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Abstract
Introduction. Vascular calcification is an independent risk factor related to cardiovascular mortality in
CKD patients. Advanced aortic arch calcification assessed by semi-quantitative estimation on posteroanterior chest X-ray is a strong independent predictor of cardiovascular events in CKD and non-CKD patients,
beyond traditional risk factors. An association between aortic arch calcification and hypertension has been
previously reported however, the presence of CKD has not recorded in most studies. The aim of our study
was to identify risk factors related to aortic arch calcification in hypertensive CKD patients.
Material and method. A retrospective observational study on 63 hypertensive patients with CKD stages
G2 to G4, that had a posteroanterior chest X ray available was conducted. The study population was divided into 2 groups according to presence or absence of aortic arch calcification on chest X-rays. Chest X-ray
identified 43 patients with aortic arch calcification. Laboratory data were recorded for every individual simultaneously with the following comorbidities: coronary artery disease, carotid stenosis, hypertensive cardiopathy, lower extremity arterial disease.
Outcomes. Groups were homogenous regarding gender distribution, creatinine levels and diabetes mellitus prevalence. We found no a statistically significant difference regarding comorbidities between the two
groups. Lactate dehydrogenase and alkaline phosphatase had a statistically significant association with aortic arch calcification (p = 0.043, p = 0.006 respectively).
Conclusions. Increased alkaline phosphatase remains an important risk factor for aortic arch calcification
even in patients with less advanced CKD. Lactate dehydrogenase is yet to be validated as a marker for aortic
arch calcification in CKD patient, however, our study reports a statistically significant association between
lactate dehydrogenase and aortic arch calcification in patients with CKD.
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Introduction
Cardiovascular (CV) disease is a prevalent
cause of death in patients with chronic kidney disease (CKD) [1]. An independent risk factor related
to cardiovascular mortality in CKD patients is represented by vascular calcification [2]. In a study
conducted in more than 139,000 patients, Iribarren et al. reported that aortic arch calcification
(AAC), identified by conventional chest X-ray radiography, can be an indicator atherosclerotic disease extension, and a predictor of CV ischemic
events [3]. Advanced AAC calcification (grade 2
and 3) assessed by semi-quantitative estimation
of AAC on posteroanterior chest X-ray examination, is a strong independent predictor of CV
events in CKD and non-CKD patients, beyond traditional risk factors [4,5].
The pathomechanisms responsible for aortic
calcification in CKD patients involves non-traditional risk factors as well. Disorders of the calcium
and phosphorus metabolism with calcium excess,
phosphate retention, high doses of active vitamin
D therapy, and also bone metabolism errors are
additional contributors to vascular calcification in
CKD patients [2,6].
Arterial calcification occurs in two distinct layers of the arterial wall, intima and media, both being associated with CV morbidity and mortality in
CKD [6,7]. Intimal calcification is also known as
atherosclerotic calcification is commonly found in
large arteries, such as the aorta, and is associated
with traditional CV risk factors like ageing, hypertension, dyslipidaemia, and diabetes mellitus [8].
Calcific atherosclerosis has the same distribution
as atherosclerosis. Calcified atherosclerotic lesions
are organized in plaques with a patchy distribution
in the proximity of lipid depositions that enlarge
the arterial wall leading to lumen narrowing, and
plaque instability [6,9,10].
Medial calcification or Mönckeberg’s arteriosclerosis is characterized by metaplastic bone formation, with linear, sheet-like calcification in the
smooth muscle layer of the arterial wall in small
and medium-sized arteries in the absence of atheroma, without lumen narrowing; it increases the
arterial stiffness, pulse pressure, and is correlated
to left ventricular hypertrophy [6,11-13]. Media
calcification in CKD patients is not influenced by
dyslipidaemia. Furthermore, in some arterial beds,
the changes in calcium and phosphate disorders
are not responsible for calcification; however, local inflammation might be an important contributor [6].
Clinical manifestations of arterial calcification
depend on vascular wall localization and perfused

