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Concerns regarding protein and amino acid deficiencies with plant-based proteins have precluded their use in chronic kidney disease

(CKD) patients. Many of these concerns were debunked years ago, but recommendations persist regarding the use of ‘‘high-biological

value’’ (animal-based) proteins in CKD patients, which may contribute to worsening of other parameters such as blood pressure, meta-

bolic acidosis, and hyperphosphatemia. Plant-based proteins are sufficient in meeting both quantity and quality requirements. Those

eating primarily plant-based diets have been observed to consume approximately 1.0 g/kg/day of protein, or more. CKD patients

have been seen to consume 0.7-0.9 g/kg/day of mostly plant-based protein without any negative effects. Furthermore, those substitut-

ing animal-based proteins for plant-based proteins have shown reductions in severity of hypertension, hyperphosphatemia, and meta-

bolic acidosis. Plant-based proteins, when consumed in a varied diet, are not only nutritionally adequate but have pleiotropic effects

which may favor their use in CKD patients.

� 2018 by the National Kidney Foundation, Inc. All rights reserved.
Introduction

IN SOME CIRCLES within the nephrology and nutri-
tion communities, plant-based proteins have been

viewed as nutritionally inadequate and even hazardous for
the management of patients with chronic kidney disease
(CKD). Select literature in other fields of medicine, such
as cardiology and endocrinology, suggest that plant-based
proteins are not only nutritionally adequate but also possess
pleiotropic benefits that can be beneficial for management
of several acute and chronic disease states, such as diabetes
and heart disease. Some experts and opinion leaders in
nephrology and renal nutrition have maintained that
plant-based proteins may cause harm to nondialysis CKD
patients. In this article, we argue the opposite and present
data and opinions suggesting that plant-based proteins are
both nutritionally adequate and beneficial to patients with
CKD.

Protein Quantity in the General Population
A common myth is that those who do not eat enough

animal-based foods will become protein deficient; the ev-
idence, however, would suggest otherwise. In the largest
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study of those eating plant-based diets, the Adventist
Health Study-2 involving 96,335 participants, those
who were eating the highest amount of plant-based foods
(strict vegetarians) exceeded their minimum requirement
for protein, consuming an average of 72.3 g of protein per
day.1

A somewhat smaller–but still relatively large–study, the
British EPIC-Oxford study of 65,429 participants found
those eating entirely plant-based diets averaged 12.9% of
their energy from protein, exceeding the minimum recom-
mendation of 9% for British and 10% for American guide-
lines for protein derived from energy.2-4 A subset analysis of
the Epic-Oxford study participants further confirmed
adequate protein intake. Not only did participants ingest
more than the recommended dietary allowance (RDA)
for all the essential amino acids, they also had serum amino
acid levels that exceeded the lower limit of reference
ranges.4-6

According to the Institute of Medicine, the estimated
average requirement and RDA for protein are 0.66 and
0.8 g/kg of body weight per day, corresponding to the
needs for the 50th and 95th percentiles of the population,
respectively.4 A 1999 cross-sectional study of Californians
found those eating exclusively plant-based diets averaged
a protein intake of 1.04 g/kg of body weight per day.7

Another study of Bostonian women showed an averaged
protein intake of 1.0 g/kg of body weight per day.8 These
studies show that modern plant-based diets provide
adequate amounts of protein.

Protein Quality in the General Population
Another reason plant-based proteins are believed to be

nutritionally inadequate stems from the common (but inac-
curate) belief that plants lack essential amino acids. In addi-
tion, animal-based proteins are believed to be nutritionally
1
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Table 1. Protein Digestibility-Corrected Amino Acid Scores
(PDCAAS) for Selected Foods25,26

Food PDCAAS

Egg 1.00
Cow’s milk 1.00

Beef 0.92

Soy protein, concentrate 0.99

Chickpeas (canned) 0.71
Pea flour 0.69

Kidney beans (canned) 0.68

Pinto beans (canned) 0.63
Rolled oats 0.57

Black beans (canned) 0.53

Lentils (canned) 0.52

Peanuts 0.52
Wheat 0.42
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superior as they contain more essential amino acids per
serving and better gastrointestinal bioavailability. In reality,
all foods contain essential amino acids including plants
(with the exception of gelatin which lacks tryptophan),
although the composition and proportion may be different
from animal products.9,10 The clinical significance of this is
that although there are differences in the amino acid
content, digestibility, and availability between plant and
animal protein foods, these differences may not be
clinically significant for adults eating varied diets in
sufficient quantity.10,11 A meta-analysis of nitrogen balance
studies found no significant difference in protein needs due
to the source of protein being consumed.12

