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Abstract

Summary Potential FRAX®-based major osteoporotic fracture (MOF) and hip fracture (HF) intervention thresholds (ITs) for
postmenopausal Singaporean women were explored. Age-dependent ethnic-specific and weighted mean ITs progressively
increased with increasing age. Fixed ITs were derived via discriminatory value analysis. MOF and HF ITs with highest the
Youden index were chosen as optimal.

Introduction We aimed to explore FRAX®-based intervention thresholds (ITs) to potentially guide osteoporosis treatment in
Singapore, a multi-ethnic nation.

Method One thousand and one Singaporean postmenopausal community-dwelling women belonging to Chinese, Malay and
Indian ethnicities underwent clinical risk factor (CRF) and BMD assessment. FRAX® major osteoporotic fracture (MOF) and
hip fracture (HF) probabilities were calculated using ethnic-specific models. We employed the translational logic adopted by
NOGG (UK), whereby osteoporosis treatment is recommended to any postmenopausal woman whose fracture probability based
on other CRFs is similar to or exceeds that of an age-matched woman with a fracture. Using the same logic, ethnic-specific and
mean weighted age-dependent ITs were computed. Employing these age-dependent ITs as a reference, the performance of fixed
(age-independent) ITs were examined using ROC curves and discriminatory analysis, with the highest Youden index (Y1)
(sensitivity + specificity — 1) used to identify the optimal MOF and HF ITs.

Results The mean age was 58.9 (6.9) years. Seven hundred and eighty-nine (79%) women were Chinese, 136 (13.5%) Indian and
76 (7.5%) Malay. Age-dependent MOF ITs ranged from 3.1 to 33%, 2.5 to 17% and 2.5 to 16% whilst HF ITs ranged from 0.7 to
17%, 0.4 to 6% and 0.4 to 6.3% in Chinese, Malay and Indian women, respectively, between the ages of 50 and 90 years. The
weighted age-dependent MOF and HF ITs ranged from 2.9% and 0.6%, respectively, at the age of 50, to 28% and 14% at 90 years
of age. Fixed MOF/HF ITs of 5.5%/1%, 2.5%/1% and 2.5%/0.25% were identified as the most optimal by the highest YI in
Chinese, Malay and Indian women, respectively. Fixed MOFP and HF ITs of 4% and 1%, respectively, were found to be most
optimal on the weighted means analysis.
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Conclusion The ITs for osteoporosis treatment in Singapore show marked variations across ethnicities. Weighted mean thresh-
olds may overcome the dilemma of intervening at different thresholds for different ethnicities. Choosing fixed ITs may have to
involve trade-offs between sensitivity and specificity. FRAX®-based age-dependent or the fixed intervention thresholds sug-
gested as an alternative to be considered for use in Singapore though further studies on the societal and health economic impacts

of choosing these thresholds in Singapore are needed.

Keywords Fragility fracture - FRAX - Guidelines - Intervention threshold - Osteoporosis - Singapore - Treatment threshold

Introduction

Osteoporosis is characterised by low bone mass,
microarchitectural deterioration of the skeleton and increased
skeletal fragility resulting in an increased risk of fracture. In
1994, a working group of the World Health Organization
(WHO) defined osteoporosis as a bone mineral density
(BMD) at the lumbar spine, total hip or femoral neck that is
2.5 standard deviations or more below the young adult female
mean [1]. This operational definition, aimed originally to fa-
cilitate epidemiological study of the disease, subsequently
evolved into the clinical and diagnostic definition of osteopo-
rosis. It has been recognised more recently that the inclusion
of clinical risk factors enhances the performance of BMD in
predicting fractures [2]. Several clinical risk scores have been
published in recent years for estimating absolute fracture risk
over fixed time periods [3]. FRAX® is an algorithm that com-
putes 10-year fracture probabilities of major osteoporotic frac-
tures (MOF) of the wrist, hip, humerus and spine or of hip
fractures (HF) alone based on clinical risk factors with or
without BMD input [2]. It was launched in 2008 and it was
based on data generated by the World Health Organization
(WHO) Collaborating Centre for Metabolic Bone Diseases
(1991-2010) at the University of Sheffield.

