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Purpose: The relationship between coronary artery calcification and bone mineral density (BMD) in T2DM is still unclear. The aim
of this study is to analyze the association between coronary artery calcium score (CACs) and BMD in T2DM with different visceral fat
area (VFA), and further to explore the clinical significance of CACs in predicting osteoporosis in T2DM patients.

Patients and Methods: A total of 479 T2DM patients aged >50 years were included. Agatston was applied to calculate CACs to
evaluate the degree of coronary artery calcification. Dual-energy X-ray absorptiometry (DXA) was used to measure BMD. According
to VFA, all subjects were divided into VFA <100cm? and VFA >100cm? group. Adjusted regression analysis was performed to analyze
the association between CACs and BMD. ROC curve was used to analyze the optimal cut-off value of CACs for screening
osteoporosis.

Results: The baseline showed that in VFA >100cm?® group, CACs increased significantly than that in VFA <100cm? group (212.1
+195.9 vs 139.3+141.8, p<0.001) and total hip BMD decreased obviously (0.968+0.19 vs 1.021+0.184, p=0.01). After multivariable
adjustment, CACs was not significantly associated with BMD in all patients (»>0.05). However, CACs was negatively associated with
BMD of total hip and lumbar spine in patients with VFA >100cm? (total hip p=—0.087 p=0.01; lumbar spine p=—0.052 p=0.005), but
not VFA <100cm?. ROC curve analysis showed that the optimal cut-off value of CACs for screening osteoporosis was 191.505.
Conclusion: The present study implied that associations between CACs and BMD varied by the visceral fat deposition. It is critical to
evaluate the condition of visceral fat accumulation for exploring the complex interplay of coronary artery calcification and BMD in
T2DM patients. It may be of some clinical value for CACs in predicting osteoporosis in T2DM with visceral obesity.
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Introduction
With the aging of population and the change of lifestyle, the prevalence of T2DM is increasing which is becoming one of
the major diseases affecting people’s health. Continuous hyperglycemia will damage multiple organs and cause a series
of complications, among which coronary artery disease is one of the common complications of T2DM." Atherosclerosis
is the main pathological mechanism of coronary artery disease with the specific manifestation of vascular calcification.
The increase of calcified plaque leads to stenosis, occlusion or rupture of lumen, resulting in acute cardiovascular events.”
The pathological mechanism of vascular calcification is still unclear now. It has been traditionally considered as
a passive, degenerative process mainly related to the deposition of calcium and phosphate salts.> However, evidence now
supports the concept that the development of arterial calcification plaque is an active process characterized by the process
of bone formation.* Kurabayashi M found that smooth muscle cells could differentiate into cartilage precursor and
chondrocyte-like cells in calcified blood vessels lacking in Matrix Gla Protein (MGP) in mice.” The trans-differentiation
is an important process, accelerating vascular calcification and the presence of bone components in calcified vessels. In
addition, several large clinical studies showed that CACs was significantly negatively correlated with BMD.® These
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studies suggested that vascular calcification and BMD may be closely related in pathological mechanism. However, some
studies have suggested that there was no correlation between CACs and BMD after controlling for multiple risk factors.’

Recent studies mostly focus on the correlation between coronary artery calcification and BMD in normal or over-
weight or obese patients, and these are limited.® It is still unclear how the association between coronary artery
calcification and BMD is in T2DM. There is no unified conclusion on the changes of bone mass in T2DM.>'® In
addition, patients with T2DM are often complicated with visceral obesity. Visceral fat can secrete a variety of pro-
inflammatory adipokines, which are closely related to insulin resistance, lipid disorders, cardiovascular diseases and bone
metabolic diseases.'""'? Therefore, it is of great significance to study the association between coronary artery calcification
and BMD in T2DM patients with different VFA.

According to the 2010 American College of Cardiology/American Heart Association (ACC/AHA) guidelines, CACs
measured by the Agatston method is commonly used clinically to evaluate the severity of coronary artery calcification.'
It is a specific quantification of the degree of vascular calcification, which is positively correlated with that of coronary
atherosclerotic plaque load, and can be applied to identify high-risk groups earlier."* Therefore, this study analyzed the
association between CACs and BMD in T2DM patients with different VFA and further to explore the relationship
between coronary artery calcification and osteoporosis.

