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Supplements and the kidney
s it body building or kidney damaging?
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Home message

v Creatine use seems not affect kidney function(in recommended
dose)

v'High protein diet specially animal type is harmful
v Anabolic androgenic steroids is banned

v'High dose vitamins not recommended
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Bodybuilding
The use of progressive resistance exercise
to develop muscle building by hypertrophy

Appearances of muscular definition and symetry
(rather than athletic ability).
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v Over 95% of bodybuilders use dietary supplements, with the two
most common being creatine monohydrate and protein

v'Non-nutritional, performance-enhancing drugs, such as
veterinary-grade vitamin supplementation, and/or anabolic—
androgenic steroids (AAS),Growth Hormone (GH)are also used .
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Most of the extreme nutritional, drug and training strategies in
bodybuilding are from non-evidence-based sources,

and potential adverse health impact effect are possible.
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1-Which organ doesn’t play role in creatine
production ?

a-liver
b-kidney
c-pancreas
d-muscle

2-Which protein doesn't increase GFR?
a-white egg

b-fish

C-Soy

d-beef
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OBIJECTS

v'Creatine

v'Protein

v'Anabolic androgenic steroids /GH
v'vitamins
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Assessment of kidney function
presence of unrecognized CKD

l (~95%) of creatine and creatine phosphate in Skeletal muscle

Dietary Supplements
especially creatine

Muscle Mass

Dietary protein intake

— |

especially cooked meats

/

Serum Creatinine

‘ Renal Elimination |

e

Tubular
secretion

/\\

Glomerular
Filtration

Gastrointestinal
losses

Cystatin C

Is not related to muscle mass and diet.
Cystatin C based MDRD eGFR measuring

Increased when using anabolic androgen steroid (AAs)
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Assessment of Dietary Protein Intake

1. Measuring urinary urea or nitrogen excretion (objective
methods, reflect the intake over only a few days before urine collection, not for

protein source intake or other macronutrients)

2. Self-reporting food intake via 24-h dietary recall

3. Food diary, A 3- or 4-day food diary contains a complete record of foods and

beverages consumed over those days

4. Food frequency questionnaire (FFQ), is widely used to
investigate food intake over extended periods of time

The 19" International Congress of Nephrology, Dialysis and Transplantation (ICNDT) *‘,
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v'Creatine

v'Protein

v'Anabolic androgenic steroids /GH
v'vitamins
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Creatine phosphate = available source of energy, especially during the early phases of intense muscular
contractions.

In skeletal muscle

25% free creatine, 75% creatine phosphate
are in equilibrium

A
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Ornithine | Amidino transferase |
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® [ Kidney | Daily spontaneous degradation of (1-2%)
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20 gram loading for 5 days ,then 5 gram daily

MICRONIZED MICROMNIZED

CREATINE

CREATINE
POWDER POWDER

Creatine Supplements Creatine Powder

- ox,

Z-,- MCRONIZED

POWDER

| CREATINE |

Creatine Tablets Micronized Creatine
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Creatine HCl
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GNC Creatine

Allmax Creatine

Creapure Creatine

Creatine Monohydrate
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REVIEW ARTICLE

Effects of Creatine Supplementation on
Renal Function: A Systematic Review
and Meta-Analysis

Journal of Renal Nutrition

The Official Journal of the Council on Renal Nutrition of the National Kidney Foundation,
30 Jul 2019, 29(6):480-489
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After evaluating 290 non-duplicated studies,

15 were included in the qualitative analysis
6 in the quantitative analysis

509 records in the 4 electronic databases (PubMed,
Web of Science, SciELO, and Cochrane).

Records identified through Additional records identi fied
database searching (n = 509) through other sources (n = 0)
| Records duplicate (n = 219) |

! l

Records after duplicate remowval (n = 290)

Records sci'_ccncd Records excluded by
(n = 290) —_— title and abstract

l (n= 262)

Full-text articles assessed

Full-text articles

for Vcligibility excluded
(n=28) (n= 13)
(n= 04) Non-human
l subjects

(n—= 04) Review study

Studies included in
qualitative synthesis (n= 04) Did not do
(n=15) Supplementation

Eligible based on the following inclusion criteria

(1) randomized controlled trials

(2) published in peer-reviewed scientific journals

(3) case studies

(4) studies assessing creatine supplements and kidney
effects

(n=01) Sample already
l had renal damage

[ Included ] [ Eligibility ] [ Sereening ][ Identification ]

Studies included in
quantitative synthesis
(meta-analysis)
(n=~6)
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Do not affect kidney function

No

Author(s)

Title

Age (y)

Supplementation Program (-Protoeol)

C

Type of
Supplement

Daily and Weekly
Quantities

Period in Days
and Weeks

Regarding Creatine
Supplementation

Journal

Robinson
etal. 37

Robinson
etal®”

Lugaresi
etal®

Gualano
etal."”

Mayhew
etal.®®

Cancela
etal.”

Dietary creatine
supplementation does
not affect some
haematological
indices, or indices of
muscle damage and
hepatic and renal
function

Dietary creatine
supplementation does
not affect some
haematological
indices, or indices of
muscle damage and
hepatic and renal
function

Does long-term creatine
supplementation
impair kidney function
in resistance-trained
individuals consuming
a high-protein diet?

Creatine
supplementation does
not impair kidney
function in type 2
diabetic patients: a
randomized, double-
blind, placebo-
controlled, clinical trial

Effects of long-term
creatine
supplementation on
liver and kidney
functions in American
college football players

Creatine
supplementation does
notaffectclinical health
markers in football
players

26=*8

275
24=3

56.4 ~ 82"
575*5.0

20.1 = 0.8"
205=14

19635

Creatine

Creatine

Creatine
monohydrate

Creatine
monohydrate

Creatine
monohydrate

Creatine
monohydrate

5g/d 4timesaday for5d,
then 3 g/d for 8 wk

5g/d 4timesaday for5d,
then 3 g/d for 8 wk

20g/dfor 5 d, divided into
4 times daily, followed
by5 g/d throughout the
trial

5 g/d once daily

Between 5 and 20 g/d
(139 =58g)for5y
and 6 mo

4.4 g of creatine 3 imes a
dayfor7d,then26g
creatine each day for
49d

8wkand5d

8wkand5d

12 wk

12 wk

~132 wk

12 wkand 1

Do not affect kidney
function

Do not affect kidney
function

Do not affect kidney
function

Do not affect kidney
function

Do not affect kidney
function

Do not affect kidney
function

Br J Sports Med

Br J Sports Med

J Int Soc Sports Nutr

Eur J Appl Physiol

Int J Sport Nutr Exerc
Metab

Br J Sports Med

Kreider
etal’®

Carvalho
etal®

Carvalho
etal’