Most treatment guidelines around the world concur on
recommending medical treatment to postmenopausal women
and older men who have a history of a prior fragility fracture
especially that of the hip or spine [4, 5]. The WHO diagnostic
criteria for osteoporosis, i.e. a T-score of —2.5 or less, also
serves as a threshold to guide decisions for instituting treatment
in some guidelines [6]. However, epidemiological data consis-
tently demonstrate that approximately half of women who frac-
ture are not osteoporotic by BMD criteria [7] and evidence
now suggests that intervention thresholds should be based on
absolute risk of fracture, rather than solely on diagnostic
thresholds based on BMD [8]. A strategy that incorporates
clinical risk factors into the decision-making process may help
identify patients who would have been otherwise missed and
precluded from being offered treatment as well as serve to
avoid treatment in low-risk individuals. Women at high risk
of hip fracture based on FRAX® probability have been shown
to be responsive to appropriate osteoporosis management [9]
and response to pharmaceutical intervention also may be great-
er among women with higher probability of fracture [10].
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Several osteoporosis management guidelines around the
world now agree that anti-osteoporosis treatment should be
offered to patients who have a FRAX®-derived fracture prob-
ability above a certain treatment threshold [11, 12]. Whether the
ideal treatment threshold should be a fixed one [11-13]
encompassing all ages, age-dependent [14] or a hybrid of the
two [15] is unclear. Globally, countries have adopted different
methods of deriving FRAX®-based intervention thresholds. It
has been derived through cost-effectiveness analysis in
Switzerland and in the USA [11, 13], translational logic in the
UK [14], discriminatory value analysis in Hong Kong and in
Sri Lanka [16, 17], or in Japan by aligning it with recommen-
dations prior to the advent of FRAX [18]. It is unclear which
approach is best.

Singapore is an island nation in SE Asia with a multi-ethnic
population of 5.6 million people (https://www.moh.gov.sg/
content/moh_web/home/statistics/Health Facts Singapore/
Population And Vital Statistics; last accessed August 15,
2018). Unlike other countries in South East Asia, dual X-ray
absorptiometry (DXA) scanning for the measurement of BMD
is easily available in Singapore, with 16.9 DXA machines cur-
rently in use per one million populations (https://iofbonehealth.
org/data-publications/regional-audits/asia-pacific-regional-
audit). At the time of publication of the Singapore Clinical
Practice Guidelines (CPG) for Osteoporosis in 2009, FRAX®
models for Singapore were not yet available. Ethnic-specific,
Chinese, Malay and Indian FRAX® models for Singapore sub-
sequently became available in December 2010, but to date, no
specific intervention thresholds to guide treatment of osteopo-
rosis based either on FRAX® or other available fracture risk
calculators have been provided in Singapore. Though the CPG
recommended that, after secondary contributors to bone loss
are excluded, treatment be offered to patients with fragility
fractures of the vertebrae, hip, pelvis, humerus or wrist, man-
agement of the osteopenic or osteoporotic patient without fra-
gility fractures is less clear and there exists no consensus as to
what thresholds to intervene with anti-osteoporosis agents. In a
questionnaire-based survey that was conducted in 2012 among
health care providers in the Asia Pacific including those from
Singapore, clinicians had expressed a strong desire to have
country-specific FRAX® models and a willingness to commit
to treating patients with osteoporosis if they were provided
guidance on intervention thresholds to use [19]. The aim of
the current study was to explore FRAX®-based intervention
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thresholds that could potentially be considered for the manage-
ment of osteoporosis in postmenopausal Singaporean women.

Method
Study population

The study sample was derived from women seen consecutive-
ly from January 1, 2014 to June 30, 2017 at the outpatient
bone clinics of Singapore General Hospital and had a DXA
scan done as part of work-up for osteopenia and osteoporosis
(n=400), women who had a DXA scan done during the same
period as part of routine general health screening at the same
institution (z=200), and a cohort of 1201 well women, re-
cruited into the Integrated Women’s Health Programme
(IWHP) cohort study at the National University Hospital,
Singapore. Details of this cohort have been published previ-
ously [20]. Institutional review board approval was obtained
for this retrospective review.

