
UC Irvine
UC Irvine Previously Published Works

Title
A Mini Review of Plant-Based Diets in Hemodialysis.

Permalink
https://escholarship.org/uc/item/4zr8k2jk

Journal
Blood purification, 50(4-5)

ISSN
0253-5068

Authors
Dupuis, Léonie
Brown-Tortorici, Amanda
Kalantar-Zadeh, Kamyar
et al.

Publication Date
2021

DOI
10.1159/000516249

Copyright Information
This work is made available under the terms of a Creative Commons Attribution License, 
availalbe at https://creativecommons.org/licenses/by/4.0/
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/4zr8k2jk
https://escholarship.org/uc/item/4zr8k2jk#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/


Review - Advances in CKD 2021

Blood Purif 2021;50:672–677

A Mini Review of Plant-Based Diets in 
Hemodialysis

Léonie Dupuis 

a    Amanda Brown-Tortorici 

b    Kamyar Kalantar-Zadeh 

c    

Shivam Joshi 

d, e

aUniversity of Central Florida College of Medicine, Orlando, FL, USA; bSusan Samueli Center Integrative Health 
Institute, University of California Irvine, Costa Mesa, CA, USA; cDivision of Nephrology and Hypertension and Kidney 
Transplantation, School of Medicine, University of California, Irvine, Orange, CA, USA; dDepartment of Medicine, 
New York University Grossman School of Medicine, New York, NY, USA; eDepartment of Medicine, NYC Health and 
Hospitals/Bellevue, New York, NY, USA

Received: September 8, 2020
Accepted: March 30, 2021
Published online: April 29, 2021

Correspondence to: 
Shivam Joshi, shivam.joshi @ nyulangone.org

© 2021 S. Karger AG, Baselkarger@karger.com
www.karger.com/bpu

Key Messages

• Plant-based diets decrease inflammatory markers and have been associated with a reduction in all-
cause mortality in patients on hemodialysis in observational studies.

• High fiber intake significantly reduces uremic toxins and increases fecal bulk, facilitating the excretion 
of potassium, which may be one of several mechanisms associated with plant-based foods in temper-
ing the rise in serum potassium.

• Plant protein is of adequate quantity and quality in a diverse, well-planned plant-based diet.
• Lower intake of plant-based food, including less fruits and vegetables, in dialysis patients is associated 

with constipation, with one study identifying 71.7% of patients on dialysis with constipation. Consti-
pation may be related to higher likelihood of hyperkalemia.

DOI: 10.1159/000516249
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Abstract
Background: Plant-based diets are defined as an eating pat-
tern focused on the consumption of unprocessed fruits, veg-
etables, nuts, whole grains, oils, and beans. They can include 
various forms of vegetarian, vegan, DASH, and Mediterra-
nean diets. Plant-based diets have proven useful in the pre-
vention and treatment of several lifestyle diseases like type 
2 diabetes, hypertension, and obesity. Recently, a growing 
body of literature has emerged regarding plant-based diets 

for patients with kidney failure, including those on dialysis. 
Although evidence is still limited, preliminary findings are 
encouraging. Summary: This article reviews current litera-
ture on the use of plant-based diets in the treatment of pa-
tients on dialysis. © 2021 S. Karger AG, Basel

Introduction to Plant-Based Diets in Hemodialysis

A plant-based diet is defined as the consumption of 
plants such as fruits, vegetables, nuts, seeds, oils, whole 
grains, legumes, and beans. It may or may not include 
small amounts of animal products such as meat, fish, sea-
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food, eggs, and dairy, but these foods tend to be avoided. 
Plant foods are rich in phytochemicals, antioxidants, vi-
tamins, and minerals which prove beneficial to health on 
a micronutrition level, especially when plants are con-
sumed in their whole, unprocessed form. When brought 
to the forefront of a patient’s dietary pattern, these natu-
rally nutritious foods may translate into clinically signifi-
cant improvements to patients’ quality of life and disease 
prognosis, and mitigate disease complications. Histori-
cally, these foods have been avoided in patients on dialy-
sis due to concerns of hyperkalemia and protein deficien-
cy. However, the recent recognition of their potential 
benefits and improved understanding of potential pitfalls 
have favored the reintroduction of these foods into the 
diet of patients on dialysis.

