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*Studies in dialysis are limited; relevant CKD 
studies may be mentioned 
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Hyperphosphatemia

 Phosphate levels rise in advanced kidney 
disease

 Hyperphosphatemia is an independent
risk factor for mortality in CKD and 
dialysis patients1

 Phosphate restriction recommended in 
patients with CKD
 Although adherence is difficult
 Phosphate content not disclosed on 

nutrition labels!

1Kestenbaum, Bryan, et al. "Serum phosphate levels and mortality risk among people with chronic kidney 
disease." Journal of the American Society of Nephrology 16.2 (2005): 520-528
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Dietary Sources of Phosphate

 Plant-based proteins actually have more 
phosphorus than animal-based proteins
 However, plant-based phosphate is 

mostly bound as phytates
Phytates are the storage form of 

phosphorus in plants
Phosphorus in phytate form is not 

absorbable because humans lack 
the enzyme phytase
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“Rule of Thirds”

Noori N, Sims JJ, Kopple JD, et al: Organic and inorganic dietary phosphorus and its management in chronic 
kidney disease. Iranian Journal of Kidney Diseases 4(2):89, 2010
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Improved Phosphate Control with 
Plant-Based Diets in Humans

 Human study of 8 patients 
with III/IV CKD

 Cross-over study lasting one 
week

 Compared vegetarian and 
meat diets with equivalent 
phosphate content

 Those on vegetarian diet had 
lower plasma phosphorus

Moe, Sharon M., et al. "Vegetarian compared with meat 
dietary protein source and phosphorus homeostasis in 
chronic kidney disease." Clinical Journal of the American 
Society of Nephrology 6.2 (2011): 257-264.
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Caveat to Phosphate Bioavailability 
from Plants

 Although humans lack phytase (which digests 
phytate)…

 Phytate can be broken loose with industrial 
processing (> 140 °C)1

 Processed foods

 Baked bread

 Not all plant foods are created equally
 Phytate cannot be broken down by home cooking 

(up to 100 °C)

1 Moorthi. Dietary Phosphorus: Health, Nutrition, and Regulatory Aspects. CRC Press, 2017. 235-246.



Serum Phosphate Levels in Dialysis

 Cross-sectional study of 
dialysis patients

 19 vegetarian and 299 non-
veg

 Serum phosphate levels were 
significantly lower in those 
who were vegetarian

Wu T, Chang C, Hsu W, et al. Nutritional status of vegetarians on maintenance haemodialysis. Nephrology. 2011;16(6):582-587.



Fiber
Mortality, Uremic Toxins, and Constipation

11



Mortality12



Mortality in Kidney Disease

 Kidney disease is extremely deadly
 Those with kidney disease are 16 to 40 times more likely 

to die than to progress to kidney failure1

 Those with kidney failure don’t fair any better
5-year survival rate is 42%2

This is worse than early stage lung cancer

1 https://report.nih.gov/nihfactsheets/ViewFactSheet.aspx?csid=34
2 https://www.usrds.org/2018/view/v2_05.aspx



For those with kidney failure who wait 
for a transplant…death comes sooner

 A transplant can’t come soon 
enough..

 Only 42% of patients with kidney 
failure on dialysis are alive after 
five years (on average)

 By comparison, the five-year 
survival rate for localized lung 
cancer is 56%

Source: USRDS; www.usrds.org



Plant-Based Diets in CKD & Mortality
 Meta-Analysis of 6 prospective 

cohort studies including nearly 
14,000 adults with CKD

 Eating a healthy dietary 
pattern associated with a 
lower risk of mortality 
(adjusted relative risk 0.73, 
95% CI 0.63-0.83)

 More fruits, vegetables, fish, 
legumes, cereals, whole 
grains, fiber AND less red 
meat, salt, and refined sugars
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Fruits and Vegetables in ESRD & Mortality
 Prospective study from DIET-HD cohort 

involving 11 countries in Europe and 
South America

 Approx. 8,000 people followed for a 
median of 2.7 years 

 Fruit and Vegetable (F+V) intake and 
mortality were measured

 Median number of servings was 8 per 
week 

 Only 4% consumed 4 servings per day 
(the recommended minimum)

 Compared with the lowest tertile of 
servings per week, those in the highest 
tertile were associated with a lower risk 
of all-cause mortality (HR 0.80, 95% CI 
0.71 – 0.91) and non-CV mortality (HR 
0.77, 95% CI 0.66 – 0.91)
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Fiber Associated with Reduced 
MACE in Dialysis 

 Prospective study with 4 years 
follow-up

 219 patients on dialysis in Hong 
Kong

 Every 1 g/day higher fiber intake 
was associated with a 11% lower 
risk of MACE 
 Also lower markers of 

inflammation and lower 
ventricular hypertrophy

Wang, Angela Yee-Moon, et al. "Dietary fiber intake, myocardial injury, and major adverse cardiovascular events among end-stage kidney disease patients: A prospective cohort study." Kidney international reports 4.6 (2019): 814-823.



