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Abstract: Thoracic aortic calcium (TAC) appears to be a subclinical marker of cardiovascular disease 

(CVD) and to predict CV mortality. However, studies on TAC use tomographic scans obtained for 

coronary artery calcium (CAC) score, which does not include the aortic arch. This study evaluates 

TAC prevalence in aortic arch (AAC), ascending (ATAC) and descending thoracic aorta (DTAC) 

and verify whether they are associated with the same CV risk factors. Cross-sectional analysis, in-

cluding 2,427 participants (mean age 55.6 ± 8.7; 54,1% women) of the ELSA-Brasil cohort. Nonen-

hanced ECG-gated tomographies were performed in 2015-2016. Multivariable logistic regression 

estimated the CV risk factors associated with calcium in each segment. Overall prevalence of ATAC, 

AAC and DTAC was, 23,1%, 62.1%, and 31.2%, respectively. About 90.4% of the individuals with 

TAC had AAC and only 19.5% had calcium in all segments. In the multivariable analysis, increasing 

age, lower levels of schooling, current smoking, higher body mass index, and hypertension re-

mained associated with calcium in all segments. No sex or race/ethnicity differences were found in 

any aortic segment. Diabetes and Dyslipidemia were associated with ATAC and DTAC, but not 

with AAC, suggesting that AAC may reflect an overlap of mechanisms that impact vascular health, 

including atherosclerosis. 
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1. Introduction 

Thoracic aortic calcium (TAC) is a common imaging finding that reflects systemic atherosclerosis 

[1]. Besides, aortic wall calcium exacerbates arterial stiffening [2], which is associated with end-organ 

damage [3]. Several studies have shown that TAC and coronary artery calcium (CAC) are associated 

with distinct risk factors [4–7]. However, TAC has generally been analyzed using the same tomo-

graphic scan obtained for CAC score, which does not include the aortic arch, therefore studies that 

evaluated the three aortic segments separately are very scarce [8–12]. The calcium distribution along 

the aorta is typically heterogeneous [13]. Each aortic segment has different embryonic origin and is 

subject to diverse hemodynamic stress, which also appears to affect susceptibility to calcium deposi-

tion[14], once the rate of calcium differs among individuals [15]. Moreover, calcium in each aortic 
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segment appears to have distinct predictive values for CV and non-CV morbidity and mortality[9,16–

19], and may differ in the associated CV risk factors [20]. Thus, the present study aimed to evaluate 

the prevalence of TAC by segments (aortic arch, descending and ascending aorta) and to verify if 

they differ regarding the kind and the magnitudes of the associations with traditional cardiovascular 

(CV) risk factors in adult participants without overt CVD 

2. Methods 

2.1. Study Population 

This study is part of the Longitudinal Study of Adult Health (ELSA-Brasil), a multicenter cohort 

designed to investigate the determinants of CV disease and diabetes [21]. This prospective study was 

initiated in 2008 and included 15,105 civil servants, aged 35 to 74 years, active and retired employees 

of 6 Brazilian Institutions [22]. The present study was conducted in the Minas Gerais Investigation 

Center in 2015-2016, after the second examination of ELSA-Brasil cohort, which enrolled 2,923 partic-

ipants. Pregnancy, postpartum, breast-feeding (until 6 months post childbirth), exposure to radiation 

at work, any piece of metal in the chest, current radiotherapy, nonparticipation in second visit to 

Investigation Center and refusal to perform the exam were defined as exclusion criteria. Multislice 

computed tomography (MSCT) was performed in 2,638 participants. Individuals that reported med-

ical history of myocardial infarction (n = 15), congestive heart failure (n = 21), stroke (n = 24) and/or 

cardiac surgery (n = 13) were excluded from the analysis. Additionally, 142 participants were sub-

mitted to a different scan protocol, in which the aortic arch was not included. Thus, 2,427 participants 

were included in the present study.  
The study protocol has been priorly approved by the Universidade Federal de Minas Gerais’s 

Ethics Committee on research in human and our protocol conforms to the Ethical Guidelines of the 

1975 Declaration of Helsinki. All participants signed a written informed consent. 

2.2. Cardiovascular Risk Assessment 

Medical history, anthropometric measurements, and laboratorial data for the present study were 

obtained during visit 2 of the ELSA-Brasil study (2012-2014), by face-to-face interviews and exams 

using standardized protocols. Race/skin color were self-reported and categorized according to Bra-

zilian Census into white; brown or "pardo"; black; and others (Indigenous and Asian were combined 

due to small numbers) [22]. Educational level was classified as university degree; complete secondary 

school; complete elementary school; and incomplete elementary school. Smoking was defined as 

never, former, and current smoker. The "smoker groups" (former and current) included individuals 

who had smoked at  least 100 cigarettes (5 packs) throughout their life, with those who did not 

smoke in the last 30 days considered as "former smoker" [23]. Physical activity was classified as in-

sufficient, moderate, and vigorous based on the long version of the International Physical Activity 

Questionnaire [24].  Excessive use of alcohol was defined as ≥ 210 g of ethanol  per week for men 

and ≥ 140 g for women [22]. Family history of cardiovascular disease (CVD) was defined as the report 

of acute myocardial infarction, myocardial revascularization or sudden death in first-degree relatives 

(men aged ≤ 55 and women ≤ 65 years old) [21]. 

