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Objective: This cross-sectional study compared three tools for predicting painful new 

osteoporotic vertebral fractures (PNOVFs) in older Chinese men: bone mineral density (BMD), 

the Osteoporosis Self-Assessment Tool for Asians (OSTA), and the World Health Organization 

fracture risk assessment tool (FRAX) (without BMD).

Methods: Men aged $50 years were apportioned to a group for men with fractures who had 

undergone percutaneous vertebroplasty (n=111), or a control group of healthy men (n=385). 

Fractures were verified on X-ray and magnetic resonance imaging. BMD T-scores were deter-

mined by dual energy X-ray absorptiometry. Diagnosis of osteoporosis was determined by a 

BMD T-score of #2.5 standard deviations below the average for a young adult at peak bone 

density at the femoral neck, total hip, or L1–L4. Demographic and clinical risk factor data 

were self-reported through a questionnaire. BMD, OSTA, and FRAX scores were assessed for 

identifying PNOVFs via receiver-operating characteristic (ROC) curves. Optimal cutoff points, 

sensitivity, specificity, and areas under the ROC curves (AUCs) were determined.

Results: Between the men with fractures and the control group, there were significant dif-

ferences in BMD T-scores (at femoral neck, total hip, and L1–L4), and OSTA and FRAX 

scores. In those with fractures, only 53.15% satisfied the criteria for osteoporosis. Compared 

to BMD or OSTA, the FRAX score had the best predictive value for PNOVFs: the AUC of 

the FRAX score (cutoff =2.9%) was 0.738, and the sensitivity and specificity were 82% and 

62%, respectively.

Conclusion: FRAX may be a valuable tool for identifying PNOVFs in older Chinese men.

Keywords: osteoporosis, male, vertebral fracture, FRAX, OSTA, bone mineral density

Introduction
Low-trauma fracture, often due to a fall but even occurring during sleep, is the ultimate 

consequence of osteoporosis. This is a major public health problem not only in post-

menopausal women, but also in older men. In particular, the burden of osteoporotic 

vertebral fractures is substantial to individuals, families, and society.1

Patients with recently acquired painful vertebral compression fractures have a 

higher rate of morbidity and mortality compared with the general population.1 A per-

son with osteoporosis or fracture is not likely to regain full bone strength, because the 

loss in bone microarchitecture is irreversible.2 It is therefore of paramount importance 
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to identify individuals, men and women, who are at risk of 

developing osteoporosis, and to prevent the first fracture.

Male osteoporosis is largely neglected in the People’s 

Republic of China, although it has been shown in other 

countries that men suffer a higher mortality rate from hip 

fractures.3,4 Pharmacological interventions are available to 

treat postmenopausal osteoporosis,5 but relatively few men 

are suspected to have the disease – pain may not be recog-

nized as a fracture, and medical imaging may provide too 

little information or be unavailable.

Many previous studies have shown that osteoporotic 

fracture is associated with low bone mineral density (BMD), 

and in current clinical practice BMD measurements are 

considered the gold standard for determining the degree of 

bone loss and a diagnosis of osteoporosis.6–8 Unfortunately, 

not all fractures can be explained by the patient’s BMD, and 

furthermore a correlation between BMD and future fractures 

has not been definitively established. In fact, some research-

ers have found that some fractures occur with BMD values 

above the osteoporotic range, in both men and women,9–11 and 

that BMD accounted for only 65% of the observed variation 

in bone strength.10 Many cases of osteoporosis have been 

misdiagnosed, escaped diagnosis, or were difficult to diag-

nose based on the BMD T-score alone (−2.5 or lower).12,13 

In particular, although the link between low BMD and risk 

of fracture holds true for both men and women,14 it remains 

controversial whether the diagnostic T-score cutoff of −2.5 

or lower for osteoporosis is applicable to men. There is also 

evidence that BMD accounts for only 70% of bone strength, 

and bone strength is a better criterion for evaluating the risk 

of osteoporotic fracture.15

It is generally accepted that a history of prior fracture at 

any site is an important risk factor for subsequent fractures.16 

While it is inaccurate to identify the risk of fracture based 

simply on BMD, the high cost of central dual-energy X-ray 

absorptiometry (DXA) and magnetic resonance imaging 

(MRI) prohibit their widespread use for preliminary screen-

ing in primary hospitals. An appropriate screening tool is 

thus urgently needed for identifying osteoporosis in patients, 

especially to aid physicians with limited professional expe-

rience and equipment. The Osteoporosis Self-Assessment 

Tool for Asians (OSTA) developed by Koh et al17 is based 

on age and body weight. OSTA is a good and simple tool, 

with high sensitivity and acceptable specificity, for assessing 

the risk of osteoporosis in postmenopausal Asian women. 

