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Abstract: In patients with chronic renal insufficiency, mortality is higher in dialysis patients than in
non-dialysis patients, and cardiovascular disease (CVD) is the leading cause of death ' Bone mineral
metabolism disorder is a common complication in maintenance hemodialysis patients and a
non-traditional risk factor for cardiovascular events?l. Therefore, this paper reviews the pathological
features, pathogenesis, risk factors, prevention, and treatment mechanisms of cardiovascular disease in
patients with chronic kidney diseases-mineral and bone diseases, and discusses the evidence of the
association of cardiovascular events in chronic kidney diseases-mineral and bone diseases. A recent
study also reported a relationship between uremia, fractures, and cardiovascular events. The
glomerular filtration rate is reduced in patients with chronic renal insufficiency, and disorders of bone
mineral metabolism are increased, several mechanisms of which increase cardiovascular events in
patients with chronic renal diseases - mineral and bone diseases. Ameliorating bone mineral
metabolism disorders may be a potential future target for reducing cardiovascular events in patients
with chronic kidney disease - mineral and bone disorders.
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1. Introduction

Patients with chronic kidney disease could be diagnosed with end-stage renal disease, if the
estimated glomerular filtration rate (¢eGFR) < 15 mL /(min-1.73 m2). ESRD) is the uremia stage.
Patients with ESRD should receive dialysis treatment when they have symptoms and signs of uremia.
Maintenance hemodialysis is one of the kidney replacement methods in the treatment of uremia
patients. It can not only remove metabolic waste in the patient's body but also maintain the balance of
electrolytes, acid, and base and purify the blood.

chronic kidney disease -- mineral and bone disorder CKD-MBD was presented at the controversial
KDIGO Conference on the definition, diagnosis, and classification of renal osteodystrophy in Madrid
in 2005 . CKD-MBD was defined at the meeting as a systemic disease involving the trinity of bone
abnormalities, laboratory abnormalities, and vascular calcification, associated with serious outcomes
such as fracture, cardiovascular morbidity, and mortality [} B,

It is estimated that by 2040, CKD will be the fifth leading cause of death, with cardiovascular
disease accounting for 20% of deaths in CKD ™. Hemodialysis, uremia itself, abuse of calcium and
phosphorus drugs, and other factors will lead to metabolic disorders of calcium and phosphorus,
parathyroid, and other bone mineral elements, resulting in cardiovascular events [l In addition, the
bone mineral components of uremia also contribute to cardiovascular events through their effects on
blood pressure, activation of the renin-angiotensin-aldosterone system, vascular calcification, cardiac
remodeling, and conduction. In an observational study of 38,935 patients with chronic renal
insufficiency (CKD), Kwon, Y. E Plet al. found that patients with chronic kidney disease (CKD) --
mineral and bone disorders suggest that weak bone and vascular disorders may be closely related in
CKD patients. Fracture events were significantly associated with myocardial infarction (MI) in
hemodialysis (HD) end-stage renal disease, especially vertebral fractures. Therefore, cardiovascular
disease (CVD) is a serious complication of chronic kidney disease (CKD) 31, CKD is associated with
atherosclerosis, arrhythmia, heart failure, and cardiac fibrosis. Therefore, CKD-MBD may be a direct
and targeted cause of cardiovascular disease 1.
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In this review, we provide an overview of how these changes in bone mineral homeostasis relate to
cardiovascular disease in patients with chronic renal insufficiency. There are many high-quality and
comprehensive reviews in this field. In recent years, with the improvement of the understanding and
diagnosis of CKD-MBD, CKD-MBD is considered to be one of the important non-traditional factors of
CVD %71, The new treatment strategies aim not only to reduce circulating phosphate levels but also to
maintain homeostasis between all mineral metabolic components and to avoid the cardiovascular
effects of classical and non-classical mineral elements. The risk factors existing in CKD-MBD and the
occurrence of CVD need further study. The study of the associated mechanisms will help to reduce the
risk of cardiovascular events in patients with uremia.

