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A healthy eating pattern has proven to lower the risk of metabolic and cardiovascular diseases. However,

there are sparse dietary recommendations for kidney transplant recipients, and the ones available focus

only on single nutrients intake, such as sodium, potassium, and proteins, and not on the overall eating

pattern. Considering that individuals do not typically consume nutrients in isolation, but as part of a

complete dietary pattern, it is challenging for the average transplanted patient to understand and imple-

ment specific dietary recommendations. Also, single-nutrient interventions demonstrate largely incon-

clusive effects, and it seems improbable that they could have a strong enough impact on transplant

outcomes. Dietary trends such as plant-based diets, intermittent fasting, low-carb diet/keto-diet, and

juicing, have gained major attention from the media. Herein, we review the potential risks and benefits of

these diets in kidney transplant recipients and provide an updated dietary recommendation for this

population with consideration of current nutritional trends. Overall, the Mediterranean and DASH diets

have demonstrated to be the most beneficial dietary patterns to the post kidney transplant population by

focusing on less meat and processed foods, while increasing the intake of fresh foods and plant-based

choices. We believe that to maintain a healthy lifestyle posttransplant, patients should be educated

about the scientific evidence of different diets and choose a dietary pattern that is sustainable long-term.
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K
idney disease affects 1 in every 10 individuals, and
kidney transplantation is the best treatment option

for patients with advanced kidney disease. Despite
many advances since the first kidney transplant in
1954, little progress in the improvement of long-term
graft survival has been achieved. While many immuno-
logical and donor-related factors may affect the ex-
pected life of a kidney transplant, the diet and
lifestyle of transplant recipients are clear drivers of
comorbidities, including cardiovascular disease and
diabetes. With that in mind and faced by many
different media trends in diet recommendations for
the general population, updated dietary information
specifically for kidney transplant recipients is crucial.

Current evidence-based guidelines recommend di-
etary interventions for kidney transplant recipients
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that target single nutrients, such as sodium, protein,
phosphorus, and potassium. However, individuals do
not typically consume these nutrients in isolation, but
as part of a complete dietary pattern. Therefore, it is
challenging for the average patient to understand and
implement specific dietary recommendations, partic-
ularly when multiple restrictions are prescribed
simultaneously, an individualized approach is not
used, and emphasis is placed on what foods to avoid
rather than what foods to consume. In addition,
single-nutrient interventions have demonstrated
largely inconclusive effects, and it seems improbable
that a single nutrient or food could have a strong
enough impact to substantially change graft failure
rates. However, dietary patterns as a whole, such as
plant-based diets, have been associated with
improved outcomes for patients with kidney disease,
and general healthy eating (consumption of variety of
unprocessed foods that helps maintain or improve
overall health) is also protective against many chronic
diseases, including diabetes, obesity, and cardiovas-
cular disease.
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Modifying dietary patterns as a whole may present
an alternative or complementary approach to single-
nutrient interventions. An emphasis on translating
dietary recommendations into clinical practice is a low-
cost strategy expected to improve patient under-
standing and, ultimately, compliance, carrying poten-
tial benefits beyond the health of the kidney, but for
the overall health of the transplant recipient. Lifestyle
interventions, such as increase in exercise and healthy
dietary changes, can have an impact greater than any
individual medication with significantly lower cost.
Thus, this review seeks to discuss different dietary
patterns and their possible effects on kidney transplant
recipients.

Dietary Trends and Their Impact in Kidney

Transplant Recipients

In the past 10 years, several dietary trends emerged
claiming reduction in cardiovascular risk, anti-
inflammatory effects, and weight loss. Among those,
plant-based diets, intermittent fasting, low-carb diet/
keto-diet, and juicing have gained major attention from
the media. We, therefore, describe the potential risks
and benefits of these diets in kidney transplant
recipients.

