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Determination of an Applicable FRAX Model in Korean Women 

We investigated which of the three FRAX fracture risk assessment tool models is most 
applicable to Korean women. For 306 postmenopausal women (mean age, 77 yr) with a hip 
fracture, fracture probabilities were calculated using FRAX models from Japan, Turkey and 
China. Data on bone mineral density (BMD) at the femoral neck were available for 103 
patients. Significant differences existed among the models, independent of the inclusion of 
BMD in the calculation of fracture probabilities. The probabilities of both major 
osteoporotic fractures and hip fractures were significantly higher in the Japanese model 
than in the Turkish or Chinese models. In all of the models, the probabilities of a major 
osteoporotic fracture, but not of a hip fracture, decreased significantly if calculated without 
BMD values. By applying the Japanese model, the ten-year probabilities for major 
osteoporotic and hip fractures increased significantly with age. Our results suggest that the 
Japanese FRAX model might be the most appropriate for Korean women.
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INTRODUCTION

Fractures related to osteoporosis are a major health issue and 
produce a significant economic and social burden in Asian 
countries, as well as in Western countries. Hip fractures result 
in higher cost, disability, and mortality than do other osteopo-
rotic fractures, showing 11.3-17.1% of one-year mortality rate in 
Korea (1-3). In addition, approximately 25% of women require 
long-term care after a hip fracture, and 50% will have some long-
term loss of mobility (1, 4). Early recognition and management 
of individuals who may be susceptible to fractures provides a 
substantial benefit by reducing the burden of fractures. 
  Osteoporosis, as defined on the basis of bone mineral density 
(BMD), is a major risk factor for fractures, and hip BMD best pre-
dicts fracture risk in the hip (5). However, 36% of women with a 
hip fracture have a T-score > -2.5 (6). A number of clinical risk 
factors that predispose a person to fractures other than BMD 
have been identified in various populations (7). The integration 
of these factors could be used to estimate the absolute risk of 
fractures and to determine the threshold of the risk for the in-
tervention, which may result in cost savings. FRAX, a fracture 
risk assessment tool, is a computer-based algorithm sponsored 
by the World Health Organization. Using easily obtainable clin-
ical risk factors in addition to femoral neck BMD, FRAX provides 
models for assessing the ten-year probability of a major osteo-
porotic fracture (hip, clinical spine, humerus or wrist fracture) 

and a hip fracture, helping to identify high-risk candidates for 
intervention (8, 9).
  In addition to the clinical risk factors, fracture probability var-
ies markedly in different regions of the world (10). FRAX models 
need to be calibrated to those countries where the epidemiolo-
gy of fractures and death is known (11). Currently, FRAX mod-
els are available for 18 different countries through the web page 
(http://www.shef.ac.uk/FRAX), but few other countries have 
sufficient data to construct their own FRAX models. Although a 
surrogate country is recommended in the absence of a FRAX 
model for a specific country (11), the model that is most appro-
priate for Korean women has never been determined. This study 
was conducted to determine the most suitable FRAX model for 
the assessment of fracture risk in Korean women.

MATERIALS AND METHODS

Postmenopausal women who were admitted to Samsung Medi-
cal Center with a proximal femoral fracture between March 2005 
and September 2009 were enrolled in this study. Women were 
considered postmenopausal if the amenorrhea duration was 
≥12 months or if the serum follicle-stimulating hormone level 
was >40 IU/L. Only women with a complete set of data for esti-
mating fracture risk were included, and women with polytrau-
ma or in a comatous condition were excluded. 
  The following clinical risk factors required for FRAX were ob-
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tained from the patients’ medical records and telephone inter-
views: age, body mass index, a prior fragility fracture, a parental 
history of a hip fracture, smoking history, history of long-term 
oral glucocorticoid use, rheumatoid arthritis, daily alcohol con-
sumption of three or more units daily, and other causes of sec-
ondary osteoporosis. The BMD (expressed as g/cm2) was deter-
mined at the femoral neck by dual-energy X-ray absorptiome-
try (Delphi W, Hologic Inc., Bedford, MA, USA). Only BMD de-
termined within six months of a fracture was included in the 
investigation. The in vivo coefficient of variation using our den-
sitometer was 1.4% for the hip. For the evaluation of fracture 
probabilities, three FRAX models developed in Japan, Turkey, 
and China were chosen.
  Data are presented as the mean±standard deviation (SD) or 
number (percent). Fisher’s exact test was used to compare fre-
quencies. A paired t test or Mann-Whitney test was used to ana-
lyze differences according to inclusion of BMD values. The dif-
ferences among the three models were tested using the Kruskal-
Wallis test or one-way analysis of variance (ANOVA). A P<0.05 
was considered statistically significant. All statistical calculations 
were performed with PASW Statistics 17 (SPSS Inc., Chicago, IL, 

USA).

