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TBS Predict Coronary Artery Calcification in Adults
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Purpose. This study analyzes the association between the bony microarchitecture score (trabecular bone score, TBS) and coronary
artery calcification (CAC) in adults undergoing health exams. Materials and Methods. We retrospectively collected subjects (𝑁 =
81) who underwent coronary computed tomography and bone mineral density studies simultaneously. CAC was categorized to
three levels (Group 0, G0, no CAC, score = 0,𝑁 = 45; Group 1, G1, moderate CAC, score = 1–100,𝑁 = 17; Group 2, G2, high CAC,
score ≧ 101,𝑁 = 19). Multinomial logistic regression was used to study the association between TBS and CAC levels. Results. CAC
is present in 44.4% of the population. Mean TBS ± SDwas 1.399±0.090. Per 1 SD increase in TBS, the unadjusted odds ratio (2.393)
of moderate CAC compared with no CACwas significantly increased (95%CI, 1.219–4.696, 𝑝 = 0.011). However, there has been no
association of TBS with high CAC (OR: 1.026, 95% CI: 0.586–1.797, 𝑝 = 0.928). These relationships also existed when individually
adjusted for age, sex, and multiple other covariates. Conclusions. Higher TBS was related to moderate CAC, but not high CAC; a
possible explanationmay be that bonemicroarchitecture remodeling becomes more active when early coronary artery calcification
occurs. However, further researches are needed to clarify this pathophysiology.

1. Introduction

Atherosclerosis and osteoporosis share many risk factors,
but their independent association is unclear [1]. The diag-
nosis of osteoporosis depends on area bone mineral density
(BMD) measurements using dual energy X-ray absorptiom-
etry (DXA) [2]. BMD has been inversely associated with
subclinical and clinical cardiovascular disease (CVD), even
after adjusting for potential confounding factors [3]. Previous
studies have examined the relationship between trabecular
volumetric BMD (vBMD) and aortic arterial calcification
(AAC) or coronary artery calcification (CAC), with incon-
clusive results [3–6]. Cortical, but not trabecular, vBMD was
associated with significantly decreased odds of AAC preva-
lence independent of other traditional risk factors [3]. With a
decrease in vBMD, the adjusted odds of high AAC, compared
with noAAC, were significantly increased; vBMDwas related
to high CAC in unadjusted, but not adjusted, models. No

associations of vBMD with moderate AC or CAC were
observed [5].

Practically, BMD evaluated by DXA studies was a presen-
tation of both cortical and trabecular bone content. However,
cancellous bone microarchitecture is the key determinant of
bone strength, which is often measured by quantitative com-
puted tomography (qCT). But this involves higher radiation
exposure, is more expensive, and has a larger instrument
requirement. TBS (trabecular bone score) is a texture param-
eter that can be computed from the two-dimensional lumbar
spine DXA image [7]. TBS, a variogram, is related to bone
microarchitecture (few large spans, i.e., lowTBS, aremechan-
ically weaker than a myriad of fine spans, i.e., high TBS) and
is complementary to predict fracture risk, as well as lumbar
spine BMD measurements. Therapeutic strategies for osteo-
porosis differ after inclusion of the influence from TBS [7].

The clinical application of TBS and the association of
CAD have not been documented. The aim of this study is to
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Table 1: Participants characteristics.

No CAC (G0) Moderate CAC (G1) High CAC (G2)
𝑝(Score = 0) (Score = 1–100) (Score ≧ 101)