Body mass index (BMI) was obtained by weight (Kg)/height (m2). Resting blood pressure was 

measured three times in the seated position, in the left arm, 2 cm above the cubital fossa, using an 

Omron model 765CP automated oscillometric sphygmomanometer (Omron, Kyoto, Japan) and the 

average of the second and third readings of systolic and diastolic blood pressure were recorded and 

treated as continuous variables (mmHg) [25]. Blood samples were collected after 12-hours overnight 

fast to determine glucose, glycohemoglobin, total cholesterol, high-density lipoprotein (HDL)-cho-

lesterol and low-density lipoprotein (LDL)-cholesterol levels [21]. The use of continuous medication 

in the previous 2 weeks were ascertained by interview, and visualization of medical prescriptions, 

medicine packaging and blisters and the use of antidiabetic, anti-hypertensive, and lipid lowering 

medications identified [26]. Hypertension was defined by systolic blood pressure (SBP) ≥ 140 mmHg 
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and/or diastolic blood pressure (DBP) ≥ 90 mmHg and/or use of antihypertensive drugs. Diabetes 

Mellitus (DM) was defined by fasting glucose ≥ 126 mg/dL, postprandial glucose ≥ 200 mg/dL, or 

glycohemoglobin ≥ 6.5%, in  addition to “being treated for DM” or reported medical diagnosis of 

DM. Dyslipidemia was defined by total cholesterol ≥ 240 mg/dL, LDL-cholesterol ≥ 160 mg/dL, HDL-

cholesterol ≤ 40 mg/dL or use of lipid lowering medications. 

2.3. Imaging Techniques 

All participants underwent the same 64-slice MSCT scanner (Lightspeed, General Electric). The 

scanogram encompassed from 1 cm above the top of the aortic arch to the heart apex. The method 

has been reported previously [4]. The CT scan parameters were 2.5 mm thick slices with 20 × 0.62 mm 

collimation, 120 kVp, 100 mAs and prospective ECG triggering at 70% of the cardiac cycle. The re-

construction algorithm used body filter. The media of effective dose calculated was 1.75 mSv.  
The images were firstly analyzed by an experienced radiologist to identify the presence of cal-

cium in the thoracic aorta (TAC) as a whole. Secondly, for the present study, all the images were 

reviewed by the radiologist together with a qualified technologist to define the segments that calcium 

was present. Finally, a correlation study was performed with a random sample of 50 CT scans, which 

were scored twice by the radiologist and once by other general radiologist with 10 years of experi-

ence, resulting in intraclass correlation coefficients higher than 0.99 for intra and interobserver anal-

ysis.  
Calcium was identified using semiautomatic software (Smart Score 4.0), that highlighted in 

green all calcium based on a threshold of 130 Hounsfield Unit (HU) and calculated the Agatston score 

[27]. The observer went over every axial image and delineated the calcium localized in the arterial 

beds to be validated. The anatomical references to evaluate the thoracic aorta by segments have been 

previously described [13]. In summary, the ascending thoracic aortic calcium (ATAC) was considered 

from the sinotubular junction until the lower edge of pulmonary artery bifurcation, therefore calcium 

from Valsalva sinus and aortic valve was not included. The descending thoracic aortic calcium 

(DTAC) was defined from the level of the lower edge of pulmonary artery bifurcation to the heart 

apex. Consequently, the aortic arch calcium (AAC) was found above ATAC and DTAC using the 

same anatomical level as reference (the lower edge of pulmonary artery bifurcation). 

2.4. Statistical Analyses 

Descriptive statistics were presented as mean and standard deviation for continuous variables 

and frequency distribution for categorical variables. Continuous variables were compared with Stu-

dent t test and categorical variable with Pearson’s chi-square test. The prevalences of ATAC, AAC 

and DTAC were dichotomized as present (Agatston > 0) or absent (=0). The prevalence of calcium in 

each segment, plus the ascending and descending segments together (ADTAC) was presented ac-

cording to sociodemographic, lifestyle, and clinical factors. The associations of these factors with cal-

cium in each segment separately were assessed using multivariable logistic regression analysis. After 

the univariable analysis (model 0), sociodemographic factors were added (Model 1).  Subsequently, 

we included the lifestyle factors (smoking, physical activity, and excessive use of alcohol), BMI, and 

family history of premature CVD (Model 2); and finally, we included the remaining risk factors (Hy-

pertension, Dyslipidemia and Diabetes) (Model 3). All associated covariables with p < 0.20 in the 

univariable analysis were considered in the multivariable models, but only the variables that re-

mained statistically associated at the level of p<0.05 remained in the final analysis (Model 3). The 

confidence interval corresponded to 95%. Statistical analysis was performed with Stata/MP 14.0 for 

MAC (StataCorp LP, College Station, Texas).  

3. Results 

3.1. Patient Characteristics 
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The clinical characteristics of the study population is shown in Table 1. Overall, the mean age 

was 55.6 ± 8.7 years, 54% women, nearly half were whites (49%), and the majority had university-

level education (67%). Considering the clinical conditions, 38.9% had hypertension, 41.2% had 

dyslipidemia, and 16.3% were diabetic. 

Table 1. Characteristics of all population and prevalence of calcium in the aortic arch, ascending aorta, 

descending thoracic aorta and in combination of calcium in the ascending and descending thoracic 

aortic segments (ELSA-Brasil, 2015-2016. 