Subjects were excluded from the study if they were premen-
opausal or had ever been treated for osteoporosis. Subjects
who had incomplete baseline socio-demographic information,
medical, menstrual, fracture, smoking, alcohol and medical
history and laboratory data were also excluded from the final
analysis as were subjects with uninterpretable DXA scans of
the hip and lumbar vertebrac. BMD at the hip and lumbar spine
(L1-L4) was measured by DXA (Hologic QDR 4500, Hologic
Inc., Bedford, MA, USA). A subject was considered as having
osteopenia or osteoporosis if the lowest T-score at any of three
axial sites, viz. the neck of femur, total hip or lumbar spine
(L1-L4), was between — 1 and —2.5 or <—2.5, respectively.
Female, ethnic-specific Singaporean reference database was
used to calculate the T-scores [21]. The final data set for anal-
ysis comprised 1001 postmenopausal women.

FRAX® probabilities

Women belonging to the three ethnicities in the study popula-
tion had their MOF and HF probabilities calculated based on
their clinical risk factors and femoral neck BMD, using ethnic-
specific Singapore FRAX® models (https://www.sheffield.ac.
uk/FRAX/ Web version 4.0).

Determining intervention thresholds
Age-dependent thresholds

We first estimated age-dependent intervention thresholds using
the translational logic adopted by the National Osteoporosis
Guideline Group (NOGG) of the UK in that osteoporosis treat-
ment should be offered to any postmenopausal woman without
a fracture but whose fracture probability based on other clinical

risk factors is similar to or exceeds that of an age-matched
woman who has already sustained a fracture. We therefore
calculated age-dependent fracture probabilities for both MOF
and HF, separately for postmenopausal Chinese, Malay and
Indian women for each year between the ages of 50 and
90 years, using the relevant ethnic-specific Singapore
FRAX® models and considering that they have no clinical risk
factors apart from a previous fragility fracture. For the Chinese
women, we calculated the FRAX® thresholds using a mean
BMI of 22.7 kg/m2 and for the Indian and Malay women, the
mean BMIs of 27.1 kg/m* and 27.5 kg/m?, respectively, were
used. These values were adapted from published data [22] and
existent population data from the National Health Surveillance
Survey 2012 (https://www.moh.gov.sg/content/moh_web/
home/pressRoom/pressRoomltemRelease/2012/national
health_surveillancesurvey2012). In addition, we calculated the
mean Singaporean age-dependent thresholds for MOF and HF
using the age-dependent values for all three ethnicities, weight-
ed by the proportion of Chinese, Malays and Indians in the
Singapore population; these were 74.3%, 13.4%% and 9.1%,
respectively (https://www.moh.gov.sg/content/moh web/
home/statistics/Health Facts Singapore/Population And
Vital_Statistics, last accessed August 15, 2018).

Fixed intervention thresholds

In the absence of a gold standard intervention threshold and
given the logic behind the adoption of age-dependent thresholds,
we decided to use the latter as a reference point and to determine
the ability of fixed thresholds to provide similar performance to
the age-dependent thresholds. Thus, women in the study popu-
lation with probabilities at or above the age-dependent thresh-
olds for MOF or HF were classified as being at high risk, whilst
those below the thresholds were classified as low risk. This
classification was conducted using the thresholds that were spe-
cific to each ethnicity but was also done using the weighted
Singaporean mean age-dependent thresholds described above.

Receiver operating characteristic (ROC) curves were con-
structed with the risk category (high or low) as the state vari-
able and fixed major osteoporotic and hip fracture probabilities
as the test variables, and the area under the ROC curve (AUC)
and its 95% confidence interval (CI) were estimated. We used
the Youden index(Sensitivity + Specificity — 1) in establishing
the optimal threshold point from the ROC data [23, 24].

All statistical analyses were performed using SPSS Version
17.0 (SPSS Inc., Chicago, IL, USA) and p < 0.05 was taken as
the level of statistical significance.

