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Aortic Artery and Cardiac Valve Calcification are Associated
with Mortality in Chinese Hemodialysis Patients: A 3.5 Years
Follow-up
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Background: This study was to investigate the relationship among aortic artery calcification (AAC), cardiac valve calcification (CVC),
and mortality in maintenance hemodialysis (MHD) patients.

Methods: All MHD patients in Shanghai Ruijin Hospital in July 2011 were included. To follow up for 42 months, clinical data, predialysis blood tests,
echocardiography, and lateral lumbar X-ray plain radiography results were collected. Plasma FGF23 level was measured using a C-terminal assay.
Results: Totally, 110 MHD patients were involved in this study. Of which, 64 (58.2%) patients were male, the mean age was 55.2 + 1.4 years
old, and the median dialysis duration was 29.85 (3.0-225.5) months. About 25.5% of the 110 MHD patients had CVC from echocardiography
while 61.8% of the patients had visible calcification of aorta from lateral lumbar X-ray plain radiography. After 42 months follow-up,
25 (22.7%) patients died. Kaplan—Meier analysis showed that patients with AAC or CVC had a significant greater number of all-cause
and cardiovascular deaths than those without. In multivariate analyses, the presence of AAC was a significant factor associated with
all-cause mortality (hazard ratio [HR]: 3.149, P = 0.025) in addition to lower albumin level and lower 25-hydroxy Vitamin D (25(OH)D)
level. The presence of CVC was a significant factor associated with cardiovascular mortality (HR: 3.800, P =0.029) in addition to lower
albumin level and lower 25(OH)D level.

Conclusion: Lateral lumbar X-ray plain radiography and echocardiography are simple methods to detect AAC and CVC in dialysis
patients. The presence of AAC and CVC was independently associated with mortality in MHD patients. Regular follow-up by X-ray and
echocardiography could be a useful method to stratify mortality risk in MHD patients.
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INTRODUCTION films of bone has already been suggested in kidney disease
improve global outcomes (KDIGO) chronic kidney disease
mineral and bone disorder (CKD-MBD) clinic practice
guideline.l"! KDIGO CKD-MBD guideline also suggests
detecting CVC through echocardiography.

Cardiovascular disease (CVD) is the main cause of death in
maintenance hemodialysis (MHD) patients. Both aortic artery
calcification (AAC) and cardiac valve calcification (CVC)
have a high incidence in dialysis patients. Now, different
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Our previous studies have already showed the high incidence
of AAC and CVC in dialysis patients and increased
FGF23 (fibroblast growth factor 23) was associated with AAC
and CVC. Now, in this study, we aimed to investigate the
relationship among AAC, CVC, and mortality, and to figure out
that, which factor could predict the outcome of MHD patients.

MeTtHoDS

Patients

This study was a cohort study. Two hundred forty-seven
MHD patients were treated in Ruijin Hospital affiliated to
Shanghai Jiao Tong University, School of Medicine in July
2011. Two hundred seventeen patients met the following
inclusion criteria: (1) Age over 18 years, (2) patients
received hemodialysis 3 times a week, on a 4 h schedule,
using a dialysate calcium concentration of 1.5 mmol/L,
(3) no rapidly progressive kidney disease. Among these
patients, 74 patients refused to take part in this study, 18
patients with cancer, 15 patients dialysis vintage less than
3 months. Totally, 107 patients were excluded from this
study. At last, 110 dialysis patients were included in our
study. These patients were followed up for 42 months. This
study was approved by the Institutional Review Board of
the Ruijin Hospital, Shanghai Jiao Tong University, School
of Medicine and was in accordance with the principle of
the Helsinki Declaration.

All clinic data of MHD patients were collected, including
blood pressure, which were recorded using the mean of the
previous 1-month, height and weight, and medical history.

