Nutrients, Diet and
Lifestyle: Reframing
Chronic Kidney
Disease as a Systems
Disorder

Michael Osiecki

PhD, BE(chemical), BBiotech (Hons.)



Conflict of
Interest

» Dr. Michael Osiecki is the Managing
Director and owner of Bio Concepts
which sells Nutraceuticals under the
brand of Orthoplex.

« Dr. Michael Osiecki is the Vice Chair
of Complementary Medicines
Australia (CMA), a peak industry
body that represents Manufacturers,
Sponsors, Suppliers, Retailers and
Practitioners in the complementary
medicine industry.



Outline

* The renal problem and how to identify at risk
patients.

Renal disease as a cause and driver of
comorbid conditions

* Exploring Malnutrition and Protein
* Further supplemental support



Global Prevalence

Globally CKD has a prevalence of 7.2% for >30 years of age,
rising to 23.4-35.8% for those older than 64 years
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The Silent Disease is on the Rise
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Figure 5: Prevalence of chronic kidney disease by age, 1999-2000 and 2011-12
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Chronic Kidney Disease (CKD)

Increased risk of all forms of death and higher
susceptibility to other disease conditions:

* Cardiovascular disease, at least double that
of the general population and major cause
of death

* Diabetes

 Cancer

* Infections

« Stroke

« Sarcopenia

« Dementia

Zoccali, C., Vanholder, R., Massy, Z. A., Ortiz, A., Sarafidis (2017). Nature Reviews 11(7), 1-18.
Nephrology, 13(6), 344—358. https://doi.org/10.1038/nrneph.2017.52 Miwa, K., Tanaka, M., Okazaki, S., Furukado, S., Yagita, Y., Sakaguchi, M.,

Cecchini, V., Troise, D., Sabatino, A., Cicirelli, A., Hallergard, G., Avesani, C. M., & Mochizuki, H., & Kitagawa, K. (2014). Neurology, 82(12), 1051-1057.
Stenvinkel, P. (2025). Journal of Renal Nutrition, 0(0).
https://doi.org/10.1053/j.jrn.2025.08.002 (2018) Journal of Clinical Me, 12(7), 493.

Martin-del-Campo, F., Sotelo-Anaya, R., Castro-Mata, P. C., Garcia-Garcia, G., https://doi.org/10.3390/jcm7120493
Gallardo-Gonzalez, A. M., et al. (2026). Journal of Renal Nutrition, 36(1), Yuen, N. K., Ananthakrishnan, S., & Campbell, M. J. (2016). The Permanente
49-57. https://doi.org/10.1053/}.jrn.2025.07.003 Journal, 20(3), 78-83. https://doi.org/10.7812/TPP/15-127

Hill, N. R., Fatoba, S. T., Oke, J. L., Hirst, J. A., Callaghan, A. (2016).. PLoS ONE,

Lee, W., Lee, Y., Li, L., Ng, H., Kuo, W., Lin, P., Liao, Y., Chiou, T.T., & Lee, C.

Integrative medicine considerations:

« Malnutrition; 40% CKD population is malnourished:
Vitamin, mineral (imbalance) and amino acid
deficiency (protein wasting) and metabolism
(vitamin D)

« Anaemia

« Metabolic acidosis

« Secondary hyperparathyroidism (vitamin D3
deficiency, hyperphosphataemia, hypocalcaemia)

* Increase of ROS and inflammation

 Intestinal hyperpermeability and gut dysbiosis

« AGE and increase RAGE

« NAFLD

« Adipokines and leptin resistance

« Mitochondrial dysfunction (fatigue)

* Arthritis.



CKD is a Systematic

Inflammatory Disease

{ * Reduced renal clearance
of cytokines

Insulin resistance

Cell senescence

* Nocturnal hypoxaemia
(sleep apnoea)

Perlodontal disease

CKD * Sodium and volume expansion .
/ Metabolic acidosis l

Propensity to infections

B Intradialytic hypoxaemia
—/
Bone mmeral dlsorder
Uraemic toxins
absorbed from the gut

Genetic
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Immune system

* Clonal expansion of antigen-
specific lymphocytes
* Antibody production

» Cytokine release
¥
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T Melatonin
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T Sympathetic system
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Energy metabolism

T Lipolysis
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T Protein break down

Noon {Lipogenesis

T B-oxidation of
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Immune system
T Leucocyte redistribution
and function
T Polyclonal antibody production

T Insulin (post-prandial)
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Pathology Analytes K,

Diagnostic Criteria

« Diagnosed by blood: Urea, Creatinine and
albumin, GFR/eGFR, proteinuria
* imaging or biopsy.

Further Considerations

Markers are in the range or trending outside the
ranges.

» eGFR - calculated with creatinine or cystatin
C. Values between 60 and 90 ml/min/1.75 m?
need to be investigated with urinalysis. Rate of
decline is important here.

» eGFR based on creatinine overestimates
function, especially >60 ml/min/1.75 m?

Difference between eGFR (Cys C) — eGFR (Creat)

(diff<-10) has a higher mortality and renal failure.

*  Cystatin C- reciprocal (1/Cys C) may be more
sensitive to renal decline than creatinine levels (0.5-1
mg/L)

* Bicarbonate — low (22-29 umol/L)

* Anion Gap - high (8-16 mmol/L)

* Urea - high (2.5-7.8 mmol/L)

* Creatinine — high (M: 59-104 umol/L, W: 45-84
umol/L)

« Uric acid/urate — high (M: 0.2-0.45 mmol/L, F: 0.15-
0.4 mmol/L)

* Phosphate and potassium

* Low/decreasing lymphocytes
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Stages of Renal Failure
and Comorbidities and
Contraindications

Albuminuria Stage

Normal (urine ACR
mg/mmol)

Macroalbuminuria (urine
ACR mg/mmol)

Microalbuminuria (urine
ACR mg/mmol)

Male: 2.5-25 Female 3.5-

CKD stage GFR Male: <2.5 Female:<3.5 35 Male: >25 Female : >35
1 290 Low risk Moderately increased risk

2 60-89 Low risk Moderately increased risk

. ss [ -

5 <15 or on dialysis -

Figure 2: Stages of chronic kidney disease and risk of progression, by GFR and albuminuria

Note: For "low risk’ categories, CKD is not present unless haematuria, structural or pathological abnormalities are present

Carville, S., Wonderling, D., & Stevens, P. (2014). BMJ, 349, g4507. https://doi.org/10.1136/bmj.g4507
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Y ..

Comorbidities:

Stage 3-5

Anaemia

Uraemic toxin
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Calcio-phosphorus
abnormalities
Neurohormonal activation
(sympathetic overactivity,
activation of RAAS)
Oxidative stress
Endothelial dysfunction, LV
hypertrophy, ischaemic
intolerance

J

Stage 5 with dialysis
Increased inflammation
Blood-membrane interaction
Blood-catheter interaction
Dialysate contaminant,
endotoxin, catheter infection
Haemodynamic stress
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eGFR and Age
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Kaplan-Meier survival (CKD stage 3) _; mymint 7amaryear
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* Not everyone with CKD will progress to end
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CKD and Anaemia

 Erythropoietin is mostly made in the kidney. When damaged, the

production decreases. LIVER
. . . . Inflammation Reduced
« Along with a loss of protein and iron, red blood cell production \» lonal
decreases. —
DUDDENUM Decreasad
. : L ) e
Elevated urea & uraemic toxins (indoxyl sulfate and p-cresyl sulphate) Y produstion
inhibit EPO signalling & is a bigger driver of anaemia. |
MAGFIE]F'HAGE \
 Inflammation induces hepcidin, reducing circulating free iron and Emd m el
hypoferraemia. Inducing degradation of ferroportin in the ""55 a“’m'”'s“a‘“’" Uremic
inhibitors
enterocytes.
Shortened -r’ ADNE
RBC survival HED BLOOD MARROW
« Anaemia is a major driver of renal disease progression due to CELLS

subsequent hypoxia in all organs. Therefore, a feedforward process of
further damaging the kidneys and leading to heart failure.