Materials and Methods

Subjects

A total of 479 T2DM patients aged >50 years who were hospitalized in The First Hospital of Lanzhou University from
October 2019 to October 2021 were selected for study, including 255 males and 224 females. The sample size was
calculated based on the formulas for comparing two independent sample and at least 153 people should be included in
each group.'® According to the criteria of visceral obesity, the subjects were divided into two groups: VFA <100 cm?
group and VFA >100 cm? group, as shown in Figure 1. The clinical data, biochemical results, CACs and BMD of the
total hip, femoral neck and lumbar spine were collected and compared.

Inclusion Criteria

(1) The diagnosis of T2DM was performed according to the 1999 World Health Organization (WHO) classification and
diagnostic criteria of diabetes; (2) Age >50 years, and females were menopause; (3) Duration of T2DM >5 years; (4) This
study was performed in line with the principles of the Declaration of Helsinki. Approval was granted by the Ethics
Committee of The First Hospital of Lanzhou University (LDYYLL2022-331).

Exclusion Criteria

The subjects who met the following criteria were excluded: (1) patients with acute complications of diabetes, acute
coronary syndrome and other high-risk characteristics; (2) patients with myocardial infarction, angina pectoris, valvular
heart disease, cardiomyopathy;'® (3) those who had previously undergone coronary artery bypass grafting or percuta-
neous coronary stenting;'” (4) those who took lipid-lowering drugs such as atorvastatin or rosuvastatin in half year;'® (5)
Those with severe liver and kidney dysfunction; (6) those with diseases that significantly affected bone metabolism, such

19,20

as hyperthyroidism and hypoparathyroidism; (7) those who took calcium, vitamin D, antiepileptic drugs, hormones

and other drugs that significantly affected bone metabolism within 1 year;?' (8) those with malignant tumors and

22,23

autoimmune diseases; (9) relevant information was incomplete.

Data Collection

The clinical data such as gender, age, height, weight, duration of T2DM, systolic blood pressure, and diastolic blood
pressure were collected. BMI was calculated based on height and weight, BMI=weight/height® (kg/m?). Blood pressure
was measured by a nurse using an electronic sphygmomanometer while the patient was in a quiet state (at least 5 minutes
of rest). All patients completed blood test before coronary CTA examination. Serum blood was taken in the morning after
a 12-hour fast. FPG, TC, TG, LDL-C, HDL-C, Ca, P, ALP were measured by automatic biochemical analyzer (Beckman
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A total of 970 type 2 diabetes patients aged
>50 years were selected, all of whom received
coronary CT scans, BMD tests and VFA
measurement.

Excluded (n=28)

1.With acute complication of diabetes (n=23)
2.Patients whose relevant information were
incomplete (n=5)

Excluded (n=292)

1.With acute coronary syndrome (n=54)
2.Patients with myocardial infarction,
angina pectoris, valvular heart disease
and cardiomyopathy (n=51)

3.Those who received coronary arterial
catheter procedure, bypass surgery, and
major heart operation (n=104)

4.0ther diseases affecting coronary
artery calcification (n=383)

Excluded (n=171)

1.With other diseases that induced
bone metabolic disorders (n= 75)
2.Take drugs that affect bone
metabolism and coronary artery
calcification (n= 96)

A total of 942 patients with
type 2 diabetes remained

[ 479 patients were included j

< According to VFA
[ 278 in VFA<100cm? group j [ 201 in VFA>100cm? group j

Figure | Flow diagram of the enroliment of study subjects.
Abbreviations: BMD, bone mineral density; VFA, visceral fat area.

Coulter AU5800). HbAlc was measured by high pressure liquid chromatography (Bio-Rad variant turbo II analyzer). 25
(OH)D was determined using chemiluminescence.

Visceral Fat Area Measurement

Omron DUALSCAN HDS-2000 device was used to measure VFA. All patients were fasted for at least 8 hours and should
defecate and urinate before taking the measurement. The patient was in a supine position to ensure a quiet state, and then the
VFA were measured by a specialized operator according to the operating instructions of the DUALSCAN HDS-2000.

