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Abstract: There is rising interest globally with respect to the health implications of vegetarian
or plant-based diets. A growing body of evidence has demonstrated that higher consumption of
plant-based foods and the nutrients found in vegetarian and plant-based diets are associated with
numerous health benefits, including improved blood pressure, glycemic control, lipid levels, body
mass index, and acid-base parameters. Furthermore, there has been increasing recognition that
vegetarian and plant-based diets may have potential salutary benefits in preventing the development
and progression of chronic kidney disease (CKD). While increasing evidence shows that vegetarian
and plant-based diets have nephroprotective effects, there remains some degree of uncertainty about
their nutritional adequacy and safety in CKD (with respect to protein-energy wasting, hyperkalemia,
etc.). In this review, we focus on the potential roles of and existing data on the efficacy/effectiveness
and safety of various vegetarian and plant-based diets in CKD, as well as their practical application
in CKD management.
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1. Introduction

There is rising interest worldwide regarding the health implications of vegetarian or
plant-based diets, including reductions in animal-based food intake and/or fully excluding
animal-based products from the diet [1]. A growing body of evidence has demonstrated that
higher consumption of plant-based foods and the nutrients found within plant-based diets
are associated with numerous health benefits, including improved blood pressure, glycemic
control, lipid levels, body mass index (BMI), and acid-base parameters, as well as lower risk
of complications such as diabetes [2], cardiovascular disease [3], and death [4]. Furthermore,
there has been increasing recognition that plant-based diets have a potential salutary role
in the management of chronic kidney disease (CKD). For example, the low-protein vegan
diet (0.7 g/kg of body weight/day of protein), the low-protein supplemented vegan diet
(0.6 g/kg of body weight/day of protein supplemented with essential amino acids (EAAs)
and keto acids (KAs), i.e., one tablet per 10 kg of body weight), and the very-low-protein
diet (0.3 g/kg of body weight/day of protein supplemented with EAAs and KAs, i.e., one
tablet for every 5 kg of body weight) are vegan/vegetarian diets that have been proposed
as possible kidney-conservative treatments [5]. A tablet of Ketosteril®, which is used
globally, contains L-lysine (105 mg), L-threonine (53 mg), L-histidine (38 mg), L-tyrosine
(30 mg), L-tryptophan (23 mg), hydroxy-methionine (59 mg), calcium-keto-valine (86 mg),
calcium-keto-phenylalanine (68 mg), calcium-keto-leucine (101 mg), and calcium-keto-
isoleucine (67 mg) [6]. Moreover the “Plant-Dominant Low-Protein Diet” (PLADO) [7] and
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“Plant-Focused Nutrition in Patients With Diabetes and CKD Diet” (PLAFOND) [8] are two
subtypes of plant-based diets that have been established for people with CKD as a means to
reduce the progression of kidney disease (Table 1). A sizeable body of research has shown
that vegetarian diets have nephroprotective effects, although there remains some degree of
uncertainty about safety with respect to the high contents of minerals such as phosphorus
and potassium, along with the potential risks of hyperphosphatemia and/or hyperkalemia
that may ensue with greater plant-based food consumption. In this review, we focus on the
potential roles of and existing data on vegan, lacto-ovo vegetarian, and PLADO diets in
CKD, as well as the practical application of these diets in CKD management.

Table 1. Different types of plant-based low-protein diets.

Diet CKD Stage Protein Carbohydrates
LPD vegan 34 0.7 g/kg/day (100% from grain and From cereals
legumes)
34
Indicated in pregnant women
; . 0.6 g/kg/day (100% from cereals and
with advanced CKD [9], in people
LPDs vegan L - . legumes) + EAAs/KAs (1 tablet every From cereals
at high risk of malnutrition, or in 10 kg of body weight)
people who do not tolerate & ywes
legumes [10]
PLADO diet 3-5 06 g/kg/day (with >50% plant-based From whole cereals
sources)
. 3-5 0.6 to <0.8 g/kg/day (with >50%
PLAFOND diet Diabetic nephropathy plant-based sources) From whole cereals
VLPDs 45 0.3-0.4 g/kg/day + EAAs/KAs Especially from low-protein
(1 tablet every 5 kg of body weight) substitutes

LPD: low-protein diet; LPDs: low-protein diet supplemented; PLADO: Plant-Dominant Low-Protein Diet; PLA-
FOND: patient-centered plant-focused LPD for the nutritional management of CKD/DM; VLPDs: very-low-
protein diet supplemented. EAAs/KAs: essential amino acids/keto acids.

2. Overview of Vegetarian and Plant-Based Diets

Vegetarian or plant-based diets are types of diets composed of a larger proportion
of foods from plant-based sources as opposed to animal-based sources. There are var-
ious forms of vegetarian diets, such that some types fully exclude all animal products
(i.e., vegan diets), whereas other types include dairy products such as milk and cheese,
eggs, and honey (i.e., lacto-ovo vegetarian diets) or may even include small amounts of
fish and seafood (i.e., pescatarian), as well as meat and poultry (i.e., semi-vegetarian or
flexitarian) [11]. The phrases “vegetarian” and “plant-based diet” are often used without
differentiation, but the terminology “vegetarian” is commonly used to refer to lacto-ovo
vegetarians, while the terminology “plant-based diet” is used to refer to dietary patterns
with a greater proportion of foods derived from plant-based sources but may not mean that
they are devoid of animal-based foods. In other words, a plant-based diet is a hybrid form
of a diet rich in plant-based foods. A person who consumes a plant-based diet eats healthy
plant-based foods (i.e., fresh/whole/unprocessed /unrefined foods and beverages) and
avoids unhealthy plant-based foods (i.e., processed/refined /sugar-sweetened foods and
beverages) [12]. Two types of plant-based diets that have specifically been designed for
the non-dialysis-dependent CKD (NDD-CKD) population include the (1) Plant-Dominant
Low-Protein Diet (PLADO), consisting of a dietary protein intake of 0.6-0.8 g/kg/day,
with >50% from plant-based sources [7], and the (2) Plant-Focused Nutrition in CKD and
Diabetes Diet (PLAFOND), consisting of a dietary protein intake of 0.6-0.8 g/kg/day from
>50% plant-based sources [8]. Low-protein diets are supported by clinical practice guide-
lines to ameliorate the progression of CKD, and they are considered to be the centerpiece of
conservative and preservative kidney disease management strategies as a means to delay
or avert the need for dialysis [7,8]. Irrespective of the specific type of plant-based diet,
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such diets typically consist of a greater proportion of healthy plant-based foods (i.e., whole
grains, cereals, nuts, fruits, and vegetables) and favorable nutrient profiles (i.e., dietary
fiber, unsaturated fatty acids, folate, magnesium, vitamin C, vitamin E, carotenoids, phyto-
chemicals, and low bioavailability of phosphorus and potassium) (Figure 1) [11]. Dietary
phosphorus and potassium from unprocessed plant-based foods have lower bioavailability
and, therefore, confer lower loads of phosphorus and potassium, respectively, compared
to animal-based foods and processed foods, which is in part due to concomitantly higher
glucose and dietary fiber contents. Additionally, phosphorus in plant-based foods is present
in the form of phytate, which generally has limited bioavailability in the human digestive
system. There is more discussion on this topic in the latter part of this review.

Animal-based diet

Plant-based diet

Niacin

Zn

Fiber Folate
Phytochem Mg

55 B12 EPA
Na D DHA
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K load

D Fiber
E PUFAs
Folate ALA

Figure 1. Characteristics of nutrients and components in plant-based vs. animal-based diets. Ab-
breviations: ALA, a-linolenic acid; B1, vitamin B1; B6, vitamin B6; B12, vitamin B12, Ca, calcium;
D, vitamin D; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; Fe, iron; K, potassium; Mg,
magnesium; MUFAs, monounsaturated fatty acids; phytochem, phytochemicals; Pi, phosphorus;
PUFAs, total polyunsaturated fatty acids; SFAs, saturated fatty acids; Zn, zinc.

In the general population, the popularity of plant-based diets is in part due to their
perceived health benefits related to the control of diabetes, obesity, hypertension, and
hyperlipidemia. More recently, there has been interest in the role of plant-based diets in
preventing the development of de novo CKD, attenuating CKD progression, and mitigating
CKD-related complications (Figure 2).
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Figure 2. Plant-based diets and health benefits in chronic kidney disease. Abbreviations: ALA,
a-linolenic acid; CKD, chronic kidney disease; CVD, cardiovascular disease; ESKD, end-stage kidney
disease; MUFAs, monounsaturated fatty acids; PUFAs, total polyunsaturated fatty acids; SFAs,
saturated fatty acids.
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3. Vegetarian Diets and Risk Factors for Incident CKD
3.1. Hypertension in Non-CKD Populations

Hypertension and CKD are closely interrelated, such that sustained hypertension
can lead to incident CKD and CKD progression, which can in turn result in worse blood
pressure (BP) control [13]. Randomized controlled trials have shown the benefits of plant-
based diets for BP control. In a study of 59 normotensive participants without underlying
CKD, consumption of a vegetarian diet for a six-week period lowered their mean systolic
BP by 6.8 mmHg when measured at the laboratory, and by 4.9 mmHg when measured at
home [14]. Another study in 58 participants with mild untreated hypertension, comparing
ovo-lacto-vegetarian vs. omnivorous diets, showed that the ovo-lacto-vegetarian diet
resulted in a reduction in BP by an average of 5.5 mmHg [15]. The Dietary Approach to
Stop Hypertension (DASH) trial, a landmark randomized controlled trial examining the
effects of a largely plant-based diet on BP control, showed that the DASH diet reduced BP
by an average of 5.5 mmHg compared to the control diet [16]. A meta-analysis of seven
clinical trials with an aggregate of 313 participants, which excluded the DASH diet trials,
also confirmed the benefits of plant-based diets for BP, such that consumption of vegetarian
diets reduced systolic BP by a mean of 4.8 mmHg compared to omnivorous diets [17].

3.2. Diabetes Mellitus in Non-CKD Populations

Vegetarian diets have been reported as an effective intervention for the prevention
and treatment of diabetes mellitus, the dominant etiology of CKD globally. It has been
shown that the prevalence of type 2 diabetes in people consuming vegetarian diets is
lower than that among non-vegetarians, even after adjusting for BMI [18]. A meta-analysis
of nine large prospective studies with a total of 307,099 participants reported an inverse
association between higher adherence to a plant-based dietary pattern and the risk of type
2 diabetes [19]. This association was strengthened in healthy plant-based diet patterns,
i.e., consumption of more healthy plant-based foods (e.g., whole grains, fruits, vegetables,
nuts, legumes, vegetable oils, tea, and coffee) vs. unhealthy foods (e.g., fruit juices, refined
grains, fried potatoes or potato chips, desserts, and sweetened beverages).

