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Background: Abdominal aortic calcification (AAC) on lateral lumbar radiographs in-
creases the risk of cardiovascular events and mortality. However, data on the association 
between AAC detected in dual energy X-ray absorptiometry (DXA) and the risk of mor-
tality in the general population are scarce. Methods: The present study was based on 
data from participants aged ≥40 years in the National Health and Nutrition Examina-
tion Survey (NHANES) cycle of 2013 to 2014. Vertebral assessment of lateral spine DXA 
scans was used to provide AAC measurements at vertebrae L1–L4. The extent of AAC 
was defined according to the Kauppila AAC-24 scores (0–1, 2–5, ≥6), and the NHANES 
2019 public-use linked mortality files were used to assess mortality status. Results: Of 
the 2,962 participants who were included in this study, with a mean age of 57.4 years 
and a median follow-up of 69.9 months, 252 (8.5%) died. Of the deaths, 84 (33.3%) oc-
curred due to cardiovascular disease. The Cox proportional hazards models revealed that 
participants with AAC-24 scores ≥6 were 1.7 times more likely to die than those with 
AAC-24 scores 0–1 (Hazard ratio, 1.75; 95% confidence interval, 1.13–2.71). Moreover, 
older adults and women with AAC-24 scores ≥6 were 2.8 and 2.4 times more likely to 
die than their counterparts with AAC-24 scores 0–1, respectively. Conversely, a non-sig-
nificant risk of cardiovascular mortality was found among participants with AAC-24 
scores ≥6. Conclusions: The extent of AAC detected on vertebral fracture assessment 
DXA was associated with an increased risk of all-cause mortality in adults, particularly 
older adults and women.
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INTRODUCTION

The prevalence of abdominal aortic calcification (AAC) increases with age and is 
similarly distributed by gender in the general population.[1,2] AAC is also highly 
prevalent among subjects with established cardiovascular risk factors and corre-
lates with subclinical atherosclerosis in other vascular beds.[3-5] The characteristic 
morphological trait of AAC is the calcification in the tunica media resulting from 
differentiation of vascular smooth muscle cells into osteoblast-like cells.[6]  

Longitudinal studies have consistently reported that AAC detected by dual en-
ergy X-ray absorptiometry (DXA), computed tomography (CT), or lateral lumbar 
radiographs (X-rays) is a strong predictor of cardiovascular events and mortality, 
independently of traditional cardiovascular risk factors.[7-13] Leow et al. [1], in a 
recent systematic review and meta-analysis of observational studies with a higher 
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prevalence of chronic kidney disease, demonstrated that 
subjects with any or more advanced AAC had 1.8- and 1.9-
fold excess risk of cardiovascular and all-cause mortality 
than those without or less severe AAC, respectively. 

Previous studies have also shown that AAC detected by 
X-rays or CT scan significantly increase the risk of all-cause 
mortality.[9-13] Lewis et al. [7] originally described that 
Australian older women with high AAC scores detected on 
lateral spine DXA scans had a 1.5 higher risk of all-cause 
mortality than their counterparts with low AAC scores. De-
spite this evidence, there is scarce data regarding the asso-
ciation between AAC detected on lateral lumbar spine DXA 
scans and the risk of mortality in the general population. 
Given the aging of the population, the instant vertebral as-
sessment (IVA) lateral lumbar spine scans may simultane-
ously detect vertebral fractures and identify individuals 
with subclinical atherosclerosis at potential risk of mortali-
ty. Therefore, the present observational study aimed to ex-
amine the association between the extent of AAC identi-
fied on lateral lumbar spine DXA scans and the risk of all-
cause and cardiovascular mortality in a nationwide repre-
sentative sample of middle-aged and older adults.  

METHODS

1. Study population
The present study was based on data from participants 

aged 40 years and older in the National Health and Nutri-
tion Examination Survey (NHANES) cycle 2013–2014. The 
NHANES is a continuous biannual study conducted by the 
National Center for Health Statistics (NCHS) to assess the 
health and nutritional status of adults in the United States. 
The NHANES protocol was approved by the NCHS Research 
Ethics Review Board (continuation of protocol #2011–17), 
and informed consent was obtained from all participants 
included in the study. A detailed description of the NAHNES 
methods and analytic guidelines can be found at: https://
wwwn.cdc.gov/nchs/nhanes/analyticguidelines.aspx.

