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ABSTRACT

Objectives: This study is designed to estimate appropriate intervention thresholds for the Philippines
Fracture Risk Assessment Tool (FRAX) model to identify postmenopausal women with high fracture risk.
Methods: Age dependent intervention thresholds were calculated for a woman of body mass index
25 kg/m? aged 50—80 years with a previous fragility fracture without other clinical risk factors. Fixed
thresholds were developed using a database of 1546 postmenopausal women who underwent dual-
energy X-ray absorptiometry for clinical reasons. Major and hip fracture risks were estimated using
clinical risk factors with and without bone mineral density (BMD) input. Women were categorized to
high risk and low risk groups according to the age dependent thresholds. The best cut-points were
determined considering the optimum sensitivity and specificity using receiver operating characteristic
analysis.
Results: The age dependent intervention thresholds of major fracture risk ranged from 2.8 to 6.9% while
hip fracture risk ranged from 0.4 to 3.0% between 50 and 80 years of age. Major fracture threshold of
3.75% and hip fracture threshold of 1.25% were the best fixed thresholds observed and non-inclusion
BMD in the fracture risk estimations did not change the values. As a hybrid method, 3% major fracture
and 1% hip fracture risks for those < 70 years old and age-dependent thresholds for those aged 70 years
and above can be recommended.

Conclusions: The intervention thresholds estimated in the current study can be applied to identify Fili-
pino postmenopausal women with a high fracture risk. Clinicians should decide on the type of thresholds
most appropriate.

© 2021 The Korean Society of Osteoporosis. Publishing services by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

particularly observed among older adults. Many studies have
shown that clinical risk factors combined with BMD predict frac-

Bone mineral density (BMD) measured by dual-energy X-ray
absorptiometry (DXA) is widely used for the diagnosis of osteo-
porosis, an assessment fracture risk and monitoring osteoporosis
specific treatment. Although BMD is a strong predictor of fracture, it
alone has limited ability to target those with high fracture risk
accurately. Johansson et al [1] found that intervention thresholds
based on BMD alone are unable to identify women with higher
fracture risk when compared with age-matched individuals
without the addition of clinical risk factors, and this was
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tures more accurately than BMD alone, and this principle is used in
fracture prediction models in many countries [2—4].

The Fracture Risk Assessment Tool (FRAX) introduced by the
World Health Organization is widely used to target those with high
fracture risk. A systematic review in 2016 found 120 patient man-
agement guidelines or academic papers recommending FRAX in
osteoporosis patient care pathways [5]. It is recommended that
fracture risk calculating algorithms and intervention thresholds
should ideally be country and ethnicity specific to enhance their
prediction accuracy [5,6]. The application of thresholds that have
been developed for one country in another geographical setting is
inappropriate due to the differences in fracture incidence, national
mortality rates, prevalence of clinical risk factors, health care
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budget, practice guidelines, reimbursement policies, and health
economic considerations. Furthermore, as the cost of interventions
varies between countries, no one fixed FRAX threshold can be
applied to all countries [4].

Country-specific FRAX models are currently available (FRAX
v4.1) in 14 countries in Asia, 36 in Europe, 11 in Middle East and
Africa, 2 in North America, 7 in Latin America, and 2 in Oceania
(https://www.sheffield.ac.uk/FRAX/on June 21, 2021). Although
FRAX has been made available in 72 countries and 81 different
populations, the availability of country-specific or ethnic-specific
intervention thresholds is limited. Kanis et al [5] in 2016 perusing
120 papers that recommended FRAX for patient management
observed that 38 papers did not provide clear thresholds to identify
those needing interventions. Most of the countries that have not
made their own intervention thresholds have adopted the patient
care pathway recommended by the National Osteoporosis Foun-
dation (NOF) for the United States of America (USA) population [5].
The NOF recommended care pathway and intervention thresholds
have been developed based on an economic analysis in 2008 and
the application of these outside the USA is highly questionable [5].

The Philippines too has adopted the fracture probability cutoff
values recommended by the NOF in the USA [7]. This consensus
statement has been developed based on a systematic review of
literature in 2011 and many Asian countries since then have
developed their own intervention thresholds using scientific ana-
lyses [8—10]. Therefore, this study is designed to determine the
thresholds that would help identifying Filipino postmenopausal
women with high fracture risk in order to take appropriate thera-
peutic measures. We believe that country-specific intervention
thresholds would enhance both the use of FRAX in patient evalu-
ation and streamline the prescribing of anti-osteoporosis medica-
tions in the Philippines.