Several potential mechanisms explain the relationship between plant-based diets
and lower risk of diabetes mellitus. For example, the foods in healthy plant-based diets
individually and jointly reduce the risk of diabetes by improving insulin sensitivity and
BP [17,20], mitigating long-term weight gain, and ameliorating systemic inflammation [21].
Moreover, plant-based diets may reduce the risk of type 2 diabetes by ameliorating excessive
weight gain. Multiple interventional and observational studies have shown that plant-based
diets provide favorable weight control and/or weight loss in the short term and weight
loss and/or prevention of weight gain in the long term [22-24]. Plant-based diets may also
improve circulating levels of adiposity-related biomarkers, including leptin, adiponectin,
high-sensitivity C-reactive protein, and interleukin-6 [25,26].

4. Vegetarian Diets and CKD Complications
4.1. Hypertension in CKD Populations

Different components of vegetarian diets contribute to directly or indirectly lowering
BP levels in people with CKD, through various pathways. First, lower consumption
of sodium in plant-based vs. animal-based diets can prevent and control hypertension.
Unprocessed plant-based foods generally have less sodium than animal-based foods and
processed foods. Indeed, data from the National Health and Nutrition Examination Survey
(NHANES) showed that vegetarians ate less sodium, as ascertained using 24 h dietary
recall, compared to non-vegetarians (2347 £ 80 mg vs. 3621 £ 27 mg) [27]. A meta-analysis
that included 21 studies among people with earlier stages of CKD, dialysis patients, and
kidney transplant recipients reported that salt reduction reduced systolic and diastolic BP in
the short term (i.e., 1 to 36 weeks) [28]. This study also reported that salt reduction resulted
in lower albuminuria levels. Another meta-analysis also showed that salt restriction was
associated with lower systolic BP, diastolic BP, and proteinuria levels among 738 people
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with stages 1-4 CKD [29], and another pooled analysis showed that reduction of salt intake
resulted in lower systolic and diastolic BP among 101,077 people with CKD [30].

Second, higher potassium intake from plant-based diets may help reduce BP. It is
well established that higher dietary potassium intake lowers BP in the general population.
While studies examining the effects of dietary potassium on BP in people with CKD are
sparse, limited data suggest potential benefits. In an animal study of rats with CKD, it was
demonstrated that potassium supplementation lowered BP among rats with slightly higher
serum potassium levels compared to rats on a low-potassium diet [31]. In a non-randomized
study of 11 people with stage 3 CKD, receipt of the DASH diet (dietary potassium intake of
4.7 g/day) over two weeks resulted in no differences in clinical and mean 24 h ambulatory
BP, whereas it resulted in lower nighttime systolic BP levels compared to BP levels during
the baseline period while on a control diet (dietary potassium intake of 2.4 g/day) in the
absence of hyperkalemia [32]. Randomized trials in people with stages 3—4 CKD have also
shown that receipt of diets that are higher in fruits and vegetables resulted in lower systolic
BP after one year [33] or three years [34], although narrowly missing statistical significance
after a shorter follow-up period of four weeks [35].

Third, all plant-based foods contain dietary fiber, a carbohydrate that is indigestible
by digestive tract enzymes (Table 2) [35]. Dietary fiber intake improves BP by modifying
arterial contraction due to its effect on arterial smooth muscle, influencing the activity
of the angiotensin-converting enzyme (ACE) or retaining minerals such as potassium
and magnesium in its matrix [36,37]. In addition to BP control, there are a variety of
health benefits of dietary fiber that affect CKD outcomes. For example, dietary fiber
intake can improve glycemic control by delaying gastric emptying, reducing postprandial
glucose absorption, providing a lower glycemic response, producing greater satiety, and
improving insulin sensitivity [8,38]. Moreover, dietary fiber intake also contributes to
improving dyslipidemia. Dietary soluble fiber with high viscosity decreases cholesterol
absorption, binds to bile acids, and increases their fecal excretion. Bacterial fermentation in
the colon can inhibit cholesterol production in the liver by producing short-chain fatty acids
(SCFAs) [39]. SCFAs also exert trophic action on the mucosa and strengthen the defense
function of the intestinal barrier by counteracting bacterial translocation and low-grade
chronic inflammation [40]. Moreover, fiber intake reduces serum urea levels by promoting
a fecal route of excretion for nitrogenous waste, and it can reduce serum levels of AGEs
(advanced glycation end products) [35]. Lastly, greater dietary fiber intake may lead to
improvements in constipation, increased satiety, reduced energy intake, weight control, and
slower absorption of some nutrients in the intestine, leading to reduced inflammation [36].

Fourth, more balanced intake of macronutrients (including dietary protein, fat, and
carbohydrates) conferred by a plant-based diet can contribute to better BP control. Results
from observational studies indicate an inverse association between dietary plant protein
intake and BP [41], and both prospective studies and randomized controlled trials have
shown similar relationships between plant and animal protein intake with respect to
BP [42]. The effects of plant vs. animal protein on BP control remain to be established.
Additionally, vegetarian diets usually provide low intake of saturated fatty acids and
omega-3 polyunsaturated fatty acids (PUFAs). In a cross-sectional study of 26 vegetarians
vs. 26 non-vegetarians, matched according to age, sex, and BMI, the vegetarians had higher
plant-based fat consumption than the non-vegetarians, which may lead to higher resting
energy expenditure (REE) in vegetarians and potentially contribute to better body weight
and BP control [43].
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Table 2. Importance of dietary fiber in human health.
Property Function Health Benefits
e  Adds bulk to diet
O Satiety effect
e  Adds bulk to stool *  Regulates energy intake
s Lowers blood pressure
Improves GI motilit N P
Bulk © p Y e  Promotes weight loss
[ ] Increases bowel movement e  Alleviates constipation
[ ] Reduces intestinal transit time
O Increases fecal bulk
O Increases stool frequency
e  Inhibits intestinal digestion and absorption
O Inhibits glucose absorption
- Traps carbohydrates e  Improves glycemic control
[ | Slows glucose absorption O Lowers postprandial serum glucose levels
Viscosity @] Inhibits cholesterol absorption e  Improves cholesterol control
[ ] Traps bile acids and extracts to O Lowers serum total and LDL cholesterol
feces . . e  Contributes to cancer prevention
[ ] Increases the synthesis of bile
acids from cholesterol
O Traps carcinogenic substances
e  Anti-inflammation
e  Anti-obesity
e  Alters intestinal microbiota composition and e  Anti-diabetes
function e  Anticancer
i Hepat tecti
Fermentability O Increases gut-microbiome-induced ° epatoprotertion .
. e  Cardiovascular protection
production of SCFAs .
[ Neuroprotection
e  Constipation treatment
e Inflammatory bowel disease treatment
e  Immunoregulation

Abbreviations: GI, gastrointestinal; LDL, low-density lipoprotein; SCFAs, short-chain fatty acids.

4.2. Hyperphosphatemia in CKD Populations

In people with advanced CKD, decreased phosphorus excretion by the kidneys, cou-
pled with disordered mineral metabolism, engenders hyperphosphatemia, leading to
vascular calcification and stiffness, altered cardiac structure and function, kidney osteodys-
trophy, and increased mortality [44]. Therefore, in the traditional dietary management of
advanced CKD patients, dietary phosphorous has been restricted and plant-based foods
have been avoided due to concerns regarding high contents of minerals such as phosphorus.
However, increasing evidence suggests that greater intake of plant-based foods may lead
to better phosphorus control. The amount of phosphorus contained in food vs. phosphorus
absorbed by the body is not always consistent. Given that phosphorus in plant-based foods
is often in the form of phytate (which humans have limited ability to digest, given the
absence of the phytase enzyme), phosphorus found in plant-based foods usually has lower
absorbability and/or bioavailability (20 to 40% bioavailability) compared with animal
foods, which often have phosphorus in the form of caseins (40 to 60% bioavailability),
and processed foods, in which phosphorus is usually present as food additives (~100%
bioavailability) [45,46]. Indeed, both animal and human studies show reduced phosphorus
loads when consuming plant-based vs. animal-based diets, despite both diets having the
same amounts of phosphorus. In a rat model of CKD-mineral bone disease (CKD-MBD),
administration of a plant-based diet led to a reduced phosphorus load, such that rats fed
grain-based diets showed similar serum phosphorus levels, calcium levels, and intact
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parathyroid hormone (PTH) levels, yet lower urinary phosphorus excretion and serum
fibroblast growth factor 23 (FGF-23) levels vs. rats fed the same amount of phosphorous
from casein-based diets [47]. In a crossover trial of people with stage 3—4 CKD, receipt of a
vegetarian diet for one week led to lower serum phosphorus, phosphaturia, and FGF-23
levels compared to a meat-based diet with the same phosphorus content [48]. A random-
ized controlled trial in which participants underwent partial replacement of animal protein
with plant protein also led to reduced serum phosphorus levels [49].

4.3. Uremic Toxins, Inflammation, and Oxidative Stress in CKD

Given the concomitant rich consumption of dietary fiber, along with their lower
contents of carnitine, choline, phosphatidylcholine, tyrosine, and tryptophan, plant-based
diets lead to less generation of uremic toxins (i.e., trimethylamine n-oxide (TMAO), indoxyl
sulfate, and p-cresyl sulfate), as well as reducing inflammation and oxidative stress [50,51].
In a randomized controlled study of 32 non-dialysis-dependent CKD patients, one week of a
supplemented very-low-protein diet of plant-based origin (0.3 g/kg body weight/day) led
to reduced indoxyl sulfate levels [52]. In a randomized controlled study of 40 hemodialysis
patients who received higher vs. lower dietary fiber intake for six weeks, those who
received higher dietary fiber intake had reduced free plasma levels of indoxyl sulfate and
p-cresyl sulfate [53]. Data from the NHANES III cohort included 14,543 participants, in
whom it was observed that dietary fiber intake was negatively associated with serum
C-reactive protein (CRP) levels, such that each 10 g/day increase in total fiber intake was
associated with an 11% and 38% decline in the odds of elevated serum CRP levels in the
CKD and non-CKD groups, respectively [54]. In a rat model of CKD, consumption of
high-amylose maize resistant starch for three weeks also ameliorated inflammation and
oxidative stress [55].

