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Abstract 21 

Background 22 

Abdominal aortic calcification (AAC) may overestimate lumbar bone mineral density (BMD) examined 23 

by dual-energy X-ray absorptiometry (DXA); however, the degree of effect of AAC on lumbar BMD has 24 

not been quantified. In particular, no study has quantitatively compared and analysed segmental BMD and 25 

AAC using computed tomography (CT) scan. Thus, this study aimed to quantify the effect of AAC on 26 

BMD measurements using DXA via multiple linear regression analysis.  27 

Methods 28 

This study retrospectively reviewed participants >30 years of age who underwent DXA and spinal CT 29 

scans between 2014 and 2016. Variables that significantly affected the BMD of each lumbar segment 30 

were identified. Additionally, segmental facet joint arthritis (FJA) and AAC volume were evaluated using 31 

CT.  32 

Results 33 

A total of 620 subjects (153 males and 467 females) were included. The mean age was 71.6 ± 9.1 years 34 

(range, 31–89 years). AAC had the highest prevalence in L3 (45.2%), followed by L4 (41.1%). The 35 

average volume of AAC was the highest in L4 at 213.67 ± 443.82 mm3, followed by L3 at 161.95 ± 36 

338.09 mm3. Our regression model found that Ln (L4BMD) was significantly correlated with age, BMI, 37 

FJA, and AAC volume in female subjects. Additionally, L4 BMD might be overestimated by 38 

approximately 0.90% for every 100 mm3 increase in AAC volume. The results for Ln (L3BMD) were 39 

almost identical. However, these relationships were not observed in males.  40 

Conclusion 41 

According to this model, AAC may overestimate lumbar BMD examined by DXA in a dose-dependent 42 

manner in females. 43 

Keywords: Abdominal aortic calcification; osteoporosis; bone mineral density; dual-energy X-ray 44 
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absorptiometry; computed tomography 45 

Background 46 

Dual-energy X-ray absorptiometry (DXA) is a widely used diagnostic tool for osteoporosis, 47 

which can evaluate fracture risk and monitor treatment response [1]. However, confounding factors can 48 

lead to measurement errors when DXA is used to evaluate lumbar bone mineral density (BMD); these 49 

factors include vertebral size and shape variations, bone marrow fat, soft tissue calcification, and 50 

degenerative lumbar spine changes.[2, 3] Among them, common degenerative changes in the elderly 51 

include facet joint arthritis (FJA) and abdominal aortic calcification (AAC) [4, 5], which have been 52 

associated with BMD. Previous studies agree that FJA overestimates BMD measurement [6, 7]. In 53 

contrast, the effect of AAC on BMD remains controversial. One case report found that AAC 54 

overestimates lumbar BMD measurement on DXA due to beam path calcification [8]. On the other hand, 55 

some studies have suggested that AAC is not related to BMD [9-11]. Other studies have reported a 56 

negative correlation between AAC and BMD [12, 13]. Based on existing literature, the impact of AAC on 57 

BMD measurements seems minimal. However, the additive effect of calcified aortic tissue on DXA 58 

measurements remain unclear. To the best of our knowledge, no previous studies have quantified AAC 59 

using computed tomography (CT) scan and conducted simultaneous evaluation of each spinal segment. 60 

Therefore, this study aimed to quantify the effect of AAC on BMD by evaluating AAC using CT scans 61 

and to examine the effect of AAC on BMD at each spine level. 62 

 63 

Materials and Methods  64 

 65 

Study population 66 

This retrospective cross-sectional study reviewed subjects who underwent both DXA and L-67 

spine CT simultaneously for various indications, including lower back pain, radiating pain, or medical 68 

consultation within 1 year at Seoul Metropolitan Government-Seoul National University, Boramae 69 
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Medical Center between October 2014 and December 2016. In this study, subjects older than 30 years of 70 

age, which is the age where a decline in lumbar volumetric BMD is observed in both men and women, 71 

were included.[14]. Patients with the following characteristics were excluded: absence of CT scan within 72 

1 year of DXA; history of vertebral fractures or spinal surgery involving ≥3 vertebral segments between 73 

