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Pharmacologic therapeutics in sarcopenia with chronic
kidney disease
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Inflammation, metabolic acidosis, renin-angiotensin system activation, insulin resistance, and impaired perfusion to skeletal muscles,
among others, are possible causes of uremic sarcopenia. These conditions induce the activation of the nuclear factor-kappa B and
mitogen-activated protein kinase pathways, adenosine triphosphate ubiquitin-proteasome system, and reactive oxygen species sys-
tem, resulting in protein catabolism. Strategies for the prevention and treatment of sarcopenia in chronic kidney disease (CKD) are
aerobic and resistance exercises along with nutritional interventions. Anabolic hormones have shown beneficial effects. Megestrol ac-
etate increased weight, protein catabolic rate, and albumin concentration, and it increased intracellular water component and muscle
mass. Vitamin D supplementation showed improvement in physical function, muscle strength, and muscle mass. Correction of meta-
bolic acidosis showed an increase in protein intake, serum albumin levels, body weight, and mid-arm circumference. The kid-
ney-gut-muscle axis indicates that dysbiosis and changes in gut-derived uremic toxins and short-chain fatty acids affect muscle mass,
composition, strength, and functional capacity. Biotic supplements, AST-120 administration, hemodiafiltration, and preservation of re-
sidual renal function are alleged to reduce uremic toxins, including indoxyl sulfate (IS) and p-cresyl sulfate (PCS). Synbiotics reversed
the microbiota change in CKD patients and decreased uremic toxins. AST-120 administration changed the overall gut microbiota
composition in CKD. AST-120 prevented IS and PCS tissue accumulation, ameliorated muscle atrophy, improved exercise capacity
and mitochondrial biogenesis, restored epithelial tight junction proteins, and reduced plasma endotoxin levels and markers of oxida-
tive stress and inflammation. In a human study, the addition of AST-120 to standard treatment had modest beneficial effects on gait
speed change and quality of life.
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Introduction sarcopenia criteria in Europe and Asia (Table 1) [2,3]. These
recommendations use muscle strength, muscle quantity or
Sarcopenia is characterized by the loss of muscle mass  quality, and physical performance to diagnose and classify

and strength, decreased physical performance, decreased  sarcopenia.

quality of life (QoL), morbidities, and immobility with age,
and it is associated with protein-energy wasting in chronic
kidney disease (CKD) and end-stage kidney disease (ESKD)
patients [1]. There have been several recommendations for

Sarcopenia is primarily the age-related progressive loss
of muscle mass and strength (muscle atrophy). Uremic
sarcopenia means a progressive decrease in muscle mass,
strength, and function despite normal skeletal muscle

Received: April 23,2023; Revised: July 25, 2023; Accepted: October 24, 2023

Correspondence: Ran-hui Cha

Department of Internal Medicine, National Medical Center, 245 Eulji-ro, Jung-gu, Seoul 04564, Republic of Korea. E-mail: reginaprayer@gmail.com

ORCID: https://orcid.org/0000-0003-2783-2600

© 2024 The Korean Society of Nephrology

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial and No Derivatives License (http://
creativecommons.org/licenses/by-nc-nd/4.0/) which permits unrestricted non-commercial use, distribution of the material without any modifications,

and reproduction in any medium, provided the original works properly cited.


https://doi.org/10.23876/j.krcp.23.094
http://crossmark.crossref.org/dialog/?doi=10.23876/j.krcp.23.094&domain=pdf&date_stamp=2024-03-27

Kidney Res Clin Pract 2024;43(2):143-155

Table 1. European and Asian criteria for sarcopenia

European Working Group on Sarcopenia in older people 2
(EWGSOP2)

Asian Working Group for Sarcopenia (AWGS) 2019

(Case finding) Clinical suspicion or SARC-F

Cutoff for men Cutoff for women

(Assess)

HGS <27 kg <16 kg

Chair stand >15 sec/5 rises
(Confirm)

ASM <20 kg <15 kg

ASM/height2 <7.0 kg/m’ <5.5 kg/m’
(Severity)

4-m gait speed <0.8 m/sec

SPPB <8 point score

TUG 220 sec

400-m walk test Non-completion or 26 min for completion

Clinical conditions: functional decline or lim-
itation, unintentional weight loss, depressive
mood, cognitive impairment, repeated falls,
malnutrition

(Case finding)

Chronic conditions: heart failure, chronic
obstructive pulmonary disease, diabetes
mellitus, chronic kidney disease, etc.