2. Abdominal aorta calcification scores  
The IVA lateral lumbar spine scans acquired on Hologic 

Discovery model A densitometers (Hologic Inc., Bedford, 
MA, USA), provided AAC measurement with low radiation 
exposure for vertebrae L1–L4. The IVA lateral spine images 
were viewed using Optasia Spinalizer software and AAC-
24 scoring semi-quantitative techniques were used for the 
AAC evaluation. The anterior and posterior lumbar aortic 
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walls were divided into 4 segments (L1–L4). Within these 8 
segments, aortic calcification was recognized visually as ei-
ther a diffused white stippling of the aorta, extending out 
to the anterior and/or posterior aortic walls, or as white 
linear calcification of the anterior and/or posterior walls. 
Aortic abdominal calcification was scored as “0” if there 
was no calcification; “1” if one-third or less of the aortic 
wall in that segment was calcified; “2” if more than one-
third but less than two-thirds was calcified; or “3” if more 
than two-thirds were calcified. The scores were obtained 
separately for the anterior and posterior aortic walls, re-
sulting in a range from “0” to “6” for each vertebral level 
and “0” to “24” for the total score.[14] IVA images were read 
by a single reader at the University of California San Fran-
cisco quality control center.

3. Covariates
The demographic characteristics of the participants 

were self-reported. Smoking status was categorized as 
never, former, or current smoker. Similarly, alcohol use was 
defined as never, moderate, and heavy.[15] Participants re-
ported the time spent in moderate or intense recreational 
physical activity during the previous week. Then, the level 
of physical activity was classified according to the Physical 
Activity Guidelines for Americans.[16] In the mobile exami-
nation center, trained health technicians calculated partici-
pants’ body mass index (BMI) as weight in kilograms divid-
ed by height in meters squared. Diabetes mellitus was de-
fined if participants reported a physician’s diagnosis of dia-
betes or had a hemoglobin A1c ≥6.5%.[17] Hypertension 
was defined as a systolic blood pressure (BP) ≥140 mmHg 
or diastolic BP ≥90 mmHg based on the mean of three 
consecutive BP readings or a report of taking prescribed 
medicine for hypertension.[18] Participants reported their 
health status which was grouped as good to excellent and 
fair to poor. Cardiovascular disease was considered to be 
prevalent if participants answered affirmatively to the 
question “Has a doctor ever told you that you had coronary 
heart disease, angina pectoris, heart attack, or stroke? ” 
High-density lipoprotein (HDL)-cholesterol and triglycer-
ide levels were measured according to NHANES laboratory 
methods. The estimated glomerular filtration rate (eGFR) 
was calculated using the Modification of Diet in Renal Dis-
ease formula.[19]

4. Mortality data
The public-use linked mortality files provided mortality 

follow-up data from the date of survey participation 
through December 31, 2019. These data were obtained 
from the National Death Index, a service of the NCHS. Time 
to death was calculated in months and the underlying 
cause of death (UCOD) was defined according to the Inter-
national Classification of Diseases, Tenth Revision (ICD-10). 
The UCOD was derived from UCOD 113 causes of death, 
tenth revision, which was created to assist researchers in 
conducting mortality analysis across years using ICD-10 
coding. For the present study, diseases of the heart UCOD 
113 codes 054–068 (ICD-10 codes I00–I09, I11, I13, I20–
I51) and cerebrovascular diseases UCOD 113 code 070 
(ICD-10 codes I60–I69) were reported as cardiovascular 
deaths. A detailed description of the UCOD 113 codes used 
in the public-use linked mortality files can be found at: 
https://www.cdc.gov/nchs/data/datalinkage/underlying-
and-multiple-cause-of-death-codes-508.pdf. 

