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Purpose: In this cross-sectional study, three clinical tools, 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 primary osteoporosis (OP) were compared 

and ideal thresholds for omission of screening BMD were proposed in a community-dwelling 

elderly Han Beijing male population.

Patients and methods: A total of 1,349 community-dwelling elderly Han Beijing males 

aged $50 years were enrolled in this study. All subjects completed a questionnaire and 

measured BMD by dual-energy X-ray absorptiometry (DXA). Osteoporosis was defined as 

a T-score of -2.5 SD or lower than that of the average young adult in different diagnostic 

criteria (lumbar spine [L1–L4], femoral neck, total hip, worst hip, and World Health Orga-

nization [WHO]). FRAX without BMD, OSTA, and BMI were assessed for predicting OP 

by receiver operating characteristic (ROC) curves. Sensitivity, specificity, and areas under 

the ROC curves (AUCs) were determined. Ideal thresholds for omission of screening BMD 

were proposed.

Results: The prevalence of OP ranged from 1.8% to 12.8% according to different diagnostic 

criteria. This study showed that the BMI has highest discriminating ability. The AUC of FRAX 

without BMD ranged from 0.536 to 0.630, which suggested limiting predictive value for iden-

tifying OP in elderly Beijing male. The AUCs of BMI (0.801–0.880) were slightly better than 

OSTA (0.722–0.874) in predicting OP at all sites. The AUC of BMI to identify OP in worst 

hip was 0.824, yielding a sensitivity of 84.8% and a specificity of 64.4%. 40% of participants 

on BMD measurements saved only 0.1%–2.7% missed OP. Compared to OSTA and FRAX 

without BMD, the BMI got the best predictive value for OP.

Conclusion: BMI 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, Fracture 

Risk Assessment Tool, FRAX, body mass index, BMI

Introduction
Osteoporotic fractures have become a major source of mortality and morbidity in older 

people due to the progressive aging of the population.1 In most developing countries, 

osteoporosis (OP) has rapidly become a critical health problem as it is related to age 

and costs. Although OP has become a major threat to aging women in terms of mor-

bidity and mortality, it has not been widely recognized as a significant health issue 

in aging male population. The majority of elderly men who have a previous fragility 

fracture are not aware of undergoing bone mineral density (BMD) screening tests or 
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receiving medical treatment.2,3 OP in men is largely neglected 

in People’s Republic of China. Prediction of the risk of 

developing OP in elderly males is important to prevent the 

occurrence of first fracture.

A previous study indicates that men lose 1% of BMD 

every year from the sixth decade.4 With the development of 

economy and medical treatment, the average life expectancy 

has increased. Considering the high prevalence of mortality 

and disability in men after fractures, early diagnosis and 

prevention of OP are crucial to future medication.5

BMD measurement by dual-energy X-ray absorptiom-

etry (DXA) is the current gold standard for diagnosing OP. 

According to the World Health Organization (WHO), OP is 

defined as a BMD value of ,2.5 SD below the mean value at 

any site of the lumbar spine (L1–L4), femoral neck, or total 

hip.6 Currently, there is no uniform standard for diagnosis of 

OP in men; however, a previous study has found that BMD 

at the lumbar spine site declines with age in women, but it 

is not applicable to men.7 Therefore, some scholars hold the 

opinion that the femoral neck can reflect the BMD of men 

more precisely. Although BMD measurement is expensive 

and invasive, some guidelines recommend that men at high 

risk of OP (aged $70 years or men aged 50–69 years with 

risk factors) are supposed to undergo BMD test by central 

DXA.8 Owing to the huge population of People’s Republic 

of China, there would be a large financial burden caused by 

OP. Hence, it is necessary to obtain a better way to predict 

OP in People’s Republic of China. Various OP screening 

tools have been developed by multiple organizations, such 

as the Fracture Risk Assessment Tool (FRAX), Osteoporo-

sis Self-assessment Tool for Asians (OSTA), and weight-

based criterion.