2. Epidemiology of the association between CKD-MBD and CVD

Cardiovascular complications are the leading cause of death in patients with CKD, and the risk of
cardiovascular death in dialysis patients is 10 to 30 times higher than in age, sex, and race-matched
controls 81, From a pathophysiological perspective, heart and kidney disease share many pathways,
including inflammation and direct cellular immune-mediated mechanisms; Stress-mediated and
hormonal responses; Metabolic and nutritional changes, including skeletal and mineral disturbances,
hemodynamics, and changes in acid-base or fluid status; The development of anemia*°). Three main
common mechanisms contribute to the development and acceleration of renal dysfunction --
cardiovascular disease-related mechanisms, hemodynamic mechanisms, and hormonal mechanisms [71.
The widespread effects of CKD on the cardiovascular system may reflect several pathophysiological
mechanisms that link CKD to the development of CVD -- common risk factors (e.g., diabetes and
hypertension), changes in bone mineral metabolism, anemia, volume overload, inflammation, and the
presence of uremic toxins [% 191,

3. Pathological characteristics and pathogenesis of CVD in CKD-MBD patients
3.1 Calcium and phosphorus, parathyroid hormone, and vitamin D lead to CVD

Calcium homeostasis is the hormonal regulation of serum ion calcium by parathyroid hormone, 1,
25-dihydroxy vitamin D, and serum ion calcium itself, which together regulate calcium transport in the
intestine, kidney, and bonel'l. An observational study showed that patients with higher iPTH for
calcium (=300 pg/mL) had significantly higher all-cause mortality in the high calcium group than in the
medium calcium group (IRR 1.99, 95% CI 1.16-3.42). All-cause mortality tended to be higher in the
low-calcium group (alRR 2.04, 95%CI 0.94-4.42) [!2], Inorganic phosphorus is an important element in
the human body, which plays an important role in cell energy metabolism and cell signal transduction.
Examples include adenosine and guanosine triphosphate (ATP, GTP), as well as the composition of
phospholipid membranes and bones, which are building blocks of DNA and RNA. Blood phosphorus is
equilibrated by Pi cotransporters coupled by NaPi-Ila and NaPi-lIlc Na(+)- in the renal tubular
epithelium, regulated by vitamin D, parathyroid hormone, fibroblast growth factor (FGF-23) and its
co-receptor alpha-Klotho. The "tradeoff hypothesis" arises when the glomerular filtration rate decreases
in CKD-MBD patients with decreased effective nephrons and high rates of cardiovascular disease and
renal bone dystrophy in chronic renal failure (CRF) patients with hyperphosphatemia and calcium or
parathyroid hormone (PTH) metabolism disorders!'*. Renal calcium and phosphorus excretion is
disrupted, and phosphate retention and hyperphosphatemia are key factors in chronic kidney disease -
mineral and bone disorders - in both kidney patients and the general population. Blood phosphorus is
associated with endothelial dysfunction, and high blood phosphorus is associated with an elevated risk
of all-cause cardiovascular death, cardiovascular events, and heart failure [ 131, Hyperphosphatemia is
the key link in the progression of CKD-MBD. Prospective studies showed that an increase of 1 mg/dl
in blood phosphorus was associated with a 26% increase in all-cause mortality and a 50% increase in
CVD mortality!'. When blood vessels are exposed to high phosphorus conditions in the body, they
undergo apoptosis, transform into osteoid cells, and undergo extensive calcification ['*], Therefore,
hyperphosphatemia is associated with atherosclerosis, coronary artery calcification, and increased
vessel wall thickness. Hyperphosphatemia plays a central role in initiating and driving many other
disorders in CKD-MBD, such as increased concentrations of fibroblast growth factor 23, hypocalcemia,
hypo vitamin D, and parathyroid hormone, which are also regulated concerning the increased risk of
cardiovascular events [6],