L1 and L4; history of primary or metastatic cancer involving the vertebral body; and comorbid 74 

parathyroid disease. 75 

In this study, medical records of subjects were reviewed to determine their age, sex, weight, 76 

height, body mass index (BMI), steroid use, osteoporosis medication (BP, PTH, and SERM), and spine 77 

surgery history. Additionally, the underlying primary or metastatic cancer and parathyroid disease were 78 

evaluated. 79 

BMD measurement by DXA 80 

BMD was measured for all subjects using DXA, including anteroposterior lumbar DXA. For 81 

BMD evaluation, the BMD and T-score of L1, L2, L3, and L4 were examined with the total lumbar BMD 82 

and T-score. The BMD of the affected segment was excluded from the analysis if the segment had a 83 

history of surgery, such as vertebroplasty, kyphoplasty, laminectomy, and fusion surgery. A GE Lunar 84 

Prodigy Advance densitometer (General Electric, Milwaukee, WI, USA) was used to measure BMD.  85 

Evaluation by Lumbar CT 86 

CT and lumbar spine X-rays (if available) were analyzed within 1 year of DXA imaging. The 87 

FJA, AAC volume, fracture, and L1-L4 surgery were closely reviewed using CT by a single orthopedic 88 

surgeon who was blinded to the subjects’ medical records and BMD. In addition, all measurements and 89 

evaluations using CT were recorded at each spine level to allow independent analysis of each vertebral 90 

segment. In patients with multiple CT scans within 1 year, we chose either the images obtained on a 91 

closer date to DXA, or images with fracture or surgical condition consistent with DXA. Conventional 92 

non-contrast lumbar spine CTs covering T10 to the sacrum were obtained in the supine position. A GE 93 

LightSpeed Pro 16 CT (General Electric, Milwaukee, WI, USA) was used, and images were obtained 94 

with a 2.5-mm thickness (120 kVp, 2.5 pitch). 95 
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Evaluation of FJA and AAC 96 

FJA was evaluated in four stages from Grade 0 to Grade 3 via CT scan. Namely, grade 0 was 97 

normal; grade 1, joint space narrowing; grade 2, narrowing with sclerosis or hypertrophy; and grade 3, 98 

severe osteoarthritis with osteophyte and sclerosis.[15] For ease of analysis, the FJA grading was 99 

converted to an ordered variable from 0 to 3, corresponding to the grade. 100 

The AAC volume was obtained by measuring the volume of abdominal aortic calcification, 101 

which showed attenuation of >90 Hounsfield units on CT. Between the L1–L4 vertebra, measurements 102 

were performed for aortic calcification located anterior to each vertebra. To calculate the volume, a cross-103 

sectional area above 90 HU was identified in the axial cut of the CT between the upper and the lower 104 

endplate of each lumbar segment and multiplied by the number of cuts of the cross-sectional area.[16] 105 

The volume of aortic calcification corresponding to each spinal segment was recorded in cubic 106 

millimeters. 107 

Vertebral compression fracture and previous spine surgery 108 

Vertebral compression fractures and previous spine surgeries were investigated using medical 109 

records, radiography, and CT scans. The presence of a vertebral compression fracture was evaluated and 110 

recorded for each segment. In this study, any spine surgery included fusion surgery, partial laminectomy, 111 

diskectomy, vertebroplasty, and kyphoplasty performed between L1 and L4. Fusion surgery was defined 112 

as any interbody fusion surgery or posterolateral fusion surgery of the lumbar spine that required 113 

instrumentation. The BMD of the vertebral segment with compression fracture was included in the 114 

analysis, but not BMD of vertebral segments treated with surgery. 115 

Statistical analysis 116 

A multiple linear regression analysis was performed to investigate the effect of abdominal 117 

aortic calcification on lumbar spine BMD. The dependent variables were the BMD of L1 to L4. Since the 118 

BMD value did not follow normality, the natural logarithm of each BMD value was obtained as the 119 

dependent variable, and normality was determined. Sex, age, BMI, FJA grading, AAC volume, vertebral 120 

fracture, fusion surgery history, osteoporosis medication, and steroid use were considered as independent 121 
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variables, and their significance was verified. 122 

