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Purpose: To develop a simple new clinical screening tool to identify primary osteoporosis 

by dual-energy X-ray absorptiometry (DXA) in postmenopausal women and to compare its 

validity with the Osteoporosis Self-Assessment Tool for Asians (OSTA) in a Han Chinese 

population.

Methods: A cross-sectional study was conducted, enrolling 1,721 community-dwelling post-

menopausal Han Chinese women. All the subjects completed a structured questionnaire and 

had their bone mineral density measured using DXA. Using logistic regression analysis, we 

assessed the ability of numerous potential risk factors examined in the questionnaire to identify 

women with osteoporosis. Based on this analysis, we build a new predictive model, the Beijing 

Friendship Hospital Osteoporosis Self-Assessment Tool (BFH-OST). Receiver operating 

characteristic curves were generated to compare the validity of the new model and OSTA in 

identifying postmenopausal women at increased risk of primary osteoporosis as defined accord-

ing to the World Health Organization criteria.

Results: At screening, it was found that of the 1,721 subjects with DXA, 22.66% had osteo-

porosis and a further 47.36% had osteopenia. Of the items screened in the questionnaire, it was 

found that age, weight, height, body mass index, personal history of fracture after the age of 

45 years, history of fragility fracture in either parent, current smoking, and consumption of three 

of more alcoholic drinks per day were all predictive of osteoporosis. However, age at menar-

che and menopause, years since menopause, and number of pregnancies and live births were 

irrelevant in this study. The logistic regression analysis and item reduction yielded a final tool 

(BFH-OST) based on age, body weight, height, and history of fracture after the age of 45 years. 

The BFH-OST index (cutoff =9.1), which performed better than OSTA, had a sensitivity of 

73.6% and a specificity of 72.7% for identifying osteoporosis, with an area under the receiver 

operating characteristic curve of 0.797.

Conclusion: BFH-OST may be a powerful and cost-effective new clinical risk assessment tool 

for prescreening postmenopausal women at increased risk for osteoporosis by DXA, especially 

for Han Chinese women.

Keywords: women, osteoporosis, osteoporosis screening tool, validation

Introduction
Effective and early therapy for osteoporosis can reduce the risk of primary fragility 

fractures by approximately half.1–3 However, once a patient develops osteoporosis, it is 

nearly impossible to completely restore bone strength, since the loss of bone microarchi-

tecture mass becomes irreversible.4 Currently, the diagnosis of primary osteoporosis 

without fragility fracture is based on bone mineral density (BMD) measurement by 

Correspondence: Qi Fei
Department of Orthopedics, Beijing 
Friendship hospital, Capital Medical 
University, Yongan road 95, Xicheng 
District, Beijing 100050, People’s 
republic of China
Tel +86 10 6313 8353
Fax +86 10 8391 1029
email spinefei@126.com 

Journal name: Clinical Interventions in Aging
Article Designation: Original Research
Year: 2016
Volume: 11
Running head verso: Ma et al
Running head recto: BFH-OST for screening osteoporosis in postmenopausal Chinese women
DOI: http://dx.doi.org/10.2147/CIA.S107675

C
lin

ic
al

 In
te

rv
en

tio
ns

 in
 A

gi
ng

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/CIA.S107675
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:spinefei@126.com


Clinical Interventions in Aging 2016:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1052

Ma et al

dual-energy X-ray absorptiometry (DXA). Osteoporosis is 

defined by the World Health Organization (WHO) criteria 

as having BMD values at any site 2.5 standard deviations or 

more below normal values for healthy young individuals.5 

According to the National Osteoporosis Foundation (NOF) 

guidelines, patients should accept pharmacologic treatment 

when they have T-scores #-2.5 in the femoral neck, hip, or 

lumbar spine as measured by DXA.6 BMD values can be mea-

sured conveniently and noninvasively by DXA, though not 

all physicians have access to this equipment. Due to the high 

price of DXA equipment, this service is not widely available 

in most developing countries, including the People’s Repub-

lic of China, where only major hospitals have the equipment. 