Plant-Based Diets

Plant-based diets are becoming increasingly popular.
Doctors have certainly recognized the potential
impact of following a plant-based diet on overall
health. In the Adventist Health study, a plant-based
diet approach reduced all-cause mortality (hazard
ratio 0.88; 95% confidence interval 0.80–0.97).1 A
plant-based dietary pattern is primarily composed of
whole grains, fruits, vegetables, legumes, nuts, and
seeds. Animal foods, such as meat, poultry, fish,
eggs, and dairy are consumed in small amounts or
excluded entirely, making these diets lower in animal
protein than a typical Western diet.2 The many
different types of plant-based diets should be
considered on a spectrum, with vegetarian and vegan
diets being the most restrictive, as they exclude
meat-based foods entirely.

Evidence supports the positive effects of plant-based
dietary patterns when compared with the meat-based
Western diets with regard to kidney function.3–5

High intake of meat is positively associated with
albuminuria,6 and production of nitrogen products
requiring elimination by the kidneys. In contrast,
consumption of fruits and vegetables is inversely
associated with albuminuria.6,7 In 3972 patients with
chronic kidney disease (CKD), a graded association
between higher unhealthy diet pattern scores and a
higher risk of all-cause mortality was demonstrated. In
contrast, the high consumption of a diet rich in fish,
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fruits, and vegetables was associated with a lower
mortality risk over time.8 Plant-based diets in in-
dividuals with an estimated glomerular filtration rate
(eGFR) of 30 to 59 ml/min may delay progression to
end-stage kidney disease (ESKD) and potentially
improve survival.4 In 14,686 adults followed for 24
years, higher adherence to a healthy plant-based diet
was associated with a 14% reduction in the risk of
CKD, and slower eGFR decline, whereas lower adher-
ence was associated with an 11% higher risk of CKD.9

In the following, we review and evaluate the risks
and benefits of the most plant-based dietary trends in
post kidney transplant patients: Mediterranean, Di-
etary Approaches to Stop Hypertension (DASH), and
vegetarian/vegan diets.

Mediterranean Diet. A Mediterranean diet is tradi-
tionally from the Mediterranean Sea’s shores. It is
based on a high intake of virgin olive oil, vegeta-
bles, fruits, whole grains, fish, low-fat dairy, mod-
erate alcohol intake (wine), and low red meat
consumption (Supplementary Table S1).10 Evidence
suggests that adherence to this diet reduces the risk
of diabetes, cardiovascular disease, and mortality.11

Specifically, this diet has shown benefits in
reducing inflammation, oxidative stress, endothelial
dysfunction, acidosis, hyperlipidemia, hyperglyce-
mia, and blood pressure (BP) levels.4,9,12–14 Studies
not only in the general population but also in kid-
ney transplant recipients associate a Mediterranean
Diet Score with favorable clinical endpoints
including kidney function.12,15 In a multiethnic
cohort of 3298 individuals with 15-year follow-up, a
score at or above the median was associated with an
approximate 50% decreased odds of developing
incident eGFR <60 ml/min per 1.73 m2.15 Moreover,
in 632 transplant recipients, an inverse association
with all study endpoints (graft failure, kidney
function decline, and graft loss) and adherence to
the diet was demonstrated, especially in those with
more proteinuria.12

This diet is also able to reduce oxidative stress,
inflammation, and atherosclerosis because of a high
intake of unsaturated fat (olive oil) and polyphenols
(red wine),16,17 and low saturated fat intake (red
meat).18,19 In transplant recipients, this diet showed
improvement on oxidative status of the plasma and
erythrocytes16 and also on acid-base balance and
glomerular hemodynamics.3–5,12–16 Thus, we strongly
recommend this diet, as it leads to a balanced eating
habit with a positive impact on overall health and graft
survival after transplantation.

DASH Diet. Designed by the National Institutes of
Health to treat or prevent high BP, this diet consists of a
1765



Figure 1. Kidney recipient’s balanced plate. Illustration depicting recommendations and balanced plate visuals for kidney transplant recipients.
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low intake of sodium and red/processed meat, moderate
intake of fish, poultry, nuts, and seeds, and high intake of
vegetables, fruits, whole grains, and low-fat dairy prod-
ucts. This diet is also high in fiber and monounsaturated
fats, and low in saturated, trans, and total fat.