Ethics statement
The study protocol was approved by the Institutional Review 
Board of the Samsung Medical Center (No. 2010-02-025).

RESULTS

Three hundred six women between the ages of 48 and 101 yr 
were enrolled in this study. The clinical risk factors for fracture 
are presented in Table 1. Data on the BMD at the femoral neck 
were available in 103 women (33.7%) and were calculated to be 
0.482±0.094 g/cm2 with a T-score of -3.12±0.81.
  The ten-year probabilities of major osteoporotic fractures and 
hip fractures using the three different models are shown in Table 
2, which shows that significant differences were found among 
the models. The ten-year probabilities of both major osteopo-
rotic and hip fractures were significantly higher with the Japa-
nese model including BMD data (mean 25.0% and 10.4%, re-
spectively) than with the Turkish (2.6% and 1.2%) or Chinese 
model (4.8% and 2.2%). In all of the models, ten-year probabili-
ties calculated excluding BMD values were significantly lower 
for major osteoporotic fractures, but not for hip fractures. The 
differences among models, however, remained significant.
  Table 3 shows the clinical risk factors according to age. Body 
mass index decreased with age, and the causes of secondary 

Table 1. Clinical risk factors for fracture in study subjects (n=306)

Risk factors Data

Age (yr) 77.0±9.7
Body mass index (kg/m2) 21.9±3.7
Prior fragility fracture   70 (22.9%)
Parental history of hip fracture   3 (1.0%)
Current tobacco smoking   3 (1.0%)
Any long-term use of oral glucocorticoids   38 (12.4%)  
Rheumatoid arthritis 13 (4.2%)
Daily alcohol consumption ≥three units daily 0
Other causes of secondary osteoporosis 17 (5.6%)

Data are presented as the mean±SD or number (percent).

Table 2. Ten-year fracture probabilities calculated using three different FRAX models

BMD Fracture
FRAX model

Japan Turkey China

Included (n=103) Major
Hip

25.0±11.3*,†,§

10.4±7.0*,†
2.6±1.4*,‡,§

1.2±0.9*,‡
4.8±2.4†,‡,§

2.2±1.5†,‡,II 

Excluded (n=306) Major
Hip

21.7±10.5*,†,§

10.2±8.4*,†
1.9±1.0*,‡,§

1.0±2.2*,‡
3.7±2.0†,‡,§

1.8±1.4†,‡,II

Data are presented as the mean±SD (%).
BMD, bone mineral density. 
There were significant differences among models (P<0.001 by ANOVA).
*,†,‡P<0.001 by post hoc analysis; §,IIP<0.05 by t test within the same FRAX model.

Table 3. Clinical risk factors for fracture according to age group

Risk factor

Age (yr)

<60  
(n=16)

60-69 
(n=43)

70-79 
(n=117)

≥80  
(n=130)

Age (yr)* 54.8±6.0 65.4±2.8 74.7±2.9 85.6±4.5
Body mass index (kg/m2)* 22.9±3.1 22.6±3.4 22.5±3.3 20.9±3.9
Prior fragility fracture  2 (12.5%)   6 (14.0%) 32 (27.4%) 30 (23.1%)
Parental history of  
   hip fracture 

0 2 (4.7%) 1 (0.9%) 0

Current tobacco smoking 0 0 1 (0.9%) 2 (1.5%)
Any long-term use of oral  
   glucocorticoids 

 2 (12.5%)   7 (16.3%) 15 (12.8%) 14 (10.8%)

Rheumatoid arthritis  2 (12.5%) 3 (7.0%) 5 (4.3%) 3 (2.3%)
Daily alcohol consumption  
   ≥three units/day 

0 0 0 0

Other causes of secondary  
   osteoporosis† 

1(6.3%)   5 (11.6%) 9 (7.7%) 2 (1.5%)

Data are presented as the mean±SD or number (percent).
*P<0.05 by ANOVA; †P<0.05 by Fisher’s exact test.