CACs Measurement

Philips Brilliance 256-slice spiral CT was adapted. During the scan, the patient held breath and the heart rate was
controlled below 80 beats/min. Plain scan images were acquired during the R-R interval of the cardiac cycle. All images
were denoised and artifact-removed and analyzed after acquisition. Image quality and coronary calcium scores were
assessed by two professional radiologists individually, who were blinded to the patient’s other clinical data and this study.
The adopted final calcium score was the average of assessments made independently by two radiologists.

The coronary artery calcification score was calculated according to the Agatston scoring method.>* The calcified
plaque was defined as the CT value >130HU and the area >1mm?. The calculation method was the area multiplied by the
peak calcification score. The rule of peak calcification score was that 1 point for 130-199Hu, 2 points for 200-299Hu, 3
points for 300-399Hu, and 4 points for >400Hu. The vessels of interest included the left main (LM), left anterior
descending (LAD), left circumflex (LCX), and right coronary arteries (RCA) and their major branches. And then the
scores of these branches were summed to obtain a total coronary artery calcium score, such as Figure 2.
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Figure 2 Identification of coronary artery calcifications (red arrows) in patients with type 2 diabetes. The coronary calcium score of left was 64 (with non-visceral obesity)
while the right was 302 (with visceral obesity).

BMD Measurement

The BMD of the LS, FN, and TH (g/cm?) were measured by DXA scanning using a GE Lunar Prodigy Pro densitometer
(Madison, WI, USA). Results were analyzed using enCORE version 16 software (GE Health). Regions of interest were
manually checked and adjusted by two reviewers. The DXA scanner needs to be calibrated before each scan according to
the manufacturer’s recommendations. According to the diagnostic criteria of osteoporosis recommended by the World
Health Organization (WHO) in 1994, the T value of any tested site <-2.5 SD was diagnosed as osteoporosis, —2.5 SD <
T value < —1.0 SD was considered as osteopenia, and T value >-1.0 SD was normal.

Statistical Analysis

SPSS 25.0 software was used for statistical analysis. For quantitative variables, results were expressed as mean +
standard deviation. The differences were analyzed by T test between two groups while by one-way ANOVA among at
least three groups. The counting data were expressed by number or frequency and the significance was tested by chi
square test. Because CACs was skewed distribution, we took the logarithm of CACs and used multiple linear regression
models to analyze the correlation between CACs and total hip, femoral neck and lumbar BMD. The receiver operating
characteristic (ROC) curve was used to analyze optimal cut-off points of CACs for screening osteoporosis in T2DM. P<
0.05 was considered a significant difference.

Results

Clinical and Biochemical Features

The clinical characteristics of the study population are displayed in Table 1. There were 479 subjects evaluated in the
study with a mean (£SD) age of 60.4+9.8 years. In the two groups divided by VFA, there were 278 subjects in VFA
<100cm? group and 201 subjects in VFA >100cm? group. The mean CACs (£SD) of two groups were, respectively,
139.3+141.8 and 212.1+195.9. The differences were statistically significant (p<0.001; Figure 3). There were significant
differences in mean total hip BMD levels between VFA <100cm? group (1.02120.184) and VFA >100cm? group (0.968
+0.19) (p=0.01; Figure 4). The level of femoral neck and lumbar spine BMD decreased in VFA >100cm? group (but not
significantly) (p>0.05). With the increase of VFA, the CACs levels were significantly higher while BMD levels were
significantly lower. There were no statistical differences in height, weight, BMI, SBP, DBP, FPG, 2hPG, HbAlc, HDL-C,
LDL-C, TC, TG, Ca, P, ALP, and 25(OH)D among the groups (p>0.05).