The WHO suggests FRAX as a tool to predict 10-year 

probabilities of hip fractures (HF) and major osteoporotic 

fractures (MOF) according to individual’s clinical risk fac-

tor information with or without BMD measurement.9 FRAX 

without BMD is not only a method to predict osteoporotic 

fractures but also an effective tool to evaluate OP. Although 

FRAX still cannot replace BMD in guiding treatment rec-

ommendations, it affects the clinical treatment for anti-OP. 

FRAX without BMD is able to reduce the unnecessary BMD 

testing, it can also advise individuals at high risk for OP to 

receive medical care.10 However, most of the studies aim at 

postmenopausal women, few studies have been conducted 

to define the threshold of OP in men.11

The Osteoporosis Self-Assessment Screening Tool 

(OST) and the Osteoporosis Self-Assessment Tool for 

Asians (OSTA) are simple and effective screening tools 

for identifying OP in men and postmenopausal women.12–14 

Although OSTA includes only two factors (age and weight), 

some validation studies show that OSTA is more effec-

tive when compared to other complicated tools.15 Some 

researchers have also proved that OSTA is a useful tool 

for diagnosing OP in elderly Beijing men, especially at the 

femoral neck site.16

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 frac-

ture risk. The results of previous study suggest that women 

aged ,60 years with low BMI (,20 kg/m2) should go for a 

DXA.17 Overall, many studies show that BMI and BMD have 

a certain correlation in postmenopausal women.18 However, 

whether BMI can be a very-effective tool for predicting OP 

in elderly male population remains to be confirmed.

Hence, the goal of this study is to compare the valida-

tion of FRAX without BMD, OSTA, and BMI in predicting 

primary OP and to find suitable thresholds to omit BMD 

testing reasonably in a community-dwelling elderly male 

population in Beijing.

Patients and methods
The study was approved by the ethics committee of Beijing 

Friendship Hospital, Capital Medical University. All subjects 

provided signed informed consent to participate in this study. 

The flow diagram of the study is shown in Figure 1.

study design
It is a cross-sectional study and the study population 

included Chinese men aged $50 years consecutively 

recruited from three community health service centers 

(Fangzhuang, Tuanjiehu, and Wangzuo) from January 2014 

to October 2015. The main inclusion and exclusion criteria 

are listed in Table 1. The subjects had never been diagnosed 

with OP before.

BMD measurements and data obtained 
via questionnaire
All the subjects were selected by stratified random sampling 

according to age proportion collected from three different 

communities. Each participant was required to complete a 

questionnaire including personal information and clinical 

risk factors for OP such as age, weight, BMI, previous 

fracture, current smoking, alcoholic drinks per day, parent 

fractured hip history, and so on. Weight was measured using 

an electronic balance (Tanita, Tokyo, Japan), and height 
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was measured with a stadiometer (Mahr GmbH, Gottingen, 

Germany). The database established was checked by two 

researchers (XiaoDong Zhang and JiSheng Lin) to ensure the 

quality of data and control the total amount of data input per 

day and then checked by the senior researcher (Yong Yang). 

DXA (Discovery Wi, QDR Series; Hologic, Waltham, 

MA, USA) was used to measure the BMD of the femur 

(the femoral neck and total hip) and lumbar spine (L1–L4). 

To standardize measurements, all DXA measurements were 

conducted by a well-trained and qualified technician. The 

weight, height and BMD were measured with the same equip-

ment throughout the study. The DXA machine was calibrated 

by the same technician every day by using the lumbar module. 

Osteoporosis was defined as a T-score (lumbar spine, femoral 

neck, total hip, and worst hip [femoral neck and total hip], 

the WHO [any site]) of -2.5 SD or lower.

OsTA score
The OSTA score was calculated based on weight and age 

put forward in 2001:12

 [ ) .]Body weight year *(kg Age ( )− 0 2  

The decimal digits of the calculation results were then 

disregarded. For example, a 70-year-old man weighing 54 kg 

would have an OSTA index of -3.

