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Impaired ADL for 50 years dialysis treatment

22 years |nitiation of dialysis treatment 62 years

47 years. Right carpal tunnel syndrome (surgery)
[

49 years  Left carpal tunnel syndrome (surgery)

58 years Left carpal tunnel syndrome (surgery )

I Lumbar spinal canal stenosis|(gait disturbance) ]

61 years Bilateral carpal tunnel syndrome (surgery)
O

62 years Destructive spondyloarthropathy (cervical spine, Surgery)
H

63 years Destructive spondyloarthropathy (cervical spine, Surgery )

Joint pain, limited upper limb mobility,
walking disability, and bedridden
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72 years
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Ito T, Yamamoto S, CEN Case Rep, 2025



Increasing patients with long-term dialysis

Vintage 25 years or more
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Frailty and dialysis treatment
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Adjusted for age, sex, corrected calcium, phosphorus, parathyroid hormone, B2MG, creatinine index, albumin,
diabetes, dementia, ischemic heart disease, cerebral hemorrhage, cerebral infarction, limb amputation, carpal tunnel

syndrome, hip fracture, and vascular access type. _ .
Yamamoto S, Am J Kidney Dis, 2024
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Frailty-related clinical factors in dialysis patients

PR 95% CI PR 95% CI

Dialysis vintage Comorbidities
<> years Ref. Diabetes 123 121- 124
5- <10 years 1.06  1.05- 1.08 Dementia 1.62 1.60- 1.64
10- <20 years 1.10 1.08- 1.11 Ischemic heart disease 103 102- 1.05
20- <30 years 114 1.10- 117 Cerebral hemorrhage
>30 years 167 1.60- 173 9 140 137 14

Cerebral infarction 1.34 1.32- 1.35
Demographics Limb amputation 1.55 1.51-  1.59
Age (year) 1.02 1.02- 1.02 Hip fracture 1.21 1.19- 1.23
Male sex 120  1.19- 1.22 Carpal tunnel syndrome 1.06 1.02- 1.10
Biomarkers

Y to S, Am J Kidney Dis, 2024
Albumin (per mg/L) 0.72 0.71- 0.73 amamoto 5, Am J Kidney Dis

Cr index (per mg/kg/day)  0.85  0.85- 0.85



Contributions to frailty in patients on dialysis

Cognitive impairment Malnutrition and protein-energy

Depression wasting

* Impaired executive function and * Dietary restriction
neurophysiological activity * Impaired energy utilization

» Gait imbalance and incoordination

Sarcopenia

* Impaired anabolic hormone action
* Disrupted muscle metabolism

* Disuse atrophy

Uremia and inflammation ]
* Accelerated aging o
* Immunosenescence J

-

-
Polypharmacy ]
* Drug interactions

* Adverse drug events
L Drug nonadherence J

( Anemia
* Erythropoietin deficiency J

o "
[ Obesity | Dialysis-related factors
* Adipose browning . Dia{lys'is loss of nutrients and
» Proinflammatory adipokine production antioxidants .
» Disrupted muscle contraction kinetics * Intradialytic hypotension
\ * Endotoxemia
5 > » Advanced glycated end-product
CKD-mineral bone disease accumulation )
* Bone fragility and muscle
incoordination
* Vascular calcification
* Impaired response to
erythropoiesis-stimulating ‘ |
agents (ESA) | L r
" 4

Figure 2| Contributors to frailty in patients on dialysis. CKD, chronic kidney disease.

Chan GC, Kidney Int, 2024



Table 2| Commonly used diagnostic tools for frailty: physical performance-based

Assessment tool Description Advantages Disadvantages
Fried phenotype™ Criteria « Objective Severity cannot be graded
« Unintentional weight loss >10 Ibs « Non-operator dependent Labor-intensive
per year « Widely used Requires dedicated tool, such as

Short Physical
Performance Battery test”’

« Exhaustion

« Physical inactivity with reduced

€ 1y FIpenc Turs
« Prc.o.ged walking ime

« Weakness (reduced grip strength)

Interpretation:
« Fulfilling 2 criteria: pre-frail
« Fulfilling =3 criteria: frail
Criteria
« Balance test