Comeparison of CACs Levels in T2DM Patients with Normal, Osteopenia and

Osteoporosis
According to BMD results, subjects were classified into three groups: normal, osteopenia, and osteoporosis, as shown in
Table 2 (Figure 5). The mean (+SD) CACs levels of normal BMD, osteopenia, and osteoporosis in all participants were,
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Table | Clinical and Biochemical Features

All VFA<100cm? | VFA>100 cm? p

Number (n) 479 278 201
Age (year) 60.4+9.8 60.0£10.3 61.0+9.2 0.527
Males (n (%)) 266(55.8) 146(52.7) 120(60.3) 0.258
Diabetes duration(year) 10.0£7.6 10.3+7.7 9.6+7.4 0.641
Hight(cm) 167.419.1 166.7£9.4 168.2+8.5 0.255
Weight (kg) 68.8x11.2 68.511.9 69.1£10.3 0.850
BMI (kg/m?) 24.6+4.2 24.4+3.6 24.7+4.7 0.832
SBP (mmHg) 139.4£19.5 140+19.7 138.7£19.3 0.795
DBP (mmHg) 80.4+10.9 80+10.5 80.9+11.5 0.703
FPG (mmol/L) 8.3+3.4 8.1+2.9 8.5+3.9 0.399
2hPG (mmol/L) 16.2+6.3 15.5+£5.8 17+6.8 0.083
HbAlc (%) 8.0+2.0 79+1.8 82+2.1 0.296
HDL (mmol/L) 1.0£0.2 1.0£0.2 1.1£0.2 0.585
LDL (mmol/L) 2.8+0.9 2.8+0.9 29+1.0 0.549
TC (mmol/L) 42+1.2 4.1%1.1 4.3%1.3 0.332
TG (mmol/L) 2.0%1.7 1.8+1.2 2.1%2.0 0.171
Ca (mmol/L) 2.240.2 2.1+0.2 2.30.1 0.621
P (mmol/L) 1.2+0.2 1.2+0.1 1.2£0.2 0.865
B-ALP (U/L) 75.1+26.7 74.2+28.1 76%25.1 0.823
25(OH)D (nmol/L) 12.9£5.6 12.9+£5.5 13.0£5.7 0.981
VFA (cm?) 85.1+34.4 70.621.3 131.1£26.6 <0.001**
CACs 169.7£170.1 139.3%£141.8 212.1£195.9 <0.001%*
Bone mineral density

Total hip (g/cm?) 0.999+0.188 1.021£0.184 0.968+0.19 0.010%

Femoral neck (g/cm?) 0.908+0.2 0.922+0.205 0.888+0.193 0.191

Lumbar spine (g/cm?) | 1.087%0.196 1.091£0.192 1.082+0.2 0.877

Note: *p < 0.05; **p < 0.001.

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting
plasma glucose; 2hPG, 2hour plasma glucose; HDL, high density lipoprotein; LDL, low density lipoprotein; TC,
total cholesterol; TG, triglyceride; B-ALP, bone-alkaline phosphatase; VFA, visceral fat area; CACs, coronary
artery calcium score.

respectively, 116.3£104.2, 177.5£150.8, 183.4+171.8 (p<0.05) and in those subjects, no matter for men or women, the
differences of CACs levels were significant (p<0.05).

Subgroup analysis with respect to VFA was not concordant with the results for overall study population. In VFA
<100cm? group, the differences of CACs levels were not significant between patients with normal BMD, osteopenia, and
osteoporosis (116.8+104.9 vs 164.9£167.7 vs 149.6+£148.2) (p=0.349). Further, no significant differences were observed
in either males or females. However, in VFA >100cm” group, the mean (+SD) CACs of patients with osteoporosis was
244.1£200.0, which was significantly higher than those with osteopenia or normal BMD (p<0.05). The differences were
significant in both males and females.

The Correlation Between CACs and BMD by Adjusted Regression

As shown in Table 3, BMD was used as the dependent variable. The adjusted regression model was used to analyze the
relationship between the CACs and BMD, which was divided into 4 steps. The first step was model 0 (M0O) which only
introduced CACs as an independent variable. The second step was model 1 (M1) which introduced Age, Sex and BMI
for adjustment. The third step was model 2 (M2) which introduced BMI, SBP, DBP, HbAlc and VFA on the basis of
model 1 for adjustment. The fourth step was model 3 (M3) which added LDL, TG, TC, Ca, ALP and 25(OH)D on the
basis of model 2 for adjustment. The regressions of M0-M3 are depicted in Figure 6.
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Figure 4 Bone mineral density distribution difference between VFA<100cm? and VFAZ100cm? in 3 locations.

