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Abstract:

Opportunistic screening for osteoporosis can be performed using low 
dose computed tomography (LDCT) imaging obtained for other clinical 
indications. In this study we explored the CT-derived bone mineral 
density (BMD) and prevalence of osteoporosis from thoracic LDCT in a 
large population cohort of Chinese men and women. A total of 69,095 
adults (40,733 men and 28,362 women) received a thoracic LDCT scan 
for the purpose of lung cancer screening between 2018 and 2019, and 
data were obtained for analysis from the China Biobank Project, a 
prospective nationwide multicenter population study. Lumbar spine (L1-
L2) trabecular volumetric BMD (vBMD) was derived from these scans 
using quantitative computed tomography (QCT) software and the 
American College of Radiology QCT diagnostic criteria for osteoporosis 
were applied. Geographic regional differences in the prevalence of 
osteoporosis were assessed and the age-standardized, population 
prevalence of osteoporosis in Chinese men and women were estimated 
from the 2010 China census. The prevalence of osteoporosis by QCT for 
the Chinese population aged > 50 years was 29.0% for women and 
13.5% for men, equating to 49.0 million and 22.8 million respectively. In 
women, this rate is comparable to estimates from DXA, but in men, the 
prevalence is double. Prevalence varied geographically across China, 
with higher rates in the southwest and lower rates in the northeast. 
Trabecular vBMD decreased with age in both men and women. Women 
had higher peak trabecular vBMD (185.4 mg/cm3) than men (176.6 
mg/cm3) at age 30-34 years, but older women had lower trabecular 
vBMD (62.4 mg/cm3) than men (92.1 mg/cm3) at age 80 years old. We 
demonstrate LDCT-based opportunistic screening could identify large 
numbers of patients with low lumbar vBMD, and future cohort studies 
are now required to evaluate the clinical utility of such screening in 
terms of fracture prevention and supporting national health economic 
analyses.
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STROBE CHECKLIST A 

Cohort Study 

Recommendation- Cohort Study Page 

Title/Abstract/Introduction- Indicate the study’s design with a commonly used term in the title 
or the abstract. State specific objectives, including any prespecified hypotheses in introduction. 

Methods- Present key elements of study design early in the paper. Describe the setting, 
locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 
collection. 
 Give the eligibility criteria, and the sources and methods of selection of participants.

Describe methods of follow-up. For matched studies, give matching criteria and
number of exposed and unexposed

Clearly define all outcomes, exposures, predictors, potential confounders, and effect 
modifiers. Give diagnostic criteria, if applicable.  
 For each variable of interest, give sources of data and details of methods of assessment   

        (measurement). Describe comparability of assessment methods if there is more than   
         one group.
 Describe any efforts to address potential sources of bias
 Explain how the study size was arrived at

Explain how quantitative variables were handled in the analyses. If applicable, describe 
which groupings were chosen and why
 Describe all statistical methods, including those used to control for confounding. 

Describe any methods used to examine subgroups and interactions.
 Explain how missing data were addressed
 If applicable, explain how loss to follow-up was addressed
 Describe any sensitivity analyses 

Results- Report numbers of individuals at each stage of study—numbers potentially eligible, 
examined for eligibility, confirmed eligible, included in the study, completing follow-up, and 
analyzed 
 Give reasons for non-participation at each stage
 Indicate number of participants with missing data for each variable of interest
 Summarize follow-up time (eg, average and total amount)

Report numbers of outcome events or summary measures over time

Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 
precision (eg, 95% confidence interval). Make clear which confounders were adjusted 
for and why they were included. 

 Report category boundaries when continuous variables were categorized
 If relevant, consider translating estimates of relative risk into absolute risk for a

meaningful time period
 Report other analyses done—e.g. analyses of subgroups and interactions, and

Page 4 of 39Journal of Bone and Mineral Research

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Confidential - For Review Only
Recommendation- Cohort Study Page 

sensitivity analyses 

Discussion- Discuss limitations of the study, taking into account sources of potential bias or 
imprecision. Discuss both direction and magnitude of any potential bias. Discuss the 
generalisability (external validity) of the study results
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STROBE CHECKLIST B 

Case-control study 

Recommendation- Case-control study Page 

Title/Abstract/Introduction- Indicate the study’s design with a commonly used term in the title 
or the abstract. State specific objectives, including any prespecified hypotheses in introduction. 

