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Abstract
Summary We evaluated the relationship of bone mineral density (BMD) by computed tomography (CT), to predict fractures 
in a multi-ethnic population. We demonstrated that vertebral and hip fractures were more likely in those patients with low 
BMD. This is one of the first studies to demonstrate that CT BMD derived from thoracic vertebrae can predict future hip 
and vertebral fractures.
Purpose/Introduction Osteoporosis affects an enormous number of patients, of all races and both sexes, and its prevalence 
increases as the population ages. Few studies have evaluated the association between the vertebral trabecular bone mineral 
density(vBMD) and osteoporosis-related hip fracture in a multiethnic population, and no studies have demonstrated the 
predictive value of vBMD for fractures.
Method We sought to determine the predictive value of QCT-based trabecular vBMD of thoracic vertebrae derived from 
coronary artery calcium scan for hip fractures in the Multi-Ethnic Study of Atherosclerosis(MESA), a nationwide multicenter 
cohort included 6814 people from six medical centers across the USA and assess if low bone density by QCT can predict 
future fractures. Measures were done using trabecular bone measures, adjusted for individual patients, from three consecu-
tive thoracic vertebrae (BDI Inc, Manhattan Beach CA, USA) from non-contrast cardiac CT scans.
Results Six thousand eight hundred fourteen MESA baseline participants were included with a mean age of 62.2 ± 10.2 years, 
and 52.8% were women. The mean thoracic BMD is 162.6 ± 46.8 mg/cm3 (95% CI 161.5, 163.7), and 27.6% of participants 
(n = 1883) had osteoporosis (T-score 2.5 or lower). Over a median follow-up of 17.4 years, Caucasians have a higher rate 
of vertebral fractures (6.9%), followed by Blacks (4.4%), Hispanics (3.7%), and Chinese (3.0%). Hip fracture patients had a 
lower baseline vBMD as measured by QCT than the non-hip fracture group by 13.6 mg/cm3 [P < 0.001]. The same pattern 
was seen in the vertebral fracture population, where the mean BMD was substantially lower 18.3 mg/cm3 [P < 0.001] than 
in the non-vertebral fracture population. Notably, the above substantial relationship was unaffected by age, gender, race, 
BMI, hypertension, current smoking, medication use, or activity. Patients with low trabecular BMD of thoracic vertebrae 
showed a 1.57-fold greater risk of first hip fracture (HR 1.57, 95% CI 1.38–1.95) and a nearly threefold increased risk of 
first vertebral fracture (HR 2.93, 95% CI 1.87–4.59) compared to normal BMD patients.
Conclusion There is significant correlation between thoracic trabecular BMD and the incidence of future hip and vertebral 
fracture. This study demonstrates that thoracic vertebrae BMD, as measured on cardiac CT (QCT), can predict both hip 
and vertebral fractures without additional radiation, scanning, or patient burden. Osteopenia and osteoporosis are markedly 
underdiagnosed. Finding occult disease affords the opportunity to treat the millions of people undergoing CT scans every 
year for other indications.
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Introduction

Bone fragility and fracture risk are increased by osteo-
porosis, a systemic disease marked by structural changes 
in bone trabeculae and a decline in bone mineral density Extended author information available on the last page of the article
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(BMD) [1]. One of today’s significant public health con-
cerns is osteoporotic fractures, with the hip as the primary 
fracture site [2], and the annual number of fractures caused 
by osteoporosis is expected to rise significantly. Currently, 
most of the attention on osteoporotic fractures is focused 
on hip fractures because of their apparent symptoms and 
severe impact on quality of life, even leading to death. Hip 
fractures can be caused by various reasons, including skel-
etal and fall-related problems [3]. Early and accurate iden-
tification of individuals at risk of hip fracture is required 
to prevent osteoporosis complications. The fracture can be 
predicted by detecting the degree of osteoporosis due to 
a link between the two variables [4–6]. The dual-energy 
X-ray absorptiometry (DXA) is the most commonly used 
non-invasive imaging tool in clinical practice for assessing 
fracture risk. It has produced excellent results for evaluat-
ing osteoporosis and fractures in postmenopausal women. 
However, more data from clinical epidemiology suggests 
that DXA-based bone densitometry at the hip site has sig-
nificant limitations for predicting osteoporotic fractures 
even as the “Gold Standard” for diagnosing osteoporosis 
and fracture [7]. The main limitations are as follows: (1) 
T-scores of 2.5 SD or lower are considered osteoporosis 
in the DXA assessment system. More accurate assessment 
of bone density and fracture risk may help direct thera-
pies better, as BMD is approximately normally distributed, 
and even if those with osteoporosis have the highest risk, 
many fractures occur in those with higher BMD; (2) DXA 
is of limited utility in patients with spinal abnormalities 
or previous spinal surgery (however, this does not apply 
to DXA of the hip), and (3) Two-dimensional (2D) low-
resolution scans cannot differentiate between bone cortex 
and trabecular bone density; however, no study has dem-
onstrated that separation of cortical and trabelucar bones 
provides significant advantages for hip fracture prediction. 
It is crucial to find approaches to better estimate fracture 
risk, quantify BMD with greater accuracy, and provide 
effective treatment strategies.

