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Cardiac valve calcification (CVC), characterized by the accumulation of calcium in the heart valves,

is highly prevalent among patients undergoing dialysis. This meta-analysis aimed to provide an
updated summary of recent studies on the prognostic value of CVC in patients undergoing dialysis.
We conducted a search of PubMed, Embase, and Web of Science to identify observational studies
investigating cardiovascular or all-cause mortality associated with CVC in dialysis patients until March
2023. Hazard ratios (HRs) and the corresponding 95% confidence intervals (Cls) were calculated

for the meta-analysis, and the strength and significance of the associations between CVC and
mortality outcomes in dialysis patients were assessed. From 6218 initially identified studies, we
included 10 critical studies with a total of 3376 dialysis patients in a further meta-analysis. Pooled
analyses demonstrated a significant association between CVC and an elevated risk of all-cause

and cardiovascular mortality in dialysis patients. In our study, we discovered HRs of 1.592 (95% ClI
1.410-1.797) for all-cause mortality and 2.444 (95% Cl 1.632-3.659) for cardiovascular mortality.
Furthermore, subgroup analysis revealed elevated all-cause mortality among patients with mitral
valve calcification (HR 1.572; 95% Cl 1.200-2.060) compared to those with aortic valve calcification
(HR 1.456; 95% Cl 1.105-1.917). Similarly, patients undergoing peritoneal dialysis faced a greater risk
for all-cause mortality (HR 2.094; 95% Cl 1.374-3.191) than those on hemodialysis (HR 1.553; 95%
Cl11.369-1.763). This highlights the possibility of CVC being an independent risk factor for dialysis
patients, particularly in relation to mitral valve calcification or peritoneal dialysis.
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Renal failure is a global health issue that affects a significant number of people worldwide' Cardiovascular dis-
ease (CVD) is the leading cause of morbidity and mortality in patients with end-stage kidney disease (ESKD)
undergoing dialysis. Although the association between renal function decline and increased risk of CVD has
long been acknowledged, the underlying mechanisms remain unclear owing to their multifactorial and intri-
cate nature”. Traditional cardiovascular (CV) risk factors, such as advancing age, tobacco use, hypertension,
diabetes mellitus, dyslipidemia, and obesity, are widely recognized for their capacity to induce CVD in both the
general population and patients with ESKD. Conversely, CKD-associated non-traditional risk factors related to
the secondary consequences of renal failure include fluid overload, electrolyte imbalance, anemia, uremia, and
systemic inflammation. Dysregulation of calcium and phosphate metabolism plays a prominent role, resulting
in abnormal bone turnover and other CV complications, such as vascular and cardiac valve calcification (CVC)°.

CVC is highly prevalent among individuals undergoing dialysis, notably affecting the aortic and mitral valves*.
Therefore, CVC can be categorized based on the specifically affected valvular area: aortic valve calcification (AVC)
and mitral valve calcification (MVC). MVC is also known as mitral annulus or mitral valve leaflet calcification.
Rather than being a chronic degenerative process characterized by passive calcium deposition, CVC is con-
sidered an active process that is intricately linked to various metabolic and inflammatory processes frequently
observed in patients with ESKD*”". Increased cardiovascular shear stress has been observed during ultrafiltra-
tion in hemodialysis® and following arteriovenous shunt creation, due to hyperdynamic circulation’. These two
mechanisms represent a significant difference between patients who undergo hemodialysis and those who do
not. The sensing of shear stress by ventricularis layer of the aortic valve induces the endothelial-to-mesenchymal
transition of valve endothelial cells. Valve endothelial cells that have undergone endothelial-to-mesenchymal
may directly transform into activated valve interstitial cells or alternatively influence the surrounding quiescent
valve interstitial cells through the paracrine regulation. Activated valve interstitial cells can differentiate into
osteogenic valve interstitial cells which is regulated by transcription factors such as Runx2 and Sox9, leading to
the aortic valve calcification!”. Besides, the retention of serum phosphate in advanced CKD patients, reduction
of klotho and 1, 25-dihydroxyvitamin D, upregulation of fibroblast growth factor 23 (FGF-23) and iPTH play an
important role in vascular and valve calcification''""*. Additional mechanisms include systemic and local inflam-
mation with pro-inflammatory cytokines, oxidative stress, uremic toxins, anemia, malnutrition, and cachexia.
These factors contribute to the pathogenesis of CVC and its association with ESKD’.

