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ABSTRACT
Objective: To investigate the impact of plasma homocysteine (Hcy) levels on the cardiac valve calcification (CVC) in patients under-
going maintenance haemodialysis (MHD).
Study Design: A retrospective observational analysis.
Place and Duration of the Study: Department of Nephrology, Hangzhou First People's Hospital, Hangzhou, China, from May 2022
to August 2023.
Methodology: Patients undergoing MHD were classified into two groups based on the echocardiographic results: CVC group and Non-
CVC group. The former had CVC, and the latter was without calcified valves. The differences in baseline data between the two groups
were compared, and logistic regression analysis was employed to investigate the impact of plasma Hcy on the CVC.
Results: Of the total 98 patients undergoing MHD, 64 (65.3%) had CVC, and 79 (80.6%) had hyperhomocysteinaemia. The proportion
of hyperhomocysteinaemia was greater in the CVC group than in the Non-CVC group (90.6% vs. 61.8%, p = 0.001). Multivariate
logistic regression indicated that, after adjusting for age, duration of dialysis, serum calcium levels, diabetes, and other variables,
elevated plasma Hcy levels were independently linked to an increased risk of CVC, irrespective of whether Hcy was considered as a
continuous variable (OR = 1.121, 95% CI 1.051-1.195; p <0.001) or a binary variable (OR = 5.191, 95% CI 1.379-19.54; p = 0.015).
Conclusion: Elevated plasma Hcy levels are independently linked to a greater risk of CVC in patients undergoing MHD.
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INTRODUCTION

Cardiovascular  disease  is  the  primary  cause  of  death  in
patients  undergoing  maintenance haemodialysis (MHD), with
a cardiovascular mortality risk 10 to 20 times greater than that
of the general population.1 Among these patients, heart failure
and arrhythmia rank as the primary causes of death.2 Cardiac
valve calcification (CVC) is an actively regulated pathological
process characterised by ectopic hydroxyapatite deposition,
primarily mediated by the multifactorially driven osteogenic
differentiation  of  valvular  interstitial  cells,  which  leads  to
valvular  dysfunction  and  haemodynamic  compromise.3,4

Research indicates that the prevalence of CVC in haemodialysis
patients varies from 23% to 68%, mainly affecting the mitral
and aortic valves.1,5
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The reported aortic valve calcification and mitral valve calcifi-
cation  vary  between 25% and 59%.6,7 Severe calcification can
lead to valve dysfunction, myocardial ischaemia, arrhythmias,
and heart failure, along with other complications.8 While the
exact pathogenesis of CVC is not fully elucidated, and there are
no effective preventive medicine, studying the risk factors asso-
ciated with CVC in patients undergoing MHD is important for
prevention and treatment of the disease.                              

Homocysteine (Hcy) is an amino acid that contains sulphur,
and  its  concentration in the plasma of healthy adults usually
does not  exceed 15 μmol/L.  In  patients  with chronic  kidney
disease  (CKD),  the  decline  in  kidney  function  leads  to  a
metabolic disorder of Hcy, causing an increase in its concentra-
tion within the body. Most patients suffering from chronic renal
failure  experience  hyperhomocysteinaemia,  with  an  occur-
rence rate  33 times higher  than in  the general  population.9

Research indicates that high concentrations of Hcy can damage
the blood vessel walls, leading to thickening and plaque forma-
tion in the vascular intima, disrupting coagulation, increasing
the risk of thrombosis, and constituting a separate risk factor for
atherosclerosis, stroke, other cardiovascular, and cerebrovas-
cular diseases.10,11 Although the relationship between Hcy and
cardiovascular and kidney diseases has been widely studied,
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current literature on the correlation between Hcy and CVC in
patients undergoing MHD is relatively limited. Consequently,
this study aimed to explore the association between Hcy and
CVC in patients undergoing MHD, to enhance a deeper unders-
tanding of risk factors for CVC, and simultaneously to offer new
insights for strategies in clinical prevention and treatment.

