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Purpose: This cross-sectional study estimated three clinical tools including the Osteoporosis Self-Assessment Tool for Asians 
(OSTA), Body Mass Index (BMI), and Beijing Friendship Hospital Osteoporosis Self-assessment Tool for Elderly Male (BFH- 
OSTM) for identifying primary osteoporosis and found optimal cut-off values in an elderly Han Beijing male population.
Materials and Methods: We conducted a cross-sectional study, enrolling 400 community-dwelling elderly Han Beijing males aged 
≥50 from 8 medical institutions. Osteoporosis was diagnosed as a T-score of −2.5 standard deviations or lower than that of the average 
young adult in different diagnostic criteria [lumbar spine (L1-L4), femoral neck, total hip, WHO]. BFH-OSTM, OSTA, and BMI were 
assessed for predicting OP by receiver operating characteristic (ROC) curves. Sensitivity, specificity, and areas under the ROC curves 
(AUC) were determined. Ideal thresholds for the omission of screening BMD were proposed.
Results: The prevalence of osteoporosis ranged from 9.25% to 19.0% according to different diagnostic criteria. The present study 
indicated the highest discriminating ability was BFH-OSTM in different criteria. The AUCs of OSTA and BMI were 0.748 and 0.770 
in WHO criteria, which suggested limiting predictive value for identifying OP in elderly Beijing males. The AUC of BFH-OSTM to 
predict OP based on WHO criteria was 0.827, yielding a sensitivity of 65.8% and specificity of 82.7%, respectively. With a cost of 
missing 6.5% of osteoporosis patients, BFH-OSTM could reduce 73.5% of participants in screening BMD tests.
Conclusion: BFH-OSTM may be a simple and effective tool for identifying OP in the elderly male population in Beijing to omit 
BMD screening reasonably.
Keywords: male, osteoporosis, osteoporosis self-assessment tool for Asians, OSTA, Beijing friendship hospital osteoporosis self- 
assessment tool for elderly male, BFH-OSTM, body mass index, BMI

Introduction
Osteoporosis (OP) is defined as a metabolic bone disease, characterized by low bone mass and micro architectural 
deterioration, which has rapidly become a critical health problem because of bone fragility and a higher risk of future 
fractures.1 Although OP has become a major threat to aging women in terms of morbidity and mortality, it has not been 
widely recognized as a significant health issue in the aging male population.2 The majority of elderly men who have 
a previous fragility fracture are not aware of participating in screening bone mineral density (BMD) tests or receiving 
medical treatment.3 Male osteoporosis is largely neglected in the People’s Republic of China. It is valued to predict the 
risk of developing OP in elderly males and prevent the first fracture from happening.

A previous study indicates 1% of BMD losses yearly in men since the sixth decade.4 With the development of the 
economy and medical treatment, the average life expectancy has increased. More and more elderly males are susceptible 
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to osteoporotic fractures. Considering the high prevalence of mortality and disability in men after fractures, early 
diagnosis and prevention of osteoporosis are crucial to future medication.5

BMD measurement using dual-energy X-ray absorptiometry (DXA) is the current gold standard for diagnosing osteo-
porosis. According to the World Health Organization (WHO), osteoporosis is defined as a BMD value of less than 2.5 standard 
deviations (SD) below the mean value at any site of the lumbar spine (L1-L4), femoral neck, or total hip.6 However, there is no 
uniform standard for diagnosis of male OP currently, previous study has found that BMD at the lumbar spine site declines with 
age in women, but it does not apply to men.7 Therefore, some scholars hold the opinion that the femoral neck can reflect the 
bone mineral density of males more precisely.8 Some previous studies have shown that BMD of the femoral neck is better than 
the lumbar spine to discriminate OP from normal, because calcification of the abdominal aorta and osteoarthritis of the spine 
can influence BMD at the lumbar spine site.9 However, some guidelines also suggest that the lumbar spine is the preferred site 
for therapeutic assessment.10 Besides, BMD measurement is expensive and invasive. Some guidelines recommend that men at 
high risk of OP (aged 70 and above or men aged 50–69 with risk factors) are supposed to take BMD testing by central dual- 
energy x-ray absorptiometry.11 Considering the great population in China, OP is an important public health problem cause of 
its high incidence, high mortality, and heavy economic and social burden. So it is necessary to obtain a better method to 
estimate the risk of OP in the People’s Republic of China. Various OP screening tools have been developed by multiple 
organizations, such as Osteoporosis Self-assessment Tool for Asians (OSTA), and weight-based criterion.

