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Post-AKI Nutritional Recovery

Preventing Sarcopenia and Slowing the AKI-to-CKD Transition
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Introduction

B Post-AKI Nutritional requirement
» Protein and Energy Requirements
» Medical Nutrition Therapy

B Preventing Sarcopenia & slowing AKI to CKD
» How to Prevent Muscle Wasting
e Energy Sources and Nutritional Requirements for Muscle

» How to Increase Muscle Mass

e Factors Affecting Muscle Protein Synthesis

e Nutritional Supplementation During Exercise on Muscle Protein
Synthesis
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Post-AKI Nutritional requirement

B Nutritional Care After Hospital Discharge for AKI

» Without appropriate post-AKI care, AKI may progress to
AKD and subsequently to CKD

M Principles of Nutritional Care
» Adequate protein and energy intake
e Protein : 0.8-1.2 g/kg

Principles for Sarcopenia Prevention

e Energy : 20-35 kcal/kg * Prevent muscle wasting
4 Adequate fluid intake * Promote muscle gain
o 30-35 ml/kg

» Avoid nephrotoxic medications

» Prevent recurrent causes of AKI

» Maintain optimal blood pressure and glycemic control
» Smoking cessation

Shu-Tzu Chen 2026 AKI-CRRT

3



How to Prevent Muscle Wasting

B Muscle as a Major Protein Reservoir in the Body

» Except during growth, development, pregnancy, and
wound healing, protein is not stored in the body

e Nitrogen balance Adequate CHO & protein
intake is essential to

B Nutritional Requirements of Muscle , event muscle loss

» Carbohydrate is essential energy sources for muscle
contraction
e Insufficient carbohydrate intake increases muscle protein
breakdown.
Muscle protein is broken down for gluconeogenesis
» Insufficient protein intake for visceral protein synthesis

e Muscle protein is broken down

for the synthesis of plasma proteins, immune proteins, enzymes,
hormones, and other essential proteins

Shu-Tzu Chen 2026 AKI-CRRT



anfa)sENn AR =

m IR AR Z AL LR G
RAEENEAERAEEMNANE

s BZERETEHBEREE

BEIFAZBE =8 S5 RE D

o NFEENEIE NS EE

m ANl A BEIS ANANLEY
» FERESN+IEIERIENE
mETHERNE
» BREH (T HEE)
o ZEIS * M ~ BFEE ~ EIK
» FH1%EE)
o ESER - ENFENER (AAEZRER)

B+ 28
A RESEIALIA

Shu-Tzu Chen 2026 AKI-CRRT

5



NS EZEETEES NRT AFED

o

m [T 8#(Glycogen) B EEN TR EEZRREES KRIR )
» R R E R FIRME e i
» LAARTEEEEENAU307 8 FREE R - 9757 ERT jamms

o HANAEENFEH (LR P E BN P
o [R5 - BEERB A7 fE
y EENEDCIHALABRTEE - BEARADEE - ABERNIENRRD

Liver: ~100g e
601 Muscle: ~350-700g
(Y]
3

@ 504 P

- § 10
2 =
404 E.
‘q's =
o >

& B B
T )
E & 20 E o
g =
S o0

© 104 % o

2} 15 30 45 60 75
=
J 2 Work Time, Minutes
0 Fig I.—Glycogen content in gquadriceps muscle during
Rest Exercise intermittent bicycle work. Mean values from eight

subjects.

Shu-Tzu Chen 2026 AKI-CRRT 6



EHRIAZ IixKIESY) =i R ALY

m BREREERIENAIER
o BOKIEEY(FTEE - mig)>EAEMey)>AgRs LT IETOR
miEHEMHET KKIESY IARZAEHD
y EHEENALNEREMEIERE
o« BRTWKIEEY ERVBEEED W AMPK

(Adenosine monophosphate-

v IlREBE 77 8EkEE = E - AR activated protein kinase)

. P 3 == “* ; { EE i
CUNABRERE B REEE L ankERTRS
S ER 240 3 hayi
3 L';-jﬁ*ﬁ?? - BlLAThold{: 4% » HTES
s B+ ERE NEEMTm %gfﬁ -
v F FA LY 2% 3 I FE S 1AL Y bl

o BERLDALPAFER HIB AL
o EI%55

) Appl Physiol 103: 431-438, 2010 JAP 109:431-438 2010 Med Sci sports Exerc vol 44 pp682-691 2012 Shu-Tzu Chen 2026 AKI-CRRT 7



fiEE ) IEMALRNNMREZEYE  FENES

A Untrained Trained
0.15-
[——1Endurance exercise Endurance exercise
[ Resistance exercise 4 Resistance exercise
% T
P __0.10- +
5 2 7
S 0 g / ? ?
5 I 1 / 7 m
> 0.05+ [} i ! 4//
ENLAETK 7 % /,; 7]
ﬁ} g g ﬁ /:” ?Z%
0 00 )] Bl % /ﬂ & %
Rest Post exercise Rest Post exercise
B 0.25
' _# i 3EE)
o 0.20- + # 4
b fif =
S 0.15- /7 7/
5 - - %
22 0.104 — T jzé ) / .
i B -
2 B 777 vz 77577
S 0.051 ﬁlﬁjj :;,r‘/ (et V g
pgmen || IO %%
=R 0.00 g Z g 7
Rect Pnsat exarcice Rest Post exercise