(𝑁 = 45) (𝑁 = 17) (𝑁 = 19)
Age (years) 53.9 ± 9.9a 53.6 ± 6.3a 62.3 ± 10.1b 0.004
Female (%) 21 (70) 3 (17.6) 6 (31.6) 0.092
Smoking (%) 4 (8.9) 1 (5.9) 1 (5.3) 0.848
HTN (%) 6 (13.3) 1 (5.9) 12 (63.2) <0.001
DM (%) 1 (2.2) 5 (29.4) 3 (15.8) 0.007
HL (%) 2 (4.4) 1 (5.9) 2 (10.5) 0.652
Weight (kg) 66.5 ± 12.5 72.6 ± 13.7 67.1 ± 9.7 0.206
Height (cm) 163.3 ± 8.3 168.0 ± 9.0 162.1 ± 6.1 0.064
TCH (mg/dL) 191.8 ± 35.7 178.4 ± 26.1 192.3 ± 29.8 0.317
LDL (mg/dL) 125.0 ± 29.8 112.7 ± 19.4 121.4 ± 27.6 0.291
HDL (mg/dL) 51.1 ± 16.5 43.4 ± 7.9 47.4 ± 15.2 0.178
TG (mg/dL) 130.4 ± 70.6 175.1 ± 75.5 153.5 ± 147.6 0.237
Glucose (mg/dL) 100.8 ± 10.2a 124.3 ± 32.8b 107.8 ± 20.8a <0.001
SBP (mmHg) 124.1 ± 24.8 124.4 ± 14.0 132.1 ± 24.8 0.427
DBP (mmHg) 77.4 ± 18.1 77.4 ± 9.8 83.0 ± 11.8 0.394
TBS 1.384 ± 0.083a 1.451 ± 0.081b 1.386 ± 0.101ab 0.024
Note: means with different superscripts indicate significant difference at 𝑝 < 0.05 level, evaluated using Sidak post hoc adjustment.
HTN: hypertension; DM: diabetes mellitus; HL: hyperlipidemia; TCH: total cholesterol; LDL: low-density lipoprotein; HDL: high-density lipoprotein; TG:
triglyceride; SBP: systolic blood pressure; DBP: diastolic blood pressure; TBS: trabecular bone score.

explore the relationship of TBS and CAC in adults undergo-
ing a health exam.

2. Materials and Methods

2.1. Subjects. We retrospectively collected patients who had
simultaneously undergone a coronary CT scan and BMD
study from May 2014 to November 2015, after the introduc-
tion of the DXA equipment (HOLOGIC Discovery Wi) in
the health examination center at Dalin Tzu Chi Hospital.The
interval between the two tests varied from the same day to
one month.

Health history (by interview or questionnaire), anthro-
pomorphic characteristics, and laboratory data, including
lipid profile (total cholesterol, LDL, HDL, and triglyceride),
glucose levels, systolic and diastolic blood pressure, and
smoking history, were recorded (Table 1).

2.2. Coronary Artery Calcification. CAC scoring was obt-
ained on unenhanced axial images scanned before the coro-
nary CT angiography.The scans were performed using amul-
tidetectorCT system (LightSpeedVCT,GEMedical Systems).
CAC was quantified with the Agatston scoring method,
which has been widely accepted [8]. Total calcium score was
determined using the sum of individual scores from the four
major coronary arteries (left main, left anterior descending,
circumflex, and right coronary arteries).

2.3. TBS Measurement. TBS (trabecular bone score), a tex-
ture parameter, is computed from the DXA images. TBS can
be quantified from local variations in pixels intensities and

derived from the experimental variogram obtained from the
gray levels of a DXA image. With TBS iNsight installed on
the DXA device PC, it quantified the bone texture in 3 s by
retrospectively automatic analysis from an existingDXA scan
without additional examination or dosage for the patient.

2.4. Statistical Analysis. 45 subjects (54.9%) had a CAC score
of zero and small sample size, so the CAC data analysis was
treated as categorical 0 (CAC = 0), 1 (0 < CAC ≤ 100), and 2
(CAC > 100).

Differences in means or frequencies between character-
istics statuses were tested by chi-squared test or ANOVA,
as appropriate. Multinomial logistic regression was used to
identify the significant predictors of coronary artery calcifica-
tion after adjustment for other cofactors. Models of TBS pre-
dicting CAC were developed through addition of covariates
to assess the strength and independence of the associations.

Covariates included age, sex, hypertension, diabetes,
hyperlipidemia, systolic blood pressure, diastolic blood pres-
sure, and measured laboratory data (total cholesterol, LDL,
HDL, triglyceride, and glucose). Odds ratios were expressed
as the effect of a 1 SD or unit increase in covariate or TBS in
adjusted, unadjusted, or age-adjusted models.

Statistical analysis was performed using PASW Statistics
18 (SPSS Inc., Chicago, IL).

3. Results

3.1. Participant Characteristics. Total 81 subjects (51 males
and 30 females) were collected from our database. Out of
them, 36 (44.4%) had coronary artery calcification, described
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Table 2: Odds of age-adjusted covariates at the multinomial logistic regression model for CAC.