Nevertheless, animal-based proteins are still believed to
be nutritionally superior for the aforementioned reasons,
which is true despite being less meaningful clinically.
Regardless, these ideas led to the rise of the protein-
complementing myth that plant proteins need to be specif-
ically paired according to their amino acid levels to ensure
adequate intake of amino acids with eachmeal.13 However,
this has also been shown to be not quite necessary. The
body is capable of maintaining storage pools of amino acids
over hours to days rendering the practice of protein-pairing
superfluous.10,14-17

It is important to note that amino acid deficiency is
possible in those who are eating a restrictive diet limited
to one or two food sources, creating a situation such
that attaining the RDA for an amino acid may exceed
the number of servings than is humanly possible. A stark
example of this can be illustrated by the low tryptophan
content of an apple. A medium-sized (100 g) apple con-
tains 1 mg of tryptophan.18 Based on the RDA for tryp-
tophan (5 mg/kg/day), a 70-kg person would need on
average 350 mg of tryptophan per day.4 To meet this, a
person eating a diet exclusively of apples would need to
eat 350 apples daily to meet the RDA for tryptophan,
which is not possible in a real-world scenario. Hypothet-
ically, anyone subsisting exclusively on apples would ulti-
mately develop a deficiency in tryptophan, if he or she
averaged less than 350 apples per day, which is illustrative
of the dangers of extremely restrictive diets without food
variety. Those eating multiple types of plants, however,
will reliably avoid the issue of amino acid deficiency.19

Of note, it is also possible to be deficient in the case of
starvation. Those not meeting minimum dietary energy
(caloric) requirements will incur deficiencies of amino
acids, along with other nutrients.

Real-world evidence from the EPIC-Oxford cohorts
and the Seventh Day Adventists of California support the
idea that well-balanced and diverse plant-based diets are
nutritionally adequate for all stages of the life cycle from
birth to death in everyday life situations20,21 More
importantly as it relates to the question of diet in CKD,
these diets may indeed be preferred for those with CKD
for the reasons mentioned in the following.22
Plant-Based Proteins in CKD and End-Stage
Renal Disease Populations

Some nephrologists prescribing low-protein diets to
manage CKD tend to recommend using animal-based pro-
teins for at least half of the daily protein intake based on the
idea that animal-based proteins are of ‘‘high-biologic[al]
value.’’23,24 The so-called ‘‘biological value’’ of a protein
is an antiquated method of measuring protein quality that
is a ratio of retained and absorbed nitrogen content; there
are other metrics and techniques that may be more appro-
priate, including the protein digestibility-corrected amino-
acid score (PDCAAS).10,11

The PDCAAS is currently the preferred method for
measuring protein quality by the Food and Agricultural
Organization of the United Nations andWorld Health Or-
ganization.25 The PDCAASmeasures the protein quality of
a specific food group based on comparing the amino acid
profile of that food against a standard amino acid profile.
The scoring is based on the nutritional requirements of a
child aged 2-5 years (the most nutritionally demanding
age).
Animal-based proteins do have higher PDCAAS score

than plant proteins, but the lower plant-protein scores do
not preclude their use (See Table 1). Even when using
the PDCAAS to assess plant protein quality, plant proteins
have been found to be of adequate quality for consumption,
especially when consumed from diverse sources.10 Con-
cerns regarding malnutrition or protein-energy wasting us-
ing plant-based proteins in CKD are unfounded: Total and
near-total plant-based diets have been used in CKD
without adverse effect, as described below.
A 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 le-
gumes based on the now-discarded idea of protein comple-
mentation.27 A subset (22) of the patients was followed for a
mean of 13 months and did not show any signs of nutri-
tional deficiency, while on an exclusively plant-based
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diet. Another study of 15 Israeli, stage III/IV CKD patients
on a near-total plant-based diet consuming 0.75 g/kg/day
of protein for 6 months also did not show any nutritional
deficits.28 Further, those consuming a plant-based diet
actually had better dietary compliance and caloric intakes
than their animal-protein diet counterparts, which may
be related to the decreased development of uremic toxins
(thought to act as appetite suppressants) with plant-based
proteins.29

