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ABSTRACT

Climate change is inducing us to rethink our way of life. There is widespread awareness that we need to adopt
environmentally friendly approaches and reduce the amount of waste we generate. In medicine, nephrology was one of
the first specialties to adopt a green approach. Plant-based or vegan–vegetarian diets, which are planet-friendly and
associated with a reduced carbon footprint, were rapidly acknowledged as a valid method for reducing protein intake in
the conservative management of chronic kidney disease (CKD). However, how the transition from an omnivorous to a
plant-based diet should be managed is not universally agreed; there is little data in the literature and indications based
on randomized trials fail to consider feasibility and patients’ preferences. Nonetheless, in some conditions the use of
plant-based diets has proved safe and effective. For example, in CKD pregnancies, it has reduced unfavorable maternal
and fetal outcomes. This review will present the available evidence on the benefits of plant-based diets in CKD, as well as
old and new criticisms of their use, including emerging issues, such as contaminants, additives and pesticides, from a
green nephrology perspective.
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THE GREEN NEPHROLOGY CONTEXT

We live in a rapidly changing, increasingly globalized, danger-
ously polluted world.

The concept of sustainability has spread to many fields,
from clothing to leisure and even medicine. Nephrology has a

tradition of “thinking green,” initially on account of the fea-
tures inherent in dialysis, which consumes large quantities of
energy and water and produces enormous amounts of waste,
encompassing all the “worst” types: non-recyclable, contami-
nated and what are called WEEE (Waste Electrical and Elec-
tronic Equipment) [1, 2]. The pivotal work done by John Agar
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and his colleagues in Australia allowed us to rethink dial-
ysis procedures in a more planet-conscious way, suggesting
that water could be recycled, solar energy was to be preferred
and waste products should be wisely transformed to enable
them to be safely reused [3–5]. Subsequent experiments by
other groups made it possible to identify additional contextu-
alized approaches to power and water consumption and waste
management [6–9].

Although these studies addressed two of the three Rs in
the green cycle (reuse and recycle), clinical approaches are cru-
cial in the case of the third R (reduce) [10]. Reducing the bur-
den of disease obviously reduces medical needs, and medical
waste, energy and power consumption [10]. While this holds
true for all initiatives aiming to prevent disease and promote
a healthy lifestyle, nephrology is probably the field that has
made the greatest advances, conjugating reductions in energy
and water consumption and waste production associated with
dialysis from a green perspective, i.e. the wide use of healthy,
protein-restricted (either plant-based or, at least, animal-protein
restricted) diets to delay dialysis start [11]. More recently, grow-
ing interest in incremental dialysis is further extending the po-
tential of green diets [12].

DIET AND SOCIAL CONTEXT

The increase in overall food availability and advances in
medicine have increased life expectancy for both rich and
poor. At a time when the last famines are being progres-
sively, and possibly too rapidly, forgotten, excessive calorie
intake is becoming the world’s most important nutritional
health challenge [13–15]. Eating in excess is often associ-
ated with eating high-calorie, poor quality food, called “junk
food” or “empty calories,” which often lacks vitamins, trace
elements and natural anti-oxidants, is generally highly pro-
cessed, and contains large quantities of contaminants, taste
enhancers and preservatives [16–19]. Globalization has made
a wider choice of food available, but this often involved in-
terfering with the physiological food chain, a combination of
early harvesting and the use of preservative and conservative
agents [20–23].

While disentangling the effects of food habits and lifestyle, or
of food contaminants and environmental pollution is not easy,
a strong cultural drive towards healthy living has characterized
the new millennium, and the effects of the lockdown and the
pandemic may have contributed to this reflection [23–31]. In
many countries, the principles of a healthy, planet-friendly diet
are increasingly being taught in schools, and TV advertising has
begun to urge viewers to eat less meat, and more fruit and veg-
etables [32, 33]. Healthy diets are almost always rich in vegetable
sources, and limited in processed and transformed food, thus
shifting the target towards a plant-rich, if not necessarily plant-
based, diet [33–35].

