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Abstract
Background: Aortic arch calci�cation (AAC) is a well-known risk factor of death in patients on
hemodialysis (HD); however, the causes of death in those having severe AAC have not been well studied.
This study aimed to clarify the association between AAC and causes of death in HD patients and
investigate their long-term prognosis.

Methods: A retrospective observational study was conducted on Japanese HD patients from two clinics.
AAC was classi�ed into grade 0 to 3 using chest radiograph. The patients were followed up to 7 years,
and their mortality and causes of death were recorded. The Kaplan-Meier method was used to estimate
the probabilities of death from any cause and cardiovascular disease (CVD) death. The Cox proportional
hazard models were employed to investigate variables relevant to all-cause mortality.

Results: Among 321 patients (211 male, 64 ± 11 years old, 10 ± 8 years of dialysis duration), AAC grade 0,
1, 2, and 3 were observed in 88 (27.4%), 145 (45.2%), 54 (16.8%), and 34 (10.6%), respectively. During 5.2
± 2.1 years, 117 (36.4%) patients died. AAC was associated with all-cause mortality (p < .001), and the
death rates in AAC grade 0, 1, 2, and 3 were 19.3%, 35.2%, 46.3%, and 70.6%, respectively. In multivariate
analysis, grade 3 AAC, age, ischemic heart disease and C-reactive protein were independent risk factors
for all-cause mortality. The major causes of death were CVD (39.3%), infection (20.5%), and malignant
tumor (15.4%) in the entire cohort. In AAC grade 3, death from infection (29.2%) and malnutrition (16.7%)
increased and the combined death from these 2 reasons outweighed CVD death (33.3%).

Conclusions: Although AAC was associated with all-cause and CVD mortality, the causes of death in
patients on HD much differ among different AAC severities. Attention should be paid to CVD, infection,
and malnutrition in patients on HD with severe AAC. 

Backgrounds
Aortic arch calci�cation (AAC) in chest radiograph has been reported as a risk factor for morbidity and
mortality in patients on hemodialysis (HD). Previous studies have shown that the grade of AAC was
associated with death from any cause and cardiovascular diseases (CVD) in HD patients [1] [2]. A recent
meta-analysis on eight cohort studies on HD patients revealed that AAC has resulted in a 44% and 130%
increase in all-cause mortality and CVD death, respectively [3].

CVD is the leading cause of death among HD patients worldwide [4]. In Japan, the major causes of death
in patients on maintenance dialysis were CVD (33.1%) followed by infection (21.3%) and malignant
tumor (8.4%), according to the annual reports from the Japanese Society for Dialysis Therapy (JSDT) [5].
Dialysis patients often show advanced aortic calci�cation, and vascular calci�cation may contribute to
CVD death in HD patients. However, the detailed causes of death in HD patients with severe AAC have not
been well studied so far.
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This study aimed to clarify the association between AAC and causes of death, and their long-term
prognosis in patients on HD.

Methods
Patients

A retrospective observational study was conducted on Japanese HD patients from two clinics. As our
previous study [6], we recruited 366 patients who were treated on maintenance HD therapy in Shinkoiwa
Clinic and Shinkoiwa Clinic Funabori, Tokyo, Japan between January and March 2012. Forty-�ve patients
were then excluded because of de�cits of clinical parameters. Finally, 321 patients were enrolled in this
study and were followed until the end of 2018, renal transplantation, or loss to follow-up. The main
outcome of this study was the causes of death by AAC grades. All-cause mortality and CVD death rate by
AAC grades were also examined.

AAC grading

AAC in chest radiograph was classi�ed into four grades. The de�nition of AAC grades was described
elsewhere [7]. Brie�y, grade 0 indicated no visible calci�cation, grade 1 indicated small spots of
calci�cation or single thin calci�cation of the aortic knob, grade 2 indicated one or more areas of thick
calci�cation, and grade 3 indicated circular calci�cation of the aortic knob.

Data collection

All data were collected from medical records. Baseline data included age, sex, hypertension, diabetes
mellitus, ischemic heart disease, stroke, hemoglobin, corrected serum calcium, serum phosphorus, serum
albumin, C-reactive protein, use of CaCO3, Ca-free phosphate binders, and vitamin D3. Hypertension was
de�ned as blood pressure greater than 140/90 mmHg, use of antihypertensive agents, or those having its
medical history. Diabetes mellitus was de�ned as the use of anti-glycemic agents or those with its
medical history.

