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ABSTRACT

Mineral metabolism and bone health are both dependent on the kidney. It is not only the major site of vitamin D activation, but it is
also the target organ for different regulatory hormones such as parathormone (PTH) and fibroblast growth factor-23 (FGF-23). Chronic
kidney disease (CKD) is a global health issue that affects 5-10% of the global population. Vascular dedifferentiation/calcification,
osteodystrophy, loss of klotho, and high FGF23 production are all symptoms of CKD-MBD, and research into its cause is continuing.
The key parameters used in standard CKD-MBD diagnosis are biochemical (calcium, phosphorus, parathyroid hormone, alkaline
phosphate) radiographic (X ray, MRI scan, CT, DEXA) and bone biopsy with subsequent pathological examination. Screening for
calcium, phosphorus, alkaline phosphatase (ALP), and PTH, according to KDIGO criteria, is strongly recommended. The hallmarks of
CKD-MBD treatment are the correction of hyperphosphatemia, hypocalcemia, and maintaining a sufficient calcitriol concentration.
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INTRODUCTION

ineral metabolism and bone health are both

dependent on the kidney. It is not only the

primary site of vitamin D activation, but also the
major organ for regulating some hormones, including
parathormone (PTH) and fibroblast growth factor-23 (FGF-
23). As a result, in chronic kidney disease (CKD), mineral
metabolism becomes improper, which has an impact on
bone health. The Chronic kidney disease-mineral and bone
disorder (CKD-MBD) has recently been called as renal
osteodystrophy (ROD) !

Renal osteodystrophy is a systemic illness caused by
chronic kidney disease and metabolic bone disease (CKD-
MBD) (ROD) 2. The definition of CKD-MBD also include
cardiovascular diseases (CVD), left ventricular hypertrophy
(LVH), left ventricular dysfunction (LVD), as well as
hypertension, inflammation, iron deficiency anaemia and
immunological dysfunction. 3

There are four identified pathological bone disorders in
CKD *

1. Hyperparathyroidism (HPT) is a bone disease in
which the thyroid gland produces too much
parathyroid hormone. Untreated secondary
osteoporosis causes a high rate of bone turnover

which is characterized by Bone abnormalities, such as
cortical bone loss and irregular trabecular bone
growth.

2. Adynamic bone disease is a condition in which the
bones are unable to move. Bone resorption and
formation are absent or poor, which could be an
early sign of CKD. It is related to a low PTH level, and
patients are more prone to fractures.

3. Osteomalacia is a disease affecting the bones. A poor
bone turnover leads to a rise in an unmineralized
osteoid matrix, resulting in a reduction in bone
strength. Vitamin D insufficiency, metabolic acidosis,
and hypocalcemia are frequently attributed.

4. Mixed renal osteodystrophy is a type of renal
osteodystrophy that affects both the kidneys and
therefore resulting in Defects in both mineralization
and bone turnover.

Chronic kidney disease (CKD) affects 5-10% of the world's
population, and those who have it are more likely to have
bone and mineral metabolic abnormalities. > These
disturbances develop a class of bone disorders known as
renal osteodystrophy (ROD), which causes symptoms such
as bone soreness, muscle-tendon rupture, itching and
incidence of bone fractures. ®

ROD patients are also more likely to develop
cardiovascular calcification, which is linked to a higher risk
of morbidity and mortality. 7 Regrettably, the name ROD
does not include this significant extra-skeletal
manifestation. As a result, the KDIGO group has proposed
a new nomenclature for the systemic disorder of mineral
and bone metabolism: CKD—mineral and bone dysfunction
(CKD-MBD).*

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

127


http://www.globalresearchonline.net/
about:blank
about:blank
http://dx.doi.org/10.47583/ijpsrr.2022.v73i01.021

Int. J. Pharm. Sci. Rev. Res., 73(1), March - April 2022; Article No. 21, Pages: 127-135

Since a bone biopsy is an expensive and time-consuming
procedure that involves the evaluation of tissue samples
by highly qualified experts, it is rarely done. As a result,
physicians rely largely on trends in parathyroid hormone
levels in blood markers of phosphate, calcium, and alkaline
phosphatase bone turnover to diagnose mineral bone
treatment disorders. 8