2. Methods
2.1. Study design

This was a single center cross sectional study on central DXA
results of consecutive Filipino postmenopausal women aged 50
years or more, retrieved from a standalone bone densitometry unit
in Metro Manila, Philippines from January 2014 to December 2019
by a trained technician. These patients had undergone DXA for
clinical reasons to estimate either BMD or fracture risk. Patients
with previous fragility fracture and those who had received any
form of anti-osteoporosis medications were excluded. Further,
those with technical faults in lumbar spine and/or hip scans or
incomplete clinical data were also excluded. Age, weight, height,
and the details of clinical risk factors that are included in FRAX
fracture risk calculations were recorded using a pre-designed data
collection sheet from all subjects. Data retrieved from DXA reports
included areal BMDs (g/cm?) at the femoral neck, total hip and
lumbar spine (L1-L4).

Data on clinical risk factors were collected from the information
provided by the referring clinician. This included past history of
fragility fracture, parental history of hip fracture, use of glucocor-
ticoids (> 3 consecutive months), co-morbidities and social habits
such as alcohol use and smoking.

2.2. Methods for determining intervention thresholds

2.2.1. Age-dependent intervention thresholds

Age-dependent intervention thresholds were developed
following on the rationale first developed by the National Osteo-
porosis Guideline Group (NOGG) in the United Kingdom (UK) and
adopted subsequently by many other countries [8,9,11,12]. It states
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that if a woman with a prior fragility fracture is eligible for treat-
ment, then a woman with the same fracture probability but
without a fracture should also be eligible for such treatment. This
rationale is applicable for all postmenopausal women regardless of
age. Accordingly, intervention thresholds were calculated for a
woman with body mass index (BMI) of 25 kg/m? aged 50—80 years
with a previous fragility fracture without other clinical risk factors.

2.2.2. Fixed intervention thresholds

Fixed thresholds were developed using a database of 1546
postmenopausal women who underwent DXA between 2014 and
2019 and described above. Information on clinical risk factors had
been collected using a pre-designed questionnaire at the time of
DXA scanning and all women had undergone BMD measurements
adhering to the manufacturer's protocols (Hologic Inc; Bedford,
MA, USA). The in-vitro precision of the machine (spine coefficient of
variation < 1.0%) had been verified on every scanning day by cali-
brating the phantoms provided by the manufacturer.

Major osteoporosis fracture and hip fracture risks were esti-
mated based on the Philippines FRAX algorithm using clinical risk
factors with and without femoral neck BMD input separately.
Women were categorized to 2 risk groups: high risk group
requiring intervention (equal or above the age dependent ITs) and
low risk group not requiring intervention (below the age depen-
dent ITs). Receiver operating characteristic (ROC) analyses were
performed with the risk category as the dependent variable
(dichotomous manner), and major and hip fracture risks as inde-
pendent variables. The best cut-points (fixed thresholds) for both
major fracture and hip fracture risks were determined selecting the
point closest to the top left corner of the area under curve (AUC).
These cutpoints were confirmed by the Youden index
[sensitivity + (1-specificity)] [13] and in a given Youden index, the
point that gave the best sensitivity and specificity (partial Youden
index) [14].

2.2.3. Hybrid intervention thresholds

Hybrid ITs were developed adhering to the method previously
followed by Chakhtoura et al [15] and Lekamwasam et al [8]. In this
analysis, age dependent ITs were described for women aged >
70years and fixed ITs were developed for women aged < 70years.

This study was approved by the University of Santo Tomas Hospital
Research Ethics Board (REC-2020-06-078-MD). Informed consent of
subjects was waived by the NWDi and their Data Privacy Officer.

3. Results

The main characteristics of 1546 women included in the analysis
are given in Table 1. Diabetes and breast cancer were the most
prevalent diseases while 16% were on thyroid hormone replace-
ment therapy.

3.1. Age dependent intervention thresholds

The age-dependent intervention thresholds of major osteopo-
rotic fracture risk ranged from 2.8% to 6.9% and hip fracture risk
ranged from 0.4% to 3.0% between 50 and 80 years (Table 2; Figs. 1
and 2).

3.2. Fixed intervention thresholds

Major osteoporosis fracture threshold of 3.75% and hip fracture
risk threshold of 1.25% were the best cutoff values observed and
inclusion BMD in the fracture risk estimations did not change them.
Thresholds estimated without BMD, however, showed higher
sensitivity compared to those calculated with BMD input (Table 3).
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Table 1
Characteristics of 1546 postmenopausal women included in the analysis.
Variable Mean (SD)
Age (yr) 66.2 (9.9)
BMI (kg/m?) 249 (4.3)

Femoral neck BMD (g/cm?)