 

Variables 

 

Population 

n = 2427 

(100%) 

AAC > 0 

n = 1508 

(62.1%) 

ATAC > 0 

n = 561 

(23.1%) 

DTAC > 0 

n = 757 

(31.2%) 

ADTAC > 0 

n = 979 

(40.3%) 

Age, years 55.6 ± 8.7 58.5 ± 8.2 61.1 ± 7.9 60.8 ± 8.5 60.1 ± 8.4 

Women 54.1 53.8 54.7 51.8 53.0 

  Race/Skin color      

White 48.7 50.2 53.8 51.9 51.5 

       Brown 35.3 34.2 32.2 32.8 33.4 

       Black 13.3 13.2 11.4 13.0 12.3 

       Others (Asian, Indige-

nous) 
2.7 2.4 2.5 2.3  2.8 

  Educational level      

       University degree 67.0 63.6 63.2 62.7 63.0 

       Complete secondary  25.3 26.3 24.8 25.5 26.0 

       Complete elementary  4.2 5.6 5.7 5.6 5.1 

       Incomplete elementary 3.5 4.6 6.3 6.2 5.9 

  Smoker      

        Never 61.5 55.1 45.6 54.0 53.0 

        Past 29.0 33.3 41.0 33.4 34.8 

        Current 9.5 11.6 13.4 12.6 12.2 

  Physical activity      

        Insufficient 71.2 70.1 67.0 71.1 70.4 

        Moderate 20.5 22.4 25.2 20.9 21.7 

        Vigorous 8.3 7.6 7.8 8.1 8.0 

  Excessive use of alcohol 10.5 11.1 13.7 12.1 12.4 

  Family history of CVD 33.1 36.7 39.0 36.7 37.1 

  Body mass index, kg/m2 27.0 ± 4.7 27.4 ± 4.9 28.1 ± 5.3 27.7 ± 5.0 27.7 ± 5.0 

  Dyslipidemia 41.2 46.2 56.9 51.3 51.8 

  Hypertension 38.9 47.1 57.9 58.9 55.5 

  Diabetes  16.3 20.1 27.9 25.9 25.1 

Values are percentages for categorical variables, means with SD for variables with a normal distribution. AAC 

indicates aortic arch calcium; ATAC, ascending thoracic aortic calcium; CVD, cardiovascular disease; DTAC, 

descending thoracic aortic calcium; ADTAC, ascending plus descending thoracic aortic calcium. 

3.2. Calcium distribution along thoracic aorta 

Overall, 1,669 (68.8%) participants demonstrated TAC. A total of 1,508 (62.1%) individuals had 

AAC, which corresponds to 90.4% of the population with TAC. The prevalence of ATAC was 23.1%, 

DTAC prevalence was 31.2% and the combination of ATAC and DTAC showed a prevalence of 40.4% 

. About 13.4% of TAC population had calcium in all segments and 28.4% had only AAC. Figure 1 

shows a Venn diagram with the intersections of the study participants according to the distribution 

of TAC by segments. Figure 2 demonstrates no sex-related differences in the prevalence of calcium 

in any aortic segments. Table 1 also show the prevalence of calcium in each segment according to 

selected risk factors. 
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Figure 1. Venn diagram showing the distribution of calcium and the intersections of individuals ac-

cording to aortic segments. Percentages refer to the total population (n=2,427). 

 

Figure 2. Clustered column graph demonstrating similar prevalence of calcium between sexes in all 

aortic segments. AAC = aortic arch calcium; ATAC = ascending thoracic aortic calcium; DTAC = de-

scending thoracic aortic calcium; ADTAC = ascending and descending thoracic aortic calcium. 

3.3. Association between risk factors and calcification 

The results of the multivariable analysis for CV risk factors with the presence of ATAC, AAC 

and DTAC are shown in Table 2.  

Table 2. Variables associated with the presence of calcium in the aortic arch, ascending aorta and 

descending thoracic aorta in the final multivariate analysis. ELSA-Brasil, 2015-2016. 

Variables AAC > 0 ATAC > 0 DTAC > 0 

  Age (years) 1.1 (1.1-1.1) ‡ 1.1 (1.1-1.1) ‡ 1.1 (1.1-1.1) ‡ 

  Women       1.0 (0.8-1.2) 1.1 (0.9-1.4) 0.8 (0.7-1.0) 
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  Educational level    

      University degree 1.0 1.0 1.0 

      Complete second-

ary  
1.2 (0.9-1.5) 1.0 (0.8-1.3) 1.0 (0.8-1.3) 

      Complete elemen-

tary   
1.8 (1.0-3.1) * 0.9 (0.6-1.5) 0.9 (0.6-1.5) 

      Incomplete ele-

mentar  
1.7 (0.9-3.1) 1.8 (1.1-2.9) * 1.7 (1.1-2.8) * 

  Smoker    

       Never 1.0 1.0 1.0 

       Past 1.3 (1.0-1.6) * 1.8 (1.4-2.3) ‡ 0.9 (0.7-1.2) 

       Current 2.1 (1.5-2.9) ‡ 2.5 (1.8-3.6) ‡ 1.8 (1.3-2.4) ‡ 

  Physical activity    

       Insufficient 1.0 1.0 1.0 

       Moderate 1.2 (1.0-1.6) 1.4 (1.1-1.8) * 0.9 (0.7-1.1) 

       Vigorous 1.0 (0.7-1.4) 1.3 (0.9-2.0) 1.3 (0.9-1.8) 

  Family history of CVD 1.4 (1.1-1.7) † 1.2 (0.9-1.5) 1.1 (0.9-1.3) 

  Body mass index 

(kg/m2) 
1.1 (1.0-1.1) ‡ 1.1 (1.0-1.1) ‡ 1.0 (1.0-1.1) ‡ 

  Dyslipidemia 1.2 (1.0-1.5) 1.7 (1.4-2.1) ‡ 1.3 (1.1-1.6) * 

  Hypertension 1.5 (1.2-1.9) ‡ 1.6 (1.3-2.0) ‡ 2.1 (1.7-2.6) ‡ 

  Diabetes 1.1 (0.8-1.4) 1.3 (1.0-1.8) * 1.3 (1.0-1.7) * 

Data are expressed as odds ratio (95% confidence interval). * p ≤ 0.05; † p ≤ 0.01; ‡ p ≤ 

0.001.  

