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Purpose: To validate the efficacies of three screening tools including the Osteoporosis Self-
Assessment Tool for Asians (OSTA), Fracture Risk Assessment Tool (FRAX) without bone
mineral density (BMD), and body mass index (BMI) for predicting postmenopausal osteo-
porosis (OP) and to define the ideal thresholds for avoidance of dual-energy X-ray absorp-
tiometry (DXA) scanning in a Han Chinese population in Beijing.

Patients and Methods: A total of 2055 community-dwelling Han Beijing postmenopausal
females aged >45 years were enrolled in this study. All participants completed a question-
naire, and BMD was measured by DXA. OP was defined by a T-score at least —2.5 SD less
than that of average young adults in different diagnostic criteria [lumbar spine, femoral neck,
total hip, worst hip, WHO]. The abilities of the OSTA, FRAX, and BMI to predict OP were
analyzed by receiver operating characteristic (ROC) curves. Sensitivity, specificity, and area
under the ROC curves (AUC) were calculated. Ideal thresholds for identifying OP were
proposed.

Results: The prevalence of OP ranged from 8.1% to 28.4% according to different diagnostic
criteria. The AUC range for the OSTA (0.758-0.849) was similar to the FRAX (0.728—
0.855), which revealed that both tools predicted OP reliably. The AUC range for BMI was
0.643-0.682, suggesting limited predictive value. According to WHO criteria, the AUC
values for the FRAX for hip fracture risk (FRAX-HF) and for the OSTA were 0.796 and
0.798, with corresponding sensitivities of 74.79% and 69.64% and specificities of 70.45%
and 75.07%, respectively. At defined thresholds, the FRAX-HF and OSTA allowed avoid-
ance of DXA in 42.4-37.6% of participants, at a cost of missing only 7.2-8.6% of
individuals with OP.

Conclusion: The OSTA and FRAX-HF may be reliable and effective tools for identifying
postmenopausal OP in the Han Beijing population without BMD.
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Introduction

Postmenopausal osteoporosis (OP) is the most common skeletal metabolic disorder
that affects postmenopausal women and involves microarchitectural deterioration
and bone mineral density (BMD) reduction caused by menopause-related estrogen
deprivation and increasing age.' Postmenopausal women with OP have a high
susceptibility to fragility fractures.” Due to the progressive aging trend of the
population, the morbidity and mortality of OP and associated fractures grows

3

year by year,” creating an ever-increasing burden for clinical resources and eco-

nomic expenses.*” In the USA, the annual cost for OP-related fractures in 2005 was
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17 billion dollars, with 71% of fractures occurring in
women and the costs for treatment of such fractures
being 75% higher than those in men, and a further 50%
increase in cost to 25.3 billion dollars are projected by
2025.° The situation of OP in China is equally serious, as
it has been predicted that the osteoporotic population will
expand sharply from 83.9 million in 1997 to 212 million
by 2050.” Osteoporotic fractures require the longest per-
hospitalization length of stay and highest cost among all
fractures® for Chinese patients. By 2010, an estimated 2.33
million OP-related fractures had occurred with a treatment
cost of 9.45 billion dollars.’ To make matters worse, the
annual number of cases and costs in OP-related fractures
are estimated to be double by 2035, and will increase to
5.99 million fractures costing 25.43 billion dollars by 2050
in China.” Considering the high morbidity and social costs
of OP and fragility fractures, efforts to develop convenient
and reliable screening tools for postmenopausal women
are crucial to reduce the clinical and economic burdens
in the aging society.