Methods- Present key elements of study design early in the paper. Describe the setting, 
locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 
collection. 
 Give the eligibility criteria, and the sources and methods of case ascertainment and

control selection. Give the rationale for the choice of cases and controls. For matched
studies, give matching criteria and the number of controls per case.

Clearly define all outcomes, exposures, predictors, potential confounders, and effect 
modifiers. Give diagnostic criteria, if applicable.  
 For each variable of interest, give sources of data and details of methods of assessment 

        (measurement). Describe comparability of assessment methods if there is more than 
         one group
 Describe any efforts to address potential sources of bias
 Explain how the study size was arrived at

Explain how quantitative variables were handled in the analyses. If applicable, describe 
which groupings were chosen and why
 Describe all statistical methods, including those used to control for confounding. 

Describe any methods used to examine subgroups and interactions.
 Explain how missing data were addressed
 If applicable, explain how matching of cases and controls was addressed
 Describe any sensitivity analyses 

Results- Report numbers of individuals at each stage of study—numbers potentially eligible, 
examined for eligibility, confirmed eligible, included in the study, completing follow-up, and 
analyzed 
 Give reasons for non-participation at each stage
 Indicate number of participants with missing data for each variable of interest

Report numbers in each exposure category, or summary measures of exposure

Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 
precision (eg, 95% confidence interval). Make clear which confounders were adjusted 
for and why they were included. 

 Report category boundaries when continuous variables were categorized
 If relevant, consider translating estimates of relative risk into absolute risk for a

meaningful time period
 Report other analyses done—e.g. analyses of subgroups and interactions, and

sensitivity analyses
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Recommendation- Case-control study Page 

Discussion- Discuss limitations of the study, taking into account sources of potential bias or 
imprecision. Discuss both direction and magnitude of any potential bias. Discuss the 
generalisability (external validity) of the study results
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STROBE CHECKLIST C 

Cross-sectional study 

Recommendation- Cross-sectional study Page 

Title/Abstract/Introduction- Indicate the study’s design with a commonly used term in the title 
or the abstract. State specific objectives, including any prespecified hypotheses in introduction. 

Methods- Present key elements of study design early in the paper. Describe the setting, 
locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 
collection. 
 Give the eligibility criteria, and the sources and methods of selection of

participants
Clearly define all outcomes, exposures, predictors, potential confounders, and effect 
modifiers. Give diagnostic criteria, if applicable.  
 For each variable of interest, give sources of data and details of methods of assessment 

        (measurement). Describe comparability of assessment methods if there is more than 
         one group
 Describe any efforts to address potential sources of bias
 Explain how the study size was arrived at

Explain how quantitative variables were handled in the analyses. If applicable, describe 
which groupings were chosen and why
 Describe all statistical methods, including those used to control for confounding. 

Describe any methods used to examine subgroups and interactions.
 Explain how missing data were addressed
 If applicable, describe analytical methods taking account of sampling strategy
 Describe any sensitivity analyses 

Results- Report numbers of individuals at each stage of study—eg numbers potentially 
eligible, examined for eligibility, confirmed eligible, included in the study, completing follow-
up, and analyzed 
 Give reasons for non-participation at each stage
 Indicate number of participants with missing data for each variable of interest

Report numbers of outcome events or summary measures

Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 
precision (eg, 95% confidence interval). Make clear which confounders were adjusted 
for and why they were included. 

 Report category boundaries when continuous variables were categorized
 If relevant, consider translating estimates of relative risk into absolute risk for a

meaningful time period
 Report other analyses done—e.g. analyses of subgroups and interactions, and

sensitivity analyses
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Recommendation- Cross-sectional study Page 

Discussion- Discuss limitations of the study, taking into account sources of potential bias or 
imprecision. Discuss both direction and magnitude of any potential bias. Discuss the 
generalisability (external validity) of the study results
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Abstract

Opportunistic screening for osteoporosis can be performed using low dose computed 

tomography (LDCT) imaging obtained for other clinical indications. In this study we explored 

the CT-derived bone mineral density (BMD) and prevalence of osteoporosis from thoracic 

LDCT in a large population cohort of Chinese men and women. A total of 69,095 adults 

(40,733 men and 28,362 women) received a thoracic LDCT scan for the purpose of lung 

cancer screening between 2018 and 2019, and data were obtained for analysis from the China 

Biobank Project, a prospective nationwide multicenter population study. Lumbar spine (L1-