Dietary fiber confers a number of advantages for sustainable human health [56].
The bulking effect from the food is important to control the events in the digestive tract,
including improved gastrointestinal motility (i.e., increased bowel movements and reduced
intestinal transit time), increased fecal bulk, and greater stool frequency. Dietary fiber
adds bulk not only to stool, but also to the overall diet, which provides a satiety effect and
regulates energy intake. This bulking property of dietary fiber can also reduce BP, promote
weight loss, and alleviate constipation [57]. The viscosity effect of dietary fiber can also
improve glycemic and cholesterol control, and it may additionally contribute to cancer
prevention. Increasing viscosity during digestion due to soluble dietary fiber results in the
trapping of carbohydrates, slowing of glucose absorption, and lowering of postprandial
blood glucose levels. Soluble fiber also helps to reduce total and LDL cholesterol levels by
binding bile acids in the small intestine following extraction from the body through feces,
as well as increasing the synthesis of bile acids from cholesterol. Dietary fiber also traps
carcinogenic substances and may prevent the development of cancer [57]. Fermentable
dietary fiber is the substrate for bacterial metabolism and stimulates the production of short-
chain fatty acids (SCFAs) through intestinal fermentation, primarily acetate, propionate,
and butyrate, leading to its protective effects against inflammation, obesity, diabetes, cancer,
and cardiovascular disease, along with immune regulation and a number of other health
benefits [58,59]. The mechanisms underlying the association between dietary fiber intake
and lower uremic toxin levels, as well as urea and creatinine concentrations, are interrelated,
such that greater dietary fiber intake (1) decreases toxin absorption and increases their
fecal excretion by improving intestinal motility, (2) reduces the permeability of toxins by
improving the integrity of tight junctions in the colonic epithelium by producing SCFAs,
and (3) facilitates the growth of a more favorable microbiome.

4.4. Metabolic Acidosis

A large proportion of people with CKD suffer from metabolic acidosis and its adverse
consequences, including muscle wasting, bone loss, impaired insulin sensitivity, chronic
inflammation, and progression of kidney disease [60]. While alkali therapy is typically con-
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ducted to correct metabolic acidosis in CKD patients by administering sodium bicarbonate,
a series of trials have shown that plant-based diets could also be used to treat metabolic
acidosis. In a randomized controlled trial of 71 people with stage 4 CKD, people assigned
to greater fruit and vegetable intake over the course of one year had higher plasma CO,
levels and lower urinary indices of kidney injury [33]. Another randomized controlled trial
of 108 people with stage 3 CKD also confirmed similar effects of fruit and vegetable intake
on metabolic acidosis parameters, such that daily administration of two to four cups of
fruits and vegetables over a period of three years resulted in higher CO; levels, lower net
acid excretion, lower urinary albumin—creatinine ratios, and preserved kidney function [34].
According to this evidence, the KDOQI guidelines also support prescribing more fruits
and vegetables for stage 1-4 CKD patients in order to decrease their body weight, blood
pressure, and net acid production [36].

5. Vegetarian Diets, Incident CKD, and CKD Progression
5.1. Incident CKD and CKD Progression

Several studies have shown favorable associations of plant-based diets with CKD
outcomes, including incident CKD (i.e., development of albuminuria and/or eGFR decline)
and CKD progression. With respect to the outcome of incident CKD, among participants in
the Tehran Lipid and Glucose Study (TLGS), those in the highest quartile of plant protein
intake exhibited a 30% lower risk of developing CKD than those in the lowest group of
plant protein intake, while those in the highest quartile of animal protein intake had a 37%
higher risk of de novo CKD than those in the lowest group of animal protein intake [61]. In
the Multi-Ethnic Study of Atherosclerosis (MESA), a dietary pattern with higher intake of
whole grains, fruits, vegetables, and low-fat dairy foods was associated with a 20% lower
risk of CKD, whereas nondairy animal food intake was associated with an 11% higher
urinary albumin-to-creatinine ratio [62]. In a large longitudinal observational study of
the Atherosclerosis Risk in Communities (ARIC) cohort, which included 11,952 adults
with normal kidney function at baseline, various sources of dietary protein intake had
differential associations with the risk of CKD [63]. During a median follow-up of 23 years,
there was a higher risk of incident CKD in those consuming greater amounts of protein
from red and processed meat sources. Compared to those in the lowest quintiles of red
and processed meat consumption, those in the highest quintile of intake had a 23% higher
risk of incident CKD. Moreover, this study showed favorable associations of vegetable
sources of proteins, such that those in the highest quintile of vegetable protein intake had
a 24% reduced risk of incident CKD compared to those in the lowest quintile of intake.
Furthermore, when one serving per day of nuts or legumes was used to substitute one
serving per day of red and processed meat, a reduced risk of incident CKD was observed.

With respect to the outcome of CKD progression, in a prospective cohort study of
approximately 1600 women from the Nurses’ Health Study (NHS), among those with mild
CKD, greater intake of both total protein and nondairy animal protein was associated with
a decline in eGFR over a follow-up period of 11 years (i.e., each increment of +10 g/day
of total protein intake and nondairy animal protein intake was associated with an eGFR
decline of —7.72 and —1.21 mL/min per 1.73 m?, respectively) [64]. Existing clinical trial
data have also shown that partial replacement of animal protein with plant protein leads to
reductions in albuminuria [49,65,66]. Finally, a recent systematic review suggested that a
vegetarian diet improves renal filtration function in CKD patients [67].

5.2. Progression of ESKD

End-stage kidney disease (ESKD) necessitating long-term dialysis or kidney transplan-
tation is another highly relevant outcome with respect to studying the impact of vegetarian
diets on kidney health. There are mixed data, such that some studies have provided
evidence that vegetarian diets are associated with a lower risk of incident ESKD [68,69],
whereas others have not observed a nephroprotective relationship [70,71]. A report from
the Singapore Chinese Health Study showed the deleterious impact of high red meat intake
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on progression to ESKD, and it also showed that substituting one serving of red meat with
one serving of soy/legumes was associated with a lower risk of incident ESKD [69]. In
contrast, a meta-analysis showed no statistically significant association between healthy
dietary patterns (i.e., those higher in fruits and vegetables, fish, legumes, cereals, whole
grains, and fiber; and lower in red meat, salt, and refined sugars) and risk of ESKD, due to
the competing risk of death and the relatively small number of events [70]. Similarly, among
3972 people with CKD from the Reasons of Geographic and Racial Differences in Stroke
(REGARDS) study, there were no significant associations between dietary patterns and
the risk of incident ESKD in multivariable models adjusted for age, race, sex, geographic
region of residence, and caloric intake, nor in models further adjusted for socioeconomic
and lifestyle factors, comorbidities, and baseline kidney function [71]. One possible expla-
nation for the lack of a nephroprotective association between plant-based diets and ESKD
in these studies may relate to inadequate power due to the relatively modest number of
ESKD events.

6. Practical Application of Vegetarian Diets in CKD
6.1. Protein-Energy Wasting

People with CKD are more predisposed to malnutrition-wasting conditions, including
protein-energy wasting (PEW), which adversely impacts their health and survival [72]. The
prevalence of PEW is increasingly higher with incrementally lower levels of kidney func-
tion, and more than half of people treated with maintenance dialysis therapy may suffer
from this complication [73]. Thus, there has been concern about the potential nutritional
adequacy of vegetarian diets in people with CKD, particularly with respect to energy and
protein contents. However, a number of studies in experimental animal models [47,74,75]
and human studies [76] have shown that vegetarian diets are indeed nutritionally adequate
in CKD. For example, in a study of 239 people with advanced CKD, it was shown that
vegetarian diets with very low protein contents (dietary protein intake of 0.3 g/kg/day)
supplemented with keto analogues provided satisfactory nutritional status (i.e., BMI and
serum albumin levels remained stable over a mean duration of 29.6 months) [70]. Another
study of people with diabetes with elevated proteinuria levels demonstrated that consump-
tion of a predominantly vegetable-protein diet (dietary protein intake of 0.7 g/kg/day)
over eight weeks resulted in no considerable differences in body weight or triceps skinfold
thickness [77]. Moreover, among people with diabetes, transitioning from a diet with a
dietary protein intake of 1.0 to 1.3 g/kg/day to a vegan diet with a dietary protein intake of
0.7 g/kg/day was not associated with substantial changes in serum total protein or serum
albumin levels [78]. Moreover a randomized controlled trial recently compared 43 people
receiving a low-protein diet with soy protein (60% soy protein and 40% other vegetable
proteins) plus KAs vs. 42 people who received a conventional low-protein diet and found
that receipt of a low-protein diet with vegetable proteins and KAs was associated with a
slower loss of lean mass [79]. Hence, growing research shows that people with CKD who
consume vegetarian diets, including those on maintenance dialysis, are not at higher risk
of PEW, although further investigation in this area is needed [80].

6.2. Overall Nutritional Adequacy

While plant-based diets are generally considered to be healthier, there are concerns
as to whether these diets have adequate contents of nutrients that are typically found in
animal-based foods (Table 3). However, ensuring nutritional adequacy is an issue not only
in CKD populations consuming plant-based diets, but also in those consuming animal-
based diets; hence, it is important to provide optimal education, food fortification, and
adequate supplementation to achieve optimal nutritional /nutrient status among people
with CKD.
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Table 3. Common concerns/myths and existing evidence with respect to plant-based diets.

Topic Concern/Myth Evidence
° Dietary energy intake is similar across dietary patterns, and
Plant-based diets lack protein intake seems to be lower in people following

Nutritional adequacy

adequate contents of
nutrients largely found in
animal-based foods °

plant-based diets compared to those following animal-based
diets, but still well within the recommended intake levels [81]
There are nutrient inadequacies across all dietary patterns,
including plant-based diets and animal-based diets

Protein adequacy

Plant-based diets provide
inferior protein quantity
compared to
animal-based diets

Plant-based diets are not low-protein diets per se
Large-population-based data have not shown differences in
dietary protein intake across plant-based vs. animal-based
diets [82]

e  Although individual plant proteins (except for soy protein) have
insufficient levels of one or more indispensable amino acids,
consumption of different sources of plant proteins over the
course of the day can help to meet the requirements for
indispensable amino acids and allow them to be complete
proteins and provide health benefits [83]

Plant-based diets provide
inferior protein quality
compared to
animal-based diets

° There is a lower percentage of leucine in plant proteins (e.g., soy
protein: ~8%) than in animal proteins (e.g., whey protein: ~12%)
e  Muscle protein synthesis (MPS) [84]

Plant proteins are inferior O Soy protein promotes greater MPS at rest and

to animal proteins in terms post-exercise (vs. casein protein)

of lean body mass and O Soy protein promotes comparable MPS at rest and 20%
strength lower MPS post-exercise (vs. whey protein)

e  No differences between soy protein and animal proteins for
improvements in bench press strength, squat/leg press strength,
or lean body mass [85]

Hormonal abnormalities

Isoflavones from soy have
potential adverse effects
(e.g., thyroid dysfunction,

Concerns have been raised largely based on in vitro cell cultures
or rodent studies involving large doses of isoflavones
Studies have not observed adverse hormonal effects from

breast cancer) physiological amounts of soy foods in the diet [86]

Hyperkalemia

The occurrence of hyperkalemia is quite rare [87]

The majority of hyperkalemic episodes seem to be related to the
consumption of plant-based foods containing higher
bioavailable potassium contents (e.g., juices, sauces, or dried
fruits) compared with whole foods or unprocessed plant-based
foods [88]

Plant-based diets cause
hyperkalemia

Abbreviations: MPS, muscle protein synthesis.