BMD measured by dual-energy X-ray absorptiometry
(DXA) is currently considered to be the gold standard for
the diagnosis of OP.' According to the World Health
Organization (WHO) criteria, OP is defined by a low
BMD more than 2.5 standard deviations (SD) below the
mean BMD for young healthy adults at any site of the
lumbar spine (L1-L4), femoral neck, or total hip.'
According to the National Osteoporosis Foundation
(NOF) guidelines, treatments should be initiated when
DXA shows a T-scores at least —2.5 SDs at any site.''
Nevertheless, screening for OP by DXA is not feasible due
to its high cost, poor portability, and patient exposure to
ionizing radiation. It’s not convenient for community-
dwelling elderly people to have access to the expensive
DXA devices at community health service centers, parti-
cularly for those who live in suburban or rural areas. The
prevalence rates of asymptomatic OP (22.66%) and osteo-
penia (47.36%) among Chinese postmenopausal women
were both high in a previous study.'? Hence, identifying
and prescreening OP is important to prioritize individuals
at risk of OP for DXA scanning. Results obtained by using
credible risk assessment tools could help clinicians decide
whether further DXA examination is needed for patients.

The Fracture Risk Assessment Tool (FRAX) developed
by the University of Sheffield, as a computer-based algo-
rithm, is designed to predict the 10-year probability of hip
fracture (HF) and major osteoporotic fracture (MOF)
according to an individual’s clinical risk factors with or

without BMD."? FRAX without BMD is not only well
established for evaluating the risk of osteoporotic frac-
tures, but also as an effective tool for identifying OP.'*!
Although FRAX cannot replace BMD measurement in
guiding treatment, it has been reported that FRAX pro-
vides useful information to guide clinical decisions regard-
ing anti-OP medication use.'® In the recent UK National
Osteoporosis Guideline Group (NOGG) guidance, treat-
ment is recommended in elderly osteoporotic patients
with a FRAX-MOF of at least 20% or FRAX-HF of at
least 5%.'” Thus, the unnecessary BMD may be able to be
omitted in the individuals at high risk based on FRAX.
However, the setting of intervention thresholds must still
be country-specific.'” Expanding on a few studies on the
ability of FRAX to estimate the risk of OP in Chinese
postmenopausal women, the present study was conducted
to define the screening threshold of FRAX without BMD
for OP.

The Osteoporosis Self-Assessment Screening Tool for
Asians (OSTA) was established in 2001 based on an
analysis of 860 community dwelling postmenopausal
women enrolled from various Asian regions.'® Although
only two factors (age and weight) are considered, the
OSTA still proved to be a convenient and valid screening
tool for predicting the risk of OP in postmenopausal
women.'? Notably, poor results were reported for valida-
tion of the OSTA’s efficacy in predicting postmenopausal
OP in a Chinese cohort (not Beijing).?**' The efficacy and
cutoff value for the OSTA may vary among diverse popu-
lations and diagnostic criteria.>> Therefore, it is necessary
to revalidate the tool according to the local demographic
profile, before OSTA can be applied clinically for OP
screening.

Body mass index (BMI) is well established as an
international standard for evaluating obesity and health in
individuals. In addition, BMI has also shown a positive
association with BMD.>® Women less than 60 years old
with low BMI (<20 kg/m?) have been recommended to
undergo DXA based on the results of a previous study in
Europe,”* but the validity of BMI as an OP screening tool
remains uncertain. Because a certain correlation between
BMI and BMD was verified in postmenopausal women,*
we proposed to estimate the validity of BMI as a screening
method for OP in Chinese postmenopausal women, speci-
fically in comparison with the OSTA and FRAX with-
out BMD.

The purpose of this study was to compare the efficacies
of the OSTA, FRAX without BMD, and BMI for
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predicting postmenopausal OP and to confirm the ideal
thresholds to reduce unnecessary use of BMD among
community dwelling postmenopausal women in Beijing.

Patients and Methods

The study was approved by the ethics committee of
Beijing Friendship Hospital, Capital Medical University
(BJFH-EC/2013-013). We confirm that this study was
the
Helsinki. All participants provided signed informed con-

conducted in accordance with Declaration of
sent for enrollment in this study. A flow diagram of the

study is shown in Figure 1.

Study Design

The study population for this cross-sectional study
included healthy postmenopausal women (age >45 years)
consecutively enrolled from communities near Beijing
Friendship hospital in the Xicheng District of Beijing
from January 2013 to October 2017. The main inclusion
and exclusion criteria are listed in Table 1. None of the

recruited participants had ever been diagnosed with OP
prior to the study.