L2) trabecular volumetric bone mineral density (vBMD) was derived from these scans using 

quantitative computed tomography (QCT) software and the American College of Radiology 

QCT diagnostic criteria for osteoporosis were applied. Geographic regional differences in the 

prevalence of osteoporosis were assessed and the age-standardized, population prevalence of 

osteoporosis in Chinese men and women were estimated from the 2010 China census. The 

prevalence of osteoporosis by QCT for the Chinese population aged > 50 years was 29.0% for 

women and 13.5% for men, equating to 49.0 million and 22.8 million respectively. In women, 

this rate is comparable to estimates from DXA, but in men, the prevalence is double. 

Prevalence varied geographically across China, with higher rates in the southwest and lower 

rates in the northeast. Trabecular vBMD decreased with age in both men and women. Women 

had higher peak trabecular vBMD (185.4 mg/cm3) than men (176.6 mg/cm3) at age 30-34 

years, but older women had lower trabecular vBMD (62.4 mg/cm3) than men (92.1 mg/cm3) 

at age 80 years old. We demonstrate that LDCT-based opportunistic screening could identify 

large numbers of patients with low lumbar vBMD, and that future cohort studies are now 

required to evaluate the clinical utility of such screening in terms of fracture prevention and 

supporting national health economic analyses.

Key Words: Opportunistic screening; low dose CT; bone mineral density; osteoporosis; 

prevalence 
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Introduction

The prevalence of osteoporosis and the incidence of fragility fracture in China have increased 

markedly over the last three decades (1). Recent data report an osteoporosis prevalence of 

29.1% in women and 6.5% in men aged >50 years, equating to an estimated population 

prevalence of 49.3 million and 10.9 million respectively (2). It is estimated that by 2050, there 

will be 5.99 (95 % CI 5.44, 6.55) million fractures annually in China, costing $25.43 (95 % 

CI 23.92, 26.95) billion, reflecting a 2.7 fold increase since 2010.(3) The increase in 

osteoporosis and fracture rates reflect in part the rapidly ageing population of China(4) and 

therefore reliable estimates of the prevalence of osteoporosis and fracture incidence will be 

critical for health policy makers and care providers. 

Low dose computed tomography (LDCT) scans performed for other indications such as 

lung cancer screening can be used to assess volumetric bone mineral density (vBMD) and 

screen for osteoporosis simultaneously with no extra equipment, patient time or radiation 

exposure and at no substantial additional cost. Furthermore, vBMD data can be acquired 

retrospectively. As such, this method could be applied to expand population screening of 

osteoporosis, particularly in countries or localities where access to dual energy X-ray 

absorptiometry (DXA) is limited. According to the 2013 IOF Asia Pacific Audit report, 

access to DXA is limited in China with only 0.46 DXA systems per million inhabitants (5). 

Conversely, access to CT is markedly higher and costs are comparable(6). For the centers 

participating in the present study the average price for a DXA examination was 15.7 USD 

(110RMB) vs. 17.2 USD (120.5RMB) for QCT. Although DXA-derived areal BMD (aBMD) 

is required for osteoporosis diagnosis using the World Health Organization criteria, trabecular 
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volumetric BMD (vBMD) derived from CT can be also be used for diagnosis based on 

thresholds published by the American College of Radiology of 120 mg/cm3 and 80 mg/cm3 to 

define osteopenia and osteoporosis respectively, thresholds that were subsequently confirmed 

for the Chinese population (7-10). Furthermore, vBMD appears to be more strongly related to 

fracture risk than DXA aBMD measures (11,12).

Early screening for lung cancer in China is performed using low dose chest CT as part of a 

new long-term health strategy – Healthy China 2030, which focuses on the prevention of 

disease (13-15).  We have previously demonstrated that LDCT can be utilized in an 

opportunistic approach to also measure trabecular vBMD of the lumbar spine with high 

precision (16). The aim of this population-based study was to determine the prevalence of 

osteoporosis in China based on the analysis of lumbar spine vBMD derived from LDCT chest 

scans obtained for lung cancer screening. 