Laboratory measurements

Predialysis blood tests were collected, which include
prealbumin, alanine aminotransferase, aspartate
aminotransferase, alkaline phosphatase, total protein,
albumin, blood urea nitrogen, serum creatinine, uric
acid, parathyroid hormone (PTH), 25-hydroxy vitamin D
(25(OH)D), triglyceride, cholesterol, high density lipoprotein,
low density lipoprotein, serum phosphate, and calcium. PTH
was measured using an intact assay by a chemiluminescent
method (Abbott 12000); serum 25(OH)D was measured
by electrochemiluminescence immunoassay (Roche
Cobas ¢601). The samples for measuring FGF23 were
ethylenediaminetetraacetic acid plasma. We collected all
the samples with other blood test samples on the same
day in July 2011 before dialysis. After centrifugation for
10 min at 2000 rpm, all plasmas were stored at —80°C as
soon as possible. Plasma FGF23 level was measured using a
C-terminal assay (FGF23 [C-Term] ELISA, Immutopics Inc.,
San Clamente, CA, USA). Body mass index was calculated
as weight in kilograms divided by height in meters squared.

Echocardiography

All echocardiographic measurements were performed
according to the recommendations of the American Society of
Echocardiography by 2 sonographers unaware of biochemical
results. Two-dimensional assessment of the aortic valve
and mitral valve, together with continuous-wave Doppler

ultrasonography, was performed according to parasternal
long-axis and short-axis views. CVC is defined as bright
echoes of more than 1 mm on 1 or more cusps of the aortic or
mitral valve or mitral annulus. Echocardiography is a sensitive
and specific method for the detection of valve calcifications.

Lateral lumbar X-ray plain radiography

AAC was detected by a lateral lumbar X-ray plain
radiography at a voltage of 70 kV in 120 MHD patients
and read by two radiologists using a semi-quantitative
score [Figure 1]. This semi-quantitative score also used by
others!"* and summarized as follows: Calcified deposits along
the anterior and posterior longitudinal walls of the abdominal
aorta adjacent to each lumbar vertebra from L1 to L4 were
assessed using the midpoint of the intervertebral space above
and below the vertebrae as the boundaries. Calcifications were
graded as follows: 0, no aortic calcific deposits; 1, less than
one-third of the corresponding vertebral length; 2, one-third
or more, but less than two-thirds of the corresponding length;
3, more than two-thirds of corresponding length. Each
patient’s radiological semi-quantitative score ranged from
0 to 4 for segment affected, 0—6 for each vertebral level,
and 0-24 for the total score. The blood tests and X-ray plain
radiography were done within 1 month.

Statistical analysis

Statistical Package for Social Analysis (SPSS for Windows,
IBM Corp, USA) version 19.0 was used for data analysis.
Results are expressed as mean + standard error of mean,
median (and range), or frequency (as percentage).
Comparison between groups was performed by an unpaired
t-test or the nonparametric Wilcoxon rank sum test in case
of nonnormally distributed variables. Categorical data were
compared between the groups by the y* test. The Kaplan-
Meier method was used to estimate survival probabilities
using the log-rank test. Variables relevant to survival were
identified by the univariate Cox proportional hazards
method. Significant variables were then selected for further
analysis using multivariate Cox proportional hazard models.
All statistical tests were performed at the two-sided 0.05
level of significance.

Score AAC Scroe
Segment
affected | anterior |posterior | Total Score
(0-3) (0-3) (0-6)
L1 0 0 0 0
L2 1 2 0 2
L3 1 3 1 4
L4 1 3 1 4
Total 3 8 2 10

Figure 1: Aortic artery calcification score.
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ResuLts

Totally, 110 MHD patients were involved in this study. Of
whom, 64 (58.2%) patients were male, the mean age was
55.2 £ 1.4 years, and the median dialysis duration was
29.85 (3.0-225.5) months. The demographic and clinical
characteristics of MHD patients are shown in Table 1. Among
110 MHD patients, only one patient received parathyroidectomy
and 15 (13.6%) patients had diabetes mellitus.

Cardiac valve calcification

Twenty-eight (25.5%) of 110 MHD patients had CVC from
echocardiography, 25 (22.7%) with aortic valve calcification,
10 (9.1%) with mitral valve calcification, and only 1 (0.9%)
with tricuspid valve calcification.

Sixteen (25.0%) of male and 12 (26.1%) of female patients
have CVC in our study. There is no gender difference in the
incidence of CVC (P = 0.897).

Aortic artery calcification

Sixty-eight (61.8%) of 110 MHD patients had visible
calcification of aorta from lateral lumbar X-ray plain
radiography, and the mean involved segments were 1.59 with
mean AACs 4.21 +0.51 scores. In analysis of the incidence
of each segment of AAC, L1 segment was 25.5%, L.2 41.8%,
L3 42.7% and L4 49.1%. The mean AACs of anterior and
posterior were 2.29 and 1.92, respectively.