Results

The majority (n =789, 79%) of the study population were
Chinese, 136 (13.5%) were Indian and 76 (7.5%) were
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Malay. The mean (SD) age of the entire cohort was 58.9 (6.9)
years. It was 60 (6.8) years in the Chinese women, 55 (5.9) in
the Malay and 56 (6.6) years in the Indian women. Forty-two
percent of the subjects were between the ages of 50 and 59,
33% were between the ages of 60 and 69, 20% were between
the ages of 70 and 79 and 5% were older than 80. The mean
(SD) BMI was 23.6 (4.3) kg/mz, with a lower mean BMI (22.7
(3.6) kg/m?) in the Chinese women, compared to women of
Malay (27.8 (4.5) kg/m?) or Indian ethnicity (27.1 (4.7) kg/
m?). Sixty (6%) of the women had a history of prior fragility
fractures. Only 2% of the population had ever consumed al-
cohol and only 1% reported a history of current or past
smoking. On axial DXA scanning, 470 (46.7%) of the women
had normal BMD whilst 290 (29.1%) had osteopenia and 240
(24.1%) had osteoporosis as defined earlier.

Intervention thresholds
Age-dependent thresholds

Age-dependent MOF threshold values varied from 3.1 to 33%
in Chinese women, 2.5 to 17% in Indian women and 2.5 to
16% in Malay women between the ages of 50 and 90 years
(Fig. 1). Age-dependent ethnic-specific hip fracture probabil-
ities varied from 0.7 to 17%, 0.4 to 6% and 0.4 to 6.3% in
Chinese, Indian and Malay women aged 50-90, respectively
(Fig. 1). The mean weighted age-dependent MOF thresholds

MOF Age-dependent FRAX® Intervention
Threshold

IT(%)

HF Age-dependent FRAX @ Intervention
Threshold

IT (%)

Age (years)

——Chinese ——Malay ----- Indian ---All

Fig. 1 Age-dependent major osteoporotic fracture and hip fracture
intervention thresholds for Chinese, Malay and Indian ethnicities and
for the entire cohort
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varied from 2.9 to 28% whilst those for hip fracture varied
from 0.6 to 14% between the ages of 50 and 90 years (Fig. 1).

One hundred and forty-seven out of seven hundred and
eighty-nine (18.6%) and 173/789 (22%) of the Chinese wom-
en had fracture probabilities above the MOF or HF ethnic-
specific and weighted age-dependent ITs. For the Malay wom-
en, these proportions were 9/76 (11.8%) and 3/76 (3.9%),
respectively, and for the Indian women, they were 18/136
(13.2%) and 13/136 (9.5%), respectively.

Fixed intervention thresholds

The AUCs of the ROC analyses for MOF and HF probabilities
were highly significant within each ethnicity and within the
study population as a whole (Table 1). The ROC curves for
MOF and HF thresholds in the Chinese women who formed
the largest proportion of the study population are shown in
Fig. 2.

The sensitivities, specificities, positive predictive value,
negative predictive value and the Youden indices of different
fixed MOF and HF ITs of Chinese, Malay and Indian women
are shown in Table 2. In the Chinese women, a MOF IT of
5.5% and an HF IT of 1% yielded the highest Youden indices.
For Malay women, a MOF IT of 2.5% and HF IT threshold of
1% had the highest Youden indices and for Indian women, the
MOF and HF thresholds that had the highest Youden indices
were 2.5% and 0.25%, respectively.

The sensitivities, specificities, positive predictive values
(PPVs), negative predictive values (NPVs) and the Youden
indices of variously fixed thresholds derived from the weight-
ed mean age-dependent thresholds of the entire population
(viz. that inclusive of all three ethnicities) are shown in
Table 3. A major osteoporotic fracture probability (MOFP)
IT of 4% and an HFP IT of 1% had the highest Youden index
in the population studied.