No clinical conditions: calf circumference
(male, <34 cm; female, <33 cm) or SARC-F
24 or SARC-CalF 211

Cutoff for men Cutoff for women
(Diagnosis)
HGS <28 kg <18 kg
Physical performance
6-m walk speed <1.0 m/sec

Chair stand 212 sec/5 rises
SPPB <9 point score
Muscle quantity
DEXA <7.0 kg/m? <5.4 kg/m’
BIA <7.0 kg/m? <5.7 kg/m’
(Severity)
Sarcopenia Low ASM + low muscle strength or low

physical performance

Low ASM + low muscle strength and low
physical performance

Severe sarcopenia

ASM, appendicular skeletal muscle mass; BIA, bioimpedance analysis; DEXA, dual-energy X-ray absorptiometry; HGS, handgrip strength; SARC-F, screening
tool for sarcopenia, questionnaire consisting of 5 questions: strength (S), assistance walking (A), rising from a chair (R), climbing stairs (C), and falls (F) on
a scale of O to 2; SARC-CalF, SARC-F + calf circumference; SPPB, short physical performance battery; TUG, timed up and go.

physiology in CKD patients. Uremic sarcopenia is not sole-
ly associated with the advanced age. It is mainly associated
with the characteristics of uremia, such as metabolic aci-
dosis, chronic inflammation, vitamin D deficiency, insulin
resistance, hormonal changes, and gut dysbiosis, which
contribute to the development of increased protein catab-
olism and reduced protein synthesis.

I will deal with the clinical significance, prevalence, risk
factors, and strategies to prevent and treat sarcopenia with
CKD in this review.

Clinical significance and prevalence of sarcopenia
in chronic kidney disease

Sarcopenia is an important issue in dialysis-independent
CKD and ESKD patients because it increases the risk of
death, cardiovascular complications, the hospitalization
rate, and disabilities. Sarcopenia is a strong predictor of
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mortality in dialysis-independent CKD and hemodialysis
(HD) patients (hazard ratio [HR], 2.89; 95% confidence in-
terval [CI], 1.40-5.96; p < 0.004 and HR, 6.99; 95% CI, 1.84-
26.58; p = 0.004, respectively) [4,5]. Sarcopenia is a risk fac-
tor for cardiovascular events in HD patients (HR, 4.33; 95%
CI, 1.51-12.43; p = 0.006) [5]. Sarcopenia is associated with
a higher risk of hospitalization in HD patients (relative risk,
2.07; 95% CI, 1.48-2.88; p < 0.001) [6]. Sarcopenic patients
exhibited a higher risk of falls than nonsarcopenic patients
[7].

Physical inactivity due to sarcopenia results in poor prog-
nosis in CKD patients. Several reports have shown a signif-
icant association of physical inactivity with kidney survival
and mortality [8,9]. Therefore, maintaining physical per-
formance to prevent sarcopenia is a critical factor in im-
proving the prognosis of CKD patients. The prevalence and
incidence of ESKD in Korea are increasing, with >100,000
and 18,642 patients at the end of 2019, respectively [10].
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Therefore, the prevention and treatment of sarcopenia in
CKD patients are highly important.

Altogether, sarcopenia is a major public health problem
and will be even more important in the future given the
aging society. The prevalence of sarcopenia in Korean old-
er adults (mean age of 70.3 years) was 32.5% (total), 15.1%
(male), and 42.1% (female) based on the Asian Working
Group for Sarcopenia (AWGS) 2019 [11].

The prevalence of sarcopenia increases with CKD stage:
17% in stage 3a, 20% in stage 3b, 29% in stage 4, and 38% in
stage 5 [12]. A lower lean mass and appendicular skeletal
muscle mass index (ASMI) are correlated with glomeru-
lar filtration rate (GFR) decline, and a 1 mL/min/1.73 m*
decrease in GFR was associated with a 0.03 + 0.01 kg/m
decrease in the ASMI [13].