FrAX score
FRAX was a screening tool suggested by Kanis to predict 

10-year probability of MOF and HF according to individual’s 

clinical risk factor information with or without BMD mea-

surement.19 Because this study mainly focused on the ability 

of the FRAX tool to identify primary OP in men, the data 

were obtained without the BMD measurement.

BMI
The BMI was calculated based on weight and height using 

the following formula:

 

Body weight, kg

Body height , cm2 2
 

Figure 1 The flow diagram of the study.
Abbreviations: BMD, bone mineral density; BMI, body mass index; FrAX, Fracture risk Assessment Tool; OsTA, Osteoporosis self-Assessment Tool for Asians.

Table 1 Inclusion and exclusion criteria for this study

Inclusion criteria Exclusion criteria

han Chinese nationality history of metabolic bone disease
residency in Beijing for $20 years history of glucocorticoid use
Ability to read and provide  
informed consent

history of taking anti- 
osteoporosis medications
rheumatoid arthritis
history of malignant tumor
history of organ transplantation
Significant renal impairment
replacement of both hips
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statistical analysis
The performance of tests (FRAX without BMD, OSTA, 

and BMI) for predicting OP at the lumber spine, total hip, 

femoral neck, worst hip (femoral neck and total hip), and 

at any site was compared. The receiver operating charac-

teristic (ROC) curve was constructed, and the area under 

the ROC curve (AUC) and its 95% confidence interval 

(CI) were estimated using SPSS Version 17.0 (SPSS Inc., 

Chicago, IL, USA) and MedCalc version 11.5.0.0 (Med-

Calc Software, Ostend, Belgium). The predictive value of 

the three tools was determined according to the AUC as 

follows: perfectly predictive, AUC =1; highly predictive, 

0.9# AUC ,1; moderately predictive, 0.7# AUC ,0.9; 

less predictive, 0.5# AUC ,0.7; and non-predictive, 

AUC ,0.5.20 The independent-samples t-test and one-way 

analysis of variance were used for single-factor analysis. 

The initial data were recorded in a Microsoft Excel spread-

sheet, and the analysis was performed using SPSS Version 

21 (IBM Corporation, Armonk, NY, USA) software. 

A p-value of ,0.05 was considered statistically significant.

We identified the optimal thresholds with the results 

of AUC to maximize the diagnostic benefit and obtain the 

optimal OP missed value. Then, sensitivity, specificity, posi-

tive, and negative predictive values for each threshold were 

calculated and transformed into number of BMD measure-

ments saved per 100 individuals (who would be candidates 

for screening) and the percentage of individuals with OP 

who would be missed.

Results
A total of 1,552 men aged 50 years or older completed the 

questionnaires and their BMD was measured; of whom, 

1,349 individuals were selected according to the inclusion 

and exclusion criteria. The characteristics of the participants 

are shown in Table 2.

The prevalence rates of OP according to the WHO, 

lumbar spine, worst hip, femoral neck, and total hip criteria 

were 12.8%, 10.8%, 4.4%, 4.9%, and 1.8%, respectively. 

The results showed that the relationship between age and 

OP was significantly different (p,0.05) among total hip, 

femoral neck, and worst hip criteria, but there were no 

significant differences (p.0.05) between the lumbar spine 

and the WHO criteria.

rOC curve outcomes
A summary of the cutoff values and AUCs is listed in Table 3. 

The ROC curves for each tool were analyzed and various 

Table 2 The characteristics of the participants (n=1,349)

Characteristics Value Range

Age (years) 65.2±8.68 50–90
height (cm) 169.6±5.29 150–191
Weight (kg) 72.7±9.82 40–115
Body mass index (kg/m2) 25.3±3.01 13.84–37.55
Bone mineral density (g/cm2)a

lumbar spine 1.00±0.16 0.541–1.794
Femoral neck 0.80±0.13 0.430–1.500
Total hip 0.92±0.13 0.562–1.323

lumbar spine, n (%)
normal 696 (51.6%)
Osteopenia 507 (37.6%)
Osteoporosis 146 (10.8%)