5. Statistical analysis
The baseline characteristics of participants grouped ac-

cording to AAC-24 scores (0–1, 2–5, and ≥6) were com-
pared using ANOVA and χ2 tests for continuous and cate-
gorical variables, respectively. Kaplan-Meir curves showed 
the overall and cardiovascular survival of participants 
stratified according to AAC-24 scores during the study pe-
riod, which were compared using the log-rank test. Cox 
proportional hazard models were assembled to evaluate 
the risk of all-cause and cardiovascular mortality. Model 1 
was adjusted for age, gender, race/ethnicity, education, 
and BMI; Model 2 was further adjusted for Model 1 and 
smoking status, alcohol use, physical activity, eGFR, self-re-
ported health status, diabetes, hypertension, cardiovascu-
lar disease, triglycerides, and HDL cholesterol levels. In a 
subgroup analysis, the risk of all-cause mortality according 
to AAC-24 scores was examined by age groups (40–59 and 
≥60 years) and gender. The results are presented as haz-
ard ratios (HR) with their corresponding 95% confidence 
intervals (95% CI). Receiver operating characteristic curve 
analysis by gender was performed to determine the dis-
criminative power of the AAC-24 scores in predicting all-
cause and cardiovascular mortality. The area under the 
curve (AUC) is a good indicator of the goodness of the test 
and values 0.5 or lower are non-discriminating.[20] Stata 
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version 18 (Stata Corp., College Station, TX, USA) was used 
to incorporate NHANES examination sampled weights to 
adjust for nonresponse and oversampling of certain popu-
lations. A P value of less than 0.05 was considered statisti-
cally significant. 

RESULTS

A total of 2,962 participants with a mean age of 57.4±

standard error (SE) 0.21 years comprised the study sample. 
The overall crude prevalence of AAC was 28.7%±SE 1.0 
and 9.4%±SE 0.6 of participants had evidence of exten-
sive AAC. As shown in Table 1, participants with AAC 24 
scores ≥6 tended to be older, non-Hispanic white, physi-
cally inactive, lower BMI, and decreased eGFR. Similarly, di-
abetes, hypertension, and cardiovascular diseases were 
more prevalent among participants with AAC-24 scores ≥
6. During a median follow-up of 69.9 months, a total of 
252 (8.5%) participants died. Of those, 86 (33.3%) deaths 
were reported from cardiovascular diseases. 

As shown in Figure 1, Kaplan-Meir curves showed that 
the probability of survival in participants with AAC-24 
scores ≥6 was significantly decreased compared with 
their counterparts with lower AAC-24 scores. In addition, it 
appears that survival across AAC-24 scores diverged about 
40 months into the study. Although less accentuated, the 
probability of survival from cardiovascular was also de-
creased with higher AAC-24 scores (Fig. 2).  

Table 2 shows the association between AAC-24 scores 
and the risk of all-cause and cardiovascular mortality in 

Table 1. Characteristics of participants according to AAC-24 scores

Variables
AAC-24 

score 0–1
(N=2,190)

AAC-24 
score 2–5
(N=453)