Groeneveld
etal®

Gualano
etal™

Neves
etal.®

Poortmans
etal”

Long-term creatine

supplementation does
not significantly affect
clinical markers of
health in athletes

Creatine

supplementation
associated with
resistance training
does not alter renal and
hepatic functions

Creatine

supplementation
associated with
resistance training
does not alter renal and
hepatic functions

Few adverse effects of

long-term creatine
supplementation in a
placebo-controlled trial

Effects of creatine

supplementation on
renal function: a
randomized, double-
blind, placebo-
controlled clinical trial

Effect of creatine

supplementation on
measured glomerular
filtration rate in
postmenopausal
women

Effect of short-term

creatine
supplementation on

renal responses in men
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monohydrate

carbohydrate

192 +2  Creatine
with
drink

23.0+3.2° Creatine
24349
23.0 32" Creatine
252 +74
58.4 = 10.9" Creatine
57.7 111
246+ 4.2° Creatine
242 +50
573 Creatine
59 =3
25.1 =27 Creatine

monohydrate

monohydrate

monohydrate

monohydrate

monohydrate

15.75 g/d for 5 d and an

average of 5g/

d thereafter in 5-10g
doses following
supervised training
sessions

20 g/d divided into 4

times daily for 7 d and
0.03 g/kg body weight/
day of creatine
monohydrate for 7 wk

20 g/d divided into 4

times daily for 7 d and
5 g/d for 7 wk

5 g/d 2 times daily

0.3 g/d/kg of body weight

for the first week, and
0.15 g/d/kg of body
weight for the next

11 wk

20 g/day for 7 d divided

into 4 equal doses,
followed by single
doses of 5 g/d for the
next 11 wk

20 g/d divided into 4

times daily for 5 d

0-6 mo
7-12 mo
12-21 mo

8wk

8wk

4 wk

8wk

16 wk

32 wk

48 wk

At any time
12 wk

12 wk

5d

Do not affect kidney
function

DO not affect kidney
function

Do not affect kidney
function

Do not affect kidney
function

Do not affect kidney
function

Do not affect kidney
function

Do not affect kidney
function

Mol Cell Biochem

Rev Bras Med Esporte

Rev Bras Med Esporte

Int J Sports Med

Eur J Appl Physiol

Appl Physiol Nutr Metab

Eur J Appl Physiol

Journal of Renal Nutrit]
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Case reports of affecting kidney function

able 2. Results of Studies of Creatine Supplementations’ Effects (n = 4) on Renal Function in Case Studies

Supplementation Program (Protocol) Sonvkidin
Type of Daily and Weekly Period in Days Regarding Creatine
No Author(s) Title Age(y)  Supplement Quantities and Weeks Supplementation Joumal
1 Taneretal.*”” The effects of the recommended 18  Creatine 20 g/d for 5d and maintenance 5 d and 6 wk Affects kidney Nephrol Dial
dose of creatine monohydrate monohydrate (1 g/d for the next 6 wk) function Transplant
on kidney function: case report
2  Thorsteinsdottir Acute renal failure in a young 24  Creatine 5 g/d 3 times per week, totaling 24 wk Affects kidney J Ren Nutr
et al.* weight lifter taking multiple 15 g/wk function
food supplements, including
creatine monohydrate: case
study
3  Gualano et al.™ Effect of short-term high dose 20  Creatine 20 g/d for 5d divided into 4 equal 5 d and 4 wk Do not affect Am J Kidney Dis
creatine supplementation on monohydrate  doses, followed by single kidney
measured GFR in ayoung man doses of 5 g/d for the next function
with a single kidney: case 30ds
report
4 Barisicetal.”  Effects of oral creatine 18  Creatine 20 g/d, given in 4 single dosages 12 d and 112 wk| Affects kidney Neuropediatrics
supplementation in a patient monohydrate  for 12 d, and followed by a function
with MELAS phenotype and maintenance dosage of 5 g/d
associated nephropathy: case

report
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NDT Plus (2011) 4: 2324 Plus
doi: 10,1093/ ndtplus/sfql 77
Advance Access publication 11 October 2010

CQLS‘{? R (3})()?‘1 Nephrology Dialysis Transplantation

The effects of the recommmended dose of creatine monohydrate on
Kidney function

Healthy 18y/o man, 2-day history of N,V and epigastric pain. 4: ]
No signif PMHx/FHX, P
3,5

74/Kg, BMI=24.18 kg/m2, Bpx 150/90 mmHg, K=3.56 ,Na=148 mmol/L, Ph=7.36, |25 :
Hct 36.8, T.protein 64.87 g/L (normal 64-87 g/L). UA-> proteinuria, daily 284 mg. 2
The other Lab test and 2" W/U were normal. 1

Creatinine

Creatine monohydrate, induction (20 g/day x5 /d) and maintenance (1 g/day for
the next 6 weeks).

11.07.2010
22.07.2010

05.07.2010
09.07.2010
03.08.2010

The 19" International Congress of Nephrology, Dialysis and Transplantation (ICNDT) “‘],
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He was discharged without any complaints on the 25th day, BW=72Kg.

Focal tubular injury with dilatation of tubular lumina and

flattening of the tubular epithelial cells,

* sloughed epithelial cells, leucocytes and cellular debris in
the tubular lumina;

* No pigmented casts

Normal glomeruli.

IF> Neg
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CASE STUDY

Acute Renal Failure in a Young Weight
Lifter Taking Multiple Food Supplements,
Including Creatine Monohydrate

Journal of Renal Nutrition, 2019
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A previously healthy 24-y/o man, acute abdominal pain, polydipsia, and polyuria. BPx=152/100 mm Hg,left flank tenderness.
Cr=3.8 mg/dL, initially increased to 4.7 mg/dL and then rapidly decreased to 2.5 mg/dL, proteinuria 386 mg/day, UA—>1 to 3
RBCs, The other Lab test and 2" W/U were normal.

5 days after the onset of symptoms, no proteinuria, normal GFR, and normotensive in OPD f/u.