Femoral neck, n (%)
normal 642 (47.6%)
Osteopenia 648 (48.0%)
Osteoporosis 59 (4.4%)

Total hip, n (%)
normal 797 (59.1%)
Osteopenia 528 (39.1%)
Osteoporosis 24 (1.8%)

Worst hip, n (%)
normal 592 (43.9%)
Osteopenia 69.1 (51.2%)
Osteoporosis 66 (4.9%)

Worst at any sitee, n (%)
normal 434 (32.2%)
Osteopenia 742 (55.0%)
Osteoporosis 173 (12.8%)

Alcohol $30 g/db 418 (31.0%)
Current smoking 501 (37.1%)
Previous fracturec 115 (8.5%)
Parent fractured hipd 44 (3.3%)

Notes: aBone mineral density T-scores classified according to World Health 
Organization criteria: osteoporosis (#-2.5), osteopenia (-1.0 to -2.5), and normal 
($-1.0). bTaking 30 g or more of alcohol daily (equivalent to three units of alcohol 
in the present study). cFractures after the age of 45 years. dWhether the patient’s 
mother or father had a history of hip fracture; subjects answered either yes or no. 
eWhO criteria, diagnosis of OP was determined by a BMD T-score of #-2.5 sD at 
any site of l1–l4, femoral neck, or total hip sites.
Abbreviations: BMD, bone mineral density; OP, osteoporosis.

Table 3 AUC and cutoff value in predicting osteoporosis in different criteria

Screening 
tool

Lumbar spine Total hip Femoral neck Worst hip WHO

Cutoff AUC Cutoff AUC Cutoff AUC Cutoff AUC Cutoff AUC

BMI 25.5 0.801 24.4 0.880 24.1 0.815 24.2 0.824 25.5 0.808
OsTA 1 0.722 -1 0.874 0 0.802 0 0.807 0 0.747
FrAX-MOF 3.1 0.536 3.1 0.583 3.1 0.544 3.1 0.552 3.1 0.547
FrAX-hF 1 0.558 2 0.630 2 0.576 2 0.590 1.2 0.572

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.
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thresholds were assessed. AUC values of each diagnostic 

criteria are listed in Table 3. The AUC values of these tools 

for identifying OP ranged from 0.536 to 0.583 (MOF), 

0.558 to 0.630 (HF), 0.722 to 0.874 (OSTA), and 0.801 to 

0.880 (BMI). According to the total hip diagnostic criteria, 

OSTA and BMI obtained the highest AUC values (0.874 and 

0.880) in this study. The results of the ROC curve and AUCs 

according to the worst hip criteria are described in Figure 2. 

Overall, predicting performance of BMI and OSTA was 

better than MOF and HF (FRAX without BMD), and BMI 

yielded the best predicted value.

lower thresholds results
In this study, the AUC performed best in the total hip diag-

nostic criterion. Considering the prevalence of OP was only 

1.8% according to the total hip criterion, which could not 

reflect the real prevalence of OP, we set the cutoff value of 

the worst hip criterion as the optimal threshold. The low-

risk thresholds were set at 2% for HF, 3.1% for MOF, 0 

for OSTA, and 24.2 for BMI. Test performances at these 

thresholds are summarized in Table 4. As shown in Table 4, 

compared to the sensitivity and specificity of MOF and HF, 

BMI and OSTA performed better. In the worst hip criteria, 

BMI had the best predictive value yielding an AUC of 0.824, 

a sensitivity of 83.3%, a specificity of 59.5%, a negative 

predictive value of 98.6%, and percentage of missed OP 

of 0.8%.

results of age groups
We divided the population into two subgroups based on age 

(50–65 years and 66–90 years), and the predictive values 

of three tools in worst hip criteria are listed in Table 5. 

The results showed significant differences in the prevalence 

of OP (p,0.05). According to the results, the AUC values 

of MOF and HF were fairly low, while BMI achieved good 

predictive value in both the age groups, 0.790 in 50–65 years 

and 0.829 in 66–90 years.

