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ORIGINAL RESEARCH • CARDIAC IMAGING

Osteoporosis is a prevalent, under-diagnosed, and treatable 
disease associated with substantial morbidity and mor-

tality (1,2). Optimal treatment to help prevent osteoporosis 
(hereafter, referred to antiosteoporotic treatment)  may re-
duce the risk of fracture by up to 87% (3). Current guidelines 
recommend testing for osteoporosis by using dual-energy x-
ray absorptiometry despite its two-dimensional analysis of 
bone mineral density (BMD), which is susceptible to errors 
because of calcified tissue and degenerative spine disease 
(4,5). Quantitative CT is a well-established method for vol-
umetric BMD assessment. Quantitative CT has undergone 
rapid development within the past decade and has a high 
reproducibility and technical feasibility (4,6,7). However, 
the official position report from the International Society for 
Clinical Densitometry states that future prospective quanti-
tative studies on the basis of CT are needed to evaluate the 
use of quantitative CT for fracture risk assessment (8).

Patients may undergo chest CT for numerous reasons. 
The prevalence of chest CT imaging provides a unique op-
portunity for opportunistic BMD testing. A group who 
frequently undergo chest CT are individuals referred for 
cardiac CT because of symptoms suggestive of coronary ar-
tery disease (9). Cardiac CT is a recommended technique 
for diagnosing coronary artery disease (10). The radiation 
dose of cardiac CT has decreased over time, and the clini-
cal use of cardiac CT is continuing to expand (11). Car-
diac CT images part of the thoracic spine, which allows 
for spine BMD measurement. Furthermore, noncontrast 
agent–enhanced examinations are routinely performed to 
estimate coronary artery calcium content. Such examina-
tions are preferred for BMD assessment because contrast 
enhancement increases BMD measurements (12,13).

Thoracic spine quantitative CT-measured BMD is a 
new area of focus with currently little evidence to support 
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Background: Osteoporosis is a prevalent, under-diagnosed, and treatable disease associated with increased fracture risk. Bone mineral 
density (BMD) derived from cardiac CT may be used to determine fracture rate.

Purpose: To assess the association between fracture rate and thoracic BMD derived from cardiac CT.

Materials and Methods: This prospective cohort study included consecutive participants referred for cardiac CT for evaluation of isch-
emic heart disease between September 2014 and March 2016. End of follow-up was June 30, 2018. In all participants, volumetric 
BMD of three thoracic vertebrae was measured by using quantitative CT software. The primary and secondary outcomes were any 
incident fracture and any incident osteoporosis-related fracture registered in the National Patient Registry, respectively. Hazard 
ratios were assessed by using BMD categorized as very low (,80 mg/cm3), low (80–120 mg/cm3), or normal (.120 mg/cm3). The 
study is registered at ClinicalTrials.gov (identifier: NCT02264717).

Results: In total, 1487 participants (mean age, 57 years 6 9; age range, 40–80 years; 52.5% women) were included, of whom 179 
(12.0%) had very low BMD. During follow-up (median follow-up, 3.1 years; interquartile range, 2.7–3.4 years; range, 0.2–3.8 
years), 80 of 1487 (5.3%) participants were diagnosed with an incident fracture and in 31 of 80 participants, the fracture was os-
teoporosis related. In unadjusted Cox regressions analyses, very low BMD was association with a greater rate of any fracture (hazard 
ratio, 2.6; 95% confidence interval [CI]: 1.4, 4.7; P = .002) and any osteoporosis-related fracture (hazard ratio, 8.1; 95% CI: 2.4, 
26.7; P = .001) compared with normal BMD. After adjusting for age and sex, very low BMD remained associated with any fracture 
(hazard ratio, 2.1; 95% CI: 1.1, 4.2) and any osteoporosis-related fracture (hazard ratio, 4.0; 95% CI: 1.1, 14.6).

Conclusion: Routine cardiac CT can be used to help measure thoracic bone mineral density (BMD) to identify individuals who have 
low BMD and a greater fracture rate.
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number 1–10–72–190–14) and the Danish Data Protection 
Agency (case number 1–16–02–345–14). The study was regis-
tered at ClinicalTrials.gov (identifier NCT02264717). This study 
was funded by the Danish Council for Independent Research 
(DFF–7025–00103), the Danish Heart foundation (15-R99-
A5837–22920), the Hede Nielsen Foundation, and Acarix A/S 
(unrestricted grant). Authors who are not consultants for Acarix 
A/S had control of inclusion of any data and information that 
might present a conflict of interest for those authors who are 
consultants for Acarix A/S.