BMD Measurements and Data Collection

via Questionnaire

All participants were healthy Beijing community-dwelling
postmenopausal women who came to the OP clinic in
Beijing Friendship hospital for DXA BMD measurements
at the hip and spine. The participants were required to
complete a questionnaire with a trained interviewer to
provide information regarding demographic variables and
clinical risk factors for OP using a structured table. The
collected data included age, height, weight, history of
previous fracture, current smoking, alcoholic drinks per
day, history of parent hip fracture, and so on. Height was
measured using a stadiometer (Mahr GmbH, Gottingen,
Germany), and weight was measured with an electronic
balance (Tanita, Tokyo, Japan). The database was estab-
lished and checked by three researchers (Zihan Fan,

Postmenopausal
female (n=2,488)

Inclusion
criteria

\4

Exclusion
criteria

Study population
(n=2,055)

Questionnaire

A 4

BMD
measurement

OSTA
measurement

FRAX without BMD
measurement

BMI
measurement

!

Statistical analysis

Figure | The flow diagram of the study.

Abbreviations: BMD, bone mineral density; OSTA, Osteoporosis Self-Assessment Tool for Asians; FRAX, Fracture Risk Assessment Tool; BMI, body mass index.
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Table | Inclusion and Exclusion Criteria for This Study

Inclusion Criteria Exclusion Criteria

Han Chinese nationality. Rheumatoid arthritis

Menses stops for at least 12 | History of glucocorticoid use.
months. History of thyroid supplements,
Postmenopausal women antidepressant treatment.
(age 245 years). History of metabolic bone disease (eg,
Residency in Beijing for 220 | type | diabetes, hyperparathyroidism
years. or hypoparathyroidism, Paget’s
Ability to read and provide | disease, osteomalacia, renal
informed consent. osteodystrophy, osteogenesis
imperfecta).

History of organ transplantation.
History of taking anti-OP medications.
History of malignant tumor.
Operation of lumbar spine or bilateral
hips.

Significant renal or hepatic

impairment.

Xiaoyu Li and Xiaodong Zhang) to guarantee the quality
of data and then rechecked by the senior researchers (Yong
Yang, Qi Fei and Ai Guo). The BMDs of the femur (the
femoral neck and total hip) and lumbar spine (L1-L4)
were assessed by DXA (Discovery Wi, QDR Series;
Hologic, Waltham, MA, USA). To ensure conformity of
measurements, DXA was operated and calibrated by the
same qualified and well-trained technician. All data such
as height, weight and BMD were measured using the same
equipment throughout the study. The in vivo short-term
reproducibility values were all <1% for all measurements
of the femoral neck, total hip and lumbar spine BMDs.
The mean values of young Chinese women which had
been set as the reference population were used to calculate
the T-scores: femoral neck 0.803+0.101 g/cm?, and total
hip BMD 0.864+0.113 g/cm?, L1-L4 BMD 0.967+0.109
g/cm 2. OP was defined by a T-score of —2.5 or lower at
different skeletal sites,”® according to various criteria
including the lumbar spine (L1-L4), femoral neck, total
hip, worst hip (femoral neck or total hip) and the WHO
(any site).

OSTA Score

The OSTA score was deduced and based on weight in
kilograms and age in years after multiple variable
regression analysis in 2001'® using the algorithm
below:

OSTA = [body weight(kg) — age(years)] x 0.2

The decimal digits were dropped in order to truncate the
results to the integer. For example, a 66-year-old woman
weighing 50 kg would have an OSTA index of —3.

FRAX Score

FRAX was well known as a computer-based screening
tool developed by Kanis et al'®> which calculated the 10-
year probability of a major osteoporotic fracture (FRAX-
MOF) and a hip fracture (FRAX-HF). The calculation of
fracture risks was based on the individual’s information
including age, gender, weight, height, and several well-
validated dichotomized risk factors with or without BMD.
Because this study focused on evaluating the efficacy of
FRAX as a tool in identifying OP for the Chinese post-
menopausal female population, the data were all collected
without BMD measurement.