tissue. Extensive calcification of the ascending
aorta or aortic arch that can be completely or near
completely circumferential is a possible consequence of medial and intimal calcification [14].
Even though two independent processes influence
aortic calcification, these separate events have
considerable overlap in advanced atherosclerotic
disease in CKD patients [6]. With decreasing kidney function, the prevalence of vascular calcification increases, and arterial calcification occurs
years earlier in CKD individuals than in the general
population [15]. Additionally, a more advanced arterial calcification has been reported in patients
with end-stage CKD compared to coronary artery
disease (CAD) patients [16].
Hypertension is recognized as one of the traditional risk factors for atherosclerotic disease. A
blood pressure (BP) dysregulation with constant
increased values leads to a progressive hypertensive nephropathy. Early diagnosis and treatment
of high BP reduces hypertension mediated organ
damage (HMOD), particularly CKD. Consecutively
mild kidney damage in non-hypertensive patients,
will determine raised BP as a consequence of various mechanisms such as water retention, activation of the renin-angiotensin-aldosterone system
and increased reactivity of the sympathetic system [17]. An association between AAC and hypertension has been previously reported; however,
the presence of CKD has not recorded in most
studies [18,19].
Calcification of the aorta can easily be identified on conventional posteroanterior chest X-ray.
A reliable grading system for AAC that accurately
reflects the extend of aortic calcification is available [20]. AAC extent is classified into four grades:
grade 0, absence of calcification; grade 1, a single
thin calcification region or small spot; grade 2, one
or more broad calcification areas; grade 3, circumferential calcification [5].
The aim of our study was to identify risk factors
related to aortic arch calcification in hypertensive
CKD patients.

Material and methods
A retrospective observational study was conducted in an university-based hospital, between
April 2018 to June 2019. Data were collected using
available electronic data base files. Demographic
and medical data, including age, gender, BMI and
comorbid conditions were assessed.
Diagnosis of hypertension was reassessed according to 2018 ESC/ESH Arterial Hypertension
(Management of) Guidelines [21].
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Table 1. Gender (male) * Aortic calcification on chest X-ray
p – 0.83
Count
F
% within Gender/M
% within����
���
ca��on chest X-ray
Male
Count
M
% within Gender/M
% within����
���
ca��on chest X-ray
Count
Total
% within Gender/M
% within����
���
ca��on chest X-ray

����
���
ca��on chest X-ray
0
1
8
16
33.3%
66.7%
40.0%
37.2%
12
27
30.8%
69.2%
60.0%
62.8%
20
43
31.7%
68.3%
100.0%
100.0%