Potential Benefits of Plant-Based Diets in 
Hemodialysis

Traditional dietary interventions in patients with kid-
ney disease encourage the restriction of phosphorus, po-
tassium, sodium, and fluid as well as tailoring protein in-
take to the patient’s CKD stage and whether they require 
kidney replacement therapy. These guidelines tend to re-
sult in a diet devoid of fruits and vegetables, lacking in 
variety and resulting in limited satisfaction [1]. Broaden-
ing the diet of patients with kidney disease to include 
these otherwise healthy foods may not only improve sat-
isfaction and increase variety but may also carry addi-
tional benefits.

A recent multinational cohort study (n = 8,078) found 
that higher consumption of fruits and vegetables in pa-
tients on dialysis was associated with lower all-cause and 
noncardiovascular death [2]. In this study, patients re-
ceiving long-term hemodialysis completed a food fre-
quency questionnaire for a median follow-up of 2.7 years 
(18,586 person-years). Only 4% of the patients consumed 
at least 4 servings of fruit and vegetables per day as recom-
mended in the general population.

Plant-based diets, a fiber- and polyphenol-rich inter-
vention, may attenuate cardiovascular disease risk mark-
ers in patients on hemodialysis. Polyphenols are a diverse 
group of micronutrients only consumed through plants. 
A systematic review and meta-analysis of 12 studies found 
that polyphenol-rich interventions in patients on hemo-
dialysis improved diastolic blood pressure (p = 0.0001), 
triglycerides (p = 0.01), and myeloperoxidase (p = 0.0001) 
[3]. Fiber supplementation (results described in more de-
tail in the “Fiber and Uremic Toxins” section) was found 

to significantly lower total cholesterol, LDL cholesterol, 
and inflammatory markers – all of which are known car-
diovascular risk factors [4].

Plant fats, which are rich in unsaturated fatty acids, 
have shown to be beneficial in the diets of patients on he-
modialysis by improving inflammatory markers. Vegeta-
ble oils are rich in polyunsaturated fatty acids, such as 
linoleic acid, which are known to have cardioprotective 
and anti-inflammatory properties. In one study, linoleic 
acid levels, as a proportion of plasma fatty acids, were 
shown to be inversely associated with IL-6 and all-cause 
mortality in a cross-sectional study of hemodialysis pa-
tients [5].

Benefits of Plant-Based Diets in the Complications of 
Hemodialysis

Fiber and Uremic Toxins
Dietary fiber is a nondigestible, nonabsorbable carbo-

hydrate polymer that may be used to treat chronic kidney 
disease by exploiting its ability to reduce uremic toxin 
production and, perhaps, postpone dialysis [6]. Since di-
etary fiber is exclusively found in plants, there may be a 
unique advantage associated with the use of plant-based 
diets (Table 1).

Dietary fiber is the foundational element to gut micro-
bial growth. Fermentable fibers are metabolized into 
short-chain fatty acids, especially acetate, propionate, and 
butyrate [7]. Short-chain fatty acids may play a role in 
kidney health by modulating systemic inflammation (and 
anti-inflammatory responses) and maintaining the integ-
rity of the gut mucosal barrier [7]. Today, plant-derived 
complex carbohydrates are recognized as prebiotics for 
their role in promoting the growth and metabolic activity 
of beneficial saccharolytic organisms like Bifidobacteria 
and Lactobacillus [8]. The protective effects of gut micro-
biota have been widely studied in chronic kidney disease, 
but there is a paucity in data regarding the bidirectional 
gut-kidney axis in hemodialysis patients. Compared to 
healthy individuals, a cross-sectional study (n = 24) found 
end-stage kidney disease patients on hemodialysis to have 
an increased (p < 0.02) relative abundance of Proteobac-
teria (mainly Gammaproteobacteria), Actinobacteria, 
and Firmicutes by phylogenic microarrays [9]. Of note, 
these taxa are not usually associated with uremic toxin 
production.