BMI

BMI was calculated as weight divided by the square of
height (kg/m?) using the following formula:

A Body welght(KgZ)
Body height(m)

Statistical Analysis

The performance of the different tools (OSTA, FRAX
without BMD, and BMI) in predicting OP at the lumbar
spine, total hip, femoral neck, worst hip (femoral neck or
total hip), and any site (WHO criteria) was evaluated and
compared. OP was defined as mentioned above. The recei-
ver operating characteristic (ROC) curves were plotted,
and the area under the ROC curve (AUC) and its 95%
confidence interval (CI) were computed and compared for
each test using SPSS Version 21 (IBM Corporation,
Armonk, NY, USA) and MedCalc version 11.5.0.0
(MedCalc Software, Ostend, Belgium). The predictive
efficacies of the above tools were estimated according to
the AUC values as follows: AUC=1, perfectly predictive;
0.9<AUC <1, highly predictive; 0.7<AUC<0.9, moder-
ately predictive; 0.5<AUC<0.7, less predictive; and
AUC<0.5, non-predictive.”” AUC values >0.75 were gen-
erally considered to indicate good performance of the
diagnostic tool.”® The independent-samples r-test and
one-way analysis of variance were applied for single-fac-
tor analysis. The data were initially collated in a Microsoft
Excel (Microsoft Corporation, Redmond, WA) spread-
sheet, and the analysis was performed using SPSS
Version 21 (IBM Corporation).
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We calculated the ideal thresholds based on the results
for AUCs in order to maximize the diagnostic benefit and
minimize missed diagnosis. Then we calculated the sensi-
tivity, specificity, and positive and negative predictive
values for each threshold, and the results were also trans-
formed into number of cases for which BMD measurement
was avoided per 100 individuals (candidates would be
screened) and the percentage of participants with OP
who would be missed.”®

Results

A total of 2488 postmenopausal healthy women aged 45 or
older were recruited for participation in this study.
According to the inclusion and exclusion criteria, 2055
individuals were eligible for analysis. The characteristics
of the participants are shown in Table 2.

According to the WHO, lumbar spine, worst hip,
femoral neck, and total hip criteria, the prevalence rates
of OP in this study were 28.4%, 19.9%, 18.1%, 17.2%,
and 8.1%, respectively.

ROC Curve Outcomes

The ROC curves for each tool according to the different
criteria were analyzed, and the corresponding thresholds
were estimated. A summary of the cutoff values and AUCs
is presented in Table 3. The AUC values of the tools for
predicting OP according to the five diagnostic criteria
(WHO, lumbar spine, worst hip, femoral neck, and total hip
criteria) ranged from 0.758 to 0.849 (OSTA), 0.750 to 0.855
(FRAX-HF), 0.728 to 0.829 (FRAX-MOF), and 0.643 to
0.682 (BMI). With the WHO criteria, the FRAX-HF and
OSTA had the highest AUC values (0.796 and 0.798), and
there was no significant difference between them (p=0.78).
Thus, the FRAX-HF and OSTA yielded the best predictive
value among these tools. The ROC curves and AUCs for the
WHO criteria are presented in Figure 2.

Lower Threshold Results

In this study, the AUCs for the three tools revealed the best
results in the total hip criterion. However, the prevalence rate
with this criterion was only 8.1%, which was much lower
than the rate with the other criteria and did not represent the
real prevalence of OP. The low prevalence may increase the
frequency of missed diagnosis with the screening tools;
hence, we set the cutoff value in the WHO criterion as the
optimal threshold. The ROC curves, AUCs and cutoff values
for the WHO criteria are presented in Figure 2. The lower

Fan et al
Table 2 The Characteristics of Participants (n =2055)

Characteristics Value Range
Age (year) 62.06%9.12 45-90
Height (cm) 158.63+5.19 140-178
Weight (kg) 60.58+9.34 30-106
Body mass index (kg/m?) 24.06+3.43 12.82-39.41
Bone mineral density (g/cm?)?