Covariates
CAC group

Age-adjusted OR (95% CI)
No CAC (G0) Moderate CAC (G1) High CAC (G2)

Age∗ 1.00 0.96 (0.53–1.74) [0.896] 2.87 (1.42–5.81) [0.003]
Male versus female 1.00 4.18 (1.04–16.83) [0.044] 2.31 (0.68–7.89) [0.181]
HTN 1.00 0.41 (0.05–3.71) [0.425] 8.05 (2.13–30.41) [0.002]
DM 1.00 21.02 (2.15–205.62) [0.009] 6.13 (0.56–67.25) [0.138]
Hyperlipidemia 1.00 1.39 (0.11–16.85) [0.797] 1.78 (0.21–14.89) [0.596]
SBP∗ 1.00 1.02 (0.57–1.81) [0.960] 1.31 (0.73–2.35) [0.375]
DBP∗ 1.00 1.00 (0.55–1.83) [0.988] 1.36 (0.76–2.44) [0.308]
TCH∗ 1.00 0.65 (0.36–1.18) [0.156] 1.02 (0.57–1.82) [0.958]
LDL∗ 1.00 0.64 (0.36–1.14) [0.129] 0.82 (0.45–1.52) [0.535]
HDL∗ 1.00 0.54 [0.27–1.08] [0.081] 0.70 (0.38–1.27) [0.081]
TG∗ 1.00 1.67 (0.90–3.10) [0.102] 1.72 (0.89–3.33) [0.108]
Glucose∗ 1.00 3.53 (1.59–7.85) [0.002] 1.90 (0.83–4.33) [0.129]
Values are odds ratios (95% CI) [𝑝 value].
∗For 1 SD increase in age (9.92 y/o), SBP (22.93mmHg), DBP (15.35mmHg), TCH (32.68mg/dL), LDL (27.53mg/dL), HDL (14.96mg/dL), and TG
(95.47mg/dL)
HTN: hypertension; DM: diabetes mellitus; SBP: systolic blood pressure; DBP: diastolic blood pressure; TCH: total cholesterol; LDL: low-density lipoprotein;
HDL: high-density lipoprotein; TG: triglyceride.

TBS mapping
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Nondiagnostic image

(a)

TBS mapping
TBS values, high

TBS values, low

TBS L1–L4: 1.579

Nondiagnostic image

(b)

Figure 1: (a) A case in group 2 (high CAC), a 69-year-old female with hypertension and hyperlipidemia, height 151.0 cm, and weight 51.0 kg.
CAC score is 1185; TBS value of L1–L4 showed 1.181. (b) A case in group 1 (moderate CAC), a 51-year-old male without any systemic disease,
height 163.0 cm, and weight 68.0 kg. CAC score is 38; TBS value of L1–L4 showed 1.579.

as CAC > 0. The average TBS was 1.40 ± 0.09 (SD). Partici-
pants with high CAC were older and more likely to be hyper-
tensive, compared to those with moderate or no CAC. A sig-
nificant increase in glucose and TBS was observed withmod-
erate CAC, as compared with the no CAC group (Table 1). In
our cohort, no one had chronic kidney disease. One case had
bilateral total hip replacement and was not included in the

final analysis. An example of group 2 and another case from
group 1 with their TBS figures were shown in Figure 1.

3.2. Predictors of CAC. A 9.92-year (1 SD) greater was associ-
ated with 2.87 times greater odds of high CAC, as compared
with no CAC (Table 2). Male gender and diabetes after age-
adjusted significantly increased the odds (4.18 and 21.02
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Table 3: Odds of TBS with or without adjustment at the multinomial logistic regression model for CAC.