The increase of PTH mainly comes from three ways: 1) Hyperphosphatemia stimulates
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calcium-sensitive receptors (CASRs) in the smooth muscle cells of the parathyroid gland, regulating
the production of parathyroid hormone by regulating the synthesis and release of parathyroid hormone;
2) corticosteroid mediated calcium excretion in renal tubules, showing a tendency towards low calcium
and low magnesium. The resulting secondary hyperparathyroidism leads to myocardial fibrosis and
bone metabolism disorders.3). Direct stimulation of parathyroid glands by corticosteroids. Elevated
PTH can lead to an increased risk of bone loss and fracture, coronary microvascular dysfunction, lipid
and glucose metabolism disorders, subclinical aortic valve calcification, increased aortic sclerosis,
endothelial dysfunction, and arterial hypertension through the renin-angiotensin-aldosterone system 1%
171, Mortality was higher in the high iPTH group than in the medium iPTH group (IRR 1.65, 95% CI
1.39-1.96) 2. PTH induces a "rapid response" encompassing ion regulatory channels and membrane
signaling pathways through vitamin D receptor (VDR) and plasma membrane-associated VDRS to
promote calcium increase in cardiomyocytes and further activate protein kinase C leading to
myocardial hypertrophy 8. A cross-sectional study showed that FGF-23, iPTH, and IL-6 are
determinants of valve calcification during regular hemodialysis in CKD-MBD patients 2. In vivo,
PTH can also act on the MEK/ERK pathway to promote cardiomyocyte hypertrophy and further affect
cardiac function %2, In addition, Jeong, S ! et al. found that MicroRNAs, as biomarkers of bone
biology, play a role in protein degradation and proteolysis related to parathyroid hormone and
parathyroid hormone. It is suggested that the dynamic relationship between MicroRNAs, parathyroid
hormone, and renal bone disease remains to be further studied. A cross-sectional study showed that age,
systolic and diastolic blood pressure (DBP), hypersensitive C-reactive protein (HsCRP) levels, mean
iPTH, and SD iPTH were significantly higher in patients who died, while albumin levels, SI iPTH and
SI Ca were significantly lower in patients who survived. Multivariate analysis showed that age, low
albumin, high diastolic blood pressure, SI iPTH, and SI Ca were independent predictors of cardiac
death 22,

Vitamin D also works with parathyroid hormone, calcitonin, and fibroblast growth factor-23 to
regulate serum calcium and phosphorus levels 23], Vitamin D not only increases the absorption of
calcium and phosphate in the gut but also promotes reabsorption by the kidneys, resulting in elevated
serum calcium and phosphate levels 423, Low serum 25 hydroxyvitamin D (25[OH]2D) levels were
positively correlated with glomerular filtration rate and negatively correlated with serum parathyroid
gland (PTH) levels. With the gradual loss of renal function in CKD-MBD patients, 1a-hydroxylase
inhibitors increase (e.g. Fibroblast Growth Factor-23 (FGF-23)), resulting in reduced 1o-hydroxylase
synthesis and deficiency of 1,25 (OH) 2D. Vitamin D receptor deficiency inhibits the renin-angiotensin
system by inducing activation of the renin-angiotensin system by down-regulating the silence-message
regulatory factor (SIRT1) in podocytes ?31.In a human cross-sectional study, Dong, Ji?! et al found that
calcitriol treatment reduced the expression of AT(1)R, NOX-2, NOX-4, and p67(phlox), and increased
the expression of superoxide dismutase (SOD)-1, thus reducing the inflammatory response and
protecting endothelial cells. And the lower the level of vitamin D, the higher the level of plasma renin
activity (PRA), the higher the concentration of angiotensin-ii (Ang-II), and the higher the activity of
renin-angiotensin system in vascular tissues 321, Therefore, public health needs to evaluate whether the
treatment of vitamin D deficiency can prevent premature death.