AAC-24 
score 6

(N=319)
P-value

Age (yr) 55.1 60.7 70.5 <0.0001

Gender (%) 0.089

   Male 47.5 53.2 48.3

   Female 52.5 46.8 51.7

Race/ethnicity (%) <0.0001

   Hispanic 24.5 21.4 13.7

   Non-Hispanic white 40.7 49.1 62.3

   Non-Hispanic black 20.6 15.9 13.4

   Multiracial 14.2 13.6 10.6

Education (%) 0.330

   ≤11th grade 22.6 22.5 25.1

   H�igh school graduate/
GED

21.5 25.4 25.1

   Some college 28.7 27.3 26.3

   C�ollege graduate and 
above

27.2 24.8 23.5

BMI (kg/m2) 28.8 27.9 27.3 <0.0001

Smoking (%) <0.05

   Never 41.0 40.7 48.3

   Former 23.3 23.5 24.9

   Current 35.7 35.8 26.8

Alcohol use (%) <0.0001

   Never 57.4 46.3 40.4

   Moderate 25.1 32.8 39.1

   Heavy 17.5 20.9 20.5

Physical activity (%) <0.0001

   Yes 32.3 25.2 22.9

   No 67.7 74.8 77.1

eGFR (mL/min) 81.9 78.6 68.7 <0.0001

Health status (%) 0.239

   Fair to poor 24.8 25.9 29.2

   Good to excellent 75.2 74.1 70.8

Diabetes (%) <0.0001

   Yes 17.5 22.1 33.3

   No 82.5 77.9 62.7

Hypertension (%) <0.0001

   Yes 20.3 26.2 37.3

   No 79.7 73.8 62.7

Cardiovascular conditions (%) <0.0001

   Yes 8.4 15.6 29.4

   No 91.6 84.4 70.6

HDL-cholesterol (mg/dL) 55.3 52.2 53.2 <0.0001

Triglycerides (mg/dL) 157.4 169.9 168.6 <0.0001

AAC, abdominal aorta calcification; BMI, body mass index; GED, Gen-
eral Educational Development; eGFR, estimated glomerular filtration 
rate; HDL, high-density lipoprotein.
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Fig. 1. Abdominal aorta calcification (AAC)-24 scores and all-cause 
mortality.
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adults. After adjusting for age, sex, race/ethnicity, educa-
tion, and BMI, the risk of all-cause mortality was 2-fold 
higher among participants with AAC-24 ≥6 score than 
those with AAC-24 scores 0–1 (HR, 2.12; 95% CI, 1.40–3.22; 
P<0.0001). This association was mildly attenuated after 
adjusting for lifestyle characteristics, prevalent cardiovas-
cular risk factors, and eGFR (HR, 1.75; 95% CI, 1.13–2.71). 
Conversely, a non-significant slight increase in cardiovas-
cular mortality was seen among subjects with AAC-24 
score ≥6 (HR, 1.17; 95% CI, 0.60–2.30).  

Table 3 shows the association between AAC-24 scores 
and HR for all-cause mortality according to age groups and 
gender. In general, AAC-24 scores were similarly distribut-
ed by gender, but significantly differed by age groups. No-
tably, 82.1% of the deaths occurred among participants 

aged ≥60 years. After adjusting for potential confounders, 
older adults and women with AAC-24 scores ≥6 were 2.8 
(HR, 2.88; 95% CI, 1.79–4.63) and 2.4 times (HR, 2.44; 95% 
CI, 1.23–4.83) more likely to die than their counterparts 
with AAC-24 scores 0–1, respectively. 

As shown in Figure 3, the AUC of AAC-24 scores for pre-
dicting all-cause mortality were 0.67 (95% CI, 0.63–0.70) in 
men and 0.69 (95% CI, 0.64–0.74) in women. Similarly, as 
shown in Figure 4, the AUC for predicting cardiovascular 
mortality was 0.68 (95% CI, 0.60–0.76) in men and 0.70 
(95% CI, 0.61–0.79) in women for predicting cardiovascular 
mortality, corresponding to AUC with acceptable to good 
discriminating capacity. 

Table 2. The association between AAC-24 scores and mortality risk

AAC-24 scores No. deaths (%) HR (95% CI)a) HR (95% CI)b)

All-cause mortality

   0–1 117 (5.3) 1.00 1.00

   2–5 51 (11.2) 1.34 (0.88–2.00) 1.22 (0.81–1.84)

   ≥6 84 (26.3) 2.12 (1.40–3.22) 1.75 (1.13–2.71)
Cardiovascular mortality

   0–1 36 (1.6) 1.00 1.00

   2–5 17 (3.7) 1.26 (0.65–2.45) 1.28 (0.66–2.48)

   ≥6 33 (10.3) 1.70 (0.96–3.01) 1.17 (0.60–2.30)

Bold values indicate statistical significance (P<0.05).
a)Model 1: adjusted for age, gender, race/ethnicity, education, and body mass index (kg/m2).
b)Model 2: adjusted for model 1 and alcohol use, smoking status, physical activity, health status, diabetes, hypertension, cardiovascular conditions, esti-
mated glomerular filtration rate (mL/min), high-density lipoprotein cholesterol (mg/dL), and triglycerides (mg/dL).
AAC, abdominal aorta calcification; HR, hazard ratio; CI, confidence interval.
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Fig. 2. Abdominal aorta calcification (AAC)-24 scores and cardiovas-
cular mortality.