Previous research has indicated an association between CVC and all-cause and CV mortality in dialysis
patients'®. However, the mechanisms underlying this association have not yet been thoroughly evaluated. Tradi-
tionally, the poor prognosis associated with CVC has been attributed to the presence of coronary artery disease
and atherosclerosis, as these conditions share common risk factors. However, a recent study highlighted that
CVC is linked to a worsened hemodynamic profile, possibly due to the development of valvular heart disease
or diastolic dysfunction'®. Moreover, several retrospective and prospective cohort studies investigating this
relationship have recently been published, the majority of which have demonstrated a correlation between
CVC and mortality'®?%, whereas others have reported conflicting results®*-**. Therefore, this systematic review
and meta-analysis aimed to provide an updated summary of recent studies on the prognostic value of CVC in
dialysis patients.

Methods

Search strategy

This study was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. A systematic search of PubMed, EMBASE, and Web of Science was performed
using the following keywords and synonyms: renal dialysis, kidney failure, renal replacement therapy, heart OR
cardiac OR valve OR valvular, and calcification OR calcified. The search strategy included Boolean searches and
medical subject heading (MeSH) terms. Details of the electronic search strategy are provided in Supplementary
Table 1. The last search was performed in March 2023.

Study selection

Studies that met the following criteria were included: (1) observational cohort studies, including prospective,
retrospective, and bidimensional studies; (2) studies limited to human subjects; and (3) those reporting adjusted
hazard ratios and corresponding 95% confidence intervals (CIs) of CV or all-cause mortality due to CVC in dialy-
sis patients. Letters, comments, protocols, case reports, case series, reviews, and animal studies were excluded
from analysis. Studies with insufficient data were excluded from analysis.

Data extraction

Two authors independently analyzed each article and performed data extraction. In cases of disagreement, a
third investigator was consulted to reach consensus. The following data were extracted from each study: article
name, first author, publication year, study design, country of origin, sample size, dialysis vintage and type, sex,
age, detection methods and prevalence of CVC, follow-up time endpoint, and covariate adjustments.

Quality assessment

Quality assessment was performed using the Newcastle-Ottawa Scale (NOS) for observational studies, which
comprises three domains (selection, comparability, and outcome) with a maximum score of 9 points. Risk of
bias was categorized into three groups: good, fair, and poor. The results were described in Table 1. Two reviewers
independently assessed the quality of each study.

Scientific Reports |

(2024) 14:4748 | https://doi.org/10.1038/s41598-024-55326-9 nature portfolio



www.nature.com/scientificreports/

Selection Comparability| Outcome
Selection of Outcome not

Representativeness | Non-exposed | Ascertainment | present at start Assessment | Follow-up Adequacy of
Study, years | of Exposed cohort | cohort of exposure of study a |b of outcome | long enough | follow-up Total score | Quality
Chengetal'® | x * * * | * * * 7 Good
Bai et al.'” * * * | X * * 6 Fair
Liao et al.” * * * | * * * 6 Fair
Zhu etal.” * * * * | * * 6 Fair
Shen et al.'® * * * * |k * * 7 Good
Chen et al* * * * | X * 5 Fair
jf‘;fgashl * * * * | % * * * 8 Good
Raggietal®™ | % * * * | * * * * 8 Good
5;‘:1“5“0 * * * | % * * 6 Fair
Wang etal.?? | % * * | % * * 6 Fair

Table 1. Quality assessment using Newcastle-Ottawa Scale (NOS). (a) The study controls for age (one star).
(b) Study controls for other factors (one star).

Statistical analysis

Comprehensive meta-analysis software (version 3.0) was used for statistical analysis. Risk estimates were calcu-
lated using adjusted hazard ratios (HRs) and 95% CI. Cochran’s Q test was performed, and Q and p values were
used to evaluate the heterogeneity among the studies. Statistical significance was set at p value <0.05. Pooled
effects were calculated, and a two-sided p value <0.05 was considered significant. Subgroup analysis was also
performed to further assess the association between CVC and the risk of mortality according to clinical charac-
teristics. Sensitivity analysis was performed by excluding one study at a time to test the robustness of the pooled
results. Publication bias was assessed using the Egger’s test. Statistical significance was set at p value <0.05. In
addition, we used a funnel plot test to assess publication bias.