Materials and methods

Study design

The China Biobank Study is a prospective, nationwide multicenter population cohort study 

and the study design and protocol have been described elsewhere (17). The program was 

registered with the US clinical trials database (clinicaltrials.gov, trial identifier: 

NCT03699228). In the current study, LDCT chest scan data were obtained to retrospectively 

assess lumbar spine trabecular vBMD. The LDCT chest scans had been obtained primarily for 

the purpose of lung cancer screening (17). The study was reviewed and approved by the 

research ethics committee of Beijing Jishuitan Hospital and all participants provided signed 
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informed consent

Population cohort

China Biobank data were provided for 69,811 participants who had received low dose chest 

CT scans between June 2018 and June 2019 at one of the 13 institutions participating in the 

China Biobank Study. Data were excluded from the analysis for participants who were aged 

below 20 years or if the vBMD L1-L2 ratio was outside ±3 standard deviations (SD). The 

final sample comprised of 69,095 participants (Figure 1). There were 40,733 men (average 

age 49.7±12.7y, median age 49 y, range 20 to 98 y) and 28,362 women (average age 

49.6±12.4y, median age 49 y, range 20 to 95 y). Average BMI for men was 25.0 ±3.1kg/m2 

and for women 23.1 ± 3.2kg/m2. Median BMI for men was 24.8 kg/m2 (range 13.3 to 59.4 

kg/m2) and for women 22.7 kg/m2 (range 14.3 to 45.2 kg/m2). The distribution of participants 

by geographic region was as follows: Northeast China: 6.81%; North China: 3.34%; East 

China: 47.65%; South China: 5.69%; Central China: 18.13%; Southwest China: 18.38%. The 

participants in the present study were in a routine health check-up program (17) similar to the 

subjects in our previously published DXA study (2). Both cohorts were generally healthy 

subjects with the same recruitment strategy and clinical setting, similar age range and similar 

ratio of men/women. Due to the differing availability of DXA and QCT, the participating 

centers in the two studies were not the same, so the numbers of subjects from different 

regions of China were not matched. A detailed comparison of the QCT and DXA cohorts is 

shown in Supplemental Table 1. 

Low dose computed tomography
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A low dose chest CT was part of participant’s general health checkup protocol and the LDCT 

was performed according to the same protocol at every center. Mindways QCT Pro 

(Mindways Software Inc, Austin, TX) was used for all QCT vBMD measurements and all CT 

scans were acquired at 120 kVp. The LDCT images were transferred to a QCT workstation 

for analysis. No extra radiation was involved in this analysis.

Volumetric bone mineral density

Asynchronous BMD calibration in combination with the QCT Pro analysis software 

(Mindways Software Inc, Austin, TX) was used to obtain lumbar spine (L1-L2) trabecular 

vBMD (mg/cm3) (Figure 2). All analyses were performed by radiologists who were trained 

and experienced in using the QCT software. Since this protocol involved the retrospective 

processing of existing plain LDCT data, no additional radiation dose was involved. The 

prevalence of osteoporosis and of low bone mass were defined according to the American 

College of Radiology QCT diagnostic criteria of vBMD < 80 mg/cm3 and 80 to 120 mg/cm3, 

respectively (8,9). A validation study has been published confirming the suitability of these 

criteria in a Chinese population (10).

Quality control was ensured throughout the study duration using daily calibration and cross 

calibration between systems using the European spine phantom (ESP-145). The QA results 

showed the ESP vBMD measured at each center differed by less than 5 mg/cm3 on average. 

Therefore the original vBMD was used for further analysis. Based on 10 repeated scans of the 

ESP at each participating center the median coefficient of variation (%CV) for the L1-3 ESP 

vBMD was 0.48% (range 0.31%-1.20%). 
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Statistical analysis

Participants were stratified by sex, age, body mass index (BMI = kg/m2) and geographic 

region. Age groups were created according to 5-year increments from age 20 to 80+ years.  

Data were normally distributed and continuous variables were described by mean ± standard 

deviation (SD). T-tests or one-way analyses of variance (ANOVA) were used for exploring 

differences between two or more groups. Categorical variables were expressed as frequency 

and percentage and were analyzed using the chi-squared test. Univariate linear regression 

models were used to evaluate the effect of demographic parameters on vBMD values. Age 

groups, BMI levels, geographical region and the interaction between age and BMI were 

included in the models. Since the age distribution of the study population differed from that of 

the Chinese population as a whole, the sex-specific prevalence of osteoporosis was 

standardized using the China Biobank study prevalence for each 5-year age group and the 

most recent Chinese population data (2010 China Census Data) (4). The prevalence of 

osteoporosis obtained from QCT was compared with published DXA-derived prevalence rates 

from 2019 (2). All analyses were computed using R version 3.6.0 (18). Statistical significance 

was defined by a two-way test with P < 0.05.