DXA examinations are also time consuming. The cost of 

DXA and lack of instruments may limit its widespread use 

in some communities; hence, complementary approaches are 

required in developing prescreening tools to better identify 

patients at risk for primary osteoporosis and to help decide 

whether patients need a further DXA examination.

Therefore, it is essential to find a better osteoporosis 

detection methodology for use in the People’s Republic of 

China. Multiple organizations have developed evidence-

based osteoporosis screening recommendations, such as the 

Osteoporosis Self-Assessment Tool for Asians (OSTA), 

fracture risk assessment tool and weight-based criterion,7 but 

the rationale used to create these recommendations is based 

largely on indirect evidence. Furthermore, these recommen-

dations do not reflect the variation in fracture probability for 

the Chinese population and therefore must not be viewed as 

the “gold standard” but rather as a tool to enhance patient 

assessment.8 Among these tools, OSTA is a free and effective 

method for identifying subjects at increased risk of osteopo-

rosis, and the population used to develop this screening test 

included Chinese women. Its use could facilitate appropriate 

and more cost-effective use of bone densitometry in develop-

ing countries.9 OSTA has performed well and has been found 

to be cost-effective for Asians in many studies.10–12 However, 

some studies reported poor results when validating OSTA’s 

effectiveness in identifying postmenopausal osteoporosis in 

a Chinese cohort.13,14 Thus, we were motivated to develop a 

new screening tool for postmenopausal Chinese women to 

assess the risk of DXA-determined primary osteoporosis and 

chose OSTA as a comparison.

This study aimed to develop a new prediction model for 

DXA-determined primary osteoporosis, and to compare its 

performance with that of OSTA in identifying patients at 

increased risk of primary osteoporosis by DXA in a popula-

tion of healthy Chinese women.

Methods
study population
We conducted a cross-sectional study, recruiting consecu-

tive subjects from communities in downtown Beijing. The 

study population included healthy postmenopausal Chinese 

women who came for health examinations at the osteoporo-

sis clinic in Beijing Friendship Hospital from March 2011 

to September 2014 without interruption. The inclusion 

and exclusion criteria are presented in Table 1. Subjects 

with painful fragility fracture and abnormal biochemistry, 

including tests for renal and liver function, as well as serum 

levels of phosphate, total alkaline phosphatase, calcium, 

and thyroid-stimulating hormone, were also excluded. The 

subjects had never been diagnosed with primary or secondary 

osteoporosis, had never been treated for osteoporosis, and 

were without any recent painful bone symptoms. All the 

subjects provided written informed consent. The study was 

approved by the Ethics Committee of Beijing Friendship 

Hospital, Capital Medical University.

BMD measurements and data 
obtained via questionnaire
All the women came to the osteoporosis clinic in Beijing 

Friendship Hospital for DXA BMD measurements of the hip 

and spine, and were required to fill in a questionnaire, aided 

by a trained interviewer. The subjects provided information 

regarding demographic variables and clinical risk factors for 

osteoporosis using a structured table, and potential risk fac-

tors used in the questionnaire were identified from previous 

publications. These factors included age, weight, height, body 

mass index (BMI), personal history of fracture after the age of 

Table 1 Inclusion and exclusion criteria for this study

Inclusion criteria Exclusion criteria

han Chinese nationality 
Postmenopausal 
for $12 months 
residency in Beijing 
for $20 years
Ability to read and 
provide informed consent

A history or evidence of 
metabolic bone disease (eg, type I 
diabetes, hyperparathyroidism or 
hypoparathyroidism, Paget’s disease, 
osteomalacia, renal osteodystrophy, 
osteogenesis imperfecta)
history of taking antiresorptive medications
evidence of rheumatoid arthritis
history of glucocorticoid use
history of organ transplantation
The presence of cancer(s) with known 
metastasis to bone
Evidence of significant renal impairment
Painful hip fracture, vertebral fracture, and 
other osteoporotic fracture
replacement of both hips
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45 years, history of fragility fracture in either parent, current 

smoking, consumption of three of more alcoholic drinks per 

day, age at menarche and menopause, years since menopause, 

and number of pregnancies and live births.9,15,16 History of 

fracture means any fracture after the age of 45 years with or 

without low-energy trauma history. Height was measured 

using a stadiometer, and weight was measured using an 

electronic balance scale (accuracy, 0.1 kg) without shoes.