METHODOLOGY

This  study  was  conducted  as  a  retrospective  observational
analysis.  Based  on the selection criteria, those patients were
included  who  underwent  haemodialysis  at  Hangzhou  First
People's Hospital, Hangzhou, China, between May 2022 and
August 2023. Inclusion criteria included patients with a clinical
diagnosis of end-stage renal disease secondary to chronic renal
failure, who had undergone MHD regularly for at least three
months, with a frequency of 2-3 sessions per week, and were
aged 18 years or older. Exclusion criteria included congenital or
acquired valvular heart disease, prior valvular interventions,
acute kidney injury, dialysis duration under three months, age
below 18 years, and incomplete medical records. Patients were
divided into two groups: CVC group and Non-CVC group.

Demographic  data,  underlying  diseases,  laboratory  results,
echocardiographic data, and one-year follow-up for mortality
were  collected.  Hyperhomocysteinaemia  was  defined  as
plasma Hcy levels exceeding 15 µmol/L.

Cardiac ultrasound (probe frequency of 8-10MHz) was used to
assess the heart valves. Diagnosis of CVC is characterised by
the presence of one or more mass-like or spot-like strong echo-
genic foci with a diameter of ≥1mm on the cardiac valves or
valvular annulus.

Data were analysed using SPSS version 26.0. Continuous data
with a Gaussian distribution were represented as the mean ±
standard deviation (x ± s) and compared using the t-test. Contin-
uous data without a Gaussian distribution were expressed as
median and interquartile range [M (P25, P75)] and compared
using  the  Wilcoxon  rank-sum  test.  Categorical  data  were
described as percentages and compared using the Chi-square
or Fisher’s exact test. Univariate logistic regression analysis
was used to identify potential risk factors for CVC, and vari-
ables  with  a  significance  level  of  p  <0.05  were  included  in
multivariate regression to determine independent correlates
of CVC. A p-value <0.05 was considered statistically significant.

RESULTS

A  total  of  98  eligible  patients  were  inducted,  including  40
(40.8%) female patients, with a median age of 67 years (59.75,
76) and a median dialysis duration of 16 months (11.75, 39.50).
Of which, 64 (65.3%) patients had CVC. Aortic valve calcification
was observed in 53 patients, mitral valve calcification in 42
patients, single-valve calcification 32 patients, and two-valve
calcification in 29 patients.

Table I: Comparing clinical and laboratory variables between the groups.

Variables All patients
(n = 98)

Non-CVC group
(n = 34)

CVC group
(n = 64)

p-values0

Demographic data  
Age (year) 67 (59.75, 76) 61 (57, 68.75) 69.5 (63, 79.75) 0.001
Gender, female (%) 40 (40.8) 17 (50.0) 23 (35.9) 0.178
Duration of dialysis (months) 16 (11.75, 39.50) 12.50 (5, 31) 24 (13, 47) 0.001
Previous history (%)
Hypertension 82 (83.7) 25 (73.5) 57 (89.1) 0.048
Diabetes mellitus 62 (63.3) 13 (38.2) 49 (76.6) <0.001
Coronary heart disease 29 (29.6) 7 (20.6) 22 (34.4) 0.155
Cerebrovascular disease 24 (24.5) 5 (14.7) 19 (29.7) 0.101
Primary kidney disease (%)
Diabetic nephropathy 35 (35.7) 8 (23.5) 27 (42.2) 0.067
Glomerulonephritis 14 (14.3) 8 (23.5) 6 (9.4) 0.057
Polycystic kidney 7 (7.1) 5 (14.7) 2 (3.1) 0.088
Unknown aetiology 42 (42.9) 13 (38.2) 29 (45.3) 0.500
Laboratory data
Haemoglobin (g/L) 105 (87, 117.3) 90 (82.5, 115) 108 (88, 119) 0.133
Platelet counts (x109/L) 165.9 ± 55.79 177.1 ± 56.22 159.9 ± 55.07 0.148
Albumin (g/L) 35.5 (31.57, 37.2) 35.5 (30.88, 37.73) 35.4 (31.6, 36.88) 0.560
Prealbumin (mg/L) 218 (168.8, 305.6) 239 (169, 315) 215 (168, 292.3) 0.252
Uric acid (mmol/L) 333.5 ± 122.5 322.7 ± 146.7 339.3 ± 108.5 0.526
Triglycerides (mmol/L) 1.32 (0.808, 2.210) 1.625 (1.11, 2.58) 1.18 (0.705, 2.173) 0.071
Total cholesterol (mmol/L) 3.364 ± 1.049 3.568 ± 1.049 3.256 ± 1.041 0.162
Lipoprotein-a (mg/dl) 170 (98, 261.3) 174 (143.3, 307) 131 (98, 229.3) 0.255
Hcy (mmol/L) 28.7 (17.7, 36.12) 19.3 (13.1, 27.68) 34.5 (25.75, 39.45) <0.001
Hyperhomocysteinaemia (%) 79 (80.6) 21 (61.8) 58 (90.6) 0.001
Parathyroid hormone (pg/mL) 130.7 (56.28, 277.9) 99.86 (36.99, 193.5) 175.4 (69.99, 292.6) 0.041
Calcium (mmol/L) 2.21 (2.12, 2.31) 2.195 (2.085, 2.3) 2.23 (2.15, 2.39) 0.103
Phosphorus (mmol/L) 1.715 (1.34, 2.403) 1.72 (1.265, 2.418) 1.715 (1.358, 2.37) 0.481
Ferritin (mg/L) 111.1 (45.75, 219.4) 111.3 (54,67, 366.8) 111.1 (44.56, 208.8) 0.378
Doppler echocardiography data
Ejection fraction 0.591 ± 0.100 0.619 ± 0.105 0.576 ± 0.095 0.043
Prognosis
One-year mortality (%) 18 (18.3) 2 (5.89) 16 (25) 0.04
0
Chi-square or Fisher’s exact test (for categorical variables), t-test (for continuous variables), and Wilcoxon rank-sum test.
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Table II: Logistic analysis for CVC in patients undergoing MHD.