In one systematic review [81], while dietary protein intake was lower in people
consuming plant-based diets compared to those consuming animal-based diets, the overall
dietary protein intake was well within the recommended intake levels for both groups, and
dietary energy intake was comparable among those receiving plant-based vs. animal-based
diets. Given that some nutrients are mainly present in and/or have greater bioavailability
in plant-based or animal-based foods, some dietary patterns may lead to favorable intake
of some nutrients yet inadequate intake of other nutrients. Plant-based diets typically have
higher fiber, total PUFA, «-linolenic acid (ALA), vitamin B1, vitamin B6, vitamin C, vitamin
E, folate, and magnesium contents, lower protein contents (albeit within recommended
levels), and potentially lower eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA),
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vitamin B12, vitamin D, calcium, iodine, iron (in women), and zinc contents. Taking
vitamin B12 supplements or foods fortified with vitamin B12 is essential for people at risk
of vitamin B12 deficiency, including those following vegan diets (owing to the absence
of this vitamin in plant-based sources [89]) and people with CKD, who have reduced
absorption of nutrients (age reduces absorption capacity), low intake of animal-based foods
in a low-protein diet, and prescribed medications that can compromise the assimilation of
vitamin B12 (e.g., proton-pump inhibitors and metformin) [90]. On the other hand, typical
animal-based diets have higher protein, niacin, vitamin B12, and zinc contents, yet they
may be inadequate with respect to fiber, total PUFA, ALA (in men), vitamin D, vitamin E,
folate, calcium, and magnesium contents. Dietary monounsaturated fatty acids (MUFAs)
can come from both plant-based and animal-based sources, but recent data have shown
that MUFAs from plant-based foods have favorable associations with respect to lower risk
of coronary heart disease [91] and mortality [92].

6.3. Protein Adequacy Overall and with Physical Activity

There has been a misconception that the nutritional quantity and quality of protein
from plant-based diets are inferior to those of protein from animal-based foods. However,
data from the general population do not support this impression. For example, landmark
data from a cross-sectional analysis of 71,751 participants from the Adventist-Health-
Study-2 showed that the median total protein intake did not differ among non-vegetarians
(~75 g/day) vs. vegetarians (i.e., lacto-ovo vegetarians and vegans) (~71 g/day) [82]. A
systematic review that included 141 observational and interventional studies, largely from
Europe, South/East Asia, and North America, reported that the average dietary protein
intake was lower in vegetarians and vegans compared to meat-eaters, but still within the
recommended levels across these groups [81].

High-quality or complete protein sources for humans are dependent on whether the
food contains adequate levels of indispensable amino acids to support human growth
and/or is readily digested and absorbed [93]. According to the amino acid scoring system,
which is currently the recommended method for evaluating dietary protein quality by the
Food and Agricultural Organization of the United Nations (FAO) and the U.S. National
Academy of Sciences, most animal proteins and soy proteins are generally considered to be
complete protein sources [93]. Although individual plant proteins (except for soy protein)
have insufficient levels of one or more indispensable amino acids, consumption of different
sources of plant proteins over the course of the day can help to meet the requirements for
indispensable amino acids, allowing them to be complete proteins and, hence, provide
health benefits [83].

The topics of leucine content and muscle protein synthesis (MPS) have become popular
in secular culture and among active individuals. Given the lower percentage of leucine in
plant-based proteins (e.g., soy protein: ~8%) vs. animal proteins (e.g., whey protein: ~12%),
there is a misconception that plant proteins are inferior to animal proteins with respect to
attaining optimal lean body mass and muscle strength. Contrary to this hypothesis, a study
examining differences in MPS at rest and following exercise followed by high-leucine/fast-
digesting (hydrolyzed whey isolate), lower-leucine/intermediate-digesting (soy isolate),
and high-leucine/slow-digesting (micellar casein) protein sources demonstrated that soy
protein outperformed casein both at rest and post-exercise [84]. Neither soy nor caseins pro-
moted greater post-exercise MPS than whey protein, and the post-exercise MPS fractional
synthetic rate (%/h) for soy was still about 80% of that of whey. Moreover, MPS at rest
after soy protein ingestion was similar to that after whey protein and higher than that after
casein protein. Although some resistance training studies (duration 12-36 weeks) among
young adults have reported better muscle mass and strength with fluid milk or whey
protein [94,95], a meta-analysis of nine resistance training studies (duration 6 to 36 weeks)
pooling together 266 participants, including both younger (18 to 38 years) and older (61
to 67 years) adults, showed no differences between soy protein and animal proteins with



Nutrients 2024, 16, 66

12 of 18

regards to improvements in bench press strength, squat/leg press strength, or lean body
mass outcomes [85].

In terms of the effect of plant-based protein intake on risk of sarcopenia—the loss of
skeletal muscle mass and physical function that occurs with advanced age—limited studies
among non-CKD [96] and CKD populations [97] have reported that higher consumption of
fruit and/or vegetables was correlated with a reduced risk of sarcopenia. Although these
data and the comparable muscle-related benefits of plant-based protein compared to animal-
based protein, as mentioned above, could mitigate concerns about developing sarcopenia
following plant-based diets in people with advanced CKD, future studies evaluating the
impact of plant-based diets vs. animal based-diets on muscle heath and sarcopenia, with
consideration of overall diet quality and sufficient energy intake, are needed.

6.4. Soy Protein and Isoflavones

Given that soy protein contains isoflavones, which are compounds with a similar
chemical structure to that of estrogen, it has been debated as to whether they provide health
benefits or potential adverse effects (e.g., thyroid dysfunction, breast cancer). However,
these concerns have largely stemmed from in vitro cell cultures or rodent studies involving
large doses of isoflavones, and multiple lines of research over the past decade have not
observed adverse hormonal effects from physiological amounts of soy foods in the diet [86].

6.5. Hyperkalemia

There has been a longstanding paradigm in the clinical management of CKD/ESKD
patients to avoid plant-based diets and/or fruits due to concerns regarding the risk of
hyperkalemia. In a case review of 27 people with underlying CKD, acute kidney injury,
or unspecified kidney disease, the majority of hyperkalemic episodes were related to the
consumption of plant-based foods with higher bioavailability of potassium (e.g., juices,
sauces, or dried fruits) vs. whole foods or unprocessed plant-based foods [88]. Similar
to the bioavailability of dietary phosphorus, potassium from unprocessed plant-based
foods has lower bioavailability than that of animal-based foods and processed foods. In a
crossover feeding trial of 11 healthy men and women, the bioavailability of potassium from
unprocessed fruits and vegetables was no more than 60% and lower than that of animal-
based foods and fruit juices [98]. Another crossover feeding trial including six volunteers
found that processed foods with potassium-containing additives resulted in 90 to 100%
potassium bioavailability [99]. A similarly high bioavailability of 50-60% was found in
a study of the DASH diet among 11 men and women with CKD over two weeks [32]. A
differential association of dietary potassium intake from plant-based and animal-based
diets with mortality risk was also found in the NHANES cohort. This study reported that,
compared with high dietary potassium intake from plant-based foods, participants with
low potassium intake from animal-based foods and pairings of low potassium intake with
high protein, low fiber, or high phosphorus consumption were each associated with a higher
mortality risk among 3172 participants with impaired kidney function [100]. One possible
reason for the lower bioavailability of potassium in plant-based foods may be the increased
intercellular potassium uptake induced by the insulin response to concomitant glucose,
as well as slower and attenuated rises in serum potassium levels due to high dietary fiber
content (Figure 3). Indeed, data from prospective observational and experimental studies,
along with cross-sectional analyses examining varying proportions of plant contents, show
that the occurrence of hyperkalemia is quite rare with plant-based diets (Figure 4) [87].
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Figure 3. Potential mechanisms contributing to the lower bioavailability of potassium from plant-
based foods. Abbreviations: K, potassium.
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Figure 4. Potential dietary factors related to the risk of hyperkalemia. Lower absolute dietary
potassium intake and/or having a diet with lower potassium bioavailability following consumption
of healthy plant-based diets composed of unprocessed plant-based foods could result in a reduced
risk of hyperkalemia. On the other hand, higher absolute dietary potassium intake and/or having
a diet with higher potassium bioavailability following consumption of animal-based foods and
processed foods could result in increased risk of hyperkalemia. Abbreviations: K, potassium.
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6.6. All-Cause Mortality

Growing data show that plant-based diets are associated with greater survival in
the general population, as well as in CKD patients. In an analysis of 1065 people with
eGFR < 60 mL/min/1.73 m? from the NHANES study, each 33% increase in the proportion
of plant protein to total protein intake was associated with a 23% lower mortality risk
after a mean follow-up of 8.4 years [101]. Another analysis of the NHANES cohort also
reported that higher total dietary protein intake of >1.4 g/kg actual body weight/day and
the highest two tertiles of protein intake from animal-based foods were associated with a
higher mortality risk among 1994 participants with impaired kidney function [102]. A study
of 3972 people with CKD from the REGARDS study observed independent associations
of southern and plant-based pattern scores with mortality risk after a mean 6.4 years of
follow-up [71]. These results are in agreement with a meta-analysis of studies including
15,285 adults with CKD from seven cohorts, which showed that healthy dietary patterns
(i.e., higher intake of fruit and vegetables, legumes, cereals, whole grains, and fiber) were
associated with a lower risk of death [70].

7. Conclusions

In summary, incorporating vegetarian and plant-based diets using a personalized
approach in the clinical management of CKD/ESKD not only provides health benefits to
people with kidney disease, but also has the potential to maintain their nutritional status at
optimal levels while avoiding the risk of PEW.

Author Contributions: Conceptualization, YN., KK.-Z., CM.R., G.B. and D.Z.; Writing—Original
Draft Preparation, Y.N.; Writing—Review and Editing, Supervision, CM.R., KK.-Z., G.B. and D.Z;;
Project Administration, D.Z. and G.B.; Funding Acquisition, D.Z. and G.B. All authors have read and
agreed to the published version of the manuscript.