Fiber Associated with Reduced 
Mortality in Peritoneal Dialysis

 A long‐term (12 year) prospective cohort study of patients on peritoneal dialysis (n = 881) 

 Independent association between fiber intake and all‐cause mortality 

 Each 1 gram per day increase in fiber intake correlated with a 13% reduction in all‐cause mortality

Xu, Xiao, et al. "Dietary fibre and mortality risk in patients on peritoneal dialysis." British Journal of Nutrition 122.9 (2019): 996-1005.



Fiber Reduces Traditional CVD Risk 
Factors in Dialysis

 128 patients on maintenance 
hemodialysis 

 Dietary fiber level was independently 
correlated with advanced glycation end 
products (r2 = 0.164, P = 0.017) and C‐
reactive protein levels (r2 = 0.238, P = 
0.01)

 Increased dietary fiber was also 
associated with less arterial stiffness (as 
measured by pulse wave velocity)

Demirci BG, Tutal E, Eminsoy IO, Kulah E, Sezer S. Dietary Fiber Intake: Its Relation With Glycation End Products and Arterial Stiffness in End‐Stage Renal Disease Patients. J Ren Nutr. 2019 Mar;29(2):136‐42.



Fiber Reduces Traditional CVD Risk 
Factors in Dialysis

 124 hemodialysis patients 
randomized to either 10 g/d, 20 
g/d of fiber or placebo for 6 
weeks

 Compared to placebo, fiber 
supplemented patients had 
lower
 Total Cholesterol
 LDL Cholesterol
 Inflammatory makers (TNF-

α, IL-6, IL-8 and CRP)

Xie, Liang-Min, et al. "Effects of fermentable dietary fiber supplementation on oxidative and inflammatory status in hemodialysis patients." International journal of clinical and experimental medicine 8.1 (2015): 1363.



Polyphenol-Rich Interventions Reduced 
CVD Risk Factors

 Polyphenols are only found in 
plants

 Systematic review and meta-
analysis of 12 studies

 Polyphenol-rich interventions 
improved 
 Diastolic blood pressure

 Triglycerides

 Myeloperoxidase (marker of 
oxidative stress)

Marx, Wolfgang, et al. "The effect of polyphenol-rich interventions on cardiovascular risk factors in haemodialysis: 
A systematic review and meta-analysis." Nutrients 9.12 (2017): 1345.



Uremic Toxins22



Fiber in Kidney Failure
 Dietary fiber was used as a 

treatment for kidney failure 30 
years ago because it 
reduced blood levels of 
nitrogenous waste (urea)1

 Fiber intake has been 
associated with reduced 
mortality and cardiovascular 
disease in CKD2,3

 In one study, every extra 1 
gram of fiber was associated 
with an 11% reduction in 
cardiovascular events3

1 Rose et al.  Uro & Nephron. 2019; 6(3): 555687
2 Evenepoel. Kidney International 81.3 (2012): 227-229.
3 Wang. Kidney International Reports 4.6 (2019): 814-823.
Image: Reference 2



Uremic Toxins Reduced in Vegetarian 
Diets



Uremic Toxins Reduced in Vegetarian 
Diets

Indoxyl sulfate and p cresyl sulfate 
are protein-bound uremic toxins
 Reduced (by 50%) in those on 

hemodiafiltration eating 
vegetarian diets1

 Possible mechanisms:
 Alterations in gut microbiome
 Increased frequency of bowel 

movements
 Inherent differences in proteins

1Kandouz, Sakina, et al. "Reduced protein bound uraemic toxins in 
vegetarian kidney failure patients treated by 
haemodiafiltration." Hemodialysis International 20.4 (2016): 610-617.

Image: Ibid.



