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Abstract
Summary  This study was designed to determine a FRAX intervention threshold in postmenopausal Thais, based on a his-
tory of hip fracture. The optimal FRAX thresholds for hip fracture were 4.9% (without BMD) and 4% (with BMD), while 
the thresholds for major osteoporotic fracture were 9.8% (without BMD) and 8.9% (with BMD).
Introduction  Fracture Risk Assessment Tool (FRAX) has been widely used as an intervention threshold for initiating osteo-
porosis treatment. However, there is a lack of data to validate the threshold in Thai population.
Methods  A cross-sectional study was conducted from January 2014 to February 2019. Postmenopausal women in the 
Northeast of Thailand whom has bone mineral density (BMD) measured using dual-energy X-ray absorptiometry (DXA) 
in the study period were recruited. Participants who had previously received anti-osteoporotic treatment were not eligible. 
FRAX score, both with and without BMD, was calculated using a Thai reference. Prevalent hip fracture was identified by 
reviewing the ICD-10 diagnosis from the hospital database during the study period. The receiver operating characteristic 
(ROC) curve and Youden index were used to determine the FRAX threshold in predicting hip fracture, based on the rationale 
that women with a prevalent hip fracture would be eligible for treatment.
Results  A total of 2872 postmenopausal Thai women were recruited, with 45 sustained a recent hip fracture. In association 
with hip fracture, the optimal FRAX thresholds for hip fracture without and with BMD were 4.9% and 4%, respectively, with 
71.1% sensitivity and 83.3% specificity, and 82.2% sensitivity and 78.6% specificity, while the optimal FRAX thresholds 
for major osteoporotic fracture (MOF) without and with BMD were 9.8% and 8.9%, respectively, with 75.6% sensitivity and 
77.0% specificity, and 86.7% sensitivity and 70.9% specificity.
Conclusion  An optimal intervention threshold based on FRAX of hip fracture and MOF in postmenopausal Thai women is 
slightly different from the standard recommendation, which confirmed the marked variations of thresholds across ethnicities. 
The proposed threshold should be considered as new cutoff for initiating osteoporosis treatment in postmenopausal Thais.
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Introduction

Osteoporotic fractures, particularly hip fractures and major 
osteoporotic fractures (MOF), are becoming a major pub-
lic health concern worldwide due to their association with 
increased mortality and high costs [1, 2]. Anti-osteoporotic 
medications were generally recommended if the bone min-
eral density (BMD) T-score was − 2.5 or less as determined 

by dual-energy X-ray absorptiometry (DXA). However, 
previous studies have shown that using BMD alone is a 
low-sensitivity test. According to Wainwright et al., 54% of 
older women with hip fractures were not in the osteoporo-
tic range based on BMD assessment, and several factors, 
such as advanced age, lack of exercise, and fall within the 
previous year, were associated with an increased risk of hip 
fracture [3]. Siris et al. found that only one-fifth of hip frac-
ture patients had a BMD T-score of − 2.5 or less, and they 
proposed incorporating clinical risk factors into decision-
making for postmenopausal women with low BMD [4].

The Fracture Risk Assessment Tool (FRAX) was devel-
oped in response to the limitations of BMD. This tool cal-
culates the 10-year probability of major osteoporotic and 
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hip fractures, based on age, gender, body mass index (BMI), 
and other risk factors such as smoking, rheumatoid arthritis, 
glucocorticoid usage, and secondary causes of osteoporosis, 
with femoral neck BMD as an optional input variable [5]. 
FRAX’s fracture prediction performance outperformed that 
of BMD alone [6]. Furthermore, FRAX has been included 
in a number of clinical practice guidelines for estimating the 
10-year fracture probability and considering treatment in 
high-risk individuals, with intervention thresholds varying 
across countries [7]. According to the Thai Osteoporosis 
Foundation (TOPF) guideline, individuals with a 10-year 
risk of hip fracture of 3% or more were considered to be 
receiving treatment to prevent osteoporosis-related fractures 
[8]. This cut-off value, on the other hand, was largely deter-
mined by a consensus among field specialists using data 
from Europe and the USA [9]. There is a scarcity of data to 
confirm this intervention threshold for postmenopausal Thai 
women with hip fracture. Furthermore, there is no interven-
tion threshold for MOF in the TOPF guideline [8]. The aim 
of this study was therefore to determine the FRAX-based 
intervention threshold in postmenopausal Thai women using 
FRAX of hip fracture and MOF in association with a recent 
hip fracture.