AAC indicates aortic arch calcium; ATAC, ascending thoracic aortic calcium; CVD, cardiovascular disease; 

DTAC, descending thoracic aortic calcium. 

For all thoracic aortic segments, a higher age was associated with presence of calcium. Of the 

variables included in Table 1, there were no sex-related or race/skin color differences in any TAC 

segment in the multivariable analysis. Lower levels of schooling, current smoking, higher body mass 

index, hypertension, diabetes and dyslipidemia remained associated with ATAC and DTAC, how-

ever DTAC was more strongly associated with hypertension and ATAC with smoking and metabolic 

risk factors. The relation of AAC to risk factors is similar to the above, except for the lack of association 

with diabetes and dyslipidemia and a positive association with the presence of a family history of 

CVD. 

4. Discussion 

In this population-based cohort of adults, the prevalence of arterial calcification in the aorta was 

two to three-fold higher in the aortic arch comparing to the ascending and descending aorta. Most of 

the cardiovascular risk factors associated to the three studied segments were similar and included 

increasing age, lower levels of schooling, current smoking, higher BMI, and hypertension. Diabetes 

and dyslipidemia, metabolic risk factors, strongly related to coronary artery disease events, were as-

sociated with ATAC and DTAC, but not with AAC. Moreover, there was no difference in the preva-

lence of calcifications in any aortic segments related to sex, differing from what is known for CAC, 

for which men have higher burden of calcifications. Due to the higher prevalence of AAC compared 

to other segments and considering that AAC has been shown to predict cardiovascular mortality 

beyond traditional cardiovascular risk factors and CAC, our findings suggest that extending the eval-

uation of arterial calcifications to AAC may bring different information regarding risk prediction, 

particularly among women.  
Calcification distribution differs among TAC segments. We found the highest calcium concen-

tration in the aortic arch (62%) and the lowest in the ascending aorta (23%). Few studies have com-

pared prevalences of TAC by segments. Craiem et al. have studied the segments of thoracic aorta, 
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separately, and found results similar to ours. While the authors showed 64% of total TAC prevalence 

and 31% of prevalence for AAC only, our results were 62.1% and 28.4%, respectively [28]. Although, 

comparisons with other studies should be made with caution, because of differences associated with 

the population risk profile, AAC seems to consistently concentrate around 50% of the calcium of the 

thoracic aorta. The differences in the prevalence of calcium in each aortic segment may be explained 

in part by the effect of sheer forces on the wall, once the ascending aorta usually is larger, has high 

blood velocity and no branches [29]. Though high velocity can cause shear stress, most atherosclerotic 

lesions occur at sites where shear stresses are low but rapidly fluctuating, such as branch vessels or 

where there are abrupt changes in vessel diameter, both mostly occurring in the aortic arch followed 

by the descending aortic segment [30]. On the other hand, the vascular smooth muscle cells colonizing 

the aortic arch derive from cardiac neural crest cells, whereas those populating the descending aorta 

derive from the mesoderm [14]. These differences in the embryonic origin seems to affect the vascular 

smooth muscle cells ability to mineralize. Studies have demonstrated that in the aortic arch the media 

layer calcifies significantly earlier than in the descending aorta [14].  
Moreover, there are two mechanisms for aortic wall calcification: intimal (atherosclerotic) and 

medial (non-atherosclerotic). Advanced atheromatous lesions usually have arterial intimal calcifica-

tion, while calcified and degenerated elastin and vascular smooth muscle cells have medial calcifica-

tion and are frequently seen in patients with advanced age and chronic renal disease [31]. It is unclear 

if the latter pathophysiologic process of calcium formation in the aortic wall is a consequence of tra-

ditional risk factors or other local and systemic factors, and although both mechanisms may coexist 

in the same individual, they may differentially affect each aortic segment, influencing prevalence and 

association to specific risk factors. Unfortunately, CT scans cannot accurately differentiate intimal 

from medial calcifications, what would bring further insights to our findings. 

Increasing age, lower levels of schooling, current smoking, higher BMI, and hypertension re-

mained associated with all thoracic aortic segments in the final multivariable analysis. There is robust 

evidence that smoking, hypertension and body mass index are important risk factors for aortic calci-

fication independently of the segment and even studying abdominal aorta [5,29,32–34]. Regarding 

smoking, the higher magnitude of association found with ATAC has been previously described and 

may be due to the nicotine effects in the cardiac function: raising blood pressure, heart rate, myocar-

dial excitability and contractility – variables that more directly impact the ascending aorta[35]. A 

similar  pattern of association was also found by Takasu et al in the MESA cohort [29]. 

Differently, metabolic risk factors – diabetes and dyslipidemia – were not related to AAC in the 

final model, but were related to ATAC and DTAC. Our results may be reflecting a smaller influence 

of diabetes on aortic calcium deposition. Alternatively, the predominant mechanism of calcification 

in the AAC may be non-atheromatous, which could be less related to metabolic risk factors. 