Thirty-eight (59.4%) of male and 30 (65.2%) of female
have AAC. There is no gender difference in the incidence
of AAC (P =0.534).

Mortality

After 42 months follow-up, 25 (22.7%) patients
died, including 16 cases from cardiovascular events,
6 respiratory failure, 2 abandon treatment, and 1 deep
venous thrombosis of lower extremity. In our study,
19 (29.7%) male patients and 6 (13.0%) female patients
died during follow-up. There is a significant difference
between two genders (P = 0.040).

Kaplan—-Meier analyses

Kaplan—Meier analyses were performed to examine the
univariate association between the presence of abdominal
aortic calcification, CVC, and outcome. Figure 2 shows the
relationship among AAC, CVC, and death from all-causes
mortality and cardiovascular mortality. Patients with AAC
had a significantly greater number of deaths from all-cause
than those without AAC (Log-rank test, P=0.002). Similarly,
patients with valve calcification also had a significantly greater
number of deaths (Log-rank test, P=0.001). Figure 3 shows the
Kaplan—Meier analysis of cardiovascular mortality (Log-rank
test, P=0.049 in AAC and P <0.001 in CVC).

Multivariate analysis with Cox proportional hazards
models

Multivariate Cox proportional hazards analyses were
performed to identify factors associated with mortality.
In multivariate analyses, factors that showed P < 0.05
on univariate analyses were entered as possible factors

Table 1: Clinical characteristics of MHD patients (7 = 110)

Parameters Results Reference
range

Male, n (%) 64 (58.2) -

Age (years), mean = SD 552+1.4 -
BMI (kg/m?), mean + SD 21.3+05 -
Dialysis duration (month) 29.85 (3.00-225.5) -

(range)

Cause of kidney disease

Glomerular nephritis, 7 (%) 63 (57.3) -

Diabetes mellitus, 7 (%) 15 (13.6) -

Polycystic kidney 9(8.2) -

disease, n (%)

Gout, n (%) 5(4.5) -

Hypertension 4(3.6) -

nephropathy, n (%)

Obstructive nephropathy, 4(3.6) -

n (%)

Unknown, n (%) 10 (9.1) -
Pre-ALB (mmg/L), mean + SD 305.9+6.9 180-380
ALT (IU/L), range 11 (5-52) 16-64
AST (IU/L), range 13 (5-33) 840
ALP (IU/L), range 67.5 (33-1001) 38.0-126.0
TP (g/L), range 63 (35-78) 60-83
ALB (g/L), range 34 (21-58) 35.0-55.0
BUN (mmol/L), 249+0.6 2.5-7.1

mean = SD
SCR (umol/L), mean = SD 1052.6 +£24.9 Male: 62-115;

female: 53-97

UA (umol/L), mean + SD 451.4+17.5 160430
iPTH (pg/ml) (range) 243.35 (8.5-2219.0) 130-600*
25(0H)D (nmol/L), 51.6 +2.53 50.0-80.0

mean + SD
TG (mmol/L), mean + SD 2.32+0.22 0.56-1.70
TC (mmol/L), mean + SD 4.07+0.10 2.33-5.7
HDL (mmol/L), mean + SD 1.08 +0.03 0.80-1.80
LDL (mmol/L), mean + SD 2.22+0.07 1.30-4.30
cFGF23 (RU/ml) (range)  28,683.1(69.9-351,947.3) <100*
LgFGF23 (mean + SD) 3.86 +£0.07 -
P (mg/dl), mean + SD 5.77+0.18 2.5-4.57
Ca (mg/dl), mean + SD 9.00 +0.09 8.5-10.0°