Patients on plant-based diets do not need supplementa-
tion with keto or amino acids if they are achieving at least
0.6 g/kg/day of protein.30 For those with CKD, those
consuming 0.6-0.8 g/kg/day of protein have been consid-
ered to be on a ‘‘low protein diet’’, while those consuming
0.3-0.4 g/kg/day of protein have been designated as being
on a ‘‘very low protein diet’’ (VLPD).24 Those on VLPD
diets do need to be supplemented, however, to remain in
nitrogen balance.31 Of note, when patients need to be
placed on a VLPD diet, a strict vegan diet is often the
only choice.
However, in CKD patients, unrestricted vegan diets can

readily attain 0.7 to 0.9 g/kg/dayof protein, which does not
require supplementation in CKD or non-CKD popula-
tions.32 Non-CKD cohorts have reported vegan protein
intakes as high as 1.04 g/kg/day on exclusively plant-
based proteins, and even higher amounts can be attained
as needed with minor dietary alterations, for example, by
increasing legume consumption.7 Patients on dialysis eating
vegetarian diets have been able to attain even higher
amounts of protein intake, estimated at 1.1 to 1.25 g/kg/
day of protein without signs of compromise.33,34

Of note, plant-based diets are almost universally lower in
protein content than the standard American diet, which
contains an average of 1.2 to 1.5 g/kg/day of protein and
meets the definition of a high-protein diet (.1.2 g/kg/
day).23,35,36 High-protein diets may lead to maladaptive
Table 2. Overview of the Advantages and Disadvantages of Plant

Criteria Advantage

Protein quantity Meets EAR and RDA

Avoids protein overload
Can be adjusted up or down to meet des

needs

Protein quality More than adequate in a balanced diet

Blood pressure Improved
Phosphate Improved

Metabolic acidosis Improved

Uremic toxins Likely improved
Potassium Plant foods increase bowel movements a

potassium excretion

Microbiome Improved gut barrier, reduced inflammat

and CKD progression
Diabetes Improved

Heart disease Improved

CKD, chronic kidney disease; EAR, estimated average requirement; RD
changes in the kidney like glomerular hyperfiltration,
increased proteinuria, and accelerated progression of
CKD, which has led some nephrologists to recommend
against high-protein diets in CKD.23,24 Serendipitously,
the quantity of protein deemed to be a ‘‘low-protein diet’’
within the CKD community, that is, 0.6-0.8 g/kg/day, is
the same, or similar, in those studied eating plant-based di-
ets. By comparison to omnivorous diets, plant-based diets
are less likely to lead to protein overload and are closer to
estimated average requirement inRDA for non-CKD pop-
ulations and closer–if not identical–to the goals set for
‘‘low-protein’’ diets in CKD populations.24

Plant-based proteins may not only attenuate the mal-
adaptive changes seen in CKD by delivering lower protein
loads to the glomerulus but also have other theoretical and
demonstrable benefits that are relevant to CKD patients
(see Table 2 and below).

Pleiotropic Benefits of Plant-Based Proteins
in CKD

The other benefits of plant-based diets in CKD are re-
viewed elsewhere in detail but are discussed here briefly,
including those related to improved control of serum phos-
phate levels, metabolic acidosis, and hypertension.37

Directing patients with CKD to eat more animal-based
proteins may worsen serum phosphorus levels, which
may promote CKD progression and worsen secondary hy-
perparathyroidism with deleterious effects on bone health
and vascular calcification.38,39 Although plant-based food
items have more phosphorus, they are stored in a nonab-
sorbable form as phytate. The phosphorus in plant foods
is thought to be only one-third bioavailable because human
gut lacks the enzyme phytase, whereas animal-based foods
are approximately two-thirds bioavailable.39-41 In both
animal and human studies of CKD, serum phosphorus
and FGF-23 levels worsened on diets when protein was
-Based Diets for Management of CKD Patients

Disadvantage

ired

Dietary planning may be necessary in patients

with unusually high protein requirements

Cannot depend on 1 or 2 staple foods

None
None

None

None
nd Plant foods contain potassium

ion, None

None

None

A, recommended dietary allowance.