The results showed that in all patients, CACs was associated negatively with BMD in M1 adjusted for age, sex and
duration (p<0.001 for total hip, femoral neck, lumber spine) and in M2 adjusted for BMI, SBP, DBP, HbAlc and VFA
(»=0.011 for femoral neck). With further adjustment for HDL, LDL, TG, TC, Ca, ALP, 25(OH)D, the association
between CACs and BMD was attenuated (p=0.190 for total hip, p=0.075 for femoral neck, p=0.139 for lumber spine).

Subgroup analysis showed that among participants with VFA <100cm? there was no significant association between
CACs and BMD in minimally or multivariable adjusted models (M0-M3) (p>0.05). For patients with VFA >100cm?,
significant negative associations between CACs and BMD of total hip and lumber spine were observed with adjustment
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Table 2 Comparation of CACs in T2DM Patients of Normal, Osteopenia and

Osteoporosis

Normal Osteopenia Osteoporosis p
All
Total(n) 116.3+104.2(149) | 177.5£150.8(171) | 183.4x171.8(159) 0.03*
Males(n) 120.4+126.8(84) 158.5+154.3(93) 227.3+202.5(78) <0.001%**
Females(n) 122.6+137.9(65) 142.5+156.3(78) 272.4+222.1(81) <0.001**
VFA<100 cm®
Total(n) 116.8+104.9(81) | 164.9£167.7(103) | 149.6£148.2(93) 0.349
Males(n) 135.4+150.3(47) 131.9£139.7(60) 150.9+137.3(39) 0.621
Females(n) 148.8+175.9(34) 108.3+111.2(43) 152.5+122.6(54) 0.194
VFA>100cm?
Total(n) 115.2£105.9(68) 193.1£127.6(68) 244.1+200.0(66) 0.029*
Males (n) 101.6+86.8(37) 198.7+167.3(33) 331.6+231.9(39) <0.001%**
Females(n) 96.8+79.8(31) 204.7+203.0(35) 392.2+235.4(27) <0.001**

Note: *p < 0.05; **p < 0.001.

for age, sex and duration in M1 (p=—0.210, p<0.001 for total hip; p=—0.236, p<0.001 for lumber spine) and adjustment
for BMI, SBP, DBP, HbAlc, VFA in M2 (B=—0.088, p=0.002 for total hip; f=—0.063, p<0.001 for lumber spine). With
further adjustment for HDL, LDL, TG, TC, Ca, ALP, 25(OH)D, the associations between CACs and BMD of total hip
and lumber spine remained significant but attenuated (B=—0.087, p=0.010 for total hip; p=—0.052, p=0.005 for lumber
spine). CACs was significantly associated negatively with femoral neck BMD after adjustment confounders in M1 (B=
—0.246, p<0.001) and 2 (p=—0.084, p=0.01), but further adjustment for factors attenuated the relationship (»p>0.05).

ROC Curve Analysis of CACs Screening Osteoporosis
As shown in Figure 7, the AUC of CACs for predicting osteoporosis in T2DM patients was 0.879 according to ROC
curve data (95% CI:0.827-0.930, p<0.001). The maximum Jordan index was calculated to be 0.702, and the correspond-
ing optimal cut-off value of CACs level was 191.505, with a sensitivity of 81.9% and specificity of 88.2%.
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Table 3 Correlation Between CACs (Log x) and BMD by Adjusted Regression