Results

Search results

In total, 6218 studies were identified in the database search. After the initial screening of titles and abstracts,
23 full-text reports were included and assessed for eligibility. Of these, 10 (3376 patients) were included in the
quantitative analysis. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow
diagram of the study selection process is shown in Fig. 1. Quality assessment using the NOS for observational
studies is described in Table 1. Four studies were classified as good quality, six as fair quality, and none as poor
quality.

Baseline characteristics

Baseline patient characteristics are shown in Table 2 Six studies were prospective cohort studies and four were
retrospective cohort studies. Two studies focused on peritoneal dialysis (PD), while others investigated patients
undergoing hemodialysis (HD). The percentage of males ranged from 49.3 to 69.9%. Eight studies have investi-
gated Asian patients. The average age of the patients ranged from 55.4 to 68.6 + 12.6 years. Three studies focused
on incident dialysis patients, and the dialysis duration of the other ranged from 2.5 to 8.12+7.62 years. Most
studies have defined cardiac calcification as bright echoes of >1 mm on one or more cusps of the aortic valve,
mitral valve, or mitral annulus. The prevalence of CVC ranged from 23.3 to 80.3%, with a mean prevalence of
47.87%. The median follow-up duration ranged from 1.5 to 6.3 years. Three studies only mentioned all-cause
mortality as the primary outcome, whereas the other studies reported both all-cause and CV mortalities. Potential
confounding factors influencing mortality were adjusted in each study.

Association between cardiac valve calcification and all-cause mortality

Ten studies reported the all-cause mortality rates of MVC or AVC without significant heterogeneity (p=0.478,
I-square=0%). Pooled results in a fixed-effects model showed an association between CVC and mortality (Fig. 2,
HR 1.592; 95% CI 1.410-1.797; p<0.001).

Association between cardiac valve calcification and cardiovascular mortality

Seven studies reported CV mortality rates of MVC or AVC with heterogeneity (p <0.001, I-square =75.68%).
Pooled results in a random-effects model showed an association between CVC and CV mortality (Fig. 3, HR
2.444; 95% CI 1.632-3.659; p<0.001).

Subgroup analyses
Subgroup analysis of the type of CVC demonstrated that MVC (HR 1.572; 95% CI 1.200-2.060; p <0.001) was
associated with a greater risk of all-cause mortality than AVC (HR 1.456; 95% CI 1.105-1.917; p=0.008) (Table 3).
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram
of study selection.

Subgroup analysis of dialysis type showed that PD (HR 2.094; 95% CI 1.374-3.191; p<0.001) was associated
with a greater risk of all-cause mortality than HD (HR 1.553; 95% CI 1.369-1.763; p <0.001) (Table 3). Also, we
demonstrated that the number of calcified valves is related to risk of all-cause mortality. Dual valve calcification
(HR 2.150; 95% CI 1.570-2.944; p <0.001) showed a higher risk than single valve calcification (HR 1.495; 95%
CI 1.299-1.721, p<0.001).

Publication bias

Funnel plots and Egger’s test showed no publication bias in the meta-analysis of all-cause mortality (Fig. 4;
Egger’s test, p=0.527). In addition, Egger’s test showed no publication bias in the meta-analysis of CV mortality
(p=0.897) or subgroup analysis of CVC and MVC (p=0.315). More information was described in Supplemen-
tary Table 2.

Sensitivity analysis
We performed sensitivity analyses by excluding the articles with the largest weights and repeating the primary
analyses. The results were consistent across different analyses, indicating the robustness of the observed outcomes.