Hamza, E., Metzinger, L., & Metzinger-Le Meuth, V. (2020). In Cells (Vol. 9, Issue 9). https://doi.org/10.3390/cells9092039
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Renal Function Correlates with
Haemoglobin and EPO Levels
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Endocrine Disrupt

The etiology of selected endocrine abnormalities in chronic kidney disease

Tvpe of defect

Example

Abnormalities of hormone catabolism
Decreased metabolic clearance

Abnormalities of hormone production
Reduced hormone production

in endocrine organs

Reduced hormone production by the kidney
Reactive hypersecretion of hormone to
reestablish homeostasis

Inappropriate hypersecretion due to disturbed
feedback

Abnormal secretion pattern (pulsatility; circadian
rhythm)

Abnormalities of hormone activity

Insulin, PTH, leptin, adiponectin, gastrin

testosterone, estrogens

1,25(0H):Ds, erythropoietin
PTH, FGF 23, ervthropoietin

ACTH, LH, prolactin

GH.LH

Hyvpothalamic-pituitary-gonadal axis disturbances

in chronic kidney disease

Female Alale

FSH )
LH T
Prolactin
Estradiol

Progesterone

Testosterone —

[r}creaged isoforms with potennall}_' 1'?33 Hypothalamic—pituitary—thyroid axis alterations in chronic kidney disease, chronic nonthyroidal, nonkidney iliness
bioactivity (because of postiranscriptional LH

e and primary hypothyroidism
modifications)
Increased serum hormone binding proteins

concentration resulting in the reduced availability IGF TSH I, Ts rTa
of free hormone

. - - Chronic kidney disease N N. N

Decreased serum hormone binding proteins - ~ =
concentration resulting in the increased leptin Chronic nonthyroidal, nonkidney illness I N. | l T
availability of free hormone : - . .
- Primary hypothyroidism N

Changed receptor quantity and/or structure
Altered postreceptor cellular signaling
Altered activation of prohormones

vitamin D receptor
insulin, GH
proinsulin, thyroxin (Ts)

Mahmoud, T., & Borgi, L. (2021). Seminars in Nephrology, 41(2), 180-188. https://doi.org/10.1016/j.semnephrol.2021.03.012
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Menopause: An Initiator of Renal

Function Decline

Variables Adjusted OR (95% CI)* P valu
PSQI > 8 ———| 2.007(1.408-2.861)  <0.00
The hormonal changes in menopause result in R ! o oo
increased prevalence of hypertension, diabetes and — STROBLTEES,
dyslipidaemia that increases the risk of cardiovascular —_— , 2345(1.310-4.199) 0,004
disease and CKD. FSH Q3 L 1.779(1.018-3.108)  0.043
FSH Q2 I 1.932(1.101-3.392) 0.022
The changes in mineral balance of calcium (bone loss) Mgt 1624(1.050-2.511)  0.029
and increasing sensitivity to sodium due to the drop in BMI 1.089(1.018-1.165)  0.014
oestrogen puts pressure on the kidneys. Age 1.047(1.002-1.094) 0043
0 4 5
Oestrogen decreases angiotensin 1 receptors in the
kidney (vasoconstriction pathway), as well as ACE and Menopausal status Model OR(OS%CD P value
IncreaSGS AGT Late postmenopasue e g 3.417(3.891-8.327) <<0.001
Early postmenopause g 1.859(2.423-4.008) <0.001
» Poor sleep compounds the effects s L 1011015091929 0.046
Late postmenopasue > 3.287(3.425-8.899) 0.020
» We see renal function decline in at-risk women at Early postmenopause £ 1968(1723845) 0010
menopausa| age_ Peri—menomuseI | a 1.178(0.917-1.661)  0.089
0 10
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How CKD or AKI
Damages the Central Nervous System

: CNS
Uremic encephalopathy Jp—— Uremic encephalopathy
Cerebrovascular disease =7~ | 7 5. Subequent risk of
Cognitive impairment /7~ - "= % - Cerebrovascular disease
Dementia O 1A — Cognitive impairment
v ~ Dementia
Endothelial dysfunction . :
Medial wall calcification End%tggha! dysfpncuon
BBB disruption Inflammaticg?lr::\ptl;ﬁanCNS
T h e B ra i n Inflammation in the CNS
K' d A 0 Comorbid conditions
I n ey XI S Hypertension
\J Diabetes
Vascular factors Dyslipidemia Vascular factors
* Uremic toxins * Uremic toxins
* Hyperphosphatemia T * Proinflammatory molecules in circulation
* Phenotypic change in HDL f Y * Oxidative stress
* Proinflammatory molecules in circulation
« Oxidative stress Nonvascular factors
* Uremic toxins
Nonvascular factors » Electrolyte imbalances
* Uremic toxins » Electrolyte imbalances * Proinflammatory molecules in circulation
* Proinflammatory molecules in circulation * Oxidative stress
CKD/ . O)(idat_ive stress ¢ Drug accumulation * Drug accumulation
ESKD « Dialysis disequilibrium syndrome * Anemia AKI » Dialysis disequilibrium syndrome

« Activation of sensory afferent nerves? * Activation of sensory afferent nerves?

Tanaka, S., & Okusa, M. D. (2020). Kidney International, 97(3), 466-476. https://doi.org/10.1016/j.kint.2019.10.032
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Uremic Toxins: The Gut Kidney Axis

Systemic Toxicity to:
i) vasculature
ii) cardiac cells
i) renal tubule cells

Gut-Derived Uremic Toxins

Renal disease leads
to a build-up of
uremic toxins,
driving inflammation
which feeds back to

Gut dysbiosis:
inflammatory
conditions

>

a» ndoe]

CYP2E1

s SULT1A1
e - T ' & QATE gut dysbiosis and
h > [T poresol [sumar] - =0 disrupting protein
C— 9 MRP2/3 .
O==F S o s TN S R
- reactions e Lumen m Od |f| Catl ons
: D choline : & oA
e | (o
phosphatidylcholine :

Portal
Circulation

Systemic

Hepatic Circulation Renal

Metabolism Secretion

Bacterial Metabolism
& Colon Absorption
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The Gut-Kidney Axis

CKD results in disruption to the intestinal barrier as well as changes to the microbiome. Through influx of
circulating urea to the gut lumen and dietary restriction that reduces food containing fibre to avoid
hyperkalaemia and hyperphosphataemia.

These factors promote systemic inflammation and cardiovascular morbidity by mediating microbial
dysbiosis, disruption of the intestinal epithelial barrier, and translocation of endotoxin, bacterial fragments,
and uraemic toxins across the “leaky gut” into the bloodstream.

This can lead to further immmunosuppression.

Uraemic toxins and gut issues cause disruption in nutrient absorption and microbiome production of
vitamins like thiamine leading to functional deficiencies.

Constipation is common in CKD patients and can increase the production of uraemic toxins like p-cresyl
sulphate.

Low protein diets can alter the microbiome and reduce uraemic toxin production.

