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Vascular calcification 



Blood pressure management 

Å No evidence that antihypertensive therapy affects VC but may 
reduce myocardial fibrosis and LVH

Å retard the progression of CKD stages 2-5 

Å KDIGO guidelines recommend:target blood pressure in CKD 

1. patients with albuminuria :Ò140/ Ò90 mm Hg

2. patients without albuminuria: Ò130 /Ò80 mm Hg

Å Meta-analyses reported benefits of antihypertensive therapy 
compared to placebo for cardiovascular protection in hemodialysis 
patients



Lipid lowering agent

ÇStatin therapy in patients with CKD:                                                       
Reduce cardiovascular mortality and cardiovascular event

ÇStatins on dialysis : inconsistently improving cardiovascular 
outcomes

ÅOnly RCT SHARP (using statin plus ezetemibe),  :significant effect in 
dialysis patients 

ÅAURORA: No effect

ÇFibrates in patients with CKD: No RCT supports usage



Strategies to Manage 
Hyperphosphatemia 

ÅDietary phosphate restriction

ÅDialytic removal of phosphate

Åuse of phosphate binders 

Dietary phosphate restriction
Dialytic removal of phosphate
use of phosphate binders 

2021 Vall®e et al. 



Phosphate  content of drug 



Phosphate-Binding Agents

International Journal of Nephrology and Renovascular Disease 2021:14 



Overall Evidence for Phosphate-Binding Therapy 
CKD G3-G5 





Evidence for Phosphate-Binding Therapy 
CKD G3-G5

Patient-centered and clinical outcome studies are needed 
before use of phosphate binders of any type can be 
recommended in patients with CKD G3-G5 except to 
control symptomatic or severe hyperphosphatemia



Evidence for Phosphate-Binding Therapy 
CKD 5D
ÅNo trials  evaluate effects on clinical outcomes compared with 

placebo

ÅHyperphosphatemia may become severe in CKD G5D, resulting in 
symptoms and well-described clinical complications such as bone 
disease, calciphylaxis, and itching

ÅUse of binders to prevent clinically important hyperphosphatemia is 
justified







Eighteen eligible randomized controlled trials totaling 3676 patients

Åserum calcium levels significant lower in NCPB group than in CPB groups 
Å serum iPTH levels were significantly higher in NCPB groups



ÅNCBP could significantly attenuate  progression of coronary artery 

calcification than CBP 



Will early phosphate binder use 
confer any vascular protection in 
predialysispatients? 



138 participants received lanthanum and 140 received placebo (mean 

age 63y Mean eGFR : 26.6 ml/min per 1.73 m2

Mean serum phosphate :3.87 mg/dl

At 96 weeks, pulse wave velocity  and abdominal aortic calcification: no 

difference 

phosphate,PTH, FGF23, and 24-hour urinary phosphate, Serious 
adverse events (46%) :No difference





Abdominal aorta calcification 



Tenapanor

Ånon-binder, sodium/hydrogen exchanger isoform 3 (NHE3) inhibitor 

Å52-week , 564 HD patients 

ÅTenapanor30 mg twice daily or sevelamer carbonate 

ÅThe most frequent Adverse event:  Loosened stools (53% ) 

ÅSerious adverse events were reported more frequently for sevelamer 
carbonate (16ς23% compared with tenapanor11ς17%)

ÅConclusions:  Tenapanorreduced serum phosphorus concentrations 
and maintained control of serum phosphorus with an acceptable 
safety and tolerability profile



SucroferricOxyhydroxide 

ÅApproved for the control of serum phosphate levels in 
patients with ESKD 

Ålower pill burden compared with sevelamer

ÅWell tolerated

ÅNo evidence of Iron accumulation 



Nicotinamide 

Ålower intestinal phosphate absorption by reducing NaPi2b expression

ÅSeveral studies in hemodialysis patients have suggested that 
nicotinamide treatment may lower serum phosphate levels, although 
patients in these studies experienced a high number of adverse event 
(including thrombocytopenia)



RCT, 205 non dialysis CKD with GFR : 32ml/min per 1.73 
serum phosphate was 3.7 mg/dl and median FGF23 was 99 pg/ml 
Mean rates of change in phosphate , percent changes in FGF23 and adverse 
events rates were similar across arms . These agents appeared safe, intestinal 
symptoms limited adherence
Conclusions: LC and/or NAM treatment did not significantly lower serum 
phosphate or FGF23 in stage 3b/4 CKD

JASN 30: 1096ï1108, 2019. 