Initial studies suggested that the trabeculae bone, rather 
than cortical bone, is more suited for assessing BMD, 
as well as for following osteoporosis and pharmaceuti-
cal treatments [8–13]. CT scans of the heart or chest are 
being used with increasing frequency to detect lung cancer 
or determine the degree of coronary artery calcification. 
The latest data suggest that BMD and osteoporosis risk 
classification can be accurately determined using non-con-
trast CT-based spinal BMD evaluation without incurring 
additional medical expenses or radiation exposure issues 
[14, 15]. Based on MESA data, this study investigated the 
predictive significance of trabecular BMD for vertebral 
and hip osteoporotic fractures in a community-based, mul-
ticenter, multiethnic atherosclerosis cohort study.

Methods

Study population

The Multi-Ethnic Study of Atherosclerosis (MESA) is a 
population-based prospective cohort study to identify risk 
factors for subclinical atherosclerosis, which includes 6814 
participants, free from known CVD at baseline, comprising 
four race/ethnic subgroups, recruited from six clinical sites 
across the USA. All subjects completed cardiac CT scans 
for subclinical atherosclerosis evaluation at a baseline and 
subsequent multiple follow-up visits over 17 years.

Exposure variables

Covariates from the MESA include age, sex, race/ethnicity, 
systolic and diastolic blood pressure, hypertension (JNC VI 
definition), weight, body mass index (BMI) and waist cir-
cumference (all measured), cigarette smoking status, meno-
pausal (year), 25 hydroxy-vitamin D, parathyroid hormone, 
and medication use (including corticosteroids, antacids, 
hormone replacement therapy, bisphosphonates, selective 
serotonin reuptake inhibitor, and statins).

CT scan protocol

Detailed methods were published earlier [13]. Briefly, the 
participants’ cardiac CT images were collected by MESA 
from six medical centers across the USA [14]. The specific 
number of images are as follows: 443 (21.8%) sets of car-
diac CT images from Johns Hopkins University, 400 (19.7%) 
images from the University of Minnesota, 386 (19.0%) 
images from Northwestern University, and 369 (18.2%) 
images from the University of California, Los Angeles. 
The CT scanning parameters are uniformly set limited to 
130 kVp and variable mA according to participants’ body 
weight with baseline tube current 630 mAs at Chicago, Los 
Angeles, and New York. Another three medical centers from 
Baltimore, Forsyth County, and St. Paul use kVp of 120 and 
tube current mAs of 600. The trabecular vertebral BMD was 
measured on the NVivo workstation (Columbia, KY). Mean 
doses were < 1 millisievert for this cohort.

Quantitative assessment of trabecular BMD

The measurement of three consecutive thoracic vertebral 
BMDs started at the section level containing the left main 
coronary artery caudally (Fig. 1). Only the images with at 
least T7-T11 vertebrae were used. The ROIs were placed 
in the center of each vertebral body, 2 mm from the spinal 
column’s cortical margin. The low-quality image regions 
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and pathological changes, such as extraosseous calcium 
deposits, a crush fracture, and image regions with high 
noise, are automatically reconstructed or excluded (54 
cases). The density of all bones was measured as trabecu-
lar bone components. Two experienced physicians evalu-
ated the quality of BMD [16, 17]. In this study, we also 
analyzed the T-score, a traditional osteoporosis indica-
tor. A T-score between − 1 and less than − 2.5 indicates 
osteopenia, and a T-score of − 2.5 or lower indicates 
osteoporosis.