Often regarded as the gold
standard of diagnosis

Objective
Non-operator dependent

dynamometer
Time-consuming

Requires direct patient contact
Psychosaocial aspect is not
captured

Not designed to screen frailty
Focus is on functional aspect only

« Requires direct patient contact
« Mental aspect is not captured
« Cutoff requires validation

Chan GC, Kidney Int, 2024



Table 3| Commonly used diagnostic tools for frailty: cumulative defidts-based model

Amesament ool Deser ipiti on Advantages Disadvantages
« Subjectiee atsesament |a8sewor-dependant)
e i e @ luatian = Diagnoded peroeived frailty but ot
ire dedic ated tooks measurned frailty
e by any healthcare « Fequires direct patient oontact
« Grade 7-9: seversy frail profesional
» Grades frailty severity
Groningen Frailty Indicatar IGFI7 15 dichotomous items » Easy to deliver » Dot nol fage severity
Asew different domaing, such as mobility, « Comprehensive avaluation of different « Subjectiee, potential bias by subjec’s
withon, Ivearing, mutrition, comornbidity, cognition, damains aiffective fumcti onindg
pchasacial, and rawsica. (e » Do it pesine dinect patient contact
Clpuay e=esplan Aan e Ll b2l asdier
1o 15 [oompletaly di wbled)
e
Frail: total soone = 4
FRAIL Scale™ Contains 5 domains: « Simple amd eagy « Subjective
3 Ty ick [0 dalie » Weighing of each compoanent depends
on center and'or population sdied
» Disegard social agpecs
« Does nol gEde severity
Intenpreta tion:
+ 1-2 points: prefrail
« = 3 points: fail
Edmanton Frail Scale (EFS™ Contains 9 domaing with 11 iems: « Combination of subjective and objective  » PAdsessor training required
» Cosgnition AWEMENT » [Fequires direct contact

Edomonton frail scale : 9 domains with 11 items

U - T

« B0 points: mildly frail
» 10-11 points: mederately frail
= 1217 points: seversly frail

Frailty Score™

Frail score : 30 items

. 8- 1puh'|1 miaderately fail

- 12 points severely fmil Chan GC, Kidney Int, 2024




Pathophysiology of frailty in patients on dialysis

Uremic mileu and metabolic disturbances in patients on dialysis
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Hip fractures/1000 patient-years

Fractures in patients with dialysis

Fracture Rates
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Secondary hyperparathyroidism

Resorption / Formation

[ TRACP-5b ]

Fracture




PTH and fractures in patients with dialysis

Hazard Ratio (95% CI)

Normalized PTH
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Yamamoto S, Kidney Int Rep, 2024
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PTH and weight loss, association with frailty?

% weight change (95% CI for difference to reference group)

1.5 1

101

- PTH, pa/ml

0.0 o

+ + + ©50-149
- + +150-299
+0++ +0++ ¢0++ +0++ 4.300-449
-1.0 1 Ref + Ref : Ref Ref ©450-599
y » t +2600

-1.5 1
-2.0 1
2.5 1 Model 1 Model 2 Model 3 Model 4

Figure 3 Association of baseline PTH with 12-month percent weight change. PTH, parathyroid hormone; Ref, reference. Model 1 adjusted for country,
study phase, and electronic health record data source (US Phases 46 only), accounting for facility clustering. Model 2 adjusted for covariates in Model
1 plus age, sex, time on dialysis, 13 comorbid conditions, single-pool Kt/V, and dry weight. Model 3 adjusted for covariates in Model 2 plus albumin,
haemoglobin, creatinine, calcium, and phosphorus. Model 4 adjusted for covariates in Model 3 plus calcium-based binder, sevelamer, lanthanum, other
phosphate binders, active vitamin D derivatives, and calcimimetics. The P value for trend was < 0.001 for each model. The mean actual weight change
was shown for the reference group, and other groups were plotted relative to the reference group based on adjusted model results.

