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VASCULAR CALCIFICATION: A USEFUL MARKER OF CV RISK?
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Bellasi, Papagni, Di Lullo 
Atherosclerosis. 2018 Dec; 279:88-90 
 

Is calcific vasculopathy the body's adaptive response to a perceived threat?

 (…) By theoretical analysis, mineral may reinforce vulnerable plaque by 
reducing certain components of stress in adjacent regions.

(..) Soft tissue often mineralizes in response to large or resistant opponents, 
such as helminths, abscesses, or foreign bodies

The leading edge of vascular calcification. Demer Atherosclerosis 2015; 25:275-277



CAC as a marker of risk

CRIC study

✓ 1541 participants (21 to 74 years of age),

✓ average follow-up of 5.9 years

✓ 137 all-cause deaths

✓ 188 cardiovascular disease events:

✓ 60 cases of myocardial infarction, 

✓ 120 heart failures,

✓ 27 strokes 

(patients may have had >1 event) 

Chen et al JAMA Cardiol. 2017;2(6):635-643.
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CAC progression as a marker of risk
China Dialysis Calcification Study (CDCS)

Zhang et al JAMA Network Open. 2023;6(5):e2310909.

The primary outcome was progression of VC at 3 

different anatomical sites (coronary artery, abdominal 
aorta, and cardiac valves) and identification of risk 

factors for VC progression
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CAC progression as a marker of risk

Total (n=414) Alive (n=308) Expired (n=106)

Variable Mean (SD)[n] Mean (SD)[n] Mean (SD)[n] P-Value

Age (years) 65.3 (14.8)[414] 63.1 (14.8)[308] 71.5 (12.9)[106] <0.0001

Male (%) 48.8% [202] 46.4% [143] 55.7% [59] 0.127

Body Weight (Kg) 70.7(13.7)[414] 72.8 (13.3)[308] 64.7 (13.0)[106] <0.0001

ASCVD (%) 32.6% [135] 27.3% [84] 48.1% [51] <0.0001

Diabetes (%) 28.3% [117] 18.8% [58] 55.7% [59] <0.0001

Systolic Blood Pressure (mmHg) 137 (18)[414] 136 (17)[308] 140 (19)[106] 0.056

Diastolic Blood Pressure (mmHg) 76 (9)[414] 76 (8)[308] 76 (10)[106] 0.741

LVMI (g/cm2) 149 (45)[414] 146 (48)[308] 158 (34)[106] 0.007

QTc (msec) 407 (32)[414] 406 (34)[308] 410 (26)[106] 0.314

QTd (msec) 26 (11)[414] 27 (11)[308] 25 (11)[106] 0.193

CAC Agatston score (unit) 273 (728)[414] 181 (633)[308] 542 (903)[106] 0.0002

CAC strata <0.0001

CAC=0 31.8 [132] 34.7 [107] 23.5 [25]

CAC 1-100 44.4 [184] 49.0 [151] 31.1 [33]

CAC 101-400 8.4 [35] 7.7 [24] 10.3 [11]

CAC 400+ 15.3 [63] 8.4 [26] 34.9 [37]

CAC Agatston score progression 33.1% [137] 26.9% [83] 50.9% [54] <0.0001

Pulse Wave Velocity (m/sec) 8.7 (2.4)[414] 8.5 (1.8)[308] 9.4 (3.7)[106] 0.012

Bellasi et al Cells 2021 May 3;10(5):1091. doi: 10.3390/cells10051091
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CAC progression as a marker of risk
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Figure 2B: Survival probability according to CAC burden among non progressors
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Figure 2C: Survival probability according to CAC burden among progressors
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CAC progression as a marker of risk
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Bellasi et al Cells 2021 May 3;10(5):1091. doi: 10.3390/cells10051091

Predictors of all-casue mortality (Cox model) - All subjects n =414 (106 fatalities)

HR Lower Boundary Upper Boundary Pr(>|z|)

Unadjusted

Baseline CAC score (log CAC +1) per log increase 1.32252 1.1855 1.4754 <0.001

CAC progression (yes vs no) 4.2082 2.1258 8.3307 <0.001

Interaction term 0.7978 0.6913 0.9207 0.002

Model 1: adjusted for age

Baseline CAC score (log CAC +1) per log increase 1.3024 1.1671 1.4533 2.34E-06

CAC progression (yes vs no) 4.1393 2.093 8.1863 4.45E-05

Interaction term 0.7939 0.6881 0.9159 0.00156

Model 2: adjusted for model 1 + diabetes + ASCVD + systolic blood pressure

Baseline CAC score (log CAC +1) per log increase 1.2876 1.1565 1.4335 3.96E-06

CAC progression (yes vs no) 4.2444 2.1608 8.3371 2.71E-05

Interaction term 0.8268 0.7172 0.9531 0.00876

Model 3: adjusted for model 2 + PWV + LVMI

Baseline CAC score (log CAC +1) per log increase 1.2987 1.171 1.4402 7.34E-07

CAC progression (yes vs no) 5.165 2.6128 10.2101 2.33E-06

Interaction term 0.8019 0.6965 0.9232 0.00213

Model 4 adjusted for model 3 + use of calcium free phosphate binder

Baseline CAC score (log CAC +1) per log increase 1.1287 1.0114 1.2596 0.03055

CAC progression (yes vs no) 1.9591 0.9214 4.1652 0.08058

Interaction term 0.96 0.8255 1.1164 0.59595

95% Confidence interval
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(…) interventions were compared with placebo, other 

