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Abstract

Purpose The two main strategies for managing osteoporosis using the Fracture Risk Assessment (FRAX®) are the fixed-
probability threshold of the National Osteoporosis Foundation (NOF) and the age-dependent-probability threshold of the
National Osteoporosis Guideline Group (NOGG), but there are no FRAX® Chinese-specific thresholds. This study examined
the NOF and NOGG strategies for intervention thresholds using the Chinese FRAX® model for their appropriateness for
Chinese postmenopausal women, and explored Chinese-specific thresholds.

Methods Postmenopausal women (N =264) >50 years old from community-medical centers in China were randomly
selected. They completed a self-report questionnaire and underwent bone mineral density measurements and spinal X-rays.
The 10-year risks for a major osteoporosis fracture and hip fracture were calculated using the Chinese FRAX® model. Using
an osteoporosis diagnosis as the gold standard, we compared the abilities of the NOF and NOGG thresholds to detect
osteoporosis by analyzing their sensitivity, specificity, accuracy, and positive and negative likelihood ratios.

Results The 10-year risks for hip fracture and a major osteoporotic fracture increased with age. The NOF’s accuracy in
detecting osteoporosis was 83.33% and the NOGG’s was 74.24%. The NOF thresholds showed higher accuracy and
specificity than the NOGG thresholds.

Conclusion NOF thresholds are more appropriate for Chinese menopausal women.

Keywords Osteoporosis - FRAX - Postmenopausal women * Osteoporotic fracture * China

Introduction

Osteoporosis is a systemic skeletal disorder characterized
by reduced bone mass and destruction of bone micro-
structures, which ultimately leads to increased bone fragility
and fracture risk [1]. Osteoporotic fracture is a major cause
of disability and death among elderly patients, including the
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devastating consequences of hip fracture, which is usually
followed by large personal and socio-economic burdens.
The mortality rate of hip fracture within 1 year has been
reported to be 27%, which is 8 times higher than that of the
general population older than 60 years of age [2]. Accord-
ing to 2015 forecast, medical expenses for osteoporosis-
related fractures in China in 2035 and 2050 will reach $18.9
and $25.43 billion, respectively [3].

Given the increase in the osteoporosis population, people
have gradually attached greater importance to osteoporosis,
but lack awareness of the hazards of osteoporosis. Most
individuals who have had osteoporosis-related fractures or
are at high risk for fractures are not being diagnosed, and
those who are diagnosed are not following up with regular
treatment; therefore, the number of patients receiving
treatment for osteoporosis is decreasing [4, 5]. Osteoporosis
requires early prevention, detection, and treatment, before
the occurrence of a fragility fracture. A related concern is
the availability of effective osteoporotic treatments to
reduce the risk of further fractures after the first occurrence
of a fragility fracture [5]. Hence, routine prevention, early
diagnosis, and treatment are essential for osteoporosis
management.

The Fracture Risk Assessment (FRAX®) algorithm was
developed to assess the risk for hip fracture or a major
osteoporotic fracture among men and women based on
clinical risk factors, combined with or without inclusion of
femoral neck bone mineral density (BMD), which is avail-
able online (www.shef.ac.uk/FRAX) [6]. BMD measure-
ments and treatment are recommended for patients with a
high risk of fracture who have been screened using FRAX®
thresholds. Based on guidelines from different countries,
there are two main types of reference thresholds: one is the
fixed-probability threshold and the other is the age-
dependent probability threshold [7]. Although fixed thresh-
olds have been adopted in most countries, only the thresh-
olds recommended by the National Osteoporosis Foundation
(NOF) of the United States have rationale [8, 9]; 3% for hip
fracture and 20% for a major osteoporotic fracture have been
recommended as thresholds in China’s latest guidelines
[10, 11]. The age-dependent probability threshold, which
was developed by the National Osteoporosis Guideline
Group (NOGG) [12], is primarily used in the United King-
dom. Its intervention thresholds are equivalent to the risk
associated with previous fractures in persons below the age
of 70 years. As the risk of fracture increases with age, fixed
thresholds are used at age 70 and above. Regardless of
which threshold option is chosen, the FRAX® tool has a
record of outstanding performance in predicting high-risk
groups for fracture. However, the setting of the reference
threshold should be country specific [7].