In our multiple linear regression model, sex was assigned a value of 0 and 1 for women and 123 

men, respectively. Age was assigned a value of years. BMI was used as a continuous variable, which was 124 

measured as kg/m2). FJA was introduced as an ordinal scale with values ranging from 0 to 3 according to 125 

the grading system. Other factors such as the presence of vertebral fracture, fusion surgery [17], 126 

osteoporosis medication, and steroid use were assigned a value of 1 and their absence was given a value 127 

of 0. Additionally, the independence, multicollinearity, and homoscedasticity of the standard residuals of 128 

the independent variables were examined. All data were analyzed using SPSS Statistics version 20 (IBM, 129 

Armonk, NY, USA). 130 

 131 

Results 132 

Demographic data 133 

During the study period, 685 subjects were considered for the study. However, 65 patients were 134 

excluded; among them, 37 were excluded due to fractures of >3 vertebral segments between L1–L4, 15 135 

underwent spinal surgery involving ≥3 surgical segments between L1–L4, 12 had ≥3 fractures in surgical 136 

segments between L1-L4, and one had multiple myeloma. A total of 620 subjects (153 men and 467 137 

women) were enrolled in the analysis. 138 

The 620 patients had a mean age of 71.6 ± 9.1 years (range, 31 to 89 years) and mean BMI of 139 

24.9 ± 4.1 kg/m2. Among the 620 patients, 181 (29.2%) had fractures in vertebral bodies between L1 and 140 

L4, 66 (10.6%) had history of spine surgery, and 50 (8.1%) had fusion surgery involving L1 through L4. 141 

(Table 1) More detailed information regarding fracture and spine surgery is provided in Supplementary 142 

Table 1. 143 

Lumbar BMD and T-score 144 

In all enrolled study subjects, the mean BMD of women and men was 0.900 ± 0.175 and 1.063 145 

± 0.208, respectively. The mean lumbar T-score for women and men was -2.06 (± 1.55) and -0.87 (± 146 
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1.72), respectively. The mean and standard deviation of the BMD and T-score for each sex and segment 147 

are summarized in Table 2. 148 

Abdominal aortic calcification 149 

The overall prevalence of AAC measured by CT was 60.4% in women and 68.0% in men. 150 

Depending on the spinal segment, the prevalence and volume of AAC tended to increase from L1 to L4 in 151 

both men and women. Among L1 to L4, L3 (45.2%) had the highest prevalence of AAC, followed by L4 152 

(41.1%), L2 (23.4%), and L1 (11.3%). The average AAC volume was the highest in L4 at 213.67 ± 153 

443.82 mm3, followed by L3 at 161.95 ± 338.09 mm3. The mean volume of AAC was 27.39 ± 130.27 and 154 

60.37 ± 218.84 mm3 in L1 and L2, respectively, which were less than half compared to L3 or L4. 155 

(Supplementary Table 2) 156 

In addition, AAC increased with age in both men and women, which was observed in 72.3% of 157 

the patients >70 years of age. Furthermore, AAC was found in 79.2% of women and 76.2% of men over 158 

80 years of age. In contrast, only 27.7% of women and 47.6% of men aged <60 years demonstrated AAC. 159 

Similarly, the mean AAC volume increased gradually with age and toward the lower lumbar spine. In 160 

patients >80 years old, the maximum volume of AAC in L4 were 372.4 ± 461.8 mm3 and 509.5 ± 763.7 161 

mm3 in women and men, respectively. (Table 3) 162 

Facet joint arthritis 163 

The FJA showed different distributions between L1 and L4. FJA was the most common in L1 164 

(81.6%), followed by L4 (56.5%). Grade 1 (mild FJA) was highest in L1 (48.1%). In contrast, grade 3 165 

(severe arthritis) was highest in L4 (15.8%). (Figure 1) 166 

History of Osteoporosis medication and oral steroid use 167 

In our study population, 58(9.8%) were receiving osteoporosis drugs, and nine (1.4%) were 168 

receiving oral steroids.( Table 1) 169 

Multiple linear regression analysis 170 

A normality test was performed on the BMD values of L4 from L1, which eliminated outliers. 171 
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No BMD value satisfied the normality test. However, for the natural logarithm of BMD values from L1 to 172 