The prevalence of sarcopenia ranges from 4% to 42% ac-

2

cording to the definition used, the population studied, and
the stage of CKD [4,13-17]. A sarcopenia prevalence of 5.9%
to 14% was found in dialysis-independent CKD patients
[4,13], and that of peritoneal dialysis (PD) patients was
from 4% to 15.5% based on the European Working Group
for Sarcopenia criteria [15,16]. It was from 1.9% to 40%
based on AWGS cutoffs in PD and HD patients [14,17].

The issue is the application of these criteria in clinical
practice and the lack of recommended cutoff points in spe-
cific populations, such as CKD and ESKD patients. CKD is
a condition associated with muscle loss [1,18-20]. There is
a possibility of underestimating the clinical significance of
sarcopenia in CKD patients [21].

Risk factors of uremic sarcopenia

Several risk factors for sarcopenia are alleged in CKD and
ESKD patients (Fig. 1).

Aging is associated with sarcopenia and an increased
prevalence of CKD, which accelerates normal physiolog-
ical muscle wasting [22]. CKD is associated with chronic
low-grade inflammation leading to progressive weight loss,
muscle weakness, and disabilities. Inflammatory cyto-
kines, oxidative stress, and inactivity-mediated destruction
of protein homeostasis result in the catabolic destruction
of structural and functional proteins, resulting in skeletal
muscle wasting and a decrease in exercise capacity [23,24].

Inflammation status, i.e., a high malnutrition-inflam-
mation score (MIS) and high levels of high-sensitive C-re-
active protein (CRP), interleukin (IL) 6, $2-microglobulin,

Malnutrition
Low weight/BMI, hypo(pre-)albuminemia,
low SGA, high MIS, dialysis nutrient loss

Mechanical changes

admissions

Inactivity, arthropathy, recurrent hospital

ATP-dependent ubiquitin-
proteasome system
Inflammation, metabolic acidosis

Uremic changes
Metabolic acidosis, gut-derived uremic
metabolites, dialysis related factors

Immunologic changes

TNF-q, IL-6, TGF-31, IL-13, INF-Y Increased angiotensin |1

Renin-angiotensin system changes

Mental protein balance change UREMIC

Hormonal changes Muscular circulation
Growth hormone, PTH, insulin, IGF-I, sex

hormones capillaries

Impaired perfusion, renal anemia, decreased

— Decreased muscle protein synthesis,
increased muscle proteolysis

SARCOPENIA

Comorbid conditions
Diabetes, cardiovascular diseases,
infection,aging, vitamin D deficiency

Mental change

Depression, mild cognitive impairment

Mitochondrial dysfunction, oxidative stress

Figure 1. Possible etiologies of uremic sarcopenia.

ATP, adenosine triphosphate; BMI, body mass index; IGF, insulin-like growth factor; IL-6, interleukin 6; IL-1, interleukin-1(3; INF-y, in-
terferon-y; MIS, malnutrition-inflammation score; PTH, parathyroid hormone; SGA, subjective global assessment; TGF-31, transforming

growth factor beta 1; TNF-a, tumor necrosis factor alpha.
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and IL-4 is associated with sarcopenia in CKD patients
[5,14,25-28].

Older age, male sex, low body mass index (BMI), and
longer vintage of dialysis are associated with sarcopenia
[12,17,29,30]. Malnutrition, i.e., low albumin/prealbu-
min levels, a high MIS, and poor nutritional status based
on subjective global assessment are also associated with
sarcopenia [5,14,17,25,27,31,32]. Low serum vitamin D
levels and diabetes mellitus are risk factors for sarcopenia
[5,12,17,32]. Depression (odds ratio [OR], 6.87; 95% CI,
2.06-22.96; p = 0.002) and mild cognitive impairment (OR,
6.36; 95% CI, 1.62-34.96; p = 0.008) are associated with sar-
copenia [25,27].

Impaired perfusion due to chronic heart failure, de-
creased oxygen supply to skeletal muscles due to anemia,
and decreased skeletal muscle capillaries are other risk fac-
tors for sarcopenia [33]. Insulin resistance-associated skel-
etal muscle atrophy and changes in muscle composition,
including fat accumulation, are risk factors for sarcopenia
in CKD [33,34]. Inactivity and renin-angiotensin system
activation are also mechanisms of exercise intolerance in
CKD [33].