Magnesium 

ÅMeta-analyses report serum magnesium is inversely associated with 
cardiovascular risk in both healthy and hemodialysis cohorts 

ÅMechanism:

ÅPrevents posttranscriptional changes in VSMC differentiation and 
apoptosis

ÅUp-regulates VC inhibitors (MGP and osteopontin)

ÅCounteracting expression of osteogenic transcription factors (BMP-2, 
RUNX2) 



CALMAG study 

ÅRCT , 255 hemodialysis patients

ÅComparison calcium acetate/magnesium carbonate with 
sevelamer hydrochloride (efficacy and tolerability)

ÅEfficacy and safety of magnesium carbonate in combination 
with calcium acetate was noninferior to sevelamer



Mg & Vascular calcification 



Å2-year, open-label, RCT with oral magnesium oxide or oral carbon 
adsorbent AST-120 

ÅCAC progression in stage 3ҍ4 CKD (96 patients) 

ÅMagnesium oxide : significantly smaller percentage change in CAC 
score compared with controls (11.3% versus 39.5%)

ÅAST-120 was not significant slowing of CAC

Am Soc Nephrol. 2019



Calcimimetics

ÇADVANCE trial :

Å165 dialysis patients 

ÅEffects of cinacalcet on progressive coronary artery, aortic, and 

valvular calcification

ÅBeneficial trend (approximately P < 0.05) for both arteries and 

cardiac valves



3883 participants, failed to show a difference in primary composite endpoint (death, myocardial infarction, hospitalization 
for unstable angina, heart failure or peripheral vascular event) in the cinacalcet compared to placebo group 



post hoc analyses EVOLVE

reduced incidence of calcific uremic arteriolopathy (CUA) 

reduced fracture rate 

Decreased risk of death and cardiovascular events



Prospective observational study ,12-month period 
19 hemodialysis patients with severe SHPT 
Result : Parathyroidectomy resulted  increased CAC (P = .02) 
and a shift from high to low bone turnover disease on bone 
biopsy



vitamin D

Both low and high serum concentrations of vitamin D have been reported to 
be associated with VC in hemodialysis patients (U-shaped relationship) 



Potential roles of vitamin D in preventing vascular calcification on endothelium and 
vascular smooth muscle. 

ÅInhibition of foam cell and cholesterol efflux in macrophage

1. Activation of cholesterol 7-‌-hydroxylase

2. Decrease of oxidative LDL uptake by foamy cells

ÅEnhancing vascular regeneration (RAAS system inactivation) 

ÅTreatment on renal osteodystrophy

1. On high-turnover osteodystrophy: inhibition of parathyroid hormone

2. On low-turnover osteodystrophy: restoring osteoblast activity 

ÅRestoring calcification inhibitors 

1. Increase of fetuin-A concentration

2. Restoring local klotho expression 



Double-blind RCTs (PRIMO and OPERA studies) in nondialysisCKD 
stages 3–5 

ÅWith active vitamin D (paricalcitol) 

ÅFailed to  improvement in  cardiac outcome 

ÅAn increased risk of hypercalcemia



Randomized Controlled Trial for the Effect of Vitamin D 
Supplementation on Vascular Stiffness in CKD

