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Abstract

Earlier we had reviewed the part of epigenetic modifications in Diabetic Kidney Disease (DKD), other etiological factors in
Chronic Kidney Disease (CKD) besides role of bilirubin in DKD, role of probiotics and prebiotics in obesity, T2DM, NAFLD.
Here our objective was to evaluate the part of gut microbiota (GM), bone health and vascular calcification in CKD in this
Narrative Review’. Decontrolling of GM might possess part in vascular along with bone disease in case of CKD randomized
trial particular. With the reduction in glomerular filtration rate (GFR), escalated production of urea as well as uric acid ensues
along with bacterial proteolytic fermentation changes the gut microbiome balance. Diets possessing lesser quantities of fibers
along with utilization of medicines like Vitamin K antagonists as well as phosphate binders, iron delivery, antibiotics further
aid in alterations in GM diversity in case of CKD patients. Simultaneously both bone disease along with vascular disease
usually accompany CKD. Thus here we concentrate on gut dysbiosis, vascular calcification bone demineralization in addition
to their interdependence namely the Gut- vascular -bone-axis in CKD is getting validated with greater proof. The part of
diet metabolites of gut microbial origin like p-cresyl sulfate, Indoxyl sulfate, Trimethylamine-N-oxide(TMAOQ), short chain
fatty acids(SCFA) Vitamin K deficiency, inflammatory cytokines expression are detailed. This interdependence might open
up innovative avenues regarding treatment as well as avoidance for enhancement of cardiovascular along with bone health.
Various studies are trying to find the appropriate utilization of various Probiotics as well as Prebiotics supplementation
without escalation of inimical actions.

KeyWOFdS: Chronic Kidney Disease; Gut microbiota; Vascular calcification; Bone health

Abbreviations: CKD: Chronic Kidney Disease; DKD: Along With Bone Disorders; VSMC: Vascular Smooth Muscle
Diabetic Kidney Disease; GM: Gut Microbiota; NAFLD: Non- Cells; ECV: Extra Cellular Vesicles; ESRD: End Stage Renal
Alcoholic Fatty Liver Disease; TMAO: Trimethylamine N- Disease; 0S: Oxidative Stress; RANKL: Receptor Activator of
oxide; VSMC: Vascular Smooth Muscle Cells; MBD: Mineral Nuclear Kappa B Ligand.
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Introduction

The gut microbiome in the human microbiome
comprises of trillions of microorganisms inclusive of
bacterial, viral, fungi as well as archae that are existent
in a symbiotic association with the host at the time of
a healthy status [1,2]. The function amongst others is
conferring protection against pathogens possessing
the capacity of modulating the immune system along
with control of endogenous metabolism of nutrients in
association with life style factors [1]. With the escalating
microbial DNA sequencing strategies variable microbial
communities profiling in the gut has been made possible.
This validates that despite intersubject variability, a
parameter regarding its constitution is common exists
[3]. The human gut microbiota (GM) comprises of greater
than 1000 variable microbial species possessing specific
properties [3]. Currently the phyla usually visualized are
Firmicutes, Bacteroides, Actinobacterium Proteobacteria,
Fusobacteria, Verrucobacteria. The initial 2 comprise 90%
of GM [2]. Despite the GM constituents are believed to be
stable at smaller periods, variability might take place at
short as well as long duration exposure to factors like diet,
medicines, ageing along with pathological situations [2,3].

Escalating validation has illustrated that changes
in GM (alias gut dysbiosis) might possess a central part
in the pathogenesis of numerous diseases inclusive of
Chronic Kidney Disease (CKD) [4]. CKD has assumed a
considerable global public health problem with enhancing
prevalence impacting greater than 850 million subjects
globally [5]. General etiology of CKD are inclusive of
type2 Diabetes mellitus, hypertension, glomerulopathies,
tubulointerstitialnephritis subsequent to infections or
exposure to nephrotoxic substances, besides others [5].
With the reduction in Kidney function in CKD manifestation
of metabolic complications inclusive of anaemia, metabolic
acidosis along with aberrations of bone as well as mineral
metabolism take place [6,7]. Aberrations of bone as well as
mineral metabolism besides resulting in fractures [8] have
further been correlated with an escalated risk of vascular
calcification, cardiovascular complications along with
mortality [9]. Uremia further facilitates the generation of
imbalance amongst human intestinal microbiota causing
an enhanced generation of toxic along with inimical
actions like vascular along with renal disease propagation
[10]. Despite the vascular calcification along with bone
conditions in case of patients with CKD are usually believed
to be possessing a common mode, just recently realization
has dawned regarding GM might be a 3™ constituent
impacting both vasculature as well as bone. Here the
objective is to detail the growing proof regarding the
association amongst cardiovascular system, gut, bone along
with their inter correlation labelled as gut-bone- vascular
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axis in propagating CKD (Figure 1) [11].

Figure 1 (courtesy ref no-11): The kidney plays an
important role in nutritional homeostasis. Base on
Chronic kidney disease causes kidney damage, Increased
susceptibility to malnutrition injury. In CKD, a reduction
in renal filtering capacity results in the deposition
and accumulation of waste products in the blood,
which eventually develops into uremia. In addition,
complications of uremia include uremic neuropathy,
which can contribute to gustatory dysfunction leads to an
imbalanced diet. Dysbiosis caused by an imbalanced diet
(for example, a diet high in protein and animal fat) leads
to excessive production and accumulation of p-cresol and
indoxyl sulfate in the gut. This accumulation destroys the
intestinal barrier, thereby increasing the permeability of
the intestine. Therefore, it can cause kidney damage (like
inflammation of the kidneys). Metabolite causes activation
of immune cells and factors, and continuous destruction of
the intestinal barrier.

Having reviewed earlier the role of epigenetic
modifications in Diabetic Kidney Disease (DKD), role of
various other etiologies of CKD besides Vitamin K &D in CKD,
role of gut microbiota (GM) in obesity, type2 Diabetesmellitus
(T2DM), non-alcoholic fatty liver disease(NAFLD)and
utilization of probiotics for their treatment, normalphysiology
of bone [12-24] we decided to conduct a narrative review
regarding correlation of GM in CKD besides the association
with bone health and mineral metabolism.

Copyright© Kaur KK, etal.

