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Kidney Basics



Inside the Kidney

 Filtering Unit (nephron)

 Composed of glomerulus 

(filter) and tubules 

(absorb/secrete 

substances)

 Each kidney has a million 

nephrons



How is kidney disease diagnosed?

1. A blood test is done to measure 

your creatinine level

2. The creatinine level is then used in 

a mathematical equation to 

calculate your eGFR

3. eGFR determines your level of 

kidney function (or dysfunction)

Stages of Kidney Disease

 Stage 1: GFR > 90

 Stage 2: GFR 60 - 90

 Stage 3: GFR 30 - 60

 Stage 4: GFR 15 - 30

 Stage 5: GFR 0 – 15

 End Stage Renal Disease: 

Stage 5 but on dialysis

GFR roughly correlates to % kidney 

function



Chronic Kidney Disease Prevalence

Murphy D, McCulloch CE, Lin F, et al. Trends in prevalence of chronic kidney disease  in the United States. Annals of Internal Medicine. 2016;165(7):473–481. 

https://www.cdc.gov/kidneydisease/pdf/kidney_factsheet.pdf



Plant-Based Diet Basics



What is a plant-based diet?

 No exact definition

 Doesn’t mean you have to be 

vegan or even vegetarian

 Your diet is just mostly plants

 Another way to say it is that you 

are eating less meat/dairy than 

the standard American diet



What is a plant-based diet?

Terms with the same 
meaning as plant-based:

Plant-Dominant

Plant-Strong

Plant-Supportive

Plant-Leaning

Plant-Forward

Plant-Powered

They all mean that plants 
are the focus of the plate



What is a plant-based diet?

Examples of a plant-based diet:

Mediterranean

Vegetarian

Lacto-vegetarian

Ovo-vegetarian

Lacto-ovo-vegetarian

Flexitarian

Pescatarian

Reducetarian

Vegan

DASH

Whole-food, plant-based



Plant-Based Can Still Be Unhealthy

Unhealthy Healthy



What can you eat on a plant-based diet?

Forks Over Knives



Prevention of 

the Causes of 

Kidney 

Disease:
Type 2 Diabetes

Hypertension
Obesity

Potential Benefits of a Plant-Based Diet in Kidney Disease

Attenuation 

of Kidney 

Disease 

Progression:
eGFR decline

Albuminuria

Reduction of Kidney Disease Complications:
Hyperphosphatemia
Metabolic Acidosis

Renal Hypertension

Uremic Toxins
Cardiovascular Longevity

Joshi S, McMacken M, Kalantar-Zadeh K. 

"Plant-Based Diets for Kidney Disease: A 

Guide for Clinicians." American Journal of 

Kidney Diseases 77.2 (2021): 287-296.



Causes of Kidney Disease



Causes of ESRD

(End-Stage Renal Disease)

USRDS



Why Do Plant-Based Diets Help with

Preventing and Treating Diabetes and Obesity?

Obesity
 Increased fiber

 Lower caloric density

 Lower daily caloric intake

 Reduced fat intake

 Reduced processed food intake

 Reduced sugar intake

Type 2 Diabetes Mellitus
 Weight loss

 Improved insulin sensitivity

 Lower glycemic index

 Increased insulin secretion

Turner-McGrievy, Gabrielle, Trisha Mandes, and Anthony Crimarco. "A plant-

based diet for overweight and obesity prevention and treatment." Journal of 

Geriatric Cardiology: JGC 14.5 (2017): 369.

McMacken, Michelle, and Sapana Shah. "A plant-based diet for the prevention 

and treatment of type 2 diabetes." Journal of Geriatric Cardiology: JGC 14.5 

(2017): 342.



Hypertension is a cause and complication

of chronic kidney disease

Cause: Hypertension is the second most common cause 

of kidney disease and kidney failure

Complication: As kidney function declines, sodium 
excretion becomes impaired causing salt and water 

retention leading to hypertension (activation of the 

sympathetic nervous system also plays a role).



Hypertension in America

 102 million Americans 

have hypertension

 Prevalence rises with age

At age 45 without HTN, 

40 year risk is 84-93% 

of developing HTN, 

depending on 

ethnicity1

1Carson AP. Hypertension. 2011;57:1101-7

Table: Whelton, Paul K. Journal of the American 

College of Cardiology (2017): 24430.