The left femoral neck and the lumbar spine (L1–L4) 

BMDs were measured using the Hologic Discovery QDR 

Wi densitometer (Hologic Inc., Bedford, MA, USA). The 

in vivo short-term reproducibility values were all ,1% 

for all measurements of the lumbar spine, femoral neck, 

and total hip BMDs. The mean values from young Chinese 

women were used to calculate the T-scores: L1–L4 BMD 

0.967±0.11 g/cm2, femoral neck 0.803±0.10 g/cm2, and total 

hip BMD 0.864±0.11 g/cm2. All DXA measurements were 

performed by an experienced technician.

According to the WHO and NOF diagnostic classifica-

tions, osteoporosis is defined arbitrarily to be present when 

any T-score (lumbar spine, femoral neck, or total hip) is $2.5 

standard deviations below the average for young adults.5,6

OSTA score
OSTA was calculated based on age and body weight, using the 

following formula: [Body weight (kg) – age (years)] ×0.29.

The decimal digits were then disregarded, as described 

in the original report.9 For example, a 60-year-old woman 

whose body weight was 51 kg would have an OSTA index 

of: (51–60) ×0.2=-1.8. The decimal digit (0.8) was then dis-

regarded, and the OSTA index was equal to the integer -1.

Statistical analysis
Each risk factor was evaluated as a predictor in univariate 

analysis. Statistically significant variables were included 

in the multivariate models. All statistical tests were two-

sided. The statistical model was constructed by using 

logistic regression analysis, using SPSS 19.0 (SPSS Inc., 

Chicago, IL, USA). The regression coefficients for age and 

body weight were stratified by increments of 10 years and 

10 kg, respectively, because the BMDs differed significantly 

between strata. Smoking was answered “yes” or “no” based 

on whether the subject currently smoked. Alcohol consump-

tion was scored “yes” if the subject consumed three or more 

drinks of alcohol daily. A drink of alcohol varies slightly in 

different countries from 8 to 10 g of alcohol. This is equiva-

lent to a standard glass of beer (285 mL), a single measure 

of spirits (30 mL), a medium-sized glass of wine (120 mL), 

or 1 measure of an aperitif (60 mL). Statistical weights used 

in calculating the index were based on the regression coef-

ficient for body mass (per 10 kg). Values were then multiplied 

by two and rounded off to yield integers. To calculate the 

index for each person, the statistical weight for each variable 

was multiplied by the patient’s response (no =0, yes =1) and 

added to the total.

The validity of the new model and OSTA for identify-

ing osteoporosis was evaluated through receiver operating 

characteristic (ROC) curve analysis, which plots sensitivity 

against (1 – specificity). The predictive value of the tools was 

determined according to the area under the ROC curve (AUC) 

as follows: non-predictive (AUC ,0.5), less predictive 

(0.5, AUC ,0.7), moderately predictive (0.7, AUC ,0.9), 

highly predictive (0.9, AUC ,1), and perfect prediction 

(AUC =1).17,18 AUC values .0.75 are generally considered 

to represent good performance.17,18 The ROC curve was con-

structed, and AUC and its 95% confidence interval (95% CI) 

were estimated using MedCalc v11.5.0.0 software (MedCalc 

Software, Ostend, Belgium). A P-value ,0.05 was consid-

ered statistically significant.