There were no sex-based differences in the prevalence of calcium in any aortic segment. Com-

paring to CAC, which are significantly more frequent in men [4], the absence of differences between 

sexes in all aortic segments reinforces the distinct pathologic processes involved in the calcium for-

mation in different vascular beds [36].  However, this finding is controversial in previous studies. 

Takasu et al investigated  6,814 participants (49% men, mean age: 63 ± 10 years) and demonstrated 

higher prevalence of DTAC in women, while for ATAC it was only found in persons younger than 

55 years [29]. In contrast, the Heinz Nixdorf Study evaluated 4,025 individuals considering TAC as 

ATAC plus DTAC (47% men; mean age: 59 ± 9 years) and showed higher TAC prevalence in men [5]. 

In the small number of studies that included the aortic arch,  women have been shown to concentrate 

more calcium in this segment than men [28,37,38]. As such, more studies are needed to elucidate this 

issue, particularly to better understand if TAC could be a more useful tool for risk stratification in 

women.  
Importantly, any potential benefit in adding AAC evaluation to better estimate cardiovascular 

risk will need to be weighed against the extra radiation that individuals will have to be exposed 

comparing to CAC scans, though the radiation dose values in the present study did not exceed the 

“American Heart Association” recommendations for CAC screening [39]. 
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The limitations of our study are related to the cross-sectional analysis that cannot establish the 

temporality of the associations. Since ELSA-Brasil is a cohort of civil servants in urban areas and our 

population came from one Brazilian state, the prevalence found cannot be extrapolated to the Brazil-

ian population. On the other hand, the advantages of our study are a large multiethnic well-charac-

terized sample; comprehensive measurements of calcifications in the segments of the thoracic aorta, 

separately, for which there is limited literature; and the adjustments for most risk factors for cardio-

vascular diseases. 

5. Conclusions 

In conclusion, we found greater prevalence of calcium in the aortic arch, comparing to the as-

cending and descending aorta and small differences in the associations between cardiovascular risk 

factors and the aortic segments, particularly due to the lack of association between diabetes and 

dyslipidemia to AAC. Because TAC has been shown to predict cardiovascular and non-cardiovascu-

lar mortality, our findings awaken the question about the importance of including the aortic arch in 

TAC analysis, which may reflect diverse mechanisms of calcium formation in the pathway to vascular 

disease.  Future longitudinal studies evaluating the predictive value of calcium in each aortic seg-

ment are fundamental to clarify the importance of studying all of them as subclinical markers of 

morbidity and mortality. 

Author Contributions: “Conceptualization, J.F.P., A.L.P.R., S.M.B.; methodol-

ogy, J.F.P., A.L.P.R., S.M.B; validation, J.F.P. and S.A.A.; formal analysis, J.F.P., 

S.A.A. and S.M.B..; investigation, J.F.P., S.A.A. and S.M.B; resources, S.M.B.; 

data curation, J.F.P. and S.M.B.; writing—original draft preparation, J.F.P., 

L.C.C.B., A.L.P.R., S.M.B.; writing—review and editing, J.F.P., L.C.C.B., 

A.L.P.R., S.M.B.; visualization, J.F.P.; funding acquisition, S.M.B. All authors 

have read and agreed to the published version of the manuscript.  

Funding: This research was funded by the Brazilian Ministry of Health (Science 

and Technology Department) and the Brazilian Ministry of Science, Technol-

ogy and Innovation (FINEP and CNPq). Grant numbers: 01 06 0010·00 and 

01·10·0643·03 (RS); 01 06 0212·00 and 01·10·0742-00 (BA); 01 06 0300·00 and 

01·12·0284·00 (ES); 01 06 0278·00 and 01 10 0746 00 (MG); 01 06 0115·00 and 

01·10·0773-00 (SP); and 01 06 0071·00 and 01·11·0093·01 (RJ). This study also re-

ceived support from the Coordenação de Aperfeiçoamento de Pessoal de Nível 

Superior - Brasil (CAPES). S.M.B and A.L.P.R. are recipients of an unrestricted 

award for established researchers from CNPq and are also supported by a re-

search grant (Pesquisador Mineiro) from FAPEMIG, the research agency of the 

State of Minas Gerais, Brazil. 

Institutional Review Board Statement: The study was conducted according to 

the guidelines of the Declaration of Helsinki, and approved by the Ethics Com-

mittee of the Universidade Federal de Minas Gerais (CAAE 

47125015.4.1001.5149, 27/July/2015). 

Informed Consent Statement: Signed informed consent was obtained from all 

subjects involved in the study. 

Data Availability Statement: The data presented in this study are available on 

request from the corresponding author. The data are not publicly available due 

to ethical constraint. 

Acknowledgments: The authors would like to thank all participants from 

ELSA-Brasil Investigation Center of Minas Gerais and the Centro de Imagem 

Molecular (CIMol), Faculdade de Medicina, UFMG, Brazil, where the CT scans 

were performed and the images were analyzed. 

Conflicts of Interest: The authors declare no conflict of interest. The funders 

had no role in the design of the study; in the collection, analyses, or interpreta-

tion of data; in the writing of the manuscript, or in the decision to publish the 

results. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 March 2021                   doi:10.20944/preprints202103.0733.v1

https://doi.org/10.20944/preprints202103.0733.v1


 

 

References 

1. Desai, M.Y.; Cremer, P.C.; Schoenhagen, P. Thoracic Aortic Calcification: Diagnostic, Prognostic, and Man-

agement Considerations. JACC: Cardiovascular Imaging 2018, 11, 1012–1026. 