Methods

A cross-sectional study was conducted at Srinagarind Hospi-
tal, a tertiary care setting in Northeast Thailand. Postmeno-
pausal Thai women aged 40 to 90 years old who had their 
BMD measured for osteoporosis between January 2014 and 
February 2019 were recruited. Participants who had previ-
ously received anti-osteoporotic treatment were not eligi-
ble. Following completion of the consent form, participants 
were evaluated using the FRAX questionnaire for demo-
graphic data and clinical risk factors. Body weight (with 
light indoor clothing) was measured with an electronic scale 
(precision 0.1 kg [kg]) and standing height (without shoes) 
was measured using a stadiometer (nearest 0.1 cm). Body 
mass index (BMI) was calculated by dividing weight in kilo-
grams by height in square meters (m2). Femoral neck BMD 
(FNBMD) was measured using Lunar Prodigy densitometer 
(GE Healthcare, Madison, WI, USA) in all participants. The 
FRAX of hip fracture and MOF in each participant, with-
out and with the inclusion of BMD, were calculated using 
a Thai reference (https://​www.​sheff​ield.​ac.​uk/​FRAX/​tool.​
aspx?​count​ry=9). FNBMD value was entered as an input 
variable to compute FRAX probabilities for the FRAX with 
BMD calculation. The receiver operating characteristic 
(ROC) curve and Youden index were used to determine the 
FRAX threshold in predicting hip fracture, with the rationale 
that women who sustain a hip fracture would be eligible for 
osteoporosis treatment. A review of the ICD-10 diagnoses 

from the hospital database, as well as the medical record and 
film X-ray between January 2014 and February 2019, iden-
tified the event of hip fracture that occurred within 1 year 
either before or after the BMD test. All study protocols were 
followed in accordance with applicable guidelines and regu-
lations. The Khon Kaen University Human Research Ethics 
Committee reviewed and approved the study in accordance 
with the Helsinki Declaration and the Good Clinical Practice 
Guidelines (HE581241).

Statistical analyses

All data was computed using IBM SPSS Statistics 26, which 
was provided by Khon Kean University. Demographic data 
was computed and presented as medians and interquar-
tile ranges (IQR). The P-value was calculated using the 
Mann–Whitney U test, which was used to compare variables 
between groups. The ROC curve of FRAX score was con-
structed and presented in terms of sensitivity, specificity, and 
false positive rate to predict a prevalent hip fracture. Youden 
index (Sensitivity + Specificity − 1) was used to determine 
the ROC data cut-off point.

Results

In this study, 2872 postmenopausal women aged 40 to 
90 years were recruited. During the study period, 45 par-
ticipants (1.6%) sustained a hip fracture. Women with a 
history of hip fracture were significantly older, had lower 
body weight and BMI, and lower BMD at both the lumbar 
spine and the femoral neck; whereas FRAX score, with or 
without BMD, was significantly higher in women with a his-
tory of fracture than those without a history of hip fracture 
(Table 1).