Is Hypertension Destiny?

Rural Kenya Rural China

Donnison, C. P. "BLOOD PRESSURE IN THE AFRICAN NATIVE.: ITS BEARING UPON THE ÆTIOLOGY OF HYPERPIESIA AND ARTERIO-

SCLEROSIS." The Lancet 213.5497 (1929): 6-7.

Morse, W. R., and Y. T. Beh. "Blood pressure amongst aboriginal ethnic groups of Szechwan Province, West China." The Lancet 229.5929 

(1937): 966-968.

www.nutritionfacts.org



Rationale Behind the DASH Diet



DASH Diet

 Dietary Approach to Stop Hypertension

 459 adults randomized to 3 diets

Control (standard American diet)

Diet rich in fruits and vegetables

But high in fat

DASH diet (combo diet)

“fruits, vegetables, and low-fat 

dairy products and with reduced 

saturated and total fat”

 3 week run-in diet then 8 weeks of 

experimental diet

 Sodium intake and body weight were 

maintained constant

 Food was provided



Hypertension: DASH Diet



What is the maximum reduction in 

blood pressure with diet?

Eating less salt and a 

DASH-style diet

Blood pressure can 

be reduced by 21 

points systolic and 8 

points diastolic

This is like going from 

150/90 to 129/82

Juraschek, Stephen P., et al. "Effects of sodium reduction and the DASH diet in relation to baseline 

blood pressure." Journal of the American College of Cardiology 70.23 (2017): 2841-2848.



DASH + Low Sodium

Can more plant foods in the 

diet improve this more?



Potential Mechanisms of Blood Pressure 

Changes

Animal Protein & Increased 

Blood Pressure

 Higher in sodium 

 Lower in potassium

 Weight gain

 Unfavorable amino acid types

 Increased oxidative stress

Plant Protein & Reduced 

Blood Pressure

 Lower in sodium 

 Higher in potassium

 Weight loss

 Favorable amino acid types

 Reduced oxidative stress

 Natural alkali (bicarbonate)

Joshi S, Ettinger L, Liebman S. "Plant-Based Diets and Hypertension." American 

Journal of Lifestyle Medicine 14.4 (2020): 397-405.



Effect of Food on Kidney (Plants Included)



Protein and Glomerular Filtration Rate (GFR)

Wiseman M, Hunt R, Goodwin A, Gross J, Keen H, et.al. Dietary Composition and Renal Function in healthy subjects. Nephron. 1987;46(1):37-42 

Clarys, Peter, et al. "Comparison of nutritional quality of the vegan, vegetarian, semi-vegetarian, pesco-vegetarian and omnivorous diet." Nutrients 6.3 (2014): 1318-1332.

Is the additional protein

harmful or harmless for the kidney?

Vegans Vegetarians Omnivores

GFR

(ml/min/1.73 m2)
100 105 113

Protein Intake

(grams/day)
82 93 112

Answer: Harmful if You Already Have Kidney Disease



Hyperfiltration and Kidney Disease

 Additional dietary protein = hyperfiltration 

 Hyperfiltration is the process of having 

additional blood flowing through the 

individual filtering units of the nephron 

(glomerulus) 

 In damaged kidneys, this can cause even 

more damage

 Underlying mechanism of damage in 

many kidney diseases:

 FSGS

 Diabetes

 Obesity

 Cystic Kidney Disease



If excess dietary protein (in general) causes 

hyperfiltration, does plant protein cause less

hyperfiltration?

 Only one experiment to offer any 

insight

 Given the same amount of protein, 

vegetable protein caused less 

hyperfiltration than animal protein

 May causes less damage in those 

with kidney disease

 Additionally, plant protein may have 

other benefits (discussed later) 

Kontessis, Panayotis, et al. "Renal, metabolic and hormonal responses to ingestion  

of animal and vegetable proteins." Kidney international 38.1 (1990): 136-144.



Does animal protein increase the risk of 

kidney disease if you don’t have kidney 

disease?