Plant Foods & Uremic Toxins

 Recurrent signal in the literature
 Cross-sectional study of 22 

patients on hemodialysis1

 Higher adherence to a plant-
based diet index (PDI) was 
associated with lower indoxyl 
sulfate levels
 A healthy PDI was associated 

with lower indoxyl sulfate 
levels compared to an 
unhealthy PDI

 Animal fats, sweets and desserts 
were associated with bacteria 
linked to higher indoxyl sulfate 
and p-cresyl sulfate 
concentrations

 Indoxyl sulfate has been shown to 
predict not only need for dialysis 
but also cardiovascular disease

1 Stanford et al. Associations Among Plant-Based Diet Quality, Uremic Toxins, and Gut Microbiota Profile in Adults Undergoing Hemodialysis Therapy. Journal of Renal Nutrition 2020. 
2 Lin, Cheng-Jui, et al. "Indoxyl sulfate predicts cardiovascular disease and renal function deterioration in advanced chronic kidney disease." Archives of Medical Research 43.6 (2012): 451-456.



Effect of Increasing Dietary Fiber on 
Uremic Toxins in Hemodialysis

 Randomized controlled trial of 56 
patients on hemodialysis

 An increase in fiber intake was shown 
to significantly reduce plasma levels of 
indoxyl sulfate by 17% (p = 0.04) and 
non‐significantly reduced plasma levels 
of p‐cresol by 8% (p = 0.63)

Sirich TL, Plummer NS, Gardner CD, Hostetter TH, Meyer TW. Effect of increasing dietary fiber on plasma levels of colon‐derived solutes in hemodialysis patients. Clin J Am Soc Nephrol. 2014 Sep 5;9(9):1603‐10



Single Arm Trial of Psyllium 
Demonstrated Urea Reduction

 9 patients with a mean creatinine 
clearance of 8.2 ml/min

 Given “ispaghula” husk (psyllium) 
3.5 g BID for 8 weeks 

 Demonstrated 
 17% reduction in urea after 4 

weeks
 19% reduction in urea after 8 

weeks
 4 patients discontinued psyllium 

after a week due to flatulence 
and “a sensation of fullness”

Rampton DS, Cohen SL, Crammond VD, Gibbons J, Lilburn MF, Rabet JY, et al. Treatment of chronic renal failure with dietary fiber. Clin Nephrol. 1984 Mar;21(3):159‐63





Common Concerns with Plant-
Based Diets in Dialysis
Potassium and Protein
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Plant-Based Foods, Potassium, and ESRD
 Historically, plant-based foods have been excluded from “renal diets” 

due to their potassium content
 However, recent research suggests that this risk may be overstated
 Factors mitigating a rise in serum potassium in ESRD with plant-based 

foods:
 Fiber – Leads to larger and more frequent bowel movements, leading 

to potassium loss
Colonic Secretion of Potassium – In CKD, up to 80% of dietary 

potassium can be secreted into the colon!
 Intracellular Movement of Potassium – Due to improved insulin 

sensitivity and natural alkali found in foods
 Bioavailability (next slide)

St-Jules, David E. Journal of Renal Nutrition 26.5 (2016): 282-287.



Bioavailability of Potassium in Plant 
Foods is Less than Animal Foods

 Cells of plants and animals differ
 Plants have cell walls; animals do 

not
 Plant cell walls are difficult to 

digest
 Potassium is generally found 

inside cell-walls

 Potassium in plants is no more 
than 60% in unprocessed fruits 
and vegetables



Case Reports of Hyperkalemia with 
Plant-Based Foods34

Most of the case reports are 
attributed to juices, sauces, 

and dried fruit 
– not unprocessed plant foods



Got Hyperkalemia?35



Summary of Evidence Showing Nearly No 
Increase in Potassium with Plant-Based Diets
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The One Patient with Hyperkalemia 
(with a known Type IV RTA)

“There were a total of 2 incidences of potassium of 5.8 
mEq/l and both these measures were in the same subject, 

with a known type IV RTA, which required modifying the 
plant protein source from raw edamame (482 mg of 

potassium/100 g) the highest potassium content among all 
plant sources (National Database for Standard Reference: 

USDA Release 26) to fried tofu.”1

37

1Moorthi, Ranjani N. American Journal of Nephrology 40.6 (2014): 582-591.