Table 1. List of Dietary Supplements That the Patient Was Taking at the Time of Admission*

Amino Acids

Plant Extracts

Other Supplements

L-alanine 620 mg
L-arginine 285 mg
L-aspartic acid 1,200 mg
L-cystine 380 mg
L-glutamic acid 1990 mg
Glycine 225 mg
L-histidine 180 mg
L-isoleucine 825 mg
L-leucine 1,220 mg
L-lysine 1,050 mg
L-methionine 240 mg
Phenylalanine 360 mg
L-proline 790 mg
L-serine 575 mg
L-tryptophan 165 mg
L-tyrosine 345 mg
L-valine 720 mg

Dandelion leaf

Uva ursi

Grean tea
Peppermint

Ginger

Licorice
Chamomile
Hawthorn

Cassia

Mate

Chicory

Citrus fruit
Guarana seed
Cotinue coggygyria
Scop bark

Red panax ginseng
Garcinia cambogia
Caffeine

Creatine monophosphate 5 g (15 g/week)

Choline bitartrate

Inositol
Phosphatidylcholine 75 mg
Phosphorus 2,120 mg
Folic acid 400 ug

Niacin 40 mg

Calcium 53 mg

Iron 2.2 mg

Chondroitin sulfate
Glucosamine HCI

Sodium 375 mg

Potassium 200 mg
Choline bitartrate

Inositol
Phosphatidylcholine 75 mg
Acetyl L-carnitine

"Values represent daily oral intake; left blank when not quantified.




: . generalized interstitial edema,

! infiltrate,most prominent in the

* . juxtamedullary cortex and medulla,
lymphocytes admixed with eosinophils
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Interstitium interstitial edema and a lymphocytic
inflammatory infiltrate with focal interstitial hemorrhage,
Arrows point to areas of tubulitis.

IF> were negative.

EM->

normal glomerular
architecture, without
evidence of immune
complex deposition.

i
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REVIEW ARTICI.E

FEffects of Creatine Supplementation on
Renal Function: A Systematic Review
and Meta- Analyvsis

Effects of creatine supplementation on urea and creatinine

The findings indicate that creatine supplementation does not
induce renal damage in the studied amounts and durations

Groeneveldetal (20050) D84 7 M4 67 M 95% 260014508 — Cavaho etal Q011E) T 0 0 10T 1 1% 03008
Groeneveldetal 20050 346 102 B0 303 81 60 53%  430(1.02,75 —_— Gualano etal (2011) 03 13 08 0F 12 &7%  (085[002 168 —
GroeneveldetalQ0050) 314 79 45 M2 83 47 62% 0204311,35) — ; -
Groeneveldetal(20058) 304 88 24 36 87 B 23% -2207.20,280) —_— I(re!deretm (0% M 0T %O W3 AT
Groeneveldetal 2005) 201 74 B 324 118 6 05% -330H432,77) Kreider etal (20030) 142 02 B 13 01 4 0% 04BR002,099 —r
Gualanoetal(2011) M3 157 13 401 M3 12 05% 18048861248 Kiedertl (2007 1% 01 1% 00 M 190%  D00R0% 054 —_—
i : 4 j 9% 090H.21,301 - : _
NS W T % B0 0o Ta 1 Ll 1201 M1 1O 00 OBBHOIG1 —
Kreider etal (2003¢) 156 35 17 15 28 44 163% 060F.27,247) —— Neves Jretal (2011) 0 0 17078008 11 92%  O00F0G0,080 I E—
Lugaresietal (2013) 02 M7 12 B4 T2 14 10% 580H821342 — Sultotal(95% C) 115 193 10005 048[04,073] e
Netes Jretal (2011 BB 800 13 B 803 11 14% 056159170 —_— ‘
SN e oW sk . Mgy C1t=.,tf=7 =125 P= 2%
Heterogeneity ChP= 18.10, df=13 (P= 0.15) F= 28% Testfor overall efact 2= 388 (P= 0.0001)
Testfor overall effect Z=2.84 (P=0.004)
v — creatinine I

ured Favours Renal Damage _Favours No Renal Damage Favours Renal Damage Favours No Renal Damage
(standardized mean difference = 1.10, 95% (standardized mean difference = 0.48, 95% confidence
confidence interval 0.34-1.85, P =.004, 1% = 28%). interval 0.24-0.73, P =.001, I1?> = 22%),
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v'Creatine

v'Protein

v'Anabolic androgenic steroids /GH
v'vitamins
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Protein Supplementation

Plants proteins: pulses, such as nuts, dried peas, and lentils,
(have HP content)

Milk protein (whey or casein), good quality protein

Eggs

Red meat: Beef, pork, mutton, and game (e.g., reindeer and moose)
White meat: chicken and turkey




Meat, fish, cheese, and rice / other grains—> strong net-acidifying foods

Fruit, legumes, vegetables, and potatoes -2 strong net-alkalinizing foods

THE FOOD PYRAMID

AVOID Sugar, Refined
Carbohydrates (flour,
pasta, grains, potatoes) /% . -\

MULTI-VITAMINS
& SUPPLEMENTS
daily

ORGANIC RED WIN
1-2a day
(optional)

SPICES & HERBS
(xylotol, stevia, garlic, tumeric.
cinnamon cacoa, cayenne,
ginger)
unlimited

PROTEIN (free-range 4 FISH (wild Alaskan
or organic chicken | T Salmon, sardines, Herring)|
and eggs, grass o\

(olive oil, raw nuts,
coconut oil) §-7 day

BVAY
(sprouted breads,

try for the momings)
3-5aday

FRUlIr:Aflri'cc i?}:::;g:ﬂ:il;’; . 7 VEGETABLES (ry for raw, cooked
low-glycemic and ' occassionally, lots of superfoods,
mainly berrics) : organic when possible)
3-4)3 day ) 4-5 a day
LN
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ACUTE EFFECT OF HIGH-PROTEIN ON GFR

SINGLE MEAL 6 healthy individuals Non-albuminuric T2DM

Tuna fish Rise in measured GFR Rise in measured GFR

Rise in measured GFR

Beef (200 g)

Conflicting effects of
HP intake on GFR and
urinary albumin
excretion in human
studies



PROTEIN INTAKE

good quality protein |energy consumption
g/kg/day (E%)

WHO recommendations 0.83 10-35%
General population
Nordic Nutrition Recommendations
Elderly
<64 y/o

0.8-1.5 10-20 %
>=65y/o 1.1-1.3 15-20 %
Athletes 1.2-1.7
Chronic Kidney Disease 0.8
Diabetes 1-1.5 15— 20%




High-Protein Diets

Protein content of more than 25 E% of energy intake, which

corresponds to more than 2.0 g protein/kg BW daily.