The method of conversion of the Hounsfield units (HU) 
value to bone mineral density (BMD) was originally per-
formed with this method by earlier work using calibration 
phantoms that contain known concentrations of calcium 
hydroxyapatite (in mg/cm3) which were scanned when the 
patient underwent their CT scans. From this earlier work, 
our methodology now entails that the mean and standard 
deviation of the HU values were transformed into calcium 
hydroxyapatite concentration (mg/cm3) using the corre-
sponding slope and the linear regression line [18].

Hip fracture assessment

Hip fracture diagnosis was identified upon review of Inter-
national Classification of Disease (ICD) 9 and 10 codes 
associated with the participant’s hospital records, as well 
as reports from in-person examinations of hip fractures 
from interviewer-administered medical and surgical his-
tory forms.

Vertebral fracture assessment

Vertebral fractures were detected from all included tho-
racic vertebrae in each scan. Vertebral heights in the sag-
ittal reconstructions were obtained from 2.5-mm thick 
CT slices. Osteoporosis-related hip fracture and vertebral 
fracture were classified based solely on morphometry 
measurements using the Genant et al. criteria [19] and the 
Lenchik methods [20]. Briefly, posterior heights of the T1 
to L5 vertebrae were measured. The degree of vertebral 
deformity was derived by comparing a ratio of heights 
with the adjacent upper and lower vertebral body when, on 
visual inspection, it exhibited more than 15% height loss, 
and fractures were graded as mild (15–24% reduction), 
moderate (25–49% reduction), or severe (> 50% reduction) 
based on the degree of height loss (Fig. 1). The vertebral 
volume reduction is also referenced to the change of the 
adjacent vertebrae. Only moderate to severe compression 
vertebral fractures were recorded to avoid false-positive 
and ambiguity with mild borderline deformities. Changes 
in the degree of compression and deformation of the ver-
tebral body were also quantitatively recorded by compar-
ing a ratio of heights with the adjacent upper and lower 
vertebral body.

Prevalent fractures were considered if present on base-
line CT scans at examination 1. Incident fractures were 
considered if newly found on subsequent scans. MESA 
participants underwent CT scanning approximately every 
2.5  years over 10  years, so time to fracture was also 
assessed.

Fig. 1  Quantitative computed tomography (QCT)-based trabecular thoracic bone densities measurement
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Model for prediction

A predictive model for thoracic spine osteoporosis and frac-
ture is implemented in a two-step strategy. The initial analy-
sis is based on univariate analysis for the initial screening 
of covariates in the model. In this step, the image features 
extraction focused on the trabecular BMD of thoracic verte-
brae, which was decided by CT Hounsfield units (HU) value. 
The covariates in the multivariate regression model were 
used to quantify the relationship between thoracic BMD and 
fracture risk through both the unadjusted model and adjusted 
model based upon gender, age, race/ethnicity, body mass 
index (BMI), current tobacco use, use of three or more units 
of alcohol per day, and other causes of secondary osteopo-
rosis. All statistical analyses were performed using SAS 9.4 
(SAS Institute, Cary, NC).

Results

The demographic and clinical characters 
of the participants by race

The basic demographic and clinical characteristics of the 
participants stratified by race are shown in Table 1. There 
were 3601 women (52.8%) among the 6814 men and women 
with a mean age of 62.2 ± 10.2 years. The subgroup’s race/
ethnicity was as follows: 2622 (38.5%) Caucasians, 804 
(11.8%) Chinese Americans, 1892 (27.8%) African Ameri-
cans, and 1496 (22.0%) Hispanics.