Prebiotics can reduce serum urea —2.23 mmol/L, 95% C| -3.83 to -0.64, P = 0.006.
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rmani, R. G,, Can, M. E, Ribeiro Dolenga, C. J,, Nakao, L. S, Campbell, K. L, & Cuppari, L. (2020)1 nal of Renal Nutrition, 30(1), 31-35. http ://doi.org/10.1053/j,jrn.2019.02.004



Dialysis treatment for one year has
a 10-15% mortality rate

5-year survival rate of 40-50%

Can drop further with co-morbid
conditions like diabetes and CVD,
S5-year survival rate is 25%

Highest risk is in the first 3 months

While transplant survival is 80%
after 5 years



CKD is a
disease of
malnutrition




Sarcopenia and CKD

» Prevalence of sarcopenia in CKD patients 9-
65% higher than age matched populations.
This is more on the higher side when the Muscle protein
patient is on dialysis at 25-75%. degradation

: L Muscle protei
« Older (>75 years) patients on dialysis have a Syl:ﬁﬁeesfsro o
far higher rate of sarcopenia than less senior

(65-74 years) patients, 55% v 12.5%. Resting energy

expenditure

» Muscle degradation is more of a factor in CKD, Inflammation
with higher levels of inflammation, insulin
resistance, metabolic acidosis, vitamin D Insulin resistance
deficiency and oxidative stress.
Body fat
* Overall malnutrition leads to higher mortality
for CKD patients. Muscle fiber change

Increased No change/increased
Decreased Decreased
Increased/unchanged SMIEIEEEE
Increased or
Increased
unchanged
Present Present
Unchanged,
increased Normally increased

or decreased

Atrophy in type | and  Preferential loss of type

Il fibers Il fibers

Sabatino, A., Cuppari, L., Stenvinkel, P., Lindholm, B., & Avesani, C. M. (2020) Journal of Nephrology, 0123456789. https://doi.org/10.1007/s40620-020-00840-y
Martin-del-Campo, F., Sotelo-Anaya, R., Castro-Mata, P. C., Garcia-Garcia, G., Gallardo-Gonzélez, A. M., et al. (2026). Journal of Renal Nutrition, 36(1), 49-57. https://doi.org/10.1053/j.jrn.2025.07.003

Lin, T.-Y., & Hung, S.-C. (2026). Journal of Renal Nutrition, 0(0). https://doi.org/10.1053/j.jrn.2025.12.006



Kidney and Amino Acid Metabolism

The kidney and amino acid metabolism

oL bl | RELEASE
% of bo sposa - %
L (% of body release)
A\ A |
Glutamine 30% A Serine 100%
Proline  60% T N Cysteine 100%
Citrulline 100% '; N = Arginine 50%
SAH 100% & 9% Tyrosine 50%
Cysteinyl-glycine 90% & ( Lysine 5-20%

Amino acids filtered and reabsorbed: ~300 mmol/day

Garibotto Giacomo G, Sofia A, Saffioti S, Bonanni A, Mannucci |, Verzola D. Clin Nutr. 2010;29(4):424-433. d0i:10.1016/j.clnu.2010.02.005
Knol, M. G. E., Wulfmeyer, V. C., Miller, R.-U., & Rinschen, M. M. (2024). Nature Reviews Nephrology, 20(12), 771-788. https://doi.org/10.1038/s41581-024-00872-8



Malnutrition in Acute Kidney Injury
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Ostermann, M., Summers, J., Lei, K., Card, D., Harrington, D. J., Sherwood, R., Turner, C., Dalton, N., Peacock, J., & Bear, D. E. (2020). Scientific Reports, 10(1), 1-13. https://doi.org/10.1038/s41598-020-58115-2



Amino Acid Metabolomic Profiling

between CKD and ESKD

Table 2. Plasma concentrations of amino acids and amines in nondialyzed patients with CKD stages 2-5 and hemeodialyzed patients

(micromoles per liter)

Table 3. Plasma concentrations (micromoles per liter) and urinary excretion (micrc

amines in nondialyzed CKD patients

e .

per mole cr

) of amino acids and

Variables CKD2-5 (n=52) Hemodialysis (1=25) P Value Plasma Concentration Urinary Excretion
Variables

Total amino acid 2558.3+441.7 2162.9+615.4 0.01° CKD2-3 CKD4-5 P Value CKD2-3 CKD4-5 P Value
Total essential amino acid 989.8+237.9 762.1+284.0 <0.001* 5 o 5 i
Total nonessential amino acid 1568 55270 4 1400 8=379.8 0.06 | Total AA 2512.4+411.0  2597.7+470.2 0.49 246.5+107.1  324.8+303.2 0.90
melaLnonessential aming acld. = = Total essential AA 1006.0£234.1  975.9+244.5 0.68 71.8+354  104.7+101.4 0.80
Total branched chain amino acid 405.4+138.1 314.7+127.2 0.01 3 % i i i
Alanine 320.9102.8 53074904 <0.001° | Total nonessential AA 1506.4+249.4  1621.8+284.4 0.13 200.1+126.8  220.1+204.5 0.56
Areini 91 '0129 9 68.0;29.6 <0'001ﬂ Total branched chain AA 421.4+133.5 391.6+142.9 0.41 6.1+7.2 7.1+15.8 0.18

rginine T e : Alanine 305.3+100.0  334.3+105.0 0.32 23.8+21.5 30.7+29.2 0.54
Asparagine 40.9+10.0 40.5+14.6 058 | Arginine 88.5+25.7 93.1+33.3 0.58 7.8+6.6 8.2+6.0 0.42
Aspartate 5.8+19.5 15.7x23.1 0.01" | Asparagine 38.6%10.4 43.0%+9.2 0.11 7.2+33 14.7+14.7 0.07
Citrulline 499+24.72 67.5%26.1 0.01 Aspartate 61+234 56+159 056 12.7+150 90+224 008
Glutamine 526.6+70.3 473.2+117.8 0.04* | |Citrulline 35.9+16.3 61.8+23.6 <0.001° 1.0+1.2 7.1+14.3 <0.001° |
Glutamate 810=834 58.3+49.0 0.09 | Glutamine 514.8+68.3 536.6+71.6 0.27 25.0+15.8 314442 0.40
Glycine 187.6+62.2 166.8+54.0 0.27 | Glutamate 72.1+453 96.0+105.4 0.83 29.8+61.5 19.3+25.1 0.50
Histidine 76.4%14.9 67.8+25.6 0.03* | Glycine 185.3+48.1 189.5+73.1 0.71 69.9+44.8 67.6+69.6 0.32
Isoleucine 75.9+28.6 61.5+25.4 0.03° | Histidine 749+11.2 77.7+17.5 0.61 34.9+23.4 30.0+26.0 0.30
Leucine 114.0%50.0 87.3+47.6 0.022 Isoleucine 76.7£26.9 75.2%30.4 0.80 09+1.9 0.6x2.9 0.11
Lysine 189.6+45.1 150.3+62.9 0.001* | Leucine 124.8+45.1 104.9+53.0 0.12 2.2+3.5 22+5.9 0.23
Methionine 37.5+11.4 26.8=12.0 <0.001* blystlll:_e _ lgg-gfﬁ-g 1§§§fﬁ§ 8'23 1?-33}01-3 2?-;331509-7 8-;(1)

= — ethionine 611 311, . 271, 3L §
Srthine o BIHES LR O [Ornithine 53.9+22.6 66.9=21.8 0.01° | 154571 1.8+5.1 0.33
Phenylalanine 67.0*x15.8 59.2*18.0 0.06
R & Phenvlalanine 629+12.0 Q5179 0.15 49+29 6.7+7.1 0.94