3.2 Fibroblast growth factor-23-Klotho axis

Fibroblast growth factor 23 (FGF23), a hormone secreted by bone cells discovered in the last 10
years, plays an important role in phosphate metabolism 26 High phosphorus can stimulate the
secretion of FGF-23 from bone cells 7], Increased levels of FGF-23 are associated with an increased
risk of death in patients with chronic kidney disease 2%, Klotho is widely expressed in vivo as a
co-receptor for a fibroblast growth factor (FGF), but its levels are highest in the kidney [?°!l, So kidneys
are the main source of the anti-aging protein klotho. Studies have shown that intramuscular injection of
FGF-23 can cause left ventricular hypertrophy, suggesting that FGF-23 has a direct effect on the heart
39, In addition, FGF-23 has been reported to specifically activate FGFR-4 on cardiomyocytes to
stimulate activated T cell signaling phospholipase C(PLC)y, leading to a series of pathological
processes such as cardiac hypertrophy and LVH, which disappear when FGFR-4 is specifically
knocked out. Therefore, the FGF23/FGFR4/PLCy pathway is involved in LVH and mechanical and
electrical dysfunction B!, Three main mechanisms are thought to contribute to CKD-LVH: afterload
and preload-related factors as well. non-afterload, non-preload related factorsi*.However, in an
observational study by Takashi, Y., serum FGF23 concentration was independently associated with
serum calcium and phosphorus concentrations (B = 0.276, p < 0.001; = 0.689, p < 0.001). Therefore,
further randomized controlled trials are needed to verify the relationship between serum FGF23
concentration and cardiac dysfunction, atherosclerosis, infection, and systemic inflammation. In
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addition, exogenous FGF-23 and klotho proteins inhibited LVH, and PLCy signals were not activated,
while extracellular regulated protein kinases and ERK signal activity increased significantly. These
results indicate that the FGF23/ ERK signaling pathway is preferentially activated if the exogenous
klotho protein is supplemented. In the absence of klotho protein, FGF23/FGFR4/PLCy pathway can
promote LVH generation, thus klotho protein can inhibit the direct cardiac toxicity of FGF23 %), This
provides a new direction for future treatment. FGF-23 maintains its receptor resistance through a
positive feedback loop characterized by direct downregulation of klotho expression 2% 341 However,
Kloth protein is positively correlated with eGRFR, so FGF-23 is an independent correlation factor for
ventricular remodeling in patients with CKD, and FGF-23 is significantly correlated with
cardiovascular mortality and all-cause mortality [**). However, studies have shown that even if serum
phosphate levels are in the normal range, FGF-23 remains one of the most important predictors of
death in CKD 8],

3.3 Enhanced bone metabolism

Bone fragility is not only affected by low bone volume and mass, but also by poor microstructure
and tissue quality. Transiliac ridge bone biopsy can diagnose osteoporosis without the exclusion of
other kidney-related bone diseases, but its availability is limited, and new techniques such as bone
trabecular scoring and high-resolution imaging studies can be used to better assess bone quality and
fracture risk in patients with CKD 3. Fracture probability is increased in dialysis patients due to
mineral metabolism disorder, and bone mineral conversion disorder is a common complication in
patients with renal impairment. In addition to increasing the risk of cardiovascular disease, they also
promote bone diseases such as osteoporosis, bone pain, and fractures. The brittle fracture approach in
patients with stage 1 to 3a CKD may be similar to that in the general population. However, in stage
3b-5, World Health Organization (WHO) criteria based on bone mineral density (BMD) or fragility
fractures do not identify osteoporosis because fractures can occur with low bone density [36]). It is
currently believed that the higher degree of vascular calcification in patients with low transforming
osteopathy is related to the reduced buffering ability of bone tissue against calcium and phosphorus
metabolism disorders in low transforming osteopathy 571,

3.4 Ectopic calcification of soft tissue

Elevated parathyroid hormone levels in patients with decreased renal function are associated with
soft tissue calcification and subsequent adverse CVD outcomes [*%,