Cardiac CT Acquisition
Participants underwent a noncontrast-enhanced cardiac CT 
according to clinical guidelines as previously described (16). 
A 320 multi–detector row volume CT scanner (Aquilion One; 
Toshiba Medical Systems, Otawara, Japan) was used. Imag-
ing parameters were as follows: gantry rotation, 0.35 seconds; 
0.5-mm section collimation; tube voltage, 120 kV; and the 
table height was adjusted to participant size. We calibrated 
BMD data by using a phantom (Mindways Solid 3 phantom; 
Mindways Software, Austin, Tex; Fig 2, Appendix E2, Table 
E1 [online]). The phantom was imaged in between participant 
examinations during the study period for phantom-based asyn-
chronous calibration.

BMD Measurements
The origin of the left main coronary artery was located visually 
on CT images. The vertebra located at this level was chosen 
for analysis together with the next two caudal vertebrae. Mean 
BMD in milligrams per cubic centimeter was calculated for the 
three vertebrae included for each participant (Fig 2). Volumet-
ric BMD measurements were obtained by using the commer-
cially available semiautomatic software (Mindways QCT Pro; 
Mindways Software) by one reader (J. Therkildsen, with 2 years 
of experience in analyzing quantitative CT) independently and 
blinded to participant data. Participants were categorized into 
normal (.120 mg/cm3), low (80–120 mg/cm3), and very low 
BMD (,80 mg/cm3) according to American College of Ra-
diology recommendations for lumbar spine quantitative CT 
(18). A detailed protocol and BMD results were published pre-
viously for the study cohort (n = 1487) (9,17).

Data Sources
We used nationwide Danish registries for data extraction. 
The National Patient Registry holds information on all 
contacts to nonpsychiatric departments and since 1995, all 
psychiatric inpatient and all outpatient contacts. Diagnoses 
were coded according to the International Classification of 
Diseases, 10th edition (19). We used the following codes: 
any fracture, S02, S12, S22, S32, S42, S52, S62, S72, S82, 
S92, T02, T08, T10, and T12; and any osteoporosis-related 
fracture, S72.0–S72.2, S12, S22.0–S22.1, S32.0–S32.2, 
S32.7, S32.8, T08, S52, and S42.2–S42.4. An osteoporosis-
related fracture was defined as a fracture of the hip, spine, 
forearm, or humerus (20). Data regarding comorbidity were 
extracted and a Charlson comorbidity index was calculated 
(Appendix E3, Table E2 [online]).

Abbreviations
BMD = bone mineral density, CI = confidence interval

Summary
Cardiac CT can be used to evaluate fracture rate by assessing the 
bone mineral density of thoracic vertebrae.

Key Results
 n During a median 3.1-year period, 80 of 1487 (5.3%) participants 

were diagnosed with an incident fracture, and the fracture was 
related to osteoporosis in 31 of 80 participants.

 n During follow-up, very low bone mineral density (BMD; BMD 
, 80 mg/cm3) was associated with a greater rate of any fracture 
and any osteoporosis-related fracture compared with normal BMD 
(BMD . 120 mg/cm3), with hazard ratios of 2.6 (P = .002) and 
8.1 (P = .001), respectively.

its clinical use because most previous research has primarily fo-
cused on lumbar spine quantitative CT (14). A recent study 
(9) demonstrated that opportunistic BMD testing in patients 
referred for cardiac CT is feasible. In this study, a substantial 
number of participants had very low BMD, and a majority of 
these participants had not previously been diagnosed with osteo-
porosis or undergone antiosteoporotic treatment.

To the best of our knowledge, no previous studies have as-
sessed the association between quantitative thoracic spine BMD 
assessed from cardiac CT and future fracture risk. Furthermore, 
optimal thresholds for thoracic spine BMD measured at quanti-
tative CT have not been reported. The purpose of our study was 
to assess the association between fracture rate and thoracic BMD 
derived from cardiac CT.

Materials and Methods

Study Design
We performed a prospective observational analysis of study 
participants consecutively included in the Danish study of 
the Noninvasive Testing in Coronary Artery Disease, or Dan-
NICAD, trial 1 (15). Previous studies including the same or 
part of the same participant population are listed in Appendix 
E1 (online). None of those studies assessed the association be-
tween thoracic BMD and fracture rate. Study participants were 
referred for routine cardiac CT and had a low-to-intermediate-
risk coronary artery disease profile and symptoms suggestive 
of coronary artery disease (16). Participants were included be-
tween September 2014 and March 2016 at two hospitals. End 
of follow-up was June 30, 2018.