Discussion
This study compared FRAX, OSTA, and BMI for predicting 

OP in Chinese men aged $50 years and defined the optimal 

thresholds so that unnecessary BMD measurement could be 

avoided as much as possible. Some previous studies have 

reported that the prevalence rate of OP was ~13%–21% 

in the developed countries, ~11.8% in Chinese men,21 and 

nearly 10 billion US dollars had been spent for osteoporotic 

fractures in 2010 in People’s Republic of China.22 OP was 

considered to be increasing with the age that was associated 

Figure 2 Comparison of different AUCs (BMI, OSTA, MOF, and HF for identifying osteoporosis) and sensitivity and specificity values according to worst hip 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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with the improvement of the average life expectancy. In the 

present study, the prevalence of OP ranged from 1.8% to 

12.8% according to the different criteria. Among them, the 

prevalence of OP was 4.9% when worst hip was set as the 

diagnostic standard, basically consistent with the prevalence 

of femoral neck OP reported in men.23

There is no consistent standard of OP in men nowadays. 

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. Commonly, measurements by DXA at the femoral 

neck have the highest predictive value for HF, so some 

researchers suggest that the reference standard should be 

based on BMD measured at the femoral neck.7,24 The femo-

ral neck is widely accepted because it has been proposed as 

the reference skeletal site for defining OP in epidemiologic 

studies.25 Although the bone loss of the femur is related to 

age, it is barely affected by heterotopic calcification or hyper-

plasia. In terms of consequences of OP, morbidity and finan-

cial burden are the main problems. For reducing the missed 

diagnosis rate of OP and eliminating the financial burden as 

much as possible, attempts were made to reduce the number 

of missed OP and increase the BMD measurement saved 

results (Table 4). However, considering the lowest prevalence 

of OP (1.8%) in total hip criteria, worst hip was selected as 

the final diagnostic criterion, and the results showed that the 

prevalence of OP was 4.9%, similar to that reported by the 

National Health and Nutrition Examination Survey.26

FRAX without BMD is of more limited predictive value 

for OP in men than in postmenopausal women. According to 

the results, FRAX without BMD, which had suboptimal sen-

sitivity and an AUC ranging from 0.536 to 0.630, performed 

worst in all the tools diagnosed by different criteria. Although 

OSTA and BMI were much simpler, which are involved in 

only two risk factors, compared to FRAX with .10 risk 

factors, they performed better than FRAX without BMD in 

Table 5 Predictive value of three tools in two age groups based on worst hip criteria

Screening tool Group AUC (95% CI) Z p-value Cutoff Sensitivity, % Specificity, % +LR, % -LR, %

FrAX-MOF 50–65 0.538 (0.501–0.573) 0.546 0.5848 2.4 66.7 44.3 1.20 0.75
66–90 0.520 (0.479–0.561) 0.404 0.6861 3.1 60.0 53.3 1.29 0.75

FrAX-hF 50–65 0.501 (0.465–0.537) 0.009 0.9927 1.2 28.6 85.9 2.02 0.83
66–90 0.552 (0.511–0.593) 1.010 0.3125 2 53.3 70.2 1.79 0.66

BMI 50–65 0.790 (0.759–0.818) 8.281 ,0.0001 24.7 90.5 61.0 2.32 0.16
66–90 0.829 (0.796–0.859) 11.23 ,0.0001 22.5 68.9 82.2 3.87 0.38

OsTA 50–65 0.814 (0.785–0.841) 8.790 ,0.0001 1 81.0 68.4 2.56 0.28
66–90 0.788 (0.753–0.821) 8.170 ,0.0001 -3 55.6 89.1 5.08 0.50

Abbreviations: AUC, area under the receiver operating characteristic curve; BMD, body mineral density; BMI, body mass index; CI, confidence interval; 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.