Research Article

Journal of Nutrition and Metabolism, 2016
.doi.org/10.1155/2016/9104792

A High Protein Diet Has No Harmful Effects: A One-Year
Crossover Study in Resistance-Trained Males

Jose Antonio, Anya Ellerbroek, Tobin Silver, Leonel Vargas, Armando Tamayo,
Richard Buehn, and Corey A. Peacock

14 healthy resistance-trained men completed the randomized

crossover study

(mean age 26.3 £ 3.9 yr, height 178.5 + 8.4 cm; and average

years of training 8.9 + 3.4 yr).

10 white males, 3 black males, and 1 Pacific Islander

The 19" International Congress of Nephrology, Dialysis and Transplantation (ICNDT) “"’
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Food diary (i.e., three days per week for one year) of their food intake via a
smartphone app (MyFitnessPal) ; 100-168 daily dietary self-reports

Body composition, via the Bod Pod (COSMED USA, Concord, CA) whole body
densitometry using air displacement.

Glucose,BUN, CRE, GFR, Na, K, Cl, carbon dioxide, Ca, T protein, albumin,
globulin, T Bili , ALP AST ALT, TG Chol, LDL HDL.

5 yaedo 5 o
& .,-!u-g]y\"b—‘t'-
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1. Normal eating phase, (mean + SD) 29.94 + 5.65 kcals/kg/day
and 2.51 + 0.69 g/kg/day of protein for 2 months and 4 months
2. High protein phase, to 34.37 + 5.88 kcals/kg/day and 3.32 +

0.87 g/kg/day of protein for 2 months and 4 months
(significantly increased (p < 0.05))

In resistance-trained men that consumed a high protein
diet (~2.51-3.32 g/kg/d) for one year, there were no
harmful effects on measures of blood lipids as well as
liver and kidney function tests.




No deleterious effects on liver or kidney function

Official Research Journal
of the American Society of
Exercise Physiologists

ISSN 1097-9751

14

Journal of Exercise Physiologyonline

February 2018
Volume 21 Number 1

JEPonline

Case Reports on Well-Trained Bodybuilders: Two Years
on a High Protein Diet

Jose Antonio, Anya Ellerbroek

Department of Health and Human Performance, Nova Southeastern
University, Davie FL USA

12-15 December 2023 . Homa Hotel, Tehran

Assess 5 subjects who consumed a high
protein diet for a total of 2 yrs




Effects of a high protein intake on kidney

function and acid excretion in bodybuilders

Group |l
+ high protein
10 subjects

20 Bodybuilder

Group |l
Reg protein
10 subjects

age 20-40 y/o Group 1
10 subjects

Resting blood samples taken between 8 and 9 am.
After an overnight fast 24- hour urine were obtained on 30 day of the study to
measure pH and estimate kidney function March 2020 DOI: 10.37200/UPR/V24i7/PR270044




High protein intake in bodybuilders

1.  Produced a significant increase in serum urea and creatinine.
2. Increase endogenous acid production,

104
. : 10- 0 W control
@ contl B Emin b b a I bodbuiders
g B bodybuilders n 0 bodybuilders ) )
= B8 bodybuilder+protein g 1 B bodybuilder+protein T . bodybunder+prote|n
g ) 2
5 E 4
: :
3 2 101 5
0

12-15 December 2023 . Homa Hotel, Tehran %ﬁiﬁ?ﬁ



Acute kidney injury associated with androgenic steroids and nutritional

] w T -
supplements in bodybuilders Four bodybuilders
Clin Kidney J. 2015 Aug

Safa E. Almukhtar,’2 Alaa A. Abbas,® Dana N. Muhealdeen,® and Michael D. Hughson®

h | s | b | 'y g ¢ A . @ .

Complel 22 adult males,8 FSGS, 4 nephroangiosclerosis, risk for

perman(?2 acute/ 3 chronic interstitial nephritis, 2
nephrocalcinosis, and 1 membranous with

Wael El-Reshaiq crescentic glomerulopathy,
John Patrick Madaa - Saudi J Kidney Dis Transpl .2018
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4515889/

| REVIEW | www.jasn.org

The Effects of High-Protein Diets on Kidney Health and
Longevity

Gang-Jee Ko,"? Connie M. Rhee,’ Kamyar Kalantar-Zadeh,"*>* and Shivam Joshi®

JASN, 2020. doi: https://doi.org/10.1681/ASN.2020010028

o
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Summary of observational studies of high dietary protein
intake and kidney health across large populations

. The Nurses’ Health Study.

. The Multiethnic Study of Atherosclerosis.

. The Prevention of Renal and Vascular End-Stage Disease (PREVEND) study.
. The Gubbio Study.

. The Dutch Generation R Study.

. The Framingham Heart Study.

. The Cardiovascular Health Study.

. The Singapore Chinese Health Study.



Protein
Intake in the

Mean Mean DM/ Sex Highest
Study Study or N (BMI, eGFR (ml/ HTN Group (g/kg Duration Variable and
. Type > Age . (%
Reference Location kg/m=<) (yr) min per HTx male) per d, g/d, (yr) Outcome
>/ 1.73m?) (%) or % of total

calorie

intake)
Knightetal.'? Nurses’ Health Prospective 1624 55 Q0 4/40 0 93 g/d 11 HP was not

Study cohort (N/D)

associated with
eGFR decline in

. . . . . . . . . ) normal renal
nondairy protein was associated with rapid decline of eGFR among participants with mild CKD

function.
animal fat/ red meat was associated with higher odds of microalbuminuria However, it was

associated with
accelerated
eGFR decline in
mild CKD
N/A HP was also
associated with
worsening eGFR
at increments of
—3.50 ml/min
per 1.73 m?,
compared with
moderate and

Huangetal.”* Taiwan Cross-sectional 599 60 22 N/D 54 N/D
(24.3)

low protein

intake (P<<0.001)

The 19" International Congress of Nephrology, Dialysis and Transplantation (ICNDT) ‘“m"’




Study Study or

Reference Location

Halbesma Prevention of
et al.”> Renal and

Vascular ENd-
stage Disease
(PREVEND)

Cirillo et al. "© Gubbio Study

Beasley Cardiovascular
et al.”® Health Study

Type

Prospective
cohort

Prospective

cohort

Prospective
cohort

N (BMI,
kg/m?)