Inclusion and exclusion criteria were reported previously 
(16,17). Participants with an indication for coronary CT angi-
ography were included (Figure 1). Participants provided written 
informed consent before enrollment. They were interviewed by a 
trained study nurse who collected patient data. The primary and 
secondary outcomes were any incident fracture and any incident 
osteoporosis-related fracture reported to the Danish National 
Patient Registry.

The study followed the principles of the Declaration of Hel-
sinki. Approval to conduct the study was given by the Central 
Denmark Regional Committee on Health Research Ethics (case 
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in Appendix E3 (Tables E3, E4, 
E5 [online]). Missing data were 
omitted from regression analy-
ses and assessed as missing at 
random. We did not adjust for 
antiosteoporotic medication 
because of the low number of 
users. Because of a nonlinear re-
lation between fracture and age, 
we performed sensitivity analy-
ses by using a three-knots piece-
wise polynomial model for age.

Cumulative incidence func-
tions for outcomes were com-
puted to display the rate over 
time adjusted for competing 
risk of death. Fracture rate was 
analyzed with time since enroll-
ment as the time scale. We as-

sessed optimal BMD cutoff values by using empirical estima-
tions for optimal outcome prediction. Furthermore, we assessed 
a selected cutoff value of 80 mg/cm3. Sensitivity, specificity, and 
area under the receiver operating characteristic curve are re-
ported. Sample size calculation was published previously (16). 
Data were analyzed by using Stata/IC 16 (StataCorp, College 
Station, Tex).

Results
Demographic and clinical data and information are in Table 
1. The final study cohort was composed of 1487 participants 
(mean age, 57 years 6 9 [standard deviation]; age range, 40–
80 years). The majority (1474 of 1487; 99.1%) of the par-
ticipants were White. A total of 781 (52.5%) were women, 
most of whom were postmenopausal (597 of 700; 85.3%). The 
mean BMD for the total cohort was 119 mg/cm3 6 34. No 
significant differences in mean age (57 years 6 9 vs 57 years 
6 9, respectively; P = .09) or mean BMD (119 mg/cm3 6 
31 vs 120 mg/cm3 6 38, respectively; P = .56) between men 
and women were observed. The median follow-up time was 
3.1 years (interquartile range, 2.7–3.4 years; range, 0.2–3.8 
years; 4503 person-years). No participants were lost to follow-
up. In total, 32 participants redeemed a prescription of anti-
osteoporotic medication within 6 months before the cardiac 
CT examination; 61 participants redeemed a prescription dur-
ing follow-up. The number of participants with a diagnosis 
of osteoporosis (72 of 1487; 4.8%) or a previous dual-energy 
x-ray absorptiometry examination (192 of 1487; 12.9%) was 
reported previously (9).

Association of Very Low BMD and Any Type of Fracture
We found that very low BMD was associated with a greater 
rate of any type of fracture. The primary outcome, any incident 
fracture, occurred in 80 of 1487 participants (5.4%; 48 women 
and 32 men), corresponding to an annual event rate of 1.8% 
(95% confidence interval [CI]: 1.5%, 2.3%). Participants with 
incident fractures were older than participants with no frac-
tures (mean age, 59 years 6 10 vs 57 years 6 9, respectively; 

The National Prescription Registry contains data regarding 
all prescriptions. The Global Anatomic Therapeutic Chemical 
classification code was used to classify type of medication (21). 
We used the following codes: estrogens (G03C) and combina-
tions of progestogens and estrogens (G03F), glucocorticoids 
(H02AB), corticosteroids for systemic use in combinations 
(H02BX), anti-inflammatory or antirheumatic agents in 
combination with corticosteroids (M01BA), bisphosphonates 
(M05BA), bisphosphonates combinations (M05BB), and other 
drugs affecting bone structure and mineralization (M05BX). 
Users were defined as participants who redeemed a prescription 
within 6 months before the baseline scan. Prescriptions of anti-
osteoporotic medication redeemed after the CT were recorded.