Health and Vascular Calcification in Chronic Kidney Disease: A Narrative Review. ] Endocrinol

2023, 7(1): 000180.


https://medwinpublishers.com/OAJE/

Methods

Here we conducted a narrative review utilizing search
engine pubmed, google scholar; web of science embase;
Cochrane review library utilizing the MeSH terms like CKD;
GM: vascular calcification (VC); mineral along with bone
disorders(MBD); VitaminK; TMAO; vascular smooth muscle
cells(VSMC) Probiotics; Prebiotics; uremic toxins short chain
fatty acids(SCFAs) from 1990’s till 2022 till date.

Results

We found a total of 800 articles out of which we selected
140 articles for this review. No meta-analysis was done.

Vascular Along with Mineral Bone

Aberrations in CKD

Vascular Calcification

Besides the reduction in glomerular filtration rate (GFR),
a systemic alteration takes place in mineral metabolism in
case of patients with propagating CKD. Together these
alterations are labelled as Chronic Kidney Disease- mineral
along with bone disorders (CKD-MBD). CKD-MBD process
the properties of one or greater aberrations in circulating
minerals or their controlling hormones (like calcium,
phosphate, PTH, VitaminD), bone aberrations along with
vascular calcification [25].

CKDis correlated with escalated cardiovascular mortality
that might be in part explained by vascular calcification in
relation to CKD-MBD. Escalated dyscontrolling might be seen
in extremely young dialysis patients which aid in inimical
outcomes [26]. Vascular calcification represents an active
considerably controlled cellular event with the calcium
along with phosphate crystals getting deposited within the
intima as well as media layer of vasculature along with/or
heart valves [27]. Apart from well acknowledged canonical
risk factors for vascular calcification(VC)like age, male
sex, diabetes, dyslipidemia, hypertension, smoking along
with inflammation, VC in CKD patients (from early states
till subsequent to replacement treatment)gets stimulated
by decontrolling of mineral metabolism [28], along with
phenotypic alterations in vascular smooth muscle cells
(VSMC) that reflects the first step in the pathological event
labelled as osteochondrogenic differentiation along with
apoptosis in VSMC [29]. Different facets of close modes in CKD
stimulated vascular calcification further attribute towards
the instability along with release of matrix extra cellular
vesicles (ECV) possessing calcium along with phosphate
from bone as well as VSMC besides elastin(protein with
maximum enrichment of media wall) breakdown, facilitating
calcium getting deposited [30]. Furthermore, an imbalanced
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milieu occurring secondary to mineral decontrolling
results in dysfunctional actions of VC hampering
agents(like pyrophosphates, adenosine, matrix Gla protein
(MGP), osteopontin, fetuin, osteoprotegrin Klotho, Bone
morphogenetic protein7 (BMP7), (magnesium), whereas
escalating the actions of promoters(like proinflammatory
cytokines, Oxidative stress (0S), osteocalcin, osteonectin,
BMP2, Runx2, secondary calciproteins particles) [30,31].
Decontrolling of numerous factors have been isolated along
with associated with VC besides inimical clinical outcomes
[32]. A recently conducted study in CKD patients with
variations in degree of renal function have illustrated an
aggravated expression of alkaline phosphatase along with
Runx2 in VSMC of CKD patients that points to osteogenic
differentiation [33]. The part of Wnt hampering agents
like sclerostin along with DKK (dickopff) continues to be
contradictory [34]. Intriguingly numerous of above detailed
factors besides being implicated in vascular calcification,
further control bone metabolism along with are responsible
for bone aberrations in CKD (Figure 2 & 3).

Figure 2 (courtesy ref no-11): In chronic kidney disease
(CKD) patients, decreased renal function leads to
decreased glomerular filtration rate (GFR), increased
proteinuria and uremic toxins, and damage to glomeruli
and tubulointerstitial. Also cause metabolic acidosis,
accelerated protein catabolism, resulting in malnourished
patients. Malnutrition also leads to an imbalance of
intestinal homeostasis, which is characterized by
increased mucosal inflammation, increased intestinal
permeability and abnormally increased gut microbiota-
derived metabolites like (p-cresol, indoxyl sulfate and
Trimethylamine N-oxide (TMAO). It can directly or
indirectly affect vascular smooth muscle cells or vascular
endothelial cells and induce vascular calcification. And high
phosphorus caused by chronic kidney disease, parathyroid
hormone (PTH), inflammatory cytokines, oxidative stress
and uremic toxins can induce vascular calcification.
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Figure 3 (courtesy ref no-11): Gut Microbial-Derived Metabolites in CKD Patients.

Bone Aberrations in CKD

CKD possesses a robust properties of escalated risk of
fractures in CKD patients on dialysis displaying a risk from
1.5 - 8times in contrast to general population [35]. Over the
span of 1992-2009, risk of fractures has escalated by 50.9%
regarding hip along with vertebral fractures, as well as40.6%
in arms and leg fracture which needed to be hospitalized as
far as haemodialysis patients in United States are concerned
[36]. An epidemiological study conducted further recently
revealed that there was an inverse association amongst the
estimated glomerular filtration rate (eGFR) along with risk of
fractures incidence with an hazard ratio of 1.25(95%CI 1.05-
1.49) for eGFR <60ml/min/1.73m? as well as 1.65(95%CI
1.14-2.37) for eGFR <45ml/min/1.73m?[36]. Moreover, the
action of reduction of eGFR on fractures incidence was more
obvious in case of younger along with male patients [37].
Furthermore, haemodialysis patients who presented with
a fracture possessed greater unadjusted ratios of mortality
(3.7 times) along with mortality(/rehospitalized (4.0 times)
in contrast to dialysis patients without a fracture [35]. The
escalated risk of fractures has been observed amongst CKD
patients subsequent to Kidney transplantation [38,39]. In
the initial 3 yrs post transplantation, the risk of hip fractures
is 349% greater in contrast to dialysis patients along with25%
will develop a fracture at a time span of 5yrs [39]. A meta-
analysis which was conducted recently revealed that the
total incidence rate of fractures was 8.95/1000person years
amongst dialysis patients with Kidney transplant recipients
(KTR) [38].
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Vascular Calcification Along with Bone Disease
in CKD-Is the Aetiology Common?

