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Abstract

parameter (adjusted OR [95% Cl]).

65.52]) and haemodiafiltration (3.27 [1.74 to 6.16]).

Background: Vascular calcification (VC) is a risk factor for cardiovascular disease in end-stage renal disease (ESRD)
patients undergoing maintenance haemodialysis (MHD). However, evidence is still insufficient about the association
between dialysis parameters and VC. Thus, this study was to evaluate association of dialysis parameters with VC.
Methods: We enrolled 297 ESRD patients undergoing MHD at six distinct centers in Korea. Study participants were
categorized into 3 groups by the scoring system of abdominal aortic calcification based on lateral lumbar
radiography (no VC group: 0, mild VC group: 1-7 and advanced VC group: 8-24). We compared the features of
dialysis parameters according to the severity of VC. Multivariate logistic regression analysis was used to calculate
adjusted odd ratios (ORs) and 95% confidence interval (Cl) for mild and advanced VC in each haemodialysis

Results: Pooled Kt/V (spKt/V), equilibrated Kt/V (eKt/V), standard Kt/V (stdKt/V) and the proportion of
haemodiafiltration were increased along with the severity of VC. Multivariate regression analysis indicated that
advanced VC was positively associated with spKt/V (527 [1.51-1841]), eKt/V (6.16 [1.45-26.10]), stdKt/V (10.67 [1.74-

Conclusion: High dose dialysis and haemodiafiltration were significantly associated with advanced VC.
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Background

The prevalence of chronic kidney disease (CKD) is
increasing worldwide, especially with the increasing
prevalence of non-communicable diseases like diabetes
mellitus (DM), hypertension and obesity [1]. CKD is a
clinical manifestation of age-related decline of renal
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function. The increasing prevalence of CKD indicates
that a considerable number of CKD patients may
ultimately progress to end-stage renal disease (ESRD),
depending on renal replacement therapy.

Haemodialysis is the most common method of renal
replacement therapy in ESRD patients. ESRD patients
that undergo haemodialysis have a 20—30-fold increased
risk of cardiovascular mortality compared with an age-
matched population [2], which represents the majority
of all-cause mortality in ESRD patients. It is known that
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traditional cardiovascular risk factors like dyslipidaemia,
hypertension, smoking, DM, obesity and advanced age
contribute to pathological mechanisms of cardiovascular
disease (CVD) in ESRD patients on haemodialysis [3].

Vascular calcification (VC) is highly prevalent in ESRD
patients and is an independent predictor for cardiovas-
cular (CV) morbidity and mortality. VC develops de-
cades earlier in ESRD patients than in the general
population [4], and dialysis accelerates the progression
of VC [2]. VC is the consequence of the complex inter-
actions between genetic, environmental, and vascular
factors, which ultimately lead to the deposition of cal-
cium in the vasculature [5]. Additionally, it is believed
that clinical symptoms associated with dialysis and dialy-
sis parameters affect the pathogenesis of VC.

Considering that VC is an independent predictor of
CV prognosis in ESRD patients undergoing haemodialy-
sis [6, 7], investigating factors related to VC may be
helpful for reducing the risk of CVD in ESRD patients.
However, data is on the association of clinical and dialy-
sis parameters with VC is currently limited. Moreover,
given that Asians are more predisposed to CVD, even at
given metabolic conditions [8, 9], it will be important to
identify the risk factors for VC in Asians.

In Korean ESRD patients receiving maintenance haemo-
dialysis (MHD), we conducted a cross-sectional study to
examine the clinical characteristics and dialysis parameters,
according to the severity of VC. We also investigated fac-
tors that are associated with advanced VC.

Methods

Study subjects

Study subjects were recruited from a cohort of ESRD
patients that were receiving MHD from six hospitals in
Korea. The enrollment of study subjects was performed
from June 2016 to June 2017. Cohorts were designed to
assess the sociodemographic characteristics, underlying
disease, nutritional status, exercise function, clinical
exams, imaging findings and cardiologic work-up in
ESRD patients receiving MHD. Through these assess-
ments, the cohort study was aimed at identifying the risk
factors for morbidity and mortality of major illnesses
including cardiovascular complications.