Funding: The authors are supported by research grants from the NIH/NIDDK: R01-DK122767
(C.M.R.), R01-DK124138 (C.M.R., K.K.-Z.), R01-DK132869 (C.M.R., K.K.-Z.), R01-DK132875 (K.K.-Z.,
C.M.R.), and the Japan Society for the Promotion of Science Overseas Research Fellowship (Y.N.).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

1. Medawar, E.; Huhn, S.; Villringer, A.; Veronica Witte, A. The effects of plant-based diets on the body and the brain: A systematic
review. Transl. Psychiatry 2019, 9, 226. [CrossRef] [PubMed]

2. Satija, A.; Bhupathiraju, S.N.; Rimm, E.B.; Spiegelman, D.; Chiuve, S.E.; Borgi, L.; Willett, W.C.; Manson, J.E.; Sun, Q.; Hu, EB.
Plant-Based Dietary Patterns and Incidence of Type 2 Diabetes in US Men and Women: Results from Three Prospective Cohort
Studies. PLoS Med. 2016, 13, €1002039. [CrossRef] [PubMed]

3.  Satija, A.; Bhupathiraju, S.N.; Spiegelman, D.; Chiuve, S.E.; Manson, ].E.; Willett, W.; Rexrode, K.M.; Rimm, E.B.; Hu, EB.
Healthful and Unhealthful Plant-Based Diets and the Risk of Coronary Heart Disease in U.S. Adults. J. Am. Coll. Cardiol. 2017, 70,
411-422. [CrossRef] [PubMed]

4. Baden, M.Y;; Liu, G,; Satija, A.; Li, Y.; Sun, Q.; Fung, T.T.; Rimm, E.B.; Willett, W.C.; Hu, E.B.; Bhupathiraju, S.N. Changes in
Plant-Based Diet Quality and Total and Cause-Specific Mortality. Circulation 2019, 140, 979-991. [CrossRef] [PubMed]

5. Bellizzi, V,; Cupisti, A.; Locatelli, F.; Bolasco, P.; Brunori, G.; Cancarini, G.; Caria, S.; De Nicola, L.; Di Iorio, B.R.; Di Micco, L.; et al.
Low-protein diets for chronic kidney disease patients: The Italian experience. BMC Nephrol. 2016, 17, 77. [CrossRef] [PubMed]

6. Garneata, L.; Stancu, A.; Dragomir, D.; Stefan, G.; Mircescu, G. Ketoanalogue-Supplemented Vegetarian Very Low-Protein Diet
and CKD Progression. J. Am. Soc. Nephrol. 2016, 27, 2164-2176. [CrossRef] [PubMed]

7. Kalantar-Zadeh, K.; Joshi, S.; Schlueter, R.; Cooke, J.; Brown-Tortorici, A.; Donnelly, M.; Schulman, S.; Lau, W.L.; Rhee, C.M,;
Streja, E.; et al. Plant-Dominant Low-Protein Diet for Conservative Management of Chronic Kidney Disease. Nutrients 2020,
12,1931. [CrossRef] [PubMed]


https://doi.org/10.1038/s41398-019-0552-0
https://www.ncbi.nlm.nih.gov/pubmed/31515473
https://doi.org/10.1371/journal.pmed.1002039
https://www.ncbi.nlm.nih.gov/pubmed/27299701
https://doi.org/10.1016/j.jacc.2017.05.047
https://www.ncbi.nlm.nih.gov/pubmed/28728684
https://doi.org/10.1161/CIRCULATIONAHA.119.041014
https://www.ncbi.nlm.nih.gov/pubmed/31401846
https://doi.org/10.1186/s12882-016-0280-0
https://www.ncbi.nlm.nih.gov/pubmed/27401096
https://doi.org/10.1681/ASN.2015040369
https://www.ncbi.nlm.nih.gov/pubmed/26823552
https://doi.org/10.3390/nu12071931
https://www.ncbi.nlm.nih.gov/pubmed/32610641

Nutrients 2024, 16, 66 15 of 18

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Kalantar-Zadeh, K.; Rhee, C.M.; Joshi, S.; Brown-Tortorici, A.; Kramer, H.M. Medical nutrition therapy using plant-focused
low-protein meal plans for management of chronic kidney disease in diabetes. Curr. Opin. Nephrol. Hypertens. 2022, 31, 26-35.
[CrossRef]

Reyes-Lopez, M.A; Piccoli, G.B.; Leone, F; Orozco-Guillén, A.; Perichart-Perera, O. Nutrition care for chronic kidney disease
during pregnancy: An updated review. Eur. J. Clin. Nutr. 2020, 74, 983-990. [CrossRef]

Piccoli, G.B.; Vigotti, EN.; Leone, F.; Capizzi, I.; Daidola, G.; Cabiddu, G.; Avagnina, P. Low-protein diets in CKD: How can we
achieve them? A narrative, pragmatic review. Clin. Kidney ]. 2015, 8, 61-70. [CrossRef]

Gluba-Brzoézka, A.; Franczyk, B.; Rysz, J. Vegetarian Diet in Chronic Kidney Disease-A Friend or Foe. Nutrients 2017, 9, 374.
[CrossRef]

Foundation, N.K. Plant-Based Diet or Vegetarian Diet—What is the Difference? Available online: https://www.kidney.org/atoz/
content/plant-based-diet-or-vegetarian-diet-difference (accessed on 13 December 2023).

Ku, E.; Lee, B.J.; Wei, J.; Weir, M.R. Hypertension in CKD: Core Curriculum 2019. Am. ]. Kidney Dis. 2019, 74, 120-131. [CrossRef]
[PubMed]

Rouse, I.L.; Beilin, L.J.; Armstrong, B.K.; Vandongen, R. Blood-pressure-lowering effect of a vegetarian diet: Controlled trial in
normotensive subjects. Lancet 1983, 1, 5-10. [CrossRef] [PubMed]

Margetts, B.M.; Beilin, L.J.; Vandongen, R.; Armstrong, B.K. Vegetarian diet in mild hypertension: A randomised controlled trial.
Br. Med. J. (Clin. Res. Ed.) 1986, 293, 1468-1471. [CrossRef] [PubMed]

Appel, L].; Moore, T.J.; Obarzanek, E.; Vollmer, WM.; Svetkey, L.P,; Sacks, EM.; Bray, G.A.; Vogt, TM.; Cutler, ].A.; Windhauser,
M.M,; et al. A clinical trial of the effects of dietary patterns on blood pressure. DASH Collaborative Research Group. N. Engl. J.
Med. 1997, 336, 1117-1124. [CrossRef] [PubMed]

Yokoyama, Y.; Nishimura, K.; Barnard, N.D.; Takegami, M.; Watanabe, M.; Sekikawa, A.; Okamura, T.; Miyamoto, Y. Vegetarian
diets and blood pressure: A meta-analysis. JAMA Intern. Med. 2014, 174, 577-587. [CrossRef] [PubMed]

Tonstad, S.; Butler, T.; Yan, R.; Fraser, G.E. Type of vegetarian diet, body weight, and prevalence of type 2 diabetes. Diabetes Care
2009, 32, 791-796. [CrossRef] [PubMed]

Qian, F; Liu, G.; Hu, FB.; Bhupathiraju, S.N.; Sun, Q. Association Between Plant-Based Dietary Patterns and Risk of Type 2
Diabetes: A Systematic Review and Meta-analysis. JAMA Intern. Med. 2019, 179, 1335-1344. [CrossRef]

Kahleova, H.; Tura, A.; Hill, M.; Holubkov, R.; Barnard, N.D. A Plant-Based Dietary Intervention Improves Beta-Cell Function
and Insulin Resistance in Overweight Adults: A 16-Week Randomized Clinical Trial. Nutrients 2018, 10, 189. [CrossRef]
Kahleova, H.; Matoulek, M.; Malinska, H.; Oliyarnik, O.; Kazdova, L.; Neskudla, T.; Skoch, A.; Hajek, M.; Hill, M.; Kahle, M.; et al.
Vegetarian diet improves insulin resistance and oxidative stress markers more than conventional diet in subjects with Type 2
diabetes. Diabet. Med. A J. Br. Diabet. Assoc. 2011, 28, 549-559. [CrossRef]

Huang, R.Y.; Huang, C.C.; Hu, EB.; Chavarro, ].E. Vegetarian Diets and Weight Reduction: A Meta-Analysis of Randomized
Controlled Trials. . Gen. Intern. Med. 2016, 31, 109-116. [CrossRef] [PubMed]

Mozaffarian, D.; Hao, T.; Rimm, E.B.; Willett, W.C.; Hu, EB. Changes in diet and lifestyle and long-term weight gain in women
and men. N. Engl. . Med. 2011, 364, 2392-2404. [CrossRef] [PubMed]

Smith, J.D.; Hou, T.; Ludwig, D.S.; Rimm, E.B.; Willett, W.; Hu, F.B.; Mozaffarian, D. Changes in intake of protein foods,
carbohydrate amount and quality, and long-term weight change: Results from 3 prospective cohorts. Am. J. Clin. Nutr. 2015, 101,
1216-1224. [CrossRef] [PubMed]

Baden, M.Y,; Satija, A.; Hu, F.B.; Huang, T. Change in Plant-Based Diet Quality Is Associated with Changes in Plasma Adiposity-
Associated Biomarker Concentrations in Women. J. Nutr. 2019, 149, 676-686. [CrossRef] [PubMed]

Eichelmann, F.; Schwingshackl, L.; Fedirko, V.; Aleksandrova, K. Effect of plant-based diets on obesity-related inflammatory
profiles: A systematic review and meta-analysis of intervention trials. Obes. Rev. 2016, 17, 1067-1079. [CrossRef]

Bowman, S.A. A Vegetarian-Style Dietary Pattern Is Associated with Lower Energy, Saturated Fat, and Sodium Intakes; and
Higher Whole Grains, Legumes, Nuts, and Soy Intakes by Adults: National Health and Nutrition Examination Surveys 2013-2016.
Nutrients 2020, 12, 2668. [CrossRef]

McMahon, E.J.; Campbell, K.L.; Bauer, ].D.; Mudge, D.W.; Kelly, ].T. Altered dietary salt intake for people with chronic kidney
disease. Cochrane Database Syst. Rev. 2021, 6, Cd010070. [CrossRef]

Garofalo, C.; Borrelli, S.; Provenzano, M.; De Stefano, T.; Vita, C.; Chiodini, P.; Minutolo, R.; De Nicola, L.; Conte, G. Dietary Salt
Restriction in Chronic Kidney Disease: A Meta-Analysis of Randomized Clinical Trials. Nutrients 2018, 10, 732. [CrossRef]

Shi, H.; Su, X; Li, C.; Guo, W.; Wang, L. Effect of a low-salt diet on chronic kidney disease outcomes: A systematic review and
meta-analysis. BM] Open 2022, 12, e050843. [CrossRef]