Variables Univariate logistic analysis Multivariate logistic analysis
OR (95% CI) p-values OR (95% CI) p-values*

Hyperhomocysteinaemia (Yes/No) 5.984 (2.015~17.77) 0.001 5.191 (1.379~19.54) 0.015
Dialysis duration (months) 1.029 (1.006~1.052) 0.012 1.024 (1.001~1.049) 0.043
Age (year) 1.055 (1.017~1.094) 0.004 1.055 (1.012~1.099) 0.012
Calcium (mmol/L) 14.13 (1.261~158.3) 0.032   
Hypertension (Yes/No) 2.931 (0.982~8.753) 0.054   
Diabetes mellitus (Yes/No) 5.277 (2.142~13.00) <0.001 4.070 (1.382~11.99) 0.011
Ejection fraction 0.009 (0.001~0.932) 0.047   
Haemoglobin (g/L) 1.014 (0.995~1.033) 0.159   
Phosphorus (mmol/L) 1.354 (0.675~2.715) 0.393   
*Variables with p <0.05 were included in the Multivariate logistic analysis. CI: Confidence interval.

Table III: Logistic analysis for CVC in patients undergoing MHD.

Variables Univariate logistic analysis Multivariate logistic analysis
OR (95% CI) p-values OR (95% CI) p-values*

Hcy (mmol/L) 1.134 (1.075~1.197) <0.001 1.121 (1.051~1.195) <0.001
Dialysis duration (months) 1.029 (1.006~1.052) 0.012 1.024 (1.001~1.048) 0.041
Age (year) 1.055 (1.017~1.094) 0.004 1.065 (1.014~1.119) 0.011
Calcium (mmol/L) 14.13 (1.261~158.3) 0.032   
Diabetes mellitus (Yes/No) 5.277 (2.142~13.00) <0.001 3.953 (1.181~13.23) 0.026
Ejection fraction 0.009 (0.001~0.932) 0.047   
*Variables with p <0.05 were included into the multivariate logistic analysis. CI: Confidence interval.

Baseline data of the both groups were presented in Table I.
There  was  no  significant  statistical  difference  between  the
two groups regarding gender, cerebrovascular disease, coro-
nary heart disease, haemoglobin, platelet counts, albumin,
pre-albumin, and other variables.