Shared formation of VC along with Bone disease in case
of patients with CKD being common factors which stimulate
these decontrolling pointed that there is a common aetiology.
Escalated proof has revealed the copresence of both VC
along with bone disease in CKD patients [40]. However,
the modes associating aberrations in bone along with VC
remains with no clarity. In view of bone matrix is possessing
abundance of controlling factors which are further active
in the vasculature as well like osteopontin along with MGP
they might be liberated in the circulation at the time of
bone getting resorped [41]. In the vascular tissues, cells
possessing both osteoblastic along with osteoclastic capacity
have been detailed as well as bone associated proteins have
been isolated in calcified arterial damage [42]. There might
be alternate factors implicated in vascular calcification
along with bone depletion in CKD that is validated by the
various risk factors shared by both conditions inclusive of
Vitamin K along with D aberrations, chronic inflammation,
dyslipidemia, hyperparathyroidism, hyperhomocystenemia,
estrogen deficiency along with Oxidative stress (0S) [41].
The way detailed in the Kidney Disease Improving Global
Outcomes (KDIGO) 2006 Guidelines these words CKD-MBD
were referred not to just detail the syndrome regarding
the bone along with biochemical aberrations seen in CKD
but further be inclusive of extra skeletal calcification that
takes place in these patients due to the disturbance in the
complicated systems biology that is inclusive of Kidney,
skeletal along with cardiovascularsystem [43].
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Despite, no etiological association has been
made definitively, CKD-MBD as well as specifically
hyperphosphatemia, reflects one of the main stimulators
of vascular calcification [30]. Hyperphosphatemia causes
stimulation of both PTH along with Fibroblast growth
factor23 (FGF23) generation which is followed by
phosphaturia induction via an action on type2 renal Sodium
dependentphosphate transporters [29,30]. Nevertheless,
aberrant quantities of PTH along with FGF23 might be
correlated with vascular calcification even prior to the
generation of hyperphosphatemia. escalted quantities of
PTH along with FGF23 in CKD facilitate bone resorption, that
might further escalate serum calcium- phosphate products
in a vicious cycle [44]. VSMC's on exposure to a milieu rich
in calcium as well as phosphate they go through osteogenic
differentiation, along with transform to bone generating cells
known as Osteoblast Chondrocytes like cells [29]. The injury
contractile characteristic are depleted however they form a
collagen matrix along with generate abundance of calcium -
along with phosphate matrix vesicles, that in turn might start
the mineralization of the wall of the vessels [29].

Open Access Journal of Endocrinology

Simultaneously,a bone disease, dynamic in nature
possessing the properties of considerable reduction in bone
generation rate along with lesser quantities of PTH( lesser
bone remodeling) might further be correlated with ectopic
calcification of the vessels valves as well as heart [45].
Apparently osteochondrogenic differentiation of the VSMC is
based on greater expression of type IIl Sodium dependent
phosphate transporters (Pit 1 as well as Pit 2) thus aiding
in vascular calcification in CKD-MBD. It is experimentally
validated that anti-aging protein Klotho, a co-receptor
that is applicable for classical FGF23 signaling, imparts
anti calcification actions by induction of phosphaturia that
preserves GFR along with a direct action as well on soft
tissue inclusive of vascular smooth muscle [31]. Hence
decontrolling of bone along with mineral metabolism might
stimulate bone disease as well as vascular calcification in
CKD. Simultaneously, extra factors like inflammation that is
shared with CKD, along with elimination of Klotho [46] might
have inimical actions on bone as well as vasculature (Figure
4) [47].

and augmenting Ca2+ release from intracellular stores.

Figure 4 (courtesy ref no-47): IS enhances the CpG hypermethylation of Klotho and epigenetic modification of klotho to
promote the process of VC in CKD and induced methyltransferase-like (METTL14) -dependent N6-methyladenosine (m6A)
regulated vascular calcification in VSMC.TMAO activates endothelial cell mitogen-activated protein kinase (MAPK) and
vascular smooth muscle cell (VSMC) through nuclear factor-kB (NF-«kB) pathway, leading to inflammatory gene expression

Inflammation: Stimulating Bone Disease Along
with Calcification

In case of CKD, the existence of whatis labelled as Uremic
vascular microinflammation is, believed to be the hallmark of
pathophysiological component which possesses a significant
part in vascular calcification along with bone disease [48].

Kaur KK, et al. Therapeutic Clinical Implications of Crosstalk amongst Gut Microbiota, Bone

Already enough proof has been revealed that biomarkers of
inflammation like IL-1f, IL-6 along with TNF-o possessed an
inverse association with eGFR along with cystatin-C besides
positively with albuminuria [49], as per abig cohortstudy, that
pointed to a part of inflammation in the generation of CKD as
well as propagation .The modes that associate inflammation
with vascular calcification implicates numerous factors as
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well as are complicated .Multiple inflammatory modulators
like C Reactive Protein(CRP), Oxidative stress( OS), carbonyl
stress along with cytokines might directly initiate vascular
calcification. Furthermore, inflammation results in reduction
of the calcification hampering agent like fetuin [50].
Significantly, the proinflammatory cytokines, TNF-o, receptor
activator of nuclear kappa B ligand (RANKL) as well as IL-1
along with IL-17 further possess inimical actions on bone
[51]. TNF-a impacts Osteoclastogenesis via direct actions
on osteoclast precursors cells, whereas IL-6 possesses the
capacity of upregulation of RANKL, hence indirect validate
the generation of osteoclasts through crosstalk with
mesenchymal cells [46]. In case of a histomorphometric
study conducted by Viane, et al. [52], in end stage renal
Disease(ESRD) patients illustrated that inflammatory
markers like IL-6 as well as TNF-o possessed an independent
correlation respectively with aortic calcification along with
lesser bone area, highlighting the part of microinflammation
in the bone-vascular axis in CKD .No clarification is present
regarding the area of origin of chronic inflammation in
case of numerous CKD patients, with numerous factors
being implicated. Collecting proof pointed to the part of
Gastrointestinal Tract (GIT) in the form of a main etiological
factor regarding inflammation in CKD [53].