The inclusion criteria of study subjects were as follows:
receiving MHD at least 3 times a week, age > 18 years
and undergoing dialysis for more than 3 months. The
exclusion criteria were as follows: the presence or history
of malignant neoplasm, the presence or history of bone
marrow disease, and life expectancy less than 6 months.
The number of study participants who initially fulfilled
the inclusion criteria was 411, and then 114 subjects
were further excluded due to missing lumbar-spine lat-
eral radiography data or withdrawal of consent. Finally, a
total number of 297 subjects was enrolled in the study.
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All subjects voluntarily participated in the study, and in-
formed consent was obtained in all cases. Ethics ap-
provals for the study protocol and analysis of the data
were obtained from the Institutional Review Board of
Veterans Healthcare Service Medical Centre.

Study data

Study data consisted of haemodialysis parameters and
clinical parameters, including medical history, anthropo-
metric measurements, biochemical analyses and hand
grip strength. All blood exams were conducted right be-
fore haemodialysis and were performed in each hospital
where study participants were receiving MHD. We eval-
uated past and current disease-like DM, hypertension,
coronary artery disease (CAD) and cerebrovascular dis-
ease. Investigation of medication history included phos-
phate binder, vitamin D, statin, oral anticoagulation,
iron, antihypertensive medication and erythropoiesis
stimulating agents. Nutritional status was assessed by
measuring the mid-arm mass circumference (MAMC)
and performed by trained experts. Hand grip strength
test was performed using a dynamometer (Fabrication
Enterprises Inc., NY, USA), which was gripped with 90’
flexion of the forearm. Strength assessment with the
gripping dynamometer was measured three times and
recorded in kilograms by trained nurses [10].

Vascular calcification assessment

A scoring system for abdominal aortic calcification
based on lateral lumbar radiography was used to as-
sess the severity of VC. The detailed methods of the
scoring system for abdominal aortic calcification were
described in a previous study [11]. The scores were
calculated by the composite score for anterior—poster-
ior severity (assigned here as the abdominal aortic
calcification) where the scores of individual aortic
segments both for the anterior and posterior walls
were summed (maximum score 24). Abdominal aortic
calcification from the lateral lumbar radiography was
scored by two medical staff members who did not
know the clinical state of patients. Inter-observer
agreement was 91%. Figure 1 indicates the distribu-
tion of VC scores in study subjects. The median
abdominal aortic calcification score was 7, which was
used to define the severity of VC as follows: no VC
(score: 0), mild VC (score: 1-7) and advanced VC
(score: 8-24).

Statistical analysis

Study subjects were classified into one of three groups
with no VC, mild VC and advanced VC. Data are pre-
sented as means * standard deviation for continuous
variables and as proportions for categorical variables.
Differences of clinical and dialysis parameters among the
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three groups were compared using the one-way analysis
of variance test, the Kruskall-Wallis test for continuous
variables and chi-square test for categorical variables. A
Pearson product-moment correlation coefficient was cal-
culated to analyse the correlation of the VC score with
the values of each parameter.

Logistic regression analysis was used to calculate the
crude and multivariate-adjusted odd ratio (OR) and the
associated 95% confidence interval (CI) of each param-
eter for the advanced VC (adjusted OR [95% CI]). The
adjusting covariates were age, sex, DM, dry body weight
and mode of dialysis in model 1, and use of warfarin, di-
alysate calcium, and serum phosphate in model 2.

All statistical analyses were performed using SPSS Ver-
sion 20 (IBM, Chicago, IL), and a p value <0.05 was
considered statistically significant in all analyses.

Results

Clinical and haemodialysis parameters

Clinical and haemodialysis parameters of study subjects
across the severity of VC are presented in Table 1. Sta-
tistically significant differences were observed regarding
age, DM, CAD, cerebrovascular disease, Charlson’s co-
morbidity index, sodium, chloride, corrected calcium,
uric acid, total CO, and hand grip strength. While the
advanced VC group had relatively increased levels of
age, DM, CAD, DM, CAD, cerebrovascular disease,
Charlson’s comorbidity index, and uric acid, they had
the relatively lower levels of serum sodium, chloride and
hand grip strength test values. The no VC group had a
higher BMI level (25.4 +5.1 Kg/m?) compared with the
mild VC group (22.7 + 3.3 Kg/m?) and the advanced VC
group (22.9 + 3.9 Kg/m?).