Mitochondrial dysfunction of skeletal muscle in CKD is
considered to be a cause of loss of muscle mass and exer-
cise capacity [35-38]. CKD patients have decreased muscle
mitochondrial content and oxidative capacity along with
suppressed activity of various mitochondrial enzymes,
leading to impaired energy production. These changes can
be found from the early stages of CKD and are aggravated
along with CKD progression [37].

Metabolic acidosis can induce glucocorticoid secretion
and insulin resistance and increase branched-chain amino
acid oxidation in skeletal muscles, which is associated with
decreased muscle protein synthesis [39-41]. Acidosis also
induces reprogramming of cellular metabolism to mitigate
oxidative stress, although this originates from cancer cells
[42].

Gut microbiome and uremic metabolite

Influx of urea and other retained toxins exerts a change
in the gut microbiome in CKD, favoring pathobiont over-
growth. The abundance of bacteria that contain trypto-
phanase and urease and produce uremic toxins such as
indoxyl sulfate (IS), p-cresyl sulfate (PCS), and trimethyl-
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amine-N-oxide (TMAOQ), increases, while the abundance
of beneficial bacteria producing short-chain fatty acids,
an essential nutrient for the colonic epithelium, decreas-
es [43]. Lactobacillus and Bifidobacterium are decreased,
while Proteobacteria, Enterobacter, Escherichia coli, Acine-
tobacter, Clostridium perfringens, and Proteus species are
increased in the colon of CKD patients [44].

Disruption of the colonic epithelial tight junction asso-
ciated with urea influx, increased ammonium production,
and decreased epithelial survival results in the loss of in-
tegrity and increased intestinal permeability, which allows
the translocation of bacteria and lipopolysaccharide (LPS).
LPS can activate immune cells through the toll-like recep-
tor 4 (TLR-4) dependent and nuclear factor kappa-B (NF-
kB) pathway. And pathobionts can stimulate dendritic cells
and produce inflammatory cytokines [45]. Prolonged co-
lonic transit time, dietary restriction of fiber, and metabolic
acidosis also directly and indirectly contribute to dysbiosis
and the altered intestinal environment [46].

Role of the gut microbiome and uremic metabolite
on the maintenance of skeletal muscle mass

Reduced muscle mass, altered muscle composition, i.e.,
increased deposition of lipids or adipocytes within and/or
between muscles, and poor physical function are prevalent
in ESKD patients. ESKD patients have elevated uremic me-
tabolite levels combined with an altered gut microbiome,
increased gut-derived uremic metabolites, and increased
epithelial permeability. In turn, the fecal levels of short-
chain fatty acids are reduced. The accumulation of gut-de-
rived uremic metabolites within skeletal muscle results in
decreased muscle mass or increased lipid content [47]. In-
creased urea due to decreased kidney function, gut dysbi-
osis, increased circulating uremic metabolites, and the re-
sultant reduced muscle mass, altered muscle composition,
and poor physical function is called the kidney-gut-muscle
axis (Fig. 2).

Protein-derived tryptophan is metabolized into indole,
which is then absorbed into the bloodstream and oxidized
into IS in the liver [48]. Uremic toxins enter target cells via
specific transporters, such as the organic anion transport-
er (OAT), and then, exert their toxicity via the activation
of cellular nicotinamide adenine dinucleotide phosphate
hydrogen (NADPH) oxidase, which results in the overpro-
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Decreased kidney function

y

Increased circulating urea

Gut

1 Pathobionts
| Symbionts

Dietary precursor
—_—

Decreased muscle mass,
poor muscle composition, and
decreased physical function

1 ROS production, 1 inflammatory cytokines (NK-kB, IL-6, TGF-B1)
1 Myostatin/atrogin-1

Mitochondrial dysfunction

Klotho downregulation

Direct toxic effecs on myoblasts

1 Gut-derived uremic metabolites
Indoxyl sulfate, p-cresyl sulfate, TMAO
| Short-chain fatty acids

Figure 2. Scheme of the kidney-gut-muscle axis.

IL-6, interleukin 6; NF-kB, nuclear factor kappa-B; ROS, reactive oxygen species; TGF1, transforming growth factor beta 1; TMAO,

trimethylamine-N-oxide.

duction of reactive oxygen species (ROS) and inflammatory
cytokines [49,50]. IS also enters various cells via OATs (OAT1
and OAT3), and OATs are expressed in muscles [51-53].