comparators, or standard of care. We reviewed 77 

heterogeneous clinical trials (63 randomized) involving 6898 

participants. Therapy involving magnesium or sodium thiosulfate 

appears the most promising, with consistent findings of 
attenuation of vascular calcification progression, but evaluable 

studies were small and of short duration. Many other studies had 

inconclusive or conflicting outcomes (…)

❖ CKD-MBD modulation

❖ Vitamin K
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❖ SNF472
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De Vriese et al JASN 31: 186–196, 2020
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Clinical Kidney Journal, 2022, vol. 15, no. 12, 2300–2311

The extent of CAC also increased significantly in both groups between baseline and 18 months
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Vitamin K1 or K2?

❖ Eelderink et al American Journal of Transplantation 23 (2023) 520–530: Effect of vitamin K

supplementation on serum calcification propensity and arterial stiffness in vitamin K-deficient kidney

transplant recipients: A double-blind, randomized, placebo-controlled clinical trial→ no effect on CPP

but positive impact on arterial stiffness

❖ Holden et al Nephrology Dialysis Transplantation (2023) 38: 746–756: Inhibit progression of coronary

artery calcification with vitamin K in hemodialysis patients (the iPACK-HD study): a randomized,

placebo-controlled multi-center, pilot trial → no effect on CAC but higher mortality among treated

patients

❖ Oikonomakiet al International Urology and Nephrology (2019) 51:2037–2044: The effect of vitamin

K2 supplementation on vascular calcification in haemodialysis patients: a 1-year follow-up

randomized trial → no effect on aortic calcification

❖ Haroon et al. Medicine (2020) 99:36. Treatment to reduce vascular calcification in hemodialysis

patients using vitamin K (Trevasc-HDK). A study protocol for a randomized controlled trial

❖ Krueger et al Nephrol Dial Transplant (2014) 29: 1633–1638. Vitamin K1 to slow vascular

calcification in haemodialysis patients (VitaVasK trial): a rationale and study protocol

……On going trials…..
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Sakaguchiet al  JASN 30: 1073–1085, 2019
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HOW TO MODULATE VC PROGRESSION?
The study was prematurely terminated after an interim analysis showed that the median change in CAC score was 

significantly smaller for MgO versus control (11.3% versus 39.5%).
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JASN 30: 1073–1085, 2019
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Magnesium
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❖ Leenders et al BMJ Open 2022 Nov 21;12(11):e063524. Magnesium in chronic haemodialysis

(MAGIC-HD): a study protocol for a randomised controlled trial to determine feasibility and safety of

using increased dialysate magnesium concentrations to increase plasma magnesium concentrations

in people treated with haemodialysis

❖ Vermeulen et al Trials 2022 Sep 12;23(1):769. Reversal Of Arterial Disease by modulating

Magnesium and Phosphate (ROADMAP-study): rationale and design of a randomized controlled trial

assessing the effects of magnesium citrate supplementation and phosphate-binding therapy on

arterial stiffness in moderate chronic kidney disease

……On going trials…..
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CaLIPSO trial

Bellasi et al Clinical Kidney Journal, 2021:14(1):366–374
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Raggi, Bellasi et al Circulation. 2020;141:728–739
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WHAT ARE THE NEXT STEPS?
➢ Define vascular site (CAC vs AoC vs Valvular calcification vs ?) 

➢ Define methodology to assess VC (Agatston vs Volume vs?) and progression 

(% change vs absolute change vs ?)

➢ Define patients to be treated:

CKD RRT 5-years

Zhang et al JAMA Network Open. 2023

ERA Registry
(van de Luijtgaarden NDT 2016)

~ 30% Tx

~ 40% HD/PD

~ 30% Death
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WHAT ARE THE NEXT STEPS?
➢ Define patients to be treated:

➢ T50? CPP? Baseline VC
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WHAT ARE THE NEXT STEPS?
➢ Hard outcome study?

18 months

6 

months

6 

months

6 

months

CAC

Active treatment

Placebo

CAC CAC

Progression assessment Treatment

Phase 2

CAC

Phase 3

36 months

Treatment

Placebo

Active treatment
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