In addition, OSTA may be helpful to identify postmeno-

pausal women with vertebral deformity and painful new 

osteoporotic vertebral fractures (PNOVFs).18,19 However, 

sufficient confirmed validation of OSTA for identifying 

PNOVFs in men is lacking.

In 2008, the World Health Organization (WHO) intro-

duced the fracture risk assessment tool (FRAX) (http://www.

sheffield.ac.uk/FRAX) to evaluate patients’ absolute risk 

of osteoporotic fracture. To predict an individual’s 10-year 

probability of major osteoporotic fractures, or for hip frac-

ture only, FRAX considers the interaction of multiple risk 

factors such as age, sex, and personal and family history. 

The risk factors may be analyzed with or without including 

BMD data.20 Furthermore, fracture rates differ greatly among 

countries, and FRAX can be calibrated to weigh risk factors 

according to country.21 Yet, in the few years that FRAX has 

been available, studies are lacking regarding its ability to 

predict the 10-year incidence of fractures in men,22,23 includ-

ing men in the People’s Republic of China.

The present study assessed and compared BMD, OSTA, 

and FRAX (10-year probability, without BMD) for predicting 

PNOVFs in an older Chinese male population.

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. 

The flow diagram of the study was showed in Figure 1.

study population
The study population included Chinese men aged 

$50 years consecutively recruited from the Osteoporosis 

Clinic at Beijing Friendship Hospital from June 2013 to 

February 2015. The men comprised clinically symptomatic 

patients with painful vertebral fractures verified by X-ray 

and MRI within the past 6 months who came for further 

examination and treatment (the fracture group); and healthy 

men who came to the hospital for routine health examina-

tions (the control group). Many clinicians consider the 

presence of a fragility fracture as sufficient for diagnosis 

of osteoporosis, regardless of the patient’s BMD. Although 

bone densitometry is useful for assessing disease severity 

and monitoring therapy in patients with fractures, densi-

tometry is not essential for the diagnosis of osteoporosis 

in this setting.24 Thus, the men in the fracture group of this 

study were considered to have osteoporosis and PNOVF 

regardless of whether the BMD T-score was −2.5 standard 

deviations or less.

Men in both the fracture and control groups conformed 

to the following inclusion criteria: aged $50 years; Han 

Chinese nationality; residing in Beijing $20 years; willing 
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to participate in the study, and able to read the informed 

consent form.

Excluded was anyone with a history or evidence of 

metabolic bone disease (eg, type I diabetes, hyper- or 

hypoparathyroidism, Paget’s disease, osteomalacia, renal 

osteodystrophy, or osteogenesis imperfecta); history of organ 

transplant; cancer with metastasis to the bone; significant 

renal impairment; a condition of prolonged immobility 

(spinal cord injury, Parkinson’s disease, stroke, muscular 

dystrophy, or ankylosing spondylitis); or prior use of anti-

resorptives (eg, bisphosphonate, estrogen, selective estrogen 

receptor modulators, and calcitonin) or anabolic agents (eg, 

fluoride or parathyroid hormone).

BMD measurements and identification 
of PnOVFs
All the enrolled men were invited to the Osteoporosis Clinic 

at Beijing Friendship Hospital for BMD measurements of 

the hip and spine, taken by DXA. The subjects were asked 

by a trained interviewer to fill in a questionnaire provid-

ing information pertaining to demographics and clinical 

risk factors for osteoporosis. Height was measured with a 

stadiometer (Mahr GmbH, Gottingen, Germany). Weight 

was measured using an electronic balance (Tanita, Tokyo, 

Japan), with the subjects in light-weight indoor clothing and 

without shoes.

DXA (Discovery Wi, QDR series, Hologic, Waltham, 

MA, USA) was used to measure the BMD of the lumbar spine 

(L1–L4) and left femur (ie, the femoral neck, trochanter, 

Ward’s triangle, and total hip) on the left side. If the left 

side was previously replaced or fractured, the right side was 

measured. To standardize measurements, a quality assur-

ance scan was performed daily before each measurement. 