Early menopause (< 45 years)

Premature menopause (< 40 years)

Average MOF risk (with BMD)

Average MOF risk (without BMD)

Average HF risk (with BMD)

Average HF risk (without BMD)

Smokers (past and current)

Alcohol consumers

Glucocorticoid use of > 3 months at one time
Systemic lupus erythematosus

Rheumatoid arthritis

Diabetes mellitus type 2

On thyroid medication

Breast cancer undergone radical mastectomy
Breast cancer, on aromatase inhibitor

Renal transplant

Family history of osteoporosis

Chronic kidney disease

0.622 (0.120)
Number (%) or %
236 (15.23%)
75 (4.8%)
3.2%

3%

1%

1%

61 (3.9%)

7 (0.4%)

11 (0.7%)
3(0.19%)

13 (0.8%)
461 (29.8%)
248 (16%)
150 (9.7%)
48 (3.1%)

22 (1.4%)

2 (0.13%)

10 (0.65%)

SD, standard deviation; BMI, body mass index; BMD, bone mineral density; MOF,

major osteoporotic fracture; HF, hip fracture.

Table 2

Age dependent major osteoporosis fracture and hip fracture intervention thresholds

estimated based on the Philippines FRAX model.

Age Major fracture thresholds (%) Hip fracture thresholds (%)
50 years 2.8 0.4
55 years 3.6 0.7
60 years 4.7 1.0
65 years 5.5 13
70 years 6.3 1.8
75 years 6.9 24
80 years 6.4 3.0
Age dependent major fracture thresholds
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Fig. 1. Age-dependent intervention thresholds of major fracture risk.

3.3. Hybrid intervention thresholds

When those 70 years old and below were reanalyzed, the most
appropriate fixed intervention thresholds found were; major frac-
ture risk 3.0% and hip fracture risk 1.0%. The inclusion of BMD in the
risk assessment did not change the values. To develop hybrid
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Age dependent hip fracture thresholds

Fracture risk (%)
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Fig. 2. Age-dependent intervention thresholds of hip fracture risk.

Table 3
Performance of fixed major osteoporosis and hip fracture thresholds with and
without BMD input.

Criterion AUC (SE) IT% Sensitivity Specificity
Major fracture without BMD input 0.94 (0.01) 3.75 0.93 0.81
Hip fracture without BMD input 0.94 (0.01) 1.25 0.94 0.78
Major fracture with BMD input 0.86 (0.01) 3.75 0.74 0.84
Hip fracture with BMD input 0.89(0.01) 1.25 0.80 0.81

AUC, area under receiver operating characteristic (ROC) curve; SE, standard error; IT,
intervention threshold; BMD, bone mineral density.

thresholds, these values were combined with age dependent ITs
were calculated previously (Table 1) for those over 70 years of age.

4. Discussion

In the current study we attempted to develop country-specific
intervention thresholds for FRAX based fracture probabilities in
the management of postmenopausal osteoporosis in the
Philippines. The method used in this analysis is widely known and
described in many previous studies of similar nature [8,9]. Due to
the lack of scientifically validated thresholds, clinicians in the
Philippines are compelled to use guidelines developed elsewhere.
The suitability of such guidelines developed in a different country is
questionable.

The age dependent major fracture thresholds in the current
study ranged from 2.8% to 6.9% between 50 and 90 years while the
corresponding values of hip fracture ranged from 0.4% to 3%. These
figures are somewhat lower when compared with the age depen-
dent thresholds reported from Asian countries such as China [16],
India [10], Japan [17], Singapore [9] and Sri Lanka [8]. The fixed
thresholds observed for major fracture and hip fracture risks in the
current study were 3.75% and 1.25%, respectively. Similar figures
have been observed by Zhang et al [18] in China in 2014 (4.0% and
1.3%) and Chandran et al [9] for Singaporean Malay and Indian
populations. In the latter, the fixed thresholds of major osteoporosis
fracture and hip fracture for Malay and Indian populations were
2.5/0.25% and 2.5/1.0%, respectively.

The wide variation of intervention thresholds recommended or
practiced in different countries in the Asian region is well known
[19]. This could partly be due to the inherent differences in the
country specific FRAX algorithms in this region. FRAX algorithms
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are built using country specific fragility fracture rates and national
mortality data; hence a geographical variation in fracture risk es-
timations is expected. The major fracture risk of a 65 year old
woman of 25 BMI (kg/m?) without clinical risk factors varies from
2.8% in the Philippines, the lowest estimate in the Asian region, to
7.7% in Taiwan. Furthermore, fracture risk estimations for the given
clinical scenario are higher for Chinese both in China (3.8%) and
Singapore (6.3%), Singaporean Malay and Indian (6.7% and 6.3%,
respectively), and South Koreans (6.0%).