Causes of death was based on the report of the death certi�cate and medical records. CVD included
sudden cardiac death, ischemic heart disease, heart failure, peripheral arterial disease, and stroke. Deaths
with no reported cause were categorized as missing [8].

Statistical analysis

Values were expressed as mean ± standard deviation or median (interquartile range), as appropriate. A
comparison of continuous variables among all AAC groups was performed using the ANOVA. Categorical
data were compared using the Fisher's exact test. The Kaplan-Meier method with censoring for renal
transplantations or loss to follow-up was used to estimate the probabilities of death from any cause and
CVD death and was statistically tested with the log-rank test. Variables relevant to all-cause mortality
were identi�ed by the univariate Cox proportional hazard models. Multivariate Cox proportional hazard
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analyses were performed using two models: Model 1 included all signi�cant variables in the univariate
analyses, and Model 2 included statistically relevant variables using a backward stepwise method.

As this was an exploratory analysis, we considered p values < 0.05 as statistically signi�cant. All
statistical tests were performed using JMP 13.0.0 (SAS Institute Inc., Cary, North Carolina, USA).

Results
Among 321 patients (211 male, 64 ± 11 years old, 10 ± 8 years of dialysis duration), AAC grade 0, 1, 2, and
3 were identi�ed in 88 (27.4%), 145 (45.2%), 54 (16.8%), and 34 (10.6%) patients, respectively (Table 1).
The patients with higher AAC grades were older and had a longer dialysis vintage and showed lower
albumin levels than those with lower AAC grades. The prevalence of hypertension, diabetes mellitus, and
the use of CaCO3 was relatively lower in patients with AAC grade 3 than those with AAC grade 0 to 2.

During the mean observation period of 5.2 ± 2.1 years, 117 (36.4%) patients died from any cause. All-
cause mortality increased in accordance with the increase in AAC grade (p < .001), and the death rates in
AAC grade 0, 1, 2, and 3 were 19.3%, 35.2%, 46.3%, and 70.6%, respectively (Fig. 1A). CVD was also more
common in patients with higher AAC grades than those with lower grades (p = 0.011) (Fig. 1B). Univariate
analyses showed that AAC grade 1 to 3, age, ischemic heart disease, stroke, serum albumin, hemoglobin,
C-reactive protein, and use of Ca-free phosphate binders were the signi�cant variables for all-cause
mortality (Table 2). On a multivariate analysis, grade 3 AAC remains a signi�cant risk factor for all-cause
mortality, even after adjustment for all signi�cant variables in univariate analysis (Table 3, Model 1).
Further, the signi�cant association between grade 3 AAC and all-cause mortality was also found in
another Cox proportinal hazard model using a backward stepwise method (Table 3, Model 2).

The major causes of death were CVD (39.3%), infection (20.5%), and malignant tumor (15.4%) in the
entire cohort (Table 4). Among CVD death, sudden cardiac death (14.5%), stroke (10.3%), and heart failure
(9.4%) were the major causes in the entire cohort. However, in patients with AAC grade 3, stroke was the
most common reason and accounted for 16.7% of total death, which was mostly due to an increase in
cerebral infarction. The proportion of CVD death for total death did not differ among AAC grades. In AAC
grade 3, death from infection (29.2%) and malnutrition (16.7%) increased markedly and the combined
death form these 2 reasons outweighed CVD death (33.3%).

Discussion
This study showed that AAC was associated with all-cause and CVD mortality in HD patients, as had
been reported [1] [2] [3]. The major causes of death were CVD, infection, and malnutrition. The combined
mortality of infection and malnutrition was higher than that of CVD in the most severe AAC group. The
HD patients with more severe AAC were older than those with milder AAC, which may in�uence an
increase in death from infection and malnutrition. These �ndings highlight the importance of paying
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more attention to the occurrence of fatal infection and the management of nutrition in HD patients with
severe AAC.