Table 4. Bone mineral densities of the femoral neck in study subjects

Age (yr)
Total (n=103)

<60 (n=5) 60-69 (n=15) 70-79 (n=42) ≥80 (n=41)

g/cm2*  0.600±0.039  0.527±0.088  0.491±0.091  0.442±0.085  0.482±0.094
T-score* -2.16±0.35 -2.79±0.77 -3.00±0.81 -3.47±0.70 -3.12±0.81

Data are expressed as mean±SD.
*P<0.05 by Kruskal-Wallis test.
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osteoporosis other than rheumatoid arthritis, smoking, gluco-
corticoid use or alcohol intake had different distributions among 
the groups. In addition, the BMD and T-score gradually decreased 
with increasing age (Table 4).
  Fig. 1 illustrates the fracture probabilities in the Japanese FRAX 
model according to age. The fracture probabilities of both major 
osteoporotic fractures and hip fractures significantly increased 
with age, regardless of the addition of BMD for the estimation of 
risks. In addition, the fracture probabilities of both major osteo-
porotic fractures and hip fractures calculated excluding BMD 
values were significantly lower than those calculated with BMD 
values for all the age groups, except for the age group ≥80 yr.
 

DISCUSSION

This study was performed to determine the most applicable 
FRAX model for evaluating fracture risk in Korean women. It 
appears that the Japanese model may be the most adequate 
surrogate model for Korean women.
  For constructing FRAX models in each country, reliable epi-
demiologic studies on the risk factors and fracture occurrences 
in the general population are necessary because fracture risk 
varies according to geographic region. Since there are currently 
only a limited number of FRAX models worldwide, most coun-
tries use a pre-existing model from a surrogate country. Because 
Korea and Turkey belong to the same risk group for hip fracture, 
Kanis et al. (11) suggested that Koreans adopt the low-risk group 
model developed in Turkey. Both Japan and China are catego-
rized as moderate-risk, but these countries are very close to Ko-
rea both geographically and genetically. In the current study, 
we therefore tested the three FRAX models from Turkey, Japan 
and China.
  The probabilities of both major osteoporotic fractures and hip 
fractures using the Japanese model were five- to ten-fold higher 
than those using the Turkish or Chinese model, regardless of 

BMD data inclusion. Because only women with a hip fracture 
were included in the present study, higher probability by FRAX 
is believed to better reflect the real risk of fracture. In addition, 
the probabilities in the Japanese model escalated as age increas
ed, equivalent to the actual exponential increase in fracture risk 
with age (12). Together, these findings suggest that the Japanese 
model could be a better surrogate.
  In contrast to major osteoporotic fracture, the overall proba-
bility of hip fracture did not change with inclusion of BMD data 
in the Japanese model. However, when analyzed further by age, 
the probabilities of hip as well as major osteoporotic fracture in 
women less than 80 yr old became higher when the BMD results 
were included. These findings are consistent with those of a re-
cent study that showed that the effect of BMD on fracture prob-
abilities decreases in very old woman (13). The discrepancy be-
tween major osteoporotic fractures and hip fractures in our study 
might also be explained, at least in part, by the limited statistical 
power, because BMD data were only available for one-third of 
the subjects.
  This is the first study to evaluate the application of various sur-
rogate FRAX models in Korean women. In contrast to the rec-
ommendation by Kanis et al. (11), the Japanese model was more 
appropriate for Korean women than was the Turkish model. 
Furthermore, including women who had already sustained a 
hip fracture in the assessment provided a better examination of 
which model could better predict fracture probabilities in Ko-
rean women.
  There were some limitations to the current study. First, sub-
jects were recruited from a tertiary care center, so the distribu-
tion of clinical risk factors might not represent that of the gener-
al Korean population. Second, the subjects were elderly (mean 
age, 77 yr), and most subjects (77.7%) had osteoporosis, as de-
termined by BMD. Thus, younger non-osteoporotic women 
should have been included in the study. Finally, although we 
could choose the Japanese model as the surrogate FRAX model 

Fig. 1. Ten-year fracture probabilities using Japan FRAX model according to age. (A) Major osteoporotic fracture, (B) Hip fracture. The 10-yr probabilities increase significantly 
according to age for both major osteoporotic fractures and hip fractures (P<0.001 by ANOVA). 
*P<0.05 vs inclusion of BMD by Mann-Whitney or t test, as indicated.
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in Korean women, the clinical implications of this application 
are still limited. To identify the threshold of fracture probability 
required for osteoporosis treatment, a country-specific cost-ef-
fectiveness analysis should be performed.
  In conclusion, our results indicate that Japan’s FRAX model 
is a suitable surrogate model for Korean women. A study with a 
larger general population is needed to confirm our conclusion.
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