Given the aging of the Chinese population, the number
of patients with osteoporosis is increasing, but the diagnosis

and treatment rates remain low [11]. In China, the incidence
of hip fracture among females is higher than among males
[13]. Chinese women aged 50 years are at high risk for an
osteoporosis-related fracture [14], and preliminary studies
suggest that FRAX® predictions may underestimate the risk
of fracture among Chinese postmenopausal women [15]. A
cross-sectional study of elderly Chinese men, using the
FRAX tool without BMD measurements, yielded incon-
clusive findings and uncertainty about the predictive value
of FRAX for osteoporosis [16], while the diagnosis of
osteoporosis using BMD measurements (7-score < —2.5) is
based on only one diagnostic criterion of the Chinese
guidelines. Another study, which compared individuals
with recent fractures and high-risk groups defined by FRAX
calculation, reported that the NOF threshold identified less
than half of the study participants as high risk for fracture
before the fracture occurred [17]. No Chinese-specific
recommendation for a FRAX®-based intervention threshold
has been based on Chinese epidemiological data on the
incidence of osteoporotic fractures and factors influencing
them [11]. Previous studies based on FRAX found that low
vitamin D levels were associated with increased fracture
risk, and a high prevalence of vitamin D deficiency in
postmenopausal Chinese women was confirmed [18], indi-
cating that Chinese postmenopausal women may have a
high risk of osteoporosis.

The aim of the present study was to judge which strategy
(i.e., the NOF or NOGG thresholds) is more appropriate for
use with the postmenopausal population of China using the
FRAX® Chinese model and Chinese-specific intervention
thresholds.

Materials and methods
Participants

Postmenopausal women over 50 years old (N =264) were
randomly recruited from community medical centers in
Changsha City, Hunan Province, China, in September
2017. Menopause was defined as the absence of menstrual
cycles for longer than 1 year. None of the participants was
institutionalized and all were in good health, consciously,
communicated, without limitation of activity. The use of
antiosteoporosis medication was the only exclusion criter-
ion. Standard medical assessment questionnaires were
distributed to all participants to collect data on their med-
ical, social and family histories, and clinical risk factors.
These factors included a parental history of hip fracture,
exposure to systemic glucocorticoids for more than
3 months, a history of fragility fracture, current smoking,
high alcohol intake (3 or more units daily, on average),
the presence of rheumatoid arthritis, and secondary

@ Springer


http://www.shef.ac.uk/FRAX

202

Endocrine (2019) 65:200-206

osteoporosis. Secondary osteoporosis factors included
insulin-dependent (type 1) diabetes mellitus, adult osteo-
genesis deficiency, long-term untreated hyperthyroidism,
hypogonadism or premature menopause (<45 years old),
chronic malnutrition or malabsorption, and chronic liver
disease. The study was conducted in accordance with
Helsinki Declaration II and approved by the Ethics Com-
mittee of Xiangya Second Hospital, South China Uni-
versity, Changsha, China. Each participant provided
written informed consent.

Methods

Current height was measured to the closest 0.5 cm, using a
stadiometer mounted on a wall, by pressing a horizontal
plate on the head and flattening the hair. Weight was
measured using an electronic scale, to the closest 0.1 kg.
Body mass index (BMI) was calculated by dividing the
body weight by the height squared (kg/m?). Participants’
current age and age at menopause were self-reported.
BMD was measured at the femoral neck using dual-
energy X-ray absorptiometry (DXA; Discovery Wi S/
N87556, Hologic, USA). The 10-year risk for a major
osteoporotic fracture and the 10-year risk for osteoporotic
hip fracture were calculated using the FRAX® model, and
the T-score of the femoral neck was included in the cal-
culations. Positive and lateral vertebral X-rays were taken
to assess vertebral fractures and confirm the diagnosis of
0Steoporosis.