Lol e e 0.0¢" A fproli 212.4+71.8 243.0+67.5 0.12 2.6+2.6 13.8+185  <0.001° |
Serine 82.0+19.3 65.9+27.6 0.003* | s o ' — T :

. T N Y | Serine 83.4720.7 80.7=18.1 0.62 213102 254=19.7 073
Threonine 100.6=29.9 7582365 0.01% | Threonine 101 6+319 99 8+28 6 092 11.1+10.5 20.9+29.1 0.43
Tryptophan 48.4+14.4 24.0x14.1 <0.001° | ITryptophan 55.5+12.3 423+134  <0.001°]  45+25 48+3.9 0.88
{[}’I.OSme Z?S'Ziié'g 12?-3%;-? <8'88;," Tyrosine 66.9+22.8 633229 0.59 6.5+3.9 7.5%6.9 0.94

aline A+69, 9+62. 003" | Valine 219.9+64.6 211.6+73.6 0.69 30426 43+79 0.54
Asymmetric dimethylarginine 0.81+0.4 1.79=0.6 <0.001* |[ADMA 0.57+0.29 1.02+0.48  <0.001°  2.37+0.93 1.51+143  <0.001%
Symmetric dimethylarginine 1.17+2.4 0.64+0.4 0.03° | SDMA 1547348 0.85+0.58 0.69 2.85+0.93 2897291 0.06
Hydroxykynurenine 207x1.2 5.50=1.8 <0.001* |[Hydroxykynurenine 1.19+0.39 2.82+1.22 <0.001°]  0.13%0.10 0.45+0.90 0.15

All values are mean * SD.
P<0.05.

Duranton F, Lundin U, Gayrard N, et al. Clin J Am Soc Nephrol. 2014;9(1):37-45. doi:10.2215/CJN.06000613

Zobel EH, von Scholten BJ, Reinhard H, et al. Cardiovasc Diabetol. 2017;16(1):1-9. d0i:10.1186/s12933-017-0569-8
Garibotto Giacomo G, Sofia A, Saffioti S, Bonanni A, Mannucci |, Verzola D. Clin Nutr. 2010;29(4):424-433. doi:10.1016/j.clnu.2010.02.005

All values are mean + SD. CKD2-3, CKD stages 2 and 3; CKD4-5, CKD stages 4 and 5; AA, amino acid; ADMA, asymmetric dime-

thylarginine; SDMA, symmetric dimethylarginine.
“P<0.05.



Citrulline/Arginine:
It’s Complicated

ADMA |-orerrerierin

Oxidative stress
Oxidized LDL | «eevesree >
Homocysteine
Hyperglycemia {
Epo (hlgh) Citrulline Kidney
Nesp (high) + 4 .
dimethylamine Excretion/metabolism NO

+
Citrulline

e Citrulline in early stage or non-CKD patients is better at
increasing serum arginine levels and NO levels.

* Supplementation is indicated for diabetic nephropathy and
hyperfiltration. Protection against endothelial disfunction.

* Polyphenols, ECCG and anthocyanins increase the surface
expression of eNOS and decrease ADMA.

Note: 1.5 kg fresh watermelon has ~ 3 g of L-citrulline (minimum effective dose)
5.0 kg fresh watermelon has ~10 g of L-cHrulline (maximum effective dose)
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Vasodilation
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Lipolyisis Type 2 Diabetes (7)

Mitochandrial Biogenosis Cardiovascular Disease
Protein Synthesis (7)
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Garibotto Giacomo G, Sofia A, Saffioti S, Bonanni A, Mannucci |, Verzola D. Clin Nutr. 2010;29(4):424-433. doi:10.1016/j.cInu.2010.02.005

Allerton, T. D,, Proctor, D. N,, Stephens, J. M., Dugas, T. R, Spielmann, G., & Irving, B. A. (2018) Nutrients, 10(7),

1-24. https://doi.org/10.3390/nu10070921

Persson P, Fasching A, Teerlink T, Hansell P, Palm F. Hypertension. 2014;64(2):323-329. doi:10.1161/HYPERTENSIONAHA.114.03519
Brosnan, M. E., & Brosnan, J. T. (2004)The Journal of Nutrition, 134(10), 2791S-2795S. https://doi.org/10.1093/jn/134.10.2791S
Baylis, C. (2008). American Journal of Physiology - Renal Physiology, 294(1). https://doi.org/10.1152/ajprenal.00424.2007
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What is the go with
Creatine? - e

@ @ S-adenosyl-methionine
Glycine GAA (SAM)

AGAT SAsAL
S-adenosyl-homocysteine

L-arginine

* The kidney is a mitochondrial dense organ, it needs energy

Creatine
Synthesis

for maintaining membrane potential and reuptake of key L-ornithine Guanidinoacetate A (A1)
metabolites and nutrients in the urine. ke
()
* Creatine phosphate is needed throughout the body cell e

types as an intermediary to transport ATP from the urine
mitochondria throughout the cytosol. ;

Circulation
A
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3
ES
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* The first step in the metabolism of creatine using glycine and

arginine occurs in the kidney. - ' . Vessel
* Creatine deficiency is highly prevalent in renal patients. B @.@‘ e | .chG)
* Neither creatine supplementation nor its metabolite ‘ C; ) B
creatinine causes renal damage. Creatinine is used as a 5 E ®© ATP % ATP W AP
marker. Most studies show creatine supplementation has no a2 NP e v S
significant effect on creatinine levels. 56 (1]
q oy '-/ t @ ADP \ \‘ADP j Anp/
* From 2-5g daily doses, it is recommended to cease - ;

supplementation two weeks before diagnostic tests.

Cell Cytosol

e Creatine synthesis can pull 40-70% on the SAMe pool.
Supplemental creatine helps the stores of methyl donors
therefore methylation as a whole.




Creatine Essential to Support CKD Patients

{ mtROS
PdeUC:iO“ Fx mﬂammatlon

.

1 ETC 4 exercise-induced muscle ‘
; damage T microvascular
efficiency - A
density + recruitment
1 Membrane Creatine o
stability Supplementation — 13 \/\')k
OH

' NH;
' I plasma
homocysteine

v
4 EC leakiness

L L

d Inflammation {4 0,7, 0NOO",

ABTS® |

|
\V/
Potential Mechanisms Contributing to Improved Vascular Health

Clarke, H., Kim, D. H., Meza, C. A., Ormsbee, M. J., & Hickner, R. C. (2020). Nutrients, 12(9), 1-23. https://doi.org/10.3390/nu12092834
Wallimann, T., Riek, U., & Mdddel, M. (2017). Medical Hypotheses, 99, 1-14. https://doi.org/10.1016/j.mehy.2016.12.002



Histidine: The Forgotten

Essential Amino Acid |

. Scavenger of reactive oxygen (ROS) and
reactive nitrogen (RNS) species & hydroxyl
radicals. Mediated by metal ion chelation.

. Sequestering advanced glycation and
advanced lipid oxidation end products
often related to complications in renal
disease, microangiopathy and retinopathy
in diabetes

. The antioxidant effects are associated with
the inhibition and regulation of
proinflammatory biomarkers IL-6, CRP and
TNF-a, particularly in chronic disease
states.

. Combines with beta alanine to make
carnosine.