Role of Gut Microbiota in Chronic Kidney
Disease

Both experimental in addition to Clinical proof pointed to
a unique intestinal microbiota comprising the GM in CKD. A
well acknowledged fact is the presence of a healthy, balanced
colonic microbiota is basically made up of saccharolytic
bacteria (alias bacteria that ferment carbohydrates) [3].
Regarding reduction of GFR, there is exposure of theintestines
to uremia. Continuous exposure to escalated quantities of
urea result in the overgrowth of urease possessing bacterial
families [54], that are implicated in escalated ammonia
formation, further enhancing intestinal pH . Furthermore
in case of ESRD escalated quantities of uric acid along with
oxalates liberation in the GIT in view of colon assuming the
main excretion mode [4], which is responsible for enrichment
of urease generating microbes [54]. These escalated
proliferation of (uricase along with urease possessing
species) result in gut dysbiosis generation. In a recently
conducted systematic review it was illustrated that patients
from any stage of CKD, varying from early GFR reduction
to ESRD possessed a considerable variation in GM profile
in contrast to normal healthy subjects [55]. Nevertheless,
certain variation in GM profile amongst CKD populations
can be observed. At the time of early CKD, certain spp of
advantage like Ruminococcacea along with Lacnospiraacea,
that are of abundancein the general population, possessing
the capacity of breakdown of polysaccharides were seen
[55]. With advancement of CKD the families correlated with
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the generation of uremic toxins are, believed to be greater,
whereas there is reduction in families correlated with the
generation of short chain fatty acids (SCFAs) [55]. These
observations pointed that the microbiota in early CKD might
be more intricate with that of healthy subjects in contrast to
ones with advancement of CKD where gut dysbiosis is more
prevalent.

The gut dysbiosis facilitated by the uremic
microenvironment is implicated in the elimination of gut -
barrier-intactness that in turn aids in translocation of live
bacteria, endotoxin molecules (lipopolysaccharides) as well
as gut obtained uremic toxins in the circulation [56]. The
escalated exposure of the host to these constituents might
cause activation of innate immunity along with systemic
inflammation, ratio of enhanced intestinal CD4*T helper
cells (Th17cells) than Foxp3+regulatory T (Treg) cells
ends in a vicious cycle [57]. Furthermore, the proteolytic
spp of abundance in CKD generate uremic toxins produced
via protein fermentation in the intestine [58], inclusive of
p-cresyl sulphate (P-CS), indoxyl sulfate (IS) along with
trimethylamine-N-oxide (TMAO) [54], all possessing
proinflammatory actions [58].Changes in the microbiota
constitutionare inclusive of the microbial spp. that don’t
possess the capacity of generating anti-inflammatory
characteristics in addition to cytoprotective molecules like
SCFA [54].

Besides uremia other factors aiding in the alterations
in gut microbiota (GM) organization in case of CKD patients
are diet along with medicines [59]. The major aspect of
renal diet is protein restriction, whose objective besides
preservation of renal function as well as reduction in
the uremic toxins generation [59]. Furthermore, for the
avoidance of hyperkalaemia as well as oxalates overload
dietary Guidelines, advocated are inclusive of restriction of
fruits along with vegetables ingestion, food grps possessing
abundance offibers, thus disturbance of symbioticassociation
in the GIT [60]. Rather than Concentrating on particular
nutrients, certain authors conducted assessment of probable
part of healthy dietary paradigms, like vegetarian as well as
Mediterranean diet on GM arrangement in CKD [61,62]. A
crossectional study revealed that vegetarian haemodialysis
patients possessed lesser quantities of P-CS as well as IS
in contrast to omnivorous patients [61]. The greater fibers
along with decreased quantities of animal proteins of a
vegetarian diet might be implicated in the advantageous
actions. Mediterranean diet possesses the characteristics of
an attractive ratio of protein: carbohydrate consumption for
GM, in view of it possessing whole grains, nuts, fruits along
with vegetables with modest ingestion of fish along with
dairy products as well as lesser consumption of redmeat.
Despite, this dietary paradigms was unable to decrease the
generation of uremic toxins in CKD- patients [62], it possess
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the capacity of escalating healthy GM components along
with generation of SCFA in healthy individuals [59]. Chronic
Intestinal constipation is another usual issue in CKD which
impacts Intestinal microbiota [63].

CKD along with its usual correlated comorbidities result
in polypharmacy (alias utilization of 5 or= medicationsdaily)
in 80% of CKD patients [64]. Numerous agents have been
implicated in alterations in GM arrangement [65-70]. Like
phosphate binders possess the capacity of influencing GM
by resulting in dysfunctional Vitamin K as well as phosphate
absorption [65]. Apart from influencing GM calcium
dependent phosphate binders might escalate the risk of extra
skeletal calcification via induction of escalation of serum
calcium by decreased intestinal absorption of Vitamin K2. In
arecentreview inimical actions of Oral iron supplementation
has been documented on GM, gut microbiome as well as
intestinal health that might result in escalated formation
of uremic toxins in CKD [67] the usual utilization of
antibiotics by CKD patients, besides impacting the target
pathogen, it influences commensal gut microbiota(GM)
[66]. Proton pump hampering agents(PPlIs)another kind
of medicines utilized usually by CKD patients have been
significantly correlated with alterations in gut microbiome
in view of long timedecrease in gastric acid liberation
besides hypochorhydria [68]. Lastly immunosuppression
treatment subsequent to Kidney transplantation can result
in considerable changes in GM organization [68,69].

Intriguingly, decontrolling of GM might aid in vascular
along with bone disease in case of CKD patients((the gut-
vascular -bone-axis) amongst others via a metabolic switch
from the mainly saccharolytic to a proteolytic fermentation
paradigms, changed intestinal barrier function as well as
dysfunctional Vitamin K status [70].

Gut- Vascular -Bone-Axis in CKD

Numerous factors aiding in gut aberrations connect
vascular calcification along with bone disease are inclusive
of) uremic (toxinsii) (TMAOiii) (Vitamin Kiv) SCFA.

Uremic Toxins

Uremic toxins p-cresyl sulfate(P-CS) as well as indoxyl
sulfate (IS)get generated from the Intestinal microbial
metabolism of tyrosine /phenyl alanine along with
tryptophan respectively [10]. Subsequent to absorption
from the colonicmucosa, they get conjugated with sulfate
in the liver to P-CS as well as IS, that are either bound to
albumin or circulating freely [10,68]. In case of CKD the
exacerbated microbial generation along with escalated
intestinal permeability, both aid in the continued accrual of
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serum uremic toxins [68].