In comparison to the non-CVC group, the incidence of hyper-
homocysteinaemia was higher in the CVC group [58 (90.6%)
vs. 21 (61.8%); p = 0.001]. The percentage of patients with
hypertension [57 (89.1%) vs. 25 (73.5%); p = 0.048] and
diabetes [49 (76.6%) vs. 13 (38.2%); p <0.001] was found to
be higher in  the CVC group than in the Non-CVC group.
Compared with the Non-CVC group, patients with CVC had
higher  plasma Hcy  levels  [34.50  (25.75,  39.45)  vs.  19.3
(13.1, 27.68); p <0.001], were older [69.5 (63, 79.75) vs. 61
(57, 68.75); p = 0.001], had longer dialysis duration [24 (13,
47) vs. 12.50 (5, 31) months; p = 0.001], lower ejection frac-
tion [(0.58 ± 0.10 vs. 0.62 ± 0.11; p = 0.043)], and higher
parathyroid hormone [175.4 (69.99, 292.6) vs. 99.86 (36.99,
193.5); p = 0.041]. After one year of follow-up, the mortality
rate  observed  in  the  CVC  group  was  significantly  higher
than that in the Non-CVC cohort [16 (25%) vs. 2 (5.89%);
p = 0.04].

Univariate logistic regression analysis indicated that factors
such as advanced age, long dialysis, duration of hyperhomo-
cysteinaemia, hypercalcaemia, hypertension, diabetes, and
lower EF were associated with an increasing risk of CVC in
patients receiving MHD. When Hcy was used as a bitaxo-
nomic  variable,  additional  statistically  significant  variables
identified  in  the  univariate  analysis  were  included  in  the
multivariate logistic model. It was found that the indepen-
dent risk factors affecting CVC included: hyperhomocystei-
naemia (OR = 5.191,  95% CI  1.379-19.54;  p  = 0.015),
longer dialysis duration (OR = 1.024, 95% CI 1.001-1.0049;

p = 0.043), advanced age (OR = 1.055, 95% CI 1.012-1.099;
p = 0.012), and diabetes (OR = 4.070, 95% CI 1.382-11.99;
p = 0.011; Table II).

When Hcy was treated as a continuous numerical variable by
repeating the above statistical analysis, it was also found
that  Hcy  (OR  =  1.121,  95%  CI  1.051-1.195;  p  <0.001)
remained an independent risk factor for CVC (Table III).

DISCUSSION

Previous studies have reported that the incidence of CVC in
patients  with  mild  renal  dysfunction  is  significantly  higher
than that in the general population. It  has been reported
that the occurrence of CVC in individuals undergoing MHD is
as high as 23-68%, mainly with aortic and mitral valve calcifi-
cation,  with  tricuspid  and  pulmonary  valve  calcification.5  In
individuals undergoing MHD, CVC is  recognised as a signifi-
cant  indicator  of  both  total  mortality  and  cardiovascular
mortality,  increasing  the  risk  of  cardiovascular  death  by
181% and overall  mortality  by 73%.12  Consequently,  it  is
essential to screen for and intervene on the risk factors asso-
ciated with CVC in patients with MHD to reduce its incidence
as much as possible.

CVC represents an active, multifactorial pathophysiological
process, the core mechanism of which involves the patho-
logical  phenotypic  transformation  of  valvular  interstitial
cells  under  the  influence  of  diverse  risk  factors,  including
mechanical  stress,  metabolic  disturbances,  and  chronic
inflammation.3 Lipid infiltration and inflammatory cell recruit-
ment  create  a  cytokine-rich  microenvironment,  such  as
TGF-β and BMPs, driving quiescent valvular interstitial cells
toward  myofibroblastic  or  osteogenic  differentiation.  The
osteogenic  phenotype  upregulates  core  transcription
factors, such as RUNX2 and alkaline phosphatase, thereby
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actively  promoting  hydroxyapatite  crystallisation.  Concur-
rently, endothelial-mesenchymal transition (EndMT) acceler-
ates  fibrocalcific  leaflet  remodelling.3,4,13,14  This  process  is
accompanied by the disruption of the endogenous calcifica-
tion inhibition system. Under chronic pathological conditions,
a  decline  in  endogenous  calcification  inhibitors  (e.g.,  fetu-
in-A,15  inorganic  pyrophosphate)16  creates  a  homeostatic
imbalance  that  drives  progressive  fibrocalcific  remodelling
and  functional  deterioration  of  the  valve  leaflets.  Although
the precise cellular and molecular mechanisms underlying
cardiac  valvular  fibrocalcific  remodelling  in  patients  under-
going  MHD  remain  incompletely  elucidated,  current
evidence  indicates  that  cardiovascular  calcification  in  this
population  arises  from  multifactorial  interactions.  Estab-
lished risk factors include advanced age, prolonged dialysis
vintage,  hypercalcaemia,  secondary  hyperparathyroidism,
low-grade  inflammation,  decreased  levels  of  calcification
inhibitors (such as pyrophosphate and fetuin-A), and hyper-
homocysteinaemia.1,12,15-17  Similarly,  this  study  also  found
that age, duration of dialysis, calcium levels, diabetes mell-
itus,  hypertension,  and  cardiac  ejection  fraction  may  affect
the occurrence and development of CVC.