The in vivo short-term reproducibility values for the machine 

at the lumbar spine, femoral neck, and total hip for these men 

were all lower than 1%. All DXA scans were conducted by 

the same well-trained and qualified technologist throughout 

this study. The BMD T-scores were automatically calculated 

by the system. The T-scores were calculated using the mean 

BMD values of young Chinese men as reference:25 L1–L4, 

1.017±0.117 g/cm2; femoral neck 0.909±0.116 g/cm2; and 

total hip 0.993±0.121 g/cm2.

We defined four requisite clinical criteria to confidently 

identify PNOVFs. These criteria were as follows:19 1) men 

aged $50 years, without trauma history or with a low-trauma 

fracture history. Low-energy trauma fracture was defined 

as a fracture resulting from a fall from a standing position 

or lower. 2) Experiencing back or low back pain within 

6 months before the BMD measurement. 3) Relevant clini-

cal signs of acute or sub-acute vertebral fractures, assessed 

by X-ray and MRI. On X-ray, signs included height loss in 

the anterior, middle, or posterior dimension of a vertebral 

Figure 1 The flow diagram of the study.
Abbreviations: BMD, bone mineral density; DXA, dual-energy X-ray absorptiometry; OsTA, Osteoporosis self-Assessment Tool for Asians; FrAX, fracture risk assessment 
tool.
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body .20% of the vertebral body’s area in a lateral-view 

image of the thoracic/lumbar spine; or the presence of 

endplate deformities, a lack of parallelism of the endplates, 

and a generally altered appearance relative to neighboring 

vertebrae. On MR images, signs of acute or sub-acute verte-

bral fractures included new bone marrow edema on sagittal 

T1-weighted and fat-suppressed T2-weighted images. 4) No 

history or evidence of metabolic osteopathy or cancer.

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

using the following formula:17

 [Body weight, kg – Age, y] ×0.2. (1)

The decimal digits of the calculation results were then 

disregarded. For example, a 73-year-old man whose body 

weight was 55 kg would have an OSTA index of −3.

FrAX score
FRAX is a computer-based algorithm (http://www.shef.

ac.uk/FRAX) for determining models of fracture probabil-

ity in men and women. The parameters are the appropriate 

clinical risk factors.26 The 10-year fracture probability can 

be derived either from the clinical risk factors alone or, to 

enhance fracture risk prediction, the clinical risk factors 

combined with the femoral neck BMD. In addition to the 

clinical risk factors, the fracture probability varies markedly 

in different regions of the world. Thus, the FRAX models 

need to be calibrated to those regions where the epidemiology 

of fracture and death is known. FRAX models are available 

for the mainland China. Because we mainly focused on the 

ability of the FRAX tool to identify painful new vertebral 

compression fractures for this study, the 10-year probability 

of major osteoporotic fracture was obtained without the BMD 

measurement.

statistical analysis
Osteoporosis is defined as a T-score (lumbar spine, femoral 

neck, or total hip) that is −2.5 standard deviations or lower 

than that of the average young adult, according to the WHO 

criteria. In the present study, descriptive statistics for demo-

graphic and baseline characteristics are presented as mean ± 

standard deviation for continuous variables, or percentage 

for categorical variables. The measured data are described as 

mean ± standard deviation when the data were normally dis-

tributed, and otherwise as the median and interquartile range. 

The chi-squared test was used to compare count data.

The differences in the BMD, OSTA, and FRAX scores 

between the fracture and control groups were tested using 

the 2-independent-samples t-test if normally distributed 

and with homogeneity of variance; and otherwise with the 

Mann–Whitney U-test. The validation of the three tools to 

identify PNOVFs 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 perfectly predictive, 

AUC =1.27,28 The ROC curve was constructed, and the AUC 

and its 95% confidence interval (CI) were estimated using 

SPSS version 17.0 (SPSS Inc., Chicago, IL, USA) and Med-

Calc version 11.5.0.0 (MedCalc Software, Ostend, Belgium). 

A P-value ,0.05 was considered statistically significant.

Results
A sample of 509 men aged $50 years initially participated 

in this study. Thirteen subjects were excluded from the 

study in accordance with the exclusion criteria, so that 

496 subjects were analyzed (Table 1). These included 

111 men who had suffered a painful vertebral fracture 

within 6 months before the BMD measurement (the fracture 

group) and 385 healthy men without specific osteoporosis-

associated symptoms.