Discussion

This meta-analysis demonstrated the prognostic value of CVC in all-cause mortality and CV mortality in patients
undergoing dialysis, particularly in those with MVC or those undergoing PD. Moreover, and increased number
of calcified valves is associated with a higher mortality risk. CVC is highly prevalent owing to the dysregulation
of bone mineral metabolism in dialysis patients. The clinical presentation of CVC encompasses a wide range of
manifestations and often overlaps with symptoms of heart failure and anemia, which are also common in dialysis
patients*>?®. Therefore, it is challenging to precisely calculate the prevalence of CVC. The current diagnostic
gold standard for CVC is transthoracic echocardiography, which is consistent with the findings of most stud-
ies included in the analysis. The reported prevalence of valvular calcification ranges from 23 to 59%, with an
increasing prevalence as renal function declines”'*. The prevalence in the included studies ranged from 23.5 to
80.3%. Although the upper limit is higher than that reported in previous studies, if we exclude this outlier, the
prevalence ranges from 23.5 to 57.6%, which is consistent with the results of previous studies. Severe CVC often
progresses to valvular heart disease and worsens hemodynamic profile. However, the prognostic value of CVC
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Median Median
Patient (% dialysis time | Detection Prevalence of | follow-up Outcome Adjustment for
Article Design Region Age (years) | (years) method CVC (%) (years) measurement | covariates
. . All-cause
Prospective HD, 224 . . Echocardiog- Age, CVD, Hb,
16
Cheng et al. cohort (66.1%) China 57.4+15.0 Incident raphy 47.6 4 g::ﬁ (6\% ALB, Ca, P, iPTH
Age, DM, CVD,
Phosphorus-
binding medica-
7 Retrospective | HD, 434 Echocardiog- All-cause tions, Vitamin D
Bai et al.”? > China 53.1+13.4 3.43+3.27 47.2 6.3 death CV -
cohort (62.2%) raphy death medications, LAD,
LVMI, LVEE Hb,
2-microglobulin,
ALB, iPTH
Age, Sex, CAD,
Retrospective | HD, 297 Echocardiog- All-cause ALB, Transferrin
Liao et al.® P g Taiwan 68.6+12.6 |8.12+7.62 8 | 441 3 death CV >
cohort (52.5%) raphy saturation, PTH,
death .
Antiplatelet
. . All-cause
2 Retrospective | PD, 310 . Echocardiog- Age, P, ALB, eGFR,
Chen et al. cohort (57.7%) China 57+15.9 3.35+2.125 raphy 235 34121 g:’ii CcvV DM, LVEE
Retrospective | HD, 173 . . Echocardiog- All-cause Age, HTN, DM,
19
Zhu et al. cohort (69.9%) China 58 Incident raphy 80.3 3 death CVR, LADL Hb
24 Prospective HD, 110 . Echocardiog- All-cause Age, Sex, ALB,
Chen et al. cohort (58.2%) China 552+1.4 2.5 raphy 25.5 35 death 25(0H)D, AAC
. . . All-cause Age, DM, BMI,
”el"tal;a l}{“Sh‘ fgﬁz};fctwe %5’3}]/2)9 0 Japan 61+13 incident f‘ach}? cardiog- 57.5 4.3 death CV ALB, creatinine,
: e Py death Ca, LVEE, CRP
Age, Sex, race, DM,
. Prospective HD, 144 Echocardiog- All-cause atherosclerotic
25
Raggi ctal. cohort (49.3%) USA 554 26 raphy + EBCT 57:6 >6 death disease, pulse
pressure
Age, Sex, DM,
. . . . All-cause CRP, ADMA,
5:‘:1“5“0 fgg;ﬁf“we (?5) ’920/0)2 Ttaly 59+15 3.58 f‘;h}fcard“’g' 233 37419 death CV CVD, background
; 7 phy death CV complication,
LVMI
Age, Sex, dialysis
. . All-cause vintage, DM,
Wang et al.?? Prospective CAPD, 192 Hong Kong | 55+12 3.25+2.58 Echocardiog- | 5, 5 1.5 death CV atherosclerotic
cohort (51.0%) raphy .
death vascular disease,
hsCRP

Table 2. Baseline characteristics of the 10 studies included in the final analysis. BMI body mass index,

DM diabetes mellitus, CAD coronary artery disease, CVD cardiovascular disease, HTN hypertension, HD
hemodialysis, Hb hemoglobin, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein
cholesterol, hsCRP high sensitivity C-reactive protein, iPTH intact parathyroid hormone, eGFR estimated
glomerular filtration rate, AKP alkaline phosphatase, 25(OH)D 25-hydroxy Vitamin D, AAC Aortic artery
calcification, ALB albumin, Ca calcium, P phosphorus, ADMA plasma asymmetric dimethyl arginine,