Results

Bone mineral density and demographic factors

The demographic factors of the cohort and the mean vBMD are shown in Table 1. Figure 3 

shows the age-dependent mean vBMD (±1 SD) for each 5-year interval. Lumbar spine vBMD 

was highest in the youngest group and decreased progressively with age varying in women 
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from 185.4 mg/cm3 at age 30-34 years to 62.4 mg/cm3 at age 80+ years, and in men from 

176.6 to 92.1 mg/cm3 There was a greater rate of bone loss in women than men after the age 

of 55 years, suggesting the influence of the menopause on bone loss. 

Prevalence of osteoporosis

The prevalence of osteoporosis in participants aged over 50 years is shown in Figure 4. The 

percentage of women with osteoporosis increased from 2.8% at age 50-54 y to 79.8% at age 

85+ years. In men, the prevalence of osteoporosis was 3.2% at age 50-54 y and 44.1% at age 

85+ years. Following age-standardization using the 2010 China Census Data (4), the estimated 

prevalence of osteoporosis for the Chinese population aged over 50 years was 29.0% for 

women and 13.5% for men, equating to an estimated prevalence of 49.0 million and 22.8 

million respectively (Table 2). 

The prevalence of osteoporosis diagnosed by QCT in the current study was compared to 

recently published prevalence data based on DXA diagnosis (2). The population demographics 

from the two studies were comparable and participants from both data sets were part of the 

same general health checkup program. Prevalence rates were calculated using the same 

methods and age distribution was standardized to the same census data (2). The prevalence of 

osteoporosis for women was comparable between QCT and DXA, while for men the 

osteoporosis prevalence with QCT was double that of DXA. A more detailed comparison 

between the two cohorts is given in Supplemental Table 1.  

Regional variation in vBMD and osteoporosis prevalence

Figure 5 shows the differences in participant vBMD between the different geographic regions 
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of China. ANOVA tests with Bonferroni corrections showed that most differences between 

regions were statistically significant (Table 3). Figure 6 shows the estimated regional 

prevalence of osteoporosis in each region for age ≥50 years after standardizing to the age 

distribution in each region from the 2010 China Census (4). For women, there was a trend for 

an increase in the prevalence of osteoporosis north to south China, while for men no clear 

trend was identified. Supplemental Figure 1 shows regional data from the DXA study (2) 

plotted in a similar way.  

Discussion

In this large population multi-center study of 69,095 Chinese adults, we demonstrate the 

clinical utility and feasibility of the opportunistic use of low dose chest CT scans obtained for 

lung cancer investigations to identify patients with low lumbar spine vBMD. In doing so, we 

also report a 29% prevalence of osteoporosis in Chinese women and a 13.5% prevalence in 

men aged ≥50 years. These age-standardized estimates are similar to prevalence data from 

DXA in women, but double that reported in men (2). Furthermore, we report geographical 

variation in vBMD and osteoporosis for Chinese women. This is the first study to establish 

Chinese reference data for vBMD using opportunistic screening from low dose chest CT in a 

large population cohort. 

The opportunistic screening of osteoporosis using LDCT is clinically feasible and requires no 

additional exposure to ionizing radiation. This approach is of particular relevance in China 

because access to CT is greater than access to DXA(6). The value of this approach should also 

be considered worldwide, given that CT examinations of the thoracic cavity or abdomen are 
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frequently ordered for clinical reasons other than osteoporosis. Thus in countries where DXA 

is widely available, there is an unexploited opportunity to use CT scans for the diagnosis of 

osteoporosis and eventually for fracture risk assessment without any additional radiation 

exposure to the patient (17,19,20). In the current study, LDCT bone density and osteoporosis 

assessments were obtained from a large cohort without additional equipment or patient time, 

suggesting that this approach has potential for opportunistic screening for osteoporosis. 

However, the clinical utility of such an approach depends on whether lumbar spine vBMD is 

a sufficiently accurate predictor of future fracture risk to be the basis of treatment decisions. 

In the United Kingdom the current clinical guidelines DXA aBMD is not recommended for 

screening due to a low sensitivity (21). However, there is evidence that vBMD may be a 

more accurate predictor of fracture risk than aBMD, particularly in men (22,23). Therefore, 

future cohort studies are warranted to evaluate the clinical utility of opportunistic LDCT 

screening for fracture prevention and to support national health economic analyses.    