Canonical haemodialysis does not possesses the capacity
of effective elimination of IS in view of greater binding
capacity of albumin in plasma [71]. Greater quantities of
P-CS as well as IS are correlated with exaggerated CKD
propagation besides cardiovascular disease [72,73]. At the
time of CKD, plasma IS quantities are over 100 times of
healthy subjects [74]. This aggravated quantities of plasma
uremic toxins facilitates the generation of free radicals in
renal cells along with VSMC via Oxidative stress( OS) as
well as inflammation, resulting in tissue damage [11]. IS
stimulates the expression of Osteoblast specific protein
along with aortic wall calcification as well as thickening in
Dahl-salt sensitive Hypertensive rats [75]. In agreement IS
has been illustrated to facilitate a phenotypic shift of VSMC
from contractile to Osteogenic phenotype [76]. IS quantities
equivalent to those found in ESRD) patients possesses
the capacity of causing proliferation of VSMC in rats was
illustrated in an experimental Study [77]. In vitro P-CS might
work in the form of a pro- osteogenic or pro- calcific toxins
[78]. Significant escalation of aortic calcification along with
calcification of peripheral arteries of rat was illustrated
in a morerecent in vivo studywhere greater continued
exposure to P-CS as well as IS took place [79]. ]Jing, et al. [80],
illustrated that serum P-CS stimulated monocyte endothelial
crosstalk in vitro via escalated generation of Reactive oxygen
species (ROS). Furthermore, in vivo escalated P-CS quantities
facilitated atherogenesis in 5/6 nephrectomized apoEL/L
mice in contrast to controls [80]. Additionally, the activation
ofinflammation in addition to coagulation signaling pathways
in aorta prior to calcification implied the involvement of these
signaling pathways in toxins stimulatedarterial calcification
[79].

Limited clinical studies have conducted an evaluation
of correlation amongst uremic toxins along with vascular
calcification in CKD. Baretto, et al. [73], revealed that a
positive correlation existed amongst serum IS quantities as
well as pulse wave velocity along with aortic calcification in
variable stages of CKD, with IS wall acting as an anticipator of
total in addition to cardiovascular mortality. Following that
their group illustrated a correlation amongst P-CS as well as
vascular calcification in CKD patients that pointed to P-CS
quantities in the form of an anticipator of total along with
cardiovascular mortality [72]. Rossi, et al. [81], observed a
propagating escalated quantities of total in addition to free
serum P-CS as well as IS in greater advancement of CKD
stages [81]. Moreover total in addition to free serum P-CS
as well as IS, possessed an independent correlation with
structural as well as functional markers of cardiovascular
disease like carotid intima -media-thickness (cIMT) as
well as endothelial function [82]. Regarding haemodialysis
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(HD) patients P-CS quantities were correlated with higher
carotid-femoral pulse wave velocity (PMW) which were
apparently anticipator of greater arterial stiffness in patients
of ESRD [82]. In agreement, study conducted a HD patients
illustrated escalated quantities of P-CS in patients with
carotid atherosclerotic plaque (CAP), revealed a positive
association with greater total plaque area [80]. Lastly a
huge cohort study of children with CKD further observed a
Significant correlation existed amongst greater IS quantities
with greater cIMT) as well as propagation of PMW, which was
independent of other risk factors [83]. Significantly all these
outcomes have been obtained from observational studies
hence need further validation from human prospective
studies.

Despite, limited knowledge existed regarding actions of
uremic toxins on bone health in CKD the accumulated proof
pointed towards IS might hamper osteoclast differentiation
along with PTH signalling [84]. Moreover numerous In
vitro studies have pointed that IS causes disturbance in
the differentiation of mesenchymal stem cells(MSC'’s) into
osteoblasts, hampers proliferation of osteoblasts, bone
mineralde position, alkaline phosphatase action as well as
expression of bone associated genes [85]. Hirata, et al. [86],
in a study conducted on parathyroid ectomized young adult
rats, revealed that low bone turnover occurred secondary to
IS [86], which might be a result of modes not associated with
skeletal resistance to parathyroid hormone [87]. Treatment
of MSC'’s with escalated quantities of uremic toxins like P-CS
or IS at the time of osteogenic differentiation facilitated
down regulation of type 1 collagen, decreased alkaline
phosphatase action as well as dysfunctional MSC’s mineral
deposition [87]. These outcomes obtained emphasized
that uremic toxins impacted osteogenesis negatively. It is
well acknowledged that resistance to parathyroid hormone
actions take place in the setting of CKD, despite the mode
has not been worked out. NiiKono, et al. [88] illustrated that
escalated quantities of serum IS facilitated PTH resistance in
osteoblasts. In case of an experimental model of CKD IS along
with other uremic toxins altered bone arrangement [89]. An
inverse correlation existed in haemodialysis patients with
alkaline phosphatase as well as with bone particular alkaline
phosphatase disregarding intactness of PTH that pointed
the involvement of IS in skeletal resistance [90]. Moreover,
escalated quantities of IS facilitated 24 hydroxylase
(CYP24A1) action that result in 25 hydroxy VitaminD as well
as active VitaminD breakdown, decreasing, calcitriol(1, 25 di
hydroxy cholecalciferol) quantities [91].

These observations pointed that patients with CKD might
generate low bone turnover disease by direct actions of IS
on osteoblast along with osteoclast precursors regarding
suppression of bone generation along with bone resorption.
Nevertheless, greater studies are required regarding

Kaur KK, et al. Therapeutic Clinical Implications of Crosstalk amongst Gut Microbiota, Bone

Open Access Journal of Endocrinology

unearthing the modes of uremic toxins in propagation of
bone disease in case of uremia.

Role of Trimethylamine-N-Oxide (TMAO)

Trimethylamine-N-oxide(TMAO) gets obtained from
trimethylamine (TMA ) possessing substrates like I-carnitine,
choline along with betaine generated by intestinal microbiota
[92]. These substances are present in different kinds of food
& its products inclusive of those of animal initiation like red
meat, egg, milk, fish, poultry besides those of plant origin like
green vegetables, whole grains, spinach as well as beets [92].
TMA which gets generated by bacteria is absorbed effectively
into the circulation along with is converted by hepatic
enzymes like flavin mono oxygenase to TMAO [92].