Between the fracture and control groups, there were sig-

nificant differences in weight, previous fracture, and BMDs 

Table 1 summary of descriptive characteristics of the fracture 
and control groupsa

Characteristics Fracture Control P (t/χ2)

subjects, n 111 385
height, cm 169.10±6.297 170.52±5.396 0.032 (2.163)
Weight, kg 66.73±12.233 70.41±10.178 0.004 (2.897)
BMI, kg/m2 23.31±4.024 24.20±3.191 0.034 (2.133)
Previous fracture 67 (60.4%) 53 (13.8%) ,0.001 (101.99)
BMD, g/cm2

Femoral neck 0.663±0.140 0.773±0.130 ,0.001 (7.670)
Total hip 0.776±0.146 0.887±0.135 ,0.001 (7.479)
l1–l4 0.840±0.163 0.965±0.165 ,0.001 (7.035)

Family history 15 (13.5%) 37 (9.6%) 0.237 (1.399)
Current smoker 19 (17.1%) 99 (25.7%) 0.061 (3.512)
Alcohol 30 g/db 16 (14.4%) 73 (19.0%) 0.271 (1.210)
rheumatoid arthritis 2 (1.8%) 10 (2.6%) 0.474 (1.210)
glucocorticoidsc 3 (2.7%) 21 (5.5%) 0.897 (0.017)

Notes: aData are presented as n (%) or mean ± standard deviation. bConsuming 30 g 
or more of alcohol daily (equivalent to three units of alcohol in the present study). 
cTaking oral glucocorticoids for .3 months; prednisolone $5 mg daily.
Abbreviations: BMD, bone mineral density; BMI, body mass index.
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of the femoral neck, total hip, and L1–L4 (Table 1). Specifi-

cally, the mean age was lower and the body mass index higher 

in the fracture group relative to the control group. Men in the 

fracture group had experienced significantly more previous 

fractures than did those in the control group, and the mean 

BMDs were lower.

Across the entire study population, body mass indices 

ranged from 14.17 kg/m2 to 35.06 kg/m2, with 5% (n=27) 

underweight, 42% (n=209) normal weight, and 53% (n=260) 

overweight or obese.29 Previous fracture was recorded in 24% 

of the total sample (n=120), and 10% of subjects had a fam-

ily history of osteoporosis (n=52). Current smokers made up 

24% of the study population (n=118), and 18% reported an 

alcohol intake of $30 g/day (n=89). The prevalence of rheu-

matoid arthritis was 2% (n=12), with 5% of subjects (n=24) 

using oral glucocorticoids for .3 months at a prednisolone 

dose of $5 mg daily.

BMD T-scores and OsTA and FrAX indices
There were significant differences in BMD T-scores and 

FRAX and OSTA scores between the fracture and control 

groups (Table 2). The BMD scores of the total hip, femoral 

neck, and L1–L4, and the OSTA index of the fracture group, 

were significantly lower than that of the control group, and 

the FRAX index was much higher.

BMD T-scores
For the men in the fracture group, 42.3%, 26.1%, and 

26.1%, respectively, were found to have osteoporosis at the 

femoral neck, total hip, and lumbar spine (based on BMD 

T-scores ,−2.5; Figure 2). For the control group, these 

percentages were 10.1%, 5.7%, and 4.9%. The AUC of the 

BMD for estimating the risk of PNOVFs at the femoral neck, 

hip, and lumbar spine were 0.706, 0.711, and 0.706, with 

optimal cutoffs of −2.5, −1.4, and −1.6.

evaluation and comparison of BMD 
T-score, OsTA, and FrAX
The AUCs of the BMD T-score to identify PNOVFs at 

the femoral neck, hip, and lumbar spine were, respec-

tively, 0.706 (95% CI: 0.664–0.746, Z=7.339, P,0.001), 

0.711 (95% CI: 0.669–0.751, Z=7.687, P,0.001), and 

0.706 (95% CI: 0.664–0.746, Z=7.215, P,0.001). The 

cutoffs were −2.5, −1.4, and −1.6, respectively. For the OSTA 

tool, the AUC was 0.661 (95% CI: 0.618–0.703, Z=4.977; 

P,0.001) with a cutoff of −1.2 and sensitivity of 53.15%, 

specificity of 76.88%. The AUC of the FRAX tool (without 

BMD) was 0.738 with a cutoff of 2.9% (Figure 3, Table 3).

Discussion
This study assessed and compared BMD, OSTA, and FRAX 

(10-year probability, without BMD) for predicting PNOVFs 

in Chinese men aged 50 years or above. Basing a diagno-

sis of osteoporosis on the criteria of the WHO (ie, a BMD 

T-score −2.5 or less), these tools were applied to men treated 

for PNOVFs and to a control group of healthy men.