Information regarding death was retrieved from the Civil 
Registration System, a system containing a unique 10-digit Civil 
Personal Register number assigned to all residents in Denmark 
at birth or at immigration. The Civil Registration System records 
migration and vital status (22). All data were linked by using the 
Civil Personal Register number.

Statistical Analysis
Demographic data at baseline were compared by BMD groups 
by using one-way analysis of variance or Fischer exact test. 
Continuous variables are provided as mean 6 standard devia-
tion if normally distributed, categorical variables as number 
and percentage, and continuous variables that were not nor-
mally distributed as median with interquartile range.

Time-to-event analyses were made with Cox regression of 
hazard ratios. Unadjusted and adjusted Cox regression analy-
ses were performed with a sex- and age-adjusted (per 10 years) 
model to calculate hazard ratios by using BMD groups and per 
1 standard deviation decrease in BMD (Table E3 [online]). Fur-
thermore, to assess the primary outcome, we used a fully adjusted 
model including the following risk factors; age, sex, Charlson 
Comorbidity Index, number of tobacco pack-years, exercise sta-
tus, and body mass index at baseline. Analyses focusing on prior 
osteoporosis-related fracture, diagnosis of osteoporosis at base-
line, and separate analyses for women and men are listed online 

Figure 1: Participant flowchart. Diseases known to affect bone mineral density (BMD) measurements included known 
rheumatoid arthritis, systemic scleroderma, sarcoidosis, lupus erythematosus, psoriasis arthritis, Sjögren syndrome, chronic 
inflammatory spondylarthrosis, morbus Crohn, colitis ulcerosa, osteogenesis imperfecta, Scheuermann disease, lymphoma, 
multiple myeloma, leukemia, chronic alcoholism, and severe scoliosis as previously reported (9). FOV = field of view.
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our primary outcome by using BMD groups and BMD per 1 
standard deviation decrease (Tables E3, E4, E5 [online]). In 
unadjusted, age-adjusted, and fully adjusted analysis including 
women only, low BMD was associated with a greater rate of any 
fracture (Table E5 [online]).

Association of Low and Very Low BMD and Osteoporosis-
related Fractures
The secondary outcome, incident osteoporosis-related frac-
tures, occurred in 31 of 1487 participants (2.1%; 21 women 
and 10 men), corresponding to an annual event rate of 
0.7% (95% CI: 0.4%, 1.0%). Cumulative incidence of any 
osteoporosis-related fracture stratified by BMD status is in 
Figure 4. Participants with an osteoporosis-related fracture 
were older than participants with no such fracture (63 vs 
57 years, respectively; P , .001). In both unadjusted and 
sex- and age-adjusted analyses, very low and low BMD were 
associated with a greater rate of any osteoporosis-related 
fracture (Table 2). Hazard ratios per 1 standard deviation 
decrease in BMD in unadjusted and sex- and age-adjusted 
analyses were 2.2 (95% CI: 1.4, 3.3; P , .001) and 1.6 
(95% CI: 1.0, 2.5; P = .05), respectively. Osteoporosis-re-
lated fracture location is in Table 4.

P = .03). Information regarding outcomes by BMD groups is 
in Table 2.

The estimated annual rates of any fracture in the very low, 
low, and normal BMD categories were 3.4% (95% CI: 2.1%, 
5.4%), 2.0% (95% CI: 1.4%, 2.7%), and 1.3% (95% CI: 0.9%, 
1.9%), respectively. Cumulative incidence of any fracture strati-
fied by BMD status is in Figure 3.

In unadjusted and sex- and age-adjusted time-to-event anal-
yses, very low BMD was associated with a greater rate of any 
fracture (Table 2). Sensitivity analyses including a three-knots 
piecewise polynomial model for age did not substantially change 
hazard ratios for our primary outcome by using BMD groups 
(Table E6 [online]).

By analyzing BMD per 1 standard deviation decrease, we 
found a hazard ratio of 1.4 (95% CI: 1.1, 1.8; P = .003) in un-
adjusted analyses, 1.3 (95% CI: 1.0, 1.7; P = .04) in sex- and 
age-adjusted analysis, and 1.3 (95% CI: 1.0, 1.7; P = .10) in fully 
adjusted analysis (Table E3 [online]). In the fully adjusted Cox 
regression analysis, very low BMD and BMD per 1 standard 
deviation decrease did not attain statistical significance (Table 
3, Table E3 [online]). Inclusion of previous osteoporosis-related 
fracture and diagnosis of osteoporosis at baseline, and separate 
analyses for men did not substantially change hazard ratios for 

