both men and women, and across
multiple ethnicities [62]. The meta-analysis included 14 co-
hort studies, including the Japanese Population-based
Osteoporosis Study (JPOS), the MrOS Hong Kong study of
Chinese men and women, the Osteoporosis and Ultrasound
Study (OPUS) with participating centers in the UK and
Germany, and the Swiss Evaluation of Methods of
Measurement of Osteoporotic Fracture Risk (SEMOF). In
each of these cohorts, TBS independently contributed to the
assessment of fracture [62]. FRAX® provides an option to
add TBS results and calculate the impact on fracture risk. It
is expected that supplementing FRAX®with TBSwill further
improve fracture prediction. Additionally, there is growing
evidence that TBS and other FRAX®-based aglorithms, in-
cluding the Derived FRAX (DeFRA), may also improve case-
finding strategies in high-risk sub-populations, such as pa-
tients with diabetes [63, 64].

Another promising opportunity for improving osteoporosis
case-finding and subsequent treatment initiation following a
fracture is the expansion of fracture liaison services (FLS) glob-
ally [65]. Notably, the IOF Capture the Fracture campaign
highlighted the importance of FLS services [66]. A similar po-
sition paper in Europe, by the European League Against
Rheumatism (EULAR) and the European Federation of
National Associations of Orthopaedics and Traumatology
(EFFORT), further supports FLS for fracture management
and treatment monitoring [67]. Additionally, we note the pro-
motion of healthcare consortiums, such as the World Health
Organization (WHO) Network for Prevention and
Management of Osteoporosis [68]. This initiative would
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coordinate the network between community health ser-
vices and hospitals. Case-finding and risk assessment
may be completed at the community level, while the
hospitals would provide diagnosis and treatment. A re-
cent meta-analysis of clinical trials and observational
studies further supports FLS. The meta-analysis identi-
fied that FLS programs improved treatment initiation
and reduced re-fracture and mortality rates [69].

Within Asia, similar efforts are being made to miti-
gate the healthcare burden of fractures resulting from
under-diagnosed osteoporosis . For example, the
Chinese Ministry of Health implemented the Win Over
Osteoporosis (WOO) project in 2009, which focuses on
enhancing the education of osteoporosis and screening
for diagnosis for high-risk patients. In Japan, the open-
ing of osteoporosis liaison services (OLS) has been
established by the Japan Osteoporosis Society since
2015. The primary mission of OLS is to provide educa-
tional programs, medical check-ups for bone fragility,
improve medication adherence, and risk assessment for
primary and secondary fracture in osteoporotic subjects.
While large studies are lacking, an OLS site assessment
found significantly improved osteoporosis diagnosis af-
ter OLS in patients with hip fractures [70]. In South
Korea, hip fracture registry programs have been operat-
ing since 2014, and FLS since 2016. The emphasis on
early detection and treatment of osteoporosis in Korea
by the National Health Examination (NHE) has resulted
in a doubling of aBMD examinations for women aged
54 years and 65 years old since 2018 [71].

Finally, osteoporosis is still predominantly viewed as
an older women’s disease as fractures are more common
in women than in men. Consequently, studies of osteo-
porosis case-finding and fracture prevention are primar-
ily among post-menopausal women. While osteoporosis
is less common in men, approximately 6% of men aged
50–84 years have osteoporosis in Europe, with similar
numbers observed in Asia [52, 72]. Additionally, about
30% of osteoporotic fractures occur in men, and the
mortality rate following a hip fracture among patients
aged 70 years or older is more than double that in wom-
en [4]. The first step to overcome this is to expand the
recognition and research, such as the MrOs study [73,
74], among men. The MrOs study has been conducted
in sites in the USA, Hong Kong, and Sweden, permit-
ting comparisons across continents [75, 76]. Likely, a
similar two-phase case-finding strategy, as seen in many
countries, can be adopted—whereby the existence of a
prior fracture stratifies men. Similar to women, men
aged 50 years or older with a fracture, and in the ab-
sence of an alternative diagnosis, should be considered
for osteoporosis therapy. In the absence of fracture,
male patients should receive additional screening to

assess risk factors. However, as the evidence suggests
male fracture risk increases approximately 10 years af-
ter women, we suggest that the age for case-finding in
the absence of a fracture should be older among men
than in women [77].