The mean thoracic BMD is 162.6 ± 46.8 mg/cm3 (95% 
CI 161.5, 163.7), and 27.6% of participants (n = 1883) had 
osteoporosis (T-score 2.5 or lower). Table 1 displays the val-
ues for vertebral BMD and fracture across multiple sociode-
mographic groups. The mean BMD of the thoracic spine was 

162.6 ± 46.8 mg/cm3 (95% CI 161.5, 163.7). Over a median 
follow-up of 17.4 years, the mean time to first hip fracture 
was 11.1 ± 3.0 years, and the mean time to first vertebral 
fracture was 9.8 ± 3.7 years. The test for differences in frac-
tures by race/ethnicity was performed for significant effect 
modification (Table 1). When stratified by race, Caucasians 
have a higher rate of vertebral fractures (6.9%), followed 
by African Americans (4.4%), Hispanics (3.7%), and Chi-
nese (3.0%). For hip fractures, similar but slightly different 
fracture distribution patterns are as follows: Whites had the 
highest rate of hip fractures (1.9%), followed by Hispanics 
(0.6%), and Chinese (0.6%), and African Americans had the 
lowest rate of hip fractures (0.4%). The hip fracture rate 
was significantly higher in women than men (1.3% vs. 0.7%, 
P = 0.024). No significant differences in rates of vertebral 
fractures were seen across genders (5.1% vs. 5.0% for men 
and women respectively, P = 0.94). There was a high consist-
ency between vertebral fracture and hip fracture.

Osteoporosis

We also analyzed the T-score, a traditional indicator of 
osteoporosis. The T-score for the QCT-based trabecular 
vBMD of thoracic vertebrae was calculated by the differ-
ence between the individual’s BMD and a reference popu-
lation mean, divided by the standard deviation of the refer-
ence population, derived from the bone mass of an average 
healthy 30-year old adult, which we derived using CAC 
scans using the same method [16, 17]. In this study popula-
tion, the proportion of people with normal BMD was 29.8% 
(T-score ≥  − 1). 42.5% of participants had low BMD but 
had not yet developed osteoporosis (− 2.5 < T-score <  − 1), 
whereas 27.6% developed osteoporosis (T-score ≤  − 2.5). 
When stratified by race, African Americans had higher 
T-scores (mean − 1.0 ± 1.4), followed by Hispanics (mean 

Table 1  The demographic 
and clinical characters of the 
participants (stratified by race) 

Caucasian
(n = 2622)

Chinese
(n = 804)

African American
(n = 1892)

Hispanic
(n = 1496)

P value

Age, yrs 62.6 ± 10.2 62.3 ± 10.3 62.1 ± 10.1 61.3 ± 10.3  < 0.001
Females, n (%) 1362 (51.9) 414 (51.5) 1050 (55.5) 775 (51.8) 0.06
BMI, kg/cm2 27.7 ± 5.1 24.0 ± 3.3 30.2 ± 5.9 29.4 ± 5.1  < 0.001
LDL 117.1 ± 30.1 115.1 ± 28.9 116.5 ± 33.0 119.5 ± 32.9 0.005
HDL 52.2 ± 15.7 49.5 ± 12.7 52.4 ± 15.3 47.6 ± 13.1  < 0.001
Chol 195.7 ± 35.1 192.6 ± 31.8 189.6 ± 36.3 197.9 ± 37.5  < 0.001
BMD 147.1 ± 41.1 155.6 ± 41.8 184.4 ± 48.7 165.7 ± 45.1  < 0.001
T-score  − 2.1 ± 1.2  − 1.8 ± 1.2  − 1.0 ± 1.4  − 1.5 ± 1.3  < 0.001
Z-score  − 0.4 ± 1.0  − 0.2 ± 1.0 0.7 ± 1.3 0.1 ± 1.1  < 0.001
Hypertension, n (%) 1011 (38.6) 301 (37.4) 1125 (59.5) 621 (41.5)  < 0.001
Vertebral fracture, n (%) 182 (6.9) 24 (3.0) 83 (4.4) 56 (3.7)  < 0.001
Hip fracture, n (%) 49 (1.9) 5 (0.6) 8 (0.4) 9 (0.6)  < 0.001
Total fracture, n (%) 226 (8.6) 28 (3.5) 90 (4.8) 65 (4.3)  < 0.001
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T-score − 1.5) and Chinese (mean T-score − 1.5). Whites had 
the lowest T-score values (mean T-score − 2.1 ± 1.2), signifi-
cantly lower than African Americans (P < 0.001).