IS and PCS accumulate in various organs, including
skeletal muscle, in the CKD mouse model [54]. IS exposure
inhibited cell proliferation and cell viability and decreased
mitochondrial function in mouse muscle cells. CKD pa-
tients also showed a significant inverse association be-
tween plasma IS levels and skeletal muscle mass [55]. High
IS levels were associated with longer HD vintage, and IS
was negatively correlated with the skeletal muscle mass in-
dex in HD patients. HD patients with high IS levels showed
greater loss of hand grip strength (HGS) [56].

Accumulated IS in muscle cells via OAT activates NADPH
oxidase and the aryl hydrocarbon receptor (AHR) pathway
to cause increased ROS production. Enhanced ROS trig-
ger inflammatory cytokines, such as tumor necrosis factor
alpha (TNF-a), IL-6, and transforming growth factor beta
1 (TGF-B1), and induce myostatin (negative regulator of
muscle growth) and atrogin-1 (muscle-specific ubiquitin
ligase family) expression, which are involved in muscle
wasting [52].

IS also induces mitochondrial network disintegration
through metabolic alterations, such as an increase in an-

tioxidative responses (pentose phosphate pathway and
glutathione metabolism), and a decrease in energy gener-
ation-related pathways (tricarboxylic acid cycle, glutamine
metabolism, and mitochondrial oxidative phosphoryla-
tion) in muscle cells, which results in reduced adenosine
triphosphate (ATP) production [55]. Muscle mitochondrial
dysfunction was found from the early stage of CKD and
muscle atrophy followed by exercise impairment [37].
Muscular mitochondria were decreased in the early stage
of CKD in mice.

In addition, IS downregulated Klotho expression through
ROS-associated NF-«xB activation [57]. Klotho levels and
skeletal muscle physiology are closely related [58,59].
Klotho-deficient mice showed significantly decreased body
weight and forelimb grip strength, and Klotho overexpres-
sion restored grip strength and running capacity [60]. It is
possible that downregulation of Klotho by IS in muscles is
one of the mechanisms of sarcopenia in CKD. IS also has
direct toxic effects on myoblasts by decreasing their viabili-
ty and increasing cell apoptosis [61].

A systematic review and meta-analysis showed that
biotic supplements, AST-120, hemodiafiltration, and pres-
ervation of residual renal function significantly reduced
uremic toxins, including IS and PCS [62]. A reduction in the
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elevated AHR transactivating activity by dialysis was also
reported [63].

Strategies to prevent and treat sarcopenia

Researchers can acquire an impression regarding the treat-
ment strategies based on all of the risk factors mentioned
above. Many drugs have been developed to prevent or treat
sarcopenia. However, there are no drugs approved by the
U.S. Food and Drug Administration for the treatment of
sarcopenia [64]. Only a few of them, i.e., Bimagrumab from
Novartis and Sarconeos from Biophytis SAS, have recently
shown favorable results.

Bimagrumab (BYM338) is a fully human monoclonal an-
tibody, which was developed to treat pathological muscle
loss and weakness. It binds to and inhibits activin receptor
type-2B and prevents the actions of natural ligands that
negatively regulate skeletal muscle growth [65,66]. Activin
receptor type-2B blockade with Bimagrumab resulted in the
significant loss of fat mass, gain in lean mass, and metabolic
improvements during 48 weeks in patients with overweight
or obesity who had type 2 diabetes in a phase 2 trial [66].

20-Hydroxyecdysone (20E) is a polyhydroxylated plant
steroid that has pharmacological effects in aging and sarco-
penia. Sarconeos (BIO101) is a 20E purified investigational
drug (297%). It targets proto-oncogene protein-c-MAS-1,
MAS receptor. BIO101 showed a good safety and phar-
macokinetic profile in a phase 1 study for healthy young
and older adults [67]. In a phase 2 study (NCT03452488),
BIO101 was orally administered for 26 weeks to communi-
ty-dwelling men and women aged 265 years, suffering from
age-related sarcopenia (including sarcopenic obesity), and
at risk of mobility disability. It was a double-blind, place-
bo-controlled clinical trial. BIO101 at the highest dose (350
mg, twice daily) showed a clinically meaningful improve-
ment in the 400-m walk test [68].