Definition and classification of CKD *°

CKD is defined as abnormalities of kidney structure or
function, present for more than 3 months with health
consequences. (Not Graded)

Criteria for CKD
Either of the following present for 3months

Table 1: CKD criteria®

GFR
(decreased)

rate GFR:60ml/min/1.73m?

categories G3a—-G5)

Albuminuria (AER 230 mg/24 hours;
ACR 230 mg/g [>3 mg/mmol])

Urine sediment abnormalities
Electrolyte and other abnormalities
due to tubular disorders
Abnormalities detected by histology
Structural abnormalities detected by
imaging History of kidney
transplantation

(GFR

Markers of kidney
damage (one or
more)
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Staging of CKD

1. Categorizing CKD depending on the cause, GFR
category, and albuminuria category.

Table 2: CKD Categorization Based On GFR™

GFR

H 2
category GFR (ml/min/1.73 m2) Terms
G1 290 Normal or high
G2 60-89 Mildly decreased*
Mildly to
G3a 45-59 moderately
decreased
Moderately to
G3b 30-44 severely
decreased
G5 <15 Kidney failure

2. Determine the cause of CKD based on the presence
or absence of systemic illness and the location of the
CKD in the kidney of Pathologic-anatomical findings
that have been observed or are suspected to have
occurred. (Ungraded)

3. Assign the following GFR categories (Not Graded):

Albuminuria categories in CKD

Table 3: CKD Categorization Based On Albuminuria®®

Category AER(mg\24hours)  ACR (mg\mmol)
Al <30 <3
A2 30-300 3-30
A3 >300 >30

*Relative to young adult level.

ACR(mg\mmol) Terms

<30 Normal to mildly increased
30-300 Moderately increased*
>300 Severely increased**

**Including nephrotic syndrome (albumin excretion usually 22200 mg/24 hours [ACR 2220 mg/g; 2220 mg/mmol])

Prognosis of CKD by GFR
and albuminuria categories:

Persistent albuminuria categories
Description and range

Al A2 A3

of kidney disease, no CKD}

KDIGO 2012 Nor'.-nal ro Moderately Severely
mildly
- increased increased
increased
<30 mg/g 30-300 mg/g >300 mg/g
>3 mg/mmol 3-30 mg/mmol >30 mg/mmol
G1 Normal or high 230
“E
R
= G2 Mildly decreased 60-89
~ oo
@ =
a g
E - G3a Mildly to moderately decreased 45-59
E &
i
E s
s B G3b Moderately to severely decreased 30-44
R
s 2
Bo @
[T~
‘é Ga Severely decreased 15-29
o
w
o
GS Kidney failure <15
towrsilifhoother maikers Moderately increased risk High risk

e

Figure 1: Prognosis of CKD By GFR And Albuminuria Category
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Pathogenesis

The CKD-MBD is characterized by vascular
dedifferentiation/calcification, osteodystrophy, loss of
klotho, and elevated FGF23 production, and research into
its aetiology is ongoing.

Role of FGF

Osteocytes synthesize FGF23, which is required for vitamin
D and phosphate metabolism requires klotho (a
transmembrane protein) in the kidneys and parathyroid
glands to interact with the FGF receptor (FGFR). 1!

In the proximal renal tubule, FGF23 boosts the phosphate
excretion by lowering the expression of sodium-
dependent phosphate transporters in the luminal tubule,
as well as possibly lowering the expression of sodium-
dependent phosphate transporters in the tubule by
reducing the activity of the NaPi cotransporter in the gut,
phosphate absorption can be reduced.!? Furthermore, it
decreases 1,25-dihydroxy vitamin D [1,25(0OH)2D3]
production by reducing 1-hydroxylase activity while
increasing 24-hydroxylase activity.'® In the early stages of
CKD, high levels of FGF23 inhibit 1,25(0OH)2 vitamin D,
causing secondary hyperparathyroidism.’*  Intestinal
calcium absorption is reduced when serum 1,25(0H)2D3
levels are reduced. Low calcium, calcitriol, and
hyperphosphatemia all aggravate excessive PTH secretion.
Excess PTH causes osteitis fibrosa(weak and deformed
bones) and calcium mobilization from the bones. It might
also lead to deterioration of the situation. 1