We observed the presence of a clear linear relationship 
showing lower thoracic trabecular BMD is associated with a 
higher risk of incident hip fractures (Table 2). We also found 
that a lower trabecular thoracic BMD was associated with a 
higher risk of hip fracture after adjustment of age, gender, 
race/ethnicity, BMI, hormone levels (25OHD and PTH), and 
other traditional CAD risk factors. This was confirmed by 
the results of the multivariate regression model after adjust-
ing the above confounders.

Compared with the non-fracture group, the hip frac-
ture group had significantly lower trabecular BMD in 
the thoracic spine than the non-fracture group (BMD β 
(Se): − 15.34 kg/mm3, 95% CI − 24.64, − 6.04, P = 0.0012). 
The same trend was seen in other non-hip fracture groups 
(BMD β (Se): − 16.43 (2.03), 95% CI − 20.42, − 12.45, 
P < 0.001). In Cox proportional hazards models, a lower tra-
becular thoracic BMD was associated with a higher risk of 
hip fracture after adjustment by age, gender, race/ethnicity, 

BMI, hormone levels (25OH vitamin D and PTH), and other 
traditional CAD risk factors, as demonstrated by the multi-
variate regression model after adjusting the above confound-
ers. Patients with low trabecular BMD of thoracic vertebrae 
showed a 1.57-fold greater risk of first hip fracture (HR 1.57, 
95% CI 1.38–1.95) and a nearly threefold increased risk of 
first vertebral fracture (HR 2.93, 95% CI 1.87–4.59) com-
pared to normal BMD patients.

Additional multivariable regression analysis were per-
formed evaluating the relationship between thoracic BMD 
and hip fracture (Table  3). Hip fracture patients had a 
lower baseline BMD than the non-hip fracture group by 
13.6 mg/cm3 (95% CI − 22.8, − 4.4 mg/cm3, P < 0.001). The 
same pattern was seen in the vertebral fracture, where the 
mean BMD was substantially lower at 18.3 mg/cm3 (95% 
CI − 22.5, − 14.0 mg/cm3, P < 0.001) than in the non-ver-
tebral fracture population. Notably, the above substantial 
relationship was unaffected by age, gender, race/ethnicity, 
BMI, hormone levels (25OH vitamin D and PTH), and other 
traditional CAD risk factors demonstrated by the multivari-
ate regression model after adjusting the above confounders.

Table 2  QCT-based on spine 
trabecular bone mineral density 
(stratified by sociodemographic)

Participants, 
no. (%)

Thoracic BMD 
(mg/cm3)

Vertebral frac-
ture no. (%)

Hip fracture no. (%)

Age, yrs
   < 65 4083 177.7 ± 43.7 142 (3.5) 16 (0.4)
  65–74 1925 145.1 ± 42.0 134 (7.0) 23 (1.2)

   ≥ 75 806 127.6 ± 39.4 69 (8.6) 32 (4.0)
Gender, n (%)

  Women 3601 162.1 ± 49.7 183 (5.1) 47 (1.3)
  Men 3213 163.1 ± 43.4 162 (5.0) 24 (0.7)

Race, n (%)
  Caucasian 2622 147.1 ± 41.1 182 (6.9) 49 (1.9)
  Chinese 804 155.6 ± 41.8 24 (3.0) 5 (0.6)
  African American 1892 184.4 ± 48.7 83 (4.4) 8 (0.4)
  Hispanic 1496 165.7 ± 45.1 56 (3.7) 9 (0.6)

BMI, mean (SD)
   < 25 1952 149.9 ± 43.5 92 (4.7) 32 (1.6)

  25–30 2666 160.2 ± 45.0 130 (4.9) 25 (0.9)
   ≥ 30 2196 176.8 ± 48.0 123 (5.6) 14 (0.6)
Medication use

  Hormone replacement 1029 167.4 ± 45.1 54 (5.2) 14 (1.4)
  Thiazolidinediones 103 161.9 ± 48.9 8 (7.8) 1 (1.0)
  Statins 1010 153.6 ± 43.8 59 (5.8) 9 (0.9)