Figure 2:  The Mindways Solid phantom with volume of interest in the quality assurance phantom (red circles, left side). A participant’s noncon-
trast-enhanced axial CT (right side) with volume of interest (yellow circles) in the trabecular bone compartment of three vertebrae for bone mineral 
density measurements.
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Table 1: Demographics at Baseline

Parameter All Participants Normal BMD Low BMD Very Low BMD P Value
No. of Participants 1487 695 613 179
 Women 781/1487 (53) 356/695 (51) 319/613 (52) 106/179 (59) .15
 Age (y) 57.0 6 9 52.7 6 8 59.7 6 8 64.2 6 7 ,.001
Osteoporotic risk factors
 Age . 70 y 93/1487 (6) 13/695 (2) 45/613 (7) 35/179 (20) ,.001
 BMI , 20 kg/m2 58/1478 (4) 28/689 (4) 21/610 (3) 9/179 (5) .59
 Inactivity (no regular exercise) 519/1479 (35) 231/690 (33) 218/610 (36) 70/179 (39) .34
 Active smoking 240/1482 (16) 108/691 (16) 103/612 (17) 29/179 (16) .84
 Family history of osteoporosis 276/1479 (19) 101/690 (15) 128/610 (21) 47/179 (26) ,.001
 Low intake of dairy products 183/1479 (12) 72/690 (10) 78/610 (13) 33/179 (18) .02
 Indication for osteoporosis screening* 238/1487 (16) 42/695 (6) 127/613 (21) 69/179 (39) ,.001
 Postmenopausal† 597/700 (85) 216/307 (70) 280/291 (96) 101/102 (99) ,.001
Previous fractures
 Prior fragility fracture self-reported from  
  interview at baseline

5/1479 (0.3) 2/690 (0.3) 2/610 (0.3) 1/179 (0.6) .67

 Prior osteoporosis-related fracture‡ 125/1487 (8) 39/695 (6) 61/613 (10) 25/179 (14) ,.001
 Any prior fracture‡ 407/1487 (27) 156/695 (22) 187/613 (31) 64/179 (36) ,.001
Charlson comorbidity
 1 disease‡ 410/1470 (28) 145/686 (21) 199/606 (33) 66/178 (37) ,.001
Medication use
 Antiosteoporotic treatment‡ 32/1487 (2) 6/695 (1) 14/613 (2) 12/179 (7) ,.001
 Vitamin D and/or calcium (self-reported) 169/1474 (11) 55/685 (8) 78/611 (13) 36/178 (20) ,.001
 Estrogens‡ (women only) 143/781 (18) 46/356 (13) 70/319 (22) 27/106 (25) .001
 Systemic corticosteroids ‡ 50/1470 (3) 11/686 (2) 27/606 (4) 12/178 (7) ,.001

Note.—Unless otherwise indicated, data are numerator/denominator and data in parentheses are percentages. Mean data are 6 standard 
deviation. In general, there were few missing values (Appendix E4 [online]). P values were one-way analysis of variance or Fisher exact test 
between the three bone mineral density groups. BMD = bone mineral density, BMI = body mass index.
* According to the National Osteoporosis Foundation, women aged 65 and older and men aged 70 and older should have a bone mineral 
density test performed regardless of risk factor profile. Not included are postmenopausal women and men older than age 50–69 years with 
osteoporotic risk factors although bone mineral density testing is also recommended in this participant group (23).
† No menstrual bleeding for longer than 12 months or age greater than 70 years.
‡ From the Danish National Patient Registry and the Danish National Prescription Registry.

Table 2: Event by BMD Status

Parameter All
Normal BMD  
(.120 mg/cm3)

Low BMD  
(80–120 mg/cm3)

Very Low BMD  
(,80 mg/cm3)

No. of participants 1487 695 613 179
Primary outcome
 Any fracture* 80 (5) 27 (4) 36 (6) 17 (9)
 Three-year rate 5.4 (4.4, 6.8) 3.9 (2.7, 5.7) 5.9 (4.2, 8.2) 10.1 (6.3, 16)
 Unadjusted hazard ratio NA Ref 1.5 (0.9, 2.5) [.12] 2.6 (1.4, 4.7) [.002]
 Age- and sex-adjusted hazard ratio NA Ref 1.3 (0.8, 2.3) [.31] 2.1 (1.1, 4.2) [.03]
Secondary outcome
 Osteoporosis-related fracture* 31 (2) 4 (1) 19 (3) 8 (4)
 Three-year rate 2.1 (1.5, 3.0) 0.6 (0.2, 1.5) 3.2 (2.0, 5.0) 4.7 (2.4, 9.5)
 Unadjusted hazard ratio NA Ref 5.5 (1.9, 16) [.002] 8.1 (2.4, 27) [.001]
 Age- and sex-adjusted hazard ratio NA Ref 3.6 (1.2, 11) [.03] 4.0 (1.1, 15) [.04]