Wang, W.; Soltero, L.; Zhang, P.; Huang, X.R.; Lan, H.Y.; Adrogue, H.J. Renal inflammation is modulated by potassium in chronic
kidney disease: Possible role of Smad?7. Am. J. Physiol. Ren. Physiol. 2007, 293, F1123-F1130. [CrossRef]

Tyson, C.C.; Lin, PH.; Corsino, L.; Batch, B.C.; Allen, J.; Sapp, S.; Barnhart, H.; Nwankwo, C.; Burroughs, J.; Svetkey, L.P.
Short-term effects of the DASH diet in adults with moderate chronic kidney disease: A pilot feeding study. Clin. Kidney J. 2016, 9,
592-598. [CrossRef] [PubMed]

Goraya, N.; Simoni, J.; Jo, C.H.; Wesson, D.E. A comparison of treating metabolic acidosis in CKD stage 4 hypertensive kidney
disease with fruits and vegetables or sodium bicarbonate. Clin. J. Am. Soc. Nephrol. 2013, 8, 371-381. [CrossRef] [PubMed]


https://doi.org/10.1097/MNH.0000000000000761
https://doi.org/10.1038/s41430-019-0550-6
https://doi.org/10.1093/ckj/sfu125
https://doi.org/10.3390/nu9040374
https://www.kidney.org/atoz/content/plant-based-diet-or-vegetarian-diet-difference
https://www.kidney.org/atoz/content/plant-based-diet-or-vegetarian-diet-difference
https://doi.org/10.1053/j.ajkd.2018.12.044
https://www.ncbi.nlm.nih.gov/pubmed/30898362
https://doi.org/10.1016/S0140-6736(83)91557-X
https://www.ncbi.nlm.nih.gov/pubmed/6129380
https://doi.org/10.1136/bmj.293.6560.1468
https://www.ncbi.nlm.nih.gov/pubmed/3026552
https://doi.org/10.1056/NEJM199704173361601
https://www.ncbi.nlm.nih.gov/pubmed/9099655
https://doi.org/10.1001/jamainternmed.2013.14547
https://www.ncbi.nlm.nih.gov/pubmed/24566947
https://doi.org/10.2337/dc08-1886
https://www.ncbi.nlm.nih.gov/pubmed/19351712
https://doi.org/10.1001/jamainternmed.2019.2195
https://doi.org/10.3390/nu10020189
https://doi.org/10.1111/j.1464-5491.2010.03209.x
https://doi.org/10.1007/s11606-015-3390-7
https://www.ncbi.nlm.nih.gov/pubmed/26138004
https://doi.org/10.1056/NEJMoa1014296
https://www.ncbi.nlm.nih.gov/pubmed/21696306
https://doi.org/10.3945/ajcn.114.100867
https://www.ncbi.nlm.nih.gov/pubmed/25854882
https://doi.org/10.1093/jn/nxy301
https://www.ncbi.nlm.nih.gov/pubmed/30927000
https://doi.org/10.1111/obr.12439
https://doi.org/10.3390/nu12092668
https://doi.org/10.1002/14651858.CD010070.pub2
https://doi.org/10.3390/nu10060732
https://doi.org/10.1136/bmjopen-2021-050843
https://doi.org/10.1152/ajprenal.00104.2007
https://doi.org/10.1093/ckj/sfw046
https://www.ncbi.nlm.nih.gov/pubmed/27478603
https://doi.org/10.2215/CJN.02430312
https://www.ncbi.nlm.nih.gov/pubmed/23393104

Nutrients 2024, 16, 66 16 of 18

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Goraya, N.; Simoni, J.; Jo, C.H.; Wesson, D.E. Treatment of metabolic acidosis in patients with stage 3 chronic kidney disease with
fruits and vegetables or oral bicarbonate reduces urine angiotensinogen and preserves glomerular filtration rate. Kidney Int. 2014,
86,1031-1038. [CrossRef] [PubMed]

Turban, S.; Juraschek, S.P,; Miller, E.R., 3rd; Anderson, C.A.M.; White, K.; Charleston, J.; Appel, L.J. Randomized Trial on the
Effects of Dietary Potassium on Blood Pressure and Serum Potassium Levels in Adults with Chronic Kidney Disease. Nutrients
2021, 13, 2678. [CrossRef] [PubMed]

Ikizler, T.A.; Burrowes, ].D.; Byham-Gray, L.D.; Campbell, K.L.; Carrero, ].J.; Chan, W.; Fouque, D.; Friedman, A.N.; Ghaddar, S.;
Goldstein-Fuchs, D.J.; et al. KDOQI Clinical Practice Guideline for Nutrition in CKD: 2020 Update. Am. J. Kidney Dis. 2020, 76,
S1-5107. [CrossRef] [PubMed]

Sanchez-Muniz, E]J. Dietary fibre and cardiovascular health. Nutr. Hosp. 2012, 27, 31-45. [CrossRef] [PubMed]

Tuttle, K.R.; Bakris, G.L.; Bilous, RW.; Chiang, J.L.; de Boer, I.H.; Goldstein-Fuchs, J.; Hirsch, I.B.; Kalantar-Zadeh, K.; Narva,
A.S.; Navaneethan, S.D.; et al. Diabetic kidney disease: A report from an ADA Consensus Conference. Diabetes Care 2014, 37,
2864-2883. [CrossRef]

Trautwein, E.A.; McKay, S. The Role of Specific Components of a Plant-Based Diet in Management of Dyslipidemia and the
Impact on Cardiovascular Risk. Nutrients 2020, 12, 2671. [CrossRef]

Montemurno, E.; Cosola, C.; Dalfino, G.; Daidone, G.; De Angelis, M.; Gobbetti, M.; Gesualdo, L. What would you like to eat, Mr
CKD Microbiota? A Mediterranean Diet, please! Kidney Blood Press. Res. 2014, 39, 114-123. [CrossRef]

Altorf-van der Kuil, W.; Engberink, M.E; Brink, E.J.; van Baak, M. A.; Bakker, S.J.; Navis, G.; van’t Veer, P; Geleijnse, ].M. Dietary
protein and blood pressure: A systematic review. PLoS ONE 2010, 5, e12102. [CrossRef]

Tielemans, S.M.; Altorf-van der Kuil, W.; Engberink, M.E; Brink, E.J.; van Baak, M.A.; Bakker, S.J.; Geleijnse, ].M. Intake of total
protein, plant protein and animal protein in relation to blood pressure: A meta-analysis of observational and intervention studies.
J. Hum. Hypertens. 2013, 27, 564-571. [CrossRef] [PubMed]

Montalcini, T.; De Bonis, D.; Ferro, Y.; Care, I.; Mazza, E.; Accattato, F.; Greco, M.; Foti, D.; Romeo, S.; Gulletta, E.; et al. High
Vegetable Fats Intake Is Associated with High Resting Energy Expenditure in Vegetarians. Nutrients 2015, 7, 5933-5947. [CrossRef]
[PubMed]

Narasaki, Y.; Rhee, C.M. Dietary Therapy for Managing Hyperphosphatemia. Clin. ]. Am. Soc. Nephrol. 2020, 16, 9-11. [CrossRef]
[PubMed]

Kalantar-Zadeh, K.; Gutekunst, L.; Mehrotra, R.; Kovesdy, C.P; Bross, R.; Shinaberger, C.S.; Noori, N.; Hirschberg, R.; Benner, D.;
Nissenson, A.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. [CrossRef] [PubMed]

Narasaki, Y.; Yamasaki, M.; Matsuura, S.; Morinishi, M.; Nakagawa, T.; Matsuno, M.; Katsumoto, M.; Nii, S.; Fushitani, Y.;
Sugihara, K.; et al. Phosphatemic Index Is a Novel Evaluation Tool for Dietary Phosphorus Load: A Whole-Foods Approach. J.
Ren. Nutr. 2020, 30, 493-502. [CrossRef]

Moe, S.M.; Chen, N.X; Seifert, M.E; Sinders, R.M.; Duan, D.; Chen, X,; Liang, Y.; Radcliff, ].S.; White, K.E.; Gattone, VH., 2nd. A
rat model of chronic kidney disease-mineral bone disorder. Kidney Int. 2009, 75, 176-184. [CrossRef]

Moe, S.M.; Zidehsarai, M.P.; Chambers, M.A_; Jackman, L.A.; Radcliffe, J.S.; Trevino, L.L.; Donahue, S.E.; Asplin, J.R. Vegetarian
compared with meat dietary protein source and phosphorus homeostasis in chronic kidney disease. Clin. J. Am. Soc. Nephrol.
2011, 6, 257-264. [CrossRef]

Azadbakht, L.; Esmaillzadeh, A. Soy-protein consumption and kidney-related biomarkers among type 2 diabetics: A crossover,
randomized clinical trial. . Ren. Nutr. 2009, 19, 479-486. [CrossRef]

Cases, A.; Cigarran-Guldris, S.; Mas, S.; Gonzalez-Parra, E. Vegetable-Based Diets for Chronic Kidney Disease? It Is Time to
Reconsider. Nutrients 2019, 11, 1263. [CrossRef]

Koppe, L.; Fouque, D.; Soulage, C.O. The Role of Gut Microbiota and Diet on Uremic Retention Solutes Production in the Context
of Chronic Kidney Disease. Toxins 2018, 10, 155. [CrossRef]

Marzocco, S.; Dal Piaz, F.; Di Micco, L.; Torraca, S.; Sirico, M.L.; Tartaglia, D.; Autore, G.; Di Iorio, B. Very low protein diet reduces
indoxyl sulfate levels in chronic kidney disease. Blood Purif. 2013, 35, 196-201. [CrossRef] [PubMed]

Sirich, T.L.; Plummer, N.S.; Gardner, C.D.; Hostetter, T.H.; Meyer, T.W. Effect of increasing dietary fiber on plasma levels of
colon-derived solutes in hemodialysis patients. Clin. ]. Am. Soc. Nephrol. 2014, 9, 1603-1610. [CrossRef] [PubMed]
Krishnamurthy, VM.R.; Wei, G.; Baird, B.C.; Murtaugh, M.; Chonchol, M.B.; Raphael, K.L.; Greene, T.; Beddhu, S. High dietary
fiber intake is associated with decreased inflammation and all-cause mortality in patients with chronic kidney disease. Kidney Int.
2012, 81, 300-306. [CrossRef] [PubMed]

Vaziri, N.D,; Liu, S.M.; Lau, W.L.; Khazaeli, M.; Nazertehrani, S.; Farzaneh, S.H.; Kieffer, D.A.; Adams, S.H.; Martin, R.J. High
amylose resistant starch diet ameliorates oxidative stress, inflammation, and progression of chronic kidney disease. PLoS ONE
2014, 9, €114881. [CrossRef] [PubMed]