Indoxyl sulfate and p-cresol are uremic toxins gener-
ated by colonic bacteria in response to food that is not 
absorbed in the small bowel. Uremic toxins accumulate 
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in patients with chronic kidney disease and may contrib-
ute to the progressive loss of glomerular filtration rate by 
increasing the expression of transforming growth factor 
beta which increases fibrogenesis [10]. A cross-sectional 
study of patients undergoing hemodiafiltration found 
that vegetarian patients had 47% lower levels of indoxyl 
sulfate and 67% lower levels of p-cresyl sulfate than the 
nonvegetarian patients [11]. In another study of patients 
on hemodialysis, an increase in fiber intake was shown to 
significantly reduce plasma levels of indoxyl sulfate by 
17% (p = 0.04) and nonsignificantly reduce plasma levels 
of p-cresol by 8% (p = 0.63) in a randomized control trial 
(n = 56) [12]. Another cross-sectional study (n = 175) 
found that increased levels of p-cresol were associated 
with an increased risk of death in patients on mainte-
nance hemodialysis [13].

Outside of decreasing uremic toxins, fiber supplemen-
tation in patients on hemodialysis also improved lipid 
profiles and oxidative status and decreased systemic in-
flammation when compared to a placebo in a 6-week ran-
domized control trial (n = 124) [4]. The results of the tri-
al revealed a significant (p < 0.05) decrease in total cho-
lesterol (TC) level, high-density lipoprotein (HDL) level, 
and TC:LCL ratio; a significant (p < 0.05) decrease in total 
antioxidant capacity and malondialdehyde; and a signifi-
cant (p < 0.05) decrease in tumor necrosis factor-α, inter-
leukin-6, interleukin-8, and C-reactive protein in the 10 
and 20 g per day fiber supplement groups [4]. A long-
term prospective cohort study of patients on peritoneal 
dialysis (n = 881) showed an independent association be-
tween fiber intake and all-cause mortality wherein each 
gram per day increase in fiber intake correlated with a 
13% reduction in all-cause mortality [14].

Contrarily, low dietary fiber intake has been shown to 
negatively impact patients on hemodialysis on multiple 
occasions. In a prospective cohort study of patients on 

dialysis (n = 127), lower fiber intake was associated with 
an increased risk for major adverse cardiovascular events 
(adjusted hazard ratio: 1.78; 95% CI: 1.13–2.80) when 
compared to patients with higher fiber intake [15]. An-
other study on maintenance hemodialysis patients (n = 
128) found that dietary fiber level was independently cor-
related with advanced glycation end products (r2 = 0.164, 
p = 0.017) and C-reactive protein levels (r2 = 0.238, p = 
0.01) [16].

Constipation
In hemodialysis patients, the incidence of constipation 

varied according to the definition of constipation, but it 
was noted to be 71.7% in a 2013 cross-sectional study us-
ing the Roma III criteria (n = 478) [17]. As a chronic or 
frequently recurrent symptom, constipation impairs pa-
tients’ health-related quality of life and may result in a 
substantial emotional and social burden [18]. The issue 
may be easily treated by emphasizing the consumption of 
high-fiber foods, like plants. It may be possible that the 
historically low consumption of fiber-rich foods of pa-
tients on hemodialysis may be to blame for the high rate 
of constipation in this population.

In the general population, patients with constipation 
had 12% higher all-cause mortality, 11% higher inci-
dence of coronary heart disease, and 19% higher inci-
dence of ischemic stroke compared to patients without 
constipation [19]. US Veterans using one or >2 types of 
laxatives experienced a similarly higher risk of all-cause 
mortality and cardiovascular and cerebrovascular bur-
den when compared to US veterans not taking any laxa-
tives. A recent multicenter study (n = 305) evaluated the 
prevalence and correlates of constipation in hemodialy-
sis patients from 4 dialysis centers using a questionnaire 
based on the Roma IV criteria to assess constipation sta-
tus and lifestyle habits along with a food frequency ques-

Table 1. Potential benefits of plant-based foods in patients on dialysis

The consumption of plant-based diets 
(or fiber) in patients on hemodialysis has 
been associated with the following:

Lower uremic toxin production

Decreased all-cause mortality and noncardiovascular mortality

Reduced inflammatory markers

Favorable changes in the gut microbiome

A lower frequency of major adverse cardiovascular events

Reduced constipation

Increased fecal bulk
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tionnaire focused on the main sources of dietary fiber 
and found that >30% of patients had constipation at a 
given point in time [20]. In this study, the independent 
predictors of constipation symptoms included diabetes 
and lower frequency of fruit intake [20]. Moreover, con-
stipation can worsen hyperkalemia, while having soft 
bowel movement may be associated with a lower likeli-
hood of hyperkalemia [21].