Bone mineral density measurements

An experienced doctor measured BMD at the lumbar spine,
left femoral neck, and total hip using DXA. According to
the manufacturer (Discovery Wi S/N87556, Hologic, USA),
a daily controlled phantom scan of the spine showed a long-
term (>2 years) coefficient of variation (CV) of less than
0.7%. Based on repetitive scanning, the CVs were 1.1% for
the femoral neck, 0.9% for the total hip, and 1.2% for the
lumbar spine. As recommended by the World Health
Organization, osteoporosis was defined as a T-score < —2.5,
which was used in the BM reference databases established
by our group [19].

Diagnosis of vertebral fractures

Vertebral fractures were assessed using X-ray imaging of
the lateral spine from T4 to L4 (Uni-Vision 61Y040, Shi-
madzu, Japan). Using a visual semiquantitative method,
fracture was defined as the ratio of the anterior to posterior
or middle to posterior vertebral height <0.80, or the ratio of
the posterior to posterior vertebral height compared with
adjacent vertebra [20, 21].
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Statistical analyses

Sample characteristics are presented as mean + standard
deviation for continuous variables. A receiver-operating
characteristics (ROC) curve was generated and the area
under the curve was calculated to determine the diagnosis of
osteoporosis. The best cut-off point was estimated using the
Youden index, and the accuracy of the thresholds was
assessed by analyzing their sensitivity, specificity, pre-
dictive value, and likelihood ratios. All data management
and analyses were performed using SPSS 17.0 (SPSS Inc.,
Chicago, IL).

Results

Information on the -characteristics of the 264 post-
menopausal women that was extracted from the completed
questionnaires is summarized in Table 1. The average age
of the 264 respondents was 66.5 + 9.0 years, and their age at
menopause was 49.5 +3.7 years. Their mean weight and
height were 56.0 £ 8.0 kg and 154.3 5.7 cm, respectively,
and their mean BMI was 23.5+3.1. No patients with
rheumatoid arthritis were included in the study. Individuals
who were currently smoking or drinking accounted for a
small proportion of participants and very few women had
been treated with glucocorticoids. Individuals with sec-
ondary osteoporosis accounted for 13.5% of the sample.
According to China’s guidelines for the diagnosis and
treatment of primary osteoporosis, one of the following
three criteria are required for a diagnosis of osteoporosis:
(1) fragility fracture of the hip or spine; (2) T-score < —2.5
based on DXA measurements of BMD of the medial axis

Table 1 Participants’ characteristics and the prevalence (%) of clinical
risk factors (N = 264)

Variables

Number, n 264

Age, years 66.5+9.0
Age at menopause, years 49.5+3.7
Years since menopause, years 16.9+9.6
Weight, kg 56.0+8.0
Height, cm 1543 +5.7
Body mass index, kg/m? 23.5+3.1
Rheumatoid arthritis, % 0
Smoking, % 1.5
Glucocorticoid use, % 2.3
Parental hip fracture, % 7.2

Prior fracture, % 8.0
Alcohol intake, % 3.0
Secondary osteoporosis, % 13.5
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Table 2 Diagnosis of osteoporosis based on diagnostic criteria

Osteoporosis diagnostic criteria Osteoporosis diagnosed

BMD (hip) < —2.5 80
BMD (lumbar) < —2.5 55
BMD (hip or lumbar) < —2.5 91
Fragility fracture 28
Low bone mass with fragility fracture 8

Any criteria 92

BMD bone mineral density

Table 3 The 10-year probabilities for osteoporotic hip fracture and a
major osteoporotic fracture calculated using FRAX (including BMD)

Age group Number 10-year hip fracture

probability (%)

10-year major
osteoporotic fracture
probability (%)

50-54 31 0.35+0.31 2.53+0.68
55-59 34 0.69 £ 0.66 348+2.23
60-64 53 0.95+0.88 433+1.93
65-69 45 1.38 +1.06 4.88+2.06
270 101 3.75+£2.83 7.82+3.82
>50 264 1.99+2.34 5.44 +3.41

FRAX Fracture Risk Assessment, BMD bone mineral density

(lumbar spine 1-4, femoral neck, or total hip) or 1/3 of the
distal radius; or (3) BMD measurements consistent with low
bone mass (—2.5 < T-score < 1.0) accompanied by a fragi-
lity fracture of the proximal humerus, the pelvis, or the
distal forearm [11]. A diagnosis of osteoporosis was con-
firmed in 92 participants in the cohort using the diagnostic
criteria (Table 2), including 11 individuals who were
diagnosed with secondary osteoporosis.