The correlations between FRAX of hip fracture with and 
without BMD, and FRAX of MOF with and without BMD 
were significant in this study (r = 0.670–0.937, p < 0.001). 
However, the correlations between FRAX of hip fracture 
and MOF with BMD (r = 0.937, p < 0.001), and FRAX of 
hip fracture and MOF without BMD (r = 0.923, p < 0.001) 
were stronger. The ROC curves for FRAX of hip fracture 
without BMD (solid line) and with BMD (fine dash line) 
were shown (Fig. 1A). The area under the curves (AUCs) 
of FRAX of hip fracture without BMD and with BMD were 
0.838 (95% CI: 0.781 to 0.895) and 0.861 (95%CI: 0.824 
to 0.899), respectively. Based on the highest Youden index, 
the best FRAX threshold in association with hip fracture 
using FRAX of hip fracture without BMD was 4.9%, with 
71.1% sensitivity, 83.3% specificity, and 16.7% false posi-
tive rate. The sensitivity, specificity, and false positive rate 
were 77.8%, 69.7%, and 30.3%, respectively, when com-
pared to the previous recommendation cutoff (3%). Based 
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on the highest Youden index, the best FRAX threshold 
using FRAX of hip fracture with BMD was 4%, with 82.2% 
sensitivity, 78.6% specificity, and 21.4% false positive rate, 
whereas the sensitivity, specificity, and false positive rate 
for a 3% cutoff were 84.4%, 70.3%, and 29.7%, respectively 
(Table 2).

In addition, the ROC curves of FRAX of MOF without 
BMD (solid line) and with BMD (fine dash line) in associa-
tion with prevalent hip fracture were calculated (Fig. 1B). 
The AUCs of FRAX for MOF without BMD and with BMD 
were 0.833 (95% CI: 0.778 to 0.888) and 0.830 (95%CI: 
0.776 to 0.884), respectively. The FRAX thresholds in asso-
ciation with prevalent hip fracture using FRAX of MOF 
without and with BMD were 9.8% (with 75.6% sensitiv-
ity, 77.0% specificity, and 23.0% false positive rate) and 8.9 
(with 86.7% sensitivity, 70.9% specificity, and 29.1% false 

positive rate), respectively, based on the highest Youden 
index. In contrast, when the National Osteoporosis Foun-
dation (NOF) recommended 20% cutoff for both FRAX of 
MOF without and with BMD [1], the sensitivity was low 
(15.6–17.8%), while the specificity was high (96.6–97.5%) 
(Table 3).

Discussion

The aim of this study was to find the intervention threshold 
for both FRAX of hip fracture and FRAX of MOF in post-
menopausal Thai women and as an eligibility criterion for 
intervention, a prevalent hip fracture was used in the present 
study. We found that the proper intervention threshold using 
FRAX of hip fracture was 4.9% if BMD was not included in 

Table 1   Demographic data of 
the study participants

Data are presented in median (IQR). BMI body mass index, BMD bone mineral density

Participants without 
hip fracture
(n = 2827)

Participants with hip fracture
(n = 45)

P- value

Age (years) 63.0 (56.0, 71.0) 76.0 (68.0, 82.0)  < 0.05
Weight (kg) 55.0 (49.0, 62.0) 50.0 (45.0, 57.0)  < 0.05
Height (cm) 153.0 (149.0, 157.0) 153.0 (150.0, 158.0) 0.90
BMI (kg/m2) 23.5 (21.2, 26.2) 21.5 (19.2, 23.7)  < 0.05
BMD: L2-4 (g/cm2) 0.956 (0.842, 1.074) 0.883 (0.731, 1.006)  < 0.05
BMD: Femoral neck (g/cm2) 0.758 (0.679, 0.853) 0.619 (0.517, 0.680)  < 0.05
FRAX major fracture without BMD (%) 5.7 (3.3, 9.5) 16.0 (9.8, 17.0)  < 0.05
FRAX hip without BMD (%) 1.4 (0.6, 3.6) 7.6 (3.2, 11.0)  < 0.05
FRAX major fracture with BMD (%) 6.0 (3.5, 9.6) 14.0 (9.7, 17.0)  < 0.05
FRAX hip with BMD (%) 1.4 (0.5, 3.5) 6.6 (4.4, 9.0)  < 0.05

Fig. 1   Receiver operating characteristic (ROC) curve of FRAX of hip 
fracture without BMD (solid line), FRAX of hip fracture with BMD 
(dashed line). A Receiver operating characteristic (ROC) curve of 