Americans consume more than 3400 milligrams per
day of sodium,20 which exceeds the average of 2300
milligrams recommended by the 2015–2020 Dietary
Guideline.21,22 A high-salt diet is associated with a
number of complications, including hypertension and
cardiovascular events. Moreover, our group has pre-
viously shown that sodium promotes acute rejection in
mice.23 The DASH diet significantly improves BP, total
cholesterol, and low-density lipoprotein concentra-
tions.24 In an 8-week controlled feeding clinical trial in
a cohort with or without hypertension, the DASH diet
had a greater potential to lower BP (by 5.5 and 3.0
mm Hg for systolic and diastolic BP, respectively)
when compared with a regular diet, or a diet rich in
fruits and vegetables.25

The DASH diet continues to be considered as the
most efficient diet to control hypertension,26 which is
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common in kidney transplant recipients. Hyperten-
sion affects 50% to 80% of adult transplant re-
cipients27 and contributes to shortened allograft
survival and increased cardiovascular morbidity and
mortality. Thus, the DASH diet can be a helpful
intervention after transplantation. In a prospective
cohort study of 632 adult kidney transplant re-
cipients, greater adherence to a DASH diet was
associated with a lower risk of kidney function
decline (hazard ratio 0.95; P ¼ 0.008), and also a
lower risk of all-cause mortality (hazard ratio 0.95;
P ¼ 0.01).28 Other studies have demonstrated similar
benefits of this diet on kidney function4,8,9 that
might be attributed to changes, similarly to the
Mediterranean diet, in serum lipids, BP, insulin
resistance, inflammation, oxidative stress, arterial
stiffness, and endothelial function.

In conclusion, the DASH diet is an evidence-based
diet to reduce sodium intake and improve BP control.
A low sodium diet is already recommended for kidney
transplant recipients, and the DASH diet extends this
recommendation to an overall healthy eating pattern.
Kidney International Reports (2021) 6, 1764–1774
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Comparison of the Mediterranean and DASH diet is
shown on Supplementary Table S2.

Vegetarian/Vegan Diet. For thousands of years, in-
dividuals have chosen to follow a vegetarian diet for
religious, cultural, or ethical reasons, but it is becoming
increasingly popular for overall health and well-being,
including for disease treatment and prevention. There
is growing evidence that reducing or eliminating meat
consumption in the setting of kidney disease may delay
disease progression.4,9

The ability of a vegetarian diet to reduce the pro-
gression of kidney failure without impairment in
clinical and nutritional status has been reported in
populations around the world.29–33 In a cohort of
63,257 Chinese adults, red meat intake was strongly
associated with ESKD risk in a dose-dependent manner,
when compared with different food sources of pro-
tein.29 Participants in the higher quartile of red meat
consumption (w48.8 g/d) had a 40% higher risk of
developing ESKD when compared with participants in
the first quartile (w12.5 g of red meat consumption per
day), after adjusting for several covariates. Red meat
and processed meat were associated with CKD risk
(hazard ratio Q5 vs. Q1: 1.23, 95% confidence interval:
1.06–1.42, Ptrend ¼ 0.01) in 23-year follow-up with
2632 incident CKD cases, whereas nuts, low-fat dairy
products, and legumes were protective.30 In a
controlled trial, elderly patients with uremia and low
eGFR (5–7 ml/min) who received a vegan diet inter-
vention with keto-analogue supplements had a delay in
dialysis initiation at 1 year of follow-up.31 Lastly, in an
observational study of 14,866 National Health and
Nutrition Examination Survey participants, a higher
proportion of protein from plant sources was associated
with lower mortality in those with eGFR <60 ml/min
per 1.73 m2, and the association of plant protein intake
also correlated with lower all-cause mortality in CKD.32