CVR cardiac valve regurgitation, MS mitral valve stenosis, MR mitral valve regurgitation, AR aortic valve
regurgitation, AS aortic valve stenosis, TR tricuspid valve regurgitation, LVEF left ventricular ejection fraction,
LVMI left ventricular mass index, LADI left atrial diameter index.

remains controversial. Our primary outcomes showed that CVC was associated with higher rates of all-cause
mortality and CV mortality among patients undergoing dialysis, with HRs of 1.592 (95% CI 1.410-1.797) and
2.444 (95% CI 1.632-3.659), respectively. Besides, dual CVC presents a higher risk compared to single CVC.
These findings are consistent with those of a previous study by Wang et al.'*, which included relatively recently
published retrospective and prospective studies. The HRs for all-cause and CV mortality were slightly lower than
those reported in previous studies (1.592 and 1.73, respectively, and 2.444 and 2.81, respectively). Cochrane’s
Q test showed higher heterogeneity in the results of CV mortality, which may be due to the limited number of
studies included in this analysis.

Subgroup analyses revealed that patients with MVC had a higher risk than those with AVC did. This finding
was not reported in a previous meta-analysis of dialysis patients'®. Renal failure is associated with left-sided
valvular disease, especially aortic stenosis and mitral regurgitation, resulting in a poor prognosis. Therefore, we
focused on the association between progressive calcification and left valvular disease. Several meta-analyses have
indicated an association between AVC and MVC and worse outcomes in the general population with or without
CVD?-*, While AVC and MVC share similar contributing factors, such as aging, abnormal calcium and phos-
phate metabolism, and systemic atherosclerosis®!, previous studies have reported differences in the underlying
mechanisms. Hensen et al. reported that although AVC was more prevalent than MVC in both dialysis patients
and the general population, MVC was independently associated with more advanced CKD stages and higher all-
cause mortality, whereas AVC did not show such associations. The authors suggested that this difference may be
due to delayed diagnosis and lower rates of valve intervention therapy owing to the subtle symptoms of MVC*.
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Study name Subgroup within study Statistics for each study Hazard ratio and 95% CI
Hazard Lower Upper Relative
ratio limit limit Z-Value p-Value weight
Cheng, 2023 cve 2140  1.047  4.376 2.085 0.037 2.87
Bai, 2022 AVC 1433  1.039 1.976 2.194 0.028 14.23
Bai, 2022 MvC 1517 1105 2.082 2579 0.010 L] 14.65
Liao, 2022 cve 0930 0552 1566 -0.273 0.785 5.41
Shen, 2021 cve 1.830 1.046  3.200 2.119 0.034 il 4.71
Zhu, 2020 cve 2000 1.090 3.668 2.240 0.025 e 4.00
Chen, 2015 cve 1563  0.637  3.836 0.975 0.330 e 1.82
Takahashi, 2013 1 CVC 1430  1.021  2.002 2.082 0.037 - 12.97
Takahashi, 2013 2 CVC 2160  1.505  3.100 4.178 0.000 L 11.27
Raggi, 2011 1CvC 1.060 0540 2.080 0.169 0.866 e 3.23
Raggi, 2011 2cve 2120 1.120  4.011 2.309 0.021 —— 3.61
Raggi, 2011 AVC 1520 0.891 2593 1.537 0.124 - 5.15
Raggi, 2011 MvVC 1730  1.029 2.908 2.069 0.039 il 5.45
Panuccio, 2004 CVC 1410 0893 2227 1.474 0.141 +ili- 7.04
Wang, 2003 cve 2500 1.317  4.747 2.800 0.005 —— 3.57
1592 1410 1.797 7.518 0.000 ¢
0.01 0.1 1 10 100
Figure 2. Forest plot of hazard ratios for the association between cardiac valve calcification and all-cause
mortality.
Study name Subgroup within study Statistics for each study Hazard ratio and 95% CI
Hazard Lower Upper Relative
ratio limit limit Z-Value p-Value weight
Cheng, 2023 cve 1980 0774 5.066 1.425 0.154 L o 8.53
Bai, 2022 cve 5992  3.877  9.261 8.060  0.000 - 13.40
Bai, 2022 MVC 2340 1625 3.370 4.569 0.000 5 14.05
Liao, 2022 AVC 1.060 0567  1.981 0.183 0.855 il 11.49
Chen, 2015 cve 3800 1.150 12557 2.189 0.029 ——t 6.63
Takahashi, 2013 1 CVC 1680 1.004 2.812 1.974 0.048 - 12.61
Takahashi, 2013 2 CVC 2800 1.630 4.810 3.730 0.000 - 12.35
Panuccio, 2004  CVC 1400 0803 2440 1.187 0.235 -l 12.20
Wang, 2003 cve 5390 2.158 13.465 3.606 0.000 et 8.73
2444 1632 3659  4.340 0.000 <o
0.01 0.1 1 10 100
Figure 3. Forest plot of hazard ratios for the association between cardiac valve calcification and cardiovascular
mortality.
Subgroup Studies HR (95% CI) pvalue | Heterogenicity (p value)
Total 10
16 H 17 : 23 24 H 20
Patients HD 3 Cheng et alz.5 , Bai et zlal. s lez? et al.”?, Zhu (2020), Chen et al.?*, Takahashi et al.?, 1553 (1.369-1.763) | <0.001 | 0.500
Raggi et al.”*, Panuccio et al.
PD 2 | Chen et al.¥, Wang (2002) 2.094 (1.374-3.191) | <0.001 | 0.472
Calcified valve | AVC 2 | Baietal.’, Raggi et al.® 1.456 (1.105-1.917) 0.008 | 0.853
MVC | 2 |Baietal’, Raggietal? 1.752 (1.200-2.060) | <0.001 | 0.672