The Osteoporosis Self-Assessment Screening Tool for Asians (OSTA) is simple and effective screening tools for 
identifying osteoporosis for post-menopausal women, which also performances well in elderly males.12,13 Although 
OSTA only includes two factors (age and weight), some validation studies show that compared to other complicated 
tools, OSTA is more effective. Some researchers have proven that OSTA is useful for diagnosing osteoporosis in Beijing 
elderly men, especially at the femoral neck site.14

Body Mass Index (BMI) has been used to assess obesity and health in individuals with an international standard. 
Some studies show that BMI is related to osteoporotic fracture risk.15–17 The results of previous research suggested that 
low BMI (<20kg/m2) should go for a DXA in women less than 60-year-old.18 The results of many studies have suggested 
a correlation between BMI and BMD in postmenopausal women.19–22 However, there is not enough evidence to confirm 
whether BMI is a useful tool in predicting OP in elderly men.

We have developed a clinical screening tool, named Beijing Friendship Hospital Osteoporosis Self-assessment Tool 
for Elderly Male (BFH-OSTM), based on two clinical risk factors including weight, and the history of fragility fracture. 
Our previous study has confirmed that it can well identify male osteoporosis, the BFH-OSTM index (cut-off value = 70) 
has a sensitivity of 85% and specificity of 53% for identifying osteoporosis according to the WHO criteria, with an area 
under the ROC curve of 0.763.23

Hence, our goal is to compare the validation of BFH-OSTM, OSTA, and BMI in predicting primary osteoporosis, and 
find suitable thresholds to omit BMD testing reasonably in a community-dwelling elderly male population in Beijing.

Materials and Methods
The Ethics Committee of Beijing Friendship Hospital, Capital Medical University approved this cross-sectional study, 
and all subjects provided signed informed consent. Our study complied with the Declaration of Helsinki. The flow 
diagram of the study is shown in Figure 1.

Study Population
The population of this study included Chinese men aged ≥50 years who did not exhibit typical clinical symptoms. 
Volunteers were recruited and screened out via inclusion and exclusion criteria as follows.

Inclusion criteria: (1) Chinese men aged ≥50 years. (2) Volunteer for this study after the researcher explained the 
purpose. (3) Conscious, verbal, readable, and able to communicate with investigators without difficulties. (4) Han 
nationality, and have lived in Beijing for more than 20 years.

Exclusion criteria: (1) History of anti-bone resorptive drugs (ie bisphosphonate, calcitonin, and estrogen) and/or 
osteogenic drugs (ie fluoride and parathyroid hormone) therapies. (2) History of malignant tumor, bone metastatic tumor, 
or other endocrine and bone metabolism diseases (eg rheumatoid arthritis, hyperthyroidism, and adrenal diseases). (3) 
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History of severe liver and kidney disease, immobilization for more than 3 months. (4) History of a bilateral hip 
replacement or fracture. (5) Patients with mental disorders or cognitive impairment.

BMD and T-Score Measurements
All enrolled participants were measured BMD scores at the hip and spine site with DXA equipment by an experienced 
technologist in the Osteoporosis Clinic of Beijing Friendship Hospital. A well-designed questionnaire was filled out by 
enrolled participants and necessary information was asked by a trained interviewer. Data about demographics and clinical 
risk factors were added to the questionnaire properly. Height was measured with a stadiometer (Mahr GmbH, Gottingen, 
Germany) and weight was measured using an electronic balance (Tanita, Tokyo, Japan). All enrolled participants were 
wearing light-weight indoor clothing and no shoes during the measurement process.

A DXA equipment (Discovery Wi, QDR series, Hologic, Waltham, MA, USA) was operated by a well-trained 
technologist to measure the BMD score of the lumbar spine (L1–L4) and left femur (ie the femoral neck, trochanter, 
Ward’s triangle, and total hip). BMD score of the right femur was measured as a substitution if the left side was 
previously undergone surgery or fractured. A quality assurance scan was performed every day before each test to 
standardize measurement. To minimize subjective error, the same well-trained technologist was asked to perform the 
DXA scan process in this study. The BMD T-score was calculated by software of DXA equipment automatically.

The database was established by two researchers and checked by the senior researcher to confirm its credibility and 
quality. According to the WHO standards, participants whose BMD T-score at any site (L1–L4, femoral neck, or total hip 
sites)≤-2.5 was diagnosed with OP, and that between −1 and −2.5 was diagnosed as low bone mass. Diagnosis of OP at 
each site and whole body were made, respectively.