The main interventions for sarcopenia in CKD patients
are aerobic and resistance exercises along with nutritional
interventions. Furthermore, optimizing dialysis, vitamin
D status, acidosis, and the management of comorbidities
such as depression are mandatory [69].

Megestrol acetate

HD patients with no residual kidney function (age of 40-80
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years) treated with a daily dose of 160 mg of megestrol ac-
etate for 2 to 12 months, experienced an increase in weight
(2-9 kg) associated with an increase in the protein catabol-
ic rate, albumin concentration, serum creatinine and urea
[70]. In addition, megestrol improved body water distribu-
tion with an increase in the intracellular water component
and muscle mass.

A review of small retrospective studies showed an in-
crease in BMI, albumin levels, and protein-energy intake
after megestrol acetate [71]. A systematic review, especially
of dialysis patients, showed a significant increase in body
weight, albumin levels, and appetite, although they were
small studies (n = 9-32) with a short duration (8-24 weeks)
and a high degree of bias. Megestrol acetate was also asso-
ciated with overhydration, excessive fluid gain, diarrhea,
hyperglycemia, suppressed cortisol levels, thrombophlebi-
tis, nausea, and vomiting [72].

Hormonal therapies

Nandrolone (decanoate), an androgen and anabolic steroid
medication, which is used in the treatment of wasting syn-
drome and is given through intramuscular or subcutane-
ous way, injection in HD patients for 6 months significantly
increased lean body mass, improved functional capacity
(walking and stair-climbing test), and increased appendic-
ular lean mass in a dose-responsive manner [73,74]. Nan-
drolone combined with intradialytic resistance training for
12 weeks increased the quadriceps muscle cross-sectional
area in an additive manner [75].

Oxymetholone, an oral androgen and anabolic steroid,
which is also used in the treatment of wasting syndrome
and promotion of weight gain and muscle growth, has a
higher anabolic effect and lower androgenic activity than
testosterone. HD patients showed an increase in fat-free
mass, HGS, and physical functioning scores as well as an
increase in mRNA expression for myosin heavy chain, and
insulin-like growth factor (IGF)-I/II in muscles after oxy-
metholone administration for 24 weeks [76].

Recombinant human growth hormone (thGH) increased
protein synthesis and decreased protein catabolism in HD
and PD patients [77-80]. rhGH increased lean body mass
and improved QoL [81]. rhGH also increased HGS after 6
months in elderly HD patients [82]. However, another large
randomized controlled trial (RCT) study (OPPORTUNITY)
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failed to show an increase in albumin levels, lean body
mass, physical capacity, or QoL [83]. rhGH also showed ad-
verse effects, including soft tissue edema, arthralgia, carpal
tunnel syndrome, gynecomastia, and dysglycemia [83].

Vitamin D

CKD patients in stages 3 to 4 and PD patients with vitamin
D deficiency became vitamin D sufficient after vitamin D
replacement. They showed improvements in physical func-
tion (timed up and go, gait speed, timed chair stand, stair
climb, static and dynamic balance) and isometric strength
[84]. Vitamin D supplementation in male HD patients also
improved muscle mass [85].

However, supplementation of cholecalciferol 50,000
units/week with the target of 25(0OH)D concentration >80
nmol/L in HD patients with an initial 25(OH)D concen-
tration <50 nmol/L had no effect on muscle strength or
symptoms [86]. Treatment with 50,000 units of oral chole-
calciferol supplementation, once weekly for 8 weeks and
then monthly for 4 months, to HD patients with a 25(0OH)D
concentration <60 nmol/L showed higher 25(OH)D and
1,25(0H)2D levels without increased calcium or phospho-
rus levels. However, muscle strength, functional capacity,
and QoL did not change [87].

Correction of acidosis

Advanced CKD patients (eGFR of 15-30 mL/min/1.73 m®)
with metabolic acidosis presented an increase in the mid-
arm circumference, protein intake, and serum albumin
levels after oral sodium bicarbonate administration for
2 years [88]. An RCT of PD patients showed an increased
body weight and mid-arm circumference and decreased
hospitalization after 1 year of high alkali dialysate [89]. In
addition, a high bicarbonate dialysate concentration of 40
mmol/Lresulted in better control of acidosis and increased
triceps skin fold thickness compared to a bicarbonate con-
centration of 30 mmol/L [90].