2. Ahmad, M.M.; Pir, S.H.A.; Muhammad, M.N.; Hussaini, S.; Kiani, I.A.; Ahmad, M.N.; Razzaque, I.; Syed, 

M.N.; Ullah, R.; Allaqaband, S.; et al. Influence of Differential Calcification in the Descending Thoracic 

Aorta on Aortic Pulse Pressure. Journal of Patient-Centered Research and Reviews 2017, 4, 104–113, 

doi:10.17294/2330-0698.1448. 

3. Mitchell, G.F. Effects of central arterial aging on the structure and function of the peripheral vasculature: 

Implications for end-organ damage. Journal of Applied Physiology 2008, 105, 1652–1660, doi:10.1152/jap-

plphysiol.90549.2008. 

4. Pedrosa, J.F.; Ribeiro, A.L.P.; Santana, P.C.; Araújo, L.F.; Barreto, S.M. Relation of Thoracic Aortic and Cor-

onary Artery Calcium to Cardiovascular Risk Factors (from The Brazilian Longitudinal Study of Adult 

Health [ELSA-Brazil]). The American Journal of Cardiology 2019, 124, 1655–1661, doi:10.1016/j.am-

jcard.2019.08.029. 

5. Kälsch, H.; Lehmann, N.; Möhlenkamp, S.; Hammer, C.; Mahabadi, A.A.; Moebus, S.; Schmermund, A.; 

Stang, A.; Bauer, M.; Jöckel, K.H.; et al. Prevalence of thoracic aortic calcification and its relationship to 

cardiovascular risk factors and coronary calcification in an unselected population-based cohort: The Heinz 

Nixdorf Recall Study. International Journal of Cardiovascular Imaging 2013, 29, 207–216, doi:10.1007/s10554-

012-0051-3. 

6. Nasir, K.; Roguin, A.; Sarwar, A.; Rumberger, J. a.; Blumenthal, R.S. Gender differences in coronary arteries 

and thoracic aorta calcification. Arteriosclerosis, Thrombosis, and Vascular Biology 2007, 27, 1220–1222, 

doi:10.1161/ATVBAHA.107.140079. 

7. Rivera, J.J.; Nasir, K.; Katz, R.; Takasu, J.; Allison, M.; Wong, N.D.; Barr, R.G.; Carr, J.J.; Blumenthal, R.S.; 

Budoff, M.J. Relationship of Thoracic Aortic Calcium to Coronary Calcium and Its Progression (from the 

Multi-Ethnic Study of Atherosclerosis [MESA]). American Journal of Cardiology 2009, 103, 1562–1567, 

doi:10.1016/j.amjcard.2009.02.004. 

8. Ong, K.-L.; McClelland, R.L.; Rye, K.-A.; Cheung, B.M.Y.; Post, W.S.; Vaidya, D.; Criqui, M.H.; Cushman, 

M.; Barter, P.J.; Allison, M.A. The relationship between insulin resistance and vascular calcification in cor-

onary arteries, and the thoracic and abdominal aorta: The Multi-Ethnic Study of Atherosclerosis. Athero-

sclerosis 2014, 236, 257–262, doi:10.1016/j.atherosclerosis.2014.07.015. 

9. Thomas, I.C.; Thompson, C.A.; Yang, M.; Allison, M.A.; Forbang, N.I.; Michos, E.D.; McClelland, R.L.; 

Budoff, M.J.; Criqui, M.H. Thoracic aorta calcification and noncardiovascular disease-related mortality the 

multi-ethnic study of atherosclerosis. Arteriosclerosis, Thrombosis, and Vascular Biology 2018, 38, 1926–1932, 

doi:10.1161/ATVBAHA.118.310850. 

10. Mahabadi, A.A.; Lehmann, N.; Möhlenkamp, S.; Pundt, N.; Dykun, I.; Roggenbuck, U.; Moebus, S.; Jöckel, 

K.-H.; Erbel, R.; Kälsch, H.; et al. Noncoronary Measures Enhance the Predictive Value of Cardiac CT 

Above Traditional Risk Factors and CAC Score in the General Population. JACC: Cardiovascular Imaging 

2016, 9, 1177–1185, doi:10.1016/j.jcmg.2015.12.024. 

11. Hoffmann, U.; Massaro, J.M.; D’Agostino, R.B.; Kathiresan, S.; Fox, C.S.; O’Donnell, C.J. Cardiovascular 

Event Prediction and Risk Reclassification by Coronary, Aortic, and Valvular Calcification in the Framing-

ham Heart Study. Journal of the American Heart Association 2016, 5, 1–11, doi:10.1161/JAHA.115.003144. 

12. Brodov, Y.; Gransar, H.; Rozanski, A.; Hayes, S.W.; Friedman, J.D.; Thomson, L.E.J.; Dey, D.; Slomka, P.J.; 

Min, J.K.; Shaw, L.J.; et al. Extensive thoracic aortic calcification is an independent predictor of development 

of coronary artery calcium among individuals with coronary artery calcium score of zero. Atherosclerosis 

2015, 238, 4–8, doi:10.1016/j.atherosclerosis.2014.10.100. 

13. Pedrosa, J.F.; Barreto, S.M.; Bittencourt, M.S.; Ribeiro, A.L.P. Anatomical References to Evaluate Thoracic 

Aorta Calcium by Computed Tomography. Current Atherosclerosis Reports 2019, 21, 51, doi:10.1007/s11883-

019-0811-9. 