It was previously thought that ectopic Vascular calcification in CKD was the result of the passive
deposition of calcium and phosphorus, but it is now believed that vascular calcification is an active
regulation, the central link of which is the transdifferentiation of Vascular smooth muscle cells (VSMC)
into cartilage or osteoblast cells under certain stimulation conditions. Bone and blood vessel
mineralization share a common pathway, a multifaceted endocrine tandem between the bone and
arterial system, a relationship known as the "calcification paradox" P, A CKD-MBD rat model was
established to observe the pathophysiological phenotype of the bone-vascular axis. It was found that
with calcium deposition in the abdominal aorta of CKD-MBD rats, aortic RNA sequencing showed that
the level of the inositol receptor 2 (ITPR2) gene in CKD-MBD rats decreased significantly. The results
showed that the trabecular microstructure of femur bone in CKD-MBD rats deteriorated and alveolar
bone loss worsened™?. It is suggested that ITPR2 may be a potential target of the bone-vascular axis in
CKD-MBD. Calcification of central vessels was evident in hyperphosphatemia rats and mice, and high
phosphorus was the main factor promoting the transformation of VSMC into osteoblasts 1% 41, For
every lmg/dl increase in blood phosphorus, aortic calcification increased by 25%, coronary artery
calcification by 21%, and mitral valve calcification by 62% [#, Meanwhile, hyperphosphatemia
increased the activity of sodium-dependent cotransporters PiT-1 and PiT-2, which up-regulated genes
associated with matrix mineralization 2%, therefore, PTH can increase cardiovascular calcification. At
the later stage of CKD, serum parathyroid hormone levels can overcome peripheral resistance to bone
formation inhibitors such as parathyroid hormone and exacerbate high turnover bone disease 1% 441,
Passive deposition of calcium and phosphate in soft tissues in secondary hyperparathyroidism and
hyperphosphatemia and the active role of inorganic phosphate in the vascular system of these patients
by directly inducing extraosseous mineralization of the medium lead to increased cardiovascular
mortality in patients with uremia %461, It was found that the use of over-recommended doses of PTH
resulted in a significant increase in the expression of inflammatory factor IL-6 and glycosylated
end-product receptors in endothelial cells, thus promoting atherosclerotic plaque formation and
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vascular calcification '%.In addition, biomarkers of VC -- namely phosphate, fibroblasts growth factor
23 (FGF23), osteopontin (OPN), osteoprotegerin (OPG), matrix Gla protein, and fetoglobulin A-all,
which have been considered major participants of VC in vitro or animal model experimental studies %3
200 Ye, Y et al. found that iron death of vascular smooth muscle cells (VSMCs) promotes vascular
calcification in CKD by inhibiting the SLC7A11/GSH/GPX4 axis, providing a new targeting strategy
for vascular calcification. There have been inconsistent reports on the biomedical effects of FGF23 on
vascular calcification, and increasing evidence supports the favorable protective effect of alpha-Klotho
on vascular calcification 2% 3!, Zaloszyc, A *let al., found in mice that osteoblast-specific Ga(q/11)
deletion (KO) mice on an increased high-phosphorus diet reduced the thickness and area of
metaphyseal and metaphysis cortex, as well as the number of trabeculae, further exacerbating the
mineral bone disease.

4. Related Treatment

CKD-MBD is an important non-traditional factor of CVD. Active control of the progression of
CKD-MBD improves survival and reduces cardiovascular events. Control blood calcium, phosphorus,
and parathyroid hormone levels with diet, drugs, or blood purification; To correct lipid metabolism
disorder and chronic inflammatory response; Increase the types and number of intestinal probiotics to
reduce the production of uremic toxins; Maintain adequate dialysis; Parathyroidectomy or partial
resection is performed if necessary.