This study is the first report of osteoporosis prevalence assessed by QCT in China. In the 

current study, the prevalence of osteoporosis for women over 50 years was 29.0%, which is 

comparable to the prevalence of 29.1% reported for diagnoses by DXA (2). However, in men 

over 50 years, the prevalence of osteoporosis by QCT was more than twice as high as by 

DXA (13.5% v 6.5%) (2). According to these results the ratio of the prevalence rates for 

osteoporosis in women and men is 2.14 for QCT and 4.46 for DXA. It is important to 

recognize that the diagnosis of osteoporosis using DXA remains the standard, based on the 

WHO definition. It should be noted that for the DXA measurements the lowest T-score in 

three ROIs (L1-4, neck and total hip) was used, while for QCT only L1-2 vBMD was used. In 
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our earlier studies we found that QCT is more sensitive for detecting osteoporosis than DXA 

due to the technical superiority of QCT over DXA in men and women (24,25). In the DXA 

study (2) male reference data were used, whereas the International Society for Clinical 

Densitometry (ISCD) positions suggest the use of female reference data, which would 

increase the prevalence of osteoporosis in men. The difference in osteoporosis prevalence 

may reflect a high incidence of degenerative spinal changes in elderly men that can falsely 

elevate DXA aBMD (24,26).  

Studies of osteoporosis using the WHO DXA T-score criteria find prevalence in men much 

lower than that in women. A report of a nationwide population based DXA osteoporosis 

survey with over 20,000 participants conducted by the Chinese Society of Osteoporosis and 

Bone Mineral Research (CSOBMR) and the Chinese Center for Disease Control and 

Prevention found the prevalence of osteoporosis for men over 50 year old was 6% compared 

with 32.1% for women (27), similar to our DXA results. In contrast, a X-ray survey of 

osteoporotic fractures of the spine in over 14,000 subjects aged 60-98 years old conducted in 

Shanghai reported that the prevalence of vertebral deformity in men > 60 was 17% compared 

with 17.3% in women (28). The Tromsø study in Norway of 2887 women and men aged 38 to 

87 years using DXA Vertebral Fracture Assessment found a slightly higher prevalence of 

vertebral fractures in men than in women (13.8% for men vs. 11.8% for women) (29). In 

contrast, the Dubbo study in Australia reported the residual lifetime fracture risk in a person 

aged 60 years with average life expectancy was 29% for men and 56% for women based on 

symptomatic fractures (30). Comparable studies of the incidence of vertebral and hip fracture 

for the Chinese population are rare. In 2012, Bow et al. reported that the ratio of clinical 
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fractures in women and men above the age of 65 years was 1.14 for vertebral fractures and 

1.98 for hip fractures (31). From these data, the prevalence of osteoporosis found with QCT 

seems more comparable to the fracture data. However, further studies are needed to 

investigate the performance of QCT at estimating fracture risk. 

While there is a diverse literature about age-related changes and ethnic differences in DXA 

aBMD, there is relatively little literature for QCT vBMD on these topics. The most commonly 

cited QCT normative data for a Caucasian population was generated from 538 healthy women 

scanned at the University of California San Francisco (UCSF) in the 1980’s using the UCSF 

liquid calibration standard, data that were subsequently recalibrated to the Imaging Analysis 

solid phantom (Imaging Analysis, Columbia, KY) (32). Men showed a linear decline of vBMD 

with age, while women followed a cubic regression curve with higher peak vBMD than men 

at around 35 years old, then accelerated bone loss around menopause, leading to lower vBMD 

than men at older ages. Our data shows that the Chinese population follows a similar variation 

with age as Caucasians. However, a detailed comparison of vBMD between ethnicities is not 

possible because the UCSF study was acquired at 80 kVp, while the present study was 

acquired at 120 kVp and calibrated using the Mindways phantom. As in the current study, the 