Watanabe M, Suliman ME, Qureshi AR, et al. Am J Clin Nutr. 2008;87(6):1860-1866.
doi:10.1093/ajcn/87.6.1860

Thalacker-Mercer, A. E., & Gheller, M. E. (2020). Journal of Nutrition, 150(8), 25885-2592S.
https://doi.org/10.1093/jn/nxaa229
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Homocarnosine

Carnosine t———————>

- Proteins :
1 Imidazole pyruvate

Histamine

=

\\' M’,
Dietary HIS

N |

free HIS

HIS-rich proteins

Urocanate

3-Methylhistidine

Dosage range
2-6 g/day

Vera-Aviles, M., Vantana, E., Kardinasari, E., Koh, N., & Latunde-Dada, G. (2018). Pharmaceuticals, 11(4), 111.
https://doi.org/10.3390/ph11040111
Cho, E. S., Anderson, H. L., Wixom, R. L., Hanson, K. C., & Krause, G. F. (1984).The Journal of Nutrition, 114(2),
369-384. https://doi.org/10.1093/jn/114.2.369

Of all the amino acid side chains in
proteins, only the imidazole ring of HIS
functions as a pH buffer — acting as an acid
or a base as required.

It can attenuate changes in intracellular pH
in muscles during anaerobic exercise
(reducing muscle fatigue) and has even
been used in solutions to preserve organs
for transplantation

The structure of HIS contains an imidazole
ring which allows the efficient chelation
with divalent metal ions Fe2+, Cu2+, Co2+,
Ni2+, Cd2+ and Zn2+, filling the gaps of N-
acetylcysteine’s thiol group chelation of
Fe3+, Pb2+ and Hg2+.

Moderate doses (2-6g daily) of HIS protect
against the negative effects of free-floating
metal ions and takes them to where they
are needed.

In higher doses (>10g daily) HIS has also
been shown to protect against copper-
induced neurotoxicity.

Song, B. C., Joo, N.-S., Aldini, G., & Yeum, K.-J. (2014). Nutrition Research and Practice, 8(1), 3-10.

https://doi.org/10.4162/nrp.2014.8.1.3



Histidine: Clinical Effects

Combines with beta alanine to make carnosine.
Key for protein function e.g. metalloproteins, albumin and histidine rich glycoproteins.

Histidine is essential in globin synthesis and erythropoiesis. Histidine deficiency leads to
anaemia. Even in chronic uraemic patients. Used with EPO, ~700mg/day histidine maintained
haemoglobin at a higher level after week 12 and week 24.

Alternate methylation pathway. Through the conversion to N-formimino-L-glutamate and using
formimidoyltransferase-cyclodeaminase enzyme acts as a methyl-donor to THF to MTHF.

Helps iron uptake in the Gl and prevents free iron damage in iron infusion in renal patients
when co-supplemented.

Low plasma concentrations are associated with protein-energy wasting, inflammation, oxidative
stress, and greater mortality in CKD patients.

Watanabe M, Suliman ME, Qureshi AR, et al. Am J Clin Nutr. 2008;87(6):1860-1866. Calabro RS, Cacciola A, Bruschetta D, et al. Brain Behav. 2019;9(12):1-17. doi:10.1002/brb3.1389

d 10 1093/] /876 1860 Cho, E. S., Anderson, H. L., Wixom, R. L., Hanson, K. C., & Krause, G. F. (1984).The Journal of Nutritio Sasaharal Fuymura N NozawaY Furuhata Y, S to HPhy ol Behav. 2015;147:238-244.
acker-Merce & Gheller, M. E. (2020). Journal of Nutrition, 150(8), 25885-2592S. 114(2) 369 334 http //d org/10.1093/jn /1142369 doi 10 1016/j.physbeh. 201 04 042

http //d g/lO 1093/1 /nxaa 29 Song, B. C., Joo, N.-S., G & Yeum, K.-J. (2014). Nutrition Research and Practice, 8(1), 3-10. Pierce BL, Tong L, Dean S, e | PLOSG net. 2019;15(3):1007984.

Vera-Aviles, Vantana, E., Kardinasari, E., Koh, N., & Latunde-Dada, G. (2018). Pharmaceuticals, http //d g/lO 4162/ p20148 1.3 http //d org/10. 1371/1 al.pgen.1007984

11(4), 111. http ://doi. g/lO 3390/ph11040111 Kimura K, N kamura Y, Inaba Y, et al.. Diabetes. 2013;62(7):2266-2277. doi:10.2337/db12-1701



Histidine: Clinical Effects

« Epidemiological/observational studies and a few small clinical trials show histidine is effective
at decreasing BMI, adiposity & metabolic markers (fasting glucose, postprandial blood
glucose).

 Aclinical trial of 4g/day for 12 weeks showed increased insulin sensitivity and decreased
fasting glucose by reduced gluconeogenesis in the liver via the histamine 1 receptor. Also
reduced appetite.

* Another clinical trial of 2g/day for 2 weeks showed less fatigue, improved sleep, mental focus,
peripheral blood flow and anxiety.

 Improves libido, though histaminergic system in the brain to increase arousal of the forebrain
and vasodilation and blood flow in peripheral sexual tissue.

« 4g/day for 4 weeks reduces atopic dermatitis severity by 39%, by increasing filaggrin.

Watanabe M, Suliman ME, Qureshi AR, et al. Am J Clin Nutr. 2008;87(6):1860-1866. https://doi.org/10. 3390/ph11040111 Kimura K, Na kamur Y, Inaba al.. Diabetes. s. 2013; ;,62(7):2266-2277. doi:10.2337/db12-1701
doi:10.1093/ajcn/87.6.1860 Cho, E.S., A derson, H. L., Wixom, R. L., Hanson, K. C., & Krause, G. F. (1984).The Journal of Nutrition, 114(2), Calabro R iola A, Bru: h t D, et al. Brain Behav. 2019;9(12):1-17. d :10.1002/brb3.1389
Thalacker-Mercer, A. E., & Gheller, M. E. (2020). Journal of Nutrition, 150(8), 25885-2592S. 369 384. https //d g/10 1093/] /114 2. 369 Sasahar: |mur a N, No. zawa Y, Fur h tay, S to HPhy iol Behav. 2015;147:238-244.
https://doi.org/10.1093/jn/nxaa229 ong, B. C.,Joo, N. S Ald i, G., & Yeum, K.-J. (2014). Nutrition Research and Practice, 8(1), 3—10. doi:10. 016/ physbeh.2015.04.042

Vera-Aviles, M., Vantana, E., Kardinasari, E., Koh, N., & Latunde-Dada, G. (2018). Pharmaceu ticals, 11(4), 111. http s://doi g/lO 4162/nrp.2014484143



Low Protein Diet - What is the True Evidence?

Academy of Nutrition
and Dietetics

0 0.6-0.8 g/kg/d 6 0.3-0.5 g/kg/d
)/ . Y .
<50 ml/min <20 ml/min

KDOQI Nutrition in
Chronic Renal Failure

6 0.6 g/kg/d
'/ .
<25 ml/min

Obeid W, Hiremath S, Topf JM. Kidney360. 2022;3(9):1611-1615. doi:10.34067/K1D.0001002022

KDIGO Clinical Practice Guideline for
the Evaluation and Management of CKD

0 0.8 g/kg/d
J .
<30 ml/min

United Kingdom
Kidney Association

c 0.8-1.0 g/kg/d
% <30 ml/min

KDOQI Guidelines on
Nutrition in CKD

0 0.55-0.6 g/kg/d
&\ <60 ml/min

Hahn D, Hodson EM, Fouque D. Cochrane Database Syst Rev. 2020;2020(11). doi:10.1002/14651858.CD001892.pub5

Levey AS, Greene T, Beck GJ, et al. J Am Soc Nephrol. 1999;10(11):2426-2439.

Able to delay
progression to ESRD
(dialysis). However,
diet was unable to
reduce the eGFR
decline.