Biotics
Because gut dysbiosis is associated with systemic inflam-

mation, the administration of biotics can be an indirect
target to ameliorate muscle wasting. Lactobacillus species

and Bifidobacterium ameliorated muscle wasting in mouse
models, and Lactobacillus exhibited the potential to restore
microbiome balance, and the gut permeability, which
was associated with the improvement in muscle mass or
strength, was reduced [91]. However, probiotics containing
Lactobacillus and Bifidobacterium did not show mean-
ingful effects on muscle mass and function in humans,
because of the scarcity of studies, the variability in the pop-
ulations, and the difficulty in accurately and reproducibly
measuring muscle mass and function [92].

Nonetheless, Bifidobacterium longum was significantly
increased after prebiotic administration in super-elder-
ly patients with sarcopenia. The skeletal muscle mass
index was increased, while the body fat percentage was
decreased [93]. A randomized, double-blind, placebo-con-
trolled, crossover trial using synbiotics over 6 weeks in
predialysis CKD patients showed an increase in Bifidobac-
terium and Lactobacillus after synbiotic therapy as well as
a decrease in Clostridiales. The Bifidobacterium change
showed an inverse correlation with the concentration of
serum IS and PCS [94].

Although there is no data about the effect of biotics on
muscle mass, muscle strength, or physical function, there
are several reports about the relationship between biotics
and surrogate outcomes such as inflammation, oxidative
stress, uremic toxins, and endotoxins.

Probiotic supplementation in HD patients reduced
systemic inflammatory responses, which was associated
with an increase in Tregs and a decrease in proinflamma-
tory monocytes [95]. Probiotic, prebiotic, and synbiotic
administration also reduced CRP, IL-6, and IS levels, and
increased high-density lipoprotein cholesterol in dialysis
patients [96]. Synbiotics were more effective than probiot-
ics in improving inflammatory markers, endotoxins, and
anti-heat shock protein70 serum levels in HD patients [97].
Synbiotics also reduced serum IS, PCS, and urea in HD pa-
tients [98].

Oral adsorbents

AST-120 adsorbs uremic toxins and precursors, including
indole, and excretes them into the feces.

AST-120 administration increased Lactobacillus in CKD
rats. The microbiota composition after AST-120 treatment
was between that of normal and CKD rats [99]. CKD rats

www.krcp-ksn.org
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Table 2. Effectiveness of pharmacologic interventions for sarcopenia, especially with CKD

Drug

Patient

Result

Megestrol acetate [49-51]

Nandrolone [52-54]

Oxymetholone [55]

Recombinant human growth
factor [56-60]

Vitamin D [63,64]

Bicarbonate [67-69]

Prebiotics [93]

Synbiotics [94]

Probiotics [95]

Pre-, pro-, synbiotics [96]

Synbiotics [97,98]

AST-120 [103]

Bimagrumab (BYM338) [45]

Sarconeos (BI0101) [47]

HD patients

HD patients

HD patients

HD and PD patients

CKD stage 3-4 and PD patients with vitamin
D deficiency

HD patients

Glomerular filtration rate 15-30 mL/
min/1.73 m? with metabolic acidosis

PD patients
HD patients

Super-elderly with sarcopenia
Predialysis CKD patients

HD patients
Dialysis patients

HD patients

Advanced CKD patients with serum creatinine
between 2.0 and 5.0 mg/dL

Overweight or obese type 2 diabetes

Community-dwelling men and women aged
265 years, age-related sarcopenia, at risk of
mobility disability

1 Appetite, tweight/BMI, 1 protein catabolic rate, 1serum
albumin/creatinine/urea

1 Intracellular water component
1 Muscle mass

T Lean body mass

1 Walking speed, stair-climbing
1 Appendicular lean mass

T Quadriceps muscle cross-sectional area (+resistance
training)

1 Fat-free mass, HGS, physical functioning scores
T mRNA expression for myosin heavy chain
TIGF-I/11

1 Protein synthesis, | protein catabolism

t Lean body mass, HGS

1 QoL

1 Vitamin D concentration

1 Physical functioning (TUG, gait speed, timed chair stand,
stair climbing, static/dynamic balance)

1 Isometric strength, muscle mass
1 Mid-arm circumference, protein intake, serum albumin

T Weight, mid-arm circumference

| Hospitalization

1t Acidosis control, triceps skin fold thickness

1 Bifidobacterium longum

1 Skeletal muscle index, | body fat percentage
1 Bifidobacterium, Lactobacillus, | Clostridium
I Serum indoxyl sulfate, p-cresyl sulfate