Note.—Unless otherwise indicated, data in parentheses are 95% confidence intervals and data in brackets are P values. BMD = bone min-
eral density, NA = not available, Ref = reference group.
* Data are numbers of participants; data in parentheses are percent.
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cm3 with a sensitivity of 20 of 31 (65%, 95% CI: 45%, 81%), 
a specificity of 1070 of 1456 (73%; 95% CI: 71%, 76%), and 
a corresponding area under the receiver operating characteristic 
curve of 0.69 (95% CI: 0.60, 0.78). By using the American 
College of Radiology recommended cutoff value of 80 mg/cm3, 
we found a sensitivity of 17 of 80 (21%; 95% CI: 13%, 32%), 
a specificity of 1245 of 1407 (88%; 95% CI: 87%, 90%), and 
an area under the receiver operating characteristic curve of 0.55 
(95% CI: 0.50, 0.59) for any fracture; and a sensitivity of eight 
of 31 (26%; 95% CI: 12%, 45%), a specificity of 1285 of 1456 
(88%; 95% CI: 87%, 90%), and an area under the receiver 
operating characteristic curve of 0.57 (95% CI: 0.49, 0.65) for 
any osteoporosis-related fracture.

Optimal BMD Cutoff for Fracture Prediction
The distribution of mean BMD in participants with any inci-
dent fracture, osteoporosis-related incident fracture, together 
with the distribution of the entire cohort is in Figure 5. Sen-
sitivity and specificity plots for any fracture and osteoporosis-
related fracture are in Figure 6.

Empirical estimation of a BMD cutoff value for optimal 
prediction of any fracture was estimated at 102.6 mg/cm3 with 
a sensitivity of 43 of 80 (54%; 95% CI: 42%, 65%), a specific-
ity of 928 of 1407 (66%; 95% CI: 63%, 68%), and a corre-
sponding area under the receiver operating characteristic curve 
of 0.60 (95% CI: 0.54, 0.65). A BMD cutoff value for optimal 
prediction of any osteoporosis-related fracture was 96.5 mg/

Figure 3: Cumulative incidence of any fracture stratified by bone mineral density (BMD) status adjusted for competing 
risk of death. Normal (green line; BMD . 120 mg/cm3), low (yellow line; BMD, 80–120 mg/cm3), and very low (red 
line; BMD , 80 mg/cm3) BMD are shown. Log-rank test P value less than .01.

Table 3: Cox Regression Analyses

Variable

Any Fracture

Unadjusted HR Sex- and Age-adjusted HR Fully Adjusted HR*
BMD groups
 Normal Ref Ref Ref
 Low 1.5 (0.9, 2.5) [.12] 1.3 (0.8, 2.3) [.31] 1.3 (0.7, 2.2) [.43]
 Very low 2.6 (1.4, 4.7) [.002] 2.1 (1.1, 4.2) [.03] 1.9 (0.9, 3.7) [.09]
Women 1.4 (0.9, 2.2) [.14] 1.3 (0.9, 2.1) [.20] 1.5 (0.9, 2.4) [.09]
Age (per 10 y) 1.4 (1.1, 1.7) [.02] 1.2 (0.9, 1.6) [.29] 1.2 (0.9, 1.6) [.26]
Comorbidity  1 1.8 (1.1, 2.8) [.01] … 1.4 (0.9, 2.2) [.16]
Tobacco pack-years (per 10 pack-years) 1.2 (1.1, 1.3) [.002] … 1.2 (1.1, 1.3) [.004]
No exercise regularly 1.1 (0.7, 1.7) [.79] … 1.0 (0.6, 1.6) [.86]
Body mass index 1.0 (0.9, 1.1) [.95] … 1.0 (0.9, 1.0) [.76]