Selective serotonin
  Reuptake inhibitor 322 156.7 ± 46.2 20 (6.2) 3 (0.9)
  Oral steroids 105 143.2 ± 46.5 8 (7.6) 2 (1.9)

T-score, n (%)
  T-score ≥  − 1 2033 218.1 ± 30.6 35 (1.7) 6 (0.3)

   − 2.5 < T-score <  − 1 2898 158.0 ± 14.5 139 (4.8) 15 (0.5)
  T-score ≤  − 2.5 1883 108.4 ± 18.3 171 (9.1) 50 (2.7)
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Discussion

This study demonstrates that thoracic BMD predicts both 
future vertebral and hip fractures. The risk of undetected 
osteoporosis is too high, and can be moderated by detection 
of BMD on every lung and cardiac CT scan performed. This 
could leverage many of the 90 million CT scans done every 
year and allow opportunistic measure of BMD to allow for 
earlier detection of osteoporosis, affording patients and clini-
cians the ability to institute treatments, both with lifestyle and 
medical therapy as needed, prior to the fracture or advance-
ment of disease. In this study, we analyzed MESA baseline 
CT scans and evaluated the value of thoracic vertebral BMD 
for incident vertebral and hip fractures (mean follow up of 
12 years). Based on data from the National Health and Nutri-
tion Examination Survey III (NHANES III), the National 
Osteoporosis Foundation (NOF) has estimated that approxi-
mately ten million Americans have osteoporosis and an addi-
tional 43 million have osteopenia [21]. Approximately half 
of Caucasian women and one in five men will experience an 
osteoporosis-related fracture at some point in their lifetime. 
Although osteoporosis is less frequent in African Americans, 
those who develop osteoporosis had a similar elevated fracture 
risk as Caucasians in this study. However, it has been African 
American women who sustain a fracture from osteoporosis 
have a one-third higher mortality than white women, high-
lighting the need for equity in access to osteoporosis screen-
ing [22]. The hazards of hip fractures have long been under-
estimated. Once a patient suffers a hip fraction, they have a 
8–36% increased risk of death within 1 year, and a higher 
mortality in men than women [22]. Approximately 20% of 
hip fracture patients require long-term nursing home care, and 
less than half fully regain their pre-fracture level of independ-
ence [23]. Cardiac computed tomography (CT), as a 3D high-
definition imaging modality has been shown to be sensitive for 
detecting osteoporotic vertebral fractures, and can increasing 

play an important role in the diagnosis and management of 
osteoporotic vertebral fractures. To date, tens of millions of 
CT scans are taken annually in the USA [24]. If utilized to 
assess osteoporosis and predict fracture risk, it would consid-
erably boost diagnosis of osteoporosis and screen for people 
at high risk of hip fracture. An increasing body of evidence 
demonstrates that CT can assess bone microstructure [25] 
with improved resolution and accuracy as compared to other 
methods (ultrasound, MRI, or DXA) [26, 27]. Furthermore, 
the ability to detect slight changes in bone density makes it 
possible to intervene clinically in the early stages of osteopo-
rosis [28]. The significant association between vertebral BMD 
and hip fracture shown in our work will also allow tens of 
millions of patients to acquire an assessment of bone health 
condition and hip fracture risk prediction based on chest CT 
images without additional radiation, scans, or patient burden. 
This can be introduced during or after CT acquisition, as no 
phantom or specific acquisition methodology is required, and 
it has been validated on numerous CT platforms [17].