L4 (Ln (L1BMD), Ln (L2BMD), Ln (L4BMD), and Ln (L4BMD)), the Kolmogorov-Sminova value 173 

satisfied the normality (≥0.05). Independent variables were sex, age, BMI, vertebral fracture, fusion 174 

surgery, FJA, AAC volume, osteoporosis medication, and oral steroid use. 175 

Ln (L1BMD) and Ln (L2BMD) were correlated with sex, age, BMI, history of fusion surgery, 176 

FJA, and osteoporosis medication, but not with AAC volume (L1, p = 0.167; L2, p = 0.154; Table not 177 

shown). Ln (L3BMD) and Ln (L4BMD) showed statistically significant correlations with sex, age, BMI, 178 

FJA, and AAC. However, fusion surgery and osteoporosis medication were correlated with L1/L2 but not 179 

with L3 or L4. Our regression model demonstrated no significant correlation between vertebral fracture 180 

and BMD in any of the spine segments. In the multiple linear regression analysis of Ln (L3BMD) and Ln 181 

(L4BMD), the modified R-squared values were 0.326 and 0.318, respectively. In Ln (L4BMD), 182 

regression coefficients of sex, age, BMI, FJA, and AAC volume were 0.196, -0.0066, 0.013, 0.057, and 183 

0.0063, respectively (all p < 0.01). The results for Ln (L3BMD) were almost identical (Table 4). 184 

Multiple linear regression analysis by gender 185 

Multiple linear regression analysis by sex confirmed that Ln (L3BMD) and Ln (L4BMD) were 186 

positively correlated with BMI, FJA, and AAC volume and negatively correlated with age in females187 

 s. In contrast, males demonstrated no significant correlations between these factors and Ln 188 

(L3BMD), except for a positive correlation with BMI (Table 5). In Ln (L4BMD) of females, regression 189 

coefficients of age, BMI, FJA, and AAC volume were -0.0085, 0.010, 0.059, and 0.0090, respectively (all 190 

p < 0.005). The results of Ln (L3BMD) and Ln (L4BMD) in women were almost identical, and regression 191 

coefficients of age, BMI, FJA, and AAC volume were -0.0079, 0.012, 0.068, and 0.0097, respectively. 192 

Males demonstrated no significant correlation between age, FJA, AAC, and Ln (L4BMD). 193 

(Supplementary Table 3).  194 

The regression model for female confirmed in this study was as follows. 195 

Ln (L4 BMD) = 0.236645 - 0.008464*Age (year) + 0.010109*BMI (kg/m2) + 0.059080*L4 FJA grade + 196 

0.009006*L4 AAC volume (100mm3)  197 
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Particularly, 198 

L4 BMD ∝ 
. ∗ ∗. ∗ ∗. ∗  . ∗  199 

According to this model, BMD was measured as high as approximately 1.0%(. ) for 1 200 

increase in BMI, approximately 6.1%(. ) for every increase in FJA grade, and 0.90%(. ) 201 

for every 100 mm3 increase in AAC volume. The measured BMD would be decreased by approximately 202 

0.19% (1/. ) annually. For example, women over 80 years of age in this study had an average L4 203 

AAC volume of 372.4 mm3. According to our model, e0.0090×3.72 ≒ 1.0340. Therefore, it can be estimated 204 

that the average L4BMD would have been overestimated by 3.4% compared to the real BMD. 205 

Homoscedasticity was confirmed in the scatter plot of the regression standardized residuals in 206 

our final models. The Durbin–Watson values for Ln (L3BMD) and Ln (L4BMD) were 1.933 and 1.895, 207 

respectively. Thus, independence was satisfied. No multicollinearity was observed between variables. 208 

 209 

Discussion 210 

 This study has several findings. First, AAC was common in elderly men and women (72.3% 211 

over 70), which tended to increase with age, regardless of sex, prevalence, and volume. Second, the 212 

prevalence and volume of AAC were significantly higher at the L3-4 level compared to the L1-2 level. 213 