JOSHI ET AL4
derived from animal-based sources and improved with
plant-based sources.42-45

Animal-based proteins increase the dietary acid load,
worsening acidemia in patients with CKD.46 Plant-based
foods are generally acid-neutral or base-producing, while
animal-based foods are acid-producing–so much so that
they are the primary contributor to net acid loads in human
diets.47 Conversely, those adhering to a purely plant-based
diet can attain an acid-neutral state.48 As demonstrated in a
pair of landmark trials, even a partial increase in the amount
of consumed plant-based foods can reduce dietary acid
loads, improve acidemia, and reduce the amount of alkali
supplementation needed in patients with varying stages of
CKD, which may slow the progression of CKD.49,50

Another important modifiable risk factor for CKD is hy-
pertension, which is also improved with plant-based diets.
Those most adherent to plant-based diets (vegans) have
had some of the lowest blood pressures documented in
industrialized societies.51,52 Studies have also shown a
dose-dependent effect, with reduced risks of hypertension
(or lower blood pressure measurements) with increasing
plant consumption.51,53-55 Several trials have also had
similar findings.56,57 A recent study showed that the
consumption of certain amino acids, such as methionine
and alanine, which are naturally found in higher
concentrations in animal-based products are associated
with a higher odds of hypertension, whereas such amino
acids as threonine and histidine, which are commonly
found in plants, are associated with lower odds.58

Utilization of plant-based proteins in CKD may also
generate fewer uremic toxins, reduce proteinuria, and
even temper GFR decline through a variety of mechanisms
other than those related to lower dietary protein intake
including alterations in the microbiome.29,59-64 Plant-
based diets in CKD have been shown to favorably shift
gut bacteria from a proteolytic profile to a sacchrolytic pro-
file, thereby promoting the production of short-chain fatty
acids, which strengthen intestinal barrier integrity, reduce
bacterial translocation and inflammation, and improve
overall immunity.65,66 This shift also reduces the
production of key uremic toxins, p-cresol, and indoxyl
sulfate that have been shown to promote CKD
progression. In contrast, a Western-style diet, rich in
animal-based proteins, favors proteolytic bacteria, resulting
in dysbiosis, increased inflammation, and disease
progression.

Importantly, plant-based diets have also been shown to
be helpful in treating and even reversing diabetes by
reducing the amount of refined carbohydrates consumed
and enabling long-term weight loss.67,68 Similarly, these
diets have also been shown to treat and reverse heart
disease by favorably altering lipids, reducing
inflammation, and decreasing atherosclerosis.69,70

Finally, plant-based diets, despite their relatively higher
potassium contents, have not been shown to induce hyper-
kalemia in patients with advanced CKD, probably due to
their high fiber content that facilitates gastrointestinal tran-
sition time allowing less potassium to be absorbed, as
opposed to animal-based proteins that often worsen consti-
pation and subsequent risk of hyperkalemia.27,28,50

Conclusion
Vegetarian diets, by taking out meat, as well as vegan di-

ets, by taking out all food from animal source, including
milk and eggs, are compatible with normal growth, health,
pregnancy, and physical activity, including competitive
sports.22 These types of diets are also a feasible goal in die-
tary management of CKD. Plant-based proteins are not
only adequate but are safe for patients with CKD including
those with proteinuria. Many of the prevailing fears
regarding their use have been debunked years, if not de-
cades, ago, given the studies discussed previously. Patients
eating plant-based diets can reliably avoid protein or amino
acid deficiencies by eating a varied diet. Instead, they might
be pleased to find improved control of their phosphorus
levels, blood pressure, and degree of metabolic acidosis.

References
1. Rizzo NS, Jaceldo-Siegl K, Sabate J, Fraser GE. Nutrient profiles of

vegetarian and nonvegetarian dietary patterns. J Acad Nutr Diet.

2013;113:1610-1619.

2. Committee on Medical Aspects of Food Policy. Panel on Dietary Refer-

ence. Dietary Reference Values for Food Energy and Nutrients for the United

Kingdom. London, UK: HM Stationery Office; 1991.

3. Davey GK, Spencer EA, Appleby PN, Allen NE, Knox KH, Key TJ.

EPIC–Oxford: lifestyle characteristics and nutrient intakes in a cohort of 33

883 meat-eaters and 31 546 non meat-eaters in the UK. Public Health Nutr.

2003;6:259-268.