This paradigm shift is important not only for prevention, but
also because it creates a favorable cultural background for the
nutritional management of a number of chronic diseases, in-
cluding cardiovascular illnesses, metabolic syndrome, diabetes
and obesity, in which a balanced diet is the most important pre-
ventive measure, and is pivotal in chronic kidney disease (CKD),
in which a reduction in kidney function leads not only to what
was once defined as a “state of protein intoxication,” but proba-
bly also increases susceptibility to reactions to added and toxic
substances.

FROM LOW-PROTEIN TO PLANT-BASED DIETS
IN CKD

The concept of protein intoxication as the major determinant
of the uremic syndrome, and the efforts to counterbalance this
intoxication by reducing protein intake, dates back to Thomas
Addis, a pioneer of modern nephrology [36, 37]. The initial idea
was simple: fewer proteins would produce less intoxication. The
fact that this reduction made it possible to limit symptoms and
also prolong the lives of patients with severe kidney disease, to-
gether with studies in experimental animals, led to the formu-
lation of the renal workload theory: fewer proteins, less hyper-
filtration and a lower workload for the remnant nephrons, less
severe sclerosis and a longer lifespan [38].

However, the success obtained with a draconian reduction in
proteins in prolonging life was counterbalanced by the devel-
opment of malnutrition, specifically protein wasting. Notwith-
standing the role of anemia, acidosis and hyperparathyroidism
(that were not corrected at the time), the concept that protein
intake, albeit reduced, should be “rich” emerged, leading to the
tenet that at least 50% of the proteins in low-protein diets should
be of animal origin [39–43]. The difficulty in reaching adequate
energy targets, often because of the attempt to correct all nu-
tritional derangements with the same diet (low sodium, low fat,
not diabetogenic, etc.), made the first “renal diet” regimens ex-
tremely difficult for patients to follow and adaptations of the
Giordano–Giovannetti diet, taking tastes and habits in differ-
ent countries into account, were increasingly introduced [44–
47] (Fig. 1). It was found that including protein-free starches in
the diet (allowing at least patients in Mediterranean countries
to easily increase their calorie intake), and leaving space for
animal-derived ingredients and greater variety, made it easier
for patients to follow the diet and increased long-term compli-
ance [48]. It was, however, only in the most recent version of the
KDOQI guidelines on nutritional management in CKD that the
indication that at least 50% of protein intake be of animal ori-
gin was no longer retained, opening, as a consequence, room
for “plant-based” diets as an alternative option in all CKD stages
[49]. At the same time, vegan–vegetarian diets had progressively
gained a niche following in the dietarymanagement of advanced
CKD, as they are the only way to lower protein content below
0.4 g/kg/day, conventionally set as the upper limit of very-low-
protein diets (vLPDs) [49]. These diets were considered to be nu-
tritionally safe only when a mixture of essential amino acids,
and more recently and with better results, of amino acids and
ketoacids were added [48]. In those early phases, the focus was
on the quantity of proteins, and not on their quality or source.
However, protein quality may be of pivotal importance, since
plant-based regimens are not necessarily synonymouswith low-
protein intake if not properly designed [50, 51]. However, plant-
based diets rarely reach the high protein content typical of diets
rich in animal proteins, and their effect on glomerular hyperfil-
tration is milder [52].

The progressive development of dialysis and transplantation
sharply reduced enthusiasm for protein restriction until the ris-
ing tide of new dialysis patients, the majority of whom were
elderly and had an increased comorbidity burden, as well as
the perception of inequalities in dialysis availability worldwide
led nephrologists to reconsider the clinical and socio-economic
advantages of retarding or avoiding renal replacement ther-
apy. The results of the IDEAL study, showing no advantage of
“early,” “healthy” dialysis start, led to a paradigm shift, sug-
gesting an intent-to-delay policy with respect to dialysis and,
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Figure 1: Examples of early diets: (A) an adaptation of the Giovannetti diet in use at the Royal Infirmary of Manchester in 1965 (from reference [45]); (B) a dietary

prescription at the Royal Infirmary of Edinburgh in the 1960s (from http://edren.org/ren/unit/history/the-diet-for-patients-on-haemodialysis/?print = print).

as a consequence, once more focused attention on diet as an
efficient means for retarding the need for renal replacement
therapy [53]. In parallel, changes in western societies, with the
emergence of obesity and diabetes epidemics on one hand, and
the rise of environmental consciousness on the other, set the
stage for large-scale campaigns promoting a healthy lifestyle,
reduction of our carbon footprint, the rediscovery of local prod-
ucts and the responsible use of resources, thus, indirectly mak-
ing the integration of plant-based diets in health and disease
easier [54–61].