Lumbar Spine 0.832+0.152 0.370-1.534

Femoral neck 0.677+0.128 0.259-1.160

Total hip 0.778+0.139 0.268-1.308

Lumbar Spine, n (%)
Normal 855 (41.6%)
791 (38.5%)

409 (19.9%)

Osteopenia

Osteoporosis

Femoral neck, n (%)
Normal 654 (31.8%)
1048 (51.0%)

353 (17.2%)

Osteopenia

Osteoporosis

Total hip, n (%)
Normal 1203 (58.5%)
685 (33.3%)

167 (8.1%)

Osteopenia

Osteoporosis

Worst hip,” n (%)
Normal 628 (30.5%)
1056 (51.4%)

371 (18.1%)

Osteopenia

Osteoporosis

Worst any site,” n (%)
Normal 469 (22.8%)
1003 (48.8%)

583 (28.4%)

Osteopenia

Osteoporosis

Alcohol = 30g/d® 31 (1.5%)
Current smoking 55 (2.7%)
Previous fracture® 550 (26.8%)
Parent fractured hip’ 242 (11.8%)

Notes: BMD T-scores classified according to WHO criteria: osteoporosis (<-2.5),
osteopenia (1.0 to —2.5), and normal (2-1.0). "Worst hip criteria, OP was defined
by a BMD T-score of<-2.5 SD at femoral neck or total hip sites. “WHO criteria, OP
was defined by a BMD T-score of<-2.5 SD at any site of LI-L4, femoral neck, or
total hip sites. dTaking 30 g or more of alcohol daily (equivalent to three units of
alcohol in the present study). “Fractures after the age of 45 years with or without
low-energy trauma history. 'History of hip fracture in the patient’s parents; subjects
answered either yes or no.

Abbreviations: BMD, bone mineral density; OP, osteoporosis.

thresholds were set at 1% for FRAX-HF, 4.6% for FRAX-
MOF, —1 for OSTA, and 22.67 for BML.

The performances of the different tools at these thresh-
olds are summarized in Table 4. With the WHO criteria,
the FRAX-HF and OSTA provided the highest predictive
efficacy according to the observed AUCs, with a sensitiv-
ity of 74.8-69.6%, test saved rate of 42.4-37.6%, and
percentage of missed OP cases of 7.2-8.6%.
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Table 3 Cutoff Value and AUC for Prediction of OP in Different Criteria
Screening Lumbar Spine Total Hip Femoral Neck Worst Hip WHO
Tool Cutoff AUC Cutoff AUC Cutoff AUC Cutoff AUC Cutoff AUC
BMI 23.19 0.667 22.66 0.682 22.64 0.647 22.64 0.643 22.67 0.654
OSTA =1 0.758 -2 0.849 =1 0.823 =1 0.824 =1 0.798
FRAX-MOF 4.6 0.728 6.8 0.829 44 0.794 45 0.798 4.6 0.768
FRAX-HF | 0.750 1.9 0.855 1.3 0.825 1.3 0.828 | 0.796

Abbreviations: AUC, area under the receiver operating characteristic curves; BMI, body mass index; OSTA,

Osteoporosis Self-Assessment Tool for Asians; FRAX,

Fracture Risk Assessment Tool; MOF, major osteoporotic fractures; HF, hip fractures; WHO, World Health Organization.

Discussion

This study compared the performances of the OSTA,
FRAX without BMD, and BMI as prediction tools for
postmenopausal OP in community-dwelling Han Beijing
women aged >45 years and attempted to define the opti-
mal thresholds beyond which the unnecessary BMD test-
ing for OP screening could be avoided. A recent
systematic review reported that the prevalence of OP in
Chinese women was 25.9%, which is much higher than
that in men (5.30%).>° In the current study, a total of
2055 participants were finally eligible out of 2488

individuals, and the prevalence of OP ranged from 8.1%
to 28.4% according to the different criteria. With the
WHO criteria, the prevalence rates of osteopenia and
osteoporosis

among Han Beijing postmenopausal

women were 48.8% and 28.4%, respectively, which was
basically consistent with previously reported rates.'*?’
The high prevalence of OP emphasizes the need for a
reliable and convenient screening tool to identify Chinese
postmenopausal women at risk, because most OP patients
are asymptomatic, making the diagnosis easy to be

missed.