Fig. 3. Receiver operating characteristic curve for abdominal aorta 
calcification-24 and all-cause mortality. AUC, area under the curve; 
CI, confidence interval.
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DISCUSSION

The present findings indicate that adults aged 40 years 
and older with baseline AAC-24 scores ≥6 detected on 
the vertebral assessment lateral spine DXA scans and after 
a median follow-up of 69.9 months had 1.7-fold higher risk 

of all-cause mortality than their counterparts with AAC-24 
scores 0–1. Notably, the risk of all-cause mortality in older 
adults and women with AAC-24 scores ≥6 was 2.8- and 
2.4-fold higher than their counterparts with AAC-24 scores 
0-1, respectively.   

Previously, Lewis et al. [7] reported that older Australian 
women with a baseline AAC-24 scores ≥6 detected on 
lumbar spine DXA scans and after a mean follow-up of 
14.5 years had 1.5-fold higher risk of all-cause mortality 
than those with AAC-24 score 0–1, which is consistent with 
the present results. Likewise, in the Study of Osteoporotic 
Fractures, white women with AAC identified by lumbar 
spine X-ray and a mean follow-up of 13 years had 37% 
higher risk of all-cause mortality.[10] Moreover, a system-
atic review and meta-analysis of population-based studies 
reported that subjects with any or more advanced AAC 
had a 1.9-fold higher absolute and relative risk for all-cause 
mortality than their counterparts with no or less advanced 
AAC.[1]  

Studies conducted predominantly in older women have 
demonstrated a significant association between the extent 

Table 3. The association between AAC-24 scores and all-cause mortality risk by age groups and gender

AAC-24 scores No. deaths (%) HR (95% CI)a) HR (95% CI)b)

Age-group

   40–59 yr

      0–1 (N=1,341) 34 (2.5) 1.00 1.00

      2–5 (N=192) 7 (3.6) 1.30 (0.42–3.98) 0.67 (0.30–1.48)

      ≥6 (N=44) 4 (9.0) 3.34 (1.02–10.90) 2.01 (0.72–5.59)

   ≥60 yr

      0–1 (N=849) 83 (9.7) 1.00 1.00

      2–5 (N=261) 44 (16.8) 1.80 (1.15–2.82) 1.87 (1.16–3.01)

      ≥6 (N=275) 80 (29.0) 3.64 (2.43–5.45) 2.88 (1.79–4.63)
Gender

   Male

      0–1 (N=1,041) 65 (6.2) 1.00 1.00

      2–5 (N=241) 30 (12.4) 1.19 (0.66–1.87) 1.17 (0.67–2.04)

      ≥6 (N=154) 38 (24.6) 1.39 (0.78–2.48) 1.33 (0.73–2.44)

   Female

      0–1 (N=1,149) 52 (4.5) 1.00 1.00

      2–5 (N=212) 21 (9.9) 1.61 (0.84–3.08) 1.43 (0.78–2.62)

      ≥6 (N=165) 46 (27.8) 3.20 (1.74–5.89) 2.44 (1.23–4.83)

Bold values indicate statistical significance (P<0.05).
a)Model 1: adjusted for age, gender race/ethnicity, education, and body mass index (kg/m2).
b)Model 2: adjusted for model 1 and alcohol use, smoking status, physical activity, health status, diabetes, hypertension, cardiovascular conditions, esti-
mated glomerular filtration rate (mL/min), high-density lipoprotein cholesterol (mg/dL), and triglycerides (mg/dL).
AAC, abdominal aorta calcification; HR, hazard ratio; CI, confidence interval.

Fig. 4. Receiver operating characteristic curve for abdominal aorta 
calcification-24 score and cardiovascular mortality. AUC, area under 
the curve; CI, confidence interval.
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of AAC detected on lateral lumbar spine DXA scans and 
the incidence of myocardial infarction and stroke.[7,8] As 
expected, the present results indicate that participants 
with more advanced AAC had a higher prevalence of self-
reported cardiovascular conditions, diabetes, hyperten-
sion. Moreover, the probability of cardiovascular survival 
among individuals with AAC-24 score ≥6 was consider-
ably lower than those with lower AAC-24 scores. However, 
after adjusting for potential confounders, including tradi-
tional cardiovascular risk factors, cardiovascular mortality 
did not significantly differ according to AAC-24 scores. 
Likewise, Rodondi et al. [10] reported that older women 
with prevalent AAC detected on lumbar spine X-ray did 
not have a significant risk of cardiovascular mortality, 
which is consistent with the present findings. 