“HOLY COW! WHAT’S GOOD FOR YOU IS
GOOD FOR OUR PLANET”

An interesting article published in the BMJ in 1983, reported on
the astonishing stabilization of CKD in a small number of Bud-
dhistmonks, thus indicating new interest in low-protein diets in
advanced kidney disease. Since most Buddhist monks are vege-
tarian or vegan, even if the details of the dietary regimen were
not disclosed in this publication,we can assume that a great pro-
portion of their diet was provided by plant-derived foods [62].

Until the new millennium, very few groups dared to pro-
pose vegetarian diets to CKD patients, and even fewer had the

courage to publish their data. The diets were often seen as
curiosities rather than feasible choices for large numbers of
CKD patients [63, 64]. Since vLPDs are almost obligatorily ve-
gan, vegan–vegetarian diets were often considered as synony-
mous with vLPDs, risky from a nutritional point of view and
doomed to failure as a result of low compliance. The impressive
results obtained in selected patients in the few well-conducted
randomized trials published were largely ignored [64, 65]. Mean-
while, different types of vegetarian diets became popular and
veganism gained interest due to its comprehensive lifestyle and
planet-friendly approach. Vegan–vegetarian diets in nephrol-
ogy, previously a niche option for a few selected patients, were
increasingly prescribed. The association with essential amino
acids but with a lower pill burden in comparison with vLPDs
(1 pill/10 kg/day) allowed some groups to propose simplified di-
etary prescriptions, shifting from complex vegan diets to qual-
itative diets, added to the moderately protein-restricted diet
choice for patients with advanced CKD [66, 67].

As clearly, albeit quite ironically, stated in a brilliant edito-
rial that appeared in the Archives of Internal Medicine “Holy cow!
What’s good for you is good for our planet,” reductions in the in-
take of animal proteins has a wider meaning from an ecological
point of view, and the avoidance of processed foods enables us
to have healthier nutritional habits [68].

http://edren.org/ren/unit/history/the-diet-for-patients-on-haemodialysis/?print 7 print
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Table 1: Common food additives or preservatives and their effects on health.

Food additive/preservative Category Health effects Reference

E2011 Sodium benzoate (SB) Preservative Decreased expression of activation receptors in splenocytes and
impaired T and B lymphocyte activity

[149–152]

Genotoxic and cytotoxic activity at high concentrations
Alteration of cerebellar structure in rats

E322 Lecithins Emulsifiers Increased TMAO production by the intestinal microbiota with
potential consequences for arterial stiffness and cardiovascular
disease. Increased incidence of Chron’s disease

[153, 154]

E251 Sodium nitrate Preservative Associated with all-cause mortality, colorectal, gastric and pancreatic
cancers

[155–159]

E252 Potassium nitrate
E331 Sodium citrate Antioxidant Increased fasting glycemia and impaired glucose tolerance in mice.

Potentiate LPS-induced activation of macrophage cell line in vitro
[160, 161]

E339 Sodium phosphate Antioxydants/acidity
regulators

Endothelial dysfunction and vascular calcification [162, 163]

E340 Potassium phosphate
E341 Calcium phosphate
E450 Orthophosphoric acid
diphosphate salts
E451 Triphosphore
E452 Polyphosphate
E433 Polysorbate-80 Thickener/emulsifier Low-grade inflammation increased adiposity in mice. Dysbiosis [164, 165]
E407 Carrageenan Thickener Glucose intolerance in mice, exacerbated glucose intolerance and

dyslipidemia induced by a high-fat diet in mice
[166, 167]

E466 Carboxymethylcellulose Thickener/emulsifier Weight gain and impaired glucose tolerance in mice. Dysbiosis,
intestinal inflammation, metabolic syndrome