Hyperphosphatemia
Although phosphorus is an essential nutrient, it is dif-

ficult for patients to avoid states of phosphate excess in 
advanced CKD. Consequently, patients must be placed 
on phosphorus-restricted diets to reduce the risk of hy-
perphosphatemia, which has been associated with an in-
creased risk of death and cardiovascular disease. Given 
the varying bioavailability of phosphorus from foods, di-
etary changes may be made to take advantage of low 
phosphate-containing foods. In the gut, 40–60% of phos-
phate in animal protein is absorbed by the intestinal tract 
compared to only 10–30% of phosphorus in plant protein 
[22]. This is partly because the bulk of phosphorus in 
plants is bound to phytate, which is difficult for humans 
to digest due to lack of phytase to release the phosphorus 
[23].

In a cross-over trial in patients with CKD, the effects 
of vegetarian and meat diets on phosphorus balance 
showed that 1 week of a vegetarian diet led to significant-
ly lower serum phosphorus (p = 0.02) and significantly 
lower fibroblast growth factor-23 levels (p = 0.008) than 
being on a meat diet [24]. This finding has also been seen 
in a small observational study by Wu et al. [25] wherein 
serum phosphate levels were significantly (p < 0.05) low-
er in vegetarian patients (4.1 mg/dL ±0.2) than in nonveg-
etarian patients (4.8 mg/dL ±0.1) on hemodialysis.

Vitamin K and Vitamin B12
When diagnosed with end-stage kidney disease, tradi-

tional dietary interventions may place patients at risk for 
vitamin deficiencies. These deficiencies arise due to a 
wide range of causes including biological factors such as 
decreased appetite, decreased smell, and decreased taste 
and behavioral factors such as difficulty cooking, diffi-
culty obtaining ingredients, and difficulty following di-
etary regimens.

There is a general recommendation that anyone fol-
lowing a plant-based diet should supplement vitamin B12 
in order to prevent deficiency [10]. Safe levels of vitamin 
B12 in patients on hemodialysis have yet to be deter-
mined, but regular monitoring of patients who take vita-

min B12 supplements can help identify potential adverse 
effects.

Particularly, patients on dialysis (both peritoneal di-
alysis and maintenance hemodialysis) are at risk of vita-
min K deficiency, which has been associated with vascu-
lar calcification, bleeding risk, and cardiovascular risk in 
the general population and patients on dialysis [10, 26]. 
Vitamin K is mainly present in green vegetables such as 
spinach, kale, Brussels sprouts, and broccoli, so dietary 
regimens that reduce consumption of plant foods may 
contribute to the development or worsening of vitamin K 
deficiency [10]. It is important to know that patients on 
warfarin should not be deprived of vitamin K-rich vege-
tables [27]. Expert guidelines recommend a stable intake 
of vitamin K-rich foods, which is often misinterpreted as 
“no K-rich food” [27].

Potential Pitfalls of Plant-Based Diets in Kidney 
Failure

Hyperkalemia
One of the biggest concerns when transitioning a pa-

tient on hemodialysis to a plant-based diet is the risk for 
hyperkalemia. It is thus recommended that patients on 
dialysis should be placed on a potassium-restricted diet 
to minimize the risk of hyperkalemia, which often re-
sults in the omissions of plant-based foods. However, 
many of the case reports that link hyperkalemic events 
to foods (and not potassium-based salts or additives) 
were the result of the consumption of a juice, sauce, or 
dried fruit [28]. These foods, in particular, are all in for-
mats that concentrate the potassium content of the food 
when compared to its whole-food form and facilitate a 
higher rate of potassium ingestion. The whole-food 
source is less densely composed of potassium and limits 
total potassium consumption. Further, fiber increases 
fecal bulk, facilitating excretion of potassium with bow-
el movements, potentially tempering a rise in serum po-
tassium [29]. Both juices and sauces may be prepared in 
forms of limited or no fiber, which may facilitate hyper-
kalemia.