8461
(26.1)

1522

(28)

3623
(26.5)

Mean
Age
(yr)

50

54

72

Mean
eGFR (ml/
min per
1.73 m?®)

81

84

73

DM/

HTN

HTx
(%)

N/D

5/41

14/55

Sex
(%

male)

N/D

44

39

Protein
Intake in the
Highest

Group (g/kg Duration

per d, g/d,
or % of total
calorie
intake)
1.4 g/kg per
d

2.1 g/kg per
d

1.63 g/kg
per d;24% of

total calories

(yr)

70

Variable and
Outcome

No association
between
baseline protein
intake and rate of
renal function
decline

12

1T g/d higher
protein intake
was related to —
4.1 ml/min per
1.73 m® more
negative eGFR
change and 1.78
risk for incidenc
of eGFR <60 ml
min per 1.73 m?

6.4

Protein intake
was not
associated with
change in eGFR
(P=0.05 for all
comparisons)

Ty oF W




Protein
Intake in the

M Mean DM/ s Highest
Study Study or T N (BMI, Ae""" eGFR (ml/ HTN (c‘:" Group (g/kg Duration Variable and
Reference Location ype kg/m?) (g)e min per HTx r ) per d, g/d, (yr) Outcome
yr. 1.73 m?3) (%) male)  or % of total
calorie
intake)
Malhotra Jackson Heart Observational 3165 55 97 19/57 36 1.0 g/kg per 8 Consumption of
et al.”’ Study cohort (31.8) d;19.4% protein as
percentage of
energy intake in
lowest and
highest quintiles
was associated
with decline in
eGFR among
subjects who
are diabotic
Esmeijer Alpha Omega Prospective 2255 69 82 18/57 80 92 g/d17% 3.5 Patients with a
et al.78 Cohort cohort (27.6) daily total
protein intake of]

=1.20 compared
with <0.80 g/kg
ideal body
weight had a
twofold faster
annual eGFR
cysC decline (—
1.60 versus —
0.84 ml/min per
1.73 m?)in

atients post-Ml
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Protein
Intake in the

M Mean Dw/ S Highest
Study Study or N (BMI, AN eGFR (ml/ HTN ex Group (g/kg Duration Variable and
. Type 2 Age . (%
Reference Location kg/m*<) ( min per HTx le) perd, g/d, (yr) Outcome
yr) 1.73 m?3 (2%6) R or % of total
calorie
intake)
Jhee et al.’”? Korean Genome  Prospective 9226 52 94 7/14 48 1.7 g/kg per 11.5 The highest
and cohort (24.5) d quartile was
Epidemiology associated with|
Study 1.32-fold
increased risk of
rapid eGFR
decline (95% ClIj
1.02to 1.73)
Farhadnejad Tehran Lipid and Prospective 1797 38 76 12/18 46 16% 6.1 The highest
et al.l3 Glucose Study cohort (26.7) tertile of LCHP

diet had greate
risk of incident
CKD (OR, 1.48;
95% Cl, 1.03t
2.15) in
comparison to
those in the

lowest one (P fo
trend =0.027) |
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Protein
Intake in the

Mean Mean DM/ Sox Highest
Study Study or N (BMI, eGFR (ml/ HTN o Group (g/kg Duration  Variable and
Reference Location Type kg/m?) Age min per  HTx (% perd, g/d, (yr) Outcome
(yr) 1.73 m?) (%) uilD) or % of total
calorie
intake)
lew etal>!  Singapore Prospective 63,257 57 N/D 9/23 43 65.3 g/d 15.5| [ Total protein
Chinese Health cohort (23) intake was
Study positively

reduction of 62.4%

Highest quartile of protein intake (from red meat) had 40% increased HR of ESKD (dose dependent).
Replacing one serving of red meat with other protein sources was associated with a max relative risk

associated with
incidence of
ESKD in a model
that adjusted for
basic
demographic

characteristics

(i.e., age,gender, dialect, educational level, and year of interview: HR,1.55; 95% Cl, 1.28 to 1.87) when comparing the
highest quartile with the lowest quartile intake. However, the HR was attenuated to 1.19 (95% Cl, 0.98 to 1.44)after
adjusting for other lifestyle and comorbidity factors

The T7 " International Congress of Nephrology, Dialysis and Iransplantation (ICNDI)
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CONCLUSION

v'These studies suggest that long-term intake of dietary protein
above nutritional recommendations can increase the risk of
serious CKD, including ESRD.

v'High intake of red meat protein and acidifying protein seems to
be most harmful.

The 19" International Congress of Nephrology, Dialysis and Transplantation (ICNDT) *‘,
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Oral protein or Amino Acid infusion = increase RBF and GFR (hyperfiltration)

mesangial matrix expansion
Tubulointerstitial fibrosis Kidney enlargement

Concurrent CKD Risk Factors High Dieta in High Protein Aintra-

jundiagnosed CKD -

|undiagnosed CKD Intake T glomerular

" Loss of more nephrons over time pressure :
v Compensatory /! glomerular pressure \ afferent arteriole @ efferent arteriole
‘ ' A /
) TG feedback

Damage to Dilated afferent| | Glucagon, [ \ :I\GFR P
glomerular . arterioles IGF-1, vasodilation %‘ -=-- @
structures . ! injury over time / RAS activitv &

| A intraglomerular Pressure Tibiiie

(Glomerular Hyperfiltration)
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(FGF-23),
vascular
calcifications and

-

imbalance in
the gut
microbiome

upregulated inflammatory
mediators(eg,NF-kB and
inflammatory cytokines)

12-15 December 2023 . Homa Hotel, Tehran

High
phosphorus
load

Metabolic
acidosis




v'Creatine

v'Protein

v’ Anabolic androgenic steroids / GH
v'vitamins
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Skin
- Male-pattern hair loss

Skin
- Hirsutism?
- Acne

Mammary glands
- Gynecomastia®

NS
Heart v
- Left ventricle A0 ‘
hypertrophy Liver

bl In 2014 the global lifetime use
prevalence was 3.3%,

. P e . o0 s
- Decreased left ventricle Athletlc Use,'13.4A) Whlle
compliance ~» Kidneys . 0
(l - Focal segmental Recreational sports people; 18.4%

Kidneys glomerulosclerosis
- Decreased eGFR
- Proteinuria Gglﬁtitoulrrary intehm

- Clitora ertrophy’ .
— vensrual e IN the Middle east (21.7%)
il e South America, (4.8%)