Table 3. Subgroup analyses of all-cause mortality. AVC aortic valve calcification, MVC mitral valve
calcification.

Furthermore, an association has been observed between MVC and elevated levels of serum B2-microglobulin
(B2M)?*, a substance mainly eliminated by the kidneys that tends to accumulate in the myocardium, aortic and
mitral valves, and other cardiac tissues in patients undergoing HD*. In addition to being an indicator of the
clearance of middle molecules by HD, serum B2M is considered a marker of inflammation and is related to an
increased risk of all-cause mortality, long-term HD, dyslipidemia, and malnutrition, all of which have unfavorable
effects on CV outcomes™. In addition, studies of patients undergoing PD have implied a similar result of higher
C-reactive protein levels in MVC-positive patients®, and that diabetes mellitus can serve as a risk factor for
MVC?*. Another risk factor for MVC is increased mitral stress, which accelerates the calcification process and is
associated with hypertension, aortic stenosis, hypertrophic cardiomyopathy, and other diseases that increase the
left ventricular systolic pressure. Finally, MVC is associated with valvular diseases and other CV complications
including atrial fibrillation®”*%, arrhythmia due to mitral annulus conduction abnormalities®, and endocarditis*.
In summary, aspects related to the diagnosis, pathophysiology, and occurrence of CV complications may con-
tribute to the association between AVC and MVC incidence and mortality. A recent meta-analysis evaluated the
correlation between CVC and prognosis of patients with CKD. The results showed that both MVC and AVC had
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Figure 4. Funnel plot by log hazard ratio for all-cause mortality.

predictive value and that MVC had a higher risk, which is also consistent with our findings*!. Further evaluation
is necessary to determine the underlying mechanisms.