There were 28 participants who sustained fractures; 11 of
them were lumbar vertebral fractures, 9 were thoracic ver-
tebral fractures, 4 were combined lumbar vertebral fractures
and thoracic vertebral fractures, and 4 were hip fractures. As
shown in Table 3, the 10-year FRAX risks for both hip
fracture and a major osteoporotic fracture increased with
age (Table 3). The data were analyzed using two thresholds
to compare participants identified as having a high risk for
fracture and actual patients with osteoporosis (Table 4).
Compared to the NOGG threshold, more participants with a
high risk for fracture were identified using the NOF
threshold, and the number of participants identified was
closer to the number of patients with osteoporosis.

To ascertain which of the thresholds (i.e., the threshold
recommended by the NOGG or the NOF) was more suitable
for use with Chinese postmenopausal women, their sensi-
tivity and specificity were evaluated (Table 5). Taking an
osteoporosis diagnosis as the gold standard, the sensitivity
and specificity were 91.38% and 81.07%, respectively,

Table 4 Comparison of the results using the thresholds recommended
by the NOF and NOGG (including BMD)

Age group Number Osteoporosis NOF NOGG
50-54 31 0 0 0
55-59 34 5 0 1
60-64 53 11 2 2
65-69 45 15 3 3

270 101 61 53 18

250 264 92 58 24

NOF National Osteoporosis Foundation, NOGG National Osteoporo-
sis Guideline Group, BMD bone mineral density

Table 5 Sensitivity, specificity, accuracy, and positive and negative
likelihood ratios of the NOF and NOGG thresholds

NOF NOGG
Sensitivity 91.38% 100%
Specificity 81.07% 71.67%
Accuracy 83.33% 74.24%
Positive likelihood ratio 4.83 3.52
Negative likelihood ratio 0.11 0

NOF National Osteoporosis Foundation, NOGG National Osteoporo-
sis Guideline Group

using the NOF thresholds, and 100% and 71.67%, respec-
tively, using the NOGG thresholds. The accuracy of the
NOF strategy was 83.33% and it was 74.24% for the
NOGG strategy. The positive and negative likelihood ratios
of the NOF thresholds were 4.83 and 3.52, respectively, and
they were 0.11 and 0, respectively, for the NOGG
thresholds.

The ROC was analyzed to determine the optimal
threshold applicable to Chinese postmenopausal women.
The area under the ROC curve was 0.937 for the 10-year
probability of hip fracture, while the cut-off point was 2.05
(Fig. 1), the area under the ROC curve was 0.938 for the 10-
year probability of a major osteoporotic fracture, and the
cut-off point was 5.55 (Fig. 2).

Discussion

The present study showed 34.8% of postmenopausal
women were diagnosed with osteoporosis, indicating that a
substantial proportion of Chinese postmenopausal women
have this serious health problem. However, the thresholds
for the Chinese population were uncertain owing to the
absence of health-related economic and epidemiological
data that most studies, including the Chinese guideline for
the Chinese FRAX®, used to develop the thresholds
recommended by the NOF (i.e., economic data from
America), which was reasonable. Previous studies have
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Fig. 1 ROC curve of the 10-year risk for hip fracture. ROC receiver-
operating characteristics
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Fig. 2 ROC curve of the 10-year risk for a major osteoporotic fracture.
ROC receiver-operating characteristics

questioned the reliability of the FRAX instrument in pre-
dicting the risk of fracture among postmenopausal women
because of the obvious flaw that it does not consider
increases in fracture risk proportional to increases in age
[15]. In 2013, the FRAX manufacturer released an updated
model for China, which corrected the trends in fracture risk

@ Springer

with age. The latest version of the FRAX instrument should
be re-evaluated for use with Chinese postmenopausal
women.