, \&4.07/0

Blood
Prostat = i o)
“Cancer i Europe (3.8%)
Testes Vasculature

- Testicular atrophy”
- Oligospermia/
azoospermia*

- Hypertension

Probable or proven Unlikely

Side effects that can be caused by AAS
Plausible Speculated

Frontiers in Endocrinology 2022



Cardiovascular adverse effects due to a prolonged use of AAS

v"& Cardiovascular effects
N . :
) A. Cerebrovascularischaemic events ) )
B Superior saggital sinus thrombosis remodeling induced by AAS use
B | O
,,’ - n 2 . Pulmonary embolism \/ U L
" .\ S \“,\ Coronary disease | . R
;« ' N A !lq Reduced systolic function - S '
; -]‘" S \§§ Distolic dysfunction - N
/- A :\ relaxation abnormally
/4 W >
K7 \ W Arrhytmias
;‘ /,\'/‘\ ‘Q_ Myocardial infarction
- Yoo C ™\ Sudden death arrhytmias -
\ I.‘."'! “\’»"‘ sudden death
/,’0\ .../Q\ Left ventricular hypertrophy RA
D @i’ W
‘," \.“ . Blood pressure elevation
3"‘ ‘ 4"' Pro-atherogenic effects o .
[/
E (é. ‘N\‘ F . Alterated vascular reactivity R o
“" ”‘ . Peripheral arterial disease ¢ T
¥ )

Deep venous thrombosis
Frontiers in Endocrinology 2022
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Non-enzymatic anhydration
(muscle ceIIs)

2

acetate

|

creatnlm}-

glycine
/|

H(_)

\@/ phosphoryl-

creatinine

H_O HO
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A

creatine >  phosphoryl-
Q {®\ creatine

ATP ADP

S-adenosyl-L-homocystgie

S-adenosvl-L-methigfiime

guanidino-

AAS
1. Increased muscle mass
2. Increases AGAT expression

10% of glycine,

22% of arginine

42% of methionine
FROM DAILY INTAKE
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CLINICAL RESEARCH

WWWW L Jasn.org

Herlitz et al

Development of Focal
after Anabolic Steroid

Segmental Glomerulosclerosis
Abuse

Table 1. Demographics and clinical history

3 30
R ht  Weigh
Patient  Age Geﬁr H::ng} t ;:} Y oemi Exercise Hormone Use Supplements/ Diet Hypertension? Other PMHx Stopped ':;:I:?:ont:l e Creatinine (mg/d)
1 300 WM 71 134 41 Bodybuilding  AASs induding MA-T Creatine, amino acid HTN (duration  Sleep aprea ! exercise —=— Proteinuria (g/day)
(testosterans supplemerts, uirk rewn) 25 25
prehormone), GH, and ghitarmate, =550 g/d :
nsulin for =10 yr protein diet |
2 3 WM &3 102 40 Bodybuilding  AASs indudng stanzold High-protein diet 300 to HTM for 3 mo Mone
ard durabalin for 8 yr 400 gfd) and protein n
chakes g 2 g 20 5
3 4 WM 68 93 3 Bedybuilding  AASs and GH for 20 yr High-protein shakes HTM for 5 yw MNone £ .
4 28 H/M - 100 3% Bodybuilding  AASs and GH, "far years” Creatine for 5 yr Mo MNane 2 i
5 49 WM 72 114 34 Bedybuildng  AASs “for years” High-protein diet MNex HIV far 21y, an HAs 2 a
undetectable viral E 15 h 15
load, diabetes . ¥ W k g
& 38 H/m 71 P 30 Bodybuilding  AASs including sustanon Unknown Mo Mone 8 ’/’ g
durabdlin, primobolan, £ / Q
equipoise, and winstrol g 1 " 10 g
“far years” A /
7 38 H/M 71 107 33 Bedybuildng  AASs :nd GHior 81m 10y Creatine, amino acid HTN {duration  Sleep apnea Restarted anabolic )
supplements, 500 g/d urknewn) steroids/supplements/ /
o exercise /
protein diet 1 .
8 33 H/m =) 81 27 Bodybuildhg AASs “for years”™ High-protein diet HT M {duration Mone 05 \ - 5
unknown) \ W\ '/"'
] 45 WM 48 130 42 Pawerliftirg AnSs including Amino acid supplements,  HTM for 18 MNane \\ N 4
testosterone ethanate 300 g/d protein diet o \ - 7/
and deca-durabelin for 0 . 0
15 yr —r —r— T '; '\ ; ; — o;) —
10 L] WM &7 95 33 Bodybuilding  Intramuscular testostemne Highprotein diet with 5 e Cocaine use, occasio % g § § § 8 § § § § g g g g § § g § §
njections for “many protein shakes/d UTls T T -« = g R ol ol ~ i~ o~
years” & = S BB = ] BB - A B 3 = a8 B = &
GH, growth hormone; H, Hisparic; HAART, highly active artiretroviral therapy; HTN, hypertension; FMH3, past medical history; UTI, urinary tract infection; W, white.
J Soc Nephrol 21: 163-172, 2010

12-15 December 2023 . Homa Hotel, Tehran




Association of focal segmental glomerulosclerosis and proteinuria in a cohort of 10 bodybuilders

Light Microscopy
Patient Pattern Global Segmental TA/IF (%) Arteriosclerosis Electron
Microscopy
Sclerosis Sclerosis
1 FSGS with collapsing features 16 of 22 4 of 22 80 Mild 95% FPE
2 FSGS, perihilar variant, 4 of 17 8 of 17 40 None 90% FPE
glomerulomegaly
3 FSGS NOS 4 of7 3of7 85 Moderate 80% FPE
4 FSGS NOS, glomerulomegaly 4ofb 1ofé 60 Mild NA
5 FSGS NOS, glomerulomegaly 0of13 20f13 15 Mild 50% FPE
6 Glomerulomegaly 0of 15 0of 15 <5 Mild Moderate FPE, rare
intramembranous
lucencies
7 FSGS with perihilar lesions, 9of 15 Jof15 40 Mild to moderate ~ 85% FPE
focal cellular and collapsing
features
8 FSGS with perihilar lesions, 7 of 61 15 of 61 15 Mild 15% FPE
focal collapsing features
9 FSGS, perihilar variant 50f8 20f8 60 Moderate NA
10 FSGS NOS, glomerulomegaly 9 of 17 6 of 17 90 Moderate 90% FPE

JAm Soc Nephrol 21: 163-172, 2010



RESEARCH ARTICLE Open Access

The potential effects of anabolic- C®
androgenic steroids and growth hormone o
as commonly used sport supplements on

the Kkidney: a systematic review

Dorna Davani-Davari', Iman Karimzadeh' and Hossein Khalili®

Methods: The search strategy was in accordance with the PRISMA quideline. Seven databases such as Scopus,
Medline, Embase, and ISI Web of Knowledge were searched using keywords, such as “growth hormone”, “anabolic-
androgenic steroids’, and "kidney injury". Articles published from 1950 to December 2017 were considered.
Randomized clinical trials, prospective or retrospective human studies, case series as well as case reports, and
experimental (in vivo) studies were included. Twenty one clinical and experimental articles were selected (12 for
anabolic-androgenic steroids and 9 for GH).