Komaba H, Yamamoto S, J Cachexia, Sarcopenia and muscle, 2021



PTH-lowering treatment

Calcimimetics

Vitamin D
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Komaba H, J Clin Endocrinol Metab, 2022



Effect of calcimimetics on fracture prevention

Risk Ratio
IV, Random, 95% CI

Calcimimetics Placebo Risk Ratio

Study or Subgroup Events  Total Events Total Weight IV, Random, 95% CI
Block GA, 2019 8 503 15 513 202% 0.54 [0.23,1.27]
Cunningham J, 2005 12 97 20 487 235% 0.42[0.21,0.85]
El-Shafey EM, 2011 2 55 a 27 9.5% 0.20[0.04, 0.95]
Itano Y, 2020 0 82 1 42 2.9% 0.17[0.01, 4.15]
kKazama JJ, 2022 0 28 1 11 3.0% 014 [0.01,3.15]
Moe SM, 2015 238 1948 255 18935 36.1% 0.93[0.79, 1.09]
Shigematsu T, 2023 1 103 2 a0 4.9% 0.24 [0.02, 2.61]
Total (95% CI) 3416 3065 100.0% 0.50 [0.29, 0.88]
Total events 261 299

Heterogeneity: Tau®*=0.22; Chi*=12.63, df=6 (P=0.05); F=53%
Test for overall effect: 2= 2.39(FP=0.02)

>

0.005 0.1
Favours [Calcimimetics]

.1

10
Favours [Placebo]

200

Wakamatsu T Yamamoto S, J Bone Mine Metab, 2024



B2-m and amyloidosis

Carpal tunnel syndrome in patients with dialysis treatment in Japan

>

Crude risks of new CTS

30.0%

25.0%

20.0%

15.0%

10.0%

5.0%

0.0%

26.5
1998
= 2010
16.5 16.6
7.9 78
2.6 3.4
0.4 0.6 15
0.2 0.3
m

<5 >5; ‘ >10-15 ‘ >15-20 ‘ >20-25 ‘ >25

Dialysis vintage (years)

Hoshino J, Nephrol Dial Transplant. 2016



B2-m and amyloidosis

Dialysis-related amyloidosis

Carpal tunnel syndrome
. B,-microglobulin O

4 (B2-m)

Destructive
spondyloarthropathy

Bone cyst

B2-m amyloid fibril Fracture

Organ dysfunction Death



B2-m and amyloidosis

B2-m amyloid fibril formation and molecular interaction

ESKD— . R i T B
B2-m accumulation o© o O
' partially unfolded
native 32-m B2-m
0 O

misfolded B-sheet
monomers ~ oligomers

amyloid fibrils

Naiki H, Pathol Int, 2020

Accelerate

Proteoglyan

Glycosaminoglycan
Sodium dodecyl sulfate
Lysophosphatidic acid
Non esterified fatty acid
Type 1 collagen
Polyphosphate

Uremic serum

AGE
a,-macroglobulin

Albumin

Kidney Int (2003)

J Am Soc Nephrol (2004)

Biochemistry (2004)

Nephrol Dial Transplant (2008)
Biochem J (2008)
J Biol Chem (2008)
PNAS (2019)

Nat Commun (2022)

Amyloid (1999)
J Biol Chem (2011)

Nat Commun (2022)



B2-m and amyloidosis

Clinical factors associated with carpal tunnel syndrome

Dialysis vintage Serum B;MG (pretreatment)

<5 e <20 (reference)
>5-10 —— >20-25
>10=15 —-
>15=20 - zgg_gg
>20-25 (reference) ® ~35-40
>25-30 —- 540
}30 ——

Age (10-year class) B2MG clearance (%)

<40 o <40

>40-50 . >40=50

>50-60 (reference) ' >50-60

>60-70 - >60-70 (reference)

>70-80 P >70-80

>80 —— - BU —

0125 05 20 80 OR

0125 05 20 80 OR

Hoshino J, Am J Nephrol, 2014
= |ncrease of 32-m removal may be a therapeutic strategy

for dialysis-related amyloidosis



B2-m and amyloidosis

32-m adsorption column for dialysis-related amyloidosis

T
Anticoagulant
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— |
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Hexadecyl-immobilized
cellulose beads (HICB)