While HD was more commonly used in the no VC
group and mild VC group, HDF was more commonly
used in the advanced VC group. Haemodialysis parame-
ters, dialysis duration, single pool Kt/V (spKt/V), equili-
brated Kt/V (eKt/V), standard Kt/V (stdKt/V) and urea
reduction ratio (URR) tended to increase proportionally
to the severity of VC, and post-dialysis DBP, dry body
weight and dialysate sodium tended to decrease with the
severity of VC.

Table 2 indicates the correlation analysis of clinical
and haemodialysis parameters with advanced VC. A
positive correlation was observed in age, blood flow rate,
HD vintage, spKt/V, eKt/V, stdKt/V, URR, Charlson’s
comorbidity index, potassium, uric acid, and corrected
calcium, whereas a negative correlation was observed in
dry body weight, dialysate sodium, hand grip test, albu-
min and chloride.

Association of parameters with advanced VC

The unadjusted and adjusted ORs for advanced VC in
clinical and dialysis parameters are presented in Table 3.
Advanced VC was positively associated with CAD (2.78
[1.41-5.51]), spKt/V (5.27 [1.51-18.41]), eKt/V (6.16
[1.45-26.10]), standard Kt/V (10.67 [1.74—65.52]), HDF
(3.27 [1.74-6.16]), corrected Ca (1.70 [1.17-2.46)),
Charlson’s comorbidity index (1.86 [1.42-2.21]) and dia-
lysis duration (2.34 [1.67-2.94]). Sodium (0.88 [0.81—
0.96]) and chloride (0.90 [0.83—0.96]) levels were inversely
associated with advanced VC. Even after incorporating
Charlson’s comorbidity index and the duration of dialysis
into adjusting covariates, advanced VC was significantly
associated with spKt/V (3.09 [2.47-3.51]), eKt/V (3.42
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Table 1 Clinical and hemodialysis parameters of study patients
All (n=297) No VC (n=32) Mild VC (n=131) Advanced VC (n=134) P value

Age (years) 62.7+12.8 525+ 146 61.2+125 66.5+109 0.000
Body mass index, (Kg/m?) 231+£39 254+5.1 227+33 229+39 0.001
Male gender 210 (70.7%) 0 113 (53.8%) 97 (46.2%) 0.609
Comorbidities

Diabetes 56.6 15 (46.9%) 65 (49.6%) 88 (65.7%) 0016

Hypertension 87.2 29 (90.6%) 113 (86.3%) 117 (87.3%) 0.802

CAD 20.3 3 (9.4%) 17 (13.0%) 39 (29.1%) 0.001

[@Yp) 24.2 2 (6.3%) 28 (21.4%) 41 (30.6%) 0.010
Charlson's comorbidity index 41+15 33+13 40+17 45+13 0.000
Dialysis duration (months) 81.5+735 514+299 735+66.0 933+798 0.010
Dialysis mode 0.000

Haemodilaysis 220 (74.1%) 26 (81.3%) 110 (84.0%) 84 (62.7%)