There are different types of vegetarian diets. Some
include animal foods like eggs and milk; others exclude
any animal sources (“vegan diets”). A vegetarian diet
does not necessarily signify a healthy eating pattern,
and vegetarians can have processed and unhealthy food
intake.34 In the Atherosclerosis Risk in Communities
(ARIC) study, a community-based cohort of more than
14,000 middle-aged adults with 2 semi-quantitative
Food Frequency Questionnaires over 24 years of
follow-up, dietary intake was assessed by plant-based
diet indices, which included the quality of plant-
based diet in addition to quantity in combination
with the intake of animal foods.9 Higher adherence to a
healthy plant-based diet was associated with a lower
risk of CKD incidence and a slower eGFR decline when
compared with participants with a less healthy plant-
Kidney International Reports (2021) 6, 1764–1774
based diet. Thus, healthy overall dietary habits are
more important than just eliminating animal-based
foods.

Protein Intake: Plant-Based Versus Animal

Protein

There are ongoing debates regarding whether kidney
longevity means healthy vegan food and less meat or if
any low-protein diet is good enough. Most relevant
literature concludes that a vegetarian diet provides
more quality and lower protein intake.35 For patients
with CKD risk factors or kidney disease, consuming
foods rich in protein causes dilatation of the afferent
arterioles, which increases glomerular filtration rate at a
cost of higher intraglomerular pressure.35 Chronic
glomerular hyperfiltration as a result have conse-
quences for long-term kidney survival, especially in
the post kidney transplant population with kidney
disease risk factors and lower number of nephrons.
Hyperfiltration stimulates mesangial cell signaling,
leading to progressive fibrosis and kidney damage. In
contrast, lower intake of dietary protein leads to
greater constriction of the afferent arteriole, decreasing
glomerular damage and stabilizing or improving kid-
ney function.36

Patients with CKD followed for 70 months were
divided into 3 groups: low-protein diet, controlled
protein diet, and unrestricted protein diet, the con-
trol.37 The low-protein diet patients started dialysis 24
months after the unrestricted protein diet patients (P <
0.001).37 In a Cochrane review, low-protein diets in
nondiabetic adults delayed the progression of CKD to
ESKD and dialysis initiation.38 In a prospective
community-based cohort of 9226 subjects, a high-
protein diet was associated with a faster decline of
kidney function.39 Last, in 3348 women participating
in the Nurses’ Health Study, higher dietary intake of
animal fat, such as 2 or more servings per week of red
meat, was associated with an increased risk for micro-
albuminuria.40 The preceding studies and several
others in the literature confirm the importance of a low-
protein diet in patients with CKD in preventing pro-
gression and delaying the need for renal replacement
therapy.

The mechanisms by which a low-protein intake
delays CKD progression include the reduced produc-
tion of nitrogenous compounds that comprise uremic
toxins and the lower acid load.35 As the modern
Western-type diet is deficient in fruits and vegetables
with excessive amounts of animal foods, there is
increased production of ammonia and acidogenesis
leading to the loss of bone and muscle mass. A vegan
dietary pattern high in fruits and vegetables favors
alkalization, which improves the metabolic parameters
1767
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of acidosis, preserving bone and muscle, and slowing
the glomerular filtration rate decline.41

There are potentially favorable impacts of a vege-
tarian diet on minerals, such as phosphorus, potassium,
and sodium control. Minerals, increasingly being used
as food additives in processed, frozen, or packaged
foods, were shown to contribute to dietary phosphorus
and potassium loads in patients with CKD.42 In
commonly consumed meat, poultry, and fish products,
the amount of minerals is high, whereas the dietary
information is not often easily accessible to the con-
sumer. In the posttransplant context, patients tend to
revert the tendency of hyperphosphatemia toward one
of hypophosphatemia. However, in graft dysfunction,
elevated phosphate levels is associated with increased
graft loss and mortality.43–46 Phosphorus from plants is
less well absorbed than from animal sources.4 In a
crossover feeding trial of 2 diets (vegetarian and meat
diet) in patients with CKD, the source of protein had a
significant effect on phosphorus homeostasis.47 Those
following a vegetarian diet exhibited lower serum
phosphorus levels, a trend toward decreased urine 24-
hour phosphorus excretion, and FGF23 levels, despite
equivalent protein and phosphorus concentrations for
both.