[164, 165, 168]

E621 Monosodium glutamate Flavor enhancer Genotoxicity in human peripheral blood lymphocytes in vitro. Weight
gain

[169–171]

E951 Aspartame Sweetener Impaired glucose tolerance in rats. Potential genotoxicity [172, 173]
E954 Saccharin Sweetener Dysbiosis and impaired glucose tolerance in mice. Potential

genotoxicity
[173, 174]

E955 Sucralose Sweetener Dysbiosis in rats and mice, impaired glucose tolerance and liver
inflammation in mice. Malignant tumors and hematopoietic
neoplasias in male mice

[174–177]

TMAO, trimethylamine N-oxide.

The link between individual and planetary health has be-
come a matter of general interest and there are now green sites
that show the extent to which our carbon footprint is reduced
each time we eat a plant-based dish instead of a portion of red-
meat [69]. For instance, consuming the equivalent of one typical
fast-food hamburger (75 g of beef), once or twice a week, creates
604 kg of greenhouse gas emissions per year. Although one to
two servings per week of red meat may not seem to be a great
amount, this carbon footprint equals the gas emissions needed
to heat an average home in the UK for 95 days. Moreover, this
meat consumption requires, on average, 1735 m² of land, equal
to the area occupied by six tennis courts [69].

PLANT-BASED DIETS IN CKD PREGNANCIES: A
PROOF OF CONCEPT

As a consequence of physiological hyperfiltration, glomerular fil-
tration and proteinuria rates increase in pregnant women [70].
The increase in glomerular filtration may be blunted but is also

observed during pregnancy in CKD patients, in whom there may
be a significant increase in proteinuria. The need for discon-
tinuation of angiotensin-converting enzyme inhibitors and an-
giotensin receptor blockers can further contribute to the rise in
proteinuria during pregnancy in CKD patients [71].

In this context, a few teams tried to counterbalance
pregnancy-induced hyperfiltration and to reduce proteinuria by
employingmoderately protein-restricted, plant-based diets dur-
ing pregnancy in patients with either high baseline proteinuria,
or in subjects with advanced CKD. While protein restriction is
usually milder (with a basis of 0.8 g/kg/day instead of 0.6 g), the
plant-based approach is the shared core element in these diets.
The results, in keeping with general data recorded in the overall
population suggesting that plant-based diets are safe, once con-
trolled for iron and vitamin deficits, are encouraging in terms
of safety and almost paradoxically are associated with better
intrauterine growth and a lower risk of pre-term delivery, com-
paredwith CKDwomenwith unrestricted diets in pregnancy [72,
73]. This particular context also allowed for some interesting ob-
servations indirectly supporting the importance of diet quality.
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In fact, in two recent cases, one in Italy and the other in Mexico,
the start of a plant-based diet was associated not with a rele-
vant reduction in protein intake, but with an improvement in
food quality resulting from the avoidance of processed and low-
quality junk food. This change was associated not only with a
reduction in urea level, which was to be expected in the case of
less absorbable proteins, as plant-derived proteins usually are,
but also with a rapid reduction in serum creatinine, which sug-
gested avoidance of toxins, and with a renewed, rapid increase
in urea and creatinine levels if a patient reverted to her previous
eating habits [74, 75].

ADDITIVES, TRACE ELEMENTS AND
PESTICIDES: THE DARK SIDE OF PLANT-BASED
DIETS

Although the potential toxicity of various food additives is well
known, we have fewer data regarding their role in CKD, even if
it is logical to suppose that these substances will accumulate
when kidney function is impaired. While inorganic phosphate
and potassium are the best-known additives, the list is long, and
as we await clear data, a wise policy is to advise against the sys-
tematic use of canned, prepared, processed and commercially
frozen foods [75, 76].