Haemodiafiltration 77 (25.9%) 6 (18.8%) 21 (16.0%) 50 (37.3%)
Single pool Kt/V 1.55+0.29 1.39+£030 1.51+0.29 164 +0.27 0.000
Equilibrated KV 135+025 1.21+£025 131+£0.25 142+023 0.000
Standard KV 220+0.20 208 +0.21 2.17+020 226+0.18 0.000
Urea reduction ratio (%) 726+69 686+72 716+69 745 +62 0.000
Blood flow rate (ml/min) 265.5+233 2634+156 260.8 +£22.8 2704+ 243 0.003
Cinacalcet administration 21 (7.1%) 2 (6.3%) 6 (4.6%) 13 (9.7%) 0214
Duration of HD (hours) 393+0.19 395+0.22 393+0.17 394+0.19 0.891
Pre-dialysis systolic BP (mmHg) 1436+198 1438 £235 14234213 1448 +174 0.591
Pre-dialysis diastolic BP (mmHg) 733+130 754+114 732+130 729+ 134 0.606
Average UF per session (Kg) 22+11 22+13 22+1.1 22+09 0.930
Dry body weight (Kg) 628+ 126 719+183 622+11.2 61.2+118 0.000
Dialysate sodium (mEq/L) 1370+ 25 1375+25 137425 1366 +23 0012
Dialysate calcium (mEg/L) 28+04 27104 28+04 28+04 0415
Sodium (mmol/L) 1376 +34 138.1+30 1384 +30 1366 +3.7 0.000
Chloride (mmol/L) 99.2+49 1006 £3.7 1003 +4.2 97.7+£49 0.000
Potassium (mmol/L) 48+0.7 47+08 47+07 49+08 0.169
Corrected Calcium (mg/dL) 86+08 83+0.7 85+0.8 87+08 0.009
Phosphate (mg/dL) 48+14 48+12 48+16 47%12 0.830
Total CO, (mmol/L) 239+31 23.7+30 232+34 245+27 0.003
Serum albumin (mg/dL) 38+04 38+04 38+03 37+04 0.108
MAMC (cm) 229+49 23.1+£69 230+5.1 228+46 0.941
nPCR (g/Kg/day) 1.0£0.2 1.03+0.20 103+023 1.02+0.25 0918
Intact PTH (pg/mL) 269.7 £208.0 2754+ 2766 2586+ 1844 2792 +2122 0.715
Bone specific ALP (ug/L) 189+109 148+79 206£126 183+97 0.049
25(0OH) Vitamin D (ng/mL) 164+ 10.1 15687 162+ 100 168 +10.6 0.807
hsCRP (mg/L) 70+133 11.7+£203 7.2+14.1 58+97 0.081
Average hand grip strength test (Kg) 230+103 2904111 247 +99 193+09.1 0.000
Vitamin D use 79 (26.6) 13 (40.6) 36 (27.5%) 30 (22.4%) 0.106
Statin use 143 (48.1%) 12 (37.5%) 61 (46.6%) 70 (52.2%) 0.289
Warfarin use 7 (2.4%) 0 1 (0.8%) 6 (4.5%) 0.089

Data are expressed as mean + SD for continuous variables

VC Vascular calcification, CADL Coronary artery disease, CVD Cerebrovascular disease, UF Ultrafiltration, MAMC Mid-arm muscle circumference,
nPCR Normalized protein catabolic rate, SGA Subject global assessment, PTH Parathyroid hormone, ALP Alkaline phosphatase, CRP

C-reactive protein
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Table 2 Correlation analysis between abdominal aorta
calcification and other factors

R P value
Age 0.325 0.000
Charlson’s comorbidity index 0.247 0.000
HD vintage 0.176 0.002
Single pool Kt/V 0310 0.000
Equilibrated Kt/V 0.306 0.000
Standard Kt/V 0317 0.000
Urea reduction rate 0.305 0.000
Blood flow rate 0.208 0.000
Dry body weight —-0.143 0.013
Dialysate sodium —-0.215 0.000
Sodium —-0.188 0001
Chloride -0.290 0.000
Potassium 0.121 0.037
Corrected calcium 0210 0.000
Total CO, 0241 0.000
Serum albumin -0.159 0.006
Hand grip test —0.351 0.000

R Partial correlation coefficients, spKt/V single pool Kt/V, eKt/V equilibrated Kt/
V, stdKt/V standard Kt/V, UF ultrafiltration, nPCR normalized protein
catabolic rate

[2.61-4.14]), standard Kt/V (6.21 [4.93-7.63]) and HDF
(2.35 [1.94-2.94]) (Supplementary Table 1).

Discussion

CVD is a leading cause of mortality in ESRD patients
undergoing haemodialysis. VC is regarded as a risk fac-
tor for CVD. We investigated the association between
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clinical and haemodialysis parameters with VC in a mul-
ticentre observational study.