Hcy is found to be a risk factor for several cardiovascular
diseases,  such  as  coronary  artery  disease,  hypertension,
atherosclerosis,  and  valve  calcification.9,11  Recent  research
has indicated that Hcy is closely related to kidney disease
and may serve as a biomarker for kidney disease progression,
especially  in  patients  receiving  haemodialysis,  those  with
acute kidney injury (AKI),  and individuals with IgA nephro-
pathy.18-20 Research has suggested that baseline hyperhomo-
cysteinaemia is an independent risk factor for unfavourable
renal  outcomes in patients with IgA nephropathy,  and the
cumulative renal survival rate is considerably lower in individ-
uals  with  elevated  Hcy  compared  to  those  with  normal
levels.20 In this study, the retrospective analysis of CVC risk
factors in MHD patients found that plasma Hcy levels were
identified as an independent risk factor for CVC, regardless of
whether it was a bicategorical variable or continuous variable,
and the one-year mortality risk was significantly increased.

Elevated  Hcy  appears  to  affect  CVC  in  patients  undergoing
MHD, although the underlying mechanism of the correlation
between them remains unclear. The following pathophysio-
logical mechanisms may contribute to this process. Firstly,
haemodialysis patients commonly develop hyperhomocystei-
naemia due to impaired Hcy metabolism, which arises from
deficiencies  in  essential  cofactors  (vitamin  B6,  B12,  and
folate) caused by inadequate dietary intake or malabsorp-
tion,  combined  with  inflammation-mediated  suppression  of
key  enzymatic  activity.21  Hyperhomocysteinaemia  activates
inflammatory cells, stimulating the release of cytokines—such
as interleukin-6 and tumour necrosis factor-α, thereby initi-
ating  an  inflammatory  response.  This  inflammatory  milieu
promotes  the  osteogenic  differentiation  of  valvular  intersti-
tial  cells  and  accelerates  cardiovascular  calcification.22  Hcy
may  directly  induce  osteogenic  differentiation  of  valvular

interstitial  cells  by  upregulating  osteogenic  genes  and
proteins,  promoting  intracellular  calcium  overload  and
enhancing calcium salt deposition, thereby driving CVC.11,17 In
MHD  patients,  disturbances  in  calcium  and  phosphate
metabolism  are  common  disorders,  and  the  interaction
between  these  two  factors  may  accelerate  calcification  of
heart  valves.  Earlier  studies  have confirmed that  high  levels
of Hcy can induce endoplasmic reticulum stress, leading to
endothelial  cell  injury  and  endothelial  dysfunction,  which
results in a decreased secretion of vasodilators, such as nitric
oxide,  and  enhanced  vasoconstriction.  Additionally,  it
increases  platelet  adhesion  and  aggregation,  thereby
promoting thrombosis and creating favourable conditions for
CVC.23,24 Haemodialysis patients are already a high-risk group
for cardiovascular diseases, and elevated Hcy concentration
may further raise the risk of cardiovascular events, although
the underlying mechanisms require further investigation.

This study has several limitations. First, it is a retrospective
observational  study  performed at  a  single  centre,  which
may introduce an observational bias and unaccounted con-
founding factors. Second, the relatively small sample size
prevented subgroup analysis by valve type.
 

CONCLUSION

Hyperhomocysteinaemia  is  independently  linked  to  an
increased risk of CVC in patients undergoing MHD. Regular
monitoring of Hcy levels in this patient population facilitates
the assessment of disease severity and cardiovascular risk,
thereby enabling timely clinical interventions.

FUNDING:
This study received funding from the Zhejiang Province Tradi-
tional  Chinese  Medicine  Science  and  Technology  Project
(2023ZL568).

