
http://e-jbm.org/    113

Copyright © 2015 The Korean Society for Bone and 
Mineral Research

This is an Open Access article distributed under the terms 
of the Creative Commons Attribution Non-Commercial Li-
cense (http://creativecommons.org/licenses/by-nc/3.0/) 
which permits unrestricted non-commercial use, distribu-
tion, and reproduction in any medium, provided the original 
work is properly cited.

J Bone Metab 2015;22:113-118
http://dx.doi.org/10.11005/jbm.2015.22.3.113
pISSN 2287-6375 eISSN 2287-7029

A FRAX Experience in Korea: Fracture Risk 
Probabilities with a Country-specific Versus a 
Surrogate Model 
Yong-Ki Min1*, Dong-Yun Lee2*, Youn-Soo Park3, Young-Wan Moon3, Seung-Jae Lim3, Young-Kyun Lee4,  
DooSeok Choi2, Byung-Koo Yoon2

1Division of Endocrinology and Metabolism, Department of Medicine, 2Department of Obstetrics and Gynecology, and 3Department of 
Orthopedic Surgery, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul;  
4Department of Orthopaedic Surgery, Seoul National University Bundang Hospital, Seongnam, Korea

Background: Recently, a Korean fracture-risk assessment tool (FRAX) model has become 
available, but large prospective cohort studies, which are needed to validate the model, 
are still lacking, and there has been little effort to evaluate its usefulness. This study eval-
uated the clinical usefulness of the FRAX model, a FRAX developed by the World Health 
Organization, in Korea. Methods: In 405 postmenopausal women and 139 men with a 
proximal femoral fracture, 10-year predicted fracture probabilities calculated by the Ko-
rean FRAX model (a country-specific model) were compared with the probabilities cal-
culated with a FRAX model for Japan, which has a similar ethnic background (surrogate 
model). Results: The 10-year probabilities of major osteoporotic and hip fractures calcu-
lated by the Korean model were significantly lower than those calculated by the Japa-
nese model in women and men. The fracture probabilities calculated by each model in-
creased significantly with age in both sexes. In patients aged 70 or older, however, there 
was a significant difference between the two models. In addition, the Korean model led 
to lower probabilities for major osteoporotic fracture and hip fracture in women when 
BMD was excluded from the model than when it was included. Conclusions: The 10-year 
fracture probabilities calculated with FRAX models might differ between country-specif-
ic and surrogate models, and caution is needed when applying a surrogate model to a 
new population. A large prospective study is warranted to validate the country-specific 
Korean model in the general population.
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INTRODUCTION

Fractures related to osteoporosis are a major health issue worldwide and a sig-
nificant economic and social burden. Hip fractures in particular result in higher 
costs and greater morbidity and mortality than do other osteoporotic fractures.[1] 
Thus, it is important to recognize and manage individuals who are at high risk of 
fractures, and many efforts have been made to predict fracture risk. Bone mineral 
density (BMD) is known to account for about 70% of bone strength.[2] However, 
the prevalence of osteoporosis, as assessed with peripheral BMD, is quite low (18%) 
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in women sustaining fracture,[3] and hip fractures occur in 
36% of women without osteoporosis, as determined by 
femoral neck BMD.[4]

To improve the prediction of major osteoporotic fractures 
(MOFs), such as those of the spine, forearm, shoulder, and 
hip, the World Health Organization (WHO) has developed 
a fracture-risk assessment tool (FRAX).[5] The model uses 
easily obtainable clinical risk factors related to fractures to 
predict fracture probability. However, the FRAX model for 
a given country should be customized based on the epide-
miology of the fracture and life expectancy of the popula-
tion in relation to geography and ethnicity,[6] so a popula-
tion-specific FRAX model is necessary for each country or 
ethnicity.[7]

When a country-specific FRAX model is not developed, a 
surrogate model based on data from a similar ethnic back-
ground can be considered. We previously reported that 
the Japanese FRAX model might be appropriate as a surro-
gate model of fracture risk for Korean women.[8] In wom-
en with hip fracture, the Japanese model leads to higher 
fracture probabilities than the Chinese or Turkish model, 
which increase in an age-dependent manner, and further-
more, the hip fracture risk for women is considered to be 
intermediate in both Korea and Japan.[8] Recently, a Kore-
an FRAX model has become available (http://www.shef.
ac.uk/FRAX), but large prospective cohort studies, which 
are needed to validate the model, are still lacking, and there 
has been little effort to evaluate its usefulness.

The purpose of this study was to evaluate the clinical 
usefulness of the Korean FRAX model by comparing frac-
ture probabilities calculated by the country-specific and 
surrogate models among Korean patients with hip fracture.

METHODS

This cross-sectional study included men and postmeno-
pausal women who were admitted to Samsung Medical 
Center with a proximal femoral fracture between March 
2005 and October 2010. Women were considered postme
nopausal when the duration of amenorrhea was ≥12 mon
ths or the serum level of follicle-stimulating hormone was 
>40 IU/L. The clinical usefulness of the Korean FRAX mod-
el was indirectly assessed by comparing it with the Japa-
nese model (web version 3.7). Only participants with no 
missing data for the calculation of 10-year predicted frac-

ture risk with the FRAX model were included. The study 
protocol was approved by the Institutional Review Board 
of Samsung Medical Center (No. 2012-12-105).