In prior larger Clinical study, greater quantities of
serum TMAO had been correlated with CVD [93] apart from
facilitating atherosclerosis in case of rodents [94]. It is well
acknowledged that patients with CKD possessing variable
degrees of renal function have escalated generation of
serum TMAO in view of changes in GM along with decreased
renal function [93,95]. A well fashioned study conducted
recently implicating haemodialysis patients illustrated that
greater quantities of serum TMAO were present in aortic
calcification, in contrast to those without aortic calcification
as well as positive correlation among serum TMAO quantities
as well as aortic calcification scores [96]. In case of cultured
VSMCs TMAO facilitated calcium -phosphate stimulated
calcification along with in an animal CKD model TMAO
facilitated vascular calcification [96]. Moreover, Zhang, et
al. [96], further illustrated that TMAO facilitated vascular
calcification besides osteogenic differentiation by activation
ofNLRP3(nucleotide-binding domain, leucine-rich-repeat
containing family, pyrin domain-containing 3inflammasome
along with NF-Kb ( nuclear factor-kappaB) signaling
pathways [96].

TMAO ‘s part regarding bone health was evaluated
recently in addition to in age associated osteoporosis [97],
along with type2 diabetes mellitus (T2DM) [98], however
outcomes obtained from the patients with CKD were missing
at present. Intriguingly in vitro treatment with TMAO
facilitated adipogenic differentiation along with hampered
osteogenic differentiation of bone marrow mesenchymal
stem cells (BMMSCs) by up regulation of NF-kB signaling
pathway [99]. This emphasized the significance of assessment
of part of GM in CKD patients on quantities of serum TMAO
along with if it affects vascular calcification as well as bone
health. Furthermore Yin, et al. [11] illustrated that TMAO
activated endothelial cell mitogen activated protein kinase
(MAPK) along with VSMC via NFkB pathway that resulted
in inflammatory gene expression as well as escalated Ca?*
liberation from intracellular stores (Figure 5).
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and augmenting Ca2+ release from intracellular stores.

Figure 5 (courtesy ref no-11): IS enhances the CpG hypermethylation of Klotho and epigenetic modification of klotho to
promote the process of VC in CKD and induced methyl transferase-like (METTL14) -dependent N6-methyladenosine (m6A)
regulated vascular calcification in VSMC.TMAO activates endothelial cell mitogen-activated protein kinase (MAPK) and
vascular smooth muscle cell (VSMC) through nuclear factor-kB (NF-«kB) pathway, leading to inflammatory gene expression

Role of Vitamin K

Vitamin K represents a fat soluble Vitamin which
possesses a part in bone metabolism along with vascular
calcification with its deficit is usually present in CKD patients
[100]. Furthermore, subclinical Vitamin K deficiency is
seen in patients with CKD [101], which corroborated the
significance of escalated risk of vascular calcification as well
as bone demineralization [102]. It is present in 2 isoforms
namely VK 1 or phylloquinine (PK), Vitamin K2 (VK2)
or generally known as menaquinone (MK). PK is usually
generated by plant as well as seen in green leafy vegetables
whereas MK gets formed by bacteria generally in present
in yogurt besides other fermented food products as well
as generated by bacteria [103]. The bacterial MK existing
in the colon are basically MK10 as well as MK11 generated
by Bacteroides, MK 8 by Enterobacteria MK 7 by Veillonella
along with MK 6 by Eubacterium lentum [104]. Despite, the
dietary PK in vegatables represents the major sources of the
VK 2 consumption (80-90%), only 5-10% gets absorbed,
while 10-25% is obtained from MK [105]. Still certain
Authors belief is that considerably lesser quantities of VK
2 obtained from intestinal microbiota might significantly
impact health [106].

Diets possessing lesser quantities of potassium (like
reduced green leafy vegetables that has abundance of VK
1) along with lesser quantities of phosphate (like reduced
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dairy products that has abundance of VK 2) advocated in
patients with CKD, hence reflect probable etiology of Vitamin
K deficiency [60]. Other than dietary factors along with
utilization of medicines like Vitamin K antagonists as well as
phosphate binders [107], GM changed organization in case
of CKD patients might further be implicated in being inimical
regarding Vitamin K deficiency in thispopulation. A recently
conducted study case of with Crohn’s disease revealed that
there is decreased gut bacterial organization in Vitamin K
deficient patients [106]. A well fashioned study conducted
recently has illustrated that mice with interference in
microbiota demonstrated, moderate enrichment of
microbialgene implicated in Vitamin K formation [108].
Additionally, interference with gut microbiome was
correlated with reduced crystallinity along with reduction
in bone strength [108]. The probability of GM organization
in correlation with Vitamin K status in CKD setting needs
greater assessment.

VK dependent proteins (VKDPs) inclusive of osteocalcin
(0C), along with matrix Gla protein [MGP] are significant
controllers of bone mineralization [109]. Osteoblasts are
the only generators of OC, whose binding takes place with
calcium ions as well as hydroxyapatite crystals that has
a controlling impact on bone mineral metabolism [110].
MGP is generated by VSMCs as well as chondrocytes for
avoidance of ectopic calcification [100-109]. Decreased serum
quantities of carboxylated MGP is apparently implicated in the
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generation along with propagation of vascular calcification
[110]. Moreover, on stimulation of the xenobiotic receptor on
osteoblasts, Vitamin K possesses the capacity of changing bone
mineral events [111] with the knowledge that Vitamin K is
necessary regarding functionalization of a cascade of proteins
inclusive of OC’s the non-collagen protein in bone matrix
having maximum enrichment [111], the absence of bone OC
escalates its fragility in addition to proneness to fractures
[111]. Decreased consumption of Vitamin K along with
functional Vitamin K deficiency as estimated by circulating
markers like plasma dephosphorylated uncarboxylated matrix
Gla protein(dp-ucMGP) or undercarboxylated OC(unOC)are
correlated with lesser Bone mineral density (BMD) along
with escalated fractures risk in general population [112] in
addition to patients with CKD [113]. In an observational study
where assessment of influence of Vitamin K in haemodialysis
patients on vascular calcification as well as bone health was
done revealed that Vitamin K1 deficiency was the maximum
robust anticipator of vertebral fractures, while MK -4
deficiency of aortic calcification, along with MK -7 deficiency
of iliac calcification [113].