When a subgroup analysis dividing the largest cohort, viz.
the Chinese into < 65 years of age and > 65 years, was per-
formed, a MOF threshold of 4% had the highest Youden index
in those under the age of 65 years. The corresponding fixed
HF IT with the highest Youden index was 0.75%. In Chinese
women aged 65 years and over, a fixed MOF probability IT of
11% had the highest Youden index. The corresponding HF IT
with the highest Youden index was 6% (Table 4).

When a subgroup analysis by age of the entire cohort was
done, in the women below 65 years of age, a MOFP threshold
of 4.5% offered sensitivities and specificities of 66% and
84%, respectively. An HFP threshold of 1.5% yielded sensi-
tivities and specificities of 66% and 91%, respectively, in this
age group. In the 65 years and older women, a MOFP thresh-
old of 12.5% and HFP of 5.25% had the highest Youden index
with sensitivities of 93% for both MOFP and HFP thresholds
and specificities of 84% and 89%, respectively.
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Table 1 AUC (SE) of FRAX® MOF and HF probabilities for identifi-
cation of high and low-risk groups defined by ethnic-specific age-depen-
dent and weighted mean age-dependent ITs

AUC (SE) p value
Age-dependent ethnic-specific ITs
Chinese
MOFP 0.77 (0.02) <0.001
HFP 0.85 (0.05) <0.001
Indian
MOFP 0.88 (0.04) <0.001
HFP 0.93 (0.02) <0.001
Malay
MOFP 0.84 (0.06) 0.003
HFP 0.90 (0.04) <0.001
Age-dependent weighted (all Singaporean female) ITs
MOFP 0.79 (0.017) <0.001
HFP 0.85 (0.013) <0.001

AUC area under the curve, SE standard error, MOF major osteoporotic
fracture, HF hip fracture, /T intervention threshold

Discussion

This study is the first to explore different approaches for de-
fining FRAX®-based intervention thresholds above which
anti-osteoporosis drug treatment might be recommended for
postmenopausal women in Singapore. As expected, age-
dependent intervention thresholds varied considerably with
progression of age from 50 to 90 years in women of all three

MOF

ROC Curve
0951 7

0.90
0.85-
0.80
0.75+
o /

Sensitivity

e I R T
883458 RBRESBHBRIFBRBAES

1 - Specificity

Diagonal segments are produced by ties

ethnicities with MOF IT values, for instance, varying from
3.1%, 2.5% and 2.5% at age 50 to 33%, 17% and 16% at
age 90 in the Chinese, Indian and Malay women, respectively.
One potential concern associated with age-dependent inter-
vention thresholds is that, in the absence of a prior fracture,
high values of fracture risk need to be reached at older ages
before treatment would be considered. Such considerations
underpinned the decision by NOGG to set a plateau for frac-
ture risk from the age of 70 years upwards in the UK [25]. The
alternative to this might be to consider the use of fixed (i.e.
age-independent) intervention thresholds, though these also
have potential shortcomings as they can preclude treatment
for younger postmenopausal women and mandate that inter-
vention be done for a significant majority of older individuals,
depending on the chosen threshold [26].

It is inevitable that trade-offs between sensitivity and
specificity will be encountered when determining cut-off
values for an intervention threshold by discriminatory value
analysis. The Youden index used here gives equal weight to
sensitivity and specificity, but when considering interven-
tion thresholds to be recommended for clinical practice, a
decision may have to be made as to whether sensitivity or
specificity is more important. Thus, it might be preferable to
have a slightly higher specificity at the expense of lower
sensitivity to avoid overtreatment of people at lower risk.
Choosing a threshold that affords higher specificitymight
afford a good compromise between over treatment of those
at low fracture riskwhile at the same time enable interven-
tion in the older person who is likely to be at higher risk. For
example, in the Chinese women, if a MOF threshold of

ROC Curve

Sensitivity
cooo
TR
b i i

R EE S EEES S EEEEEEE Y

1 - Specificity

Diagonal segments are produced by ties

Legend: Receiver Operating Characteristic (ROC) Curves for MOFP and HFP Intervention Thresholds for Chinese Women.
The true positive rate (sensitivity) is plotted in relation to the false positive rate (1-Specficity).
Area Under the Curve (AUC) for MOF IT is 0.77 (SE: 0.02, 95% CI:0.73-0.81) and AUC for HF IT is 0.85 (SE:0.05; 95% Cl:0.82-

0.88).