 Several observational studies1,2

have shown that consumption of 
animal protein is associated with 
an increased risk of 

 Developing kidney disease

 Developing kidney failure

 Developing protein in the urine

 Studies have also shown similar 
findings in those with kidney 
disease as well

Replacing 3 % of energy 
from animal protein with 

vegetable protein lowered 
the prevalence ratio for the 

association with renal 
function impairment to 0.20 
(95% CI: 0.06–0.63; P = 0.01)3

80% reduction in risk!

1 Carrero et al. Nature Reviews. 16.9 (2020): 525-542
2 Joshi et al. AJKD 77.2 (2020): 287-296
3 Oosterwijk et al. Kidney International Reports 4.5 (2019): 710-719



Why might animal protein be 

detrimental to kidney function?

 Hyperfiltration

 Potential Renal Acid 

Load

Microbiome

Fiber

TMAO

 Sodium content

 Inflammation

 Lack of Phytonutrients



Are all plant foods the same?

Most definitely not…
 ARIC cohort

 14,686 adults followed for 

median 24 years for incident 

CKD

 Eating a HEALTHY plant-based 

diet was associated with a 

lower risk of CKD (highest vs 

lowest quintile; HR 0.85, 95% CI 

0.78 to 0.96)

 Eating an UNHEALTHY plant-

based diet was associated 
with a higher risk of CKD

(highest vs lowest quintile; HR 

1.11, 95% CI 1.01 to 1.24)



What foods were classified as part of a 
healthy plant-based diet?

Healthy & Plant-Based

 Fruits

 Vegetables

Whole-grains

 Nuts

 Legumes

 Tea and coffee

Kim, Hyunju, et al. "Plant-Based Diets and Incident 
CKD and Kidney Function." Clinical Journal of the 

American Society of Nephrology (2019): CJN-

12391018.

Unhealthy/Not Plant-Based
 Refined grains

 Potatoes (but definition did not separate 

chips & fries from baked potatoes)

 Fruit juices

 Sugar- & artificially- sweetened beverages

 Sweets and desserts

 Animal fat

 Dairy

 Meat

 Fish or seafood

 Eggs



Meta-Analysis: Higher Vegetable Intake Associated 

with Lower Odds of Developing Kidney Disease

Kelly et al. JASN 32.1(2021) 239-253



Prevention of 

the Causes of 

Kidney 

Disease:
Type 2 Diabetes

Hypertension
Obesity

Potential Benefits of a Plant-Based Diet in Kidney Disease

Attenuation 

of Kidney 

Disease 

Progression:
eGFR decline

Albuminuria

Reduction of Kidney Disease Complications:
Hyperphosphatemia
Metabolic Acidosis

Renal Hypertension

Uremic Toxins
Cardiovascular Longevity

Joshi S, McMacken M, Kalantar-Zadeh K. 

"Plant-Based Diets for Kidney Disease: A 

Guide for Clinicians." American Journal of 

Kidney Diseases 77.2 (2021): 287-296.



Hyperphosphatemia



Hyperphosphatemia

 Phosphate levels rise in advanced kidney 
disease

 Hyperphosphatemia is an independent
risk factor for mortality in patients with 
CKD and ESRD1

 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



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



“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



Studies on Plant-Based Diets & Phosphorus

 Observational studies have showed: 

 that those on vegetarian diets were 
associated with lower serum phosphorus 
levels1

 that those consuming lower amounts of 
plant protein were associated with higher 
urinary phosphate excretion2

 Interventional studies have showed:

 that those eating 70% plant protein had 
lower urinary phosphate excretion3

 those on a vegetarian diet had lower 
serum phosphorus and lower urinary 
phosphate excretion4

1 Wu et al. Nephrology (2011):582-587.
2 Scialla et al. Journal of Renal Nutrition (2012):379-388.
3 Moorthi et al. American Journal of Nephrology (2014):582-591.
4 Moe et al. CJASN (2011):257-264.
Figure Vervloet et al. Nat Rev Nephrol (2017):27-38.



Big Caveat(s)!

