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Extent of aortic arch calcification on chest radiographs
is associated with coronary artery disease severity
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Abstract: Objective: Visible aortic arch calcification (AAC) on chest radiographs is putatively associated with cardiovascular outcomes. This retrospective study investigated a correlation between the semi-quantitative extent of AAC
and cardiovascular disease severity. Methods: 305 consecutive patients presenting with chest pain who underwent
coronary artery angiography and chest radiography during the same hospital stay were retrospectively enrolled.
Radiologists blinded to the results of the coronary angiography graded the extent of AAC on a 4-point scale, grades
0-3. The severity of coronary artery disease was described by the number of diseased vessels and Gensini score.
Results: AAC was graded as 0, 1, 2, and 3 in 182, 43, 51, and 29 patients, respectively. With increasing AAC grade,
the patients tended to be older and coronary artery disease was more prevalent. The AAC grade significantly correlated with the number of affected coronary arteries, and the average Gensini score (P < 0.001, both). AAC grade
3 was an independent predictor for multivessel disease (OR 1.720, 95% CI, 1.184-2.498, P = 0.004) and high
Gensini score (OR 1.529, 95% CI, 1.153-2.029, P = 0.003). Conclusion: The extent of AAC, semi-quantitatively determined by chest radiograph, correlated with the severity of coronary artery disease (number of diseased vessels and
Gensini score). The highest AAC grade was an independent predictor of multivessel disease and high Gensini score.
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Introduction
Calcification can simultaneously affect multiple
vascular beds such as the coronary, aortic, and
carotid arteries. Studies of the coronary artery
have shown that calcification is an independent
predictor of cardiovascular events [1]. As known, the calcification across different vascular
beds shares the same risk factor [2, 3]. Thus,
there is increasingly more research interest
focused on the association between calcification outside the coronary artery and rates of
cardiovascular events.
Several reports have shown that patients with
aortic arch calcification (AAC) have a higher
incidence of coronary artery disease (CAD) and
more complex lesions [4-7], but quantitative
investigations are few or lacking. AAC can easily be detected on routine chest radiography,
which is noninvasive and inexpensive. Research
on the extent of AAC based on such images
may provide more accurate information for clin-

ical practice and expand the use of chest radiography for determining the likelihood of cardiovascular events. Herein, we assessed whether
the extent of AAC as shown by radiography
could reflect the severity of CAD.
Methods
The Institutional Review Board of our hospital
approved this retrospective study, and waived
the need for informed consent.
Study population
We retrospectively enrolled 305 consecutive
patients with chest pain who had undergone
coronary artery angiography and chest radiography within the same hospital stay between
January and April 2015 at the Cardiology
Department, Yuebei People’s Hospital, Shaoguan, Guangdong Province, China. The exclusion criteria were kidney dysfunction (serum
creatinine > 132 µmol/L) and history of aortic
surgery.
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Table 1. Clinical characteristics of the study population*
Subjects, n
Age, y
Male
Hypertension
Diabetes
Hyperlipidemia
Smoking
Coronary artery disease

Grade 0
182
59.8 ± 10.7
132 (72.5%)
102 (56.0%)
28 (15.4%)
84 (46.2%)
68 (37.4%)
114 (62.6%)

Grade 1
43
63.9 ± 10.7
27 (62.8%)
33 (76.7%)
12 (27.9%)
18 (41.9%)
15 (34.9%)
28 (65.1%)

Grade 2
51
64.6 ± 10.5
34 (66.7%)
32 (62.7%)
14 (27.5%)
30 (58.8%)
24 (47.1%)
41 (80.4%)

Grade 3
29
65.2 ± 9.0
23 (79.3%)
18 (62.1%)
11 (37.9%)
14 (48.3%)
14 (48.3%)
27 (93.1%)

P
0.003
0.386
0.094
0.013
0.349
0.411
0.002

*Reported as n (%), unless indicated otherwise.

or low-density lipoprotein content > 3.11 mmol/L.