FRAX of major osteoporosis fracture without BMD (solid line), and 
FRAX of major osteoporosis fracture with BMD (dashed line) (B). 
MOF major osteoporotic fracture, BMD bone mineral density
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the calculation, and 4% if BMD was included. We also found 
that the optimal threshold for FRAX MOF treatment without 
and with BMD was 9.8% and 8.9%, respectively. According 
to the NOF recommendations, patients with a BMD T-score 
between − 1.0 and − 2.5 at the femoral neck or lumbar spine 
and a 10-year probability of hip fracture of ≥ 3% or a 10-year 
probability of MOF of ≥ 20% as assessed by FRAX should 
be treated [1]. This 3% intervention threshold recommenda-
tion was derived from the cost-effective analysis in the USA, 
which found that osteoporosis treatment was cost-effective 
when the 10-year probability of hip fracture reached 3% 
[10]. However, there is debate about the sensitivity and spec-
ificity of this FRAX intervention threshold across ethnicities 
[9]. Several Asian studies suggest that different thresholds 
exist for Asian people [11–14]. In our study, the FRAX of 
hip fracture was slightly higher than the NOF and TOPF rec-
ommendation (FRAX of hip fracture threshold of 4% with 
BMD, and 4.9% without BMD). Similarly, the study in Sri 
Lanka by Lekamwasem S et al. found that the intervention 
threshold of hip fracture probabilities 3.5%, which provided 
the lowest misclassification and the highest agreement, was 
higher than the standard recommendation. [11]. However, 

some studies have found a lower cutoff for the intervention. 
In postmenopausal Singaporean women, Chandran et al. 
reported a fixed (age-independent) threshold for hip fracture 
probabilities of 1% [12]. In addition, Zhang et al. observed 
that a fixed intervention threshold for hip fracture prob-
abilities in central south postmenopausal Chinese women 
was only 1.3% [13]. The disparity in cut-off levels could be 
explained by ethnic differences as well as differences in the 
gold standard of intervention threshold in each report. Many 
studies, included those in Sri Lanka [15], Singapore [12], 
and India [16], used a previous fragility fracture as the gold 
standard in developing age-dependent intervention thresh-
olds, while the intervention threshold has been established 
based on economic analyses in Taiwan [17], Australia [18], 
and Japan [19].

In Thailand, the prevalence of osteoporosis in postmeno-
pausal women using BMD T-score ≤  − 2.5 is estimated to 
be between 13 and 19% [20, 21]. According to a study con-
ducted between 2010 and 2018, the FRAX score has been 
wildly used in Thailand [22]. Using the new threshold of 4% 
(FRAX of hip fracture with BMD) and 4.9% (FRAX of hip 
fracture without BMD) thresholds, our study found that 643 

Table 2   Performance characteristics of FRAX of hip fracture with sensitivity, specificity, false positive rate, and Youden index†

† Youden index = (Sensitivity + Specificity − 1)
* FRAX of hip fracture with BMD with the highest Youden index
** FRAX of hip fracture without BMD with the highest Youden index

FRAX of 
hip fracture

Without BMD With BMD

Sensitivity Specificity False-positive rate Youden index Sensitivity Specificity False-positive rate Youden index

3.0 77.8% 69.7% 30.3% 0.475 84.4% 70.3% 29.7% 0.547
4.0* 71.1% 77.1% 22.9% 0.483 82.2% 78.6% 21.4% 0.608
4.8 71.1% 82.7% 17.3% 0.538 66.7% 83.3% 16.7% 0.500
4.9** 71.1% 83.3% 16.7% 0.544 66.7% 84.1% 15.9% 0.508
5.0 68.9% 84.0% 16.0% 0.529 62.2% 84.5% 15.5% 0.468

Table 3   Performance characteristics of FRAX of MOF with sensitivity, specificity, false positive rate, and Youden index†

† Youden index = (Sensitivity + Specificity − 1)
* FRAX MOF with BMD with the highest Youden index
** FRAX MOF without BMD with the highest Youden index