The following clinical risk factors required for the FRAX 
model were collected from the participants’ medical records: 
age, body mass index (BMI), history of a prior fragility frac-
ture or parental hip fracture, smoking history, history of 
long-term oral glucocorticoid use, rheumatoid arthritis, 
daily alcohol consumption of three or more units daily, and 
other causes of secondary osteoporosis.[9] The BMD was 
measured at the femoral neck by dual energy X-ray absorp-
tiometry (DXA; Delphi W, Hologic Inc., Bedford, MA, USA) 
and presented as g/cm2. The in vivo coefficient of variation 
using a densitometer was 1.4% for the hip. Only BMD mea-
sured within six months on the opposite side of the frac-
ture was used for analyses.

Data are presented as mean±standard deviation (SD) or 
number (percentage). Chi-square tests or Fisher exact tests 
were used to compare frequencies. Student’s t-test or Mann-
Whitney tests were used to analyze differences between 
models. Differences in relation to age were assessed with 
analysis of variance or the Kruskal-Wallis test. P-values<  
0.05 were considered statistically significant. All statistical 
calculations were performed with PASW Statistics 19 (SPSS 
Inc., Chicago, IL, USA).

RESULTS

After excluding thirty-two patients, a total of 544 partici-
pants were enrolled in this study. There were 405 women 
and 139 men. Table 1 summarizes the variables used in the 
FRAX model. The proportion of participants with a history 
of fragility fracture or long-term oral glucocorticoid use 
was significantly higher in women than men, while the 
proportion of participants who were current smokers, con-
sumed ≥3 units of alcohol daily, or had other causes of 
secondary osteoporosis was higher in men than in women. 
Data on BMD at the femoral neck were available in 202 
women (49.9%) and 40 men (28.8%). Femoral BMD was 
significantly lower and the prevalence of osteoporosis at 
the femur neck (76.2% vs. 42.5%) was significantly higher 
in women than men.

The 10-year probabilities of MOF and hip fracture with-
out BMD are shown in Table 2. For both MOF and hip frac-
ture, the probabilities calculated by the Korean model were 
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significantly lower than those calculated by the Japanese 
model in both sexes. 

Clinical usefulness of the Korean FRAX model was also 
examined in relation to age. Table 3 summarizes clinical 
risk factors in relation to age. BMI and BMD gradually de-
creased as age increased in women. Figure 1 illustrates 
fracture probabilities for different age groups. In women, 
the fracture probability increased significantly with age in 
both models after adjusting for BMI and BMD. However, 
there were significant differences between the two mod-
els: In contrast to the Japanese model, the probability of 
MOF (Fig. 1A) and hip fracture (Fig. 1B) did not continue to 
increase in the Korean model, but rather, they decreased 
after the age of 70 years, leading to substantial differences 
in fracture probabilities between the two models for elder-
ly women. In men, similar patterns were observed between 

Table 1. Study subject variables included in the fracture-risk assess-
ment tool model

Variable Women 
(n=405)

Men  
(n=139)

Age (yr) 76.5±9.7   73.7±10.0

Body mass index (kg/m2) 21.9±3.8 21.2±3.2

Prior fragility fracturea) 82 (20.2%) 7 (5.0%)

Parental history of hip fracture 3 (0.7%) 0

Current tobacco smokinga) 3 (0.7%) 28 (20.1%)

Long-term use of oral glucocorticoidsa) 40 (9.9%) 4 (2.9%)

Rheumatoid arthritis 16 (4.0%) 2 (2.4%)

Daily alcohol consumption ≥3 unitsa) 0 47 (33.8%)

Other causes of secondary osteoporosisa) 22 (5.4%) 32 (23.0%)

BMD at femoral neck (g/cm2)b),c) 0.488±0.096 0.588±0.114

Data are presented as the mean±standard deviation (SD) or number 
(percentage). 
a)P<0.05 between the sexes by the Fisher’s exact or chi-square test, as 
indicated. 
b)P<0.05 between sexes by t test. 
c)n=202 for women, n=40 for men.
BMD, bone mineral density.

Table 2. Ten-year fracture probabilities without bone mineral density 
calculated with two different fracture-risk assessment tool models

Sex Fracture
FRAX model

Korean Japanese

Women (n=405) Majora)

Hipa)
10.7±4.8
5.5±3.6

20.8±10.5
9.8±8.2

Men (n=139) Majora)

Hipa)
4.9±1.8
2.9±1.8

8.8±4.2
4.7±4.1

Data are presented as the mean±standard deviation (SD) (%).
a)P<0.05, between the two models.
FRAX, fracture-risk assessment tool.
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the two models for MOF (Fig. 1C) and hip fracture (Fig. 1D).
In addition, both fracture probabilities calculated with 

the Korean model in women were significantly higher when 

BMD values were included than when they were excluded 
(Fig. 2A). Probabilities for MOF, but not hip fracture, also 
rose after inclusion of BMD in the Japanese model (Fig. 2B).
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DISCUSSION

This study evaluated the usefulness of the Korean FRAX 
model in a high risk group of patients with an established 
hip fracture. Our results revealed that the probabilities of 
both MOF and hip fracture were about 50% lower with the 
Korean model than the Japanese model, a difference that 
was statistically significant.