Various studies observed a positive correlation amongst
vascular calcification as well as Vitamin K deficiency [102-
114].Inarecently conducted cohortstudy on ESRD patients, it
was illustrated that dp-uc MGP possessed arobust correlation
with coronary artery calcium (CAC) as well as aortic valve
calcium; nevertheless in a stepwise regression assessmentit
was demonstrated that dp-uc MGP was not an independent
anticipator of wvascular calcification. Simultaneously, a
randomized controlled trial illustrated that supplementing
12mths of Vitamin K2 did not enhance vascular calcification
in non-dialysis patients [115]. These observations pointed
that a complicated, unresolved crosstalk amongst Vitamin
K deficiency, bone disease along with vascular calcification
exists in CKD. Six randomized controlled trials are ongoing
for assessment of actions of Vitamin K supplementation in
haemodialysis patients [116].

Role of Short Chain Fatty Acids (SCFA)

In the colon certain bacterial spp possess the capacity
of fermenting lot of nutrientslike indigestible carbohydrates
inclusive of dietary fibers along with resistant starches like
polysaccharides to form short chain fatty acids (SCFA) [117].
SCFA are implicated in the 2-10% of the full energy utilization
in humans that work in the form of provision of energy to
colonic epithelial cells along with microbiota) [117]. SCFA
which have maximum enrichment are inclusive of acetate,
propionate as well as butyrate, whose generation takes place
maximum via Firmicutes as well as Bacteroides that have fast
absorption taking place from the intestinal epithelial cells via
particular transporters or diffusion [3-117]. The advantages
of SCFA are not restricted tointestine, the site of their

Kaur KK, et al. Therapeutic Clinical Implications of Crosstalk amongst Gut Microbiota, Bone

Open Access Journal of Endocrinology

formation [118]. SCFA, apparently aid in the enhancement
of vascular phenotype [11]. Certain studies have illustrated
immunomodulatory ability of SCFA.Inflammatory cells like
neutrophils macrophages, dendritic cells, as well as Tcells
possesses the capacity of response to SCFA treatment, in
agreement with their anti-inflammatory actions in broad
variety of along with decrease vascular calcification [119],
despite restricted studies on this issue.

Accumulating proof corroborated the advantageous
actions of SCFA on bone health [129,30]. Mice receiving
treatment with  SCFAx8wks illustrated significant
enhancement of bone mass along with conferred protection
from pathological bone depletion [129]. Lucas, et al. [120],
further evaluated diet with greater quantities of fibers that
escalated SCFA quantities in caecum along with serum on
bone health. They observed this diet aided in enhanced bone
mass. Zhou, et al. [121], have revealed a direct correlation
amongst dietary fiber ingestion along with BMD basically in
men in addition to those enroled possessing lesser genetically
estimated GM- obtained SCFA propionate [121].

GM- in case of CKD patients possesses the properties of
greater enrichment of spp possessing proteases in contrast
to spp possessing enzyme implicated in the breakdown
of fibers for production of SCFA, apart from lesser dietary
fiber ingestion in view of renal diet advocated [56]. Serum
butyrate quantities were 3 times lesser in Chinese CKD
patients in contrast to healthy controls [122]. Furthermore,
an inverse correlation was observed amongst butyrate as
well as renal function [122]. Nevertheless, Terpstra, et al.
[123] did not observe decreased quantities of butyrate
generating spp nor in butyrate generating ability in a study
of Dutch CKD patients sample, however they did not estimate
full SCFA quantities. Hence, despite SCFA might be another
correlate in Gut- vascular - bone-axis, its significance in
CKD requires future evaluation. Moreover Rysz, et al. [47],
emphasized how we find beneficial actions of Sodium -
glucose co-transporter 2(SGLT2) cangliflozin treatment in
CKD patients by reduction of quantities of uremic toxins (by
hampering SGLT2 but probably SGLT1 as well) to change
intestinal metabolites in an animal model. Furthermore this
finding might be correlated with escalated quantities of SCFA
as well as changed GM organization [47] (see figure 6).

Role of Epigenetic Modifications & miRNAs

Yin, et al. [11], further illustrated that IS escalated the
CpG hypermethylation of Klotho in addition to epigenetic
modification of klotho to facilitate the event of VC in CKD
along with stimulated methyltransferase-like (METTL14) -
dependent N6-methyladenosine (m6A) controlled vascular
calcification in VSMC. They further highlighted the part of
miRNAs in these events (see figure 5).
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Figure 6 (courtesy ref no-47): Microbiome alterations observed in ESRD patients and uremic toxins.

Treatment Options

Personalized strategies with the aim of regeneration of
a symbiotic association of GM with the host in case of CKD
patients might be of advantages in Gut- vascular - bone-axis
in CKD, thus aiding in amelioratation of vascular calcification
as well as Bone mineral disease. For achieving this dietary
manipulation. basicaly by escalating dietary fiber ingestion,
Probiotics, Prebiotics as well as symbiotic delivery, Vitamin K
supplementation where essential. The definition recognized
by Food and Agricultural Organization of the United Nations
(FAO) and world health organization (WHO) working group
experts is that probiotics are live strains of strictly selected
microorganisms, which once administered in adequate
amounts, giveahealthbenefittothehost[124].Currently there
is no availability of studies evaluating Probiotic, Prebiotics as
well as symbiotic delivery, on vascular calcification as well
as bone health in CKD patients. Nevertheless, a randomized
controlled trial conducted recently illustrated that 3months
of fructoligosacharides (FOS) supplementation had no
impact on arterial stiffness, however decreased quantities of
IL-6, besides preservation of endothelial function in case of
patients possessing endothelial injury [125].