In this study, CVD was the most common cause of death in HD patients with all AAC grades. A previous
study showed that CVD mortality accounted for 37.7% of total death in patients with severe AAC, and
those rates by AAC grade 0, 1, 2, and 3 were 5.3%, 12.7%, 18.9%, and 24.4%, respectively [2]. However, in
this study, there was no clear difference in CVD mortality among AAC grades. The low prevalence of
diabetes mellitus, a well-known poor prognostic factor, may have in�uenced no increase in CVD mortality
in HD patients with severe AAC [9]. In addition, ischemic stroke mortality tended to occur more frequently
in patients with severe AAC. This result was compatible with a previous report that the incidence of
cerebral infarction was associated with calci�cation of the thoracic aorta [10]. Moreover, a recent report
showed that CVD risk pro�les in both sexes that were differentially associated with calci�cation at
multiple vascular sites [11]. Although gender association was not clear in this study, this report supports
the importance of assessing AAC, which is a potential risk factor for CVD.

The HD patients with severe AAC in this study were older than patients on maintenance dialysis in Japan
and were more likely to die from infection and malnutrition [5]. Elderly HD patients may have malnutrition,
in�ammation, and atherosclerosis (MIA) syndrome that is associated with an elevated mortality in
dialysis patients[12]. Malnutrition and in�ammation were signi�cantly associated with AAC progression,
which was evaluated by using lateral lumbar radiography [13]. Moreover, Okamoto et al. reported that
poor nutritional status was an independent risk factor for the progression of aortic calci�cation in HD
patients [14].

Further, it has been reported that elderly HD patients often died of infectious diseases, including
pneumonia and sepsis [15]. In this study, the mean serum albumin level tended to be lower in more severe
AAC groups. Therefore, the prevalence of MIA syndrome may be higher in patients with higher AAC
grades, and those patients may have contributed to the increase in mortality due to infection and
malnutrition. On the other hand, the association between AAC grade 3 and all-cause mortality remained
signi�cant after adjustment of covariates, suggesting the existence of other factors that we did not adjust
in a multivariate analysis.

There are various methods for the evaluation of vascular calci�cation related to mortality. It has been
reported that AAC evaluated by coronary Computed Tomography (CT) and 3D-CT can also predict CV
events [16] [17]. In addition, there were several reports that the calci�cation score on abdominal
radiograph can predict CV events [18] [19]. It is necessary to consider a more appropriate evaluation
method, including not only predictive hit ratio but also cost and invasiveness. Although Bohn et al.
evaluated that AAC did not provide additional information on the prediction of mortality, we found the
causes of death in patients on HD much differ among different AAC severities [20]. Thus, we emphasize
that the assessment of AAC is useful in predicting all causes of death and should pay attention to
especially infection and nutrition.
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The study has several strengths. The design of the study was simple and the AAC assessment was easy
to perform on a routine chest radiograph. The long observation period of this study allowed us to detect
the clear difference in all-cause mortality and CVD mortality despite the survival rate of HD patients in
Japan is much longer than that in Western countries [21]. A recent randomized controlled trial showed an
intensive control of hyperphosphatemia resulted in reduction of AAC [22]. The strong association
between AAC and all-cause mortality in this study supports the necessity of an appropriate management
of hyperphosphatemia in patients on HD. On the other hand, there are several limitations in this study.
Firstly, the AAC grading based on a plain chest radiograph may be biased by the investigators. However,
this method has several advantages such as simplicity and cost, and thus is available in clinical practice.
Secondly, we could not exclude the effect of changes in AAC and laboratory data during the study period
on all-cause mortality and causes of death, since our analyses were based on baseline data. Thirdly, this
study was conducted on patients from two HD clinics in Japan that may limit the generalizability of the
study results. Although the baseline characteristics of the patients in this study appeared to be close to
the nation-wide Japanese dialysis cohort, our patients were slightly younger, had a longer dialysis
vintage, and used more phosphate-binders than those of the JSDT population [5].

Conclusions
This study demonstrated that in HD patients with severe AAC, deaths from infection and malnutrition
were often observed, as well as CVD deaths. Dialysis patients with advanced vascular calci�cation are
often elderly and it is important to pay more attention to the development of fatal infection and to prevent
malnutrition.

Abbreviations
AAC aortic arch calci�cation, CVD cardiovascular disease, CRP C-reactive protein, CT Computed
Tomography, HD hemodialysis, JSDT the Japanese Society for Dialysis Therapy, MIA syndrome
malnutrition, in�ammation, and atherosclerosis syndrome.
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Table 1
Baseline characteristics of the participants by aortic arch calci�cation grade.