Dahl, W.J.; Stewart, M.L. Position of the Academy of Nutrition and Dietetics: Health Implications of Dietary Fiber. . Acad. Nutr.
Diet. 2015, 115, 1861-1870. [CrossRef] [PubMed]

Dhingra, D.; Michael, M.; Rajput, H.; Patil, R.T. Dietary fibre in foods: A review. . Food Sci. Technol. 2012, 49, 255-266. [CrossRef]
[PubMed]


https://doi.org/10.1038/ki.2014.83
https://www.ncbi.nlm.nih.gov/pubmed/24694986
https://doi.org/10.3390/nu13082678
https://www.ncbi.nlm.nih.gov/pubmed/34444838
https://doi.org/10.1053/j.ajkd.2020.05.006
https://www.ncbi.nlm.nih.gov/pubmed/32829751
https://doi.org/10.1590/s0212-16112012000100005
https://www.ncbi.nlm.nih.gov/pubmed/22566302
https://doi.org/10.2337/dc14-1296
https://doi.org/10.3390/nu12092671
https://doi.org/10.1159/000355785
https://doi.org/10.1371/journal.pone.0012102
https://doi.org/10.1038/jhh.2013.16
https://www.ncbi.nlm.nih.gov/pubmed/23514841
https://doi.org/10.3390/nu7075259
https://www.ncbi.nlm.nih.gov/pubmed/26193314
https://doi.org/10.2215/CJN.18171120
https://www.ncbi.nlm.nih.gov/pubmed/33380472
https://doi.org/10.2215/CJN.06080809
https://www.ncbi.nlm.nih.gov/pubmed/20093346
https://doi.org/10.1053/j.jrn.2020.02.005
https://doi.org/10.1038/ki.2008.456
https://doi.org/10.2215/CJN.05040610
https://doi.org/10.1053/j.jrn.2009.06.002
https://doi.org/10.3390/nu11061263
https://doi.org/10.3390/toxins10040155
https://doi.org/10.1159/000346628
https://www.ncbi.nlm.nih.gov/pubmed/23485887
https://doi.org/10.2215/CJN.00490114
https://www.ncbi.nlm.nih.gov/pubmed/25147155
https://doi.org/10.1038/ki.2011.355
https://www.ncbi.nlm.nih.gov/pubmed/22012132
https://doi.org/10.1371/journal.pone.0114881
https://www.ncbi.nlm.nih.gov/pubmed/25490712
https://doi.org/10.1016/j.jand.2015.09.003
https://www.ncbi.nlm.nih.gov/pubmed/26514720
https://doi.org/10.1007/s13197-011-0365-5
https://www.ncbi.nlm.nih.gov/pubmed/23729846

Nutrients 2024, 16, 66 17 of 18

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Veronese, N.; Solmi, M.; Caruso, M.G.; Giannelli, G.; Osella, A.R.; Evangelou, E.; Maggi, S.; Fontana, L.; Stubbs, B.; Tzoulaki, L
Dietary fiber and health outcomes: An umbrella review of systematic reviews and meta-analyses. Am. J. Clin. Nutr. 2018, 107,
436-444. [CrossRef]

Xiong, R.G.; Zhou, D.D.; Wu, S.X.; Huang, S.Y.; Saimaiti, A.; Yang, Z.].; Shang, A.; Zhao, C.N.; Gan, R.Y,; Li, H.B. Health Benefits
and Side Effects of Short-Chain Fatty Acids. Foods 2022, 11, 2863. [CrossRef]

de Brito-Ashurst, I.; Varagunam, M.; Raftery, M.].; Yaqoob, M.M. Bicarbonate supplementation slows progression of CKD and
improves nutritional status. J. Am. Soc. Nephrol. 2009, 20, 2075-2084. [CrossRef]

Yuzbashian, E.; Asghari, G.; Mirmiran, P.; Hosseini, ES.; Azizi, F. Associations of dietary macronutrients with glomerular filtration
rate and kidney dysfunction: Tehran lipid and glucose study. ]. Nephrol. 2015, 28, 173-180. [CrossRef]

Nettleton, J.A.; Steffen, L.M.; Palmas, W.; Burke, G.L.; Jacobs, D.R., Jr. Associations between microalbuminuria and animal foods,
plant foods, and dietary patterns in the Multiethnic Study of Atherosclerosis. Am. J. Clin. Nutr. 2008, 87, 1825-1836. [CrossRef]
[PubMed]

Haring, B.; Selvin, E.; Liang, M.; Coresh, J.; Grams, M.E.; Petruski-Ivleva, N.; Steffen, L.M.; Rebholz, C.M. 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. [CrossRef] [PubMed]

Knight, E.L.; Stampfer, M.].; Hankinson, S.E.; Spiegelman, D.; Curhan, G.C. 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. [CrossRef]
[PubMed]

Teixeira, S.R.; Tappenden, K.A.; Carson, L.; Jones, R.; Prabhudesai, M.; Marshall, W.P.; Erdman, J.W.,, Jr. Isolated soy protein
consumption reduces urinary albumin excretion and improves the serum lipid profile in men with type 2 diabetes mellitus and
nephropathy. . Nutr. 2004, 134, 1874-1880. [CrossRef] [PubMed]

Azadbakht, L.; Atabak, S.; Esmaillzadeh, A. Soy protein intake, cardiorenal indices, and C-reactive protein in type 2 diabetes with
nephropathy: A longitudinal randomized clinical trial. Diabetes Care 2008, 31, 648-654. [CrossRef] [PubMed]

Swiatek, L..; Jeske, ].; Miedziaszczyk, M.; Idasiak-Piechocka, I. The impact of a vegetarian diet on chronic kidney disease (CKD)
progression—A systematic review. BMC Nephrol. 2023, 24, 168. [CrossRef]

Kelly, ].T.; Carrero, ].J. Dietary Sources of Protein and Chronic Kidney Disease Progression: The Proof May Be in the Pattern. J.
Ren. Nutr. 2017, 27, 221-224. [CrossRef] [PubMed]

Lew, Q.-L.J.; Jafar, T.H.; Koh, HW.L.; Jin, A.; Chow, K.Y.; Yuan, J.-M.; Koh, W.-P. Red meat intake and risk of ESRD. J. Am. Soc.
Nephrol. 2017, 28, 304-312. [CrossRef]

Kelly, ].T.; Palmer, S.C.; Wai, S.N.; Ruospo, M.; Carrero, J.J.; Campbell, K.L.; Strippoli, G.F. Healthy Dietary Patterns and Risk of
Mortality and ESRD in CKD: A Meta-Analysis of Cohort Studies. Clin. J. Am. Soc. Nephrol. 2017, 12, 272-279. [CrossRef]
Gutiérrez, O.M.; Muntner, P; Rizk, D.V.,; McClellan, W.M.; Warnock, D.G.; Newby, PK.; Judd, S.E. Dietary patterns and risk of
death and progression to ESRD in individuals with CKD: A cohort study. Am. ]. Kidney Dis. 2014, 64, 204-213. [CrossRef]
Kalantar-Zadeh, K; Ikizler, T.A ; Block, G.; Avram, M.M.; Kopple, ].D. Malnutrition-inflammation complex syndrome in dialysis
patients: Causes and consequences. Am. J. Kidney Dis. 2003, 42, 864-881. [CrossRef] [PubMed]

Levey, A.S.; Coresh, J.; Bolton, K.; Culleton, B.; Harvey, K.S,; Ikizler, T.A.; Johnson, C.A.; Kausz, A.; Kimmel, P.L.; Kusek, J.
K/DOQI clinical practice guidelines for chronic kidney disease: Evaluation, classification, and stratification. Am. J. Kidney Dis.
2002, 39, S1-5266.

Ogborn, M.R.; Bankovic-Calic, N.; Shoesmith, C.; Buist, R.; Peeling, J. Soy protein modification of rat polycystic kidney disease.
Am. ]. Physiol. 1998, 274, F541-F549. [CrossRef] [PubMed]

Trujillo, J.; Ramirez, V.; Pérez, ].; Torre-Villalvazo, L; Torres, N.; Tovar, A.R.; Mufioz, RM.; Uribe, N.; Gamba, G.; Bobadilla, N.A.
Renal protection by a soy diet in obese Zucker rats is associated with restoration of nitric oxide generation. Am. J. Physiol. Ren.
Physiol. 2005, 288, F108-F116. [CrossRef] [PubMed]

Mitch, W.E.; Remuzzi, G. Diets for patients with chronic kidney disease, should we reconsider? BMC Nephrol. 2016, 17, 80.
[CrossRef] [PubMed]

Jibani, M.M.; Bloodworth, L.L.; Foden, E.; Griffiths, K.D.; Galpin, O.P. Predominantly vegetarian diet in patients with incipient
and early clinical diabetic nephropathy: Effects on albumin excretion rate and nutritional status. Diabet. Med. A |. Br. Diabet.
Assoc. 1991, 8, 949-953. [CrossRef] [PubMed]

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, 390-394. [CrossRef]

Milovanova, L.Y.; Volkov, A.V.; Milovanova, S.Y.; Taranova, M.V.; Nezhdanov, K.S. Soy Protein as a Part of a Low-protein Diet is a
New Direction in Cardio- and Nephroprotection in Patients With 3b-4 Stages of Chronic kidney Disease. . Ren. Nutr. 2023, 33,
435-442. [CrossRef]

Wu, T.T.; Chang, C.Y.; Hsu, WM.; Wang, L.K,; Hsu, C.H.; Cheng, S.H.; Liang, C.C.; Chang, C.T.; Huang, C.C. Nutritional status of
vegetarians on maintenance haemodialysis. Nephrology 2011, 16, 582-587. [CrossRef]

Neufingerl, N.; Eilander, A. Nutrient Intake and Status in Adults Consuming Plant-Based Diets Compared to Meat-Eaters: A
Systematic Review. Nutrients 2021, 14, 29. [CrossRef]