In our analysis, advanced VC was positively associ-
ated with DM, CAD, Kt/V categories, HDF, Ca,
Charlson’s comorbidity index and duration of dialysis.
It has already been established that DM, CAD and
high Ca values are associated with VC. However,
there is little information about the association be-
tween the dialysis dose and VC. The Kt/V categories,
blood flow rate and URR are indicators of dialysis
dose and used to assess the adequacy of haemodialy-
sis. Our results showed that spKt/V, eKt/V and stdKt/
V were positively associated with advanced VC. These
findings suggest that high dose dialysis is potentially
facilitative to the progression of VC. To date, there
has been wide debate over the influence of dialysis
dose on the prognosis in ESRD patients.

In a randomized trial from The National Cooperative
Dialysis Study, the potential benefit of increased dialysis
dose was suggested by a finding that more efficient re-
moval of urea appeared to lead to decreased morbidity
[12]. Some observational studies also showed that in-
creased dialysis doses above guidelines were associated
with improvements in all-cause mortality [13, 14]. How-
ever, several reports are in agreement with our findings,
which do not support the potential benefit of high dose
dialysis. A randomized clinical trial that enrolled 1846
patients demonstrated that high dose dialysis with URR
values of 75.2 + 2.5% and spKt/V of 1.71 £ 0.11 did not
present any clinical benefits regarding all-cause mortality
and hospitalization, compared with standard dose dialy-
sis with URR values of 66.3 + 2.5% and spKt/V of 1.32 +
0.09 [15]. Additionally, frequent haemodialysis (6 times a
week) led to better prognoses than conventional

Table 3 Odds ratio (95% Cl) for advanced vascular calcification in each haemodialysis parameters

Unadjusted model Model 1° Model 2°

OR (95% Cl) OR (95% Cl) OR (95% Cl)
DM 1.99 (1.24-3.17) 1.88 (1.10-3.17) 1.94 (1.14-3.29)
CAD 293 (1.61-5.34) 264 (1.36-5.14) 2.78 (141-5.51)
Single pool Kt/V 6.5 (2.80-15.3) 532 (1.56-18.14) 527 (1.51-1841)
Equilibrated Kt/V 8.8 (3.20-24.20) 6.33 (1.53-26.17) 6 (1.45-26.10)
Standard Kt/V 18.2 (4.90-68.20) 1091 (1.83-65.21) 10.67 (1.74-65.52)
HDF (reference HD) 2.66 (1.51-4.68) 3.28 (1.76-6.12) 3.27 (1.74-6.16)
Sodium 0.85 (0.79-0.92) 0.88 (0.81-0.96) 0.88 (0.81-0.96)
Chloride 0.87 (0.83-0.93) 0.89 (0.83-0.95) 0.90 (0.83-0.96)
Corrected Ca 1.73 (1.25-2.40) 0 (1.12-2.27) 1.70 (1.17-2.46)
Charlsons’ comorbidity index 271 (2.24-331) 234 (1.86-291) 1.86 (142-2.21)
Dialysis duration (months) 3.34 (2.87-3.94) 2.81 (2.31-3.35) 234 (1.67-2.94)

OR Odds ratio, CI Confidence interval, DM Diabetes mellitus, CAD Coronary artery disease, HD, HDF Haemodiafiltration, Ca Calcium

?Adjusted for age, sex, DM, CAD, and dry BW
PAdjusted for use of warfarin, dialysate calcium, and serum phosphate
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haemodialysis (3 times a week) in a prospective random-
ized study where eKt/V was significantly higher in con-
ventional haemodialysis (1.41 +0.21) than frequent
haemodialysis (1.06 + 0.21) [16]. Our findings differ from
some reports because we showed an adverse influence of
high dose dialysis on the cardiovascular system. Despite
the limited evidence about the causative relationship be-
tween high dose dialysis and VC, characteristics of our
study subjects and haemodynamic changes caused by
high dose dialysis may be an explanation for our find-
ings. Our study subjects had a relatively long dialysis
duration (81.5 +73.5 months). In these subjects, high
dose dialysis might have an adverse influence on vascu-
lature. Increased dialysis dose is characterized by a high
blood flow rate through relatively larger membrane sur-
face areas and pore size. Thus, it is postulated that
higher dialysis doses may result in larger haemodynamic
changes, promoting the loss of calcification inhibitors.