100 |~
80 |—
> 60
= i
= g
g =
(%] 40 |-
- il - 2
20 |- -0l . FRAX-HF
- 8 ----FRAX-MOF
L & “BMI
R ---0STA
0 —f ks I | (. O | I - I | | I T | I
0 20 40 60 80 100
100-Specificity
AUC(95% CI) z p-value Cutoff Sensitivity(%) Specificity(%) Youden’s +LR -LR
index(%)
OSTA 0.798(0.780-0.815) 28.64  <0.0001 -1.0 69.64 75.07 44.71 2.79 0.40
FRAX-HF 0.796(0.778-0.813)  27.73 <0.0001 1.0 74.79 70.45 45.24 2.53 0.36
FRAX-MOF 0.768(0.749-0.786) 23.60  <0.0001 4.6 73.07 69.63 42.70 2.41 0.39
BMI 0.654(0.633-0.675) 11.52 <0.0001 22.7 51.97 71.94 23.91 1.85 0.67

Figure 2 Comparison of different AUCs (OSTA, FRAX-HF, FRAX-MOF and BMI for identifying OP), Youden’s index, likelihood ratio, sensitivity and specificity values

according to the WHO criteria.

Abbreviations: AUCs, areas under the receiver-operating characteristic curves; BMI, body mass index; FRAX, Fracture Risk Assessment Tool; HF, hip fractures; +LR,
positive likelihood ratio; -LR, negative likelihood ratio; MOF, major osteoporotic fractures; OSTA, Osteoporosis Self-Assessment Tool for Asians.
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Table 4 Test Performance in Predicting OP at Defined Low-Risk
Thresholds

Test Performance Ten-Year Fracture | OSTA, BMI,
Risk as Predicted % %
by FRAX without
BMD
HF, % MOF,

%
Lumbar spine BMD<-2.5
Sensitivity 72.6 71.4 67.5 55.7
Specificity 65.1 64.7 69.8 70.4
Positive predictive value 34.1 334 357 31.8
Negative predictive value | 90.5 90.1 89.6 86.5
Tests saved® 42.4 42.5 376 348
OP missed” 55 57 65 838
Cut-off value 1.0 4.6 -1.0 23.2
Femoral neck BMD<-2.5
Sensitivity 84.1 80.7 78.5 533
Specificity 66.3 65.5 70.9 69.0
Positive predictive value 34.1 326 35.8 26.3
Negative predictive value | 95.3 94.2 94.1 87.7
Tests saved 42.4 42.5 37.6 348
OP missed 2.7 33 3.7 8.0
Cut-off value 1.3 4.4 -1.0 22.6
Total hip BMD<-2.5
Sensitivity 89.8 86.8 85.6 61.7
Specificity 61.8 61.4 66.6 67.5
Positive predictive value 17.2 16.6 18.5 14.4
Negative predictive value | 98.6 98.1 98.1 95.2
Tests saved 424 425 37.6 34.8
OP missed 0.8 1.1 1.2 3.1
Cut-off value 1.9 6.8 —2.0 22.7
Worst hip BMD<-2.5
Sensitivity 84.1 8l.1 784 52.6
Specificity 66.8 66.0 714 69.1
Positive predictive value 35.8 345 37.6 27.2
Negative predictive value | 95.0 94.1 93.8 86.9
Tests saved 42.4 42.5 376 348
OP missed 29 34 39 8.6
Cut-off value 1.3 45 -1.0 22.6
Worst any set BMD<-2.5
Sensitivity 748 73.1 69.6 52.0
Specificity 70.4 69.6 75.1 71.9
Positive predictive value 50.1 48.8 525 423
Negative predictive value | 87.6 86.7 86.2 79.1
Tests saved 424 425 37.6 348
OP missed 72 7.6 8.6 13.6
Cut-off value 1.0 4.6 -1.0 22.7

Notes: *Per 100 participants who were candidates for screening BMD and primary
prevention. A percentage of participants who had OP according to BMD testing
with negative results of predicting tool.