ETHICAL APPROVAL:
Ethical  approval  was  obtained  from the  hospital's  Ethics
Committee of Hangzhou First People's Hospital, Hangzhou,
China (No. 2022-380).

PATIENTS’ CONSENT:
Informed consent was obtained from the patients.

COMPETING INTEREST:
The authors declared no conflict of interest.

AUTHORS’ CONTRIBUTION:
ML: Conception and design of the study and writing of the
original draft.
RY: Data acquisition and analysis.
LY, NZ: Conception of the study.
YH: Data analysis.
XY: Critical revision.
All  authors  approved  the  final  version  of  the  manuscript  to
be published.



Impact  of  Hcy on CVC in haemodialysis  patients

Journal  of  the College of  Physicians and Surgeons Pakistan 2025,  Vol.  35(12):1541-1545 1545

REFERENCES

Bai J, Zhang X, Zhang A, Yanping Z, Kaiming R, Zhuo R, et1.
al. Cardiac valve calcification is associated with mortality in
haemodialysis patients: A retrospective cohort study. BMC
Nephrol 2022; 23(1):1-9. doi: 10.1186/s12882-022-02670-5.
Zainab S, Joseph AS, Matthew P, Schulte PJ, Patel U, Velazquez2.
EJ.  Prevalence  and  outcomes  of  left-sided  valvular  heart
disease associated with chronic kidney disease. J  Am Heart
Assoc 2017; 6(10):e006044. doi: 10.1161/JAHA.117.006044.

Mohty D, Pibarot P, Despres JP, Cote C, Arsenault B, Cartier3.
A,  et  al.  Association  between  plasma  LDL  particle  size,
valvular  accumulation of  oxidized LDL,  and inflammation in
patients with aortic stenosis. Arterioscler Thromb Vasc Biol
2008; 28(1):187-93. doi: 10.1161/ATVBAHA.107.154989.
Liu  X,  Xu  Z.  Osteogenesis  in  calcified  aortic  valve  disease:4.
From histopathological observation towards molecular under-
standing. Prog Biophys Mol Biol 2016; 122(2):156-61. doi:
10.1016/j.pbiomolbio.2016.02.002.
Takahashi H, Ishii H, Aoyama T, Kamoi D, Kasuga H, Ito YS, et5.
al.  Association  of  cardiac  valvular  calcifications  and  C-reac-
tive protein with cardiovascular mortality in incident haemo-
dialysis patients: A Japanese cohort study. Am J Kidney Dis
2013; 61(2):254-61. doi: 10.1053/j.ajkd.2012.09.007.

Raggi P, Boulay A, Chasan-Taber S, Amin N, Dillon M, Burke6.
SK,  et  al.  Cardiac  calcification  in  adult  haemodialysis
patients. A link between end-stage renal disease and cardio-
vascular disease? J  Am Coll  Cardiol  2002; 39(4):695-701.
doi: 10.1016/S0735-1097(01)01781-8.
Urena-Torres P, D’Marco L, Raggi P, Garcia-Moll X, Branden-7.
burg V, Mazzaferro S, et al. Valvular heart disease and calcifi-
cation in CKD: More common than appreciated. Nephrol Dial
Transplant 2020; 35(12):2046-53. doi: 10.1093/ndt/gfz133.
London Gerard M, Safar Michel E, Bruno P. Aortic aging in8.
ESRD:  Structural,  haemodynamic,  and  mortality  implica-
tions.  J  Am  Soc  Nephrol  2016;  27(6):1837-46.  doi:  10.
1681/ASN.2015060617.
Ye ZC, Wang C, Zhang QZ, Li Y, Zhang J, Ma XX, et al. Preva-9.
lence of homocysteine-related hypertension in patients with
chronic kidney disease. J Clin Hypertens (Greenwich) 2017;
19(2):151-60. doi: 10.1111/jch.12881.
Liu WJ, Wang T, Sun PF, Zhou YJ.  Expression of Hcy and10.
blood lipid levels in serum of CHD patients and analysis of
risk factors for CHD. Exp Ther Med  2019; 17(3):1756-60.
doi: 10.3892/etm.2018.7111.
Xie W, Shan Y, Wu Z, Liu N, Yang J, Zhang H, et al. Herpud111.
deficiency  alleviates  homocysteine  induced  aortic  valve
calcification. Cell Biol Toxicol  2023; 39(6):2665-84. doi: 10.
1007/s10565-023-09794-w.
Wang Z,  Jiang A,  Wei  F,  Chen H.  Cardiac valve calcification12.
and risk of cardiovascular or all-cause mortality in dialysis
patients:  A  meta-analysis.  BMC  Cardiovasc  Disord  2018;
18(1):12. doi: 10.1186/s12872-018-0747-y.
 