Table 4 Test performance in predicting osteoporosis at defined 
low-risk thresholds

Test performance Ten-year fracture risk as predicted 
by FRAX without BMD

HF, % MOF, % OSTA, % BMI, %

lumbar spine BMD ,-2.5
sensitivity 24.7 42.5 69.2 78.7
Specificity 84.6 65.5 60.6 64.7
Positive predictive value 16.3 13.0 17.6 21.3
negative predictive value 90.2 90.4 94.2 96.2
BMD measurement saveda 16.4 35.4 42.6 40.0
Osteoporosis missedb 8.15 6.2 3.3 2.3

Femoral neck BMD ,-2.5
sensitivity 33.9 44.1 83.1 84.8
Specificity 84.4 65.0 59.2 62.0
Positive predictive value 9.0 5.5 8.5 9.3
negative predictive value 96.5 96.2 98.7 98.9
BMD measurement saved 16.4 35.4 42.6 40.0
Osteoporosis missed 2.9 2.4 0.7 0.7

Total hip BMD ,-2.5
sensitivity 54.2 58.3 87.5 95.8
Specificity 84.3 65.1 58.2 61.0
Positive predictive value 5.9 2.9 3.7 4.3
negative predictive value 99.0 98.9 99.6 99.8
BMD measurement saved 16.4 35.4 42.6 40.0
Osteoporosis missed 0.8 0.7 0.2 0.1

Worst hip BMD ,-2.5
sensitivity 36.4 47.0 83.3 86.4
Specificity 84.6 65.2 59.5 61.2
Positive predictive value 10.9 6.5 9.6 10.6
negative predictive value 96.3 96.0 98.6 98.8
BMD measurement saved 16.4 35.4 42.6 40.0
Osteoporosis missed 3.1 2.6 0.8 0.7

Worst any BMD ,-2.5
sensitivity 27.2 43.9 72.3 78.6
Specificity 85.0 65.9 61.7 65.6
Positive predictive value 21.3 15.9 21.7 25.2
negative predictive value 88.8 88.9 93.8 95.4
BMD measurement saved 16.4 35.4 42.6 40.0
Osteoporosis missed 9.3 7.2 3.6 2.7

Notes: aPer 100 participants who were candidates for screening and primary 
prevention. bAs a percentage of participants who had osteoporosis according to 
BMD testing.
Abbreviations: BMD, body mineral density; BMI, body mass index; FrAX, Fracture 
risk Assessment Tool; hF, hip fractures; MOF, major osteoporotic fractures; OsTA, 
Osteoporosis self-Assessment Tool for Asians.
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each criterion. These results show that FRAX was primarily 

developed for predicting 10-year probability of fracture 

instead of OP and was not an established method for diag-

nosing OP in men, although it had been reported that FRAX 

without BMD might be an effective tool in screening for 

OP.27 Kanis et al28 previously reported that FRAX without 

BMD might be used to discriminate patients with low BMD, 

and 10% and 20% probability of a major fracture correspond 

to -1.5 SD and -2.8 SD, respectively. Therefore, whether 

FRAX could be used as a screening tool for predicting OP 

in men was unconfirmed.

This study suggested that with a cost of missing 0.1%–3.6% 

OP patients, BMI and OSTA could reduce 40.0%–42.6% of 

participants in BMD screening tests. Based on horizontal 

comparison of various diagnostic criteria, sensitivity, OP 

missed, and BMD measurement saved for BMI were signifi-

cantly better when the worst hip was set as the diagnostic 

criteria. In this criterion there were no statistical differences 

of the AUC between BMI (0.824) and OSTA (0.804) for 

predicting OP (p=0.41) and both yielded good assessment 

ability. The results were consistent with the study purpose 

that elderly males should receive appropriate treatment 

(age #65 years with BMI ,24.7 or age .65 years with 

BMI ,22.5).