Abbreviations: BMD, body mineral density; BMI, body mass index; FRAX,
Fracture Risk Assessment Tool; HF, hip fractures; MOF, major osteoporotic frac-
tures; OSTA, Osteoporosis Self-Assessment Tool for Asians.

Five different diagnostic criteria (WHO, lumbar spine,
worst hip, femoral neck, and total hip criteria) were
included in the present analysis, and comparisons were
made among these different screening tools. It has been
reported that the BMD of the femoral neck or total hip
might be a better choice than that of the lumbar spine for
identifying OP, due to the interference from calcification
of the abdominal aorta and osteophytes of the spine at the
lumbar spine site.”® Some researchers have even suggested
that the reference standard should be based on BMD
measurement at the femoral neck and total hip.*"!
However, considering the low prevalence rates of OP at
the femoral neck site (17.2%) and total hip site (8.1%),
which did not conform with rates in previous epidemiolo-
gic studies,”’ we applied the WHO criteria (28.4%) as the
reference diagnostic standard in this study. A low preva-
lence according to the diagnostic criteria could increase
the missed diagnosis of OP. Moreover, the WHO criteria
have been most widely approved, and specific bone active
treatments, such as antiresorptive or anabolic agents, were
all developed on the basis of the WHO criteria.''

In the present study, BMI showed limited predictive
value for OP in postmenopausal women compared with
the OSTA and FRAX without BMD. Previous investiga-
tions indicated that BMI not only performed as a relevant
and protective factor for the occurrence and development
of OP,**?>%2 but also provided a reference for the early
diagnosis of OP. In the present study, the AUCs for BMI,
ranging from 0.643 to 0.682, indicated the worst perfor-
mance for predicting OP among the investigated screening
tools according to different criteria. With the WHO cri-
teria, BMI was inferior to the OSTA and FRAX, with an
AUC of 0.654, and the differences were statistically sig-
nificant (»p<0.05). Moreover, BMI also showed a subopti-
mal sensitivity (52.0%) and specificity (71.9%) at a cutoff
value of 22.7 kg/m*. When used in screening for OP, BMI
was associated with the lowest percentage decrease
(34.8%) in the subjects for BMD measurement, and also
with the highest percentage (13.6%) of missed OP cases.
These results suggested that BMI was not sufficiently
effective or reliable for predicting OP in postmenopausal
women in Beijing, despite its verified efficacy for predict-
ing OP of elderly Beijing males in our previous study.?®

Based on age and body weight, the OSTA has been
verified in previous studies to be a convenient and valid
tool with high sensitivity and acceptable specificity for
identifying OP 2233 The

in postmenopausal women.
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performance of the OSTA was considered to be better in
Chinese women than in men.** According to a BMD
T-score reduction of at least —2.5 SDs at different skeletal
sites, the AUCs for the OSTA in the prediction of OP
indicated good performance and ranged from 0.758 to
0.849 (approximately 0.8) in our study, which was consis-
tent with previously reported data.”> The optimal cutoff
value for the OSTA also varies among different sites of
BMD measurement.?!**> With the WHO criteria, we con-
firmed that the optimal cutoff value of —1 provided good
sensitivity (69.6%), high specificity (75.1%) and negative
prediction (86.2%). When applied as tool for OP screen-
ing, the OSTA was able to reduce the number of cases
requiring BMD measurement by 37.6%, at a cost of only
missing 8.6% of OP cases. These results validate the
OSTA as a reliable instrument for predicting OP in Han
postmenopausal women in Beijing. It was previously
reported that the optimal cutoff value and efficacy of this
tool may not remain invariable across different areas or
countries.*® Thus, appropriate adjustment of optimal cutoff
values may improve the efficacy of the OSTA,*® and
revalidating the instrument in accordance with the real
conditions among a local population is strongly suggested
before using the OSTA for clinical screening for OP.>¢-7