14. Leroux-Berger, M.; Queguiner, I.; MacIel, T.T.; Ho, A.; Relaix, F.; Kempf, H. Pathologic calcification of adult 

vascular smooth muscle cells differs on their crest or mesodermal embryonic origin. Journal of Bone and 

Mineral Research 2011, 26, 1543–1553, doi:10.1002/jbmr.382. 

15. Wong, N.D.; Gransar, H.; Shaw, L.; Polk, D.; Moon, J.H.; Miranda-Peats, R.; Hayes, S.W.; Thomson, L.E.J.; 

Rozanski, A.; Friedman, J.D.; et al. Thoracic Aortic Calcium Versus Coronary Artery Calcium for the 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 March 2021                   doi:10.20944/preprints202103.0733.v1

https://doi.org/10.20944/preprints202103.0733.v1


 

 

Prediction of Coronary Heart Disease and Cardiovascular Disease Events. JACC: Cardiovascular Imaging 

2009, 2, 319–326, doi:10.1016/j.jcmg.2008.12.010. 

16. Kälsch, H.; Lehmann, N.; Moebus, S.; Hoffmann, B.; Stang, A.; Jöckel, K.; Erbel, R.; Mahabadi, A.A. Aortic 

Calcification Onset and Progression: Association with the Development of Coronary Atherosclerosis. Jour-

nal of the American Heart Association 2017, 6, 1–12, doi:10.1161/JAHA.116.005093. 

17. Dudink, E.A.M.P.; Peeters, F.E.C.M.; Altintas, S.; Heckman, L.I.B.; Haest, R.J.; Kragten, H.; Kietselaer, 

B.L.J.H.; Wildberger, J.; Luermans, J.G.L.M.; Weijs, B.; et al. Agatston score of the descending aorta is inde-

pendently associated with coronary events in a low-risk population. Open Heart 2018, 5, 1–8, 

doi:10.1136/openhrt-2018-000893. 

18. Thomas, I.C.; McClelland, R.L.; Michos, E.D.; Allison, M.A.; Forbang, N.I.; Longstreth, W.T.; Post, W.S.; 

Wong, N.D.; Budoff, M.J.; Criqui, M.H. Density of calcium in the ascending thoracic aorta and risk of inci-

dent cardiovascular disease events. Atherosclerosis 2017, 265, 190–196, doi:10.1016/j.atherosclero-

sis.2017.09.009. 

19. Thomas, I.C.; McClelland, R.L.; Allison, M.A.; Ix, J.H.; Michos, E.D.; Forbang, N.I.; Post, W.S.; Wong, N.D.; 

Budoff, M.J.; Criqui, M.H. Progression of calcium density in the ascending thoracic aorta is inversely asso-

ciated with incident cardiovascular disease events. European Heart Journal Cardiovascular Imaging 2018, 19, 

1343–1350, doi:10.1093/ehjci/jey007. 

20. Churchill, T.W.; Rasania, S.P.; Rafeek, H.; Mulvey, C.K.; Terembula, K.; Ferrari, V.; Jha, S.; Lilly, S.M.; Eraso, 

L.H.; Reilly, M.P.; et al. Ascending and descending thoracic aorta calcification in type 2 diabetes mellitus. 

Journal of Cardiovascular Computed Tomography 2015, 9, 373–381, doi:10.1016/j.jcct.2015.04.008. 

21. Aquino, E.M.L.; Barreto, S.M.; Bensenor, I.M.; Carvalho, M.S.; Chor, D.; Duncan, B.B.; Lotufo, P.A.; Mill, 

J.G.; Molina, M.D.C.; Mota, E.L.A.; et al. Brazilian Longitudinal Study of Adult Health (ELSA-Brasil): Ob-

jectives and Design. American Journal of Epidemiology 2012, 175, 315–324, doi:10.1093/aje/kwr294. 

22. Schmidt, M.I.; Duncan, B.B.; Mill, J.G.; Lotufo, P.A.; Chor, D.; Barreto, S.M.; Aquino, E.M.L.; Passos, V.M.A.; 

Matos, S.M.A.; Molina, M. del C.B.; et al. Cohort profile: Longitudinal study of adult health (ELSA-Brasil). 

International Journal of Epidemiology 2015, 44, 68–75, doi:10.1093/ije/dyu027. 

23. Camelo, L.D. V.; Giatti, L.; Barreto, S.M. Subjective social status, self-rated health and tobacco smoking: 

Brazilian Longitudinal Study of Adult Health (ELSA-Brasil). Journal of Health Psychology 2014, 19, 1388–

1399, doi:10.1177/1359105313490772. 

24. Craig, C.L.; Marshall, A.L.; Sjöström, M.; Bauman, A.E.; Booth, M.L.; Ainsworth, B.E.; Pratt, M.; Ekelund, 

U.; Yngve, A.; Sallis, J.F.; et al. International physical activity questionnaire: 12-Country reliability and va-

lidity. Medicine and Science in Sports and Exercise 2003, 35, 1381–1395, 

doi:10.1249/01.MSS.0000078924.61453.FB. 

25. Brant, L.C.C.; Hamburg, N.M.; Barreto, S.M.; Benjamin, E.J.; Ribeiro, A.L.P. Relations of digital vascular 

function, cardiovascular risk factors, and arterial stiffness: The Brazilian Longitudinal Study of Adult 

Health (ELSA-Brasil) cohort study. Journal of the American Heart Association 2014, 3, 1–11, 

doi:10.1161/JAHA.114.001279. 