OSTA Score
The OSTA was calculated based on age and body weight using the following formula:24 Body weight kg½ �� Age year½ �ð Þ�0:2.

Figure 1 The flow diagram of the study. 
Abbreviations: BFH-OSTM, Beijing Friendship Hospital Osteoporosis Self-assessment Tool for Elderly Male; BMD, bone mineral density; OSTA, Osteoporosis Self- 
Assessment Tool for Asians; BMI, Body Mass Index.
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The decimal digits of the calculation results were then disregarded. For example, 60-year-old men with 48kg weight 
would have an OSTA index of −2.

BMI
The BMI was calculated based on weight and height using the following formula: Body weight kg½ �=Body height2 m2� �� �

.

BFH-OSTM Score
In our previous study, a multivariate regression model was built based on weight and history of the previous fracture, we 
named it Beijing Friendship Hospital Osteoporosis Self-assessment Tool for Elderly Male (BFH-OSTM). According to the 
result, the BFH-OSTM may perform well for identifying elderly males at increased risk for osteoporosis, and applying it 
would result in the more prudent use of BMD measurement by DXA, especially for Han Chinese males. The model was finally 
calculated using the following formula:23 ðBody weight kg½ �� history of previous fracture no ¼ 0; yes ¼ 1½ ��7Þ:

Statistical Analysis
Initial data input and calculation were conducted with Microsoft Excel software ver.2019. Basic descriptive statistical 
analysis was performed. And the independent-samples Student’s t-test, non-parametric test, and one-way analysis of 
variance were used for single-factor analysis via SPSS software ver.22.0 (IBM Corporation, Armonk, NY, USA). BMD 
T-scores at each site were summarized. Then, the performances of three tests (OSTA score, BMI, and BFH-OSTM score) 
for predicting OP at each site were compared. A receiver operating characteristic (ROC) curve was constructed and the 
95% confidence interval (CI) was estimated by MedCalc software ver.11.5.0.0 (MedCalc Software, Ostend, Belgium). 
The predictive value of the three tools was determined according to the AUC as follows: perfectly predictive, AUC =1; 
highly predictive, 1>AUC≥0.9; moderately predictive, 0.9>AUC≥0.7; less predictive, 0.7>AUC≥0.5; and non-predictive, 
AUC<0.5.25 A p-value of <0.01 was considered statistically significant in all statistical analyses.

Results
In our study, 400 participants were selected according to the inclusion and exclusion criteria. The characteristics of the 
participants are shown in Table 1.

Table 1 Summary of Descriptive Characteristics of the OP and Health Groups (n=400)

Variable Osteoporosis  
(n=76)

Health  
(n=324)

X2 Trend/ 
t-value

P-value

Current Smoking
Y 18 (23%) 140 (43.1%) 9.821 0.02

N 58 184
Alcohol≥30 g/da

Y 19 (25%) 139 (42.8%) 8.255 0.004

N 57 185
Previous fracture
Y 32 (42.1%) 43 (13.2%) 33.595 <0.001

N 44 281
Parent fractured hip
Y 3 (3.9%) 11 (3.8%) 0.055 0.814

N 73 313
Age (year), mean±SD 71.95±10.62 67.53±10.30 11.214 0.001

Weight (kg), mean±SD 62.76±9.12 73.96±10.00 79.611 <0.001

Height (cm), mean±SD 167.99±6.05 170.44±5.59 11.528 0.001
Body mass index (kg/m2), mean ± SD 22.27±3.24 25.44±3.09 63.697 <0.001

Notes: Data are presented as n (%) or mean ± SD. aTaking 30 g or more of alcohol daily (equivalent to 3 units of alcohol in 
the present study). 
Abbreviations: d, day; OP, osteoporosis.
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Several differences were detected between OP and non-OP individual groups, including age, weight, height, BMI, 
alcohol drinking history, and fracture history. Specifically, the mean age was higher and weight was lower in the 
osteoporosis group. And osteoporosis individuals presented higher rates of history of fractures. Interestingly, the rate of 
alcohol drinking and smoking history was significantly lower in the osteoporosis group, which may be affected by the 
small sample size or living habits of the volunteers.

BMD T-Score Analysis and ROC Curves
BMD T-scores of different sites are compared in Table 2. According to the WHO criteria, 19% (n=76) subjects were 
diagnosed with OP and 42.5% (n=170) subjects were diagnosed with low bone mass. OP morbidity at the total hip, 
femoral neck, and L1-L4 was 9.25%, 14.0%, and 14.25%, respectively. Three tools were used to predict OP prevalence at 
a different site and the results are shown in Table 3. At all three sites, the AUC of BFH-OSTM is significantly larger than 
the others (p<0.01). There is no statistical difference in AUC for estimating the risk of osteoporosis between BMI and 
OSTA (p=0.8332).