Figure 1. The average number of diseased vessels correlated with the AAC
grade (P < 0.001). Comparisons among all pairs of groups revealed a significant differences between grade 3 and grade 0 (P < 0.001), grade 1 (P
< 0.001), or grade 2 (P = 0.001), but there was no significant difference
between grade 2 and grade 1 (P = 0.084), nor between grade 1 and grade
0 (P = 0.899).

The following data were recorded for each
patient: age, gender, smoking history, hypertension, diabetes mellitus, and hyperlipidemia.
Smoking history was defined as previous or current use of cigarettes. Hypertension was considered systolic pressure > 140 mmHg or diastolic pressure > 90 mmHg, or the use of antihypertensive drugs. Diabetes mellitus was
recorded for the use of antidiabetic drugs, or
a fasting venous blood glucose level > 7.0
mmol/L, or random venous blood glucose level
> 11.1 mmol/L. Hyperlipidemia was defined as
total cholesterol concentration > 5.17 mmol/L
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We used anteroposterior chest radiographs to assess
AAC. For those patients who
had undergone several chest
radiography tests, we chose
the one closest in time to the
coronary angiography procedure. Radiologists were blinded to the results of the coronary angiography. A semi-quantitative method was used
to assess the extent of AAC,
as follows: grade 0, no visible
calcification; grade 1, small
spots, or a single thin area of
calcification; grade 2, one or
more areas of thick calcification; grade 3, circumferential
calcification [8].

Coronary angiographs were
reviewed by a well-trained physician who was blinded to
the results of the chest radiograph. CAD was defined as the presence of
stenosis with a diameter reduction of ≥ 50% in
the affected coronary arteries. The number of
diseased vessels was recorded. Multivessel
disease was defined as substantial stenosis of
≥ 3 coronary arteries. The Gensini score was
split into thirds and calculated based on coronary angiography results, as reported earlier
[9]. Based on 3 distributions of the results, a
high Gensini score was defined as a value in
the upper third (≥ 40), and a low score was
defined as a value in the middle or lowest third
(< 40).
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numbers and percentages.
Differences among multiple
groups were analyzed by the
Kruskal-Wallis H test for continuous variables and the chisquared test for categorical
variables. Multivariate logistic
analysis was conducted to
determine the independent
predictors of multivessel disease and a high Gensini score. Receiver-operating characteristic (ROC) curve analysis was performed to evaluate
the predicting value of AAC
grade 3 for multivessel disease. Statistical significance
was set at P < 0.05.
Results
Figure 2. Average Gensini score increased with rise in AAC grade (P < 0.001).
There were significant difference between grade 3 and grade 0 (P < 0.001),
grade 1 (P < 0.001), and grade 2 (P = 0.02). However, grades 2 and 1 (P =
0.06), and grades 1 and 0 (P = 0.870), were statistically similar.

Figure 3. The ROC curve analysis of AAC grade 3 for predicting multivessel
disease.

Statistical analysis
Statistical analysis was performed via SPSS
19.0 for Windows (SPSS, Chicago, IL, USA).
Continuous variables were defined as mean ±
standard deviation; categorical variables as
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In our study, 210 patients
received a diagnosis of CAD
(Table 1). The extent of calcification visible on chest radiographs was given an AAC
grade score. There were 182,
43, 51, and 29 patients given scores of grade 0, 1, 2,
and 3, respectively. With each
increase in AAC grade, patients were older (P = 0.003)
and CAD more prevalent (P =
0.002).
The patients with AAC grade 3
had more diseased vessels
and higher Gensini score than
did the patients with grade
0, 1, or 2 (Figures 1, 2). The
results of ROC analysis indicated that only AAC grade 3
successfully predicted multivessel disease in patients,
with specificity 0.938 and sensitivity 0.289 (Figure 3).