Yang X, Meng X, Su X, Mauchley DC, Ao L, Cleveland JC Jr, et13.
al.  Bone morphogenic protein2 induces Runx2 and osteo-
pontin  expression  in  humanaortic  valve  interstitial  cells:
Role of Smad1 and extracellular signal-regulated kinase 1/2.
J  Thorac Cardiovasc Surg  2009; 138(4):1008-15. doi:  10.
1016/j.jtcvs.2009.06.024.
Deb A, Wang SH, Skelding K, Miller D, Simper D, Caplice N.14.
Bone  marrow-derived  myofibroblasts  are  present  in  adult
human heart valves. J Heart Valve Dis 2005; 14(5):674-8.
Wang AYM, Woo J, Lam CWK, Wang M, Chan IHS, Gao P, et15.
al.  Associations  of  serumfetuin-A  with  malnutrition,  inflam-
mation,  atherosclerosis  and  valvular  calcification  syndrome
and outcome in peritoneal  dialysis  patients.  Nephrol  Dial
Transplant 2005; 20(8):1676-85. doi: 10.1093/ndt/gfh891.
Rathan S, Yoganathan AP, O'Neill CW. The role of inorganic16.
pyrophosphate in aortic valve calcification. J Heart Valve Dis
2014; 23(4):387-94.
Wu G, Xian J, Yang X, Li J, Liu J, Dong W, et al. Association17.
between  homocysteine  levels  and  calcific  aortic  valve
disease: A systematic review and meta-analysis. Oncotarget
2018; 9(9):8665-74. doi: 10.18632/oncotarget.23938.
Nigwekar SU, Kang A, Zoungas S,  Cass A,  Gallagher MP,18.
Kulshrestha S, et al. Interventions for lowering plasma homo-
cysteine levels in dialysis patients. Cochrane Database Syst
Rev  2016;  2016(5):CD004683.  doi:  10.1002/14651858.
CD004683.pub4.
Li S, Qiu B, Lu H, Lai Y, Liu J, Luo J, et al. Hyperhomocys-19.
teinemia accelerates acute kidney injury to chronic kidney
disease progression by downregulating heme oxygenase-1
expression.  Antioxid Redox Signal  2019;  30(13):1635-50.
doi: 10.1089/ars.2017.7397.
Zhang YM, Zhou XJ, Shi SF, Liu LJ, Lyu JC, Zhang H. Homocys-20.
teine and IgA nephropathy:  Observational  and Mendelian
randomization analyses. Chin Med J  (Engl)  2020; 133(3):
277-84. doi: 10.1097/CM9.0000000000000613.
Wu HHL, Wang AY. Vitamin B12 and chronic kidney disease.21.
Vitam Horm 2022;  119:325-53.  doi:  10.1016/bs.vh.2022.
01.011.
Rutkovskiy  A,  Malashicheva A,  Sullivan G,  Bogdanova M,22.
Kostareva A, Stenslokken KO, et al. Valve interstitial cells:
The  key  to  understanding  the  pathophysiology  of  heart
valve  calcification.  J  Am  Heart  Assoc  2017;  6(9):e006339.
doi: 10.1161/JAHA.117.006339.
Sim WC, Han I, Lee W, Choi YJ, Lee KY, Kim DG, et al. Inhibi-23.
tion of homocysteine-induced endoplasmic reticulum stress
and endothelial cell damage by l-serine and glycine. Toxicol
In Vitro 2016; 34:138-45. doi: 10.1016/j.tiv.2016.04.004.
Hung CH, Chan SH, Chu PM, Tsai KL. Homocysteine facili-24.
tates LOX-1 activation and endothelial  death through the
PKCβ  and  SIRT1/HSF1  mechanism:  Relevance  to  human
hyperhomocysteinaemia.  Clin  Sci  (Lond)  2015;  129(6):
477-87. doi: 10.1042/CS20150127.
 

••••••••••