Role of klotho

The Klotho gene was discovered to be a phenotype of
premature multi-organ failure in mice in 1997, including
shortened lifespan, stunted growth, increased thymic
involution, pulmonary emphysema, cognition impairment,
skin atrophy, osteopenia, ectopic soft tissue calcification,
hyperphosphatemia, and high plasma fibroblast growth
factor (FGF). The majority of the characteristics shown in
Klotho hypomorph or knock-out animals may be restored
by expressing Klotho, demonstrating that Klotho is an anti-
aging gene. ¢

Membrane-anchored and soluble Klotho proteins appear
to have different functions. Membrane Klotho is a co-
receptor for FGF23, a bone-derived phosphate that
promotes renal phosphate excretion and generates a
negative phosphate balance. Klotho soluble is a pleiotropic
protein that operates as an endocrine factor in the kidneys
and elsewhere. Nuclear Klotho and cytoplasm Klotho have
recently been identified to be bioactive molecules that
protect cells from aging and apoptosis, according to
several studies. 167

Klotho is a transmembrane protein that is expressed in a
variety of organs, but especially in the kidney. It is mostly
found in the distal tubules of mammalian kidneys, such as
a mouse, rat, and human kidneys, but it's also found in the
proximal tubule and the inner medullary collecting duct.?’
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Klotho interacts with other CKDMBD markers (parathyroid
hormone, phosphate, fibroblast growth factor-23, and
1,25-[OH]2 vitamin D3) to play a key role in mineral
homeostasis. klotho is the enzyme that transforms
FGFR1(lllc) into an aGF23-specific receptor. Furthermore,
because of its capacity to increase phosphaturia and limit
urine calcium loss, klotho is also known as a
calciophosphoregulatory protein. Exogenous klotho
treatment may attenuate or prevent the development of
CKD-MBD, while deficiency leads to a constellation of
disturbed mineral metabolism, secondary
hyperparathyroidism, vascular calcification, and cardiac
hypertrophy. 18

Calciprotein particles CPPs

Calciprotein particles (CPPs) are a type of calciprotein.
CPPs are a Calcium, Phosphate and Fetuin-A complex that
plays a key role in Hydroxyapatite delivery to bone . Their
levels rise as P and Ca levels go up. As a result of CKD,
atherosclerosis and vascular inflammation develop. In
addition, CPPs rise in CKD stages | and |l before the increase
in FGF-23.1°

Hyperphosphatemia

By impairing skeletal function, CKD contributes to
hyperphosphatemia and vascular calcification. Increased
blood phosphorus levels are the result of increased
phosphate released into the plasma and reduced
phosphate deposition due to bone resorption. 2° Through
an increased calcium-phosphorus product,
hyperphosphatemia drives osteoblastic transition in the
vasculature and directly leads to Mineralization outside
the skeleton. 2

Hyperphosphatemia has other key implications in the CKD-
MBD axis. Hyperphosphatemia inhibits 1-alpha-
hydroxylase activity in the kidney, which contributes to
calcitriol insufficiency.?? Hyperphosphatemia directly
activates parathyroid cells in the parathyroid gland,
regardless of calcium or calcitriol levels, resulting in
nodular hyperplasia and increased PTH secretion.?
Phosphorus promotes FGF23 secretion by osteocytes in
the skeleton.?*

Calcium and vitamin D

As CKD progresses and the functional nephron mass
diminishes, as well as hyperphosphatemia and increased
FGF-23, 1a hydroxylase activity is suppressed, resulting in
calcitriol shortage and decreased intestinal Calcium
absorption. %

Vascular calcification promoters

Phosphate is the VC promoter that has received the most
attention. Traditional risk factors for VC include advanced
age, hypertension, poor glycemic control, smoking,
dyslipidemia, and others, while non-traditional risk factors
include inflammation, oxidative stress, and CKD-MBD. 2¢