Most posttransplant patients do not usually need to
restrict potassium. However, if they have hyper-
kalemia exacerbated by the effects of calcineurin in-
hibitors, they are warned to avoid high-potassium
plant-based foods, including beans, seeds, nuts, and
some fruits and vegetables. Although many plants are
naturally high in potassium, their consumption in-
fluences alkalinizing effects due to intracellular po-
tassium distribution and potassium fecal excretion
related to natural fibers found in these plant-based
foods.4 A study on restriction of high-potassium
plant foods in hemodialysis patients indicated that
different sources of dietary potassium are not thera-
peutically equivalent, and animal and plant sources of
potassium may differ in their potential to contribute
to hyperkalemia.48 Although fruits and vegetables
promote more benefits than risks to the potassium
level, meat and processed food contribute to adverse
metabolic states (e.g., oxidative stress, inflammation,
metabolic acidosis, dyslipidemias) and conditions
(e.g., constipation, hypertension) that negatively
impact health.49 We should simplify the dietary rec-
ommendations by asking patients to eat a variety of
vegetables, fruits, grains, and less meat, processed/
packaged foods, consistent with an overall healthy
dietary pattern.

Another benefit of a plant-based diet is its high fiber
content, which is crucial to the gut microbiota.50,51 A
natural diet rich in fiber in a CKD population reduced
1768
the risks of obesity, diabetes, and dyslipidemia.
Moreover, it decreases the bacterial generation of ure-
mic toxins.52 High dietary fiber intake is also helpful in
reducing inflammation. Among 650 maintenance he-
modialysis patients,53 fiber intake reduced C-reactive
protein, and oxidative stress, which may also impact
graft survival. Although the recommended fiber intake
is 25 to 35 g per day,22 most Americans consume only
approximately half of the recommended intake51 and a
plant-based diet might help increase its intake.

To the posttransplant kidney population, potential
side effects of a vegetarian diet may exist. Vegetarianism
can lead to lower intake of vitamin B12, absence of heme
iron, and reduced iron absorption.54 Eggs and dairy
products represent the only natural source of vitamin
B12 in a vegetarian diet, and, although the total iron
content of vegetarian diets is similar to nonvegetarian
diets, the bioavailability of iron is substantially lower.54

In patients with anemia or those at risk to develop it,
caution is warranted. In these cases, we recommend
checking hemoglobin and iron content at least twice a
year, and supplemental B12 or iron should be consid-
ered. Lastly, most of the repercussions of this diet have
been studied extensively in patients with CKD55 and
little in kidney transplant recipients, and more research
is needed.56 Even with the lack of specific studies,
prescribing a well-planned vegetarian diet can help
manage and prevent possible health challenges in the
posttransplant population, while achieving most of the
nutritional requirements of patients.

Intermittent Fasting

Intermittent fasting (IF) is an increasingly adopted
eating pattern. Many doctors are recommending it not
only to treat obesity but also metabolic disorders. This
dietary pattern is not based on specific food choices but
on the timing of meals, alternating between periods of
fasting and eating. There are several methods that have
been tested. The most famous ones are the 16/8 method
(16 hours of fasting and 8 hours of eating per day) and
the 5:2 diet (5 days of normal diet followed by 2 days of
restricted calorie intake of <500 kcal per day).

The main idea of IF is allowing the body to use its
stored energy, by burning off excess body fat. During
fasting, the available glucose stores are depleted, and
triglycerides are broken into fatty acids and glycerol to
produce energy. Fatty acids are converted to ketone
bodies,57 which provide not only energy but also
regulate important signaling in cells, which may
explain the potential benefits of this diet beyond
weight reduction.