Covariates No CAC (G0) Moderate CAC (G1) High CAC (G2)
TBS (unadjusted)∗ 1.00 2.39 (1.22–4.70) [0.011] 1.03 (0.59–1.80) [0.928]
TBS (adjusted for age)∗ 1.00 2.60 (1.28–5.29) [0.008] 1.63 (0.836–3.173) [0.152]
TBS (adjusted for sex)∗ 1.00 2.07 (1.02–4.20) [0.044] 0.89 (0.48–1.65) [0.707]
TBS (adjusted for age and sex)∗ 1.00 2.27 (1.07–4.78) [0.032] 1.45 (0.70–3.04) [0.320]
TBS (adjusted for HTN)∗ 1.00 2.43 (1.20–4.90) [0.014] 1.53 (0.78–3.00) [0.214]
TBS (adjusted for DM)∗ 1.00 2.63 (1.26–5.48) [0.010] 1.03 (0.58–1.82) [0.925]
TBS (adjusted for hyperlipidemia)∗ 1.00 2.43 (1.22–4.82) [0.011] 1.03 (0.59–1.79) [0.923]
TBS (adjusted for SBP)∗ 1.00 2.47 (1.24–4.89) [0.010] 1.14 (0.63–2.04) [0.670]
TBS (adjusted for DBP)∗ 1.00 2.42 (1.23–4.75) [0.011] 1.05 (0.60–1.84) [0.857]
TBS (adjusted for SBP and DBP)∗ 1.00 2.46 (1.24–4.88) [0.010] 1.12 (0.62–2.02) [0.700]
TBS (adjusted for smoking)∗ 1.00 2.41 (1.23–4.74) [0.011] 1.03 (0.59–1.80) [0.918]
TBS (adjusted for TCH, LDL, HDL, and TG)∗ 1.00 2.30 (1.12–4.74) [0.023] 0.90(0.48–1.68) [0.734]
TBS (adjusted for glucose)∗ 1.00 2.52 (1.16–5.45) [0.019] 1.02 (0.58–1.80) [0.949]
TBS (adjusted for age, LDL, SBP, and glucose)∗ 1.00 2.71 (1.20–6.12) [0.016] 1.73 (0.85–3.50) [0.128]
Values are odds ratios (95% CI) [𝑝 value].
∗For 1 SD increase in TBS.
TBS: trabecular bone score; HTN: hypertension; DM: diabetes mellitus; SBP: systolic blood pressure; DBP: diastolic blood pressure; TCH: total cholesterol;
LDL: low-density lipoprotein; HDL: high-density lipoprotein; TG: triglyceride.

times) ofmoderateCAC, relative to the noCACgroup.Hyper-
tensive subjects had 8.05 times greater age-adjusted odds in
high CAC than in no CAC. Hyperlipidemia, SBP, DBP, total
cholesterol, LDL,HDL, triglyceride, and glucosewere not sig-
nificantly associated with moderate CAC or high CAC after
adjustment for age.

3.3. TBS and CAC. In unadjusted multinomial logistic reg-
ression analysis, per 1 SD increase in TBS, the odds of
moderate CAC compared with no CAC were significantly
increased 2.39-fold (95% CI, 1.22–4.70). The association
remained significant after individually adjusting of age, sex,
hypertension, diabetes, hyperlipidemia, systolic blood pres-
sure (SBP), diastolic blood pressure (DBP), lipid profile, and
glucose and after each combination adjustment for age and
sex, SBP andDBP, even in an extensive adjustedmodel, which
included age, LDL, SBP, and glucose. However, no significant
relationship was observed between TBS and high CAC in
unadjusted or adjusted analyses (Table 3).

4. Discussion

There is a link between osteoporosis and cardiovascular dis-
ease (CVD) [5]. Subjects who self-report a previous myocar-
dial infarction had significantly higher odds of having low
bone mineral density, when adjusting for CVD and osteo-
porosis risk factors, and this was not significantly associated
in women but was significant in men [9]. Postmenopausal
women with osteoporosis are at an increased risk for cardio-
vascular events, proportional to the severity of osteoporosis
at the time of the diagnosis [10].

CAC had the role in developing CAD [11–13]; CAC and
CT angiography in asymptomatic elderly patients can predict
coronary artery disease [14]. Some studies showed a negative

association between BMD (or vBMD) and score or presence
of aortic calcification (AC)/coronary artery calcification
(CAC) [5, 15, 16]. Their relationship may be age-related
progression [3], shared risk factors (smoking), or common
pathophysiological mechanisms (hormones or inflammatory
cytokines) [5]. The association between cortical BMD (not
trabecular vBMD) and AAC persisted even after adjustment
for age, BMI, lifestyle factors, diabetes, and hypertension
[3], while other studies showed an association of trabecular
vBMD with AAC [5]. Their inconsistency with regard to
results may be due to sex- and/or ethnicity-specific differ-
ences [3, 5]. Cortical and trabecular bone are known to have
different turnover rates and age-related patterns [17]. The
strongest predictors of AAC prevalence include increased
age, male sex, smoking, higher BMI or waist circumference,
hypertension, dyslipidemia, and diabetes [3, 18, 19].

In a study of volumetric BMD and vascular calcification
measured by CT in middle-aged women, they divided the
population of AC and CAC into three levels and found that
lower trabecular BMD of the spine was significantly associ-
ated with high AC levels and also high CAC levels; the latter
was not significant after adjusting for age [5]. In a recent
Rotterdam Study, no association between CAC and BMD or
fracture risk was found, except for BMD loss with higher
follow-up CAC in women, whichmay be related to low estro-
gen levels [6].