The results suggested that fracture risk calculated using
FRAX increased with age, which is consistent with the
results of another study, in which age was a risk factor in
the FRAX algorithm [22]. In the current study, more par-
ticipants were classified as having a high risk for fracture
with increased age, regardless of whether the NOGG or
NOF strategies were used. The results showed 58 women as
at high risk using the NOF thresholds and 24 using the
NOGG thresholds, indicating that the number of partici-
pants identified as being at risk using the NOF was closer to
the number of participants (92) diagnosed with osteo-
porosis. When the participants were <70 years old, the NOF
and NOGG thresholds had similar discriminant ability, but
when they were >70 years old, the NOF thresholds per-
formed remarkably better than the NOGG thresholds (53
versus 18 women), with the difference explained mainly by
the difference in the 10-year risk for hip fracture. As in
other studies, the 10-year probability of hip fracture was
more accurate than the 10-year probability of a major
osteoporotic fracture [17]. The mean 10-year hip fracture
risk was 3.75 £2.83, which exceeded the 3% thresholds of
the NOF but fell behind the 5.4% fixed thresholds of the
NOGG. It seems that the 10-year probability of hip fracture
surpassed the 10-year probability of a major fracture in
predicting actual fragile fractures [17]. Based on our study,
the main difference between the NOGG and the NOF
screenings of women >70 years old was whether they had a
prior fracture.

The differences between the effects of NOF strategies
and NOGG strategies on secondary osteoporosis were
proved by NOF schemes showing higher accuracy than
NOGG schemes; however, the very limited sample of sec-
ondary osteoporosis questioned the reliability.

Although the screened number of NOGG thresholds was
lower than the number of NOF thresholds, the sensitivity
reached 100%, while the sensitivity of the NOF thresholds
was 91.38%. The specificity of the NOF thresholds was
81.07%, and it was 71.67% for the NOGG thresholds.
When choosing the recommendation with extremely high
sensitivity, such as the NOGG strategy, the rate of missed
diagnoses was low; however, the specificity was relatively
poor, which was related to the high rate of misdiagnoses.
The comparison of the NOGG and NOF strategies revealed
the accuracy of the NOF thresholds was superior to that of
NOGG thresholds, showing high sensitivity and specificity
without extreme values, thereby achieving a balance
between the rates of missed diagnoses and misdiagnoses.
Thus, this study was able to identify individuals with a high
risk for osteoporosis using the China’s FRAX model. The
results showed that the fixed threshold was more
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appropriate for the Chinese population. The suitability of
the NOF thresholds for Chinese individuals may be related
to the estimated residual life risk for fractures among Chi-
nese women >50 years old and its similarity to the residual
life risk for fractures among white women in America 250
years old [23]. The ROC curves were analyzed to identify
Chinese-specific thresholds and determine whether fixed
thresholds were better. The area under the curve for
detecting osteoporosis using the 10-year risk for major
osteoporosis fracture was 0.938 and the cut-off point was
5.55, while the area under the curve for detecting osteo-
porosis using the 10-year risk for hip osteoporosis fracture
was 0.937 and the cut-off point was 2.05. Both hip and
major osteoporotic fracture risks were lower than the
American thresholds, but had higher sensitivity and speci-
ficity, and the cut-off points were recommended as Chinese
thresholds. Currently, little is known about osteoporosis and
its complications in China [24]. The medical gap between
urban and rural areas might require relatively lower
thresholds for early screening of osteoporosis.

It was also confirmed that NOF thresholds were superior
to NOGG thresholds when FRAX was calculated without 7-
score, even though the sensitivity and accuracy of both
NOF schemes and NOGG schemes decreased compared to
those with BMD, considering the diagnosis of osteoporosis
as the gold standard (data unpublished). On the basis of
diagnostic criteria for osteoporosis in as defined by Chinese
guidelines, which include the BMD results, only FRAX
calculation with T7-score was included in the present
analysis.

This study has several limitations. First, the sample size
was small. Second, FRAX was used to predict the 10-year
fracture risk, but there was no follow-up period; therefore, a
comprehensive evaluation of the application of FRAX in
China was not possible. Third, the bone mass of participants
predisposed to fragility fractures was low (—2.5 < T-score <
—1), indicating that fractures had occurred before osteo-
porosis was diagnosed, while we used the diagnosis of
osteoporosis as a criterion for evaluation.