Rochester Epidemiology Study found that women aged 20-29 years had higher mean lumbar 

spine trabecular vBMD than men of the same age (203 vs. 189 mg/cm3) (33), and the age-

related trajectory of trabecular bone loss in Japanese women is similar (31). To date, very few 

studies have reported data from QCT spine imaging for bone density, and have focused 

primarily on older adults (34). 
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In accordance with previous reports from DXA-based epidemiological data (2,), we found 

geographical variations in vBMD and the prevalence of osteoporosis in women. The 

prevalence of osteoporosis was generally greatest and vBMD the lowest in Southern regions 

of China compared to Northern China, similar to the differences found in our earlier DXA 

study (Supplemental Figure 1). Further studies are required to elucidate these geographical 

variations, but they may be attributable to associations with region-specific factors including 

sunlight, climate, food and lifestyle. Another factor, given the geographical variation in 

obesity in China (35), may be the effect of body weight on DXA aBMD. Users of GE-Lunar 

DXA systems will be familiar with the option to adjust Z-scores for weight. Further studies of 

geographical variations can inform strategies for allocating resources to the prevention and 

management of osteoporosis across China.

Low dose chest CT scans for early lung cancer screening can save lives (36). The National 

Lung Screening Trial in 2011 demonstrated that low dose chest CT scans are efficacious in 

reducing lung cancer mortality (37), and LDCT has since been adopted as a clinical standard 

for health checkup programs in older adults and at risk populations (15). Since the LDCT scans 

are performed annually, the opportunistic use of these scans for osteoporosis screening offers 

a clinically and likely economically viable approach to risk identification for targeted fracture 

prevention initiatives (17). 

This study has several limitations. First, although the population cohort came from multiple 

centers, as only the health checkup participants were included the cohort may not be fully 

representative of the Chinese population with the low income population under represented. 
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Second, although it is well known that QCT has technical advantages over DXA, since no 

fracture data were available in this study it is hard to judge whether DXA or QCT correctly 

diagnose osteoporosis. Third, we did not evaluate risk factors for osteoporosis such as 

smoking, alcohol consumption and parental fragility fracture history. 

In conclusion, we demonstrate the feasibility of identifying large numbers of patients with 

low lumbar spine vBMD using low dose chest CT obtained for other conditions. The age-

standardized prevalence of osteoporosis using vBMD was 29.0% for women and 13.5% for 

men, aged ≥50 years in China. Further studies are required to evaluate the clinical utility of 

opportunistic screening of the population using of low dose chest CT scans for fracture 

prevention and supporting national health economic analyses.  
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Co-PI，Dr Qiang Zeng, health management institute of PLA general hospital, Beijing, China

Co-PI Ms Xiaoxia Fu, Editorial office, Chinese journal of health management

Co-PI Yuanzheng Ma, 309 hospital, Beijing China

Co-PI Jing Wu, The Chronic Non-communicable Disease Control Center of China Disease 

Control and Prevention Center.
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Data management, Kaiping Zhao, Beijing Jishuitan hospital
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The first affiliated hospital of Harbin medical university Harbin (Dr Xigang, Xiao, Sub PI)

North China

The China-Japan friendship hospital, Beijing (Dr Xiao Ma, Sub PI)
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The Affiliated Huashan hospital of Fudan University, Shanghai (Dr Shuang Chen, Sub PI)

The Affiliated Ruijin Hospital of Shanghai Jiaotong University Medical College, Shanghai 

(Dr Yong Lu, Sub PI)
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Table 1. Demographic characteristics of China Biobank study participants

　 N Age, year Height, cm Weight, kg BMI, 
kg/m2

Total 40733 49.69±12.6
5 170.36±6.45 72.57±10.5

8
24.97±3.1
0

≥50 age 
group 20154 59.74±8.50 168.99±6.23 71.12±10.0

1
24.87±2.9
5

≥65 age 
group 4828 72.30±6.28 167.19±6.19 68.08±9.89 24.32±3.0

0

Men

≥80 age 
group 381 83.69±3.41 165.35±6.22 64.14±9.68 23.43±3.0

7

Total 28362 49.61±12.3
7 159.03±5.92 58.36±8.43 23.08±3.1

5
≥50 age 
group 13999 59.44±8.07 157.75±5.88 59.26±8.50 23.80±3.0

8
≥65 age 
group 3226 71.47±5.88 155.65±5.97 58.57±9.15 24.14±3.3

0

Wome
n

≥80 age 
group 729 83.18±2.77 153.19±5.96 55.18±9.67 23.47±3.6

1

Table 2. Age-standardized prevalence of osteoporosis and low bone mass in the participants 
aged 50 years and older, compare with published DXA data(2)