Total Hip BMD Femoral Neck BMD Lumbar Spine BMD

B 95% ClI p B 95% CI p B 95% ClI P
All
Model 0 —0.112 | (-0.149, —0.076) | <0.00/** | —0.124 | (-0.164, —0.085) | <0.00/** | —0.120 | (-0.158, —0.081) | <0.00/**
Model | —0.109 | (-0.148, —0.070) | <0.00/** | —0.124 | (-0.165, —0.083) | <0.00/** | —0.120 | (-0.160, —0.080) | <0.00/**
Model 2 —0.038 (—0.086, 0.010) 0.117 —0.070 | (-0.123, —0.016) 0.011* —0.065 | (-0.115, —0.015) 0.012%
Model 3 —0.04 (—0.099, 0.020) 0.190 —0.060 (-0.126, 0.006) 0.075 —0.047 (-0.109, 0.015) 0.139
VFA<100 cm?
Model 0 0.006 (—0.049, 0.061) 0.828 —0.019 (—0.08, 0.043) 0.551 0.001 (—0.058, 0.058) 0.999
Model | 0.021 (—0.037, 0.078) 0.480 —0.017 (—0.083, 0.049) 0.609 —0.002 (—0.063, 0.058) 0.940
Model 2 0.020 (—0.041, 0.08) 0.525 —0.020 (—0.088, 0.049) 0.569 —0.008 (-0.071, 0.055) 0.794
Model 3 0.007 (—0.074, 0.089) 0.861 —0.025 (-0.116, 0.067) 0.593 0.001 (—0.083, 0.085) 0.983
VFAZ100 cm?
Model 0 —0.218 | (-0.263, —0.172) | <0.00/** | —0.226 | (-0.272, —0.18) <0.001** | —0.246 | (-0.293, —0.200) | <0.00/**
Model | —0.210 | (-0.260, —0.161) | <0.00/** | —0.216 | (—0.265, —0.166) | <0.00/** | —0.236 | (—0.286, —0.185) | <0.00/**
Model 2 —0.088 | (—0.143, —0.033) 0.002* —0.084 | (-0.147, —0.021) 0.01* —0.063 | (—0.094, —0.032) | <0.00/%**
Model 3 —0.087 | (-0.152, —0.022) 0.010% —0.070 (-0.150, 0.011) 0.09 —0.052 | (-0.087, —0.017) 0.005%*

Note: *p < 0.05; **p < 0.001. Model 0: Unadjusted; Model |: Adjusted for age, sex, diabetes duration; Model 2: Adjusted for the covariates in Model |1+BMI, SBP, DBP,
HbAlc, VFA; Model 3: Adjusted for the covariates in Model 2+HDL, LDL, TG, TC, Ca, ALP, 25(OH)D.

Discussion

Osteoporosis and cardiovascular diseases are both major diseases in public. More and more studies have shown that
vascular calcification is closely related to osteoporosis. Xu R found that low BMD in the spine and femoral neck was an
independent risk factor for coronary artery calcification in postmenopausal women.>> Therkildsen J reported that BMD
was significantly correlated with CACs in obese women when adjusting confounding factors. BMD decreased signifi-

cantly with the aggravation of calcification.?® In this study, we found there was no correlation between CACs and BMD
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Figure 6 Standardized regression coefficients are shown for correlation between CACs and BMD by adjusted regression analyses in all patients, visceral fat area <100cm?
and visceral fat area 2100cm>.

Notes: Model 0: Unadjusted; Model I: Adjusted for age, sex, diabetes duration; Model 2: Adjusted for the covariates in Model |+BMI, SBP, DBP, HbAlc, VFA; Model 3:
Adjusted for the covariates in Model 2+HDL, LDL, TG, TC, Ca, ALP, 25(OH)D.
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Figure 7 ROC curve analysis of CACs screening osteoporosis.

in whole T2DM patients (p>0.05), which was inconsistent with above studies. It was possibly due to their subjects being
obese.

Most of T2DM patients are complicated with visceral obesity. In addition to age, hypertension, hyperglycemia,
visceral fat is significantly associated with the development of atherosclerosis.”’” Bouchi R found that high VFA
(>100cm?) was an important determinant of carotid atherosclerosis in T2DM.® Visceral fat can secrete lots of factors
and cause continuous inflammatory response which accelerates coronary calcification.” In addition, adipose tissue can
also be deposited around bone tissue causing bone metabolism disorder and inhibiting bone formation.*° Therefore, we
investigated the level of CACs and BMD in T2DM patients with different VFA. The results showed that with increase of
VFA, CACs was significantly increased and total hip BMD decreased apparently. The excessive accumulation of visceral
fat causes vascular endothelial dysfunction and further induces oxidative stress causing vascular injury.