 Not all vegetarian diets are the same

 Can vary in ratios of milk, eggs, etc

 Not all plants are grown under the same 

conditions

 This can result in varying phosphorus and 

phytate content of plants

 Not all plant foods are processed in the same 

way

 Phosphorus may be added

 Different levels of processing

 Processing of plant foods increases the 

bioavailability of phosphorus

 Reduces phytate binding to phosphorus

Examples of Food Processing

 Milling

 De-hulling

 Soaking

 Germinating

 Sprouting

 Canning

 Autoclaving

 Yeast leavening

 Baking/Heating

 Extrusion

Calvo et al. Advances in Nutrition (2021): 1-12 



Plant-Based Diets & Phosphorus

 Since phosphorus is not disclosed on 

nutrition labels and exact 

bioavailability is unknown, we have to 

estimate phosphorus absorption

 Urine recovery studies show that 51-

68% of dietary phosphorus is 

bioavailable in lacto-ovo vegetarians

 This is less than their omnivorous 

counterparts (bioavailability ranged 

from 60-75%)

 Difference may be larger in vegans

 More research is needed

 In general, less phosphorus is 

bioavailable/absorbed in whole, 

unprocessed plant-foods

 Processing of legumes and grains 

increases phosphorus absorption

 Soaking and rinsing is a good way 

to reduce phosphorus load

 Fruits and vegetables are 

naturally low in phosphorus

Calvo et al. Advances in Nutrition (2021): 1-12 



Metabolic Acidosis



Acid in Kidney Disease

 The kidney lowers acid levels 

normally

 Acid levels rise in kidney disease

 Dietary proteins, especially those of 

animal origin, are the principal 

source of acid generation1

 Alkali has been shown to slow CKD 

progression2,3

1Berend. New England Journal of Medicine 371.15 (2014): 1434-1445.
2de Brito-Ashurst. Journal of the American Society of Nephrology 20.9 (2009): 2075-2084.
3Mahajan. Kidney international 78.3 (2010): 303-309.



Metabolic 

Acidosis & Diet

 Average dietary 
acid load is 50-75 
mEq/day in 
America1

High in animal 
protein

Low in fruits and 
vegetables

 Vegan diet is nearly 
acid neutral2,3

Image: Scialla, Julia J., and Cheryl AM Anderson. "Dietary acid load: a novel nutritional target in chronic 

kidney disease?." Advances in chronic kidney disease 20.2 (2013): 141-149.
1Ibid.
2Ströhle, Alexander, et al. "Diet-dependent net endogenous acid load of vegan diets in relation to food 

groups and bone health-related nutrients: results from the German Vegan Study." Annals of Nutrition and 

Metabolism 59.2-4 (2011): 117-126.
3Ausman, Lynne M., et al. "Estimated net acid excretion inversely correlates with urine pH in vegans, lacto-ovo

vegetarians, and omnivores." Journal of Renal Nutrition 18.5 (2008): 456-465.



Fruits and Vegetables for 

Metabolic Acidosis

 Current treatment = baking soda (sodium bicarbonate)

 Several randomized, controlled trials have shown that 2-4 cups of fruits and 

vegetables are just as effective1-3

 Fruits and vegetables have natural alkali (like citrate, malate, and bicarbonate)

 CKD Stages I-V

 Fruits and vegetables actually were better than baking soda for

 Weight loss1-3

 Blood pressure1-3

 Urine protein1,3

 No increase in potassium levels1-3

1 Goraya. Kidney International 81.1 (2012): 86-93.
2 Goraya. Kidney International 86.5 (2014): 1031-1038.
3 Goraya. CJASN 8.3 (2013): 371-381.



Fruits and Vegetables or Sodium Bicarbonate? 



5-year RCT: Alkali Therapy Slows GFR Loss

 Alkali therapy slowed loss of GFR over 

five years

 Both fruits and vegetables and sodium 

bicarbonate supplementation were 

equivalent in slowing GFR loss

 Those eating fruits and vegetables also 

had significantly lower blood pressures

 Lower weight (4 kg; compared to 

start of intervention)

 Lower BPs (~ 8 mm Hg; compared to 

HCO3- group)

 No hyperkalemia

Goraya et al. American Journal of Nephrology 49.6 (2019): 438-448.



Mortality



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 (might be an underestimate?)

 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

about:blank
about:blank


Some Mortality Estimates of Patient with 

ESRD are Even Higher

Jankowski et al. Circulation 143.11 (2021): 1157-1172.