Vascular calcifications (VCs) are of similar composition
to bone minerals. Currently, intima-related VCs are com-
monly associated with atherosclerotic plaques (in the vicinity
of lipid or cholesterol deposits) and lesions calcified lately, and
lesions of media-related VCs calcified early (in the absence of
lipid or cholesterol deposits) [20]. Even if medial and intimal
calcificationmay share some common pathomechanisms and
can occur together in patients, it is reasonable to maintain
a distinction between the two [21]. VCs represent complex
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biological process of calcium phosphate deposition and are
related to regulation of osteogene expression, bone mor-
phogenetic protein (BMP2), calcification inhibitors (osteo-
protegerin, matrix-gla protein, fetuin-A), and inflammatory
cytokines (TNF-𝛼, CRP, and CD40–CD154) [20, 21]. Unfor-
tunately, it is impossible, or at least extremely difficult, to
distinguish between intimal and medial calcification in the
coronary arteries [21].

The absence of CAC strongly excludes obstructive CAD,
and CAC predicts the presence of coronary atherosclerotic
plaque. However, the absence of any CAC does not exclude
the presence of coronary atherosclerotic plaque, especially
in patients aged <55 years. Plaque composition shifted from
noncalcified to calcified plaque with increasing age, which
may affect the vulnerability of these lesions over time [22].
CAC has also been associated with high serum concentration
of some biomarkers, including undercarboxylated osteocal-
cin and fibroblast growth factor 23 [23, 24]. In patients on
dialysis, high parathyroid hormone level and osteoporosis
predict progression of CAC [25]; and bone volume/total
volume (BV/TV) assessed by HR-pQCT were significantly
lower in patients with CAC scores ≥100 [26].

The BMD 𝑇-score may not fully capture the fragility frac-
ture risk, so the noninvasive analytic tool of TBS was devel-
oped.TheTBS is a texture parameter that evaluates pixel gray-
level variations in DXA images of the lumbar spine [2]. TBS
decreases with age and appears to reflect qualitative aspects
of skeletal structure complementary to BMD [7]. Quantita-
tive computed tomography has the disadvantage of higher
radiation exposure, increased expense, and larger instrument
requirements. TBS measure the trabecular microarchitecture
with simple DXA machine [27], which is cheaper, involves
less radiation exposure, and only needs an immediately “1
click – 3 s” extra software analysis to the traditional lumbar
spineBMDdata,without additional exams or radiation doses.
The TBS also can be retrospectively analyzed in the same
machine from an existing DXA scan to quantify bone micro-
architectural texture.

Our result suggested that TBS value (per 1 SD increase)
positively predicted the group ofmoderate CAC (odds ratio =
2.39, 𝑝 = 0.011) but had no association for the high CAC
group (odds ratio = 1.03, 𝑝 = 0.928). The relationship still
existed even after adjusting for the covariates. This result
is significantly different from previous studies with qCT
and CAC [1, 26]. The difference might be possible due
to the diverse methodologies. Since VCs have complex
mechanisms, another possible explanation may be that early
CAC is associated with a more complex variogram of bone
microarchitecture during bone remodeling. However, at far-
advanced CAC, the higher TBS had no significance in predic-
tion value. It means that molecular cascades and procalcific
microenvironment during “vascular calcification dynamics”
change with the process of “bone microarchitecture forma-
tion.” During early CAC, both are similar. In severe CAC, the
direction of the kinetic equilibrium is stable and the progres-
sion of evolution makes the relationship between CAC and
TBS not develop further. Exposure to high Ca concentrations
may influence the development of low-turnover bone disease
and coronary artery calcification (CAC) in patients on

hemodialysis (HD) [28]. For cases under DXAmeasurement
of lumbar spines, the BMD value may be overestimated for
the cases with abdominal aorta calcification [29]. Although,
in our CAC group 1, the mean TBS was higher than group
0, in our CAC group 2, the mean TBS was lower than CAC
group 1. The projection interference, a potential confounder,
may not be a factor that influences our results.

5. Conclusion

Atherosclerosis and vascular calcification are dynamic pro-
cesses; both of them and bone microarchitecture reach a
dynamic equilibrium in bone remodeling. Advanced age is
significantly associated with high CAC (score > 100), while
increased TBS is associated with moderate CAC (0 < score ≤
100), independent of age and other risk factors.These unusual
findings are most likely due to the deferent biomechanism
of diverse methodology or complex regulatory networks of
VCs and need further research and a larger database for
confirmation.
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