Construction of the final model
The final multivariate regression model included the fol-

lowing variables: age, weight, height, BMI, parent history 

of fractured hip, current smoking, consumption of three or 

more drinks/day of alcohol, and history of fracture after the 

age of 45 years. The regression coefficient and standard 

error for each variable are shown in Table 2, along with the 

index weights, which were calculated as described in the 

Table 2 Regression coefficients for the final multivariate model

Variable Regression
coefficient

Standard
error

Index
weight

Age (10 years) -4.730 0.00 -5
Body weight (10 kg) 3.998 0.00 4
height (cm) 0.087 0.00 0.1
Previous fracture* -0.798 0.05 -1
Parent fractured hip# -0.491 0.248 -0.5
Current smoking‡ -0.327 0.680 -0.5
Body mass index  
(kg/m2, mean ± sD)

1.037 0.122 1

Alcohol $3 drinks/day§ -1.729 0.200 -2

Notes: *Fractures after the age of 45 years; subjects answered either yes or no. 
#This item asked whether the patient’s mother or father had a history of hip fracture; 
subjects answered either yes or no. ‡subjects answered either yes or no depending 
on whether the patient currently smoked tobacco. §subjects answered yes if the 
patient takes three or more drinks of alcohol daily. A drink of alcohol varies slightly 
in different countries from 8 to 10 g of alcohol. This is equivalent to a standard glass 
of beer (285 ml), a single measure of spirits (30 ml), a medium-sized glass of wine 
(120 ml), or 1 measure of an aperitif (60 ml).
Abbreviation: sD, standard deviation.
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“Methods” section. The final model variables were used to 

calculate a single value (risk index) for each person by add-

ing the index weights for each variable, eg, 1 point would be 

subtracted if the person had fracture after the age of 45 years. 

For age and weight, the coefficients correspond to increases 

of 10 years and 10 kg, respectively. Age (per 10 years) was 

multiplied by the index weight of -5, and the number was 

truncated to one digit by dropping the last digit before adding 

to the index. For example, if the person was 70 years old, 

[70/10×(-5)]=-35 would be added to the index. The same 

process was applied to body weight and height.

Excluding parental history of a fractured hip, current smok-

ing, BMI, and alcohol consumption $3 drinks/day yielded 

a model containing only age, weight, height, and history of 

previous fracture. Women with higher index values tended to 

have higher BMD at both the hip and spine. The best cutoff 

index value was 9.1, which giving both high sensitivity and 

specificity. This value was chosen by optimizing sensitivity 

and specificity together in a single curve, as shown in Figure 1. 

The new model has been named the Beijing Friendship 

Hospital Osteoporosis Self-Assessment Tool (BFH-OST).

Results
study population
A total of 2,602 potentially eligible postmenopausal healthy 

women in Beijing were considered for participation in this 

study. Patients with a history of having taken antiresorptive 

medications or glucocorticoids, evidence of rheumatoid 

arthritis, a history or evidence of metabolic bone disease, or 

a painful hip fracture were excluded. More detailed exclusion 

criteria are shown in Table 1. A total of 881 subjects were 

excluded, leaving a total of 1,721 individuals eligible for the 

analysis. All the eligible participants were postmenopausal 

for more than 12 months, had resided in Beijing for more than 

20 years, and had the ability to read and provide informed 

consent. Participant characteristics are shown in Table 3. 

The prevalence of osteopenia (47.36%) and osteoporosis 

(22.66%) were both high in the studied population.

Figure 1 ROC and sensitivity and specificity values of BFH-OST for diagnosis of osteoporosis (T-score #-2.5sD).
Notes: (A) AUC and (B) sensitivity and specificity values of BFH-OST for the diagnosis of osteoporosis (T #–2.5) using BMD measurement. *Optimal BFh-OsT index 
cutoff.
Abbreviations: BFH-OST, Beijing Friendship Hospital Osteoporosis Self-Assessment Tool; AUC, area under the curve; CI, confidence interval; +lr, positive likelihood 
ratio; –lr, negative likelihood ratio; WhO, World health Organization; BMD, bone mineral density; rOC, receiver operating characteristic curve; sD, standard deviation.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Interventions in Aging 2016:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1055

BFh-OsT for screening osteoporosis in postmenopausal Chinese women

Distribution of T-scores of different sites 
by BFh-OsT
Figure 2 shows the distribution of T-scores at different sites 

by the BFH-OST index values. There was a moderate positive 

correlation between BFH-OST index values and BMD 

T-scores at different sites (femoral neck: r=0.366, P,0.001; 

total hip: r=0.439, P,0.001; L1–L4: r=0.303, P,0.001). 