Univariate analysis revealed
that multivessel disease was
associated with age and AAC grade 3 (Table 2).
A high Gensini score was associated with age,
hyperlipidemia, and AAC grade 3 (Table 3).
Multivariate analysis results implied that AAC
grade 3 could serve as an independent predictor for multivessel disease (OR 1.720, 95% CI,
Int J Clin Exp Med 2016;9(7):12943-12948
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Table 2. Results of the multivariate analysis
conducted to assess the predictors of multivessel disease
P
Age
0.031
Gender
0.046
Hypertension
0.432
Diabetes
0.476
Hyperlipidemia
0.363
Smoking
0.182
AAC
Grade 1 0.497
Grade 2 0.943
Grade 3 0.004

OR (95% CI)
1.040 (1.004-1.078)
2.430 (1.016-5.814)
1.344 (0.643-2.807)
1.328 (0.608-2.903)
1.385 (0.687-2.794)
0.610 (0.295-1.260)
0.670 (0.211-2.129)
1.018 (0.628-1.650)
1.720 (1.184-2.498)

Table 3. Multivariate analysis to assess the predictors of high Gensini score
Age
Gender
Hypertension
Diabetes
Hyperlipidemia
Smoking
AAC
Grade 1
Grade 2
Grade 3

P
0.035
0.071
0.988
0.491
0.011
0.483
0.664
0.218
0.003

OR (95% CI)
1.028 (1.002-1.054)
1.705 (0.955-3.045)
0.996 (0.588-1.686)
1.234 (0.678-2.248)
1.952 (1.166-3.267)
0.832 (0.497-1.391)
1.180 (0.559-2.490)
1.237 (0.882-1.735)
1.529 (1.153-2.029)

1.184-2.498, P = 0.004) and a high Gensini
score (OR 1.529, 95% CI, 1.153-2.029, P =
0.003).
Discussion
In this retrospective investigation of 305
patients, we semi-quantitatively assessed the
extent of AAC on an increasing 4-point graded
scale to examine an association with CAD
severity. Our findings showed that AAC grade
was positively associated with the number of
affected coronary arteries and the Gensini
score. AAC grade 3 (the highest) predicted multivessel diseases and high Gensini score independently of traditional risk factors.
Calcification is a characteristic of advanced
atherosclerosis [10]. The extent of calcification
provides an additional predictor of cardiovascular events. The calcium score from electronbeam computed tomography is reportedly
associated with the severity of atherosclerotic
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plaque disease and mortality [11, 12]. There is
also evidence that the degree of abdominal
aortic artery calcification is a risk factor for
adverse cardiovascular outcomes [13-15].
Chest radiography is a routine clinical examination for patients with chest pain, and it can
clearly detect calcification of the aortic arch.
However, most studies have not quantified the
degree of calcification of the aortic arch on
chest radiographic images. Hashimoto et al.
[8] proposed a four-point grading method to
assess the extent of calcification. In addition,
higher AAC grades were associated with an
increased incidence of cardiovascular events
[16]. Bannas et al. [17] reported that the 4-point
AAC grade positively correlated with the coronary artery calcium score determined by computed tomography. Nevertheless, whether AAC
grade is associated with the severity of coronary artery lesions needs to be investigated
further.
In our present study, the number of affected
coronary arteries and the average Gensini
score increased with the increase in AAC grade.
The patients with AAC grade 3 had considerably more diseased vessels and a higher average Gensini score than did the patients with
AAC grades 0, 1, or 2. However, there was no
significant difference between AAC grades 0
and 1. We speculate that study population
inclusion bias could have led to this resultpatients with chest pain were enrolled, 68.9%
of whom were diagnosed with CAD by coronary
angiography, and on average, even the patients
with AAC grade 0 had more than one coronary
artery with pathological changes. Most previous studies consisted of a population selected
at health checkups or as outpatients [4, 16].
In our study, the multivariate analysis results
revealed that AAC grade 3 was a viable independent predictor of multivessel disease and a
high Gensini score. This finding is partly consistent with that of a previous study, in which AAC
grade 3 was reported to be strongly associated
with a coronary artery calcium score > 400
[17]. Our result suggests that only severe calcification in the aortic arch could reliably imply
clinical CAD severity.
In our investigation, there were more male
patients in the non-calcification group (grade 0;
72.5%) than in the group with calcification
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(grades 1-3; 68.3%), although these were statistically comparable (P = 0.425). The association between aortic calcification and gender is
controversial. For example, Allison et al. [18]
reported that the prevalence of calcification
was greater in men patients, whereas Takasu
et al. [3] discovered the opposite tendency. The
discrepancy may be due to the different ages of
the populations in these studies. Iribarren et al.
[4] found a significant gender-based difference
in aortic calcification in patients older than 65
years, but in the younger group the genders
were similar.