　 Men Women

　 Number (%)
Age-
standardized
%

Number (%)
Age-
standardized
%

Current QCT study
≥50 age group (n) 20154 13999
 Osteoporosis 2220 (11.02) 13.53 2945 (21.04) 28.99 
 Low bone mass 8363 (41.50) 42.98 5878 (41.99) 41.07 

Published DXA data
≥50 age group (n) 21315 20032
 Osteoporosis 920 (4.31) 6.46 4646 (23.19) 29.13 
 Low bone mass 11264 (52.85) 55.00 10022 (50.03) 49.64 
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Table 3. The p-values after Bonferroni correction of BMD differences between individual 
pairs of geographic regions 

Gender Region North 
China

East 
China

South 
China

Central 
China

Southwest 
China

Northeast China 0.004 1.000 0.800 < 0.001 < 0.001
North China 0.024 < 0.001 < 0.001 < 0.001
East China 0.001 < 0.001 < 0.001
South China < 0.001 < 0.001

Men

Central China 0.035 

Northeast China < 0.001 1.000 0.002 <0.001 <0.001
North China <0.001 1.000 0.149 1.000 
East China < 0.001 < 0.001 < 0.001
South China < 0.001 0.028

Women

Central China 　 　 　 　 0.114 
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Figure 1: Flowchart of participants

*data from 13 centers: 

Participants included in China Biobank*
2018.06-2019.06 (n=69811)

Age <20 years (n=145)

Participants >=20 years (n=69666)

Final inclusion (n=69095)

Excluded due to following 
conditions:
a. vBMD ratio L1/L2 > ± 

3SD(n=547)
b. Any biochemical indicators 

were outliers (n=24)
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Figure 2. Measurement of vBMD of L1 and L2 with Mindways QCT Pro system. Figure 2A: 

coronal view of a low-dose chest CT (LDCT) scan. Figure 2B: Positioning of sagittal and 

axial views for subsequent automatic placement of analysis volumes of interest (VOI). Figure 

2C: Analysis VOIs shown as red ellipse in axial view and yellow rectangle in sagittal view. 
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Figure 3. The mean and SD of BMD variation with age. Women had higher vBMD than men 

before age 50 while older women had lower vBMD than men.
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Figure 4. Prevalence of osteoporosis in participants aged 50 years and older. The prevalence 

increased with age in both men and women. At age 60 prevalence was already twice as high 

in women as in men and the ratio increased further at higher ages. Error bars show the 95% 

confidence intervals.  
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Figure 5. Box and whisker plots showing distributions of vBMD in men and women across 

different regions of China. 
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Figure 6. The prevalence of osteoporosis in the ≥50 years group among different regions 

measured by QCT. Both men and women from Central or Southwest of China had higher 

prevalence of osteoporosis than those from Northeast or North of China. Error bars show the 

95% confidence intervals.  
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Supplement Section

Supplemental Table 1. Comparisons of demographic characteristics between the participants 

aged 50 years and older from the current QCT study and their counterparts from published DXA 

data (2)

Men aged 50 years and older Women aged 50 years and older

QCT study DXA study P value QCT study DXA study P value

Age (years) 59.7±8.5 58.9±7.7 <0.0001 59.4±8.1 59.9±8.0 <0.0001

Height (cm) 169.0±6.2 171.6±5.9 <0.0001 157.8±5.9 159.5±5.5 <0.0001

Weight (kg) 71.1±10.0 75.2±10.4 <0.0001 59.3±8.5 62.4±9.0 <0.0001

BMI (kg/m2) 24.9±2.9 25.5±3.0 <0.0001 23.8±3.1 24.5±3.3 <0.0001

Region [N (%)]

Northeast China 1169 (5.8) 4142 
(19.4)

1048 (7.5) 3221 
(16.1)

North China 707 (3.5) 9697 
(45.5)

560 (4.0) 7012 
(35.0)

East China 9453 
(46.9)

7227 
(33.9)

6516 
(46.6)

9361 
(46.7)

South China 1272 (6.3) - 801 (5.7) -

Central China 3677 
(18.2)

- 2721 
(19.4)

-

Southwest 
China

3876 
(19.2)

249 (1.2) 2353 
(16.8)

438 (2.2)
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Supplemental Figure 1. The prevalence of osteoporosis in the ≥50 years group among 

different regions measured by DXA (2). Error bars show the 95% confidence intervals.  

Regional differences are similar to those determined by QCT shown in Figure 6. 
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