Third, grade 3 and grade 1 FJA were most common in L4 and L1, respectively. Fourth, females 214 

demonstrated that the BMD of L3 and L4 were significantly positively correlated with BMI, FJA, and 215 

AAC volume.  216 

AAC and FJA are common degenerative changes found in the elderly population [4, 5] and may 217 

act as confounding factors for BMD measurements. Vascular calcification is an actively regulated process 218 

affected by the balance of several factors. It has been suggested that chronic kidney disease, diabetes 219 

mellitus, atherosclerosis, and aging potentially affect vascular calcification formation and progression. 220 

[18, 19] In previous studies, the prevalence and volume of AAC varied with age. Hyder et al.[20] reported 221 
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that the prevalence was 68.4% among 6814 men and women in a MESA cohort. Vogt et al.[4] reported a 222 

prevalence of 60% and 96% for patients aged 65–69 years and ≥85 years, respectively. Another study 223 

found that the AAC volume measuring using CT was approximately 4293–6322 mm3 in subjects 224 

approximately 90 years of age.[16] Additionally, calcific deposition has been reported to begin below the 225 

abdominal aorta.[21] The results of our study appear to be consistent with previous studies in terms of 226 

prevalence, amount, and AAC location.  227 

 A >30% prevalence of FJA has been reported in men and women in their 70s, which increases 228 

with age.[22] One study reported that the prevalence of lumbar FJA was 37% in non-spinal clinical 229 

indications.[23] In our study, we found a higher prevalence of FJA compared to previous studies; this may 230 

be due to the performance of the test in patients exhibiting any symptoms, rather than a symptomatic 231 

normal population. In addition, we found a relatively high prevalence of FJA in the L1, which may be 232 

attributed to the stress concentration at the thoracolumbar junction.[24] Regarding the reliability of FJA 233 

evaluation, CT has been reported to be superior to MRI.[25]  234 

Currently, many studies have been conducted to investigate the relationship between AAC and 235 

lumbar BMD measurements using DXA. Drinka et al.[10] reported that AAC had a minor effect on BMD 236 

as evaluated by lateral X-ray. Frye et al.[12] reported that BMD is 6% higher compared to the estimation 237 

in severe AAC using a lateral X-ray study; however, the effect was minimal compared to degenerative 238 

change. Other studies insist that an independent relationship exists between AAC and osteoporosis.[18, 239 

26]. However, these studies were all based on semi-quantitative methods of AAC-24 or AAC-8 using 240 

lateral scans of DXA or lateral lumbar X-rays. A previous study has validated these semiquantitative 241 

methods of measuring AAC severity [27]; however, they have inferior sensitivity and accuracy compared 242 

to CT when evaluating the volume.[28] In particular, lateral images can only detect anterior and posterior 243 

aortic wall calcifications, but not in the lateral walls. However, the accuracy of calcification using CT has 244 

been validated, even with pathology.[29] 245 

Additionally, Kim et al.[30] used the Agatson score to quantify AAC using CT; however, they 246 

did not analyse each segment. A similar study was conducted in 2017 but also failed to compare the AAC 247 

and BMD of each segment of the lumbar spine.[16] In 2009, these limitations similarly appeared in a 248 
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study by Hyder et al.[20] Total lumbar BMD combines all BMDs of the lumbar segments, and is widely 249 

used in the treatment of osteoporosis. Comparisons between the AAC and BMD of each lumbar segment 250 

are necessary to accurately evaluate the effects of AAC. However, no previous studies have quantified 251 

AAC by comparing each segment. In this study, we attempted to overcome the limitations of previous 252 

studies by quantifying the AAC of each segment using DXA and lumbar CT captured within a year and 253 

analysing the effect on each segment's BMD. 254 

In this study, we obtained consistent results that AAC was positively correlated with BMD 255 

measurements in L3 and L4 in women. The regression coefficients seemed to be lower than the other 256 

factors. However, in our study, 14.5% of AACs found at the L4 level in women had >1000 mm3 in 257 

volume, with an average volume of 1615 mm3. This indicates that L4 BMC can be measured 10.7% larger 258 

on average, which is sufficient to change the T-score. Thus, in female subjects, the BMD of L3/L4 can be 259 

overestimated by AAC, especially in those older than 70 years. In contrast, the BMD of males were not 260 

associated with AAC, FJA, and age. This may be due to the lower number of males or the presence of 261 

other significant factors. Currently, no study has found the effects of AAC on the BMD of males. 262 