4.1 Control calcium and phosphorus balance

Phosphorus is found in most foods, especially from proteins, phytates, and food additives. A very
low protein diet without animal protein (0.3 g/kg body weight per day) significantly reduced serum
phosphorus levels and serum FGF23 levels compared with a low protein diet with animal and plant
foods as protein sources (0.6 g/kg body weight per day) [, According to the K/DOQI guidelines,
blood phosphorus should be strictly controlled at 3.5 ~ 5.5mg/dl, blood calcium should be controlled at
the standard level of 8.4 ~ 9.5mg/dl, parathyroid hormone level should be maintained at 2-9 times the
upper limit of normal, the target is 150-300 pg/mL, and the product of calcium and phosphorus should
be kept < 55mg2 / d12. The recommended daily limit of phosphorus is 800 to 1000mg per day [ 47,

Since diet and dialysis are often insufficient to control serum phosphorus levels, many patients need
to be treated with phosphorus binders. Current studies have shown that early use of phosphorus binders
can improve long-term survival in patients with CKD. In Fang, Y F%because diet and dialysis are often
insufficient to control serum phosphorus levels, many patients need to be treated with phosphorus
binders. Current studies have shown that early use of phosphorus binders can improve long-term
survival in patients with CKD. In a rat model of diabetic kidney injury, treatment with medium
phosphorus binder restored plasma fibroblast growth fact-23 levels but did not affect vascular
calcification or bone dystrophy. In CKD-2 mice, administration of monoclonal antibody and circulating
Dickkopf-1 after kidney injury stimulated bone formation rate and corrected bone dystrophy. And
prevent vascular calcification stimulated by CKD.

Phosphorus binding agents that do not contain aluminum and calcium, such as lanthanum carbonate
and Svilam, are more suitable for patients with hypercalcemia, which can reduce the product of blood
phosphorus and calcium phosphorus, to delay the occurrence and development of ectopic vascular
calcification. Compared with calcium carbonate and calcium acetate, lanthanum carbonate-induced
bone turnover inhibition is lower and may improve systolic function and heart size compared with
calcium carbonate Y. A prospective study by Ohtake, T M6let al showed that lanthanum carbonate
significantly delayed the progression of CAC in HD patients. The absence of Calcium-sensing receptor
(CaSR) expression in vascular smooth muscle cells exacerbates in vitro vascular calcification. In
contrast, calcifiers reduce vascular calcification and act as allosteric activators of CaSR, but no
reduction in cardiovascular events was observed in patients with CKD who were randomized to receive
calcium compared with a placebo in a trial to reduce cardiovascular events [°2!, In a prospective trial,
Etelcalcetide, a novel calcium-like agent, reduced serum calcium and phosphorus levels in patients
with end-stage renal disease (ESRD) undergoing hemodialysis (HD) at the end of the study. In the
death structure, the proportion of CV events was more than 70% higher in the conventional treatment
group than in the eticartide treatment group. 69.2% and 40.0%, respectively. The proportion of patients
requiring parathyroidectomy in the historical group was significantly more than 3 times that in the
traditional treatment group (P < 0.05) 3. In addition, parathyroidectomy or partial excision, if
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necessary, can also correct calcium and phosphorus disorders.

Adequate hemodialysis is an important means to control the balance of calcium and phosphorus.
Uremic toxins are classified according to their physicochemical properties into the following categories:
free water-soluble low molecular weight solutes (500 Dalton), protein-bound solutes, and intermediates
(>500 Dalton) . In general, small water-soluble molecules with molecular weights of < 500 Dalton,
such as urea and sodium, can be efficiently and easily covered by most filters. However, PTH is a
medium-sized uremic toxin that cannot be cleared by routine dialysis. The existing
polysaccharide-based multilayer adsorption can increase urinary toxin excretion better than the
traditional layer-by-layer (LBL) adsorption, and reduce protein adsorption, platelet adhesion, and
thrombosis based on heparin fixation 4,

There is evidence that calcium mass balance is positive when using dialysate calcium concentration
(DCa)Ca 3.5 mEq/L, negative or neutral when using DCa 2.5 mEq/L, and positive or negative when
using DCa 3.0 mEq/L. Overall, DCa use of 2.5 mEq/L was generally associated with elevated blood
calcium levels, lower serum PTH levels, and the use of lower doses of vitamin D analogs, while lower
DCa use was generally associated with the opposite effect.