This result indicates that women with higher index values 

tended to have higher T-scores.

evaluation and comparison of BFh-OsT 
and OsTA
BFH-OST was finally calculated using the following formula: 

[Body weight (kg) – age (years)] ×0.5+0.1× height (cm) – 

[previous fracture (0/1)].

For example, a 60-year-old woman whose body weight was 

45 kg and height was 160 cm with a previous fracture would 

have a BFH-OST index of: (45–60) ×0.5+0.1×160–1=7.5.

As shown in Figure 1, a cutoff of BFH-OST of 9.1, the 

value at which the curves of sensitivity and specificity cross, 

achieved a sensitivity of 73.6% and a specificity of 72.7%. 

Figure 3 shows the comparison of ROC curves between 

OSTA and BFH-OST. AUC relating OSTA to osteoporosis 

was 0.782 (95% CI: 0.762–0.801, Z=22.359, P,0.001) with 

the optimal cutoff (OSTA #-1). AUC of BFH-OST was 

0.797 (95% CI: 0.777–0.851, Z=23.458, P,0.001) with the 

optimal cutoff (BFH-OST #9.1), which is better than that 

of OSTA (P,0.05).

As reported in detail in Table 4, we found that 649 women 

had a BFH-OST index #9.1 (increased risk category), and 

284 (43.76%) of these had osteoporosis. The remaining 

1,072 women belonged to the low-risk category, with BFH-

OST index values above 9.1, and only 102 (9.51%) of these 

women had osteoporosis. The sensitivity, specificity, posi-

tive predictive value (PPV), and negative predictive value 

(NPV) of the OSTA index for detecting osteoporosis were 

calculated for the overall population and by age groups. 

Among these women who presented for routine screenings, 

the sensitivity was 73.58 % (284/386; 95% CI: 68.9–77.9), 

specificity was 72.66% (970/1,335; 95% CI: 70.2–75.0), 

PPV was 43.8% (284/649; 95% CI: 39.9–47.7), and NPV 

was 90.5 (970/1072; 95% CI: 88.6–92.2). When analyzed 

by age groups, the sensitivity and PPV increased with age, 

while the specificity and NPV decreased with age.

Discussion
A simple and accurate tool to identify the risk of osteoporosis 

is very important in developing countries such as the People’s 

Republic of China. In this study population, the prevalence 

of osteopenia and osteoporosis was very high (osteopenia: 

47.36%, osteoporosis: 22.66%). This high prevalence high-

lights the need for reliable screening tools to identify women 

at risk for fractures.

By evaluating many possible risk factors, we developed a 

clinical risk assessment tool for identifying DXA-determined 

osteoporosis in a Han Chinese population. The final index, 

based on age, weight, height, and fracture after the age of 

45 years, was compared favorably with OSTA. Based on age 

and body weight alone, OSTA has been found in previous 

studies to be a good and simple tool with high sensitivity 

and acceptable specificity for identifying women at risk 

for osteoporosis.19–22 However, another study reported poor 

results when attempting to validate the use of OSTA for 

Table 3 summary of descriptive characteristics of the study 
cohort (n=1,721)

Characteristic Mean or value Range

Age (years), mean ± sD 60.71±8.471 40–89
Age group (years), n (%)