Fig. 2 Ability of FRAX MOF and hip fracture probabilities to discriminate between high- and low-risk categories determined by age-dependent

thresholds in Chinese women

@ Springer



130 Page 6 of 9

Arch Osteoporos (2018) 13: 130

Table 2 Performance characteristics of fixed MOF and HF ITs in
Chinese, Malay and Indian women (referent is the age-dependent
threshold)

Table3  Performance characteristics of various MOF and HF ITs using
mean weighted age-dependent data from Chinese, Malay and Indian
ethnicities

IT% Sn Sp PPV NPV YI IT% Sn Sp PPV NPV YI
Chinese MOF IT Fixed MOF ITs
35 0.87 0.49 0.28 0.94 0.36 3.0 0.89 0.51 0.29 0.95 0.40
4.5 0.74 0.61 0.30 0.91 0.35 35 0.85 0.57 0.31 0.95 042
5.5% 0.66 0.71 0.34 0.90 0.37 4.0% 0.80 0.63 0.33 0.93 043
6.5 0.59 0.77 0.36 0.88 0.36 4.5 0.72 0.68 0.34 0.91 0.40
7.5 0.51 0.82 0.39 0.88 0.33 5.0 0.67 0.73 0.36 0.91 0.40
Chinese HF IT Fixed HF ITs
1.0* 0.89 0.66 0.38 0.96 0.55 0.75 0.93 0.62 0.36 0.98 0.55
1.5 0.78 0.76 043 0.94 0.54 1.0%* 0.84 0.73 0.41 0.95 0.57
2.0 0.63 0.81 0.44 0.91 0.44 1.25 0.79 0.76 043 0.94 0.55
2.5 0.53 0.87 0.48 0.89 0.40 1.5 0.70 0.81 0.46 0.92 0.51
Malay MOF IT 1.75 0.66 0.83 0.47 091 0.49
1.5 1.0 0.40 0.18 1.0 0.40 2.0 0.58 0.85 0.46 0.89 0.49
2.0 0.89 0.54 021 0.97 0.43 — — » — )
25 aw o oss o oo oss S S el et Ve
3.0 0.67 0.75 0.26 0.94 0.42 the highest Youden index
35 0.56 0.81 0.28 0.98 0.37
Malay HF IT Whether lower intervention thresholds in Malay and Indian
0.5 0.89 0.81 0.38 0.98 040  patients are justified is a philosophical matter for debate. In
0.75 0.78 0.87 0.44 0.97 043 our study, the fixed MOF IT obtained from the discriminatory
1.0* 0.44 0.88 0.33 0.92 0.55  wvalue analysis in the Malays and Indians was 2.5%, much
1.25 0.33 0.92 0.38 0.91 0.41 lower than that in the Chinese women in whom it was 5.5%.
Indian MOF IT With the use of the fixed ethnic-specific MOF and HF thresh-
1.5 1.0 0.45 0.20 1.0 0.45 olds obtained from this study, it is estimated that very similar
2.0 0.94 0.65 0.27 0.99 0.59  proportions of the three ethnicities (33%, 27% and 34% of the
2.5% 0.88 0.78 0.36 0.98 0.66  Chinese, Malay and Indian women, respectively) would have
3.0 0.69 0.82 0.34 0.95 0.51 treatment indicated despite well-documented differences in
35 0.63 0.85 037 0.94 048 fracture risk between the three ethnicities in Singapore [27].
Indian HF IT There could therefore be an argument for having a weight-
0.25% 1 0.76 038 1.0 0.76  edthreshold (be it age-dependent or fixed) based on the mix of
0.50 0.88 0.87 0.50 0.98 0.75  the Singaporean population rather than ethnic-specific thresh-
0.75 0.77 0.89 0.50 0.96 066  olds. For example, if the fixed thresholds obtained using the
10 0.53 0.93 0.53 0.98 046  weighted means from our study were employed, then 37%,
125 035 0.94 0.46 0.91 0.29 13% and 12% of Chinese, Malay and Indian women, respec-