500-1000x



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



Plant-Based Diets 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)



Fiber Associated with Reduced 

Mortality in Kidney Disease

 Dietary fiber was used as a 

treatment for kidney failure 40 

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





Kidney Stones



Kidney Stones

 Prevalence of kidney stones is ~10%

 Prevalence is increasing

 Most common stone is a calcium 

oxalate stone2

 70 to 80% of stones are 

comprised of calcium oxalate1

 Risk of recurrence is 40% at 5 years 

and 75% at 20 years2

1 Abufaraj, Mohammad, et al. "Prevalence and Trends in Kidney Stone Among Adults in the USA: Analyses of National Health and           

Nutrition Examination Survey 2007–2018 Data." European Urology Focus (2020).
2 Worcester, Elaine M., and Fredric L. Coe. "Calcium kidney stones." New England Journal of Medicine 363.10 (2010): 954-963.



Stones & Animal Protein

Robust evidence linking animal 
protein and stone formation dating 

back to the end of WWII

Figure: Robertson, W. G., M. Peacock, and A. Hodgkinson. 
"Dietary changes and the incidence of urinary calculi in the 
UK between 1958 and 1976." Journal of Chronic Diseases 32.6 
(1979): 469-476.

Robertson, W. G., et al. "Should recurrent calcium oxalate 

stone formers become vegetarians?." BJU 

International 51.6 (1979): 427-431.



Stones & Animal Protein

 “Stone formers should be advised 

to limit the intake of all animal 

proteins, including fish”1

 Animal protein consumption raises 

urinary levels of 

 Calcium

 Oxalate

 Uric Acid

 Acidity

 “For calcium oxalate stone 

formers, treatment is animal-

protein and sodium restriction NOT 

calcium restriction”2

All increase 

stone risk

1 Tracy, Chad R., et al. "Animal protein and the risk of kidney stones: a comparative metabolic 

study of animal protein sources." The Journal of urology 192.1 (2014): 137-141.
2 Borghi, Loris, et al. "Comparison of two diets for the prevention of recurrent stones in idiopathic 

hypercalciuria." New England Journal of Medicine 346.2 (2002): 77-84.



Vegetarians Associated with a Lower 

Risk of Kidney Stones



Vegetarians Have a Lower Risk of 

Kidney Stones 

 Prospective Cohort from EPIC 

(European Prospective Investigation 

into Cancer and Nutrition)

 51,336 people from England & Scotland

 Vegetarians associated with 31% risk 

reduction in kidney stone formation

 Top tertile of meat eaters associated 

with a 64% increased risk in kidney 

stone formation

Turney, Benjamin W., et al. "Diet and risk of kidney stones in the Oxford cohort of the European Prospective 
Investigation into Cancer and Nutrition (EPIC)." European Journal of Epidemiology 29.5 (2014): 363-369.



Stones & Plant Protein

 Fruits and vegetables reduce risk 

of kidney stones (despite having 

purines) via1

 Lower urine acidity

 Lower urine uric acid

 Lower urine calcium excretion

 Lower sodium excretion

 Increases urine citrate

1Sorensen, Mathew D., et al. "Dietary intake of fiber, fruit and 
vegetables decreases the risk of incident kidney stones in 
women: a Women’s Health Initiative report." The Journal of 
urology 192.6 (2014): 1694-1699.

 Potassium citrate is commonly 

prescribed for calcium oxalate 

stones because “because an 

alkaline ash diet is difficult to 

follow for most patients”2

 Potassium citrate

 Potassium = found in fruits and 

vegetables

 Citrate = found in fruits and 

vegetables

2Han, Haewook, et al. "Nutritional management of kidney 
stones (nephrolithiasis)." Clinical nutrition research 4.3 (2015): 
137-152.



But what about all those oxalates in 

plant foods?