Figure 3. Myofibrillar (A) and mitochondrial enriched (B) FSR at rest and for the 4 h period after
single-leg cycling (endurance) or single leg knee extension exercise (resistance) in the fed state

Values are means = s.e.M. as percentage per hour. *Training effect: significantly different from untrained values
with same leg at same time; +leg effect: significantly different from endurance values, same training state and
at same time; #time effect: significantly different from values at rest with same leg at same time and from those
with same training state, P < 0.05.
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FIGURE 2. Mean (£SEM) mixed-muscle fractional protein synthesis
(FSR) after resistance exercise in response to increasing amounts of
dietary protein. Data were analyzed using a one-factor (protein) repeated-
measures ANOVA to test for differences between conditions. Differences in
means were analyzed using a Holm-Sidak post hoc test. Means with different
letters are significantly different from each other (P < 0.01; n = 6).

SRANANELHE

';"ﬁj\ﬁqus—siﬁﬁsb?i%”ﬂﬂ%

e -

0.10
0.08+
0.064
0.04 -
0.024

Myofibrillar FSR (%/h)

0.0 0.1

0.00-

0.0 01

Biphase linear regression analyses of relative protein intake per kg bod'

HAE A 17111 (65-80) B

(@)

i 0.40g/kg (0.21-0.59)*

L v ]

0.2 03 04 05 06 0.7
Protein (g/kg)

FEHR A 1224 (18-37)5%

o
0% o o goo o
o) ) O
“00 Yo
$oc o
0.24g/kg (0.18-0.30)

v

—

02 03 04 05 06 0.7
Protein (g/kg)

mass (BM; panels A and C) and rested myofibrillar fractional synthetic rate
(FSR) in healthy older (A) and younger (C) men. *p = .055 vs younger men.

IRIMNALAE -
EAFENERESILFEAES

J Gerontol A Biol Sci Med Sci. 2015 January;70(1):57—62 BT 2026 10



EFEARER=EEHE MO LUBNMALRA=
ZE8 & m=x /\NEmHET.0 = RNE
B 150 1.2gkE+
1 ——31 hr Post Exercise 0.4g EH'E/kg/h .
8 BN 4 Hr Post Exercise:I § * + Rgﬁﬂﬂ?ﬁﬁ
c ~
@ < i T # & EEak \ ] did A =
3w, 100 7 ErEE R EMaLUBINRZANE
[0'a - . L
5 7o ke = "
~ ]
% S 50 1.2gHE/kg /h 1.6 g HE/kg /h Fig. 3. Whole body leucine net balance during recovery from
£ E L-CHO H-CHO il “Z prolonged exercise while ingesting either 1.2 g CHO/kg /h (L-CHO),
% = 0 2] % 1.6 g CHO/kg/ h (H-CHO), or 1.2 g CHO+0.4 g protein/kg/ h(PRO-
g % pro-CHOt,  CHO). . |
—1 = 1 *P< 0.05 vs. other treatments at the same time point. TP<0.05 vs. 4 h in the
Hﬂ‘ N /N same trial. #Main effect for treatment ,P< 0.05. §Main effect for time, P< 0.05.
A -50- E? [ﬁ
& i i
5% *
3 0.100+
%
—~ 0.0754
‘T_C |
\O
o
e 0.050+ Fig. 4. Mixed muscle protein fractional synthetic rate (FSR) during
(L{_) 4 h of recovery from prolonged exercise while ingesting either 1.2 g
0.025- CHO/kg/ h (L-CHO), 1.6 g
) CHO/kg/ h (H-CHO), or 1.2 g CHO+0.4 g protein/kg/ h (PRO-CHO).
*P < 0.05 vs. other treatments
0.000
L-CHO H-CHO

Shu-Tzu Chen 2026 AKI-CRRT 11



Leg Protein Synthesis

ZIRMNA RN E i FTHEE

(ugemin T e100cc -r)

=

JEHEHETR

L

400

Y] PA >
[ @E’]’fﬁﬁ%“?‘ﬁ —e— EARLY -
350 | o EENE3/IF 4 el * PR
300 |
w =
250 | g
[
ER EENE3/RH
200 - = \‘ao
g’ E‘, 15
150 | - T, 2
EEN1E I ZIHE s 10
100 | o
E2HHAEKE
50 - 00| v
o Arphe= - ., P 0 30 60 90 120 150 180
0 kﬂi&ﬂﬂ‘w = BZE 3 - @ﬁh 1§3/J\HT{ q‘ﬁ e Time from Nutrient Ingestion (min)
0 30 60 90 120 150 180
Time from Nutrient Ingestion (min)
35
300 - % B Basal Fig. 7. Point-by-point timing of leg
250 | ;E::LV and whole body protein synthesis
' >R E}] ’§ ;‘U ‘ﬁ E E,‘ji = E FE for 10 subjects given an oral
g 200 * @ 1 ﬁ_’(? ﬁ == = nutrient supplement either
E~ o) 7] Ij(_l E/\J 7‘(& % E_IEI t immediately after exercise (EARLY)
§. g =0 iE [IHJ-L A A 2 } or 3 h postexercise (LATE).
2 7100 i *Significantly different (P <0.05),
% 3 5| I Fig. 4. Rates of leg protein dynamics
'::9 ki 1 for 10 subjects given an oral
] 0 . nutrient supplement either

immediately after exercise (EARLY)
-50 - or 3 h postexercise (LATE).
*Significantly different (P<0.05)