Sn sensitivity, Sp specificity, PPV positive predictive value, NPV negative
predictive value, Y/ the Youden index (sensitivity + specificity — 1). ~ IT
with the highest Y1

6.5% is chosen instead of the 5.5% identified through the
discriminatory value analysis, sensitivity decreases slightly
whereas specificity increases from 71 to 77%. Similarly,
whilst an HFP threshold of 1% was identified as most opti-
mal from the discriminatory value analysis in the Chinese
women, choosing a cut-off point of 1.5% or even 2% still
affords reasonable trade-offs between sensitivities and
specificities and could be considered as practical alterna-
tives to be recommended in clinical practice.

@ Springer

tively, would merit treatment. This approach would translate
into a lesser number of women in the ethnicities at lower risk
requiring treatment. The decision to use ethnic-specific thresh-
olds would have been reasonable if there is good evidence that
effectiveness and cost-effectiveness of intervention at a partic-
ular level of risk differs between ethnicities. In the absence of
such evidence, it would be reasonable to consider the use of
the same intervention threshold irrespective of ethnicity until
proven incorrect. However, conceptually, at the individual
level, informing a person of a particular ethnicity that she need
not have treatment based on the lower risk in general of her
ethnicity could be problematic. This matter will have to be
accorded grave importance by guidelines formulating groups
and policymakers and decisions on whether ethnic-specific or
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Table 4 Performance characteristics of fixed MOF and HF probability
thresholds in Chinese women < 65 and > 65 years of age (referent is the
ethnic-specific age-dependent threshold)

IT% Sn Sp PPV NPV Y1
MOFP < 65 years
3.0 0.85 0.67 0.39 0.95 0.52
35 0.78 0.78 0.45 0.94 0.56
4.0* 0.71 0.86 0.54 0.93 0.57
4.5 0.56 0.92 0.63 0.90 0.48
5.0 0.47 0.95 0.70 0.89 0.42
HFP < 65 years
0.75% 0.96 0.78 0.51 0.99 0.74
1.0 0.82 0.89 0.64 0.96 0.71
1.25 0.76 0.92 0.71 0.94 0.69
1.5 0.63 0.97 0.85 0.92 0.60
1.75 0.53 0.99 0.90 0.90 0.52
2.0 0.42 1.0 0.95 0.88 0.42
MOFP > 65 years
10 0.97 0.73 0.42 0.99 0.70
11%* 0.97 0.77 0.46 0.99 0.74
12 091 0.81 0.50 0.98 0.72
13 0.88 0.86 0.56 0.97 0.74
14 0.79 0.89 0.59 0.95 0.68
15 0.76 0.90 0.61 0.95 0.66
16 0.70 091 0.62 0.94 0.61
17 0.67 091 0.61 0.93 0.58
18 0.61 0.94 0.67 0.92 0.55
19 0.58 0.96 0.71 0.92 0.54
20 0.55 0.98 0.82 0.91 0.53
HFP > 65 years
4.0 1.0 0.79 0.49 1.0 0.79
5.0% 0.94 0.86 0.57 0.99 0.80
6.0 091 0.89 0.64 0.98 0.80
7.0 0.82 0.91 0.64 0.98 0.73
8.0 0.70 0.93 0.66 0.94 0.63
9.0 0.58 0.95 0.70 0.92 0.53

MOF major osteoporotic fracture, HF hip fracture, Sn specificity, Sp
specificity, PPV positive predictive value, NPV negative predictive value.
“Intervention threshold value with the highest Youden index (sensitivi-
ty + specificity — 1)

mean weighted thresholds be used will have to be made after
healthy debate.