Conclusion

The NOF thresholds outperformed the NOGG thresholds in
the detection of osteoporosis in Chinese postmenopausal
women. The NOF thresholds predicted osteoporosis in
Chinese postmenopausal women based on the latest FRAX®
China model. The fixed thresholds were more appropriate
for use in China: the recommended screening threshold for
the 10-year risk of a major osteoporosis fracture was 5.55
and it was 2.05 for the 10-year risk of osteoporosis hip
fracture among Chinese postmenopausal women.

Funding This work was supported by grants from the National Nature
Science Foundation of China [grant numbers 81471091 and
81870622] and the Hunan Nature Science Foundation [grant number
2018112574].

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All research procedures in this study were in accor-
dance with the ethical standards of institutions and with the 1964
Helsinki declaration and its subsequent amendments.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Publisher’s note: Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

References

1. No author listed, Consensus Development Conference: Diagnosis,
Prophylaxis, and Treatment of Osteoporosis. Am. J. Med. 94,
646-650 (1993).

2. K.A. Magnusson, B. Gunnarsson, G.H. Sigurdsson, B. Mogensen,
Y. Olafsson, S. Karason, Treatment and outcome of patients with
hip fracture. Laeknabladid 102, 119-125 (2016).

3. L. Si, T.M. Winzenberg, Q. Jiang, M. Chen, A.J. Palmer, Pro-
jection of osteoporosis-related fractures and costs in China:
2010-2050. Osteoporos. Int. 26, 1929-1937 (2015).

4. A. Svedbom, E. Hernlund, M. Ivergérd, J. Compston, C. Cooper,
J. Stenmark, E.V. McCloskey, B. Jonsson, J.A. Kanis; EU Review
Panel of IOF, Osteoporosis in the European Union: a compendium
of country-specific reports. Arch. Osteoporos. 8, 137 (2013).

5. J.A. Eisman, E.R. Bogoch, R. Dell, J.T. Harrington, R.J.
McKinney, A. McLellan, P.J. Mitchell, S. Silverman, R. Single-
ton, E. Siris; ASBMR task force on secondary fracture prevention,
Making the First Fracture the Last Fracture: ASBMR Task Force
Report on Secondary Fracture Prevention. J. Bone Miner. Res. 27,
2039-2046 (2012).

6. J. A. Kanis, Assessment of osteoporosis at the Primary Health Care
Level. (WHO Scientific Group Technical Report, 2007). https:/www.
shef.ac.uk/FRA X/reference.aspx. Accessed 14 July 2015.

7. J.A. Kanis, N.C. Harvey, C. Cooper, H. Johansson, A. Odén, E.V.
McCloskey; Advisory Board of the National Osteoporosis
Guideline Group, A systematic review of intervention thresholds
based on FRAX: a report prepared for the National Osteoporosis
Guideline Group and the International Osteoporosis Foundation.
Arch. Osteoporos. 11, 25 (2016).

8. B. Dawson-Hughes, A.N. Tosteson, L.J. Melton, S. Baim, M.J.
Favus, S. Khosla, R.L. Lindsay; National Osteoporosis Founda-
tion Guide Committee, Implications of absolute fracture risk
assessment for osteoporosis practice guidelines in the USA.
Osteoporos. Int. 19, 449-458 (2008).

9. AN. Tosteson, L.J. Melton, B. Dawson-Hughes, S. Baim, M.J.
Favus, S. Khosla, R.L. Lindsay; National Osteoporosis Foundation
Guide Committee, Cost-effective osteoporosis treatment thresholds:
the United States perspective. Osteoporos. Int. 19, 437-447 (2008).

10. F. Cosman, S.J. de Beur, M.S. LeBoff, E.M. Lewiecki, B. Tanner,
S. Randall, R. Lindsay; National Osteoporosis Foundation, Clin-
ician’s guide to prevention and treatment of osteoporosis. Osteo-
poros. Int. 25, 2359-2381 (2014).