pendent predictor of multivessel disease and a
high Gensini score. We presume that our findings can expand the use of chest radiography.

In our study, the predictive specificity of AAC
grade 3 for multivessel disease was 0.938.
This high specificity guarantees that chest radiography is feasible for stratifying risk. Thus, we
conclude that grade 3 AAC on chest radiography could help direct therapy for patients with
chest pain, especially for patients whose clinical condition contraindicates coronary angiography or for whom the cost of coronary angiography is prohibitive. We also acknowledge the
low sensitivity of AAC grade 3, which warrants
the need for confirmation by other tests.

Address correspondence to: Dr. Xuefeng Wu, Department of Cardiology, Yuebei People’s Hospital,
Shaoguan, Guangdong Province, China. E-mail: xuefeng.wu@139.com

Study limitations
The application of AAC grades has previously
been reported as a reliable and reproducible
method [8, 17]. In our study, the accuracy and
reproducibility of AAC grades were not tested.
However, we demonstrated that only severe
calcification in the aortic arch had clinical implication. According to our experience, it is relatively easy to distinguish AAC grade 3 on a
chest radiograph. As the patients in the present study presented with chest pain and were
preparing to undergo coronary angiography,
the association we found between AAC grade
and the severity of coronary artery lesions cannot be extrapolated to other population groups.
Since chest radiography is a common test used
both in clinical practice and for health checkups, more studies based on populations without unique characteristics are required to confirm the association.

Acknowledgements
The present work was supported by the Science
and Technology Planning Project of the Health
and Family Planning Commission of Shaoguan,
China (NO: Y15022).
Disclosure of conflict of interest
None.

References
[1]

[2]

[3]

[4]

[5]

[6]

Conclusion
We demonstrated that the AAC grade, as determined by chest radiographic images of patients
with chest pain, correlated positively with the
severity of CAD, and AAC grade 3 was an inde12947

[7]

Kondos GT, Hoff JA, Sevrukov A, Daviglus ML,
Garside DB, Devries SS, Chomka EV, Liu K.
Electron-beam tomography coronary artery
calcium and cardiac events: a 37-month follow-up of 5635 initially asymptomatic low- to
intermediate-risk adults. Circulation 2003;
107: 2571-2576.
Odink AE, van der Lugt A, Hofman A, Hunink
MG, Breteler MM, Krestin GP, Witteman JC.
Risk factors for coronary, aortic arch and carotid calcification; the rotterdam study. J Hum
Hypertens 2010; 24: 86-92.
Takasu J, Katz R, Nasir K, Carr JJ, Wong N,
Detrano R, Budoff MJ. Relationships of thoracic aortic wall calcification to cardiovascular risk
factors: the Multi-Ethnic Study of Atherosclerosis (MESA). Am Heart J 2008; 155: 765771.
Iribarren C, Sidney S, Sternfeld B, Browner WS.
Calcification of the aortic arch: risk factors
and association with coronary heart disease,
stroke, and peripheral vascular disease. JAMA
2000; 283: 2810-2815.
Li J, Galvin HK, Johnson SC, Langston CS,
Sclamberg J, Preston CA. Aortic calcification on
plain chest radiography increases risk for coronary artery disease. Chest 2002; 121: 14681471.
Papanas N, Tziakas D, Mavridis G, Giannakis I,
Symeonidis G, Stakos D, Milousis A, Maltezos
E, Louridas G, Hatseras D. Aortic arch calcification predicts the extent of coronary atherosclerosis in patients with or without type 2 diabetes: short communication. Acta Clin Belg 2007;
62: 52-55.
Yun KH, Jeong MH, Oh SK, Park EM, Kim YK,
Rhee SJ, Lee EM, Yoo NJ, Kim NH, Keun Y,