High Protein? Keto? Not

all Protein is Equal

« Keto with a high fat content may be beneficial
in CKD.

« Emerging evidence that Keto diet is better
suited for polycystic renal disease.

« Patients on Keto diet run the risk of acidosis if
not taking a strong plant approach.

» Better on a plant base protein; low
carbohydrate (5-45%) and supplementing with
mineral citrates.

« Safer in patients in stage 2-3 CKD. Oddly
showed no benefit in CKD with T2D.

« Ultimately haven’t shown superiority over other
diets and have a higher risk factor.

Pkd1"":NesC

Han:SPRD -

Pkd1 RC/RC
Food
Ws25/—
Pkd2" - restriction

RN
O~

Ketogenic
diet

[lncreased LKB1/AMPK signauingj
> Reduced mTOR/S6K signalling
Reduced IGF1/IGFR signalling
Reduced STATS3 signalling

Ketone /
supplements

Athinarayanan, S. J., Roberts, C. G. P., Vangala, C., Shetty, G. K., McKenzie, A. L., Weimbs, T., & Volek, J. S. (2024). BMJ Open Diabetes Research & Care, 12(2).
https://doi.org/10.1136/bmjdrc-2024-004101

Torres JA, Kruger SL, Broderick C, et al. Cell Metab. 2019;30(6):1007-1023.e5. doi:10.1016/j.cmet.2019.09.012

D’Alessandro, C., Giannese, D., Piccoli, G. B., Panichi, V., & Cupisti, A. (2025). Journal of Nephrology, 38(6), 1541-1556. https://doi.org/10.1007/s40620-025-02285-7

Mitch WE, Remuzzi G. BMIC Nephrol. 2016;17(1):1-8. doi:10.1186/512882-016-0283-x

Crosby L, Davis B, Joshi S, et al. Front Nutr. 2021;8(July):1-11. doi:10.3389/fnut.2021.702802

Ong ACM, Torra R. Clin Kidney J. 2022;15(6):1034-1036. doi:10.1093/ckj/sfac103

Joshi, S., Shi, R., & Patel, J. (2024). Clinical Kidney Journal, 17(1), sfad274. https://doi.org/10.1093/ckj/sfad274



High Protein? Keto? Not all Protein are Equal

High protein diets often lead to hyperfiltration. Through neuronal NO synthase
B in the macula densa via tubuloglomerular feedback.

Hyperfiltration is associated with rapid decline of renal function.

Relative risk of hyperfiltration is 3.48 times higher in the highest protein intake
population compared to the lowest in the general population.

Low carbohydrate and high protein diet in healthy subjects increases acid load,
increases the risk of stone formation, decreases estimated calcium balance,
and may increase the risk for bone loss.

Plant based diet that has a low inflammatory index is the most beneficial with
normal protein levels. Mushrooms are very useful due to complete amino acid
profile, vitamin mix, low acid load, low phosphorous and ergothioneine content.

e, T., McCulloch, C Crews, D.C., B s, N. R., Pavkov, M. E.,S ran, R., Mol gen stern, H4 Bragg-Gresham, J., & P N R. (2022). Kidney360, 3, 10.34067/KID.0000442022. https://doi.org/10.34067/kid.0000442022
M h d M. A, Be hro Sha h bi, & bb ashemi, S. A ( 25). J I f nal N ( ) h //d / 53/j.jrn.2025.10.005
Sallstrom arlstrom M I d al. Am J Physiol - Regul Integr C Physi I 99(5, )'1263-1268 0 /aJp 00649.2009
Jh JH, Kee YK, Park S, et al. N h I I /ant. 2020;35(1):98-106. doi / d t/gfz1
Reddy ST, Wang C-Y, Sakhae inkley k CYC. AmJ Kidne 0(2) 4. doi h //d rg/10.1053/ajkd.2!
Calvo, M4 S., & Uribarri, J. (2025). Journal of Renal N 0(0 ) h //d / 53/j.jr 2 0



A Diet is Better Than None at All

« Two-year randomised trial comparing low-carbohydrate (non-restrictive, 22% energy protein) to
Medi errantean)(calorle restriction, 19% energy protein) and low-fat (calorie restricted, 19%
energy protein).

 Improvements in eGFR were achieved in low-carbohydrate (+5.3% [95% Cl 2.1-8.5]),
Mediterranean (+5.2% [3.0—7.4]), and low-fat diets (+4.0% [0.9—7.1]) with similar magnitude
(P > 0.05) across diet groups.

» Dietary adherence is key. Adherence American Heart Association &AHA& dieta?/ Battern was
s%mflcantly associated with the lowest risk of developing CKD ( HR=0.63, 95% CI| 0.55-0.71,
Q5 vs. Q1). In comparison, adherence to other dietary patterns such as the Diabetes Risk
Reduction Diet (DRRD) and EAT-Lancet diets conferred weaker protective associations.
Conversely, the high adherence to an unhealthful Plant-Based Diet Index (PDI) was linked to
an elevated CKD risk (HR = 1.44, 95% ClI: 1.26-1.64, Q5 vs. Q1).

» Animal protein higher in sulphuric amino acids (cysteine, methionine) is associated with
acidosis and risk of ESRD. Simply changing from red meat to white reduces risk.

« The urealuric acid from protein metabolism is always going to be an issue. Serum uric acid is
associated with renal disease progression.

sh A, Golan R, Harman-Boehm |, et al. Diabetes Care. 2013;36(8):2225-2232. d0i:10.2337/dc12-1846
oraya N, Wesson DE J Am Soc Nephrol. 2017;28(1):5-7. doi:10.1681/ASN.2016060664

QLJ, Jafar TH, Koh HWL, et al. J Am Soc Nephrol. 2017;28(1):304-312. doi:10.1681/ASN.2016030248
ai CW, Lin SY, Kuo CC, Huang CC. PLoS One. 2017;12(1):1-16. doi:10.1371/journa |.pone.0170393



Potassium

Na/K ratio needs to be controlled.

Potassium is important for cardiac function and to counteract the effect of
excess sodium. Also helps in buffering.

CKD results in abnormal potassium metabolism. Excretion drops in chronic
renal failure.

Can lead to hyperkalaemia during acidosis, especially high risk at stage 4/5
and dialysis patients.

Patient specific sensitivity either retaining or removing potassium during
dialysis.

Target range for CKD patients is 4-5.4 mmol/L. May want to have tighter
bounds as renal function declines.

RDI M: 3400 mg, F: 2600 mg is the safe intake for stages 1 and 2.

For stage 3 and below best to limit potassium to 2000 mg/day and for stage
4&5 1500 mg/day

Haemodialysis can go up 2000 mg/day, peritoneal dialysis 2000-2500 mg/day

Hyperkalaemia risk comes from supplementation, salt substitutes and
medication (RAAS inhibitors and MRAs) more than dietary. However, SGTL2
inhibitors and GLP-1 agonists reduce this risk, which now allows more
flexibility.

[

L

Chronic kidney disease

_

High potassium intake ‘

Insufficient potassium intake
(malnutrition, sarcopenia)

Metabolic acidosis

Hyperkalemia J-—

Hyperosmosis

’ Hypomagnesemia

Induction by medication

Il_.

Hypokalemia

Normokalemia

Continuous hemodialysis

'\ | Compensatory mechanism

(sweat, colon)

Peritoneal dialysis

Hoorn, E. J., Subramanya, A. R., & Boyd-Shiwarski, C. R. (2026). Nature Reviews Nephrology, 1-16.
https://doi.org/10.1038/s41581-026-01053-5

Yamada, S., & Inaba, M. (2021). Nutrients, 13(6), 1-19. https://doi.org/10.3390/nu13061751
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Nutrients for Mitochondrial
Support & Oxidative Stress

«  Mitochondria dysfunction is a hallmark in kidney disease; detected by urinary lactate levels.