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

129


http://www.globalresearchonline.net/
about:blank

Int. J. Pharm. Sci. Rev. Res., 73(1), March - April 2022; Article No. 21, Pages: 127-135

Calcium, phosphorus, and vitamin D

Calcium and Phosphate levels in human aortic cell cultures
were shown to be higher in CKD patient’s cell cultures. This
greatly increased Ca-P nucleation causes calcification of
the matrix vesicles of living smooth muscle cells as well as
the exocytosis of dead cells. It's worth mentioning that
calcification was prevented when these cells were exposed
to non-uremic human serum containing bone
morphogenetic proteins (BMPs) and fetuin-A.2” Phosphate
increases the expression of core-binding factor 1 (Cbfal),
which induces smooth muscle cell differentiation into
osteoblasts, implying that other toxins, yet unknown, and
hyperphosphatemia are linked to the upregulation of
Cbfal, resulting in increased expression of bone matrix in
the vascular tissue, resulting in progressive calcification,
particularly in patients on dialysis.?®

Parathormone and fibroblast growth factor-23

In persons with CKD, high levels of FGF-23 have been
related to an increased risk of cardiovascularillness, as well
as a higher rate of renal replacement failure and fatality.
FGF-23 is a direct pathogenic agent producing LVH in
humans, as well as a biomarker related to cardiovascular
risk in CKD through stimulation of the calcineurin pathway
in cardiac myocytes and activation of the calcineurin
pathway in cardiac myocytes to promote Ca reabsorption.
Klotho regulates the apical Ca entry channel in the renal
distal tubules. Recent research has found that Klotho
deficiency has been associated with CVD, including
vascular stiffness, uremic  vasculopathy, and
"calciphylaxis.?

Cardiovascular

The CKD-MBD raises hypertension, pulse wave velocity,
and stroke volume mass in both the general population
and those with CKD, all of which are surrogates for heart
disease risk. 3 Early CKD is marked by structural and
functional abnormalities of the vasculature, including
vascular stiffness and endothelial dysfunction, which
contribute to vascular calcification, a common aging
process that is accelerated to the greatest extent seen in
clinical practice in CKD. Arterial calcification increases
vascular rigidity and promotes the development of LVH in
both local and donor CKD patients, both of which increase
heart disease risk and cardiovascular mortality.°

It is discovered that in animal models with mild renal
insufficiency (equivalent to human stage 2 CKD), the
synthesis of specific proteins in the contractile apparatus
of aortic smooth muscle cells is reduced, indicating a
dedifferentiated state of the vasculature in early Chronic
Kidney Disease.3!

Clinical Manifestation

Metabolic bone disease is frequently asymptomatic in
people with kidney disease, and symptoms do not develop
until later in the illness's progression. Many of the
symptoms are unclear, such as joint pain and stiffness,
spontaneous tendon rupture, fracture tendency, and
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proximal muscle spasms, fragile bone.3?
Diagnosis

Biochemical, radiological, and bone biopsy with
subsequent pathological assessment are the main
parameters utilized in routine CKD-MBD diagnosis.

Biochemical parameters

Ca, P, alkaline phosphatase (ALP), and PTH screening,
according to KDIGO criteria, is highly recommended.

At the early stages of CKD, "stage IlI" these measures
should be consistently evaluated. 33 The total calcium level
should be monitored regularly. However, serum Calcium
not be used to diagnose CKD-MBD. Phosphate should be
estimated with precautions. The Phosphate level varies
during the day and after meals. As a result, fasting values
should be checked. ! Another bone marker is total ALP. An
immunoassay for bone turnover is a good indicator of bone
turnover, even if it isn't the greatest. Specific ALP is a
superior marker, however, it is not often used. * It does not,
however, provide additional information about bone
turnover. 34

High turnover disease, low turnover disease, and mixed
uremic osteodystrophy were proposed by Sherald et al41
in 1983, based on bone histomorphometry data.3 The
focus of this classification was on bone turnover; however,
because bone biopsy is not commonly used to monitor
patients, reliable biomarkers for screening and monitoring
patients with CKD-MBD are needed. The KDIGO guidelines
recommended that serum PTH be utilised in conjunction
with total or bone-specific alkaline phosphatase (b-ALP)
since high or low levels of these markers correspond to
underlying bone turnover. 3¢ Bone mineral density (BMD)
cannot predict the type of renal osteodystrophy in
individuals with CKD G3a—G5 and CKD-MBD data.?’