Numerous studies reported a positive association of
this diet with weight loss, body fat, insulin resistance,
ectopic and visceral fat stores, adipocyte size, and
Kidney International Reports (2021) 6, 1764–1774
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metabolic flexibility, with no obvious evidence of
harm.58 In mice, IF prevents metabolic diseases even in
challenging situations such as in animals fed with a
high-fat diet (ad libitum fed),59,60 and in animals with
compromised metabolic dysfunction, lacking circadian
clock.61 We already know that a high-fat diet, meta-
bolic oscillations, and dysfunctions contribute to
developing metabolic diseases. Thus, these mice were
expected to show elevated serum glucose, serum
cholesterol levels, serum triglycerides, serum leptin
levels, and insulin resistance. However, the IF overrode
the challenges imposed on these mice and lowered all of
these factors, preventing the development of metabolic
derangements. Moreover, proinflammatory cytokines,
such as tumor necrosis factor-a, also decreased jointly
with the decrease of the adipose tissue.59,61 In human
studies, a lower incidence of diabetes mellitus and
obesity was found in populations who usually have an
IF dietary pattern, like on the island of Okinawa.62

Patients with prediabetes and type 2 diabetes have
shown a significant impact on insulin sensitivity when
fasting 3 times per week.63 IF probably remodels adi-
pose tissue and helps control all the comorbidities
associated with excessive whole-body fat. This is
particularly important in the transplant setting, as
glucose homeostasis is disrupted in more than 75% of
transplant recipients. Thus, with a high prevalence of
metabolic diseases and rejection episodes in kidney
transplant recipients, this dietary intervention might
represent a useful tool.

However, there is no evidence-based research of IF
in kidney transplant recipients. Protein intake, nutri-
tional status, and muscle mass are also important fac-
tors to consider in the transition from ESKD to
posttransplant and acutely posttransplant, protein
needs are up to 1.2 g/kg. Until now there are no studies
assessing the possible negative consequences of both
excessive protein breakdown during fasting periods
and excessive protein intake during nonfasting periods
on kidney function. In addition, IF is contraindicated
in patients with genetic metabolic disorders, such as
carnitine deficiency (primary) and porphyria and po-
tential electrolyte imbalances (hypomagnesemia,
hypophosphatemia).64

Although specific trials in transplantation are
needed, some studies in kidney transplant recipients
during Ramadan fasting (from sunrise to sunset for 30
days) showed some promising results. No significant
changes were found in serum creatinine, mean arterial
pressure, urinary protein excretion and eGFR during,
before, and 6 months after Ramadan in groups with
low, moderate, and high eGFRs at baseline, concluding
no adverse effects in the allograft function.65,66

Therefore, if during Ramadan, refraining from eating
Kidney International Reports (2021) 6, 1764–1774
or drinking for 8 to 12 hours, did not have any nega-
tive side effects on kidney function in transplant re-
cipients, we could therefore assume that the use of IF in
the kidney transplant population might not have any
major side effects. Nonetheless, most of the human
studies are case studies or have a small sample size with
a short treatment duration, which means that the po-
tential benefits are only seen during the period of IF
and may not be applicable long-term. Thus, more
studies are required to determine the safety and po-
tential benefits of IF in kidney recipients, and we do
not recommend it to those patients as an initial
intervention.

Low-Carb Diets

These diets are based on a low-carbohydrate intake,
usually associated with high-protein and fat foods. The
Paleo, South Beach, and Atkins diets are examples of
low-carb diets. Here we focus on the Ketogenic diet
(KD), which has emerged as a popular diet in recent
years.

Ketogenic Diet. The KD normally consists of at least
70% of calories derived from fat, and less than 10%
and 20% from carbs and protein, respectively. This
composition is drastically different from the 2015 to
2020 US Department of Agriculture dietary recom-
mendations22 of approximately 45% to 65% calories
from carbohydrates, 20% to 35% from fat, and 10% to
35% from protein. The idea of a low-carbohydrate
intake is to promote a ketosis state, in which the
body primarily uses fat instead of carbohydrates to
produce energy. To achieve this state, an adult needs to
restrict net carbohydrate intake to as low as 20 g per
day, promoting the conversion of fats into ketones.