 Oxalate is compound found 

naturally in plants to bind calcium 

(thought to facilitate growth of 

plants in areas of high calcium 

levels in the soil)

 Some extremely high oxalate-

containing foods, if consumed 

frequently, can lead to a calcium 

stone

 Spinach, swiss chard, beet greens, 

rhubarb, cashews, starfruit, dark 

chocolate, potatoes, black tea



However, Only Select Patients

Needs to Restrict Oxalates
 Dietary oxalate restriction results in a trivial reduction on urinary oxalate 

excretion in the average person1,2

 Absorption is variable depending on solubility of oxalate and the levels of binding of 

dietary calcium

 Increased dietary oxalate consumption fosters growth of colonic bacteria 

(Oxalobacter formigenes) that digest oxalate

 Patients with chronic hyperoxaluria should be monitored under the supervision 

of a nephrologist with

 Periodic 24 hour urine collections for stone-risk

 Recommendation to avoid ultra-high oxalate foods (spinach, swiss chard, beet 

greens, rhubarb, cashews, starfruit, etc.)

 Other risk factors for hyperoxaluria: bowel disease, bowel surgery, antibiotics, 

vitamin C supplementation

1 Marvin Grieff, David A. Bushinsky. “Chapter 42 - Nutritional Prevention and Treatment of Kidney Stones.” Editor(s): Joel D. Kopple, Shaul G. Massry, Kamyar Kalantar-

Zadeh, Nutritional Management of Renal Disease, Academic Press, 2013, Pages 699-709, ISBN 9780123919342, https://doi.org/10.1016/B978-0-12-391934-2.00042-4.
2 Taylor, Eric N., and Gary C. Curhan. "Determinants of 24-hour urinary oxalate excretion." Clinical Journal of the American Society of Nephrology 3.5 (2008): 1453-1460.

about:blank


Risks of Plant-Based Diets 

in Kidney Disease



Potassium



Plant-Based Foods, Potassium, and CKD

 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 CKD 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 30% 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)

Babich, John S., Kamyar Kalantar-Zadeh, and Shivam Joshi. "Taking the Kale out of Hyperkalemia: 

Plant Foods and Serum Potassium in Patients with Kidney Disease." Journal of Renal Nutrition (2022).



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% bioavailable in 

unprocessed fruits and 

vegetables



Case Reports of Hyperkalemia with 

Plant-Based Foods

Most of the case reports are 

attributed to juices, sauces, 

and dried fruit 

– not unprocessed plant foods



Got Hyperkalemia?



Summary of Evidence Showing Nearly No 

Increase in Potassium with Plant-Based Diets

Babich, John S., Kamyar

Kalantar-Zadeh, and 

Shivam Joshi. "Taking the 

Kale out of Hyperkalemia: 

Plant Foods and Serum 

Potassium in Patients with 

Kidney Disease." Journal 

of Renal Nutrition (2022).



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

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



Foods with the Most Potassium

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



Got Hyperkalemia?

• Data on 22 patients with 

CKD III to V (eGFR 15) on 

a vegan diet for 3 months 

(14 month data not 

reported)



Recent Review Article



Dietary Protein Adequacy



Do patients with CKD get enough 

protein on a plant-based diet?

 Example 1

 1996 Italian study placed 37 
patients with stage III/IV CKD on a 
low-protein (0.7 g/kg/day), 
“special vegan diet” comprised 
of a prespecified combination of 
cereals and legumes (based on 
the now-discarded idea of protein 
complementation)

 A subset (twenty-two) of the 
patients were followed for a mean 
of 13 months and did not show 
any signs of nutritional deficiency, 
while on an exclusively plant-
based diet

Barsotti G, Morelli E, Cupisti A, Meola M, Dani L, Giovannetti
S. A low-nitrogen low-phosphorus Vegan diet for patients 
with chronic renal failure. Nephron. 1996;74(2):390-394.

 Example 2

 15 Israeli patient with stage III/IV 
patients on a near-total plant-
based diet consuming 0.75 
g/kg/day of protein for six months 
did not show any nutritional 
deficits

 Those consuming a plant-based 
diet actually had better dietary 
compliance and caloric intakes 
than their animal-protein diet 
counterparts

 Less inflammation and uremic 
toxin development (?)

Soroka N, Silverberg DS, Greemland M, et al. 
Comparison of a vegetable-based (soya) and an 
animal-based low-protein diet in predialysis chronic 
renal failure patients. Nephron. 1998;79(2):173-180.



Do patients on hemodialysis 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



Reversing Disease



Treating/Reversing Lupus Nephritis?