« CKD associated with deficiency in oxidative defence systems. Vitamins C, D and E are essential along with selenium and B
vitamins.

*  Mitochondrial support is very important: CoQ10 (any form, 300 mg+), L- & acetyl-L-Carnitine (1 g), lipoic acid (50-300+ mg),
B3/NAD producers, creatine (59).

« Taurine, NAC and histidine can sequester selected non-radical oxidants.
« Taurine is deficient in tissues of CKD patients; low in dialysis patients.
+ Taurine can accumulate in tissue quickly at higher dosages, keep below 4g/day. May need to go lower for certain patients.

* Low protein diet with supplemental NAC + taurine or NAC+P5P, both resulted in increase in eGFR, but NAC+P5P strongest with
an increase of eGFR ~8.5. Both treatments worked better in patients at stages 3b and above with no signs of acidosis.

Li, S., & Susztak, K. (2025).. Nature Reviews Nephrology, 21(2), 77-78. https://doi.org/10.1038/541581-024-00919-w

Rapa, S. F., Di lorio, B. R, Campiglia, P., Heidland, A., & Marzocco, S. (2020). International Journal of Molecular Sciences (Vol. 21, Issue 1). https://doi.org/10.3390/ijms21010263
Cecchini, V., Troise, D., Sabatino, A, Cicirelli, A, et al. (2025). Journal of Renal Nutrition, 0(0). https://doi.org/10.1053/j,jrn.2025.08.002

Chen, J., Wy, J, Kong, D,, Yang, C., Yu, H., Pan, Q, Liu, W,, Ding, Y., & Liu, H. (2020). Journal of Renal Nutrition, 30(2), 101-110. https://doi.org/https://doi.org/10.1053/j,jrn.2019.06.011
Oliveira, M. W. S., Minotto, J. B., de Oliveira, M. R,, Zanotto-Filho, et al. (2010).Pharmacological Reports : PR, 62(1), 185-193. https://doi.org/10.1016/s1734-1140(10)70256-5
Jannatifar, R, Parivar, K, Roodbari, N. H., & Nasr-Esfahani, M. H. (2020).. International Journal of Fertility and Sterility, 14(3), 171-175. https://doi.org/10.22074/ijfs.2020.44411

Sharma B, Yadav DK. J Pers Med. 2023;13(2). doi:10.3390/jpm 13020298

Bergstrom J, Alverstrand A, Furst P, Lindholm B. J Intern Med. 1989;226(3):189-194. doi:https://doi.org/10.1111/.1365-2796.1989.tb01378.x
Moludi J, Qaisar SA, Kadhim MM, Ahmadi Y, Davari M. Nutr Metab. 2022;19(1):1-11. doi:10.1186/512986-022-00684-2

Suliman ME, Barany P, Filho JCD, Lindholm B, Bergstrém J. Nephrol Dial Transplant. 2002;17(3):528-529. doi:10.1093/ndt/17.3.528

Dludla PV, Dias SC, Obonye N, Johnson R, Louw J, Nkambule BB. Am J Cardiovasc Drugs. 2018;18(4):283-298. d0i:10.1007/s40256-018-0275-2
Sengupta P, Biswas S, Roy T.J Assoc Physicians India. 2022;70(5):11-12. http://europepmc.org/abstract/MED/35598122



Summary of Integrative
Interventions

DIET  Reduce toxin exposure/load.

*  Only small number of trials on the use of
pre/probiotics in renal patients.

» Constipation is a major issue for CKD that leads to
Increased uraemic toxins. Increase waste excretion
through other pathways; fibre and polyphenols are
vital. Also treats the chronic inflammation and aids
gut permeability.

«  Curcumin, quercetin, rutin, resveratrol, hibiscus,
anthocyanins.

* Bonus effects helpful for hypertension and
metabolic syndrome.

IMPROVE SLEEP

Saglimbene, V. M., Wong, G., van Zwieten, A, Palmer, S. C., Ruospo, M., Chen, J., Wu, J,, Kong, D., Yang, C, Yy, H, Pan, Q, Liu, W,, Ding, Y., & Liu, H.  McFarlane C, Ramos Cl, Johnson DW, Campbell KL.. J Ren Nutr.
Natale, P., Campbell K., ‘eixeira- -Pinto, A., Cralg J.C, &Strlppoll G.F. M. (2020) Journal of Renal Nutrltlon 30(2) "101-110. 201929(3) 209-220. doi: 101053/_]él‘n .2018.08.008
(2020). Clinical Nutrltlon 39(2), 358-368. https.//doi. ov\?/https ://doi. orgB/1O 1053/j.,jrn.2019.06.011 amos Cl, Armani RG, Canziani ME, et al. J Ren Nutr. 2020;30(1):31-35.
Rapa, S. F., Di lorio, B. R., Campiglia, P., Heidland, A., & Marzocco, S. (2020). Oliveira, M Minotto, J. B,, de Oliveira, M. R,, Zanotto-Filho, A, Behr, G. d0|101053/ rn.2019.02.004

International Journal of MoIecuI%r Sciences (Vol. 21, Issue 1). A, Rocha, R. F., Moreira, J. C. F., & Klamt, F. (2010).Pharmacological Reports Dai W, Lu H, (l.henY Yang D, Sun L, He L. Front Cell Dev Biol.
https://doi.org/10.3390/ijms21010263 PR, 62(1), 185-193. https://doi. org[101016(s1734 1140(10)70256-5 2021 9(August ):1-11. doi:10.3389/fcell 2021.706832
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Summary of Integrative
Interventions & Considerations

o Treating malnutrition is key:

o Minerals: Zinc 20mg, Iron, Magnesium 300-600 mg (depends on
vit D levels >50ng/ml/ 125 nmol/L), Selenium and Copper. Citrate
form is very useful. Can also look at bicarbonates as well.

o Detox and methylation: methyl B12, SAMe, folates, histidine,
taurine, NAC, carnosine, sulforaphane.

o Fats (brain +CVD): Omega 3 - 49 total (1.6 g of EPA and 0.8 g of
DHA), phospholipids, choline.

o Muscle health: HMB 3g, creatine 3-5g.

o Mitochondrial metabolic: CoQ 10 (300-600 mg, any form), B3/NAD
booster, lipoic acid, acetyl-I-carnitine, resveratrol, inositol

o Cardiovascular: citrulline, hibiscus anthocyanins, vitamin K2, taurine,
P5P, B12 (homocysteine issue)

o Vitamins: full spectrum (A,B,C,D,E,K). Although E less important,
Vitamin D is mandatory.