4. Institute of Medicine.Dietary Reference Intakes for Energy, Carbohydrate, Fi-

ber, Fat, Fatty Acids, Cholesterol, Protein, andAminoAcids (Macronutrients). https://

search.proquest.com/docview/1820695973. Accessed March 25, 2018.

5. U.S. National Library of Medicine. Plasma Amino Acids. https://

medlineplus.gov/ency/article/003361.htm. Accessed March 2, 2018.

6. Schmidt JA, Rinaldi S, Scalbert A, et al. Plasma concentrations and in-

takes of amino acids in male meat-eaters, fish-eaters, vegetarians and vegans: a

cross-sectional analysis in the EPIC-Oxford cohort. Eur J Clin Nutr.

2016;70:306.

7. Haddad EH, Berk LS, Kettering JD, Hubbard RW, Peters WR. Dietary

intake and biochemical, hematologic, and immune status of vegans compared

with nonvegetarians. Am J Clin Nutr. 1999;70:593s.

8. Andrich DE, Filion M, Woods M, et al. Relationship between essential

amino acids and muscle mass, independent of habitual diets, in pre-and post-

menopausal US women. Int J Food Sci Nutr. 2011;62:719-724.

9. Ramarao PB, Norton HW, Johnson BC. The amino acids composition

and nutritive value of proteins. V. Amino acid requirements as a pattern for

protein evaluation. J Nutr. 1964;82:88.

10. Young VR, Pellett PL. Plant proteins in relation to human protein and

amino acid nutrition. Am J Clin Nutr. 1994;59:1212S.

11. Millward DJ. The nutritional value of plant-based diets in relation to

human amino acid and protein requirements. Proc Nutr Soc. 1999;58:249-260.

12. Rand WM, Pellett PL, Young VR. Meta-analysis of nitrogen balance

studies for estimating protein requirements in healthy adults. Am J Clin Nutr.

2003;77:109-127.

13. Bressani R, Elias LG, Gomez Brenes RA. Improvement of protein

quality by amino acid and protein supplementation. Protein and amino acid func-

tions. 1972;11:475-540.

http://refhub.elsevier.com/S1051-2276(18)30154-7/sref1
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref1
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref1
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref2
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref2
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref2
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref3
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref3
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref3
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref3
https://search.proquest.com/docview/1820695973
https://search.proquest.com/docview/1820695973
https://medlineplus.gov/ency/article/003361.htm
https://medlineplus.gov/ency/article/003361.htm
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref6
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref6
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref6
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref6
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref7
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref7
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref7
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref8
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref8
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref8
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref9
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref9
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref9
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref10
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref10
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref11
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref11
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref12
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref12
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref12
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref13
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref13
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref13


PLANT PROTEIN ADEQUACY IN CKD 5
14. Munro HN. Free amino acid pools and their role in regulation.Mamm

Protein Metab. 1970;4:299-386.

15. Bergstrom J, Furst P, Vinnars E. Effect of a test meal, without and with

protein, on muscle and plasma free amino acids. Clin Sci. 1990;79:331-337.

16. Taylor Y, Young VR, Murray E, Pencharz PB, Scrimshaw NS. Daily

protein and meal patterns affecting young men fed adequate and restricted en-

ergy intakes. Am J Clin Nutr. 1973;26:1216-1223.

17. World Health Organization. Energy and protein requirements: report

of a joint FAO/WHO/UNU expert consultation. In: Energy and protein re-

quirements: report of a joint FAO/WHO/UNU expert consultation. Geneva,

Switzerland: World Health Organization; 1985.

18. United States Department of Agriculture. US Department of Agricul-

ture, Agricultural Research Service, Nutrient Data Laboratory. USDA Na-

tional Nutrient Database for Standard Reference. https://www.ars.usda.gov/

northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-cen

ter/nutrient-data-laboratory/docs/usda-national-nutrient-database-for-stan

dard-reference/. Accessed March 2, 2018.

19. Craig WJ, Mangels AR. Position of the American dietetic association:

vegetarian diets. J Am Diet Assoc. 2009;109:1266-1282.

20. Rosell M, Appleby P, Key T. Height, age at menarche, body weight

and body mass index in life-long vegetarians. Public Health Nutr.

2005;8:870-875.

21. Appleby PN, ThorogoodM, Mann JI, Key TJ. The Oxford vegetarian

study: an overview. Am J Clin Nutr. 1999;70:531s.