 Anecdotal but hypothesis-

generating

 2 cases of patients with lupus 

nephritis having improvement in 

GFR after consuming six-weeks of 

a raw, vegan diet 

 Case 1: GFR 14 -> 27

 Case 2: GFR 53 -> 73



Treating/Reversing Minimal Change Disease?



Treating/Reversing Minimal Change Disease?
 44 year old gentleman w/ obesity (BMI 38 

kg/m2), uncontrolled hypertension, nephrotic 

range proteinuria (13g/day) and a 

creatinine of 2.0 mg/dL

 Biopsy: minimal change disease

 Unresponsive to prednisone 60 mg/d and 

cyclosporine -> Creatinine worsened to 4.2 

mg/dL

 Prednisone 60 mg/day + Mycophenolate 

mofetil reduced creatine to 2.6 mg/dL and 

proteinuria to 4.0 g/day

 Adopted a whole-foods plant-based 

(vegan) diet + swimming -> Lost 60 lbs (BMI 

fell to 24 kg/m2), creatinine improved to 1.2 

mg/dL, urine albumin level 12 mg/g

 Regained his life





Big Picture & Conclusion



Rewind to 2008
 I had just started medical school at the University 

of Miami…

 I had no idea what kind of doctor I wanted to 

become…

 I listened to “Welcome to Miami” on loop…



Still in 2008…

 I became incredibly interested in 

kidney transplantation…

 And so I started to do research in 

the field of kidney transplantation



Supply and Demand of Kidney 

Transplants

Source: USRDS; www.usrds.org

Demand for kidneys 

exceeds supply!



2008 – 2012: My research into these issues…. 



Summer of 2012

 I graduated medical school

 I deferred residency and went to 

work on artificial kidneys 



2012 - 2013 

I learned a couple things:

- Making an artificial kidney is 

incredibly hard, if not impossible

- May not happen in our lifetimes 

unfortunately

- The main causes of kidney 

failure… are diabetes and high 

blood pressure

 -
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Causes of Kidney Failure

Diabetes

Hypertension

Glomeruloneph

Cystic kidney

Source: USRDS; www.usrds.org



And then the light bulb went off…

Type 2 diabetes and hypertension need 

not happen.

Type 2 diabetes and hypertension need 

not be uncontrolled.

Type 2 diabetes and hypertension need 

not cause kidney failure.



78% of Kidney Failure: Diabetes and 

High Blood Pressure

 Diabetes

90% of all diabetes is type 

2 diabetes1

90% of type 2 diabetes is 

preventable2

 High Blood Pressure

80% of high blood pressure 
is preventable

1https://www.cdc.gov/diabetes/basics/type2.html
2Hu, Frank B., et al. "Diet, lifestyle, and the risk of type 2 diabetes mellitus in 

women." New England journal of medicine345.11 (2001): 790-797.
3Forman, John P., Meir J. Stampfer, and Gary C. Curhan. "Diet and lifestyle risk factors 

associated with incident hypertension in women." Jama 302.4 (2009): 401-411.

United States Renal Data System. 2018 USRDS annual data report: Epidemiology of kidney disease in the United States. 

National Institutes of Health, National Institute of Diabetes and Digestive and Kidney Diseases, Bethesda, MD, 2018.

about:blank


Christiaan Barnard, MD, performed 
the first human heart transplant

https://twitter.com/KoushikReddyMD/status/1089886531324702720



“An ounce of prevention…”





Preventing the 

Causes of 

Kidney Disease:

Type 2 Diabetes

Hypertension

Obesity

In Summary: Role of Plant-Based Diets in CKD Management

Attenuating 

the 

Progression 

of Kidney 

Disease:

eGFR 

decline

Albuminuria

Reducing the Complications of Kidney Disease:

Hyperphosphatemia

Metabolic Acidosis

Renal Hypertension

Uremic Toxins

Mortality



Plant-Dominant Low-Protein (PLADO) Diet for 

Chronic Kidney Disease

Kalantar-Zadeh, Kamyar, et al. "Plant-dominant low-protein diet for conservative 

management of chronic kidney disease." Nutrients 12.7 (2020): 1931.
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Thank You!
How to Reach Me

 Email: afternoonrounds@gmail.com

 Instagram/Twitter: sjoshiMD

Questions?