*Our previous study has shown that FGF23 level in general population
is <100 Ru/ml, which is consistent with other study; "Reference
range according to KDIGO CKD-MBD guideline. BMI: Body mass
index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure;
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;
ALP: Alkaline phosphatase; TP: Total protein; BUN: Blood urea
nitrogen; SCR: Serum creatinine; UA: Uric acid; iPTH: Intact parathyroid
hormone; 25(OH)D: 25-hydroxy Vitamin D; TG: Triglyceride;
TC: Total cholesterol; HDL: High density lipoprotein; LDL: Low
density lipoprotein; FGF23: Fibroblast growth factor 23; P: Phosphate;
Ca: Calcium; MHD: Maintenance hemodialysis; ALB: Albumin;
CKD-MBD: Chronic kidney disease mineral and bone disorder;
KDIGO: Kidney Disease Improve Global Outcomes: Improving Global
Outcomes. —: Not available.

associated with mortality. Univariate Cox proportional
hazards analysis for AAC, CVC, and mortality are shown in
Figures 4 and 5. The presence of AAC was a significant factor
associated with all-cause mortality (hazard ratio [HR]: 3.149,
P = 0.025) in addition to lower albumin level and lower
25(OH)D level. The presence of CVC was a significant
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Figure 2: Kaplan-Meier analysis of all-cause mortality (P = 0.002 and P = 0.001).
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Figure 3: Kaplan—Meier analysis of cardiovascular mortality (P = 0.049 and P < 0.001).

factor associated with cardiovascular mortality (HR: 3.800,
P = 0.029) in addition to lower albumin level and lower
25(OH)D level. Univariate analyses and Cox proportional
hazards models are shown in Tables 2 and 3.

Discussion

Cardiovascular disease is very common in CKD patients,
especially in MHD patients. High prevalence of AAC and
CVC has been reported in MHD patients. The goal of our
study is to investigate the relationship among AAC, CVC
and the mortality in Chinese MHD patients, and which would
be the better method to predict the outcome.

Now different vascular calcification scores have been evaluated
in dialysis patient by various methods, such as X-ray plain
radiography, B-mode ultrasound, and CT. The use of CT
for diagnosis of AAC is highly reliable and sensitive, but
expensive and delivering a substantial dose of radiation.
Lateral lumbar X-ray is a simple method for detecting AAC
with cheap price, available device, and low radiation. AAC
score is a convenient score for clinic doctors to evaluate the
severity of calcification and associated with mortality.[**! About
94.4%1 of the MHD patients in Australia, 56.5%!® in Japan,
and 81.0%"! in Europe had visible AAC. Our previous study
showed that the prevalence of AAC was 60.83% in Chinese
MHD patients. In general population, AAC was associated with

congestive heart failure. Some studies also showed that AAC
is associated with coronary artery calcification.”! Aortic arch
calcification could also predict cardiovascular and all-cause
mortality in MHD patients. Komatsu et al.””’ found that aortic
arch calcification is linked to an increased risk of CAD and
is associated with cardiovascular risk factors such as age,
hypertension, dyslipidemia, and DM in general population.®

The incidence of CVC in dialysis patients is also high, and
the incidence of AVC is higher than the MVC, which is
similar to the result of our study. CVC is associated with
the presence and severity of CAD in predialysis CKD.!
In dialysis patients, CVC is related to mortality!'” and age;
calcium-phosphorus product and hypoprealbuminemia are
independent risk factors for CVC.I""! The post-hoc analysis
of ADVANCE study showed that CVC is a predictor of CAC
progression, and of greater cardiovascular vulnerability.!'?

In our study, we analyzed the association among AAC, CVC,
and mortality. In Kaplan—Meier analyses and univariate
analyses, both AAC and CVC could predict all-cause and
cardiovascular mortality in MHD patients. However, in Cox
proportional hazards models, only AAC was a significant
factor associated with all-cause mortality and CVC was a
significant factor associated with cardiovascular mortality.
This may be because the semi-quantitative method for
evaluating AAC and small size of our study. In spite of this,
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Figure 4: Univariate Cox proportional hazards analysis for aortic artery calcification, cardiac valve calcification, and all-cause mortality.
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Figure 5: Univariate Cox proportional hazards analysis for aortic artery calcification, cardiac valve calcification, and cardiovascular mortality.

the results of the present study still can support the additional
value of lateral lumbar X-ray films and echocardiography in
MHD patients to predict their short-term outcome. We also
found that male had a higher mortality than female in our
study. It is well-known that the incidence of cardiovascular
disease is relative to gender. Allison et al.l¥! performed
whole-body EBCT scans on 650 asymptomatic subjects
and found that male had higher percentage of calcification
than female. Although there is no gender difference in the
incidence of AAV and CVC in our study, male dialysis
patients had a higher mortality than female.