The present study showed that relationship of BMD and CACs for patients with different VFA were different. We
found that CACs was significantly negatively correlated with total hip and lumbar spine BMD for T2DM patients with
VFA >100cm?, but not in patients with VFA <100cm?. Ahmadi N’s research reveals that BMD decreased significantly
with increasing coronary artery calcification in obese individuals and their results are consistent with ours.>’ When
adjusted for age, sex and duration in M1, further adjusted for BMI, SBP, DBP, HbAlc, VFA in M2 and for HDL, LDL,
TG, TC, Ca, ALP, and 25(OH)D in M3, the correlation between CACs and BMD were low values of the regression,
respectively. The results suggested that above confounders could affect BMD; however, the present study still found that
the associations between CACs and BMD were significant in patients with VFA >100cm®. Therefore, CACs is an
independent risk factor for osteoporosis of T2DM patients with visceral obesity.

There are some researches on the relationship between CACs and BMD, but the conclusions are not consistent, which
may be related to subjects and BMD sites. Lee HT found an inverse association between BMD and CACs in patients with
metabolic syndrome, but no association in patients without metabolic syndrome.** Another study showed that there was
no significant association between CAC and osteopenia or osteoporosis of postmenopausal females.*>** In a cross-
sectional study, a significantly negative association was found between CACs and BMD of lumbar spine, but not total
hip.>> However, another study reported that a significant association of CACs with an increase of osteoporotic fracture
and hip fracture risk.*® These studies implied that the included subjects and BMD sites may be critical when analyzing
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the association of these two. Our study firstly found a negative association between CACs and BMD in T2DM patients
with visceral obesity.

The possible molecular mechanism of relation between BMD and vascular calcification is that bone metabolism and
arterial calcification share a common signaling pathway called OPG/RANKL/RANK.?” The expresses of OPG gene are
not only in bone tissue to inhibit osteoclast differentiation, but in vascular smooth muscle cells and endothelial cells to
accelerate vascular calcification.® The overexpressing OPG transgenic mice can develop osteosclerosis, while the mice
with OPG gene knocking out show severe aortic calcification and severe osteoporosis.>® In addition, klotho gene-
deficient mice developed atherosclerosis and osteoporosis.*’ Klotho protein is mainly expressed by kidney and is
involved in the activation of fibroblast growth factor (FGF) receptors. Through the regulation on ion channels and signal-
regulated kinases, this protein can improve the metabolism of blood phosphorus and bone tissue, and then involve in the
progression of coronary artery calcification.*'

This study firstly designed to investigate the relationship between CACs and BMD in T2DM patients with different
VFA. We demonstrated that there was significant association between CACs and BMD of total hip and lumber spine in
T2DM patients with VFA >100cm?. However, this study had several limitations. Firstly, it was a cross-sectional study
and could not explore the cause-and-effect relationship between CACs and BMD. Further prospective studies are needed
to identify causality among coronary artery calcification and osteoporosis. Secondly, although DXA is the standard
method for osteoporosis screening and follow-up, DXA may not be the ideal technique to distinguish between bone
mineral content and extraosseous calcification. Also, it must be considered that the calcified ROIs marked manually may
cause bias of CACs results. However, studies have suggested that accuracy of CACs by semi-automated Agatston scoring
was not inferior to that based software for fully automated. Finally, we measured VFA by bioelectrical impedance
analysis (BIA) rather than computed tomography (CT), a gold standard measure of VFA. However, compared with CT,
BIA is a more widely available, low-cost, and no radiation method. And a significant correlation between VFA observed
by CT and VFA estimated by BIA was revealed in healthy volunteers.***

Conclusion

In conclusion, the present study suggested that there was no significant association between CACs and BMD in all
patients with T2DM. However, in patients with VFA >100cm? group, there was a negative association between CACs
and BMD of total hip and lumbar spine. Our findings implied that associations between CACs and BMD varied by the
visceral fat deposition. It is critical to evaluate the condition of visceral fat accumulation for exploring the complex
interplay of vascular calcification and bone metabolism in T2DM. It may be of some clinical value for CACs in
predicting osteoporosis in T2DM with visceral obesity.
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