The National Osteoporosis Foundation (NOF) recommends 
BMD assessment for all women age 65 years and older and 
men age 70 years and older, regardless of clinical risk factors, 
as well as younger postmenopausal women, women in the 
menopausal transition, and men age 50 to 69 years with clini-
cal risk factors for fracture [23]. Furthermore, adults with a 
fracture after age 50 years, and conditions such as rheumatoid 
arthritis and medications (such as prednisone) that are associ-
ated with bone loss. Sensitive detection of BMD is a key issue 
to monitor and evaluate the individual’s bone mineral status 
[17, 25, 29–31] and has been shown in multiple studies to be 
more sensitive than DXA [31]. We have compared the 3 T 
method utilized here to DXA scans and demonstrated that tho-
racic CT BMD provides a more sensitive method for detect-
ing bone mineral loss when compared to DXA. Quantitative 
computed tomography has excellent data on BMD and frac-
ture risk assessment, and population-based measures [16, 30]. 
We have demonstrated that CT has the capability to assess 
the microarchitecture of the bone [25], with superior resolu-
tion and accuracy as compared to other measures (ultrasound, 
magnetic resonance, or DXA) [26, 27]. Furthermore, there 
are ample therapies to treat osteoporosis and osteopenia, so 
detection will allow for earlier intervention [28]. Knowing that 
this 3 T method of BMD detection can predict fractures will 
enable tens of millions to measure BMD without additional 
radiation, scanning, or patient burden. This can be added at 
the time of CT acquisition or retrospectively, as no phantom 
or specific acquisition protocols are required, and has been 
validated on numerous CT platforms [17].

Limitations

Limitations may affect our results. Due to the lack of avail-
able data in MESA, we did not compare QCT thoracic 

Table 3  Hazard ratio (HR) for annualized absolute incident vertebral 
and hip fractures. Multivariable regression analysis of the association 
between thoracic BMD and incident hip fracture, vertebral fractures

Hip fracture, major osteoporotic fracture.
BMD, bone mineral density; H.R., hazard ratio.
¶Adjusted for age, race/ethnicity, history of fracture, BMI, hyperten-
sion, lifestyle, and smoking status, current medication therapy use.
§HR was calculated for annualized absolute thoracic BMD (per one 
standard deviation, SD). Predict the first fractures.

Unadjusted Adjusted model

HR (95% CI) § P value HR (95% CI) § 95% CI

Vertebral 
fracture

1.27 (0.17, 
4.22)

0.38 2.93 (1.87, 
4.59)

 < 0.001

Hip fracture 1.86 (0.16, 
4.46)

0.85 1.57 (1.38, 
1.95)

 < 0.001
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vertebral BMD to DXA-based hip BMD, as those varia-
bles were not available; however, we previously compared 
results of 3 T thoracic bone density to DXA and found 
high correlation [28]. While data on medications for par-
ticipants in MESA is available, it is possible some par-
ticipants’ osteoporosis medication records were missing, 
which may have led to differing BMD values and fracture 
risk. It is possible that site-specific assessment is superior 
in order to predict site-specific fracture risk (i.e., QCT or 
DXA of the hip to predict hip fractures). A prospective 
study comparing DXA of the hip to CT of the spine is 
warranted, but beyond the scope of this study.

We demonstrated that the OR for a hip fracture is 1.57, 
somewhat lower than other cohort studies evaluating QCT. 
The reason for this may be twofold. First, our population is 
healthier, and not specifically at risk of osteoporosis, unlike 
the other studies done in a higher risk population. We used 
a healthy cohort of patients undergoing cardiac CT in this 
study. Furthermore, it may be possible that lumbar CT is a 
superior method to assess BMD, but no head-to-head com-
parison is available. We have demonstrated previously that 
changes in thoracic vertebrae occur earlier than lumbar, so it 
is possible that thoracic is an earlier sign of bone loss, requir-
ing longer follow-up to demonstrate incident fractures [9, 31].

Finally, measures of BMD using this technique were 
not performed in a completely automated fashion—this is 
an important deficiency for opportunistic screening, and 
fully automated systems are being developed to address 
mass screening.

Conclusions

In summary, our data demonstrate that the trabecular BMD 
status, as measured on three consecutive thoracic verte-
brae, was an independent predictor of future hip and ver-
tebral fractures in this population-based study. This finding 
has important clinical implications. Our results support 
our initial hypothesis that the trabecular BMD status at 
the thoracic vertebrae was sensitive to identify osteopenia 
and osteoporosis and predicted hip and vertebral fractures. 
It suggests that measuring BMD at the thoracic vertebrae 
could be a useful tool for identifying patients, who are 
at high risk for hip and vertebral fractures without addi-
tional burden and radiation dose exposure, and effective 
at screening of people at risk for fracture across multiple 
ethnicities, races, ages, and gender.
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