Total
24
100.0%
38.1%
39
100.0%
61.9%
63
100.0%
100.0%

*test Student

CKD diagnosis used the Kidney Disease Improving Global Outcomes (KDIGO) 2012 Clinical Practice Guideline for the Evaluation and Management
of Chronic Kidney Disease, based on GFR (glomerular filtration rate) category criteria [22].
Patients were classified in GFR categories as:
G2 with GFR values of 60-89 ml/min/1.73 m2, G3a
with GFR values of 45-59 ml/min/1.73 m2, G3b
with GFR values of 30-44 ml/min/1.73 m2 and G4
with GFR values of 15-29 ml/min/1.73 m2. Individuals with GFR categories G3a-G5 had a decreased
GFR duration of more than three months.
A number of 63 hypertensive patients with
CKD had a posteroanterior chest X-ray available.
The study population was divided into two
groups related to the presence or absence of AAC
on chest X-rays. The AAC was identified in 43 patients. Calcification of the aortic arch was assessed
using the scale described above [5]. All 43 patients
presented AAC grade 2 to 3.
Presence of CAD, carotid stenosis, hypertensive cardiopathy and lower extremity arterial disease were recorded in both groups.
Lab tests were also collected: erythrocyte sedimentation rate (ESR), fibrinogen, iron, total serum
calcium, creatinine, urea, total cholesterol, triglycerides, alkaline phosphatase (AP), lactate dehydrogenase (LDH), alanine transaminase (ALT), aspartate transaminase (AST), gamma-glutamyl
transferase (GGT), total bilirubin, uric acid.
Statistical analysis was performed using the
GraphPad Prim 3.1 software (GraphPad Software
Inc., San Diego, USA) and SPSS 22.0 (IMB Corp. Released 2013. IMB SPSS Statistics for Windows, Version 22.0. Armonk, NY: IMB Corp.). Continuous variables are presented as mean ± standard deviation
(SD), while categorical variables are expressed as
numbers. Student’s t test was used for inferential
statistics for parametric data and the Mann-Whitney test for non-parametric data. A p value of < 0.05
was considered statistically significant.
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Results
A total of 63 patients (39 men and 24 women)
with CKD stages G2 to G4 were included. We did
not identified in our study patients in G0, G1 or G5
CKD stages. Patients were divided according to the
presence of AAC into two groups: group 1 with
AAC and group 2 without AAC.
Group 1 consisted of 43 patients (16 women,
27 male), mean age 75.93±7.156 years.
Group 2 included 20 patients (8 women, 12
male), mean age 67.3±3.935 years. With respect
to gender distribution, our two groups were homogenous, without a statistically significant difference between male participants (p = 0.83), as
shown in table 1.
There was no significant statistical difference
between group 1 and group 2 regarding ESR and
serum levels of: fibrinogen, iron, total calcium,
creatinine, triglyceride, total bilirubin, AST, ALT,
GGT and uric acid.
Age was statistically significant different between patients with AAC and those without AAC
(p = 0.001) as patients in group 1 were older than
patients in group 2.
Furthermore, patients from group 1 had higher
urea levels (p = 0.014), alkaline phosphatase levels
(p = 0.006), lactate dehydrogenase levels (p =
0.043), total cholesterol values (p = 0.044) and a
more advanced CKD with lower GFR (p = 0.002).
In terms of comorbidities, no statistically significant difference was found between the two
groups regarding the presence of CAD (0 = 0.8),
carotid artery stenosis (p = 0.08) hypertensive cardiopathy (p = 0.42), lower extremity artery disease
(p = 0.55). Furthermore, no difference regarding
the prevalence of diabetes mellitus between the
two groups was identified (p = 0.54).
We computed the study patients to different
stages of CKD, resulting: 12 patients in G2 stage,
G3a 30 patients, G3b 13 patients and G4 four pa-
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Table 2. Statistical analysis in the two groups: demographic data and lab test
Variables
mean±SD
Age (years)
Male, no (%)
Female, no (%)
BMI (kg/m2)
ESR median (min-max)
(NV: 5-17 mm/h)
Fibrinogen
(NV:1.5-4.0 g/l)
Iron
(NV: 9.0-30.4 µmol/l)
Total Calcium
(NV: 2.15-2.57 mmol/l)
Creatinine
(NV: 0.5-1 mg/dl)
GFR (CKD-EPI formula)
Urea
(NV: 2.49-7.74 mmol/l)
Total cholesterol
(NV: 2.8-5.2 mmol/l)
Triglyceride
(NV: 0.55-1.90 mmol/l)
Total bilirubin
(NV: 0.3 – 1.2 mg/dl)
AST
(NV: 5.0-45 U/l)
ALT
(NV: 5.0-45 U/l)
GGT
(NV: 7-32 U/l)
Alkaline phosphatase
(NV: 100 – 300 U/l)
Lactat dehidrogenase
(NV: 240 – 480 U/l)
Uric acid
(NV: 200 – 400 U/l)

Aortic calcification on
chest X-ray (yes)
(n-43, 68.25%)
75.93±7.15
27 (62.8)
16 (37.2)
28.13±4.70
22 (4-69)

Aortic calcification on
chest X-ray (no)
(n-20, 31.75%)
67.30±3.93
12 (60.0)
8(40.0)
20.20±4.57
86.1 (14.7-355.9)

p value

0.404*
0.08***

4.58±1.88

4.03±0.69

0.71***

12.72±5.13

12.76±6.50

0.973*

2.28±0.13

2.13±0.23

0.67*

1.49±0.39

1.32±0.52

0.16*

43.09±12.24
15.78±12.53

55.2±13.18
9.82±2.84

0.002*
0.014***

4.41±1.37

3.37±0.83

0.044*

1.41±0.67

1.48±0.81

0.586***

0.90±0.55

0.76±0.39

0.421***

23.28±9.65

25.49±12.72

0.564***

21.21±11.04

26.83±17.48

0.268***

51.59±43.45

34.47±16.93

0.280***

265.8±96.79

210.1±106.2

0.006***

356.8±138.4

300.00±100.3

0.043***

383.77±124.12

377.37±88.10

0.841*

0.001*
0.83**

*Student t test, **chi2 test, ***Mann Whitney test
Abbreviations: ALT – alanine transaminase; AST – aspartat transaminase; BMI – body mass index;
ESR – erythrocyte sedimentation rate; GGT – gamma-glutamyl transferase, NV – normal values