Measurements of blood PTH and ALP, or bone-specific ALP,
can be used to evaluate bone disease in individuals with
CKD G3a—G5 because substantially high or low values
predict underlying bone disease. 3’

When conditions allow, bone-derived collagen metabolism
indicators can be used in patients with CKD G3a—G5 can be
used to determine the severity of a patient's bone disease.

Biopsy of the bones

The gold standard for determining the pattern of bone
disease is a bone biopsy, but it is not available everywhere
and is invasive and time-consuming. There is a new
classification system for bone histomorphometry known as
turnover, mineralization, and volume in more current
guidelines (TMV). Instead of using terminology like
adynamic bone, mixed or moderate osteodystrophy, and
high turnover bone disease (osteitis fibrosa), the TMV
classification uses descriptors like T "low to high," M
"normal to abnormal," and V "low to high". 3 In most
patients with CKD, a bone biopsy is not contraindicated
unless there are coagulation problems, soft tissue and/or
skin inflammation, or a local infection over the iliac area.
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The risk of problems after a bone biopsy is extremely
minimal. 3

Radiological examinations

The regular radiological examinations used to diagnose
CKD-MBD include the following. °

1. Imaging via X-ray to assess phalangeal tufts,
subperiosteal bone degradation, linear
osteosclerosis of the spine, and lucent regions of the
long bones are among the usual radiological
procedure followed in the diagnosis of CKD-MBD

2. Ultrasound examination (US) can help diagnose PTG
hyperplasia and differentiate between diffuse and
nodular hyperplasia.

3. 3.Other approaches for identifying CKD-MBD include
computed tomography (CT) and magnetic resonance
imaging (MRI) of the skeleton, however they are
often insensitive.

4. Bone densitometry (DEXA scan) can be used,
however, the results must be carefully interpreted
because it cannot distinguish between osteoporosis
and CKD-MBD.

Management

Correction of hyperphosphatemia, hypocalcemia, and
maintaining an adequate calcitriol concentration are the
cornerstones of CKD-MBD treatment. Mineral problems,
unfortunately, remain difficult to control even with
enhanced PTH synthesis and secretion.*!

The goal of CKD-MBD management is to avoid secondary
hyperparathyroidism's negative implications. As a result,
secondary hyperthyroidism treatment is dependent on
well-established measurable surrogate markers of mineral
bone disease.”? Serum calcium, phosphate, 25-
hydroxyvitamin and intact parathyroid hormone are
markers. Thus, treatment should be based on the current
KDIGO guidelines on serial trends of these biochemical
markers.*®

Even though hyperphosphatemia has been associated with
severe negative clinical outcomes, no evidence lowering
phosphate levels improves patient outcomes. A recent
randomized clinical trial, for example, found a non-
significant drop in serum phosphate and a significant fall in
serum phosphate, FGF23 levels in the blood are dropping,
and the condition is getting worse in Scores of coronary
calcification in patients who received phosphate-lowering
medication.** As a result, the new KDIGO recommendation
that hyperphosphatemia prevention is more important
than treatment or normalization of phosphate levels in
patients with CKD stages G3a to G5D.*3

Phosphate restriction in the diet, phosphate-lowering
medications, and dialysis for individuals with CKD stage
G5D are all options for preventing hyperphosphatemia.
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Phosphate restriction

Phosphate intake should be limited to less than 800 mg per
day, which can be accomplished by restricting the intake of
high-phosphate-containing slims and fizzy drinks with
phosphate additions. However, because the vast majority
of phosphate-rich foods are also high in protein, these
individuals’ health should be closely monitored to avoid
deterioration.*