The prevalence of CVC varies among patients undergoing different dialysis modalities, ranging from 19 to
84% in those undergoing HD patients to 32-47% in those undergoing PD*2. Our results showed that the average
prevalence of CVC was lower in PD patients than in HD patients (26.9% and 51.5%, respectively), this finding
corresponds with another study*’. However, in the subgroup analysis, the HR is higher in PD patients than in HD
patients. A previous meta-analysis showed the same trend', and a cohort study reported that PD was associated
with a higher risk of myocardial infarction and CV mortality than HD** and that this effect persisted beyond the
first year of treatment*>. However, another study found no significant differences in the risk of mortality, de novo
CV disease, or ischemic heart disease between patients undergoing HD and PD. Nevertheless, HD is associated
with a high risk of congestive heart failure***’. Recently, a meta-analysis demonstrated comparable mortality
rates and adverse CV events between PD and HD*®. Conversely, another recent meta-analysis found that PD
patients had lower rates of CV events, such as congestive heart failure, atrial fibrillation, and peripheral arterial
disease, but higher mortality rates than HD patients*. Several hypotheses have been proposed to explain the
conflicting results. Infusion of dialysis solution into the peritoneal cavity increases intraperitoneal pressure and
systolic blood pressure, which may be associated with fluid overload and hemodynamic changes that increase
CV risk™. On the other hand, the rapid removal and exchange of body fluid during HD contribute to hemo-
dynamic instability®!, and the arteriovenous fistula used in HD patients increases cardiac preload and leads to
congestive heart failure®. Therefore, the variable mortality between HD and PD may related to patient-specific
factors and selection bias. Although CVC is a marker of higher mortality and cardiovascular mortality in this
population, the effect is not independent of other traditional CV risk factors®!, such as age, diabetes, hypercal-
cemia and hyperphosphatemia®>**. Previous study also suggest higher glucose levels in PD patients can lead to
insulin resistance, and also alterations in glycation products may increase CV damage®*. Inconsistent definitions
of cardiac mortality may also have influenced the statistical results of different studies™. In addition, the small
number of patients from only two studies included in our analysis is a limitation. In summary, the association
between dialysis modality and CV mortality remains controversial and is affected by CVC and other factors®®.
Our results showed CVC is less frequent in peritoneal dialysis than in HD, but its presence still indicates a greater
prognostic value. Additional studies are required to confirm the association between CVC and dialysis modality.

Owing to the potential risks to the CV system, the CVC should be appropriately controlled in dialysis patients.
However, methods for reversing the impact of calcified valves are limited. The aim of the current medical treat-
ment of CVC emphasizes the control and prevention of CKD-MBD, namely, the stabilization of the serum levels
of calcium, phosphate, and PTH***’. Calcimimetics, calcitriol, and vitamin D analogs are used to treat secondary
hyperparathyroidism in dialysis patients®®. Although vitamin D analogs decrease serum PTH levels, they also
induce calcification by elevating serum calcium and phosphate levels®. Therefore, calcimimetics such as cinacal-
cet activate receptors on the parathyroid gland and thus lower the levels of PTH, serum calcium, and phosphate
have been introduced. However, a randomized controlled trial and meta-analysis did not find significant reduc-
tions in all-cause mortality, CV mortality, or major adverse CV events in dialysis patients receiving cinacalcet
therapy®*®!. Calcium-based and non-calcium-based phosphate binders are widely used®?. Non-calcium-based
phosphate binders, such as sevelamer, were found to be associated with lower all-cause mortality than calcium-
based phosphate binders in one study®’, whereas another study found no significant benefit on CV mortality®.
Owing to the failure of traditional therapies, novel treatments have emerged to control CVC in patients with CKD
or on dialysis. For example, serum alkaline phosphate levels have been correlated with CVC in HD patients®,
and serum albumin levels have been shown to be predictors of CVC severity in dialysis patients®. In addition,
a novel calcification inhibitor, SNF472, has entered clinical trials®’.
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This study had several limitations. First, because of the relatively strict inclusion criteria and the limited
number of previous studies, the analysis included only 10 studies, and the majority of patients included in the
studies were from Asia, which may have led to publication bias and restricted the applicability of this meta-
analysis to different populations. Second, the adjustments for covariates between the studies were different, and
the heterogeneity in the comparisons of CV mortality may have influenced the robustness of the results. Third,
the relatively short median dialysis time may have prevented the detection of certain CV diseases, which typically
require a long period of development.

Conclusion

This article summarizes recent findings regarding the association between CVC and prognosis in dialysis patients
and reviews the factors and mechanisms involved in the development of CVC. These results indicate that CVC is
associated with higher all-cause and CV mortality in patients undergoing dialysis, whether HD or PD patients.
Patients with MVC had a higher all-cause mortality than those with AVC. Further research is required to develop
new treatments and to elucidate the mechanisms involved in the development of CVC.
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