ROC Curve Outcomes
The ROC curves of the three tools for identifying OP in WHO criteria were compared in software shown in 
Figure 2. AUCs of all three tools were moderately predictive (0.9>AUC>0.7, p<0.01). The cut-off value of the three 
tools was 63 for BFH-OSTM, 22.49 for BMI, and −1 for OSTA, respectively. BFH-OSTM score showed the highest 
sensitivity and BMI showed the highest specificity at their cut-off point. In Figure 2, the AUC of BFH-OSTM was 
significantly larger than that of BMI and OSTA, respectively (BFH-OSTM~BMI: 5.66%, p = 0.0006, BFH-OSTM 
~OSTA:7.69%, p = 0.0012). AUCs of BMI and OSTA showed no significant difference (BMI~OSTA:2.03%, 
p = 0.4476).

Lower Thresholds Results
Considering the prevalence of OP in each criteria and previous research reports, we chose the cut-off value in WHO criteria, 
so they were set as the optimal thresholds. The low-risk thresholds were set at 63 for BFH-OSTM, −1 for OSTA, and 22.49 
for BMI. Test performances at those thresholds are summarized in Table 4. As shown in Table 4, compared to the sensitivity 

Table 2 OP Diagnosis at Each Site

Normal Osteopenia Osteoporosis

Total hip 209 154 37 (9.25%)
Femoral neck 170 174 56 (14.0%)

L1-L4 215 128 57 (14.25%)

WHO 154 170 76 (19.0%)

Notes: Bone mineral density T-scores classified according to World Health Organization 
criteria: osteoporosis (≤2.5), osteopenia (−1.0 to −2.5), and normal (≥-1.0). 
Abbreviation: L1-L4, mean value of first four Lumbar spines.

Table 3 Cut-off Value and AUC of Three Tools in Predicting OP at Different Sites

Screening Tool Lumbar Spine Total Hip Femoral Neck WHO

Cut-off Value AUC Cut-off Value AUC Cut-off Value AUC Cut-off Value AUC

BFH-OSTM 63 0.813 62 0.857 62 0.855 63 0.827
BMI 22.49 0.767 22.77 0.804 22.49 0.799 22.49 0.770

OSTA −1 0.706 −2 0.785 −1 0.801 −1 0.748

Abbreviations: AUC, area under the receiver operating characteristic curves; BHFOSTM, Beijing Friendship Hospital Osteoporosis Self-assessment Tool for Elderly Male; 
BMI, body mass index; OSTA, Osteoporosis Self-Assessment Tool for Asians.
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and negative predictive value of BMI and OSTA, BFH-OSTM performed better. In WHO criteria, BFH-OSTM had the best 
predictive value yielding an AUC of 0.827, sensitivity of 65.8%, specificity of 82.7%, negative predictive value of 91.2% 
and osteoporosis missed of 6.5%.

Figure 2 Comparison of three tools for identifying osteoporosis in men according to WHO criteria. 
Abbreviations: BFH-OSTM, Beijing Friendship Hospital Osteoporosis Self-assessment Tool for Elderly Male; BMI, Body Mass Index; OSTA, Osteoporosis Self-Assessment 
Tool for Asians; AUCs, areas under the receiver-operating characteristic curve; +LR, positive likelihood ratio; −LR, negative likelihood ratio.

Table 4 Test Performance in Predicting Osteoporosis at Defined Low-Risk 
Thresholds

Test Performance BFH-OSTM, % OSTA,% BMI,%

WHO criteria
AUCa 0.827 0.748 0.770
Sensitivity 65.8 61.8 56.6
Specificity 82.7 76.9 85.8
Positive predictive value 47.2 38.5 48.3
Negative predictive value 91.2 89.6 89.4
BMD measurement savedb 73.5 69.5 77.8
Osteoporosis missedc 6.5 7.3 8.3

Notes: aArea under the receiver operating characteristic curves. bPer 100 participants who were 
candidates for screening and primary prevention. cAs a percentage of participants, who were defined as 
non-osteoporosis by screening tools, had osteoporosis according to bone mineral density (BMD) testing.
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Discussion
This study compared the performance of BMI, OSTA, and BFH-OSTM for predicting OP in Chinese men aged 50 years 
or higher, and defined the optimal thresholds so that unnecessary BMD measurement could be avoided as much as 
possible. In this study, the prevalence of osteoporosis in men ranged from 9.25% to 19.0% according to the different 
criteria. This is consistent with what has been previously reported. The high prevalence of OP in Chinese elderly men 
suggests that we urgently need a reliable and easily feasible screening tool to identify the high-risk population of 
osteoporosis in elderly males.26