FGF23 is a novel bone-derived phosphaturic factors
involved in mineral metabolism disorder and increased
with the decreased kidney function and phosphate
accumulates.'¥! It promotes renal phosphorus wasting and
inhibits conversion of 25(OH)D to the active 1,25-dihydroxy
vitamin D form.[">!® Many studies showed that FGF23 has
been linked to cardiovascular disease such as left ventricle
hypertrophy!'”-'# and vascular calcification"”?" in CKD. Our
previous study also found that FGF23 is associated with the
presence of AAC in MHD patients. Not just in CKD patients,
a French cohort study, including 1130 healthy males, also
shows that circulating FGF23 is associated with severe AAC

independent of other traditional risk factors.?’ Many studies
show that FGF23 is related to increased mortality®*! in
dialysis patients. However, we did not find this relationship
between FGF23 and all-cause mortality. This may be
caused by the method of qualitative measurement of aortic
calcification in the present study, and this study is only
short-term follow-up (42 months). We need to continue to
follow-up MHD patients to investigate FGF23 and long-term
outcome.

In CKD patients, hyperphosphatemia and calcium load are
key risk factors and that impaired bone remodeling leads to
vascular calcification. The treatment of hyperphosphatemia
with phosphate binder would give beneficial effect on
vascular calcification progression.?¥ In our study, we did
not find that phosphate and calcium are related to all-cause
mortality.

In Cox analyses, albumin level is a protective factor for
AAC. Albumin level is not only a nutrition factor but also
an inflammation factor. The decreased albumin level is
associated with an inflammation situation. Huang et a/.”*!
found that C-reactive protein is a predictor of AAC. Other
inflammation factor, such as MCP-1, was also related to
all-cause and cardiovascular mortality in peritoneal dialysis
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Table 2: Univariate and multivariate Cox proportional hazards analysis for all-cause mortality

ltems All-cause mortality Cox proportional hazards model

HR 95% CI P HR 95% CI P
Sex (male vs. female) 2.553 1.019-6.395 0.045 1.673 0.634-4.417 0.299
Age 1.059 1.024-1.095 0.001 1.034 0.992-1.078 0.112
Dialysis duration 1.002 0.991-1.013 0.778 - - -
Pre-ALB 0.996 0.991-1.002 0.206 - - -
TP 0.980 0.924-1.039 0.495 - - -
ALB 0.751 0.671-0.841 <0.001 0.820 0.725-0.927 0.002
BUN 0.979 0.916-1.046 0.526 - - -
SCR 0.999 0.997-1.000 0.128 - - -
UA 0.998 0.993-1.003 0.384 - - -
Ca 0.481 0.094-2.461 0.380 - - -
P 0.855 0.439-1.664 0.664 - - -
iPTH 0.999 0.997-1.001 0.198 - - -
25(0OH)D 0.979 0.962-0.996 0.014 0.981 0.965-0.998 0.024
TG 0.988 0.820-1.189 0.897 - - -
TC 0.749 0.495-1.132 0.170 - - -
HDL 0.284 0.074-1.085 0.006 - - -
LDL 0.798 0.475-1.342 0.395 - - -
LgFGF23 1.098 0.661-1.822 0.719 - - -
BMI 1.036 0.951-1.129 0.414 - - -
CVC (presence vs. absence) 3.638 1.658-7.982 0.001 1.563 0.637-3.836 0.330
AAC (presence vs. absence) 5.422 1.622-18.129 0.006 3.149 0.889-11.159 0.025

BMI: Body mass index; TP: Total protein; ALB: Albumin; BUN: Blood urea nitrogen; SCR: Serum creatinine; UA: Uric acid; iPTH: Intact parathyroid
hormone; 25(OH)D: 25-hydroxy Vitamin D; TG: Triglyceride; TC: Total cholesterol; HDL: High density lipoprotein; LDL: Low density lipoprotein;
FGF23: Fibroblast growth factor 23; P: Phosphate; Ca: Calcium; CVC: Cardiac valve calcification; AAC: Aortic artery calcification; HR: Hazard ratio;

CI: Confidence interval.