Therefore, further investigation of BMD in men is required.  263 

Confounding factors had no significant effects in this study, namely, fracture, osteoporosis 264 

medication, and oral steroid use. The absence of relationship with fractures may be due to the comparison 265 

of BMD with fracture of a specific segment, instead of a history of osteoporotic fractures. Regarding 266 

osteoporosis medication and oral steroids, detailed distinction was not made in terms of duration, type, 267 

and dose of the drug, which can affect BMD. Nevertheless, the significant effect of AAC in L3 and L4 on 268 

lumbar BMD measurement identified in this study has important clinical implications. In particular [31], 269 

the BMD of L3 and L4 could be more significant in evaluating elderly patients with frequent osteoporotic 270 

fractures of the thoracolumbar joint than in younger people.  271 

This study has some limitations. First, the rate of BMD decline was not constant, but this was 272 

not reflected in our model. Second, the grading of each facet joint was analysed as a continuous variable. 273 

However, the increase in one step of FJA grading may not have the same effect on BMD, which may 274 

decrease the accuracy of the quantitative effect in each factor. Nevertheless, the quantitative analysis of 275 
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our study remains valid to provide an approximation. 276 

 277 

Conclusion 278 

AAC is common regardless of sex, and demonstrates an age-dependent increase in prevalence 279 

and volume. With meticulous control of confounding factors, we found an evident correlation between 280 

AAC volume and BMD of L3 and L4 in females. In female subjects of old age, AAC can significantly 281 

overestimate L3 and L4 BMD using DXA in a dose-dependent manner.  282 
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Table 1. Demographic data of subjects 425 

 
Female(n=467) Male(n=153) Total(n=620) 

Age 71.64(±8.77) 71.42(±10.09) 71.58(±9.11) 

BMI (kg/m2) 25.42(±4.20) 23.46(±3.51) 24.93(±4.13) 

L-BMD average 0.900(±0.175) 1.063(±0.208) 0.940(±0.196) 

Any vertebral fracture between L1-L4 133(28.5%) 48(31.4%) 181(29.2%) 

Any spine surgery between L1-L4* 55(11.8%) 11(7.2%) 66(10.6%) 

Fusion surgery between L1-L4** 40(8.6%) 10(6.5%) 50(8.1%) 

Osteoporosis med 55(11.80%) 3(2.00%) 58(9.3%) 

Bisphosphonate 35(7.50%) 2(1.30%) 37(5.9%) 

SERM 16(3.40%) 2(1.30%) 18(2.9%) 

Oral steroid usage 8(1.70%) 1(0.70%) 9(1.4%) 

*Any spine surgery includes interbody fusion, posterolateral fusion, partial laminectomy, diskectomy, vertebroplasty, 426 

and kyphoplasty. 427 

**Fusion surgery includes any interbody fusion and posterolateral fusion which needs instrumentation. 428 

  429 
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Table 2. Lumbar BMD and T-score of study population 430 

 
Female(n=467) Male(n=153) Total(n=620) 

L1 BMD 0.823(±0.213) 0.981(±0.209) 0.861(±0.225) 

L2 BMD 0.879(±0.228) 1.076(±0.218) 0.926(±0.241) 

L3 BMD 0.907(±0.364) 1.117(±0.283) 0.957(±0.357) 

L4 BMD 0.812(±0.624) 1.074(±0.517) 0.874(±0.610) 

Lumbar BMD average 0.900(±0.175) 1.063(±0.208) 0.940(±0.196) 

L1 T-score -2.02(±1.36) -1.06(±1.71) -1.79(±1.51) 

L2 T-score -2.11(±2.18) -0.97(±1.83) -1.84(±2.16) 