Table 3. Diabetes mellitus prevalence in the two groups (Student’s t test)
p – 0.54

Diabetes
mellitus

Total

no

yes

Count
% within diabetes mellitus
% within����
���
ca��on chest X-ray
Count
% within diabetes mellitus
% within����
���
ca��on chest X-ray
Count
% within diabetes mellitus
% within����
���
ca��on chest X-ray

����
���
ca��on chest X-ray
0
1
10
25
28.6%
71.4%
50.0%
58.1%
10
18
35.7%
64.3%
50.0%
41.9%
20
43
31.7%
68.3%
100.0%
100.0%

Total
35
100.0%
55.6%
28
100.0%
44.4%
63
100.0%
100.0%
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tients. No statistically significant difference was
noted when comparing the different studied variables in the same CKD stage between the two
groups.

Discussions
Aortic arch calcification in CKD patients is a
common finding [23]. In individuals with advanced
kidney disease, AAC is considered a risk factor for
cardiovascular morbidity and mortality [24]. The
pathomechanisms of AAC is multifactorial and in
CKD patients it is related not only to traditional
atherosclerotic risk factors but also to non-traditional risk factors such as the disorders in calcium
and phosphorus metabolism. Higher phosphate
serum levels may lead to the formation of calcified
atherosclerotic plaques by inducing an osteochondrogenic phenotype in vascular smooth muscle
cells and by enhancing of the endothelial dysfunction [25,26]. The induction of osteochondrogenic
phenotype in smooth muscle cells is not dependent on phosphate alone, but on calcium-phosphate nanocrystals as well [27]. Although patients
with CKD generally present normal serum calcium
levels, it is assumed that total body calcium levels
are increased [28]. Furthermore, hypercalcemia
enhances apoptosis and matrix vesicle, events responsible for vascular calcification [25]. Phosphate
levels were not determined in our study and we
found no statistically significant difference between the total serum calcium level between the
two groups. On the other hand, total calcium balance was not evaluated.
Serum uric acid is an independent risk factor
for CV disease [29]. A relation between increased
uric acid levels and AAC was not found in our study
which is consistent with previously reported data
[30]. However, uric acid has been reported as a
surrogate marker for the presence of subclinical
coronary atherosclerosis and coronary artery calcification [31].
Lactate dehydrogenase are elevated in advanced CKD and are corelated with urea levels
[32]. In our study we found a correlation between
AAC and increased lactate dehydrogenase and
urea levels in CKD stages G2 to G4 and hyperten-
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sive patients. An association between lactate dehydrogenase and AAC in CKD and non-CKD patients has not been reported yet.
Elevated serum alkaline phosphatase is a validated marker for the development and progression of arterial calcification in patient with advanced kidney disease [33]. CKD patients have
increased levels of alkaline phosphatase as a consequence of disturbance on bone metabolism. Additionally, increased alkaline phosphatase is associated with coronary artery calcification and
mortality in maintenance hemodialysis patients
[33]. Likewise, in our study population, alkaline
phosphatase had a higher level in the AAC group
which presented CKD.
Aging, diabetes mellitus, oxidative stress and
inflammation are responsible for enhanced vascular calcification [24]. Our reports indicate that AAC
tended to occur in elder patients with a more advanced CKD, data consistent with results from previous studies.
Mönckeberg calcifications which are frequent
in CKD patients can lead to coronary arteries calcification only in exceptional cases [34]. Previous
studies reported the lack of a significant association between decreased kidney function and coronary artery calcification, however, AAC is associated with the presence of coronary artery
calcification identified by spiral computed tomography in non-CKD patients [35,36]. We could not
identify a difference in CAD prevalence between
the evaluated groups, hence AAC was not a risk
factor for CAD.
Additionally, we found a positive but non-significant correlation between AAC and carotid stenosis which might be explained by the shifting of
cholesterol levels in the AAC group.

Conclusions
Increased alkaline phosphatase remains an important risk factor for AAC even in patients with
less advanced CKD. Lactate dehydrogenase is yet
to be validated as a marker for AAC in CKD patients, however, our study reports a statistically
significant association between lactate dehydrogenase and AAC.
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