FRAX is well known as a prediction tool for the 10-
year probability of hip fractures (FRAX-HF) and major
osteoporotic fractures (FRAX-MOF),*® and it also has
been reported to be an effective tool in screening for
OP.'**? In our study, the overall AUCs for FRAX without
BMD with all diagnostic criteria ranged from 0.728 to
0.855, performing as well as the OSTA in predicting OP.
According to the WHO criteria, the AUC for predicting
OP appeared to be greater for FRAX-HF (0.796) than for
FRAX-MOF (0.768), and there was significant difference
between them (p<0.05). The optimal cutoff values for
FRAX-HF and FRAX-MOF were 1% and 4.6%, respec-
tively, beyond which the tools provided a high sensitivity
(74.8% and 73.1%, respectively) and specificity (70.4%
and 69.6%, respectively). The FRAX-HF and FRAX-MOF
could reduce the need for BMD measurement in 42.4—
42.5% of participants with a cost of missing 7.2-7.6% of
the OP patients. In summary, FRAX without BMD was
validated to be a reliable screening tool, especially for
FRAX-HF. A previous study showed the optimal thresh-
olds of FRAX-HF and FRAX-MOF were 3% and 6.5% in
Australia,®® which indicated that the cutoff value might
also be country-specific. FRAX was reported to have
limited efficacy in predicting OP for elderly Beijing

males in our recent study,?® and thus, its predictive value
seemed to vary between different genders.

The current study found no statistically significant dif-
ference in the AUCs for the OSTA (0.798) and FRAX-HF
(0.796) for predicting OP (p=0.78), and thus, the FRAX-
HF and OSTA yielded reliable and similar assessment
abilities for identifying individuals with OP. The simple
tool could perform as well as the more complex tool.***!
Hence, the ease of use of the OSTA gives it an advantage
over FRAX-HF,*® which requires a more complicated
calculator and web access, particularly for general medical
practitioners in community health service centers or
remote areas.

This study was cross-sectional and community-based,
not retrospective, and the participants were healthy post-
menopausal females. The questionnaire data were col-
lected from communities near Beijing Friendship
hospital. BMD measurements were operated by the
same-qualified technician. The strict inclusion and exclu-
sion criteria were imposed to exclude the effects of sec-
ondary OP, race, nationality, and any anti-osteoporotic
medications. All the participants were enrolled consecu-
tively and long-term residents of Beijing. The results
offered certain values for both general medical practi-
tioners in community health service centers and physicians
in major hospitals for OP screening among the population
and reducing the rate of missed diagnosis with omission of
BMD measurement.

Limitations

However, this study also has some limitations. All of the
participants were recruited from the communities nearby
Beijing Friendship hospital in Xicheng District of Beijing.
Thereby, the study population may not completely repre-
sent the demographic profiles of the female population in
Beijing. Considering the low or high prevalence of OP at
different diagnostic criteria in the study, selection bias
might be one of affecting factors. A more extensive sam-
pling from multi-communities in different areas of Beijing
is expected in the future. Compared with our previous
study in elder men, BMI was less predictive in postmeno-
pausal women, the dual effects of BMI should be taken
into consideration. Moderate mechanical loading of body
weight is beneficial to bone health but obesity is detrimen-
tal. Maybe fat mass should be included in further study.
Long term follow-up is still needed for assessing the
ability of FRAX in predicting 10-year fracture risk.
Higher quality researches in randomized design with
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different population-based cohorts are expected in the
future.*!

Conclusions

The efficacies of three screening tools for predicting OP
were evaluated and compared. The results showed that the
OSTA and FRAX-HF were qualified and reliable tools for
distinguishing OP in Han Beijing postmenopausal women,
and both of them were better than BMI. Moreover, the
OSTA offers advantages of convenience and simplicity in
clinical practice. The optimal thresholds were confirmed,
and with these the unnecessary economic cost and radia-
tion exposure from BMD screening could be reduced. We
suggest that Han postmenopausal women in Beijing with
an OSTA <-1 and FRAX-HF >1% should undergo BMD
measurement in the screening of OP.
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