L3 T-score -2.12(±1.79) -0.61(±1.90) -1.78(±1.93) 

L4 T-score -1.76(±1.74) -0.51(±1.95) -1.47(±1.87) 

Lumbar T-score Average -2.06(±1.55) -0.87(±1.72) -1.76(±1.67) 

Means and standard deviations of segmental BMD and T-score. 431 
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Table 3. Abdominal aortic calcification anterior to each lumbar vertebra with respect to age group and gender 

  Age(years) 

  
≤ 60 (n=47) 61-70 (n=145) 71-80 (n=203) > 80 (n=72) 

N (%) AC volume* N (%) AC volume* N (%) AC volume* N (%) AC volume* 

Female L1 AAC 1(2.1) 0.9(±5.9)  9(6.2) 9.8(±68.0)  33(16.3) 35.4(±108.0)  12(16.7) 41.9(±126.3)  

 L2 AAC 2(4.3) 2.3(±11.3)  17(11.7) 20.8(±120.1)  53(26.1) 48.6(±127.4)  28(38.9) 98.8(±246.2)  

 L3 AAC 9(19.1) 21.6(±79.2)  45(31.0) 80.3(±222.1)  101(49.8) 168.1(±303.2) 47(65.3) 264.0(±333.7)  

 L4 AAC 4(8.5) 8.6(±34.1) 43(29.7) 89.7(±229.4)  98(48.3) 231.2(±458.6)  43(59.7) 372.4(±461.8) 

 Total 13(27.7) 
 

72(49.7) 
 

140(69.0) 
 

57(79.2) 
 

  ≤ 60 (n=21) 61-70 (n=31) 71-80 (n=80) > 80 (n=21) 

Male L1 AAC 1(4.8) 0.4(±1.9)  3(9.7) 21.4(±90.1)  7(8.8) 23.6(±99.9)  4(19.1) 131.3(±498.3)  

 L2 AAC 4(19.0) 17.0(±42.1)  6(19.4) 67.7(±179.3)  26(32.5) 116.4(±277.6)  9(42.9) 265.6(±748.2)  

 L3 AAC 9(42.9) 63.5(±104.3)  14(45.2) 167.5(±427.5)  43(53.8) 260.1(±521.1)  12(57.1) 347.4(±519.5)  

 L4 AAC 4(19.0) 136.8(±400.2) 11(35.5) 196.3(±403.3) 38(47.5) 320.9(±594.7) 14(66.7) 509.5(±763.7) 
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 Total 10(47.6) 
 

19(61.3) 
 

59(73.8) 
 

16(76.2) 
 

*Means and standard deviations 
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Table 4. Linear regression analysis of Ln (L3BMD) & Ln (L4 BMD) 

 Independent variable B SE Beta p VIF 

Ln 

(L3BMD) 

Constant  -0.040 .081 
 

.622 
 

Gender(female=0, male=1) 0.188 .018 .376 .000 1.063 

Age(years) -0.0062 .001 -.266 .000 1.074 

BMI(kg/m2)* 0.014 .002 .259 .000 1.060 

Grade of Facet joint arthritis(0-3)  0.060 .008 .272 .000 1.016 

Volume of AAC (100mm3) 0.0065 .000 .102 .005 1.063 

Ln 

(L3BMD) 

Constant  0.030 .087  .730  

Gender(female=0, male=1) 0.196 .019 .384 .000 1.072 

Age(years) -0.0066 .001 -.270 .000 1.088 

BMI(kg/m2)* 0.013 .002 .254 .000 1.065 

Grade of Facet joint arthritis(0-3)  0.057 .008 .284 .000 1.031 

Volume of AAC (100mm3) 0.0063 .000 .117 .002 1.072 

SE stands for standard error. 