26. Chor, D.; Alves, M.G. de M.; Giatti, L.; Cade, N.V.; Nunes, M.A.; Molina, M. del C.B.; Bensenor, I.M.; 

Aquino, E.M.L.; Passos, V.; Santos, S.M.; et al. Questionario do ELSA-Brasil: desafios na elaboracao de in-

strumento multidimensional. Revista de Saúde Pública 2013, 47, 27–36, doi:10.1590/S0034-

8910.2013047003835. 

27. Agatston, A.S.; Janowitz, F.W.R.; Hildner, F.J.; Zusmer, N.R.; Viamonte, M.; Detrano, R. Quantification of 

coronary artery calcium using ultrafast computed tomography. JACC 1990, 15, 827–832. 

28. Craiem, D.; Chironi, G.; Casciaro, M.E.; Graf, S.; Simon, A. Calcifications of the Thoracic Aorta on Extended 

Non-Contrast-Enhanced Cardiac CT. PLoS ONE 2014, 9, e109584, doi:10.1371/journal.pone.0109584. 

29. Takasu, J.; Katz, R.; Nasir, K.; Carr, J.J.; Wong, N.; Detrano, R.; Budoff, M.J. Relationships of thoracic aortic 

wall calcification to cardiovascular risk factors: The Multi–Ethnic Study of Atherosclerosis (MESA). Amer-

ican Heart Journal 2008, 155, 765–771, doi:10.1016/j.ahj.2007.11.019. 

30. Ku, D.N.; Giddens, D.P.; Zarins, C.K.; Glagov, S. Pulsatile flow and atherosclerosis in the human carotid 

bifurcation. Positive correlation between plaque location and low and oscillating shear stress. Arteriosclero-

sis 1985, 5, 293–302, doi:10.1161/01.atv.5.3.293. 

31. Tadic, M.; Cuspidi, C. Pulse pressure and aortic calcification: Did we learn something? Journal of Clinical 

Hypertension 2020, 22, 886–887, doi:10.1111/jch.13845. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 March 2021                   doi:10.20944/preprints202103.0733.v1

https://doi.org/10.20944/preprints202103.0733.v1


 

 

32. Youssef, G.; Guo, M.; McClelland, R.L.; Shavelle, D.M.; Nasir, K.; Rivera, J.; Carr, J.J.; Wong, N.D.; Budoff, 

M.J. Risk Factors for the Development and Progression of Thoracic Aorta Calcification: The Multi-Ethnic 

Study of Atherosclerosis. Academic Radiology 2015, 22, 1536–1545, doi:10.1016/j.acra.2015.08.017. 

33. Iribarren, C.; Sidney, S.; Sternfeld, B.; Browner, W.S. Calcification of the Aortic Arch. Jama 2000, 283, 2810, 

doi:10.1001/jama.283.21.2810. 

34. Wong, N.D.; Sciammarella, M.; Arad, Y.; Miranda-Peats, R.; Polk, D.; Hachamovich, R.; Friedman, J.; Hayes, 

S.; Daniell, A.; Berman, D.S. Relation of thoracic aortic and aortic valve calcium to coronary artery calcium 

and risk assessment. American Journal of Cardiology 2003, 92, 951–955, doi:10.1016/S0002-9149(03)00976-7. 

35. Renaud, S.; Blache, D.; Dumont, E.; Thevenon, C.; Wissendanger, T. Platelet function after cigarette smok-

ing in relation to nicotine and carbon monoxide. Clinical Pharmacology and Therapeutics 1984, 36, 389–395, 

doi:10.1038/clpt.1984.193. 

36. Allison, M. a.; Hsi, S.; Wassel, C.L.; Morgan, C.; Ix, J.H.; Wright, C.M.; Criqui, M.H. Calcified atherosclerosis 

in different vascular beds and the risk of mortality. Arteriosclerosis, Thrombosis, and Vascular Biology 2012, 

32, 140–146, doi:10.1161/ATVBAHA.111.235234. 

37. Wu, M.; Chern, M.; Chen, L.; Lin, Y.; Sheu, M. Electron Beam Computed Tomography Evidence of Aortic 

Calcification as an Independent Determinant of Coronary Artery Calcification. Journal of the Chinese Medical 

Association 2006, 69, 409–414, doi:10.1016/S1726-4901(09)70283-7. 

38. Odink, A.E.; van der Lugt, A.; Hofman, A.; Hunink, M.G.M.; Breteler, M.M.B.; Krestin, G.P.; Witteman, 

J.C.M. Association between calcification in the coronary arteries, aortic arch and carotid arteries: The Rot-

terdam study. Atherosclerosis 2007, 193, 408–413, doi:10.1016/j.atherosclerosis.2006.07.007. 

39. Gerber, T.C.; Jeffrey Carr, J.; Arai, A.E.; Dixon, R.L.; Ferrari, V.A.; Gomes, A.S.; Heller, G. V.; McCollough, 

C.H.; McNitt-Gray, M.F.; Mettler, F.A.; et al. Ionizing radiation in cardiac imaging: A science advisory from 

the American Heart Association Committee on cardiac imaging of the council on clinical cardiology and 

committee on cardiovascular imaging and intervention of the council on cardiovascular radi. Circulation 

2009, 119, 1056–1065, doi:10.1161/CIRCULATIONAHA.108.191650. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 March 2021                   doi:10.20944/preprints202103.0733.v1

https://doi.org/10.20944/preprints202103.0733.v1