When developing dietary recommendations, keep
phosphate as a source in mind. This is critical since the
gastrointestinal absorptive limit for various phosphate
sources has varied. Inorganic phosphate, such as that
found in added foods and beverages, has a gastrointestinal
absorption rate of between 80 and 100 percent, but plant-
based phosphate, such as that found in nuts, has a rate of
between 20 and 40 percent.*®

Phosphate binders are frequently given with meals to
prevent phosphate from being absorbed from the gut by
generating a nonabsorbable complex with the
phosphate.*® Aluminum-based phosphate binders, Ca-
based phosphate binders, and non-Ca-based phosphate
binders are the three types of phosphate binders
available.®

Aluminum-based phosphate binders have been limited in
their long-term use due to side effects such as
osteomalacia and encephalopathy.*’ The usage of calcium-
containing phosphate binders versus noncalcium-
containing phosphate binders should be guided by the
patients' calcium and PTH serum levels. Overuse of
calcium-based phosphate binders has been associated
with negative consequences, especially in non-dialysis
patients.*

Management of hyperphosphatemia

Patients with hyperphosphatemia must take calcium-
based P binders, however, hypercalcemia is a risk. As a
result, managing with a non-Ca-based P binder, such as
Sevelamer carbonate, a non-Ca-based P binder, is critical,
with the potential to lower low-density lipoprotein
cholesterol levels. Lanthanum carbonate is a good P binder
as well, although it's still hard to come by in many areas. At
each meal, P binders should be taken. CKD patients' poor
adherence is caused in part by a high tablet burden. %61t is
suggested that you limit your P intake to less than 1000 mg
per day. Soft drinks, fast and processed foods, and Coca-
Cola should all be avoided. The majority of patients,
especially those on dialysis, find that dietary restriction is
insufficient. Dialysis adequacy is useful in lowering
phosphate levels, but more frequent dialysis, such as short
daily, long nocturnal HD is much more important.!

Phosphate removal through dialysis

Dialysis removes phosphate depending on the type of
dialysis, the length of the session, and the dialysate used.

An estimated 2.3-2.6 g of phosphate will be eliminated
each week if dialysis sessions are 4 hours long and
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performed three times per week. Phosphate elimination
rises to 3.0-3.6 g per week when the session length is
increased to 8 hours three times per week (as in nocturnal
dialysis). Peritoneal dialysis patients will have an estimated
2.0-2.2 g of phosphate removed per week, with 4 L
exchanges each day.*>*

Management of altered calcium

There are various advantages to combining calcium
acetate and magnesium carbonate. Magnesium has been
shown to lessen the risk of calcification in soft tissues. 1
Bisphosphonates are a type of medication used to treat
osteoporosis and malignant bone disease. Because they
are exclusively excreted by the kidneys, they are
contraindicated in severe renal
insufficiency. Bisphosphonates have been shown in
animal trials to prevent HPT bone alterations. Dialyzable
substances include Clodronate, Pamidronate, and
Ibandronate .*

Management of altered vitamin D level

In CKD patients, vitamin D or vitamin D analogs are
frequently used to prevent and treat SHPT. Calcitriol was
the most widely used agent for many years. Paricalcitol, a
vitamin D analog also known as selective VDR activator, is
now more commonly used.>°

Management of secondary hyperparathyroidism

Traditional treatment of SHPT in patients with CKD,
according to the new KDIGO guidelines, is limited to the
administration of the vitamin D analog calcitriol or dietary
P binders to reset Ca, P, and PTH levels.*

However, because vitamin D analog treatment raises blood
Ca and P levels, effective HPT therapies that effectively
control PTH levels without causing hypercalcemia are
required. Calcitriol, paricalcitol, and doxercalciferol are the
most frequent vitamin D medications used to treat
secondary hyperparathyroidism.

Cinacalcet

It is a calcimimetic that lowers PTH levels immediately
after treatment by raising the sensitivity of the calcium-
sensing receptor to extracellular calcium ions.

Dose: Dose of 30 mg and increased based on response;
Route of Administration: parenteral

Frequency: cinacalcet (Etelcalcetide) is given three times
weekly after dialysis.

Side Effect: hypocalcemia, it's important to monitor serum
calcium and phosphate levels frequently.>!