The use of a unified threshold for all ethnicities raises
points that can also apply to gender. On the one hand, it can
be argued that, since effectiveness [28] and cost-effectiveness
[11, 13] of intervention in men are broadly similar to that in
women for equivalent risk, the same intervention thresholds
can be applied to men. On the other hand, higher levels of
evidence exist for fracture risk reduction in women with a
diagnosis of osteoporosis and/or prevalent fractures. The

evidence is lower for the benefits and risks of long-term treat-
ment for other populations, including men [29, 30]. The issue
of deciding upon intervention thresholds in Singaporean men
merits further research.

Our study population had women ranging in age from 50 to
90 years. Finding fixed ITs to replicate the performance of
age-dependent ITs across such a wide age range is a tough
goal. This could be the reason behind the low PPVs for the
fixed MOF and HF ITs obtained in our analysis. As was seen,
however, the performance characteristics somewhat improved
when fixed thresholds were determined for instance in the
Chinese women when they were divided by age into those
above and below 65 years of age. This could be considered
as a modified age-dependent threshold approach. We identi-
fied a MOF IT of 4% performing best in Chinese women who
were below 65 years of age. In the women aged 65 and above,
a MOF IT of 11% had the best performance. These thresholds
had much higher PPVs than observed when a single IT thresh-
old across the entire age span was considered. There is how-
ever an inherent imperfection in strategies which employ ar-
bitrary and abrupt age cut-offs where the threshold for inter-
vention can dramatically increase on the relevant birthday
with little else changing. This can potentially be avoided if
age-dependent thresholds are considered or narrower age
bands (e.g. 10-year spans) are studied. Our study population
however had too few subjects who could be classified as high
versus low risk within such narrow age bands for the latter to
be done.

To derive intervention thresholds for a given population,
multiple factors should be taken into consideration including
health economic issues. Costs of DXA scanning, consultations
with the health care provider, medications, efficacy of such
medications to reduce fractures and the threshold of cost-
effectiveness at which intervention is considered appropriate
or willingness to pay (WTP) all have to be taken into consid-
eration when performing such health economic analysis [31].
This of course has to be balanced with the potential of rare but
significant side effects from long-term use of potent anti-
osteoporosis medications [32]. In the approach used by the
NOGG of the UK, the relationship between cost-effectiveness
and fracture probability used the source data from a prior pub-
lication that examined the cost-effectiveness of generic
alendronate in the UK. Treatment was found to be cost-
effective at all ages when the 10-year probability of a major
fracture exceeded 7% [14].

Despite its few limitations including lack of cost-
effectiveness analysis, the relatively small number of non-
Chinese women in the study population and its non-
prospective nature with the resultant inability to assess causal
correlations, our study has several advantages. It is the first
such study aimed at determining FRAX®-based intervention
thresholds for osteoporosis management in Singapore.
Though the study population was not randomly recruited from
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the community, we had the advantage of having two large
cohorts from the two largest hospitals from the two health care
clusters in Singapore that cover most of the population of
Singapore. There were more than adequate numbers of normal
women who had presented for general health screening as well
as women with densitometrically diagnosed osteoporosis and
osteopenia as would be found in the general population. All
subjects had complete clinical risk factor assessment per-
formed and data on the subjects gathered through the ques-
tionnaire in the clinics was then cross-checked via the elec-
tronic health record thereby minimising the issue of recall
bias. All subjects had complete laboratory work either as part
of routine clinical care or if they were part of the IWHP cohort,
as part of the study protocol.

Conclusion

Early identification is key to appropriate management of os-
teoporosis and to prevent its devastating complication of fra-
gility fractures. Strategies that only target patients with prior
fragility fractures are unlikely to reduce the significant osteo-
porotic fracture burden. Development of country-specific in-
tervention thresholds based on local fracture probabilities that
incorporate meaningful clinical risk factors into the manage-
ment algorithm with clear rationale and logic behind the rea-
son for recommending such thresholds is essential. FRAX®-
based age-dependent or the fixed intervention thresholds sug-
gested as an alternative to be considered for use in Singapore.
It is hoped that the thresholds identified from this study will be
used as a base for further discussions and debate and subse-
quently adapted for use in Singapore. However, the clinical,
societal and health economic impact of choosing these thresh-
olds requires further study.
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