Note.—Data in parentheses are 95% confidence intervals; data in brackets are P values. Number of participants and outcomes in the fully 
adjusted model were 1451 and 77. BMD = bone mineral density, HR = hazard ratio, Ref = reference group.
* Hazard ratios adjusted for age (per 10 years), sex, comorbidity (no disease,  one disease), tobacco pack-years (number of years smoking 
20 cigarettes per day per 10 pack-years), exercise during adult life (regular vs no regular exercise), and body mass index.
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Prospective studies have assessed quantitative CT-measured 
lumbar spine BMD and fracture risk; to our knowledge, no 
studies have been conducted for thoracic spine BMD assessed by 
using quantitative CT. Ross et al (27) evaluated thoracolumbar 
spinal density in 380 postmenopausal women with osteoporo-
sis and vertebral fracture. BMD was found to be a predictor of 
radiographically incident vertebral fractures during an average 
follow-up of 2.9 years. Chalhoub et al (28) conducted a cohort 
study including 3301 older men that demonstrated that low 
lumbar spine BMD was associated with a greater risk of most 
fracture types. Furthermore, lumbar spine BMD measured at 
quantitative CT predicted vertebral fractures better than lumbar 
spine BMD measured at dual-energy x-ray absorptiometry, sug-
gesting that quantitative CT is more accurate than dual-energy 
x-ray absorptiometry in predicting vertebral fractures.

The American College of Radiology published recommenda-
tions for lumbar spine quantitative CT BMD, defining osteopo-
rosis, osteopenia, and normal status according to absolute BMD 

Discussion
Our prospective study assessed the association between tho-
racic spine bone mineral density (BMD) by using quantita-
tive CT and future fracture rate. We demonstrated that very 
low BMD was associated with a greater fracture rate compared 
with normal BMD, especially osteoporosis-related fracture 
with hazard ratios of 2.6 (95% CI: 1.4, 4.7) and 8.1 (95% CI: 
2.4, 26.7), respectively. Our results represent a step toward ap-
praisal and recognition of the clinical utility of opportunistic 
BMD screening from cardiac CT.

Prior literature on fracture risk assessment by using spine 
quantitative CT is limited and primarily based on lumbar spine 
quantitative CT. In case-control studies, lumbar spine BMD 
was related to hip and vertebral fractures (24–26). Whereas the 
design of these studies does not allow for future fracture risk es-
timation by BMD, they do demonstrate that low lumbar spine 
BMD is associated with fractures, especially osteoporosis-related 
fractures corresponding to our findings.

Figure 4: Cumulative incidence of any osteoporosis-related fracture stratified by bone mineral density (BMD) status ad-
justed for competing risk of death. Normal (green line; BMD . 120 mg/cm3), low (yellow line; BMD, 80–120 mg/cm3), 
and very low (red line; BMD , 80 mg/cm3) BMD are shown. Log-rank test P value less than .01.

Table 4: Osteoporosis-related Fracture Location

Parameter All Normal BMD Low BMD Very Low BMD
No. of participants 1487 695 613 179
Osteoporosis-related fracture
 Total no. of fractures 31 (2.1) 4 (0.6) 19 (3.1) 8 (4.5)
 Clinically and/or radiologically  
  identified incident vertebral fracture

7 (0.5) 0 (0) 5 (0.8) 2 (1.1)

 Radius and/or ulna fracture* 5 (0.3) 0 (0) 3 (0.5) 2 (1.1)
 Humerus fracture 4 (0.3) 2 (0.3) 2 (0.3) 0 (0)
 Colles or Smith fracture 10 (0.7) 2 (0.3) 6 (1.0) 2 (1.1)
 Hip or pelvis fracture 5 (0.3) 0 (0) 3 (0.5) 2 (1.1)

Note.—Data in parentheses are percentages. BMD = bone mineral density.
* Excludes Colles and Smith fractures.
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Figure 6: Sensitivity (sens.) and specificity (spec.) plots with confidence intervals demonstrate the optimal cutoff in mean bone mineral density 
(BMD) for predicting any incident fracture and any incident osteoporosis-related fracture. Vertical lines are the American College of Radiology rec-
ommended cutoff values of 80 mg/cm3 and 120 mg/cm3.

Figure 5: Histograms of the distribution of mean bone mineral density (BMD) 
in (a) all participants, (b) participants with any incident fracture, and (c) partici-
pants with an osteoporosis-related incident fracture measured at the three thoracic 
vertebrae included for each participant. Vertical lines are the American College of 
Radiology recommended cutoff values of 80 mg/cm3 and 120 mg/cm3.
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