Our study showed that for BMD, the AUC for estimating 

risk of fracture at the femoral neck, hip, and lumbar spine 

were 0.706, 0.711, and 0.706, respectively, with optimal 

cutoffs of −2.5, −1.4, and −1.6. This indicated that the BMD 

measurements were moderately predictive. For screening 

tools, high sensitivity (a high ratio of true positives to false 

positives) is more important than high specificity, as fewer 

patients will be subjected to unnecessary treatment or inva-

sive diagnostic testing. Specificity also should be contained 

at reasonable levels to reduce unessential testing and the 

associated costs to the patient and community. However, our 

results showed that BMD had relatively low sensitivity for 

estimating risk of fracture, while specificity was acceptable. 

Therefore, a screening tool with higher sensitivity than BMD 

for identifying PNOVFs is desirable.

The OSTA, based on age and body weight, is a simpler 

tool than BMD measurements for assessing risk of osteo-

porosis in postmenopausal Asian women. A recent study 

reported that the OSTA index may also be a simple and 

effective marker for primary osteoporosis (defined at the 

femoral neck site by DXA) in older Chinese men,30 but there 

has been no validation for predicting new osteoporotic ver-

tebral fractures in this population. Our present study showed 

that the distribution of OSTA scores between the men with 

osteoporotic fractures and the healthy control group was 

significantly different. However, the discriminating ability 

of OSTA for identifying PNOVFs yielded a less predictive 

value than did the BMD (AUC, 0.5–0.7), with acceptable 

Table 2 BMD T-score, OsTA, and FrAX scores of the fracture 
and control groups

Parameter Fracture Control z/t P-value

subjects, n 111 385
BMD, T-score,  
mean ± sD

Total hip −1.78±1.20 −0.88±1.12 −7.356 ,0.001
Femoral neck −2.12±1.21 −1.17±1.13 −7.666 ,0.001
l1–l4 −1.51±1.39 −0.44±1.41 −7.059 ,0.001

OsTA, mean ± sD −0.95±3.76 1.01±2.91 −5.829 ,0.001
FrAX (%) 4.30 (3.20, 5.20) 2.60 (2.00, 3.65) −7.636 ,0.001

Abbreviations: BMD, bone mineral density; OsTA, Osteoporosis self-Assessment 
Tool for Asians; FrAX, fracture risk assessment tool.
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specificity (77%), and poor sensitivity (53%). Therefore, the 

performance of the OSTA index for identifying PNOVFs in 

older Chinese men appears to be less satisfactory than for 

postmenopausal women,19 and might not be an effective tool 

for identifying PNOVFs.

The FRAX algorithms were developed for estimating the 

risk of osteoporotic fractures at the hip, spine, distal forearm, 

and shoulder over a 10-year period. It is applicable to men 

and women, is country-specific, does not require BMD mea-

surements, and has been recommended by the WHO. Our 

present results indicate that FRAX (without BMD values) 

had the best discriminative ability for PNOVFs among the 

three tools we analyzed, with the best AUC value and good 

sensitivity and specificity. The AUC of FRAX for identifying 

the risk of PNOVFs was 0.738.

It should be noted that the optimal FRAX diagnostic cutoff 

value of 2.9% yielded a sensitivity of 81.98% and specificity of 

62.08%. Compared with the present study, the results obtained 

from a cohort of Polish men designed by Pluskiewicz et al22 
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indicated a better AUC of FRAX (0.808) for identifying 

the risk of major osteoporotic fractures. The optimal cutoff 

value was 7.6% with a lower sensitivity (70.64%) and higher 

specificity (77.36%). Cheung et al31 previously reported that 

the AUC of FRAX with T-score was 0.728 for all major 

osteoporotic fractures in a cohort of Chinese postmenopausal 

women, and the optimal cutoff value was 8.1% that provided 

acceptable sensitivity (62.9%) and good specificity (72%).