40–49 79 (4.61) 40–49
50–59 833 (48.57) 50–59
60–69 479 (27.93) 60–69
70–79 290 (16.91) 70–79
$80 34 (1.98) 80–89

height (cm), mean ± sD 159.00±5.134 140–178
Weight (kg), mean ± sD 60.94±9.142 35–94
Body mass index (kg/m2), mean ± sD 24.09±3.35 14.38–36.72
Age at menarche 13.8±1.21 10–18
number of pregnancies 2.64±0.85 0–11
number of live births 1.61±0.45 0–9
Years since menopause 14.21±8.92 1–42
Age at menopause 49.4±3.65 42–60

BMD (g/cm2), mean ± sD
l1–l4 0.85±0.15 0.136–1.534
Femoral neck 0.69±0.12 0.305–1.160
Total hip 0.80±0.13 0.347–1.308

T-score, mean ± sD
l1–l4 T-score -1.11±1.38 -5.3–5.3
Femoral neck T-score -1.13±1.24 -5.1–3.6
Total hip T-score -0.61±1.20 -4.7–4.0

WhO diagnostic categories, n (%)*
normal 516/1,721 (29.98)
Osteopenia 815/1,721 (47.36)
Osteoporosis 390/1,721 (22.66)

T-score #-2.5, n (%)
l1–l4 268/1,721 (15.57)
Femoral neck 215/1,721 (12.49)
Total hip 90/1,721 (5.23)

Notes: *lowest BMD T-score in the lumbar spine, femoral neck, or total hip was 
considered.
Abbreviations: sD, standard deviation; BMD, bone mineral density; WhO, World 
health Organization.
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Figure 3 The comparison between OsTA and BFh-OsT for the diagnosis of osteoporosis (T-score #-2.5).
Abbreviations: BFh-OsT, Beijing Friendship hospital Osteoporosis self-Assessment Tool; OsTA, Osteoporosis self-assessment Tool for Asians; AUC, area under the 
curve; CI, confidence interval.

Figure 2 Distribution of T-scores of different sites by BFh-OsT.
Abbreviation: BFh-OsT, Beijing Friendship hospital Osteoporosis self-Assessment Tool.
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identifying postmenopausal osteoporosis in a Chinese cohort 

as diagnosed with lumbar spine DXA BMD measurements.13 

In our study, OSTA performed well to identify BMD loss 

with an AUC of 0.782. However, BFH-OST was mod-

estly superior to OSTA, with an AUC =0.797 (95% CI: 

0.777–0.851), and the difference was statistically significant 

(P,0.05). Furthermore, for the 49–59 year-old group, the 

performance was better than for the 60–89 year-old group 

or for the total population.

BFH-OST has higher sensitivity and similar specificity to 

OSTA, which means that in contrast to OSTA, it may be more 

useful in screening for osteoporosis, because osteoporosis is 

asymptomatic in most patients. The high sensitivity of BFH-

OST may allow it to become a simple tool in screening for 

osteoporosis, reducing missed diagnoses. It may help us to 

screen for patients with a high risk of osteoporosis who need 

a further DXA examination. The optimal value for BFH-OST 

of 9.1 was defined in this data set by optimizing the sensitiv-

ity and specificity, as shown in Figure 1B. However, it will 

be important to validate this cutoff in additional data sets. 

It will also be important to see if the BFH-OST screening tool 

accurately identifies women with osteoporosis in populations 

other than Han Chinese women.

Previous investigations indicated that advanced age 

and low body weight are strongly associated with low 

BMD and with increased fracture risk.23 In our study, age 

and body weight also displayed a strong correlation with 

osteoporosis. However, height also correlated with osteo-

porosis, though it usually has been considered an irrelevant 

factor.9,16,24 In fact, both a patient’s weight and height should 

be considered when assessing the patient’s degree of obesity, 

which is traditionally thought to be beneficial to bone and 

a protective factor against osteoporosis.25 BMI uses the 

combination of weight and height, which has been shown 

to be associated with BMD.26 In a cross-sectional study 

of 60 women between 10 and 19 years of age, the percent 

of body fat was linked to suboptimal attainment of peak 

bone mass.27 We also found that BMI was associated with 

BMD, but it was not included in BFH-OST during logistic 

regression analysis.