KD is an established treatment option for reducing
the frequency of seizures in children with epilepsy.67

Until now, the available literature about KD has been
controversial, but the positive effects may be associated
with improvements in cardiovascular risk factors, such
as obesity, type 2 diabetes, and high-density lipopro-
tein cholesterol levels.68 Studies analyzing KD’s effect
in animals of polycystic kidney disease reported a
reduction in cystogenesis and cyst expansion. Ketosis
strongly inhibits not only kidney cyst growth, but also
inflammation and fibrosis.69 This beneficial effect is
probably mediated by the fact that during a period of
energy restriction, to conserve energy and molecular
resources, cells adopt a stress-resistance mode that
controls many processes, including protein synthesis
and inhibition of the mammalian target of rapamycin
pathway, leading to lower cell proliferation and
fibrosis.69 However, these studies were in animal
models and have not been translated yet to humans
with polycystic kidney disease.
1769
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In 1687 overweight and obese individuals with
CKD, KD showed a positive effect on kidney function
with greater increase in eGFR in the low-
carbohydrate diet group when compared with a
regular diet group.70 Another feeding trial in over-
weight/obese adults showed that a reduction in the
glycemic index increases eGFR (P < 0.001).71

Compared with the high glycemic index/high carb
diet, reducing glycemic index, % carbohydrates, or
both, increased eGFR by 1.9 ml/min per 1.73 m2

(95% confidence interval: 1.1–2.7; P < 0.001), 3.0
ml/min per 1.73 m2 (1.9–4.0; P < 0.001), and 4.5 ml/
min per 1.73 m2 (3.5–5.4; P < 0.001), respectively.
Furthermore, reducing the percentage of carbohy-
drate intake by increasing calories from protein and
fat, also increased eGFR. However, the same study
highlights that replacing carbohydrates with protein
can increase eGFR in the short-term and worsen
kidney disease progression later. In another cohort
with risk factors of kidney disease, composed of
obese adults with type 2 diabetes mellitus, con-
sumption of a low-carb and high-protein diet did not
show adverse clinical effects on markers of renal
function.72 Thus, more research is needed to
conclude if the KD benefits kidney function, and
caution is required in the posttransplant population,
as a higher protein intake can worsen kidney func-
tion in the long-term.

Side effects of KD also exist, such as nonalcoholic
fatty liver disease, insulin resistance,73 and even
increased mortality.74 This diet demonstrates to be
useful for the rapid induction of short-term weight
loss. However, after 1 year, the KD’s effects became
similar to other dietary approaches, such as the Medi-
terranean diet, which has more scientific evidence.75

In addition, in cultures in which carbohydrates
contribute the highest amount of energy intake, it
might be difficult for patients to follow this diet
long-term. Prolonged compliance to KD might be
associated with several limiting factors, such as high
cost of foods and monotony of dietary plan, as well
as physical symptoms such as halitosis and con-
stipation. Moreover, increasing evidence shows that
the quantity of carbohydrate intake is as important
as quality.76,77 The consumption of high-quality
carbohydrates (high fiber, slowly digested, and
whole grains) was found to be more beneficial for
cardiovascular and metabolic health outcomes than
the KD,78 especially when the KD is composed of
animal-based foods and processed fats, which are
notoriously unhealthy.78 In the posttransplant
context, a quality carbohydrate food choice is bene-
ficial to combat common comorbidities, such as the
incidence of posttransplant diabetes79 and obesity,
1770
and to reduce the side effects of immunosuppressive
medications.80 In conclusion, we recommend a diet
more focused on high-quality carb intake (e.g., sweet
potatoes, brown rice, beetroots, oats, quinoa, ba-
nanas) instead of restricting carbohydrate intake.