Summary

Optimized case-finding strategies are essential for ade-
quate osteoporosis assessment and therapy. A review of
the case-finding strategies and guidelines used by five
countries (China, South Korea, Japan, the UK, and
Germany—including Austria and German-speaking
Switzerland) indicates substantial discrepancies, particu-
larly in the absence of a fracture. While most countries
have s imi la r approaches in the presence of a
radiographic-confirmed hip or vertebral fracture, differ-
ences emerge in the absence of a fracture. Most guide-
lines favor a two-stage procedure, first assessing clinical
risk factors, with a more detailed investigation of the
bone status including DXA only recommended among
those at higher risk. The method to handle differential
diagnosis also differs.

Notably, the thresholds for osteoporosis treatment vary
substantially from country to country. An overview of
the different treatment thresholds by country is provided
in Table 2. Similar to the case-finding approach, all
countries recommend osteoporosis therapy initiation fol-
lowing a fracture of the hip or spine. Again, in the ab-
sence of a fracture, the approaches differ. While most,
but not all, countries mandate the assessment of aBMD
using DXA, the threshold for treatment is not uniform. In
China, Japan, and South Korea, a threshold of T ≤ − 2.5
is sufficient to initiate treatment. However, both the
Chinese and Japanese guideliens require additional risk
factors in patients with a T-score between − 2.5 and −
1.0 indicating osteopenia, while this is not specified in
the South Korean guidelines. In Europe, an aBMD in the
osteoporotic range by itself may not be sufficient to ini-
tiate therapy. Rather, the fracture risk has to reach a
specific level that can be independent (German-
Austrian-Swiss) or dependent on the age (UK) of the
patient. In the UK, high fracture risk due to a specific
constellation of risk factors can be sufficient to indicate
the need for treatment, even in the absence of DXA re-
sults. In China and Japan, FRAX® is only used as an
indicator of osteoporosis definition and treatment initia-
tion if aBMD indicates osteopenia, i.e., an aBMD be-
tween a T-score of − 1 and − 2.5. Additionally, only
South Korea, the UK, and the German DVO specify oral
glucocorticoid use thresholds as independent factors for
osteoporosis treatment initiation.
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Notably, there is a need to further address and improve
case-finding strategies among men. In China and South
Korea, there was a 5-year age difference between men and
women when considering the threshold for DXA assessment
in the absence of fracture. For DXA interpretation, some ap-
proaches, including FRAX®, use female reference data for
men and women, while DXA manufacturers generally pro-
vide gender-specific reference ranges. Thus, as most research
informing diagnostic and treatment guidelines has been on
post-menopausal women, further research on men and pre-
menopausal women is required.

Conclusions

Most recently, the emphasis on adequate identification
for those in most urgent need of therapy has led to the
establishment of fracture liaison services, pursuing strat-
egies of tertiary prevention. However, preventing the
first fracture remains a most important goal, in part since
the occurrence of fractures strongly increases the risk of
sustaining additional fractures. Approaches for case-

finding and the threshold for initiating osteoporosis-
specific medication differ across countries. Therefore,
more refined ways of addressing the needs of patients
with osteoporosis are urgently needed, in both the
Eastern and the Western countries.
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After hip
fracture
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After vertebral
fracturec

Yes Yes Yes Yes Yes

After other
fracture

Yes if T < − 1.8 Yes No Yes

aBMD as the
sole criterion

T ≤ − 2.5 T ≤ − 2.5 T ≤ − 2.5 No Nod

Clinical risk
factors only

No No No No

aBMD and
clinical risk
factors

− 2.5 < T < − 1.0 AND
(MOF FRAX risk >
20%, or HF FRAX
risk > 3%)

− 2.5 < T < − 1.5 AND
(MOF FRAX risk >
15%, or family
history of HF)
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or VF ≥ risk of
74-yr-old woman)

Age < 70: if risk ≥ risk of women of the same
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risk ≥ risk of women age 70 with prior
fragility fracture
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therapy (oral
intake for ≥ 3
months)

Not specified Not specified ≥ 2.5
mg/d
if
DXA
T ≤ −
1.5

≥ 7.5 mg/d if DXA T
≤ − 1.5

≥ 7.5 mg/d
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importantly age. A risk assessment by FRAX® is preferred over QFracture
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