Increased adiposity may also be linked to elevated risk 

of fractures. In a case–control study of 100 patients with 

fractures and 100 age-matched, fracture-free control sub-

jects aged 3–19 years, high adiposity was associated with 

increased risk of distal forearm fractures.28 In that study, 

BMI of the study population was over 30 kg/m2. In our study, 

the average BMI was 24 kg/m2, and the distribution of BMI 

values was normal. Despite this fact, body weight remained a 

protective factor. In a study by Lloyd et al, every unit increase 

in BMI was associated with an increase of 0.0082 g/cm2 in 

BMD (P,0.001), and this relationship did not differ by age, 

sex, or race.29 Therefore, height and weight should both be 

examined to assess the risk of osteoporosis because they are 

both relevant for evaluating the nutrient status of patients, 

which affects the risk of osteoporosis.

We added previous, self-described fracture history after 

the age of 45 years to the model as a risk factor, since it has a 

significant relationship with osteoporosis. Patients could not 

tell whether it was a fragility fracture. Previous fracture was 

also considered as a risk factor for osteoporosis in previous 

studies.9,16,24 We believe that a history of fracture after the 

age of 45 years may reflect bone strength.

This study is community-based and cross-sectional 

but not retrospective, which distinguishes it from previous 

Table 4 Distribution of test results for BFh-OsT based on either femoral neck or total hip or lumbar spine BMD in the study cohort 
(n=1,721 females)

Group BFH-OST value Either femoral  
neck or total hip  
or L1–L4 BMD

Total Sensitivity 
%

95% CI Specificity 
%

95% CI PPV 
%

95% CI NPV 
% 

95% CI

T #-2.5 T .-2.5

routinely  
screened,  
all ages

Increased risk (#9.1) 284 365 649 73.58 68.9–77.9 72.66 70.2–75.0 43.8 39.9–47.7 90.5 88.6–92.2
low risk (.9.1) 102 970 1,072
Total 386 1,335 1,721

,60 years Increased risk (#9.1) 30 65 95 33.66 24.6–43.8 92.02 89.9–93.8 34.3 25.0–44.6 91.8 89.7–93.6
low risk (.9.1) 67 750 817
Total 97 815 912

$60 years Increased risk (#9.1) 250 304 554 87.72 83.3–91.3 42.31 38.0–46.7 45.5 41.2–49.7 86.3 81.4–90.2
low risk (.9.1) 35 220 255
Total 285 524 809

Abbreviations: BFh-OsT, Beijing Friendship hospital Osteoporosis self-Assessment Tool; BMD, bone mineral density; PPV, positive predictive value; nPV, negative 
predictive value; CI, confidence interval.
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studies. The statistics were obtained simultaneously with the 

BMD measurement. Furthermore, the inclusion and exclu-

sion criteria very strictly excluded the effects of secondary 

osteoporosis, nationality, and any antiresorptives or anabolic 

medications. All the subjects were long-term residents of 

Beijing, and the subjects were enrolled consecutively. Fur-

thermore, this analysis proposed a new method for identify-

ing osteoporosis based on the WHO and NOF diagnostic 

classification (T-score #-2.5 at the femoral neck, total hip, 

or lumbar spine) for patients needing treatment.

Limitations
This study also has some limitations. All the subjects were 

recruited from the community health clinic population, but 

patients were mostly located nearby the study hospital. So the 

study population may not fully represent the actual female 

population in Beijing. A larger sample of the community 

is necessary in future studies. The population structure of 

this study also differed from the actual demographic mix in 

Beijing, which could affect the results. Our results should be 

confirmed in other cohorts.

Conclusion
In conclusion, our study developed a new osteoporosis self-

assessment tool (BFH-OST), which may be a simple and cost-

effective prescreening tool for identifying postmenopausal 

women at increased risk for osteoporosis.
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