@ Springer


https://www.shef.ac.uk/FRAX/reference.aspx
https://www.shef.ac.uk/FRAX/reference.aspx

206 Endocrine (2019) 65:200-206
11. Chinese Society of Osteoporosis and Bone Mineral Research, 18. S. Li, Y. Ou, H. Zhang, Z. Zhang, H. Zhou, L. Liu, Z. Sheng, E.
Guidelines for the diagnosis and management of primary osteo- Liao, Vitamin D status and its relationship with body composition,
porosis, Chin. J. Osteoporos. Bone Min. Res. 10, 413—444 (2017). bone mineral density and fracture risk in urban central south
https://doi.org/10.3969/j.issn.1674-2591.2017.05.002. Chinese postmenopausal women. Ann. Nutr. Metab. 64, 13-19
12. J. Compston, A. Cooper, C. Cooper, N. Gittoes, C. Gregson, N. (2014).
Harvey, S. Hope, J.A. Kanis, E.V. McCloskey, K.E. Poole, D.M. 19. Z. Sheng, K. Xu, Y. Ou, R. Dai, X. Luo, S. Liu, X. Su, X. Wu, H.
Reid, P. Selby, F. Thompson, A. Thurston, N. Vine; National Xie, L. Yuan, E. Liao, Relationship of body composition with
Osteoporosis Guideline Group (NOGG), UK clinical guideline for prevalence of osteoporosis in central south Chinese post-
the prevention and treatment of osteoporosis. Arch. Osteoporos. menopausal women. Clin. Endocrinol. 74, 319-324 (2011).
12, 43 (2017). 20. H.K. Genant, C.Y. Wu, C.K. van, M.C. Nevitt, Vertebral fracture
13. J. Wang, Y. Wang, W.D. Liu, F. Wang, Z.S. Yin, Hip fractures in assessment using a semiquantitative technique. J. Bone Miner.
Hefei, China: the Hefei Osteoporosis Project. J. Bone Miner. Res. 8, 11371148 (1993).
Metab. 32, 206-214 (2014). 21. F. Grados, C. Roux, M.C. de Vernejoul, G. Utard, J.L. Sebert, P.
14. Y. Jiang, W. Ni, Expected lifetime numbers, risks, and burden of Fardellone, Comparison of four morphometric definitions and a
osteoporotic fractures for 50-year old Chinese women: a discrete semiquantitative consensus reading for assessing prevalent ver-
event simulation incorporating FRAX. J. Bone Miner. Metab. 34, tebral fractures. Osteoporos. Int. 12, 716-722 (2011).
714-722 (2016). 22. E. Cheung, C.L. Cheung, A.W. Kung, K.C. Tan, Possible FRAX-
15. Z. Zhang, Y. Ou, Z. Sheng, E. Liao, How to decide intervention based intervention thresholds for a cohort of Chinese post-
thresholds based on FRAX in central south Chinese post- menopausal women. Osteoporos. Int. 25, 1017-1023 (2014).
menopausal women. Endocrine 45, 195-197 (2014). 23. Office of the Surgeon General (US). Bone Health and Osteo-
16. X. Zhang, J. Lin, Y. Yang, H. Wu, Y. Li, X. Yang, Q. Fei, porosis: A Report of the Surgeon General. (Office of the Surgeon
Comparison of three tools for predicting primary osteoporosis in General (US), Rockville), 2004).
an elderly male population in Beijing: a cross-sectional study. 24. J. Xu, M. Sun, Z. Wang, Q. Fu, M. Cao, Z. Zhu, C. Meng, Y. Yan,
Clin. Interv. Aging 13, 201-209 (2018). J. Mao, H. Tao, X. Huang, Z. Lin, T. Yang, W. He, Awareness of
17. X.F. Chen, X.L. Li, H. Zhang, G.J. Liu, Were you identified to be osteoporosis and its relationship with calcaneus quantitative

at high fracture risk by FRAX® before your osteoporotic fracture
occurred? Clin. Rheumatol. 33, 693-698 (2014).

@ Springer

ultrasound in a large Chinese community population. Clin. Interv.
Aging 8, 789-796 (2013).


https://doi.org/10.3969/j.issn.1674-2591.2017.05.002

	Comparison of strategies for setting intervention thresholds for�Chinese postmenopausal women using the FRAX model
	Abstract
	Introduction
	Materials and methods
	Participants
	Methods
	Bone mineral density measurements
	Diagnosis of vertebral fractures
	Statistical analyses

	Results
	Discussion
	Conclusion
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