O * 9 @ Hydrophobic
o 5- o molecules
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B2-m and amyloidosis

32-m adsorption column and clinical symptoms

B2-microglobulin level, mg/L
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[ I 1
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28.8+7.3
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Abe T, Kidney Int, 2003
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B2-m and amyloidosis

Proteomic analysis for the proteins bound with HICB column

Blood T [ HICB column after treatment (14 cases) ]

Anticoagulant

Extracted peptide

VAN Digested by trypsin and purified by C-18 column
\
- 1 LC-MS
Dialyzer Dialysate MS spectrometry Q exactive Plus (Thermo Fisher Scientific)
LC Easy nanoLC 1000(Thermo Fisher Scientific)
Gradient time 120 min
< Injection amount 10 uL
Analysis MASCOT version 2.7
v

Detect proteins bound with HICB

Yamamoto S, Amyloid, 2024



Proteins adsorbed with HICB column Top 30

B2-m and amyloidosis

Official gene symbol Gene name Sin
ALB Albumin 296.6*61.5
[ HICB column after treatment, 14 cases ] APOA4 apolipoprotein Ad 2044467
B2M beta-2-macroglobulin 193.9+143.4
RBP4 retinol binding protein 4 172.9+55.4
Q LYZ Lysozyme 156.5+47.8
@ CFD complement factor D 109.4*£41.9
e APOC3 apolipoprotein C3 106.2 £58.9
e IGLC2 immunoglobulin lambda constant 2 89.9+66.0
CST3 cystatin C 88.8+32.2
APOA1 apolipoprotein A1 82.3+26.9
TMSB4X thymosin beta 4, X-linked 755513
ANG Angiogenin 70.2x27.0
°0° o 000 IGKC immunoglobulin kappa constant 66.3+32.9
°° o °° ° °o o AMBP alpha-1-microglobulin/bikunin precursor 59.6 =20.4
o©° o ® 0©° RNASE1 ribonuclease A fam|lly member 1, 52 7+31.0
. pancreatic
Detected at least in one case TF Transferrin 50.6+16.7
661 APOA2 apolipoprotein A2 48.6+30.2
DEFA1 defensin alpha 1 47.0x27.7
IGFBP4 insulin like growth factor binding protein 4 43.1+t14.3
APOH apolipoprotein H 38.9+11.0
. , 4
Common in 9 and more of 14 cases SERPINA1 serpin family A n?ember1 34.2+10.8
352 ORM1 oro.somucmd 1. 33.9+£235
MGP matrix Gla protein 32.3£25.9
TTR Transthyretin 321%175
RNASE4 ribonuclease A family member 4 31.7+10.9
FGA fibrinogen alpha chain 31.1£9.7
REG1A regenerating family member 1 alpha 30.8+18.5
Selected SIN>1 RARRES2 retinoic acid receptor responder 2 30.0£11.9
200 proteins GC GC, vitamin D binding protein 279+7.38
IGFBP2 insulin like growth factor binding protein 2 27.1£8.0




B2-m and amyloidosis

Use of B2-m adsorption column inhibits impairment of QOL

f2-m adsorption column and QOL

B2-m adsorption Mean change (95% Cl) Difference (95% CI)
column

EQ-5D Utility Score

1.2 A

1.0 A

0.8 -

0.6 -

0.4 -

0.2 -

0.0 A

-0.2 -

P <0.001

--------

Al :DRA+ : DRA-
314 in=277 i n=1,037

-----------

No use

-0.05 (-0.19 to 0.08)
-0.14 (-0.26 to -0.01)

0.08 (0.01 to 0.15)
Reference

0.017



For Aging Gracefully in Dialysis Patients

Clinical assessment and practice gap of Frailty in dialysis patients

Frailty is not routinely assessed or diagnosed
A simpler and more sustainable diagnostic tool is needed

Effect of exercise and nutritional interventions are often limited
= [nsufficient understanding and treatment of CKD-related pathologies.

B2-m and amyloidosis

A comprehensive approach is required, including
« targeted management of diverse CKD-related conditions
« appropriate assessment
« integrated exercise and nutritional interventions
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