Int J Clin Exp Med 2016;9(7):12943-12948

Aortic arch calcification associated with CAD severity

[8]

[9]
[10]

[11]

[12]

[13]

Jeong JW. Clinical significance of aortic knob
width and calcification in unstable angina. Circ
J 2006; 70: 1280-1283.
Hashimoto H, Iijima K, Hashimoto M, Son BK,
Ota H, Ogawa S, Eto M, Akishita M, Ouchi Y.
Validity and usefulness of aortic arch calcification in chest X-ray. J Atheroscler Thromb 2009;
16: 256-264.
Gensini GG. A more meaningful scoring system
for determining the severity of coronary heart
disease. Am J Cardiol 1983; 51: 606.
Wexler L, Brundage B, Crouse J, Detrano R,
Fuster V, Maddahi J, Rumberger J, Stanford W,
White R, Taubert K. Coronary artery calcification: pathophysiology, epidemiology, imaging
methods, and clinical implications. A statement for health professionals from the American Heart Association. Writing Group. Circulation 1996; 94: 1175-1192.
Rumberger JA, Brundage BH, Rader DJ, Kondos
G. Electron beam computed tomographic coronary calcium scanning: a review and guidelines for use in asymptomatic persons. Mayo
Clin Proc 1999; 74: 243-252.
DeLoach SS, Joffe MM, Mai X, Goral S, Rosas
SE. Aortic calcification predicts cardiovascular
events and all-cause mortality in renal transplantation. Nephrol Dial Transplant 2009; 24:
1314-1319.
Walsh CR, Cupples LA, Levy D, Kiel DP, Hannan
M, Wilson PW, O’Donnell CJ. Abdominal aortic
calcific deposits are associated with increased
risk for congestive heart failure: the Framingham Heart Study. Am Heart J 2002; 144: 733739.

12948

[14] Wilson PW, Kauppila LI, O’Donnell CJ, Kiel DP,
Hannan M, Polak JM, Cupples LA. Abdominal
aortic calcific deposits are an important predictor of vascular morbidity and mortality.
Circulation 2001; 103: 1529-1534.
[15] Hollander M, Hak AE, Koudstaal PJ, Bots ML,
Grobbee DE, Hofman A, Witteman JC, Breteler
MM. Comparison between measures of atherosclerosis and risk of stroke: the Rotterdam
Study. Stroke 2003; 34: 2367-2372.
[16] Iijima K, Hashimoto H, Hashimoto M, Son BK,
Ota H, Ogawa S, Eto M, Akishita M, Ouchi Y.
Aortic arch calcification detectable on chest
X-ray is a strong independent predictor of cardiovascular events beyond traditional risk factors. Atherosclerosis 2010; 210: 137-144.
[17] Bannas P, Jung C, Blanke P, Treszl A, Derlin T,
Adam G, Bley TA. Severe aortic arch calcification depicted on chest radiography strongly
suggests coronary artery calcification. Eur
Radiol 2013; 23: 2652-2657.
[18] Allison MA, Criqui MH, Wright CM. Patterns and
risk factors for systemic calcified atherosclerosis. Arterioscler Thromb Vasc Biol 2004; 24:
331-336.

Int J Clin Exp Med 2016;9(7):12943-12948