4.2 VD and its Derivatives: Vitamin D receptor agonist (VDRA)

Vitamin D refers to a group of fat-soluble, steroid compounds that are essential for intestinal
absorption and the regulation of calcium and phosphate metabolism. Most clinicians refer to Endocrine
Society recommendations, where 25 (OH) D concentrations < 20 ng/mL are defined as inadequate,
concentrations between 21 and 29 ng/mL are defined as inadequate, and serum levels > 30 ng/mL are
defined as normal or adequate. Progressive parathyroid hormone or persistently high levels in
non-dialysis patients in stages CKD3 to 5a should be corrected for vitamin D deficiency. Vitamin D
can reduce the PTH of CKD-MBD patients by 31.5 pg/mL, and reduce the occurrence of
hypercalcemia and hyperphosphatemia ¥, Studies have found that a therapeutic dose of 25 (OH) D can
effectively inhibit the occurrence of calcification, but a high dose can promote vascular calcification [*°,
Swart, KMP7 et al showed that vitamin D supplementation did not affect blood pressure and HbAlc
primary outcomes. And no clinical trials have shown that these therapies reduce cardiovascular events
or mortality. Combined vitamin D and calcium supplementation significantly reduced the incidence of
fracture, RR = 0.859 (95%CI 0.741-0.996; P =.045, I = 25.48) [°®. In addition, Vitamin D receptor
agonist (VDRA) is a widespread ligand-activated nuclear transcription factor with selective and
non-selective types. Common clinical non-selective VDRA mainly include facial and calcitriol, etc.
Selective VDRA mainly includes calcium petrol, tamarin, fluoride, theocalcitol, etc. Its price is
relatively expensive. Dong, JI*%t al. 's in vitro experiments showed that calcitriol improved endothelial
function by normalizing the expression of free radical scavenging enzymes, thereby preventing
excessive production of oxidative stress and protecting renal vascular function in hypertension.
Selective VDRA mainly targets parathyroid cells, the gastrointestinal tract, and bone tissue, and has the
strongest effect on parathyroid cells, so its high calcium and high phosphorus side effects are less.
VDRA can directly act on vascular smooth muscle cells to promote osteoblast changes, but at the same
time inhibit the above effects through the FGF23-Klotho pathway(®!. Therefore, it is believed that
VDRA is independent of changes in blood calcium and phosphorus, and has a bidirectional effect. The
exact mechanism of action needs closer clinical follow-up and study.

4.3 New Drugs

Some of the most common treatments for CKD, such as vitamin K antagonists -- warfarin, calcifiers,
and phosphate binders -- may have adverse effects on vitamin K metabolism and storage in patients
with CKD. In addition, the majority of hemodialysis patients due to uremic toxins lead to intestinal
flora disorders, manifested as subclinical vitamin K deficiency. Three forms of vitamin K are known:
vitamin K1 (phylloquinone), vitamin K2 (methyl naphthoquinone), and vitamin K3 (naphthoquinone),
of which vitamin k2 is synthesized primarily by the gut microbiome ). Vitamin K as a coenzyme of
Y-glutamine carboxylase converts carboxylated vitamin K-dependent protein to incomplete
carboxylation. In addition, it activates the expression of genes encoding proteins involved in
maintaining bone mass and rebuilding bone by binding to nuclear steroids and foreign receptors 621,
Recent in vitro studies have shown that vitamin K2 promotes osteogenic differentiation through the
Bcl-6/STAT axis and IL-6/JAK/STAT signaling pathway %], In addition, a study in a rat model showed
that the combination of a high-vitamin k2 diet and phosphate binders significantly reduced vascular
calcification compared to treatment with vitamin K2 or phosphate binders alone [64],
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5. Look ahead

CKDMBD has intricate mechanisms from any point of view, among which the occurrence of
cardiovascular events is the most important link. This interdisciplinary approach requires two-way
professional interaction among various majors and forms new cooperative relationships. In addition,
widespread improvements in the diagnosis of MBDS will also change our ability to study and treat
their potential impact on cardiovascular disease.
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