22. Chauveau P, Combe C, Fouque D, Aparicio M. Vegetarianism: advan-

tages and drawbacks in patients with chronic kidney diseases. J Ren Nutr.

2013;23:399-405.

23. Ko GJ, Obi Y, Tortorici AR, Kalantar-Zadeh K. Dietary protein intake

and chronic kidney disease. Curr Opin Clin Nutr Metab Care. 2017;20:77-85.

24. Kalantar-Zadeh K, Fouque D. Nutritional management of chronic

kidney disease. N Engl J Med. 2017;377:1765-1776.

25. Schaafsma G. The protein digestibility–corrected amino acid score. J

Nutr. 2000;130:1867S.

26. Food and Agriculture Organization/World Health Organization. FAO

Food Nutr Paper 51. Rome, Italy: Food and Agriculture Organization of the

United Nations; 1991.

27. Barsotti G, Morelli E, Cupisti A, Meola M, Dani L, Giovannetti S. A

low-nitrogen low-phosphorus Vegan diet for patients with chronic renal fail-

ure. Nephron. 1996;74:390-394.

28. 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;79:173-180.

29. Patel KP, Luo FJ, Plummer NS, Hostetter TH, Meyer TW. The pro-

duction of p-cresol sulfate and indoxyl sulfate in vegetarians versus omnivores.

Clin J Am Soc Nephrol. 2012;7:982-988.

30. Piccoli GB, Vigotti FN, Leone F, et al. Low-protein diets in CKD:

how can we achieve them? A narrative, pragmatic review. Clin kidney J.

2015;8:61-70.

31. Garneata L, Stancu A, Dragomir D, Stefan G, Mircescu G. Ketoana-

logue-Supplemented vegetarian very low–protein diet and CKD progression.

J Am Soc Nephrol. 2016;27:2164-2176.

32. Piccoli GB, Capizzi I, Vigotti FN, et al. Low protein diets in patients

with chronic kidney disease: a bridge between mainstream and

complementary-alternative medicines? BMC Nephrol. 2016;17:76.

33. Wu T, Chang C, Hsu W, et al. Nutritional status of vegetarians on

maintenance haemodialysis. Nephrology. 2011;16:582-587.

34. Kandouz S, Mohamed AS, Zheng Y, Sandeman S, Davenport A.

Reduced protein bound uraemic toxins in vegetarian kidney failure patients

treated by haemodiafiltration. Hemodialysis Int. 2016;20:610-617.

35. Moore LW, Byham-Gray LD, Parrott JS, et al. The mean dietary pro-

tein intake at different stages of chronic kidney disease is higher than current

guidelines. Kidney Int. 2013;83:724-732.

36. Fulgoni VL III. Current protein intake in America: analysis of the Na-

tional health and nutrition Examination Survey, 2003–2004. Am J Clin Nutr.

2008;87:1557S.
37. Gluba-Brz�ozka A, Franczyk B, Rysz J. Vegetarian diet in chronic kid-

ney disease—a friend or foe. Nutrients. 2017;9:374.

38. Zoccali C, Ruggenenti P, Perna A, et al. Phosphatemay promote CKD

progression and attenuate renoprotective effect of ACE inhibition. J Am Soc

Nephrol. 2011;22:1923-1930.

39. Kalantar-Zadeh K, Gutekunst L, Mehrotra R, et al. Understanding

sources of dietary phosphorus in the treatment of patients with chronic kidney

disease. Clin J Am Soc Nephrol. 2010;5:519-530.

40. Iqbal TH, Lewis KO, Cooper BT. Phytase activity in the human and rat

small intestine. Gut. 1994;35:1233-1236.

41. Noori N, Sims JJ, Kopple JD, et al. Organic and inorganic dietary phos-

phorus and its management in chronic kidney disease. Iran J kidney Dis.

2010;4:89.

42. Moe SM, Zidehsarai MP, Chambers MA, et al. Vegetarian compared

with meat dietary protein source and phosphorus homeostasis in chronic kid-

ney disease. Clin J Am Soc Nephrol. 2011;6:257-264.

43. Moe SM, Chen NX, Seifert MF, et al. A rat model of chronic kidney

disease-mineral bone disorder. Kidney Int. 2009;75:176-184.