I Systemic inflammation

I C-reactive protein, interleukin-6, indoxyl sulfate,
1 high-density lipoprotein

I Inflammation marker, endotoxin, anti-heat shock
protein70

I Indoxyl sulfate, p-cresyl sulfate, urea
1 Gait speed

1 Bodily pain, vitality, symptoms/problems, cognitive
function scores

| Fat mass, tlean mass

IHbAZc, 1QUICK

—HOMA2 (36-week), ~Matsuda index (48-week)
1400-m walk test

BMI, body mass index; CKD, chronic kidney disease; HbAlc, hemoglobin Alc; HD, hemodialysis; HGS, handgrip strength; HOMA, homeostatic model as-
sessment; IGF, insulin-like growth factor; mRNA, messenger RNA; PD, peritoneal dialysis; QoL, quality of life; QUICK, quantitative insulin sensitivity check
index; TUG, timed up and go.

Bimagrumab, Novartis; Sarconeos, Biophytis SAS.
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Figure 3. Multifaceted approach for sarcopenia in CKD patients.
CKD, chronic kidney disease.

showed elevated plasma endotoxin, IL-6, TNF-a, monocyte
chemoattractant protein-1 (MCP-1), cytokine-induced
neutrophil chemoattractant-3 (CINC-3), L-selectin, in-
tercellular adhesion molecule-1 (ICAM-1), and malond-
ialdehyde levels and depletion of the colonic epithelial
tight junction proteins, claudin-1, occludin, and zonular
occludens-1 (ZO-1). AST-120 showed partial restoration of
epithelial tight junction proteins and a reduction in plasma
endotoxin and markers of oxidative stress and inflamma-
tion [100].

AST-120 prevented the tissue accumulation of IS and
PCS in skeletal muscle, which resulted in the amelioration
of muscle atrophy (cross-sectional area) [54]. AST-120 pre-
vented CKD-induced physical inactivity mainly by main-
taining mitochondrial function, suppressing atrogin-1/
myostatin expression, and recovering Akt phosphorylation
in skeletal muscle [101]. A reduction in oxidative stress via
AST-120 improved exercise capacity and mitochondrial
biogenesis of skeletal muscle [33,101]. AST-120 significantly
restored skeletal muscle weight in CKD mice. In addition,
AST-120 increased the renal expression of Klotho, which
was decreased under uremic conditions [102]. Klotho lev-
els and skeletal muscle physiology were closely related, as

we mentioned above [58,59].

In a human RCT, gait speed significantly increased over
1 year after carbonaceous oral adsorbent administration.
Bodily pain, vitality, symptoms/problems, and cognitive
function also improved in the oral adsorbent group, while
the quality of social interactions and kidney disease effects
decreased in the control group [103]. Prospective studies
with longer follow-up durations, larger sample sizes, and in-
terventions to lower uremic toxins are necessary to elucidate
the role of uremic toxins in CKD patients with sarcopenia.

The effectiveness of pharmacologic interventions men-
tioned above is summarized in Table 2.

In conclusion, aerobic and resistance exercise, along
with nutritional interventions, including oral and intra-
dialytic parenteral nutritional supplements, has been the
main preventive or treatment strategies for sarcopenia in
dialysis-independent CKD and ESKD patients. In addi-
tion, anabolic hormones, including anabolic steroids and
growth hormones, and appetite stimulants showed benefi-
cial effects on biochemical markers such as serum albumin
level, both muscle strength and mass, and physical func-
tion. Correction of metabolic acidosis and vitamin D status
also showed favorable effects on physical function, muscle
mass, and strength. Biotics improved the gut microbiome
composition and the level of uremic toxins, endotoxins,
inflammation, and oxidative stress. Oral adsorbents also
showed beneficial effects on the restoration of the gut mi-
crobiome composition and intestinal wall integrity as well
as on the skeletal muscle physiology. A multifaceted ap-
proach can be helpful to lessen the burden of sarcopenia in
CKD patients (Fig. 3).
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