OSTA was developed to assess multiple clinical risk 

factors associated with bone loss and OP for postmeno-

pausal Asian women. In many studies, the OSTA was a 

well-performed tool for predicting OP in postmenopausal 

women.29 In this study, the sensitivity of OSTA for esti-

mating OP in men was acceptable (83.3%) missing only 

0.8% OP participants, and negative prediction (98.6%) was 

high in the worst hip criteria. The results were similar to 

the previous study that OSTA index might be an effective 

tool for primary OP (femoral neck site by DXA) in elderly 

males. It was worth mentioning that the prevalence rate of 

OP in men was not related to age, which was different with 

previous studies about postmenopausal women.11,26,30 Steuart 

et al designed a study that involved 518 elderly males to 

evaluate OST in identifying OP and found that an OST 

index of 6 or lower yielded the AUC of 0.67, a sensitivity 

of 82.6%, and a specificity of 33.6%, which was similar to 

this study.31 OSTA was a screening tool for OP associated 

with age and weight, and this study suggested that age was 

a clinical risk factor of OP in elderly males according to 

worst hip criteria, whereas it had a limiting value in the 

WHO criteria. Thus, further studies on the value of OSTA 

for identifying OP in the elderly male population remain 

to be performed.

Many studies have shown that BMI is a protective factor 

in the occurrence and development of OP and have also 

proved that BMI not only reduces the incidence of OP but 

also provides reference for prevention and early diagnosis 

of OP.17,18,32 It is accepted that high BMI can reduce bone 

reabsorption and stimulate bone formation. In this study, 

the AUCs of BMI in different criteria (lumbar spine, 0.801; 

femoral neck, 0.815; total hip, 0.880; worst hip, 0.824, and 

WHO, 0.808) performed the best. BMI was the optimal tool 

for estimating OP in all of these tools. In the worst hip cri-

teria, the sensitivity and specificity were 84.8% and 64.4%, 

respectively. High sensitivity was more significant than 

specificity to reduce missed diagnosis. It is not necessary 

that a risk assessment tool has both high sensitivity and high 

specificity if the tool is free and noninvasive. The primary 

purpose of a screening tool is to identify most patients at 

risk, among which BMD can be used to obtain a definite 

diagnosis. It is generally believed that BMI is a protective 

factor in men. The increased muscle mass can reduce bone 

loss and the skeletal muscle loss will lead to a decrease in 

BMD. Muscle atrophy and muscle dysfunction can promote 

the loss of bone mass and degradation of bone strength. In 

some studies, BMD at the lumbar spine and hip sites and 

BMI are closely related, and BMI .30 kg/m2 delays the 

incidence of osteopenia by 5 years (at the spine) and 9 years 

(at the femoral neck).33,34 Results in a recent study of US older 

adults show a protective, cross-sectional association between 

BMI and OP, which is consistent with our results.35 How-

ever, few studies have focused on the association between 

elderly male OP and BMI, further investigation should be 

performed on a larger scale.

The strengths of this study include the following: it is a 

cross-sectional study, not retrospective; the subjects were 

healthy elderly males; questionnaire data were collected 

from three different community health service centers; BMD 

measurements were taken by the same operator and machine; 

strict inclusion and exclusion criteria to exclude the effects 

of other factors were imposed; and the results have certain 

reference value for OP diagnosis, help physicians in primary 

hospitals or community health service centers to discover OP 

population and reduce misdiagnosis rate.

However, the demographic of the study may be different 

from the actual demographic profile of Beijing. BMD could 

only reflect ~70% of bone strength; hence, it is not the best 

examination method for bone quality in clinic. Causal cor-

relations should not be assessed based upon cross-sectional 

data, regardless of the sample size and accuracy. Whether the 

subjects will suffer from fractures years later is unconfirmed, 
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and it needs long-term follow-up. It will be a significant 

evidence for FRAX in predicting 10-year fracture risk.

Conclusion
The validation of three clinical tools in predicting primary 

OP was compared and found suitable thresholds to omit 

BMD testing. The results showed that BMI and OSTA 

performed better than FRAX without BMD, and BMI was 

the most valuable tool for identifying primary OP in men. 

To benefit in terms of cost and reduction of unnecessary 

radiation exposure, we suggest men aged .65 years with 

BMI ,22.5 kg/m2 or ,65 years with BMI .24.7 kg/m2 

should have a BMD screening test.
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