38.1% of studies about possible effects of AAS and GH on the kidney were animal investigations.




experimental and clinical studies about the renal safety of AAS (n=12)

Table 1 Suurmuamarny of experirmeental

armnd climnical

studies alkbout

Tthe renal

saferty of anabolic-androgenic stercids (m =

12)

Crose & Druaratiiom Subjects Twp= of FAaim resuhls Referencs
= TLa Ty
SO mardany dibydrotes o stero me Fats TN Increase im blood pressure, arnd proximal tubule wolume warn et al.

imMnEaperitomnealhs for 170 daws

SO0 g Skegfday TestoSsShe o Mme o i orna =
imntmamusculark: for 2 weeks

.75 or 2.0 maddasy dihwdrotestosteromne as
su bcutEmeowus IMmplants for 14 veeasks

lNestosterones implamts (20 moadca s uke)
cChamnged ewvery 2 wweseks

Sirg ke dose of testasteEramnes (1225 maspel k=t
aaral by

Combimnation of OU75 maldans
dibhwdrotestosteron s as subcutamneowus implants
amnd O.15 maskasday anastrozole aomlly far 12
e kos

Case 1= Mot defimed

Case 2- Mot defimed

Case series: Mot odaefimed

A least o amnabolic steroid (=.a.
testostermrme SO0 ma bweicose weesaklywh
irmnMntmamuscularbys for several morths

Mot defimed

= Marmndrolko e intramuscularr imjpEecteom =00 ma
tTwwice per wveeae bk for S owveaeakes
- Testosterone imtramuuascular
omoe per wweeaek for S oweeasks

imjector =00 ma

Case 1: Starmnozoakol intramuuascularr imjectam 10
maa thirese tirmes per weesek for 5 weeks

Case 2 Stammnoeo kol intramuascularr imjection 1 oma
thres times per week for & weeks

Cecmamndrolomnes. bolkdenone undecoec ke nate,
stanmnozolal, armnd trenabol weithh mot-defimnsd daibe
dose armnd duration of treatrme )

Castrated male amd
cop o rectomized femals
rats wwith aobstrnesctwe remnal
i jrary

Castrated diabetic make rats

Hy perte rnsiwve
s irm diet

rats o & high

Female estrogen e ptor
kreoc kot rmilce

Ciabetc malkle ats

Case
athlete

2M-—ywear-okd male

Case 2 S[il-wear-okd male
bricklayer

Case series: Males & Femalkes
=ag=d betwreean 21 amd &3

wears

12> bochy builders agedd
betwearm 2B and 459 wears

FB—wear—-old manm

AN —ywear—-old male
bochwb wilder

Case 1 S30-weaar-obkd males
amatewur bodcy buikder
Case 2 dAF-wear-okd males
amatewur bodcy buikder

28—ywear—old male
bochvybuilder

Experimental

Experimental

Experimental

Experimental

Experimertal

rea bsorptan

- Mo chamoge

Imcrease im Th

urime al b i

urime albwoarmi

im b
im g

F INncreasse
F Imcrease

CaEse repaort
ard cass
A=

Case seres

CaEse repaart

Case

report

Case

report

CaEse repart

— Arterial hwpee
Proteimnuria, i
- hMModerate
=eosirmo phils,
ScCuwute tubula

- INncreasse
Proteimnuria
- Mk

= Imt=rstitial me
witarmimn
- Focal

eI S

b=l
= INntrinsic remna

T balar

it b

JEurmndice writh

—=lls amd

F D rease inm serum angiotensin 1l
im glomerular fibaton rate

F Loww doses attenuated castratiomn—associated

imterstitial

iNmnterstital
weith eosimop hils withowt remarkable tubular abharma litdes

iNmMtoxication cawused acute kKidmey

lewr el

Fa produectriomn and pro-apoptotic ard pro-

ibrotc signalimra leading o imncreased apoptotic ol death,
ubuloimnterstitdal fibrosis, amd renal dysfumctioam

imncreasaes in
m excretion, glomernualosc lerosis, amnd tubuloimn-

terstitial fibrosis
F High doses exacerbated castratiomn-associated

imCreasas im
m excretion, aglomernualosc blerosis, amnd o buloaim-

Terstitial fibrosis

lood pressure & renal
lomernakoscleraosis

sodiurm reabsoaorptionm

IImndecimng podocyte apoaptosis by androgen reoe otoar
la—trivation, independent of thhe TGRS

sigmnalirg patbreweans

- SArtenuatimng albuminoria, glomerualosclerosis,. amd
tubulkinterstitial fibrosis

F Decrreasse im the density of renal contical COS8-positive caells
- Drecreass im the expression of transformimng growth facto-
B. collagen type IV, ThF-a, amnd 1L

rtenmsion,, aoliguria, kbukocyturia, hematuria amd
Nmnorease in ssernam area arnd creatimine
inflammatory imfiltrate with

imaerstitial edema, cakcium depoasits, ard muild
r Mmecrosis

im seram urea arnd oreatimimne, hematuria amd

Iwrmph momronuclear imflammatony inficrate

phirits amnd hhywpercalkcemia ssecondarnys o
Trjusry

- Froteimuria, remnal inswufficienocy, amnd mephotdc symead o me

mtal glomerukosclermsis, tubular atraophsw,. arsd

imterstitial fibrosis

- High seram creatinmime,. hiabh seram area, love bermoaglabim

| parermnchymal ard focal segmental

Olomearuakasclerasis

Aoute kidmey imnjune weith the patho oo of diffuse acute
imnjury dwee=e o bile a2ckd mephraopathes wwith the
pathaology of tubular bile acikd casts