Protein Breakdown Protein Synthesis Net Balance
Am J Physiol Endocrinol Metab 280: E982-E993, 2001 [BEIF 2026 12



EE 12 KR E

70 ~

§

* .
Post exercise

(23
o

Pre exercise [

o
S
£
L
(2]
: i
e
35
g2
£ 50
ks
<
(9]
o
40
0L — —
PO P2

Figure 2. Cross-sectional area of m. quadriceps femoris (CSA-q.f.)

B

Isokinetic torque (Nm)

S IEAIRE

150

100 -

50 A

oA

1180 degs

P2: 2 h postexercise

Figure B . Strength measurements of
knee extension
Knee joint angular velocity

0 wk

T T

6 wk 12 wk

Table 2. Distribution of MHC isoforms and fibre types

Pre Post Pre Post
MHC (%) MHC-I 63+ 5 57 4 H* 63+ 5 65+ 4
MHC-ITA 32+4 38+ 5% 30+ 4 31 +4

MHC-IIX 6+ 2 545 742 441%
Number (%) Type 1 56 + 6 51 +5 52+4 60 + 3
Type 2a 2943 34 4+ 4% 3044 2943

Type 2b 15+4 15+ 2 18+ 3 11+1*
Area (%) Type 1 62+ 6 56 + 6* 58+5 65+ 4
Type 2a 28 +4 34+ 5% 28+ 4 27+ 4

Type 2b 10+ 2 11+2 14 +4 +1*

74 t 1 years men

12 week resistance training

(3 times per week)

oral protein in liquid form

(10 g protein, 7 g carbohydrate, 3 g fat)

DEXA MRI muscle biopsy

Data are presented as mean values + S.E.M. for PO (n = 7) and P2 (n = 6) before (Pre) and after (Post)a  Journal of Physiology (2001),
12 week training period. * Significantly different from Pre (P < 0.05).

535.1, pp.301-311
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Table 1-Suggested carbohydrate intake or other actions based on blood glucose levels at the start of exercise
Pre-exercise blood glucose Carbohydrate intake or other action
<90 mg/dL (<5.0 mmol/L) e Ingest 15-30 g of fast-acting carbohydrate prior to the start of exercise, depending on the size of the
SEFR individual and intended activity; some activities that are brief in duration (<30 min) or at a very high
B e 2= 1 5 30T AR intensity (weight training, interval training, etc.) may not require any additional carbohydrate intake.

NS chas e 88, 0.5-1.0g/ke/h ® For prolonged activities at a moderate intensity, consume additional carbohydrate, as needed
(0.5-1.0 g/kg body mass per h of exercise), based on blood glucose testing results.

90-150 mg/dL (5.0-8.3 mmol/L) e Start consuming carbohydrate at the onset of most exercise (~0.5-1.0 g/kg body mass per h of
78 FH Br4REF R e 0.5-1.0g/ke/h exercise), depending on the type of exercise and the amount of active insulin.
150-250 mg/dL (8.3-13.9 mmol/L) e Initiate exercise and delay consumption of carbohydrate until blood glucose levels are <150 mg/dL
(<8.3 mmol/L). BT AR TR SeHi Foine
250-350 mg/dL (13.9-19.4 mmol/L) o Test for ketones. Do not perform any exercise if moderate-to-large amounts of ketones are present.
e |nitiate mild-to-moderate intensity exercise. Intense exercise should be delayed until glucose levels
EHETG A ERES) are <250 mg/dL because intense exercise may exaggerate the hyperglycemia.
=350 mg/dL (=19.4 mmol/L) o Test for ketones. Do not perform any exercise if moderate-to-large amounts of ketones are present.
R R o If ketones are negative (or trace), consider conservative insulin correction (e.g., 50% correction)

SR H P E SR B before exercise, depending on active insulin status.
e Initiate mild-to-moderate exercise and avoid intense exercise until glucose levels decrease.

Adapted from Zaharieva and Riddell (88).
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PRE-POST : supplement before and after exercise
MOR-EVE : In the morning before breakfast and late
evening before sleep

Med Sci Sports Exerc. 2006 Nov;38(11):1918-25.
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FIGURE 3—Changes in CSA (fiber types I, Ila, and IIx). * Greater
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1 g/kg supplement

The supplement contained (per 100 g),
40 g of protein (from whey isolate),
43 g of carbohydrate (glucose),

7 g of creatine monohydrate
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