Foods with the Most Potassium
38

USDA Food Composition Database. https://ndb.nal.usda.gov/ndb/search/list?home=true. Accessed 5/8/19.



(Almost) No Association Between Dietary 
Potassium & Serum Potassium Pre-Dialysis

Noori, Nazanin, et al. "Dietary potassium intake and mortality in long-term 
hemodialysis patients." American journal of kidney diseases 56.2 (2010): 338-347.

 Secondary analysis of 224 
patients on dialysis in the 
Nutritional and Inflammatory 
Evaluation in Dialysis

 Only 2% of the variance in 
quarterly mean predialysis serum 
potassium 

 Based on this data, increasing 
dietary potassium 9-fold – from 
500 mg to 4500 mg per day, 
would be expected to increase 
serum potassium by only 0.4 
mEq/L



No Association Between Dietary Potassium 
& Serum Potassium Pre-Dialysis

St-Jules, David E., David S. Goldfarb, and Mary Ann Sevick. "Nutrient non-equivalence: Does restricting high-potassium 
plant foods help to prevent hyperkalemia in hemodialysis patients?." Journal of Renal Nutrition 26.5 (2016): 282-287.

 140 HD patients in the 
BalanceWise Study

 “No significant correlations 
were found between [serum 
potassium] and either absolute 
reported potassium intake (r = 
0.06,P= 0.50) or potassium 
density (r = - 0.003, P= 0.97;)”



Not all potassium sources are the same



Fiber Increases 
Fecal Potassium Excretion

 Single patient study
 Patient was on dialysis and given 

3.5 g twice a day of ispaghula 
(psyllium) for 11 weeks

 Researchers noted a 32% increase 
in fecal potassium excretion

Rampton DS, Cohen SL, Crammond VD, Gibbons J, Lilburn MF, Rabet JY, et al. Treatment of chronic renal failure with dietary fiber. Clin Nephrol. 1984 Mar;21(3):159‐63



Colonic Potassium Excretion Increased 
in Patients with ESRD

 Compared to patients with 
normal renal function, rectal K 
secretion is nearly 3x higher in 
patients with ESRD 

 Colonic potassium excretion 
appears to be an active 
process mediated by an 
upregulation of high-
conductance (BK) apical K+ 
channels in surface colonic 
epithelial cells

Mathialahan et al. Enhanced large intestinal potassium permeability in
end-stage renal disease. Journal of Pathology (2005) 206: 46-51.
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Do hemodialysis patients get enough 
protein on a plant-based diet?

 HD patients recommended to get 
1.0-1.2 g/kg/day

 Two studies of vegetarians on 
hemodialysis showed protein 
intake of 1.2-1.25 g/kg/day without 
compromise1,2

 Unclear from studies if their diets 
were modified in any way (versus 
eating ad lib) or supplemented 
with protein-containing foods

1Wu T, Chang C, Hsu W, et al. Nutritional status of vegetarians on 
maintenance haemodialysis. Nephrology. 2011;16(6):582-587.
2Kandouz S, Mohamed AS, Zheng Y, Sandeman S, Davenport A. 
Reduced protein bound uraemic toxins in vegetarian kidney failure 
patients treated by haemodiafiltration. Hemodialysis International. 
2016;20(4):610-617.



A Variety of Plant-Foods Provide Adequate 
Protein with Typical Consumption
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Less Protein But Better Nutritional 
Status?

 150 patients on 
dialysis followed 
prospectively for a 
year

 3-day food record 
every 3 months & 
characterized by a 
healthy plant-based 
diet score

 Those with a higher 
plant-based diet 
score had a higher 
risk of low protein 
intake (< 1.1 g/kg/d 
OR 1.11, 95% CI 1.04-
1.19)
 Intake was 0.9 

g/kg/d in moderate 
& high groups

• However, those with a higher plant-based diet score also had a 
lower malnutrition inflammation score (aka better nutritional status)

• Diet still wasn’t healthy!
• Overall low intake of legumes, fruits, and vegetables!

González-Ortiz et al. Nutritional status, hyperkalaemia and attainment of energy/protein intake targets in haemodialysis
patients following plant-based diets: a longitudinal cohort study, Nephrology Dialysis Transplantation. Oct 6, 2020.



Concluding Thoughts48



“An ounce of prevention…”
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Thank You!
How to Reach Me

 Email: afternoonrounds@gmail.com

 Instagram/Twitter: sjoshiMD

Questions?