Currently, FRAX has been included in two representa-

tive guidelines, one issued from the National Osteoporosis 

Foundation in the USA, and the other from the European 

Society for Clinical and Economic Aspects of Osteoporosis 

and Osteoarthritis. However, these guidelines differ in deter-

mining the intervention threshold of FRAX. The National 

Osteoporosis Foundation in the USA guideline proposed 

a fixed value of 20% for major osteoporotic fractures, or 

3% for hip fractures at the ages 50 years and above. On the 

other hand, the European Society for Clinical and Economic 

Aspects of Osteoporosis and Osteoarthritis guideline for 

10-year fracture probability for major osteoporotic fractures 

were age-dependent values for postmenopausal women of 

approximately 15%, 20%, and 30% at ages of 60, 70, and 

80 years, respectively.32

Of course, the optimal intervention threshold of FRAX 

is different in every country. The thresholds used are varied 

since they depend on local factors such as health economic 

assessment, absolute costs, willingness to pay for treatment 

of osteoporosis, and access to DXA.33 For this reason, it will 

be important to define intervention thresholds on a country-

by-country basis.

Among the tools tested in the present study, FRAX had 

the highest discriminating ability for predicting osteoporo-

tic fractures, followed by BMD and OSTA. The AUC of 

the FRAX score (without BMD, cutoff =2.9%) to identify 

PNOVFs was 0.738, and the sensitivity and specificity were 

82% and 62%, respectively. OSTA was not effective enough 

to evaluate the risk of PNOVFs. The deficiency of OSTA 

may be due to its simplicity, and because it was designed for 

identifying primary osteoporosis only. Although both primary 

and secondary osteoporosis can lead to osteoporotic fractures, 

it would inevitably underestimate the risk of osteoporotic frac-

tures. As only a portion of the subjects in the fracture group of 

the present study suffered from osteoporosis according to the 

WHO criteria (Figure 2), this implies that only the BMD mea-

surement was limited in identifying PNOVFs. Therefore, bone 

strength may be better for evaluating the risk of osteoporotic 

fractures. Compared to OSTA and the BMD T-scores, the 

FRAX score (analyzed herein without BMD) had the best 

predictive value for PNOVFs in the present study.

Our study has several noteworthy strengths. First, our 

study was not retrospective, and all of the subjects’ ages and 

weights were recorded at the same time as the BMD measure-

ments. Second, we imposed strict inclusion and exclusion 

criteria to exclude the effects of other factors. Third, our study 

was of great clinical importance, it could help physicians who 

lack experience in primary hospitals or community health 

service centers to detect vertebral fractures early. And what 

is more, the ability of FRAX to estimate fracture risk, with 

or without BMD, is a major advantage to clinicians with less 

training when choosing treatment options.

The present study had a few limitations. First, our data 

were collected only from subjects recruited at a single hospital 

and thus cannot fully represent the entire demographics in the 

People’s Republic of China. The population structure of our 

study may be different from the actual demographic profile 

of Beijing, which could affect the generalizability of these 

Table 3 AUC and sensitivity and specificity values of the FRAX, BMD T-score, and OSTA for identifying PNOVFs

Parameter AUC (95% CI) Z P-value Cutoff Sensitivity, % Specificity, % +LR, % −LR, %

FrAX 0.738 (0.697–0.776) 8.954 ,0.001 .2.7 82.88 55.32 1.86 0.31

.2.8 82.88 57.40 1.95 0.30

.2.9* 81.98 62.08 2.16 0.29

.3.0 77.48 65.45 2.24 0.34

.3.1 75.68 67.27 2.31 0.36
T-score

Total hip 0.711 (0.669–0.751) 7.687 ,0.001 −1.4 67.57 65.45 1.96 0.50
Femoral neck 0.706 (0.664–0.746) 7.339 ,0.001 −2.5 42.34 89.87 4.18 0.64
lumbar spine 0.706 (0.664–0.746) 7.215 ,0.001 −1.6 52.25 77.14 2.29 0.62

OsTA 0.661 (0.618–0.703) 4.997 ,0.001 −1.2 53.15 76.88 2.30 0.61

Notes: *Optimal FrAX cutoff; +lr: positive likelihood ratio; −lr: negative likelihood ratio.
Abbreviations: BMD, bone mineral density; OsTA, Osteoporosis self-Assessment Tool for Asians; FrAX, fracture risk assessment tool; AUC, area under the receiver-
operating characteristic curve; PNOVFs, painful new osteoporotic vertebral fractures; CI, confidence interval.
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data. Second, it is inaccurate to define intervention thresholds 

without taking into account the setting for service provision 

and willingness to pay, as well as considerations of absolute 

costs. The results should be confirmed in other cohorts.

Conclusion
Our study found that neither BMD nor OSTA was effective 

enough to predict the risk of PNOVFs in clinical practice. 

FRAX may be an effective tool for determining a high risk of 

PNOVFs in older Chinese men, with a cutoff value of 2.9%.
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