HDF is a widely used haemodialysis approach and is
effective for removing middle weight molecules. Our re-
sults showed that HDF is associated with advanced VC.
The loss of calcification inhibitors, including fetuin-A,
may be an explanation for the significant association be-
tween HDF and advanced VC. Fetuin-A is a glycoprotein
synthesized in the liver and expressed in the extracellu-
lar space and known to be an inhibitor of VC in dialysis
patients [17]. Dekker et al. recently compared serum cal-
cification propensity between high-flux haemodialysis
and HDF. In their analysis, HDF had a larger effect on
the change in fetuin-A concentrations as compared to
HD (p=0.002), and the change of fetuin-A concentra-
tion between pre- and post-dialysis was —0.46% in the
HD group and - 3.39% in the HDF group [18]. Their re-
sults suggest that increased removal of fetuin-A may be
a potential mechanism for the significant association be-
tween HDF and advanced VC.

There were some limitations to this study. Unfortu-
nately, our sample size was not sufficient to support the
hypothesis for our findings. The major limitation of our
study was the inability to determine the underlying
mechanisms for these results, which is due to the limita-
tions of cross-sectional studies that cannot identify
causative relationships and controlling confounders.
Moreover, it is plausible that patients with higher dialy-
sis doses had higher levels of uremic toxin, leading to
the significant association between higher dialysis dose
and advanced VC. It has been demonstrated that the ac-
cumulation of uremic toxins, including inorganic phos-
phate, idoxyl-sulfate, and advanced glycation end-
products is responsible for the high prevalence of vascu-
lar calcification in CKD patients [19]. However, evidence
is still insufficient, and thus, further studies should be
done to elucidate the potential mechanisms underlying
the association between high dialysis dose and VC.
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Hyponatremia is frequently manifested in CKD pa-
tients due to volume overload and diuretic medication.
The results of our study showed that advanced VC was
significantly associated with low sodium concentrations.
Previous studies have reported that hyponatremia was
associated with poor prognoses in dialysis patients, re-
gardless of the severity of kidney disease [20-22]. More-
over, two recent studies indicated that a 4 mmol/L
increase in baseline sodium was associated with 19-28%
lower risk of all-cause mortality in haemodialysis pa-
tients [23, 24]. Interestingly, all our study groups had
normal ranges of sodium concentration with an overall
mean sodium concentration of 137.6 + 3.4 mmol/L. This
finding suggests that low sodium concentration even
within the normal range contributes to the progression
of VC.

Our study was based on the hypothesis that VC pro-
gresses because of interactions between multiple factors.
The factors include classic cardiovascular risk factors,
and other clinical conditions, accompanied by haemodi-
alysis. Our study indicates that multiple clinical and
haemodialysis parameters are involved in the progres-
sion of VC, which may provide additional insight about
clinical conditions that could predispose patients to VC.
Nonetheless, our results should be viewed within the
perspective of its cross-sectional design. It is known that
cross-sectional studies are limited as this approach can-
not identify causative relationships or control for poten-
tial confounders. Thus, prospective studies are necessary
to identify the longitudinal relationship between high
dose dialysis and advanced VC. Additionally, specific
mechanisms for our findings are not supported by our
data. Although we suggested that haemodynamic change
and over-clearance of fetuin-A by high dose dialysis
could be a potential mechanism for our findings, we
were not able to use appropriate laboratory evidence for
our hypothesis. Moreover, there is a possibility that
higher uremic toxins in subjects with higher dialysis dos-
ing contribute to the significant association between
high dialysis dose and advanced VC. Further studies
should be conducted to elucidate the mechanism for the
association between high dose dialysis and advanced VC.

Conclusion

The results of our study indicated that Kt/V categor-
ies and HDF are significantly associated with ad-
vanced VC. This suggests that high dose dialysis may
have an adverse impact on VC. However, our data
are limited and we were not able to determine the
causative relationship between high dose dialysis and
VC. Further studies should be conducted to elucidate
the underlying mechanisms for the association be-
tween high dose dialysis and VC.



Park et al. BMC Nephrology (2020) 21:86

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512882-020-01738-4.

Additional file 1: Supplementary Table S1. Odds ratio (95% Cl) for
advanced vascular calcification with adjustment for covariates including
Charlson’s comorbidity index and vintage of dialysis in each
haemodialysis parameter.