Moreover, certain studies pointed that decrease in
uremic toxins generation took place in reaction to Probiotics
in experimental along with clinical CKD studies attenuated
biomarkers of inflammation along with OS [126]. Conversely,
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Borges, et al. [127], in a double blind, randomized placebo
controlled trial where was done observed escalated quantities
of IS subsequent to 3mths of Probiotic supplementation, that
might be in view of escalated gut barrier permeability .These
observations emphasized the need for greater assessment of
use of Probiotics treatmentin CKD patients thathastobe done
judiciously currently. Prebiotics, indigestible carbohydrates
which work by impacting growth as well as action of
advantageous bacteria with decrease in uremic toxins along
with inflammatory biomarkers [128]. Conversely, in non-
dialysis CKD patients, FOS supplementation did not impact
uremic toxins quantities [129]. Similarly symbiotics, which by
definition is a combination of Probiotics as well as Prebiotics,
resulted in reduction in serum P-CS quantities in CKD
patients [126].

Intriguingly, AST 120 an orally delivered spherical
adsorbent that has received approval for utilization in CKD
patients in Japan along with Asia possesses the capacity
of hampering the hepatic generation of indoxyl sulfate by
hampering the GIT absorption of indol as illustrated in an
experimental study Armani RG, et al. [130]. Furthermore,
significant reduction in serum P-CS quantities occurred in
an animal model by AST 120 [131]. Moreover, in mice with
adenine stimulated Kidney injury on receipt of AST 120 did
not possess fecal p-cresol amounts. Additionally, AST 120
decreased the enrichment of Erysipelotrichcacea uncultured
Clostridium sensustricto implicated in generation of p-cresol
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[132]. These preclinical human studies have laid the
foundation for clinical studies in humans. A study to start
with revealed that AST 120 reduced serum indoxyl sulfate
quantities in a dose based fashion in patients with moderate
to severe CKD [133]. Subsequently a study conducted more
recently, a huge multinational randomized controlled trial to
our misfortune did not illustrate any advantageous action of
AST 120 on propagation of CKD [134]. A study still continuing
has the objective of assessment of Probiotics in addition to
oral adsorbents on vascular function in CKD patients [135].
In to certain studies have illustrated advantageous actions of
attempting facilitation of gut health regarding intermediate
endpoints, whereas other studies have illustrated nil
actions or safety aspects as well. This emphasizes the need
for greater studies for discovering efficacious therapies,
besides identification of particular target (sub-) populations
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in addition to illustrate actions clinically significant
(cardiovascular along with bone) results.

Conclusions Along With Future Directions

Thus CKD along with gut dysbiosis possess similar
aberrations of factors which facilitate. Despite, a crosstalkis
present amongst gut microbiota (GM), bone health, along
with VC (Figure 7), maximum studies have concentrated
on correlation amongst 2 of these factors however have not
evaluated them together. Thus lot of insight regarding these
pathways that associate GM, bone health, along with VC.
Hence greater well fashioned cohort studies are required to
be conducted for assessment of microbiome arrangement in
relation to both bone disease along with VC in case of CKD
setting,.

Figure 7: The uraemic milieu is one of the main contributors for gut dysbiosis in CKD. As renal function declines, the colon
replaces the kidney as the primary site of excretion of urea and uric acid, which become alternative substrates for the gut
bacteria, instead of indigestible foods, example fruits and vegetables) and polypharmacy (ie; phosphate binders, antibiotics,
iron supplementation, PPI, immunosuppressants) may account for altered gut dysbiosis in CKD setting. The hypothesis upon
gut-vascular-boneaxis in CKD revolves around the augmented exposure of the referred tissues to uremic toxins, such as
indoxyl sulphate (IS) and p-cresylsulphate (P-CS), TMAO (Trimethylamine-N-oxide) and pro-inflammatory cytokines given
the presence of a disrupted intestinal barrier. In addition, the reduced production of SCFA (short-chain fatty acids) and the
deficiency of vitamin K might also exacerbate this mechanism.

Furthermore, a query arises if attempt is made to rectify
this GM, does bone health along with VC do these factors
get corrected in CKD. The absence of probable, practical
approaches for assessment of alterations in gut microbiome
at a time duration at the time of a Clinical trial. Whereas
significance of assessment of dietary along with Probiotics/
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Prebiotics supplementation therapy regarding manipulation
of gut microbiota in case of CKD patients with the objective
of assessment of their influence over gut metabolites (like of
uremic toxins, TMAO, SCFA) itwould be further of significance
to concentrate on biomarkers of bone disease/ vascular
disease such as fractures risk along with risk of CAC. For that
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Silva, et al. [136], have generated a fast high performance
liquid chromatography (HPLC) for determination of
protein bound uremic toxins, basically p-cresyl sulphate
(p-CS), Indoxyl sulphate (3-INDS) indole-3-acetic acid (3-
IAA) along with p-cresol (p-C) & phenol (Pol) [136] that is
sustainable. Furthermore, present outcomes apparently
point towards heterogenous effectiveness of any intervening
treatments which aim towards improvement of gut health
with regards to intermediate results like uremic toxins
identification of subgroups of patients having proneness to
positive treatment reaction would be of utmost importance
Recently Ebrahim, et al. [137], conducted a randomized
controlled trial B-Glucan Prebiotic supplementation with
the observation of significant reduction in plasma free3-
INDS quantities at varying time durations like at 8wks free3-
INDS(p=0.03), as well as 14wks(p<0.001)free p-CS(p=0.006)
atl4wks along with total as well as free p cresyl glucuronide
(PCG) (p<0.001,p<0.001, respectively along with atl4wks.
No variations in comparative enrichment of genera amongst
groups was observed on entero typing of the populations
just 2 of the four enterotypes namely Bacteroides 2 as well
as Prevotella were observed. On redundancy assessment
just occasional factors impacted gut microbiome, which
were inclusive of triglyceride quantities(p<0.001), body
mass index( BMI) (p=0.002).Thus concluding that (-Glucan
Prebiotic significantly changed quantities of uremic toxins
along with facilitated formation of advantageous gut
microbiome. Shamloo, et al. [138], have further planned A
randomized double blind, cross over trial to study the effects
of resistant starch prebiotic in Chronic Kidney Disease (Re
SPECKD) trial where 36 patients will be enrolled for a26week
regimen with ingestion of 2sachets daily possessing 15 g of
resistant potato starch(MS Prebiotic RPS) treatment or 15g
corn starch (Amioca TF, digestible controls). Assessment of
alterations in uremic toxins would be the primary outcomes
.secondary outcomes would comprise of RPS ingestion on
symptoms, quality of life (QOL) along with enrichment of,
variations in addition to working capacity of gut microbiom
[138].
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