44. Scialla JJ, Appel LJ,Wolf M, et al. Plant protein intake is associated with

fibroblast growth factor 23 and serum bicarbonate levels in patients with

chronic kidney disease: the Chronic Renal Insufficiency Cohort study. J

Ren Nutr. 2012;22:e1.

45. Azadbakht L, Esmaillzadeh A. Soy-protein consumption and kidney-

related biomarkers among type 2 diabetics: a crossover, randomized clinical

trial. J Ren Nutr. 2009;19:479-486.

46. Uribarri J, OhMS. The key to halting progression of CKDmight be in

the produce market, not in the pharmacy. Kidney Int. 2012;81:7-9.

47. Scialla JJ, Anderson CA. Dietary acid load: a novel nutritional target in

chronic kidney disease? Adv chronic kidney Dis. 2013;20:141-149.

48. Ausman LM, Oliver LM, Goldin BR, Woods MN, Gorbach SL,

Dwyer JT. Estimated net acid excretion inversely correlates with urine pH

in vegans, lacto-ovo vegetarians, and omnivores. J Ren Nutr. 2008;18:

456-465.

49. Goraya N, Simoni J, Jo C, Wesson DE. Dietary acid reduction with

fruits and vegetables or bicarbonate attenuates kidney injury in patients

with a moderately reduced glomerular filtration rate due to hypertensive ne-

phropathy. Kidney Int. 2012;81:86-93.

50. Goraya N, Simoni J, Jo C,Wesson DE. A comparison of treating meta-

bolic acidosis in CKD stage 4 hypertensive kidney disease with fruits and veg-

etables or sodium bicarbonate. Clin J Am Soc Nephrol. 2013;8:371-381.

51. Sacks FM, Kass EH. Low blood pressure in vegetarians: effects of spe-

cific foods and nutrients. Am J Clin Nutr. 1988;48:795-800.

52. Appel LJ, Brands MW, Daniels SR, Karanja N, Elmer PJ, Sacks FM.

Dietary approaches to prevent and treat hypertension: a scientific statement

from the American Heart Association. Hypertension. 2006;47:296-308.

53. Borgi L, Curhan GC, Willett WC, Hu FB, Satija A, Forman JP. Long-

term intake of animal flesh and risk of developing hypertension in three pro-

spective cohort studies. J Hypertens. 2015;33:2231.

54. Appleby PN, Davey GK, Key TJ. Hypertension and blood pressure

amongmeat eaters, fish eaters, vegetarians and vegans in EPIC–Oxford. Public

Health Nutr. 2002;5:645-654.

55. Le LT, Sabate J. Beyond meatless, the health effects of vegan diets: find-

ings from the Adventist cohorts. Nutrients. 2014;6:2131-2147.

56. Rouse I, Armstrong B, Beilin L, Vandongen R. Blood-pressure-

lowering effect of a vegetarian diet: controlled trial in normotensive subjects.

Lancet. 1983;321:5-10.

57. Margetts BM, Beilin LJ, VandongenR, Armstrong BK. Vegetarian diet

in mild hypertension: a randomised controlled trial. Br Med J (Clin Res Ed).

1986;293:1468-1471.

58. Tuttle KR, Milton JE, Packard DP, Shuler LA, Short RA. Dietary

amino acids and blood pressure: a cohort study of patients with cardiovascular

disease. Am J Kidney Dis. 2012;59:803-809.

59. Rossi M, Johnson DW, Xu H, et al. Dietary protein-fiber ratio associ-

ates with circulating levels of indoxyl sulfate and p-cresyl sulfate in chronic

kidney disease patients. Nutr Metab Cardiovasc Dis. 2015;25:860-865.