Abbreviations

BMI: Body mass index; Cl: Confidence interval; CKD: Chronic kidney disease;
CVD: Cardiovascular disease; DM: Diabetes mellitus; ESRD: End-stage renal
disease; MAMC: Mid-arm mass circumference; MHD: Maintenance
haemodialysis; OR: Odd ratio; VC: Vascular calcification

Acknowledgements
This article is the first study from K-cohort.

Authors’ contributions

SKP contribute to coordinating the study, analyzed the data and wrote the
manuscript. DYL collected and interpreted the data, contributed to
discussion, reviewed and edited the manuscript. The role of recruiting study
participants and data analysis for the enrolling study participants were
conducted by WJK, HJK, HWK, BK, HIL, SHL, DJK, YHL, KHJ, JYM, SYL, JHR, SYA
and GJK. The authors read and approved the final manuscript.

Funding
This study is supported by a Veterans Health Service Medical Center
Research Grant, Republic of Korea (VHSMC17025) and B. Braun Korea.

Availability of data and materials

The data of this study is based on K-cohort. K-cohort is in progress and is
aim for finding risk factors related to cardiovascular complication in haemo-
dialysis patients from 6 haemodialysis centers in Korea. We conducted this
cross-sectional study by analyzing the baseline data of K-cohort.

Ethics approval and consent to participate

Ethics approvals for the study protocol and analysis of the data were
obtained from the institutional review board of Veterans Healthcare Service
medical center. All volunteers provided written informed consent prior to
participation.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Center for Cohort Studies, Total Healthcare Center, Kangbuk Samsung
Hospital, Sungkyunkwan University School of Medicine, Seoul, Republic of
Korea. “Department of Internal Medicine, Hansol hospital, Seoul, Republic of
Korea. 3Departmem of Internal Medicine, Veterans Healthcare Service Medical
Center, Seoul, Republic of Korea. “Department of Nephrology, Seoul Red
Cross Hospital, Seoul, Republic of Korea. *Division of Nephrology,
Department of Internal Medicine, CHA Bundang Medical Center, CHA
University, Seongnam, Republic of Korea. “Department of Genetic
Engineering, College of Life Science and Graduate School of Biotechnology,
Kyung Hee University Global Campus, Yongin, Republic of Korea. "Division of
Nephrology, Department of Internal Medicine, Kyung Hee University, Seoul,
Republic of Korea. ®Department of Internal Medicine, College of Medicine,
Korea University, Seoul, Republic of Korea. “Departments of Occupational and
Environmental Medicine, School of Medicine, Kyung Hee University, Seoul,
Republic of Korea.

Page 7 of 8

Received: 7 August 2019 Accepted: 24 February 2020
Published online: 06 March 2020

References

1. Gansevoort RT, Correa-Rotter R, Hemmelgarn BR, Jafar TH, Heerspink HJ, et al.
Chronic kidney disease and cardiovascular risk: epidemiology, mechanisms, and
prevention. Lancet. 2013,82:339-52.

2. Foley RN, Parfrey PS, Sarnak MJ. Clinical epidemiology of
cardiovascular disease in chronic renal disease. Am J Kidney Dis. 1998;
32:5112-9.

3. Tong J, Liu M, Li H, Luo Z, Zhong X, et al. Mortality and associated risk
factors in Dialysis patients with cardiovascular disease. Kidney Blood Press
Res. 201641:479-87.

4. Garcia-Sanchez C, Posadas-Romero C, Posadas-Sénchez R, Carredn-
Torres E, Rodriguez-Pérez JM, et al. Low concentrations of
phospholipids and plasma HDL cholesterol subclasses in
asymptomatic subjects with high coronary calcium scores.
Atherosclerosis. 2015;238:250-5.

5. Pérez-Herndndez N, Aptilon-Duque G, Blachman-Braun R, Vargas-Alarcén G,
Rodriguez-Cortés AA, et al. Vascular calcification: current genetics underlying
this complex phenomenon. Chin Med J. 2017;130:1113-21.

6. Blacher J, Guerin AP, Pannier B, Marchais SJ, London GM. Arterial
calcifications, arterial stiffness, and cardiovascular risk in end-stage renal
disease. Hypertension. 2001,38:938-42.