Å119 patients , eGFR of 15ς45 ml/min per 1.73 m2

ÅChange in PWV after 6 months of treatment with a fixed dose of oral 

calcifediol (5000 IU), calcitriol (0.5 mg), or placebo, thrice weekly

ÅPWV decreased in the calcifediol group, remained unchanged in the 

calcitriol group, and increased in the placebo group

Clin J Am Soc Nephrol 12: 1447ς1460, 2017. d



120 patients ,18ï70 years, nondiabetic CKD stage 3ï4 and vitamin D 

deficiency (25OH-D <20 ng/ml)

oral doses of cholecalciferol (300,000 IU) or  placebo at baseline and 
8week 

Significant favorable changes in PWV and circulating IL-6 levels
Vitamin D supplementation may improve vascular function 



KDIGO CKD-MBD guidelines 

nutritional vitamin D for treatment of 25(OH)D deficiency but 

not routine use of calcitriol or vitamin D receptor analogs in 

predialysispatients, given the risk of hypercalcemia and likely 

associated procalcificeffects



ÅProspective, randomized, placebo-controlled study,60 HD
ÅTreatment group (Oral 200.000IU Cholecalciferol /month) or a placebo group, for 3 months 
ÅAssesmentof 25(OH)D, fetuin-A, FGF-23, osteoprotegerin(OPG), ca, p and iPTHlevels, at 

baseline and at the end of  study



ÅCholecalciferol significantly increased serum levels of 25(OH)D and fetuin-A in the 
treatment group while no significant difference was observed in the placebo group

ÅNo adverse effects



ÅConclusion: Cholecalciferol was shown to be an effective, tolerable, 
inexpensive option to overcome vitamin D deficiency, with a possible 
modulating effect on fetuin-A, among hemodialysis patients



Nutritional vitamin D and active vitamin D 
treatment on vascular health 

ÅUncertain (inconsistent evidence)

ÅRCTs shows improvement in surrogate markers of vascular stiffness 

(pulse wave velocity [PWV]) with nutritional vitamin D 

supplementation but not active vitamin D



Effect of vitamin K on bone and vascular 
health





No effect of vitamin K2 supplementation on vascular stiffness or vascular 
calcification measures



intervention trials evaluating effects of vitamin K 
supplementation in patients with advanced CKD 



Ongoing trials with vitamin K1 

ÅK1, 5 mg, thrice weekly . 18 m, To be determined Hemodialysis 
patients (iPACK-HD) 

ÅK1, 10 mg, thrice weekly , 12 m, To be determined Hemodialysis 
patients (VitaVasK) 

ÅTreatment to reduce vascular calcification in hemodialysis patients 
using vitamin K (Trevasc-HDK) A study protocol for a randomized 
controlled tria



121 predialysisCKD patients (age 71 ± 12 y)
Calculatationvascular calcification volume (Calc) ;three-dimensional imaging software and 
standardized by body surface area (BSA)
ACEI/ARB use is significantly and positively associated with log [Calc/BSA]



ÅConclusions: ACEI/ARB user was associated with vascular calcification 
in predialysispatients with low eGFR



ÅSNF472, a selective inhibitor of hydroxyapatite formation and 

growth 
CaLIPSO : multinational, randomized, placebo-controlled, double-blind 

phase 2b trial ,6 months 

HD with  coronary artery calcium (CAC) Agatston score between 100 -3500 

units , as measured on a non-contrast multidetector computed tomography 
(CT) scanner

(CaLIPS

O)



Å1:1:1  ratio  SNF472 300 mg, SNF472 600 mg, or placebo 3 times 
weekly 

ÅSNF472 significantly attenuated the progression of coronary artery 
and aortic valve calcification in patients with ESKD receiving 
hemodialysis

ÅPrevents the initial development of CAC  : ??