http://refhub.elsevier.com/S1051-2276(18)30154-7/sref14
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref14
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref15
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref15
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref16
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref16
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref16
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref17
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref17
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref17
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref17
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/nutrient-data-laboratory/docs/usda-national-nutrient-database-for-standard-reference/
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/nutrient-data-laboratory/docs/usda-national-nutrient-database-for-standard-reference/
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/nutrient-data-laboratory/docs/usda-national-nutrient-database-for-standard-reference/
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/nutrient-data-laboratory/docs/usda-national-nutrient-database-for-standard-reference/
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref19
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref19
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref20
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref20
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref20
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref21
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref21
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref22
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref22
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref22
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref23
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref23
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref24
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref24
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref25
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref25
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref26
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref26
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref26
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref27
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref27
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref27
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref28
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref28
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref28
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref29
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref29
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref29
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref30
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref30
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref30
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref31
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref31
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref31
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref32
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref32
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref32
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref33
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref33
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref34
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref34
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref34
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref35
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref35
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref35
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref36
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref36
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref36
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref37
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref37
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref37
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref38
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref38
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref38
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref39
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref39
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref39
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref40
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref40
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref41
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref41
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref41
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref42
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref42
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref42
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref43
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref43
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref44
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref44
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref44
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref44
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref45
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref45
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref45
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref46
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref46
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref47
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref47
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref48
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref48
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref48
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref48
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref49
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref49
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref49
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref49
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref50
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref50
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref50
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref51
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref51
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref52
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref52
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref52
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref53
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref53
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref53
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref54
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref54
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref54
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref55
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref55
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref56
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref56
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref56
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref57
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref57
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref57
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref58
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref58
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref58
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref59
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref59
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref59


JOSHI ET AL6
60. Teixeira SR, Tappenden KA, Carson L, et al. Isolated soy protein con-

sumption reduces urinary albumin excretion and improves the serum lipid

profile in men with type 2 diabetes mellitus and nephropathy. J Nutr.

2004;134:1874-1880.

61. Lin J, Hu FB, Curhan GC. Associations of diet with albuminuria and

kidney function decline. Clin J Am Soc Nephrol. 2010;5:836-843.

62. Lin J, Judd S, Le A, et al. Associations of dietary fat with albuminuria

and kidney dysfunction–. Am J Clin Nutr. 2010;92:897-904.

63. Knight EL, Stampfer MJ, Hankinson SE, Spiegelman D, Curhan GC.

The impact of protein intake on renal function decline in women with

normal renal function or mild renal insufficiency. Ann Intern Med. 2003;138:

460-467.

64. Haring B, Selvin E, Liang M, et al. Dietary protein sources and risk for

incident chronic kidney disease: results from the Atherosclerosis Risk in

Communities (ARIC) Study. J Ren Nutr. 2017;27:233-242.
65. Nallu A, Sharma S, Ramezani A, Muralidharan J, Raj D. Gut micro-

biome in chronic kidney disease: challenges and opportunities. Translational

Res. 2017;179:24-37.

66. Montemurno E, Cosola C, Dalfino G, et al. What would you like to

eat, Mr CKD Microbiota? A Mediterranean Diet, please!. Kidney Blood Press

Res. 2014;39:114-123.

67. McMackenM, Shah S. A plant-based diet for the prevention and treat-

ment of type 2 diabetes. J Geriatr Cardiol. 2017;14:342.

68. Dunaief DM, Fuhrman J, Dunaief JL, Ying G. Glycemic and cardio-

vascular parameters improved in type 2 diabetes with the high nutrient density

(HND) diet. Open J Prev Med. 2012;2:364.

69. Hu FB. Plant-based foods and prevention of cardiovascular disease: an

overview. Am J Clin Nutr. 2003;78:551S.

70. Esselstyn CB. A plant-based diet and coronary artery disease: a mandate

for effective therapy. J Geriatr Cardiol JGC. 2017;14:317.

http://refhub.elsevier.com/S1051-2276(18)30154-7/sref60
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref60
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref60
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref60
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref61
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref61
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref62
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref62
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref63
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref63
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref63
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref63
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref64
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref64
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref64
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref65
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref65
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref65
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref66
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref66
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref66
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref67
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref67
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref68
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref68
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref68
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref69
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref69
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref70
http://refhub.elsevier.com/S1051-2276(18)30154-7/sref70

	Adequacy of Plant-Based Proteins in Chronic Kidney Disease
	Introduction
	Protein Quantity in the General Population
	Protein Quality in the General Population
	Plant-Based Proteins in CKD and End-Stage Renal Disease Populations
	Pleiotropic Benefits of Plant-Based Proteins in CKD
	Conclusion
	References