7. London GM, Guerin AP, Marchais SJ, Métivier F, Pannier B, et al. Arterial
media calcification in end-stage renal disease: impact on all-cause and
cardiovascular mortality. Nephrol Dial Transplant. 2003;18:1731-40.

8. Investigators SHARE. Ethnic differences in the relationships between
obesity and glucose-metabolic abnormalities: a cross-sectional
population-based study. Int J Obes. 2005;29:656-67.

9. Wen CP, David Cheng TY, Tsai SP, Chan HT, Hsu HL, et al. Are Asians at
greater mortality risks for being overweight than Caucasians? Redefining
obesity for Asians. Public Health Nutr. 2009;12:497-506.

10. Wang AY, Sea MM, Ho ZS, Lui SF, Li PK, et al. Evaluation of handgrip
strength as a nutritional marker and prognostic indicator in peritoneal
dialysis patients. Am J Clin Nutr. 2005;81:79-86.

11. CORD study group. Abdominal aortic calcification in dialysis patients: results
of the CORD study. Nephrol Dial Transplant. 2008;23:4009-15.

12. Lowrie EG, Laird NM, Parker TF, Sargent JA. Effect of the hemodialysis
prescription on patient morbidity: report from the National Cooperative
Dialysis Study. N Engl J Med. 1981;305:1176-81.

13. Wolfe RA, Ashby VB, Daugirdas JT, Agodoa LY, et al. Body size, dose of
hemodialysis, and mortality. Am J Kidney Dis. 2000;35:80-8.

14.  Port FK, Ashby VB, Dhingra RK, Roys EC, Wolfe RA. Dialysis dose and body
mass index are strongly associated with survival in hemodialysis patients. J
Am Soc Nephrol. 2002;13:1061-6.

15. Hemodialysis (HEMO) Study Group. Effect of dialysis dose and
membrane flux in maintenance hemodialysis. N Engl J Med. 2002;347:
2010-9.

16.  FHN Trial Group. In-center hemodialysis six times per week versus three
times per week. N Engl J Med. 2010;363:2287-300.

17. Ketteler M, Bongartz P, Westenfeld R, Wildberger JE, Mahnken AH,
et al. Association of low fetuin-a (AHSG) concentrations in serum with
cardiovascular mortality in patients on dialysis: a cross-sectional study.
Lancet. 2003;361:827-33.

18. Dekker M, Pasch A, van der Sande F, Konings C, Bachtler M. High-Flux
Hemodialysis and High-Volume Hemodiafiltration Improve Serum
Calcification Propensity. PLoS One. 2016;11:e0151508.

19. Hénaut L, Mary A, Chillon JM, Kamel S, Massy ZA. The Impact of
Uremic Toxins on Vascular Smooth Muscle Cell Function. Toxins (Basel).
2018;10:E218.

20. Hecking M, Karaboyas A, Saran R, Sen A, Horl WH, et al. Predialysis
serum sodium level, dialysate sodium, and mortality in maintenance
hemodialysis patients: the Dialysis outcomes and practice patterns
study (DOPPS). Am J Kidney Dis. 2012,59:238-48.

21. ORD Group. Hyponatraemia, mortality and haemodialysis: an unexplained
association. Nefrologia. 2016;36:42-50.

22. Sahin OZ, Asci G, Kircelli F, Yilmaz M, Duman S, et al. The impact of
low serum sodium level on mortality depends on glycemic control.
Eur J Clin Investig. 2012;42:534-40.


https://doi.org/10.1186/s12882-020-01738-4
https://doi.org/10.1186/s12882-020-01738-4

Park et al. BMC Nephrology

23.

24.

(2020) 21:86

Waikar SS, Curhan GC, Brunelli SM. Mortality associated with low serum
sodium concentration in maintenance hemodialysis. Am J Med. 2011;
124:77-84.

Mc Causland FR, Brunelli SM, Waikar SS. Dialysate sodium, serum sodium
and mortality in maintenance hemodialysis. Nephrol Dial Transplant.
2012;27:1613-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study subjects
	Study data
	Vascular calcification assessment
	Statistical analysis

	Results
	Clinical and haemodialysis parameters
	Association of parameters with advanced VC

	Discussion
	Conclusion
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