VIF stands for Variance Inflation Factor. 
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Table 5 Linear regression analysis of Ln (L4 BMD) of female & male subjects 

 Independent variable B SE beta p value VIF 

Female 

Constant  0.237 .098 
 

.016 
 

Age(years) -0.0085 .001 -.355 .000 1.097 

BMI(kg/m2)* 0.010 .002 .213 .000 1.010 

Grade of Facet joint arthritis(0-3) 0.059 .008 .318 .000 1.006 

Volume of AAC (100mm3) 0.0090 .000 .155 .001 1.087 

Male 

Constant  -0.425 .178  .018  

Age(years) -0.0019 .002 -.089 .309 1.190 

BMI(kg/m2)* 0.028 .005 .455 .000 1.035 

Grade of Facet joint arthritis(0-3) 0.033 .018 .161 .064 1.174 

Volume of AAC (100mm3) 0.0044 .000 .109 .183 1.044 

SE stands for standard error. 

VIF stands for Variance Inflation Factor. 
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Supplement data 

Supplementary Table 1. Detailed information of fracture and spine surgery. 

 
Female(n=467) Male(n=153) Total(n=620) 

Any spine fracture between L1-L4 133(28.5%) 48(31.4%) 181(29.2%) 

Fracture (L1 : L2 : L3 : L4 ) 
66(14.1%):35(7.5%):27(5.8%):1

2(2.6%) 

23(15.0%):15(9.8%):8(5.2%):

8(5.2%) 

89(14.4%):50(8.1%):35(5.6%):2

0(3.2%) 

Any spine surgery between L1-

L4* 
55(11.8%) 11(7.2%) 66(10.6%) 

Fusion surgery between L1-L4** 40(8.6%) 10(6.5%) 50(8.1%) 

Operation level (L1 : L2 : L3 : L4 ) 
9(1.9%):3(0.6%):14(3.0%):44(9.

4%) 

1(0.7%):1(0.7%):2(1.3%):9(5.

9%) 

10(1.6%):4(0.6%):16(2.6%):53(

8.5%) 

*Any spine surgery includes interbody fusion, posterolateral fusion, partial laminectomy, diskectomy, vertebroplasty, and kyphoplasty. 

**Fusion surgery includes any interbody fusion and posterolateral fusion which needs instrumentation. 
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Supplementary Table 2. Abdominal aortic calcification with respect to vertebral level and gender 

 
Female (n=467) Male (n=153) Total (n=620) 

AAC between L1-L4 282(60.4%) 104(68.0%) 386(62.3%) 

AAC of L1* 55(11.8%) 15(9.8%) 70(11.3%) 

Volume(mm3) 24.98(±95.62) 34.75(±202.51) 27.39(±130.27) 

AAC of L2* 100(21.4%) 45(29.4%) 145(23.4%) 

Volume(mm3) 43.02(±146.83) 113.34(±353.84) 60.37(±218.84) 

AAC of L3* 202(43.3%) 78(51.0%) 280(45.2%) 

Volume(mm3) 140.86(±279.12) 226.32(±470.24) 161.95(±338.09) 

AAC of L4* 188(40.3%) 67(43.8%) 255(41.1%) 

Volume(mm3) 186.61(±390.35) 296.29(±570.88) 213.67(±443.82) 

*Number of subjects and prevalence 
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Supplementary Table 3 

A. Linear regression analysis of Ln (L3 BMD) of female subjects 

Independent variable B SE beta p value VIF 

Constant  0.133 .094   .158 
 

Age(years) -0.0079 .001 -.342 .000 1.078 

BMI(kg/m2)* 0.012 .002 .225 .000 1.021 

Grade of Facet joint arthritis(0-3) 0.068 .009 .319 .000 1.008 

Volume of AAC (100mm3) 0.0097 .000 .130 .002 1.059 

 

B. Linear regression analysis of Ln (L3 BMD) of male subjects 

Independent variable B SE beta p value VIF 

Constant  -0.282 .154   .018 
 

Age(years) -0.0023 .002 .069 .309 1.115 

BMI(kg/m2)* 0.022 .004 .156 .000 1.004 

Grade of Facet joint arthritis(0-3) 0.033 .016 .000 .064 1.075 

Volume of AAC (100mm3) 0.000037 .000 .036 .183 1.049 

SE stands for standard error. 

VIF stands for Variance Inflation Factor. 

 



Figures

Figure 1

Facet joint arthritis from L1 to L4