Rizzo, N.S.; Jaceldo-Siegl, K.; Sabate, J.; Fraser, G.E. Nutrient profiles of vegetarian and nonvegetarian dietary patterns. J. Acad.
Nutr. Diet. 2013, 113, 1610-1619. [CrossRef] [PubMed]


https://doi.org/10.1093/ajcn/nqx082
https://doi.org/10.3390/foods11182863
https://doi.org/10.1681/ASN.2008111205
https://doi.org/10.1007/s40620-014-0095-7
https://doi.org/10.1093/ajcn/87.6.1825
https://www.ncbi.nlm.nih.gov/pubmed/18541574
https://doi.org/10.1053/j.jrn.2016.11.004
https://www.ncbi.nlm.nih.gov/pubmed/28065493
https://doi.org/10.7326/0003-4819-138-6-200303180-00009
https://www.ncbi.nlm.nih.gov/pubmed/12639078
https://doi.org/10.1093/jn/134.8.1874
https://www.ncbi.nlm.nih.gov/pubmed/15284369
https://doi.org/10.2337/dc07-2065
https://www.ncbi.nlm.nih.gov/pubmed/18184902
https://doi.org/10.1186/s12882-023-03233-y
https://doi.org/10.1053/j.jrn.2017.04.001
https://www.ncbi.nlm.nih.gov/pubmed/28549571
https://doi.org/10.1681/ASN.2016030248
https://doi.org/10.2215/CJN.06190616
https://doi.org/10.1053/j.ajkd.2014.02.013
https://doi.org/10.1016/j.ajkd.2003.07.016
https://www.ncbi.nlm.nih.gov/pubmed/14582032
https://doi.org/10.1152/ajprenal.1998.274.3.F541
https://www.ncbi.nlm.nih.gov/pubmed/9530270
https://doi.org/10.1152/ajprenal.00077.2004
https://www.ncbi.nlm.nih.gov/pubmed/15328066
https://doi.org/10.1186/s12882-016-0283-x
https://www.ncbi.nlm.nih.gov/pubmed/27401192
https://doi.org/10.1111/j.1464-5491.1991.tb01535.x
https://www.ncbi.nlm.nih.gov/pubmed/1838047
https://doi.org/10.1159/000189341
https://doi.org/10.1053/j.jrn.2022.10.008
https://doi.org/10.1111/j.1440-1797.2011.01464.x
https://doi.org/10.3390/nu14010029
https://doi.org/10.1016/j.jand.2013.06.349
https://www.ncbi.nlm.nih.gov/pubmed/23988511

Nutrients 2024, 16, 66 18 of 18

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Young, V.R; Pellett, PL. Plant proteins in relation to human protein and amino acid nutrition. Am. J. Clin. Nutr. 1994, 59,
1203s-1212s. [CrossRef] [PubMed]

Tang, J.E.; Moore, D.R.; Kujbida, G.W.; Tarnopolsky, M.A.; Phillips, S.M. Ingestion of whey hydrolysate, casein, or soy protein
isolate: Effects on mixed muscle protein synthesis at rest and following resistance exercise in young men. J. Appl. Physiol. 2009,
107,987-992. [CrossRef] [PubMed]

Messina, M.; Lynch, H.; Dickinson, ].M.; Reed, K.E. No Difference Between the Effects of Supplementing With Soy Protein Versus
Animal Protein on Gains in Muscle Mass and Strength in Response to Resistance Exercise. Int. J. Sport. Nutr. Exerc. Metab. 2018,
28, 674—685. [CrossRef] [PubMed]

Additives, E.P.o.F.; Food, N.S.a.t. Risk assessment for peri-and post-menopausal women taking food supplements containing
isolated isoflavones. EFSA J. 2015, 13, 4246.

Joshi, S.; McMacken, M.; Kalantar-Zadeh, K. Plant-Based Diets for Kidney Disease: A Guide for Clinicians. Am. . Kidney Dis.
2021, 77, 287-296. [CrossRef]

Te Dorsthorst, R.PM.; Hendrikse, J.; Vervoorn, M.T.; van Weperen, V.Y.H.; van der Heyden, M.A.G. Review of case reports on
hyperkalemia induced by dietary intake: Not restricted to chronic kidney disease patients. Eur. J. Clin. Nutr. 2019, 73, 38-45.
[CrossRef]

Melina, V.; Craig, W.; Levin, S. Position of the Academy of Nutrition and Dietetics: Vegetarian Diets. J. Acad. Nutr. Diet. 2016, 116,
1970-1980. [CrossRef]

Zarantonello, D.; Brunori, G. The Role of Plant-Based Diets in Preventing and Mitigating Chronic Kidney Disease: More Light
than Shadows. J. Clin. Med. 2023, 12, 6137. [CrossRef]

Zong, G.; Li, Y,; Sampson, L.; Dougherty, LW.; Willett, W.C.; Wanders, A.].; Alssema, M.; Zock, P.L.; Hu, EB.; Sun, Q.
Monounsaturated fats from plant and animal sources in relation to risk of coronary heart disease among US men and women.
Am. . Clin. Nutr. 2018, 107, 445-453. [CrossRef]

Guasch-Ferré, M.; Zong, G.; Willett, W.C.; Zock, P.L.; Wanders, A.J.; Hu, FB.; Sun, Q. Associations of Monounsaturated Fatty
Acids From Plant and Animal Sources With Total and Cause-Specific Mortality in Two US Prospective Cohort Studies. Circ. Res.
2019, 124, 1266-1275. [CrossRef] [PubMed]

Hertzler, S.R.; Lieblein-Boff, ].C.; Weiler, M.; Allgeier, C. Plant Proteins: Assessing Their Nutritional Quality and Effects on Health
and Physical Function. Nutrients 2020, 12, 3704. [CrossRef] [PubMed]

Hartman, J.W,; Tang, J.E.; Wilkinson, S.B.; Tarnopolsky, M.A.; Lawrence, R.L.; Fullerton, A.V,; Phillips, S.M. Consumption of
fat-free fluid milk after resistance exercise promotes greater lean mass accretion than does consumption of soy or carbohydrate in
young, novice, male weightlifters. Am. J. Clin. Nutr. 2007, 86, 373-381. [CrossRef] [PubMed]

Volek, J.S.; Volk, B.M.; Gomez, A.L.; Kunces, L.].; Kupchak, B.R.; Freidenreich, D.].; Aristizabal, ].C.; Saenz, C.; Dunn-Lewis, C.;
Ballard, K.D.; et al. Whey protein supplementation during resistance training augments lean body mass. J. Am. Coll. Nutr. 2013,
32, 122-135. [CrossRef] [PubMed]

Kim, J.; Lee, Y,; Kye, S.; Chung, Y.S.; Kim, K.M. Association of vegetables and fruits consumption with sarcopenia in older adults:
The Fourth Korea National Health and Nutrition Examination Survey. Age Ageing 2015, 44, 96-102. [CrossRef] [PubMed]
Inoshita, H.; Asaoka, D.; Matsuno, K.; Yanagisawa, N.; Suzuki, Y.; Miyauchi, K. Cross-Sectional Study on the Association between
Dietary Patterns and Sarcopenia in Elderly Patients with Chronic Kidney Disease Receiving Conservative Treatment. Nutrients
2023, 15, 4994. [CrossRef] [PubMed]

Naismith, D.J.; Braschi, A. An investigation into the bioaccessibility of potassium in unprocessed fruits and vegetables. Int. ].
Food Sci. Nutr. 2008, 59, 438-450. [CrossRef] [PubMed]

Braschi, A.; Gill, L.; Naismith, D.J. Partial substitution of sodium with potassium in white bread: Feasibility and bioavailability.
Int. J. Food Sci. Nutr. 2009, 60, 507-521. [CrossRef]

Narasaki, Y.; You, A.S.; Malik, S.; Moore, L.W.; Bross, R.; Cervantes, M.K,; Daza, A.; Kovesdy, C.P.,; Nguyen, D.V.; Kalantar-Zadeh,
K.; et al. Dietary potassium intake, kidney function, and survival in a nationally representative cohort. Am. J. Clin. Nutr. 2022,
116, 1123-1134. [CrossRef]

Chen, X.; Wei, G.; Jalili, T.; Metos, J.; Giri, A.; Cho, M.E.; Boucher, R.; Greene, T.; Beddhu, S. The Associations of Plant Protein
Intake With All-Cause Mortality in CKD. Am. |. Kidney Dis. 2016, 67, 423—430. [CrossRef]

Narasaki, Y.; Okuda, Y.; Moore, L.W.; You, A.S.; Tantisattamo, E.; Inrig, ] K.; Miyagi, T.; Nakata, T.; Kovesdy, C.P; Nguyen, D.V,;
et al. Dietary protein intake, kidney function, and survival in a nationally representative cohort. Am. J. Clin. Nutr. 2021, 114,
303-313. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1093/ajcn/59.5.1203S
https://www.ncbi.nlm.nih.gov/pubmed/8172124
https://doi.org/10.1152/japplphysiol.00076.2009
https://www.ncbi.nlm.nih.gov/pubmed/19589961
https://doi.org/10.1123/ijsnem.2018-0071
https://www.ncbi.nlm.nih.gov/pubmed/29722584
https://doi.org/10.1053/j.ajkd.2020.10.003
https://doi.org/10.1038/s41430-018-0154-6
https://doi.org/10.1016/j.jand.2016.09.025
https://doi.org/10.3390/jcm12196137
https://doi.org/10.1093/ajcn/nqx004
https://doi.org/10.1161/CIRCRESAHA.118.313996
https://www.ncbi.nlm.nih.gov/pubmed/30689516
https://doi.org/10.3390/nu12123704
https://www.ncbi.nlm.nih.gov/pubmed/33266120
https://doi.org/10.1093/ajcn/86.2.373
https://www.ncbi.nlm.nih.gov/pubmed/17684208
https://doi.org/10.1080/07315724.2013.793580
https://www.ncbi.nlm.nih.gov/pubmed/24015719
https://doi.org/10.1093/ageing/afu028
https://www.ncbi.nlm.nih.gov/pubmed/24646604
https://doi.org/10.3390/nu15234994
https://www.ncbi.nlm.nih.gov/pubmed/38068851
https://doi.org/10.1080/09637480701690519
https://www.ncbi.nlm.nih.gov/pubmed/18636367
https://doi.org/10.1080/09637480701782118
https://doi.org/10.1093/ajcn/nqac215
https://doi.org/10.1053/j.ajkd.2015.10.018
https://doi.org/10.1093/ajcn/nqab011
https://www.ncbi.nlm.nih.gov/pubmed/33742197

	Introduction 
	Overview of Vegetarian and Plant-Based Diets 
	Vegetarian Diets and Risk Factors for Incident CKD 
	Hypertension in Non-CKD Populations 
	Diabetes Mellitus in Non-CKD Populations 

	Vegetarian Diets and CKD Complications 
	Hypertension in CKD Populations 
	Hyperphosphatemia in CKD Populations 
	Uremic Toxins, Inflammation, and Oxidative Stress in CKD 
	Metabolic Acidosis 

	Vegetarian Diets, Incident CKD, and CKD Progression 
	Incident CKD and CKD Progression 
	Progression of ESKD 

	Practical Application of Vegetarian Diets in CKD 
	Protein-Energy Wasting 
	Overall Nutritional Adequacy 
	Protein Adequacy Overall and with Physical Activity 
	Soy Protein and Isoflavones 
	Hyperkalemia 
	All-Cause Mortality 

	Conclusions 
	References