Conclusions: NaTSfailed to retard abdominal aortic calcification progress, it positively affected 
calcification progress in iliac arteries and heart valves as well as several other cardiovascular functional 
parameters



Role of Bisphosphonates in vascular 
calcification: 
ÇSynthetic analogues of pyrophosphate and inhibit osteoclast-

mediated resorption as well as calcium-phosphate crystal deposition 
in bone

ÇUSAGE: 

ÅTreatment of osteoporosis 

ÅInhibiting arterial calcification and  macrophage suppression in 
atheromatous lesions 



Role of Bisphosphonates in vascular 
calcification: 

ÅGeneral population(largest study  474 elderly osteoporotic women) : No 
effect on aortic calcification 

ÅPatients with type 2 diabetes and osteopenia :Reduction in carotid 
intima-media thickness 

ÅRCT in the pre dialysis CKD population: No  difference in progression of 
aortic VC 

ÅUse of low dose bisphosphonates on VC in hemodialysis patients 
Etidronate administration for 12 months reduced or inhibited CAC 
progression, but was associated with an increased risk of osteomalacia



Sclerostin and VC 

Nephrol Dial Transplant (2019) 34: 408ï414 



High Serum Sclerostin Levels Are Associated with a Better Outcome in 
Hemodialysis Patients

207 HD  patients 
Correlation  serum sclerostin  with aortic calcification score, BMD scores and survival 
rate

Conclusion:Our study of HD patients shows that higher serum sclerostin levels are 
associated with higher BMD, lower aortic calcification scores, and a bettersurvival rate 

https://doi.org/10.1159/000443845

https://doi.org/10.1159/000443845


PTH and sclerostin



PTH and sclerostin in  CKD

Elevations in PTH usually are associated with sclerostin inhibition and decreased phosphorylation 
of b-catenin. However, in CKD, sclerostin and iphosphorylatedb-catenin increased, despite high 
PTH levels





Sclerostin and vascular calcifications in CKD/ESRD 
patients 

ÅStudies on correlation between sclerostin and vascular calcifications 
development 



Nephrol Dial Transplant (2019) 34: 408ï414 

USE OF ROMOSOZUMAB FOR OSTEOPOROSIS IN HEMODIALYSIS PATIENTS
RieKiyosumi, NaofumiIkeda Published: 06 June 2020

Romosozumab(sclerotin antibody)

Romosozumabis a monoclonal antibody targeting sclerostin and was 
recently FDA approved for the treatment of osteoporosis 



BALP and VC 





Can we Use of Exogenous Parathyroid 
Hormone in  Management of CKD-MBD
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Continuous 
hyperparathyroidism

net EFFECT: loss of 
bone mass

accelerating bone 
formation by 

osteoblasts AND 
bone resorption 

by osteoclast 

intermittent 
hyperparathyroidism

boosts bone mass

excretion 
of Pi

preventing 
the increase 
of FGF-23

NOT decline 
in 

1,25(OH)2D

PREVENT 
hypertrophy of 

PTH  glands



Exogenous Parathyroid Hormone in VC 

https://doi.org/10.11005/jbm.2020.27.1.1 



CONCLUSION:

ÅNo evidence that antihypertensive therapy affects VC but may reduce 
myocardial fibrosis and LVH

ÅPhosphate-Binding Therapy in patients with CKD G3-G5 except to 
control symptomatic or severe hyperphosphatemia

Åin CKD G5D, resulting in clinical complications such as bone disease, 
calciphylaxis, and itching,Useof binders to prevent clinically 
important hyperphosphatemia is justified

ÅNCBP could significantly attenuate  progression of coronary 
artery calcification than CBP 



Åearly phosphate binder use donΩt any vascular protection in predialysis
patients
ÅMagnesium oxide : significantly smaller percentage change in CAC score
Åcalcimimetic:Beneficialtrend  for both arteries and cardiac valves 
ÅParathyroidectomy   may resulted  increased CAC
ÅVitamin D supplementation may improve vascular function 

ÅNo effect of vitamin K2 supplementation on vascular stiffness or vascular 
calcification measures
ÅACEI/ARB user was associated with vascular calcification in predialysis

patients with low eGFR
ÅSNF472 significantly attenuated the progression of coronary artery and 

aortic valve calcification in patients with ESKD