Our findings are in line with a previous study showing 
that probability of vertebral fracture by the Korean FRAX 
model might be underestimated compared to that by the 
Japanese model.[10] However, that study compared frac-
ture and non-fracture group and used BMD at the lumbar 
spine instead of femoral neck BMD.

Since the age-standardized rates per 100,000 of hip frac-
ture were similar in the two countries (Korean women, 268; 
Japanese women, 266; Korean men, 176; Japanese men, 
165),[11,12] different probabilities might result from a dif-
ference in mortality between the two countries. For the 
Japanese model, the mortality estimates by the WHO for 
1999 were used.[13] According to official national statis-
tics, age-adjusted mortality rates (per 100,000) were high-
er in Korea (2004) than Japan (2000) for women (375 vs. 
320) and men (721 vs. 630).

According to recent reports, the residual lifetime risk (RLR) 
of a hip fracture at age 50 was 12.3% in Korean women and 
20% in Japanese women.[14,15] Similar to 10-year fracture 
probabilities, the RLR of fractures is dependent on mortali-
ty rates. In the current study, 10-year fracture probabilities 
were two times higher with the Japanese model than the 
Korean model, which is consistent with the difference in 
RLR between the two countries. These findings suggest that 
a country-specific model might yield fracture probabilities 
with greater clinical relevance than a surrogate model.

The most important risk factor for fracture independent 
of BMD is age.[16] The probabilities of MOF and hip frac-
ture increased with age in both sexes with both models. Of 
note, fracture probabilities in study participants aged 70 
years or older were remarkably lower with the Korean FRAX 
model than the Japanese FRAX model. Age-specific mor-
tality rates for women aged 70 through 79 years were 3,520 
in Japan (2000) and 5,711 in Korea (2004), and for women 
aged 80 through 89 years were 12,540 in Japan (2000) and 
19,928 in Korea (2004).[17] This mortality difference might 
account, in part, for the difference in fracture probabilities 

for elderly patients. Furthermore, fracture probabilities us-
ing the country-specific model are consistent with a recent 
Korean study reporting that the RLR of overall osteoporo-
sis-related fractures decreases after the age of 70 years.[13]

FRAX was developed mainly due to the low sensitivity of 
BMD in predicting fracture risk and the low accessibility of 
BMD worldwide.[18] Hence, fracture probabilities may not be 
affected by inclusion of BMD in an ideal FRAX model. In the 
current study, however, fracture probabilities were higher 
when BMD results were included. Recent analysis of Korean 
National Health and Nutrition Examination Survey also re-
ported that the Korean FRAX model without BMD yielded 
lower fracture probabilities compared to those with BMD.[19] 
Although the effects of inclusion of BMD on the calculation of 
FRAX are still not clear,[20-22] this difference might be due to 
the high prevalence of osteoporosis of the hip in the current 
study (76.2%). The prevalence of osteoporosis in the spine or 
hip is 35.5% in Korean women aged 50 years older.[23]

Although FRAX is a useful tool, it also has a number of 
limitations.[7,16,24,25] For example, several variables, such 
as a history of falling, physical activity, vitamin D deficien-
cy, or bone turnover marker, are excluded from the model. 
The model also does not account for dose-response rela-
tionships in terms of fracture, glucocorticoid use, alcohol, 
or smoking. It can only be used in an untreated popula-
tion. In addition, BMD is limited to the femoral neck. Even 
though FRAX can account for racial or ethnic differences, 
validation of the computed country-specific model might 
still be needed.[26,27] Japanese model has been validated 
using a population-based cohort study.[20]

The current study had some limitations. First, participants 
were recruited from a tertiary care center, so the distribu-
tion of clinical risk factors might not represent that of the 
general Korean population. Moreover, only participants 
with an established hip fracture were included, so caution 
is needed before extrapolating our results to populations 
with a low risk of fracture. Second, the participants were 
elderly, and the prevalence of osteoporosis was high. Fur-
ther studies that include younger women with osteopenia 
are necessary. In addition, the proportion of participants 
for whom we had BMD measurements was low. Finally, this 
study could not validate the Korean FRAX model, because 
study design was not longitudinal.

In summary, the 10-year fracture probabilities differed 
significantly between Korean and Japanese FRAX models 
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when applied to patients with hip fracture. The differences 
between models might be largely explained by differences 
in mortality between countries. Caution is needed when 
clinical decisions are based on the results from a surrogate 
model. Moreover, a large prospective study, if available, is 
warranted for the validation of country-specific models in 
the general population.
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