Previously, Lewis et al. [7] demonstrated that older 
women with AAC-24 scores ≥6 detected on lumbar spine 
DXA scans had a 1.8-fold higher risk of atherosclerotic vas-
cular mortality than those with AAC-24 scores 0–1. Like-
wise, in the Multiethnic Study of Atherosclerosis, partici-
pants grouped in the highest AAC quartile detected on CT 
scans had 5.9-fold increased risk of cardiovascular mortali-
ty compared with their counterparts in the lowest quartile.
[11] Moreover, participants in the Framingham Heart 
Study with the highest tertile of AAC detected on lumbar 
spine X-ray at baseline examination and followed over 22 
years were 2.2 times more likely to die from cardiovascular 

diseases than those in the lowest tertile, which contrasts 
with the present findings.[13] The characteristics of the 
participants from the present and previous studies and 
their all-cause and cardiovascular risk associated with AAC 
were summarized in Table 4.   

Possible explanations for these contradictory results re-
garding the association between AAC-24 scores and car-
diovascular mortality might be related to the radiographic 
technique used to detect AAC, characteristics of the partic-
ipants, follow-up study period, and atherosclerotic-related 
cardiovascular deaths as study outcomes. Nevertheless, a 
meta-analysis of three longitudinal observational studies 
with a least 2 years of follow-up, originally demonstrated 
that the risk of cardiovascular mortality was 1.7-fold higher 
among individuals with baseline AAC.[21] A recent sys-
tematic review and meta-analysis of five cohort studies 
also reported that subjects with any or more advanced AAC 
had a 1.8-fold higher risk of fatal cardiovascular events.[1]  

Notably, women with AAC-24 score ≥6 were 2.4 times 
more likely to die than those with AAC-24 score 0–1, de-
spite of having a lower prevalence of cardiovascular risk 
factors and diabetes (data not shown). In contrast, higher 
AAC-24 scores in men did not significantly increase the risk 
of all-cause mortality. Of interest, AAC-24 scores did not 
significantly differ by gender in the present study. Similarly, 
Michos et al. [22], in the multiethnic study of atherosclero-
sis previously reported that sex hormones in both genders 

Table 4. Summary characteristics of studies reporting the association between abdominal aorta calcification and mortality risk

References No. participants Gender Age (yr) Follow-up (yr) HR (95% CI) Imaging

All-cause mortality

   Lewis et al. (2018) [7] 1,052 F ≥70 14.5 1.53 (1.17–2.00) DXA scan

   Criqui et al. (2014) [11] 1,974 M/F 45–84 5.5 2.71 CT scan

   Rodondi et al. (2007) [10] 2,056 F ≥65 13.0 1.37 (1.15–1.64) X-rays

   Leow et al. (2021) [1]a) 36,092 M/F ≥40 3.3–22.0 1.98 (1.55–2.53) Multiple

   Current study 2,962 M/F ≥40 5.8 1.75 (1.13–2.71) DXA scan

Cardiovascular mortality

   Lewis et al. (2018) [7] 1,052 F ≥70 14.5 1.80 (1.26–2.57) DXA scan

   Criqui et al. (2014) [11] 1,974 M/F 45–84 5.5 5.89 CT scan

   Rodondi et al. (2007) [10] 2,056 F ≥65 13.0 1.18 (0.88–1.57) X-rays

   Leow et al. (2021) [1]a) 36,092 M/F ≥40 3.3–22.0 1.85 (1.44–2.39) Multiple

   Wilson et al. (2001) [13] 2,515 M/F ≥60 22.0 2.26 (1.66–3.09) Radiograph

   Bastos Gonçalves et al. (2012) [21]a) 4,986 M/F ≥57 2.0 1.72 (1.03–2.86) Multiple