Variable All
N = 321

Grade 0
N = 88

Grade 1
N = 145

Grade 2
N = 54

Grade 3
N = 34

P
value

Age (year) 64 ± 11 57 ± 11 65 ± 11 66 ± 8 73 ± 7 < .001

Male, n (%) 211
(65.7)

59
(67.1)

100
(69.0)

29 (53.7) 23 (67.7) 0.245

Dialysis vintage (year) 9.7 ± 8.2 8.2 ± 7.4 9.3 ± 8.0 12.8 ± 
9.1

10.8 ± 
8.5

0.010

Diabetes, n (%) 131
(40.8)

45
(51.1)

56
(38.6)

24 (44.4) 6 (17.7) 0.006

Hypertension, n (%) 177
(55.1)

41
(46.6)

91
(62.8)

31 (57.4) 14 (41.2) 0.032

Ischemic heart disease, n (%) 65
(20.3)

14
(15.9)

31
(21.4)

16 (29.6) 4 (11.8) 0.148

Stroke, n (%) 84
(26.2)

17
(19.3)

35
(24.1)

20 (37.0) 12 (35.3) 0.064

Serum albumin (g/dL) 3.7 ± 0.3 3.7 ± 0.3 3.7 ± 0.3 3.6 ± 0.3 3.4 ± 0.3 < .001

Hemoglobin (g/dL) 10.0 ± 
0.9

10.2 ± 
0.9

9.9 ± 0.8 10.0 ± 
1.0

9.9 ± 0.9 0.108

C-reactive protein (mg/dL) 0.1 (0.0-
0.3)

0.1 (0.0-
0.3)

0.1 (0.0-
0.4)

0.1 (0.0-
0.2)

0.2 (0.0-
0.4)

0.525

Corrected serum calcium
(mg/dL)

9.2 ± 0.5 9.1 ± 0.6 9.2 ± 0.5 9.2 ± 0.5 9.4 ± 0.5 0.120

Serum phosphorus (mg/dL) 5.9 ± 1.3 6.0 ± 1.5 5.9 ± 1.3 5.8 ± 1.2 5.8 ± 1.0 0.712

Use of CaCO3, n (%) 209
(65.3)

61
(70.1)

99
(68.3)

34 (63.0) 15 (44.1) 0.045

Use of Ca-free phosphate
binders, n (%)

179
(55.9)

53
(60.9)

80 (55%) 28 (51.9) 18 (52.9) 0.705

Use of vitamin D3, n (%) 117
(36.6)

30
(34.5)

57
(39.3)

18 (33.3) 12 (35.3) 0.840

Values are expressed as mean ± standard deviation or median (interquartile range). Values in boldface
type are signi�cant (p < .05). Abbreviations: AAC, aortic arch calci�cation.
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Table 2
Univariate Cox proportional hazard analysis for all-cause mortality.

Variable HR 95% CI P value

AAC grade 1* 1.98 1.14–3.42 0.015

AAC grade 2* 2.78 1.50–5.15 0.001

AAC grade 3* 5.72 3.06–10.7 < .001

Age (10 years) 1.85 1.55–2.22 < .001

Male 0.74 0.51–1.06 0.101

Dialysis vintage (year) 1.02 0.99–1.04 0.168

Diabetes 1.28 0.88–1.84 0.222

Hypertension 1.13 0.79–1.64 0.497

Ischemic heart disease 1.79 1.19–2.69 0.005

Stroke 1.81 1.24–2.66 0.002

Corrected serum calcium (mg/dL) 0.99 0.70–1.41 0.968

Serum phosphorus (mg/dL) 0.88 0.76–1.01 0.078

Serum albumin (g/dL) 0.18 0.10–0.34 < .001

Hemoglobin (g/dL) 0.77 0.62–0.94 0.011

C-reactive protein (mg/dL) 1.44 1.22–1.66 < .001

Use of CaCO3 0.70 0.48–1.00 0.053

Use of Ca-free phosphate binders 0.63 0.44–0.91 0.013

Use of vitamin D3 0.99 0.68–1.45 0.972
*AAC grade 0 was used as reference. Values in boldface type are signi�cant (p < .05).

Abbreviations: AAC, aortic arch calci�cation HR, hazard ratio; CI, con�dence interval.
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Table 3
Multivariate analysis for all-cause mortality.