Bile cast mephropathy dweese 1o chalblestatic jaumndikces
chamcterizmed by acute tubular epithaelial cell damaage akoma
imcreased seruam creatnmime armnd oliguaria

Aoute kidmey imnjuny imn the settimg of sewere cholestatic

the pathalogy of bike imclusiomns wwithim tubular

imterstitial edema
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experimental and clinical studies about the renal safety of growth hormone (n=9)

Table 2 Summanry of experirmental and clinical studies about the renal safery of growth hormones (o = 9)

Crose & CDuaration

Subjects

Tywpe of study

rAzin results

Reference

25, 5 10, and 20 U Ao dan
subcutanecusly for 4—a0 daws

0025, 0.1, arnd 1 1L kg dan
subcutanecusly for 14 wveesks

5—10 mgsSday for 3—9 davs

hore thamn 400 modwwes k tTestostaernorne
propriconate anddor nandrolone
deconate intramuscularhy

SO ngdegsmin as an infusion for 2 b

21 i the maormimng amnd < I i the
ewaning subcutanecusly for 1 wweasak

Q125 1 g pear vweek subcutansocusiy
for the first 4 wwesks and 025 ILUVkg per
wweek for the subseguent S months

002 11 kg day (or 7 pgelegsdand
subcutanecusly for 10 Mmonths

S lUSMT per day subcutaneously for &
days

Femals rats

FAzale and female dogs

2 patients with hwpopituitarism, 1
with cirrhvosis of the liver and 2
weith chronic nephritis arnd uremia

<4 body builders aged betwesaen 20
arnd 295 wears

Healthy men

Healthy e

Grovwwth heormao e deficient adults

Adults with chilldbhood onset GH

deficiernoy

Healthy woluntesr malaes

Expaerimeantal

Expaerimeantal

.
8

re ot

.
B

report

Filot clinical trial

Filot clinical trial

ouble-blimc,

place bo—controlled
Cross—owver Clindcal

trial

Filot clinical trial

Randomized, cross
ower Clindical trial

Drosae-depaendaent increass in
renal wweight

Mo changese in kidney dry weigh
o dhy wweig ht ratio

Increase in renal glomearular and
tubular cell proliferation and
renal DA protein ratio

Imncrease in body weight gain
ard kidrneyw weights

Glomerular deposits, mesangial
thickening., amnd werny slight
cellular infiltratiorn in glomeruli
Increase in the renal glomearular
area

Glomearular basal lamina
thickening

Increase in mesangial matrix

Crecrease in plasma urea lewel
and urea sxcraetion

Frompt increass in creatinins
clearance and phosphorus
reas bsorption

IreCcrease in serum Creatinimnse armnd
decreased in =G FR
Cravelopmeant of acute tubular
e crosis

Creacreass in renal plasma flowe
Mo changes it GFR

Ircreass in GFR and renal plasma
s

Mo significamt chamngs in kKidrney
size arnd urinarny excretion rates
of albumin arnd B2-microglobulin

Mo changs in GFR and renal
plasma flows
Mo effect on kidney size

Increase in left wantricular-mass
indax and kidney length

Mo abrormalities or changes in
the urire analysis

Increase in the plasma renin
Imncrease in distal tubule sodiurm
and water reabsorption
Crecreass in mean 249-h urinanyy
output and Mmean 2<-h urinarny
S iU e reticnm

rAshils ot al.
1923 [82a)

[ Fn Fal g T
MNoblot et al.
2000 [87]

Gershberg
1 S0 [S0]

Almukhtar
=t al. 2015

[=22]

Parving et
al. 1978 [81]

Christianssmn
a1t al. 1981

[93]

Ri=dl ot al.

1995 [B2]
Limnk et al.
2001 [S-4]

Hansen et
al. 2001 [99]




Evidence regarding adverse effects of
anabolic-androgenic steroids on kidney
exists;

AKI

CKD

FSGS

GH’s exact effect on the kidney at doses
used by athletes and body builders has not
yet been clarified.

1 AQP-1 and 7 in PCT
1 AQP-2,4 and 6 in CD
1 Water reabsorption
1 MAP

(—
Glomerular
density

Hypercalcemia
1 Body Mass

J

Podocyte CIN

y

AAS — fTNFa — T

/

Hyperfiltration

damage Membranous GN

\

Bile acid
nephropathy

1 ukKIM-1

1 uMCP-1
1 uNGAL
1 uALP

t uy-GT

Vasoconstriction

T cell-mediated
inflammation

T Reperfusion
injury

P (=B

Polyuria

Nephrocalcinosis

AC -1

N~—__—
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All major sports organizations have banned AAS
use
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v'Creatine

v'Protein

v'Anabolic androgenic steroids / GH
v'vitamins

12-15 December 2023 . Homa Hotel, Tehran



Absorption of 7 > Absorption of

25(OH)D3 Vitamin A T
Granuloma l
l b Nephrocalcinosis
! Ca2+. f Bone. Nephrolithiasis
1 25(0H)D3 La"fﬂfse absorption  reabsorption
N
1 1,25(0H),D3 ¥ oca

Vasoconstriction ‘/Nausea
l / Vomiting

\ lGFR <«<—— Dehydration <«<——— Polyuria <«<—— aNDI
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F 1 International Journal of /,
3 Environmental Research mp|
L ‘ and Public Health p

Review

Nutritional and Non-Nutritional Strategies in Bodybuilding:
Impact on Kidney Function

Victoria Tidmas 109, Jon Brazier L@, Janine Hawkins 2, Scott C. Forbes 3@, Lindsay Bottoms 1®
and Ken Farrington >4

3 April 2022
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Google Scholar
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Bodybuilding (BB) is popular recreationally & 97% of Incressed concern of effect on

Background competitively. Extreme training and dietary BB utilise health, particularly on the
regimes are used to achieve muscular definition supplements Kidneys

and symmetry.
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Kidney Disease

Acute interstitial nephritis G : 5 . ' N/ =
Acute tubular necrosis '
Focal segmental glomerulosclerosis Protein Creatine Anabolic androgenic Vitamins NSAID and
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1-Which organ doesn’t play role in creatine
production ?

a-liver
b-kidney
c-pancreas
d-muscle

2-Which protein doesn't increase GFR?
a-white egg

b-fish

C-Soy

d-beef
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