There were significantly lower mean height, weight, and BMI in the osteoporosis group than in the non-osteoporosis 
group as shown in Table 1 (P<0.01). Nevertheless, older average age and a higher number of previous fragility fractures 
were found in the OP group than in the non-OP group. This was in accordance with the viewpoint of former studies. 
Further, our results showed lower body height among participants with OP compared to non-OP controls. This could be 
explained by height loss following vertebral fracture resulting from osteoporosis.

It has been reported that a low BMI was a well-documented risk factor for osteoporotic fracture whereas a body weight 
increase was considered a protective factor against osteoporosis.27,28 The AUCs of BMI ranged from 0.767 to 0.804 in this 
study and its predictive efficacy was acceptable. The optimal cut-off value was calculated to be 22.49 according to the WHO 
standard, yielding a sensitivity of 56.6% and a specificity of 85.8%. When BMI was applied to screen osteoporosis in 
elderly men, its positive likelihood ratio (+LR) was 3.99, negative likelihood ratio (-LR) was 0.51 and diagnostic odds ratio 
(DOR) was 9.29. These results indicate that BMI has limited value in predicting osteoporosis in elderly men in Beijing, is 
not sufficiently reliable and valid, and a tool with a higher sensitivity was required to predict osteoporosis.

OSTA is a simple and effective screening tool for predicting postmenopausal osteoporosis based on weight and age.29 

It has been reported to be used in predicting elderly male osteoporosis.30,31 OSTA performed inefficiently in osteoporosis 
prediction whose AUCs ranged from 0.706 to 0.801 and had the highest levels of identification of osteoporosis in the 
femoral neck (0.801) better than that in lumbar vertebrae (0.706). The best cut-off value was calculated to be −1, which 
was same with WHO recommendation, yielding the sensitivity of 61.8% and specificity of 76.9% based on the WHO 
standard. Its +LR was 2.47, and -LR was 0.45 with a DOR of 5.49. Depending on race or region, the results might differ, 
and local practice suggested revalidating this tool by tailoring the cut-off values to increase prediction potency.

BFH-OSTM is a tool for osteoporosis prediction in elderly men developed by Beijing Friendship Hospital. In this study, it 
has the best predictive efficiency compared with BMI and OSTA (p<0.001) whose AUCs range from 0.813 to 0.857. It had 
65.8% sensitivity and 82.7% specificity according to WHO criteria. BFH-OSTM also had a high +LR (3.81) a low -LR (0.41) 
and the highest DOR (9.29). Significant differences in AUCs were observed between BFH-OSTM and OSTA or BMI in 
predicting OP. These findings illustrate that BFH-OSTM has a robust prediction efficiency in screening OP in elderly males.

Our study suggested that with a cost of missing 6.5% osteoporosis patients, BFH-OSTM could reduce 73.5% 
participants in screening BMD tests. Based on horizontal comparison of the various diagnostic criteria, sensitivity, 
osteoporosis missed and BMD measurement saved for BFH-OSTM were significantly better when we set WHO criteria 
as gold diagnosis standard of male OP. BFH-OSTM performed well at identifying individuals who were not necessary to 
take BMD measurement with high specificity. The results were consistent with the purpose of our study that elderly 
males should receive appropriate treatment.

The present study included several strengths: A cross-sectional study rather than a retrospective one was conducted in 
this study. Participants were elderly males whose information was collected from 8 distinct medical institutions. Our 
study implemented strict inclusion and exclusion criteria to eliminate selection bias as much as possible. This study may 
have some referential meaning for the development of possible diagnoses against OP and would be valuable for 
physicians in screening osteoporotic populations at primary hospitals or community health centers.

Conclusions
In conclusion, a comparison of three clinical tools for predicting primary osteoporosis was performed, and suitable 
thresholds for omitting BMD measurements were determined. Based on our cross-sectional study, BFH-OSTM out-
performed OSTA and BMI, and BFH-OSTM was the most valuable tool for identifying primary osteoporosis in male. 
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Benefit in terms of cost and reduction of unnecessary radiation exposure, we suggest men over age 50 years with BFH- 
OSTM score < 63 to take a BMD screening test.
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