Variable Model 1 Model 2

HR 95% CI P value HR 95% CI P value

AAC grade 1* 1.26 0.72–2.21 0.411 - - -

AAC grade 2* 1.78 0.95–3.32 0.070 - - -

AAC grade 3* 2.63 1.35–5.14 0.005 2.09 1.29–3.37 0.003

Age (10 years) 1.61 1.29–2.03 < .001 1.71 1.41–2.09 < .001

Ischemic heart disease 1.57 1.03–2.40 0.038 1.54 1.02–2.33 0.042

Stroke 1.45 0.98–2.15 0.064 1.47 0.99–2.16 0.053

Serum albumin (g/dL) 0.57 0.27–1.19 0.139 - - -

Hemoglobin (g/dL) 0.91 0.73–1.14 0.408 - - -

C-reactive protein (mg/dL) 1.34 1.12–1.56 < .001 1.41 1.19–1.63 < .001

Use of Ca-free phosphate binders 1.12 0.75–1.69 0.573 - - -
*AAC grade 0 was used as reference. Values in boldface type are signi�cant (p < .05).

Multivariate Cox proportional hazard analyses were performed using two models: Model 1 included all
signi�cant variables in the univariate analyses, and Model 2 included relevant variables using backward
stepwise method.

Abbreviations: AAC, aortic arch calci�cation; HR, hazard ratio; CI, con�dence interval.
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Table 4
The causes of death by aortic arch calci�cation grade.

Cause of Death All
N = 321

Grade 0
N = 88

Grade 1
N = 145

Grade 2
N = 54

Grade 3
N = 34

Death from any cause 117 (36.4) 17 (19.3) 51 (35.2) 25 (46.3) 24 (70.6)

CVD death 46 (39.3) 6 (35.3) 23 (45.1) 9 (36.0) 8 (33.3)

Sudden cardiac death 17 (14.5) 4 (23.5) 6 (11.8) 4 (16.0) 3 (12.5)

Heart failure 11 (9.4) 2 (11.8) 7 (15.7) 2 (8.0) 0 (0)

Ischemic heart disease 2 (1.7) 0 (0) 1 (2.0) 0 (0) 1 (4.2)

Acute aortic dissection 1 (0.3) 0 (0) 1 (2.0) 0 (0) 0 (0)

Peripheral arterial disease 3 (2.6) 0 (0) 2 (3.9) 1 (4.0) 0 (0)

Stroke 12 (10.3) 0 (0) 6 (11.8) 2 (8.0) 4 (16.7)

Cerebral hemorrhage 7 (6.0) 0 (0) 4 (7.8) 2 (8.0) 1 (4.2)

Cerebral infarction 5 (4.3) 0 (0) 2 (3.9) 0 (0) 3 (12.5)

Non-CVD death 71 (60.7) 11 (64.7) 28 (54.9) 16 (64.0) 16 (66.7)

Infection 24 (20.5) 3 (17.6) 9 (17.6) 5 (20.0) 7 (29.2)

Malignant tumor 18 (15.4) 3 (17.6) 8 (15.7) 6 (24.0) 1 (4.2)

Malnutrition 8 (6.8) 2 (11.8) 1 (2.0) 1 (4.0) 4 (16.7)

Others 11 (9.4) 1 (5.9) 6 (11.8) 3 (12.0) 1 (4.2)

Missing 10 (8.5) 2 (11.8) 4 (7.8) 1 (18.5) 3 (12.5)

Data are expressed as n (%). Others gastrointestinal bleeding, n = 2; intestinal obstruction, n = 1; hernia
rupture, n = 1; liver cirrhosis, n = 1; acute pancreatitis, n = 1; interstitial pneumonia, n = 1; acute respiratory
failure, n = 1; pleuritis, n = 1; hypoxic encephalopathy, n = 1; trauma, n = 1. Abbreviations: AAC, aortic arch
calci�cation.
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Figure 1

Kaplan-Meier analysis for all-cause mortality and cardiovascular death. Shown are the Kaplan-Meier
analysis for (A) death from any cause and (B) CVD death by AAC grades among patients on HD. All-cause
mortality and CVD death rates were signi�cantly higher in patients with higher AAC grades. Abbreviations:
AAC, aortic arch calci�cation; CVD, cardiovascular disease; HD, hemodialysis.