In observational studies, little to no association has 
been seen between dietary potassium and serum potas-
sium among patients on dialysis [29]. The balancewise 
cross-sectional study (n = 140) compared dietary potas-
sium intake with serum potassium levels and found no 
association between the 2 [29]. Another study found that 
reported dietary potassium may only explain 2% of the 
variance in mean predialysis potassium levels [30].
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In regard to the consumption of plant foods by pa-
tients on dialysis and hyperkalemia, Saglimbene et al. [2] 
conducted a prospective observational study (n = 8,078) 
and stratified participants into tertiles based on servings 
of fruit and vegetable intake per week. The tertiles corre-
sponded to 0–5.5 (n = 2,520), 5.6–10 (n = 5.6–10), and 
>10 (n = 2,600) servings of fruits and vegetables per week 
[2]. The predialysis potassium levels for each tertile, re-
spectively, were 5.1, 5.0, and 5.0, showing very similar po-
tassium levels across a wide range of plant intake [2]. In 
another study by Wu et al. [25], potassium levels among 
vegetarian hemodialysis patients (5.0 mg/dL ±0.2) and 
nonvegetarian hemodialysis patients (4.8 mg/dL ±0.12) 
were not significantly different. Gonzalez-Ortiz et al. [31] 
also conducted a prospective study (n = 150) on patients 
undergoing hemodialysis and found that a higher healthy 
plant-based diet score was not associated with the odds of 
hyperkalemia (potassium >5.5 mEq/L; OR 1.00; 95% CI: 
0.94–1.07).

The overall lack of randomized control trials in hemo-
dialysis patients limits conclusive statements regarding 
potassium restriction in patients on dialysis. As such, hy-
perkalemia remains a concern in the management of any 
patient on hemodialysis, regardless of their dietary choic-
es. Nonetheless, studies on patients undergoing hemodi-
alysis while eating plant-based diets have not shown in-
creased risks of hyperkalemia [2, 25, 29, 31]. More pro-
spective studies need to be conducted to draw more 
definitive conclusions on hyperkalemia and plant-based 
diets in hemodialysis.

Protein Quality and Quantity
Another concern with a plant-based diet is the quality 

and quantity of protein intake. The recently released Na-
tional Kidney Foundation’s Kidney Disease Outcome 
Quality Initiative Clinical Practice Guideline for Nutri-
tion in CKD recommends a protein intake 1.0–1.2 g/kg of 
body weight per day in patients on maintenance dialysis 
who are metabolically stable [32]. Patients on dialysis 
meet or exceed these requirements when consuming a 
plant-based diet without signs of undernutrition. In 2 
studies, patients on dialysis consuming a vegetarian diet 
were shown to consume 1.2–1.25 g/kg/day [11, 25]. Plant 
and animal protein sources are composed of different 
proportions of amino acids and have varying availability 
to the human body [33]. These differences, although bio-
chemically relevant, have been shown to be trivial in clin-
ical context so long as there is variety and sufficiency of 
foods in the plant-based diet [34]. The idea that plant pro-
teins need to be paired complementarily based on their 

amino acid profiles to prevent amino acid deficiencies is 
outdated as the body stores amino acids for hours to days 
at a time [34, 35]. By eating a wide variety of plants, pa-
tients on dialysis can avoid issues related to protein quan-
tity and quality.

Conclusion

Plant-based diets may benefit patients on hemodialy-
sis by mitigating the complications of kidney failure while 
providing a varied and nutritious alimentation. Plant-
based diets may reduce the risk for metabolic acidosis or 
hyperphosphatemia, reduce levels of uremic toxins, low-
er the likelihood of constipation, and provide sufficient 
vitamin K. There is a paucity of studies exploring plant-
based diets in patients on hemodialysis and more ran-
domized control trials need to be conducted to investigate 
the benefits and risks of plant-based diets in this patient 
population.
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