Calcitriol

It is a vitamin D receptor activator (VDRA) that suppresses
PTH when taken daily or three times weekly. However,
because vitamin D receptors are widely available, they can
be used in a variety of ways.

The administration of calcitriol also improves the function

ISSN 0976 — 044X

of parathyroid tissues, Calcium and phosphorus absorption
from the intestines

Side Effects: hypercalcemia, increase phosphate levels.
Paricalcitol

A more receptor-selective injectable paricalcitol was
developed to treat the hypercalcemia and
hyperphosphatemia associated with oral calcitriol it was
made available in 1998.

The suggested beginning dose for parenteral paricalcitol is
2-5 g per dialysis session, which should be gradually
reduced to 1-2 g every dialysis session If your PTH level is
less than 100 pg/mL, you should discontinue the VDR's.

Thus, calcimimetic, calcitriol, or vitamin D analogs are all
regarded first-line alternatives for reducing PTH in CKD
stage 5D, with serum calcium, phosphate, and PTH levels
guiding the choice of which agent to use.>? Finally, while
parathyroidectomy is recommended for patients with
secondary hyperparathyroidism who have failed to
respond to medical treatment, the best option is between
subtotal parathyroidectomy (subtotal PTX) and total
parathyroidectomy with auto-transplantation (total PTX-
AT) has not been determined. Both surgical procedures
have been proven to be effective and produce similar
results.®

Hormone replacement therapy

In addition to ROD, postmenopausal dialysis patients may
develop osteoporosis. Due to the pharmacokinetics of
estradiol in renal failure, hormone replacement therapy
(HRT) could have both positive and negative
consequences, especially in uremic women. In non-uremic
women, therapeutic alternatives such as selective
estrogen receptor  modulators (SERMs) have
demonstrated the benefits of estrogen on bone and serum
cholesterol levels while avoiding its negative effects on the
breast and endometrial. In postmenopausal uremic
women, Raloxifene and other SERMs may thus be a useful
alternative to HRT.%?

Teriparatide

Osteoporosis is treated with an anabolic drug, a PTH
analog Teriparatide helped improve BMD and reduce the
incidence of fractures in patients with mild to moderate
CKD who had normal serum PTH. The use of teriparatide in
CKD, a condition linked to HPT, appears to be unsuitable
because higher PTH levels are a contraindication to the
medicine. Teriparatide may be beneficial in CKD patients
with adynamic bone disease and those who have had their
parathyroid glands removed before.>3

Denosumab

Denosumab, a RANK-L antagonist, is a powerful anti-
resorptive drug. It is a monoclonal antibody that inhibits
osteoclast proliferation and growth by binding to the
receptor activator of the NFkB ligand. Denosumab, unlike
bisphosphonates, is not cleared by the kidney, hence there
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is no concern of over suppression of bone turnover due to
drug buildup in patients with CKD.*

Strontium ranelate

This medicine restores bone remodeling while reducing
the risk of hypocalcemia and adynamic bone disease by
balancing bone remodeling without inhibiting bone
resorption. Strontium is contraindicated in patients with a
GFR of less than 30 ml/min, i.e. CKD stages IV and V, due
to renal excretion.?

CONCLUSION

Bone mineral density is a major concern in chronic renal
disease patients and renal osteodystrophy must be ruled
out early for better treatment outcomes. Regular testing
of phosphate, calcium, parathyroid, vitamin D levels must
be done in CKD patients to prevent further complications.
Biochemical, radiological, and bone biopsy with
subsequent pathological assessment are the main
parameters utilized in routine CKD-MBD diagnosis. The
treatment include correction of altered phosphate,
calcium, PTH, vitamin D levels. Other treatment options
include hormonal replacement therapy, teriparatide,
denosumab, strontium ranelate. However, treatment of
CKD-MBD is still a major challenge and hence, further
research studies must be performed.

Abbreviations

AER-albumin excretion rate; ACR- albumin-to-creatinine
ratio; CKD- chronic kidney disease, FGF-Fibroblast Growth
Factor; HPT- hyperparathyroidism; GFR- glomerular
filtration report
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