Apart from the inherent differences in FRAX models, the di-
versity of methodologies used to generate intervention thresholds
is a potential source of the observed variation [19]. The thresholds
recommended by the NOF in the USA are based on an economic
evaluation while the NOGG in the UK uses a more clinically oriented
approach, and in a given clinical setting the proportion of in-
dividuals qualifying for treatment and subsequently treatment
related expenditures depend on the algorithm used to analyze
them [20,21]. In the Asian region, China [16] and Taiwan [22] have
defined thresholds based on economic evaluations, while Japan
[23] has determined the thresholds in such a way that demarcates
the proportion of women with fracture risk in the population.
Although India [10], Sri Lanka [8], and Singapore [9] have followed
the same method that was used in the current study, the thresholds
estimated in these analyses are not concordant.

We used the rationale originally proposed by the NOGG in the
UK [11] and followed by many researches afterwards [5]. It is based
on the premise that if a postmenopausal woman with an incident
fragility fracture qualifies for specific therapy regardless of age and
BMD, then a same age woman with no fracture but has same
fracture risk also qualifies for such treatment. While this argument
was used to generate age dependent intervention thresholds, the
fixed thresholds were developed by selecting a cut point that gave
the highest combined sensitivity and specificity. The hybrid
thresholds were developed to overcome the possibility that age
dependent thresholds may lead to overtreatment of young people
[15]. In hybrid thresholds, the limitations related to the use of age
dependent threshold in old age still prevails.

The type of thresholds most appropriate to a country needs to be
decided locally taking factors such as health economics, availability
of health resources, and clinicians’ preferences into consideration.
Fixed values are user-friendly; hence they are widely used. In
contrast, age dependent thresholds are not easily recallable
therefore should be made easily accessible to clinicians at the
point-of-care. While fixed thresholds can potentially lead to under-
treatment of young and overtreatment of old adults, age dependent
thresholds lead to under-treatment of older adults. When adapting
fixed thresholds, it is mandatory to treat all postmenopausal
women with incident fragility fracture to overcome the underes-
timation of fracture risk of young people with prior fracture and
missing out treatment.

The non-inclusion of BMD did not change the cut points in both
major and hip fracture risks estimated by the Philippines FRAX
model. This will allow clinicians with restricted access to DXA fa-
cility to initiate treatment purely based on clinical risk factors.
Although some countries recommend different thresholds for
treatment and referral to DXA, the current analysis indicates that
clinicians need not delay the decision to initiate medications while
waiting for DXA evaluation, if that is deemed necessary for other
reasons.

Studies have shown that clinicians prefer to have their own
country specific FRAX estimations when treatment decisions are
made [24]. Country specific FRAX algorithms supplemented with
appropriate intervention thresholds are helpful to enhance uniform
and rational treatment decision making across the country. Further,
the wide application of these thresholds in patient management
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would help identifying their limitations and weaknesses.

A study of cohort design is the most appropriate method to
determine accurate intervention thresholds. However this is
expensive and requires long period of follow-up. Although not
most appropriate, many countries have followed the method used
in this analysis. The prevalence of clinical risk factors is likely to
vary based on the clinical situation and patient characteristics and
it is important to replicate this analysis in different locations to
check whether results are reproducible. The majority of patients
(about 80%) included in this study were from the National Capital
Region (NCR) and from urban settings. The rest were patients
referred from nearby provinces of Luzon (15%) and Visayas and
Mindanao (5%). However the ethnic distribution of the study
sample was comparable to the country's ethnic composition.

The determination of intervention thresholds requires a repre-
sentative sample of patients to whom the thresholds are subse-
quently applied. Accordingly, we used a sample of postmenopausal
women who underwent DXA for clinical reasons and the results of
the current study can only be applied to postmenopausal women in
the Philippines. These women have been referred by clinicians for
the evaluation of fracture risk due to the presence of clinical risk
factors of either osteoporosis or fracture.

5. Conclusions

This study recommends 3 different types of intervention
thresholds to identify those with high fracture risk when using the
Philippines FRAX model. They have inherent weaknesses and ad-
vantages and clinicians should decide the best option that suits the
local conditions. These thresholds are more suitable for making
therapeutic decisions in order to offer anti-osteoporosis medication
for postmenopausal women with high risk of fragility fracture.
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