   Current study 2,962 M/F ≥40 5.8 1.17 (0.60–2.30) DXA scan
a)Systematic review and meta-analysis.
HR, hazard ratio; CI, confidence interval; F, female; M, male; DXA, dual energy X-ray absorptiometry; CT, computed tomography.
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were not significantly associated with the presence and 
severity of AAC. Nevertheless, the exact reasons for the ob-
served gender disparities in mortality risk associated with 
prevalent AAC are unclear and merit further investigation. 
Notably, a large study conducted to examine trends in 
mortality after elective abdominal aorta aneurysm surgery 
in England also demonstrated that all-cause mortality at 
30 days, 1 year, and 5 years were higher in women than in 
men. Moreover, 30-day mortality risk was increased in 
women regardless of the type of surgical procedure (open 
vs. endovascular repair).[23]    

Wong et al. [4] reported that AAC detected by CT scans 
was correlated with subclinical cardiovascular disease of 
the coronary, carotids, and leg arteries. The severity AAC 
was also associated with an increased likelihood of coro-
nary artery calcification and carotid intima medial thicken-
ing. AAC-24 scores identified on lumbar spine DXA scans 
were also significantly correlated with carotid ultrasound 
measures of atherosclerosis in older women.[5] These find-
ings were also reported in autopsy specimens of cadavers 
with gross calcification of the abdominal aorta who had 
concomitantly lumbar spine X-ray films. Indeed, AAC iden-
tified on X-ray was 100% correlated with post-mortem ab-
dominal aorta calcification. In contrast, among cadavers 
without lumbar spine X-ray calcification, only 16% of ab-
dominal aorta specimens demonstrated calcification. In 
addition, in specimens of abdominal aorta with calcifica-
tion, there was evidence of advanced atherosclerosis.[24] 
Similarly, Vos et al. [25],  in a postmortem study conducted 
to validate the location of aortic calcification on CT scans 
reported that aortic calcifications were predominantly lo-
cated in the distal abdominal aorta and atherosclerotic in-
timal layer. In addition, these calcifications were exclusively 
found in calcified fibrous cap atheroma and fibrocalcific 
atherosclerotic lesions.[25]   

Although there is scarce data regarding the validity of 
the vertebral fracture assessment lateral DXA scans to de-
tect AAC, Schousboe et al. [9] demonstrated that the AAC-
8 score performed well on vertebral fracture images to de-
tect postmenopausal women with a radiographic AAC-24 
score of ≥5, which is associated with 2.4-fold increased 
risk of cardiovascular mortality. Sharif et al. [26] also re-
ported good level of agreement between a large collec-
tion of lateral spine images with AAC-24 scored by an ex-
perienced imaging specialist and machine learning AAC-

24 scores across DXA machines from different manufac-
tures used over the past three decades. The present find-
ings also demonstrated that AAC-24 scores have good dis-
criminating capacity in predicting all-cause and cardiovas-
cular mortality in women.    

This study has several limitations that should be men-
tioned. First, as an observational study, the causality of the 
association between AAC and all-cause mortality risk may 
not be established. Second, it is unknown whether calcifi-
cations detected by DXA scans in other segments of the 
aorta may increase the risk of mortality. Third, the con-
founder effect of low-density lipoprotein (LDL) cholesterol 
on the association of AAC and mortality was not examined. 
Nevertheless, data from the UK Biobank imaging cohort 
demonstrated that AAC was not correlated with LDL cho-
lesterol.[2] Despite these limitations, the present findings 
may be generalized to the U.S. adults aged 40 years and 
older. 

In conclusion, the extent of AAC detected on lateral lum-
bar spine DXA scans among U.S. adults was associated 
with an increased risk of all-cause mortality, particularly 
among older adults and women. The present findings un-
derscore the importance of routinely evaluate the pres-
ence of AAC on lateral lumbar spine DXA scans to identify 
subjects with subclinical atherosclerosis and concurrently 
implement cardiovascular risk stratification.      
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Supplementary Fig. 1. Kauppila abdominal aorta calcification 
(AAC)-24 score example.

L1 AAC-24 score=1

L1

L2

L3

L4

L2 AAC-24 score=3

L3 AAC-24 score 2+3=5

L4 AAC-24 score=0

Total AAC-24 score=9