Table 3: Univariate and multivariate Cox proportional hazards analysis for cardiovascular mortality

ltems Cardiovascular mortality Cox proportional hazards model

HR 95% ClI P HR 95% CI P
Sex (male vs. female) 3.508 0.999-12.315 0.050 - - -
Age 1.051 1.009-1.094 0.017 1.008 0.975-1.062 0.757
Dialysis duration 0.996 0.981-1.012 0.629 - - -
Pre-ALB 0.999 0.992-1.006 0.718 - - -
TP 0.995 0.920-1.077 0.908 - - -
ALB 0.774 0.658-0.911 0.002 0.847 0.728-0.984 0.030
BUN 0.977 0.899-1.062 0.581 - - -
SCR 0.999 0.997-1.001 0.325 - - -
UA 1.000 0.994-1.006 0.952 - - -
Ca 0.907 0.121-6.804 0.924 - - -
P 1.044 0.464-2.348 0918 - - -
PTH 0.999 0.997-1.001 0.270 - - -
25(0OH)D 0.966 0.943-0.989 0.004 0.962 0.941-0.984 0.001
TG 1.041 0.856-1.265 0.689 - - -
TC 0.997 0.634-1.569 0.990 - - -
HDL 0.313 0.060-1.628 0.168 - - -
LDL 0.919 0.488-1.729 0.794 - - -
LgFGF23 1.246 0.661-2.350 0.496 - - -
BMI 1.014 0.913-1.126 0.796 - - -
CVC (presence vs. absence) 5.665 2.056-15.606 0.001 3.800 1.150-12.558 0.029
AAC (presence vs. absence) 3.264 0.929-11.465 0.045 2.391 0.631-9.060 0.200

BMI: Body mass index; TP: Total protein; ALB: Albumin; BUN: Blood urea nitrogen; SCR: Serum creatinine; UA: Uric acid; PTH: Parathyroid
hormone; 25(OH)D: 25-hydroxy Vitamin D; TG: Triglyceride; TC: Total cholesterol; HDL: High density lipoprotein; LDL: Low density lipoprotein;
FGF23: Fibroblast growth factor 23; P: Phosphate; Ca: Calcium; CVC: Cardiac valve calcification; AAC: Aortic artery calcification; HR: Hazard ratio;

CI: Confidence interval.
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patients.?) ST00A 12, the pro-inflammatory RAGE-ligand,
elevated in CKD 5 stage patients and is an independent
predictor of mortality risk.*” Hence, in our study, patients
with low albumin level may have severe inflammation
reaction and may have a link to AAC.

One of the important findings of this study is the association
between 25(OH)D level and short-term outcome. We found
that 25(OH)D is an independent predictor of cardiovascular
and all-cause mortality. Vitamin D deficiency has been linked
to cardiovascular disease and early mortality in patients
on hemodialysis, and the same association exists at earlier
stages of CKD. Ravani et al.?® found that plasma 25(OH)
D predicted both time to death and ESRD. In some studies,
low doses and more physiology doses of active vitamin
D have been found to have a cardioprotective effect.?>3%
Previous studies demonstrated that alfa-calcidol therapy was
associated with a significantly lower risk of cardiovascular
and all-cause mortality in chronic HD patients.*!? Shoji
et al B reported that MHD patients treated with alfa-calcidol
were at reduced risk of cardiovascular death. Naves-Diaz
et al.BY reported that a mean daily oral vitamin D dose
below 0.25 pg can reduce the mortality rate by 53% in MHD
patients whose serum PTH levels were below 150 pg/ml. All
these findings suggest that low 25(OH)D level and vitamin
D3 therapy may improve cardiovascular and all-cause
mortality.

There were a few limitations in our study. First, evaluation
of AAC is the semi-quantitative method. Therefore, the true
calcium deposition in the aortic wall may be underestimated.
Second, the population size in this study was small. In the
future, a larger multiple-center, prospective study should
be done to analyze the value of AAC in dialysis patients.

In conclusion, lateral lumbar X-ray plain radiography and
echocardiography are simple methods to detect AAC and
CVCin dialysis patients. The presence of AAC and CVC was
independently associated with mortality in MHD patients.
Regular follow-up by X-ray and echocardiography could
be useful method to stratify mortality risk in MHD patients.
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