FRAX of major 
osteoporotic 
fracture

Without BMD With BMD

Sensitivity Specificity False-positive rate Youden index Sensitivity Specificity False-positive rate Youden index

8.8 77.8% 70.6% 29.4% 0.484 86.7% 70.4% 29.6% 0.571
8.9* 77.8% 71.1% 28.9% 0.489 86.7% 70.9% 29.1% 0.575
9.0 77.8% 71.6% 28.4% 0.494 84.4% 71.5% 28.4% 0.560
9.7 75.6% 76.5% 23.5% 0.520 75.6% 75.2% 24.8% 0.508
9.8** 75.6% 77.0% 23.0% 0.526 73.3% 75.6% 24.4% 0.489
9.9 73.3% 77.7% 22.3% 0.510 73.3% 76.1% 23.9% 0.495
20.0 15.6% 97.5% 2.55% 0.130 17.8% 96.6% 3.43% 0.143
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patients (22.4%) and 504 patients (17.5%) in this population 
would be eligible for treatment. As a result, our proposed 
cutoff should allow for adequate intervention in high-risk 
patients for better osteoporosis fracture prevention.

This study also demonstrated a ROC curve in relation 
with prevalent hip fracture in order to determine the best 
cut-off point for FRAX of MOF. According to the NOF [1], 
the recommended cut-off value of 20% has high specificity 
but very low sensitivity. In our study, a lower threshold of 
8.9% for FRAX of MOF with BMD and 9.8% for FRAX of 
MOF without BMD performed better in terms of sensitiv-
ity. This finding was consistent with a previous study in the 
Vietnamese population using Thai FRAX as a reference, 
which reported that only 1% and 0.1% of women and men 
had 10-year risk of MOF ≥ 20%, respectively [23]. Because 
the FRAX of MOF intervention threshold was not included 
in the current Thai guideline, we believed that the FRAX 
of MOF cutoff derived from our study should be consid-
ered as an intervention threshold for Thais, based on the 
rationale that this threshold performed best in association 
with hip fracture probabilities that would also be eligible 
for treatment.

Our study is the first to define the optimal intervention 
threshold of hip fracture probabilities in postmenopausal 
Thai women using a large sample size and comprehensive 
data from a hospital database. However, there are some 
limitations to our study that should be mentioned. First, our 
study was a cross-sectional observational study. Because 
DXA scans are not available in every hospital in Thailand, 
many participants experienced fractures and were later trans-
ferred to a tertiary hospital for DXA scans. It is possible that 
our results were influenced by the difference in the patients’ 
characteristics between fracture and non-fracture group, and 
we lacked long-term follow-up data on the incidence of hip 
fractures that occurred after the study period. This might 
affect our cut-off point for FRAX of hip fracture and since 
we used only hip fracture as the event, it may cause our cut-
off point for FRAX of MOF to be lower than usual. Second, 
we lacked information on other osteoporosis fractures, such 
as vertebral or wrist fractures, resulting in an underestima-
tion of participants who would be eligible for osteoporosis 
treatment. In addition, there could have been some recall 
bias when the participants completed the FRAX question-
naire, which could have influenced the results. Third, our 
participants are mostly from the Thailand’s north-eastern 
region, which may not representative of the entire Thai 
population. Finally, we did not conduct a cost-effectiveness 
analysis. More research into the cost-effectiveness of select-
ing theses thresholds in Thailand should be expected.

In conclusion, the FRAX-based intervention threshold for 
FRAX of hip fracture with BMD of 4% provides satisfied 
accuracy as an osteoporosis treatment threshold for fracture 
prevention in postmenopausal Thai women. However, if the 

BMD measurement was unavailable, the intervention thresh-
old should be 4.9% without BMD should be considered. In 
addition, FRAX of MOF with and without BMD of 8.9% 
and 9.8%, respectively, should be considered as an alterna-
tive intervention threshold in postmenopausal Thais.
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