Juicing Diets

Juicing diets are becoming commonly used as a rapid
way to lose weight. This diet, also called juice fast,
cleanse, or detox, consists of exclusive consumption of
a variety of juiced fruits and vegetables, typically for a
limited time period, with low-calorie intake.81

Fruits and vegetables are rich sources of several
components that contribute to general health82 and also
have positive effects on antioxidation and immuno-
modulatory paths.83–85 Moreover, they are rich in
fermentable fiber with prebiotic activity, which stim-
ulates the growth of beneficial microorganisms (pro-
biotics) in the gut83 and have been shown to potentially
help not only in the microbiota regulation86,87 but also
in cardiovascular disease,88 cancer,89 obesity,90–92 and
transplant tolerance.93,94 However, only 1 in 10 adults
in the United States meets the amount recommended
for fruits and vegetables intake,95,96 which should be
approximately 1.5 to 2.0 cup equivalents of fruits97 and
2.0 to 3.0 cups of vegetables per day.98

In a recent study, 3 days of only vegetable and fruit
juice diet resulted in a significant decrease in weight,
lipid peroxidation, and increase in nitric oxide con-
centrations, which may likely contribute to cardio-
vascular health.87 This diet also induced significant
changes and regulation of the intestinal microbiota.
The proportional of the phylum Firmicutes, which is
correlated with obesity and immune dysregulation,
was significantly decreased, although the phylum
Bacteroidetes was significantly increased. Bacteroidetes
have been associated with higher cardiovascular
health, reduced obesity, and regulation of inflamma-
tory paths that could be helpful to improve transplant
outcomes.93,94,99–104

Although there are potential positive impacts on the
overall health of patients with CKD, caution is neces-
sary, because fruits and vegetables are high in oxalate,
which is a potential nephrotoxin and can cause oxalate
nephropathy.105–107 There are also concerns of juicing
with the possible increased risk of hyperkalemia as
well as excessive vitamin C and vitamin K intake. For
patients taking blood thinners, such as warfarin, a high
dietary intake of vitamin K can lead to increased clot-
ting of the blood.105 In the posttransplant population,
some fruits, such as grapefruit, should be avoided
because of interaction with immunosuppressive
drugs.108 There is also concern in this immunosup-
pressed population about food safety of fresh juices,
Kidney International Reports (2021) 6, 1764–1774
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and we recommend pasteurization of them when not
made at home.

In addition, some types of juices (cold-pressed)
do not contain fiber, which could lead to con-
stipation. It is also difficult to conclude that juicing
is healthier than eating whole fruits and vegetables.
However, in a population with insufficient fruit and
vegetable intake, juicing with extracts from fresh
fruits and vegetables can be an easy way to increase
their consumption and meet the amount
recommended.

To sum up, this diet may show benefits when
compared with other diets, as it lowers weight and
recovers the balance of the gut microbiota in a short
period of time, which could be helpful for the regula-
tion of inflammatory paths that impact transplant
outcomes. For a patient who does not enjoy eating
fruits and vegetables, juicing may be a way to provide
nutrients that would be missing. Otherwise, we sug-
gest having a balanced smoothie, mixing a variety of
fruits and vegetables as part of a meal or snack and if
the patient chooses to try a juicing diet, we recommend
following it for a short time.
Conclusion

After reviewing the literature, we conclude that the
Mediterranean and the DASH diets are the most
beneficial dietary patterns in the post kidney trans-
plant population. They focus on less meat and pro-
cessed food, and more fresh food and plant-based
choices. We have also highlighted that single-nutrient
interventions are probably less effective than a di-
etary pattern intervention for improving health, such
as graft and patient survival after kidney trans-
plantation. In addition, we believe that to obtain a
posttransplant healthy lifestyle, patients should
choose a dietary pattern that is sustainable long-term.
To translate the most recent scientific evidence-based
recommendations into clinical practice, we built, in a
creative way, a table (Supplementary Table S3) with
practical advice for each diet and an illustration
(Figure 1) with suggestions of food groups and healthy
meal preparations for kidney transplant recipients.

SUPPLEMENTARY MATERIAL
Supplementary File (PDF)

Table S1. Healthy Mediterranean-style eating pattern: rec-

ommended amounts of food from each food group at 12

calorie levels.

Table S2. Comparison of Dietary Approaches to Stop

Hypertension (DASH) and Mediterranean diets.

Table S3. Practical advice of different dietary trends for

transplant recipients.
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