IMPROVE SLEEP

Lu, J,, Shang, X, Deng, Z., Jiang, S., Wang, S., & Li, W. (2026). Journal of Renal Nutrition, 0(0, httBs//dm Kel( /101053/djm .2025.12.008 Chen, J., Wy, J, Kong, D., Yang, C,, Yu, H., Pan, Q,, Liu, W., Ding, Y., & Liu, H. (2020). Journal of Renal Nutrition, 30(2), 101-110.
Lok C E., Farkouh Hemmel arn, B. M0|st L. M., Polkinghorne, K. R, Tomlinson, G., Tam Tonelli, & Udell, J. A. (2026). New England Journal of Medicine, https//dcn o\A?/htt'Bls//dm Kel( /10 1053/JJrn 2019.06.011
3942, 128 137. ht\tﬁs ://doi. 0rg/101056/NEJMOa2513032 Oliveira, M inotto, J. B., de Oliveira, M. R,, Zanotto-Filho, A, et al. (2010).Pharmacological Reports : PR, 62(1), 185-193. https://doi.org/10.1016/s1734-
Sagllmbene V.M., Wong, G, van Zwieten, A,, Palmer, S. C,, et al. (2020). Clinical Nutrition, 39(2), 358-368. 1140(10)70256 5
Rapa, S. F,, Di lorio, B. R, Camplglla P, Heldland A, & Marzocco S. (2020). International Journal of Molecular Sciences (Vol. 21, Issue 1). McFarlane C, Ramos Cl, Johnson DW, Campbell KL.. J Ren Nutr. 2019;29(3):209-220. doi:10.1053/j.jrn.2018.08.008
https;, //doi. org/10. 3390/Um521010263 Ramos Cl, Armani RG, Canziani ME, et al. J Ren Nutr. 2020; 30(1):31-35. doi:10.1053/}.jrn.2019.02.004

Dai W, Lu H, Chen Y, Yang D, Sun L, He L. Front Cell Dev Biol. 2021 ;9(August):1-11. doi: 10.3389/fcell.2021.706832



Nephrotoxic Drugs

Drugs altering intraglomerular haemodynamic:
« ACEI, ARBs, NSAIDs, Cyclosporine, Tacrolimus
Drugs associated with tubular cell toxicity:

* Aminoglycosides, Amphotericin B, Contrast dye.

Drugs associated with chronic interstitial nephropathy:
» Acetaminophen, Aspirin, NSAIDs, Lithium (long term, high dosage)

Drugs associated with crystal nephropathy:
 Acyclovir, Methotrexate, Sulfa antibiotics (Sulfonamides) and Triamterene.

Other drugs:
* Proton pump inhibitors, Benzodiazepines, Fluoxetine, Statins, Diazepam and other sleeping pills

Hall, R. K., Kazancioglu, R., Thanachayanont, T., Wong, G., Sabanayagam, D., et al. (2024). Nature Reviews Nephrology, 20(6), 386—401. https://doi.org/10.1038/s41581-024-00823-3
Liao CY, Chung CH, Lu KC, et al. Front Pharmacol. 2021;11(January):1-9. doi:10.3389/fphar.2020.524113

Bae E, Lee TW, Park DJ. J Korean Med Assoc. 2020;63(1):30-35. doi:10.5124/JKMA.2020.63.1.30

Varga Z, Sabzwari S rafay ali, Vargova V. Cureus. 2017;9(4). doi:10.7759/cureus.1144

Agarwal, R., Verma, A., & Georgianos, P. |. (2025). Nature Reviews Nephrology, 21(4), 264—278. https://doi.org/10.1038/s41581-024-00918-x
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Herbal Options

(What NOT to take> (What could be usequ

Astragalus

x Toxins & irritants:
Aristolochic acid (in many TCM herbs), Artemisia absinthium,
asparagus root, autumn crocus, bucha leaves, cat'’s claw,
ciandanol, Black pearl, horse chestnut, juniper berries, lovage

Allicin (garlic)
Beetroot (nitrates for NO)

N N N NN

root, parsley, periwinkle, sassafras, Tung shueh, Vandelia Silymarin
cordifolia .. C
Herbs that offer anti-inflammatory, anti-oxidative effects
x Use with caution - they may be useful to improve and enhance blood flow. Can be a double edged sword.
markers but may further damage the kidney or v Curcumin, quercetin, rutin, resveratrol, hibiscus

diuretic action that can change mineral balance:
Alfalfa, buckthorn (rhamnus species), ginger, nettle, vervain,

aloe, ginseng, noni juice, bayberry, cascara, horsetail, panax, v" Dark chocolate - AE with the caffeine causing increased

blue cohosh, coltsfoot, Liquorice, rhubarb, broom, dandelion, " SRR |
mate, senna eart rate Initially with non-regular consumers.

anthocyanins.

Zhang, H. W., Lin, Z. X., Xu, C., Leung, C., & Chan, L. S. (2014). Cochrane Database of Systematic Reviews, 2014(10). https://doi.org/10.1002/14651858.CD008369.pub2
Gargiulo, L., Hendriks-Balk, M., Theiler, K., Brito, W., Corre, T., Wuerzner, G., & Prujjm, M. (2025). Journal of Renal Nutrition, 35(4), 486—-493. https.//doi.org/10.1053/j.jrn.2025.02.003



Ultimate Dietary Recommendations

 Alkaline diet and high in citrates offer protection from unwanted metabolites from
protein metabolism.

» Don't forget gut health!

 Protein content is based on stages of CKD:

* 0.8-1.0 g/kg ideal body weight (IBW)/day for patients with stage 4—5 CKD not on dialysis
1.1-1.4 g/kg IBW/day for patients treated on maintenance haemodialysis
1.0-1.2 g/kg IBW/day for patients treated with peritoneal dialysis

« Reduce protein to allow for supplemental key and essential amino acids.

* Improve albumin levels on haemodialysis (not peritoneal) by giving 3.6g essential amino acid
supplement. Improvements were also seen in grip strength and SF-12 mental health score.

» Retrospective cohort study has shown low protein diet + key aminos + keto-analogs vs low
protein diet resulted in increased time to renal transplant 345 vs 220 days (p=0.001).




General Treatment Strategy
Through Stages of CKD

Gut health is a good indicator of renal function. Looking after one of two remaining waste removal pathways is vital. Sweating
is another alternate way to remove urea and other toxins.

Mitochondrial nutrients are key focus throughout CKD.

Stage 1-2:

+ Work out what's driving kidney function loss, treat the co-morbid conditions, explore alternative medications to renal toxic drugs.
h/]Ledclatle:Eanean diet, like anti-inflammatory/alkaline or DASH diet, looking for high intake of plant foods. Look out for rate of decline
of e :

Stage 3:

« More targeted renal protective intervention, must monitor supplementation for side effects; adjust accordingly. Start to implement
“lower” protein diet with supplemental amino acids. Start to reduce potassium and phosphates. Digestive enzymes and betaine
hydrochloride are important as reduced production is seen in CKD.

Stage 4 & 5:

«  Will require reduction in supplementation as metabolites can be toxic, use low dosages. Moving from gram amino acid
su?plementatlon to mg suEpIer_nent_atlon. Need to rely on other methods of excretion: sweat and making sure gut function is
optimal. Detox pathways heavily hit and need more "antioxidant defence”. Controlling uraemic toxin production and effects

ESKD on dialysis:

«  Supplement after dialysis sessions, return to higher dosages every 2 to 3 days as nutrients will be stripped.
* Malnutrition is major issue.
« Sarcopenia is a big risk, along with immunity.

Combe, C., Alencar de Pinho, N., Guedes, M., Frimat, L., Fouque, D., Liabeuf, S et al. (2026). Nature Reviews Nephrology, 1-16. https://doi.org/10.1038/s41581-026-01056-2
Mohammadi, M. A., Behrouz, V., Shahabi, A., & Abbas-Hashemi, S. A. (2025). Journal of Renal Nutrition, 0(0). https://doi.org/10.1053/j.jrn.2025.10.005



Take Home Messages

It's a hidden disease

Watch eGFR rate of decline

Disease of Malnutrition: Control protein to support supplemental amino acids

Diet that is anti-inflammatory and low acid load. More plants in the diet; watch for
potassium.

Mitochondrial nutrients to support repair and function.
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