Table 1 reports data on the most common food addi-
tives/preservatives, and on their established or presumed effects
on health. The list is longer than previously appreciated, at least
by nephrologists, and, besides the effects of what is deliberately
added to food, the issue of pesticides and trace elements is also
relevant, in particular for patients with reduced kidney function
[77, 78]. For example, an epidemic of CKDnot associatedwith tra-
ditional risk factors has been observed in developing countries
including Sri Lanka,Mexico, India, El Salvador, Guatemala, Costa
Rica and Egypt [79–81]. Since most of the affected patients were
agricultural workers, research has focused on seeing whether
there is an association with pesticides, in particular glyphosate
[77, 81]. Glyphosate is a widely used herbicide whose chemical
structure resembles that of glycine [77, 82]. Due to this similar-
ity, glyphosate is able to replace glycine during protein synthe-
sis leading to increased oxidative stress and apoptosis of renal
tubular cells [83]. Although a clear cause–effect relationship has
not yet been demonstrated, the potential toxicity of glyphosate
in addition to other predisposing factors like dehydration or ge-

netic background, or other pollutants like heavy metals, could
contribute to the development of CKD of unknown etiology [80,
84, 85].

It is worth mentioning that, nowadays, “plant-derived” is not
synonymous with “healthy.” In fact, the increase of subjects fol-
lowing vegan, vegetarian or pesco-vegetarian regimens in the
last decades in the Western world has been paralleled by an
increased offer of plant-based preparations by the food indus-
try [86, 87]. This has led to the appearance on the market of
ultraprocessed foods made of meat substitutes based on veg-
etable proteins [87, 88]. According to the NOVA classification, ul-
traprocessed foods are “formulations of ingredients, mostly of
exclusive industrial use, typically created by series of industrial
techniques and processes” which also contain ingredients of
rare culinary use and additives to preserve them or make them
more palatable or even hyper-palatable [89]. As discussed above,
the effect of additives, or the processing, on human health is
still a matter of concern [90] and, as shown by a French paper,
the amount of ultraprocessed food eaten by vegetarians, pesco-
vegetarians or vegan subjects may be significant [91].

QUALITY VERSUS QUANTITY OR ORIGIN OF
FOOD

As discussed above, it is the quality and the origin rather than
the quantity of food we eat that makes a difference. But what
is a plant-based diet? Plant-based diets are defined as all reg-
imens that are composed for the most part of fruit, vegeta-
bles, grains, legumes, nuts, seeds and herbs and generally ex-
clude animal products (meat, fish and seafood, poultry, eggs
and dairy products) [11]. Examples of plant-based regimens are
the Mediterranean and the Okinawan diets and the Dietary Ap-
proaches to Stop Hypertension (DASH) eating plan [34, 92–94].
Table 2 shows the definition of some of themost common plant-
based regimens.

Specific studies comparing plant-based and animal-based
diets are lacking. Few studies have directly compared the effects
of plant-based and animal-based diets. A randomized Israeli
crossover study found that a soya-based vegetarian low-protein
diet was not inferior to an animal-based one in preserving the
nutritional status and kidney function of nine CKD Stage 3 and 4
patients [63]. The benefits of soy for nutritional markers, specif-
ically isoflavones, were demonstrated in another study with

Table 2: Definition of the most common plant-based dietary regimens (adapted from [179]).

Diet (or a person) Definition

Vegetarian or ovolactovegetarian A diet composed of dairy and eggs but no meat, fish or other seafood. Some definitions restrict
the term ovolactovegetarian to someone who avoids not only flesh from killed animals but also
gelatin and cheese curdled with rennet of animal origin

Lactovegetarian As ovolactovegetarian, consuming dairy but not eggs
Ovovegetarian As ovolactovegetarian, consuming eggs but not dairy
Pesco-vegetarian A diet composed of fish and/or seafood but not meat
Vegan A diet not containing any animal foods and by-products of animal husbandry such as milk and

honey
Semivegetarian or flexitarian A diet predominantly vegetarian but with occasional inclusion of animal products
Macrobiotic A diet consisting of cereals, pulses and vegetables with small additions of seaweeds, fermented

food, nuts and seeds. Most macrobiotic adherents avoid meat, dairy products and fruits. Fish is
rarely eaten

Plant-Dominant Low-Protein Diet
(PLADO)

A type of low protein diet with a dietary protein intake of 0.6–0.8 g/kg of body weight/day with at
least 50% plant-based sources to meet the targeted dietary protein, and which should preferably
be whole, unrefined and unprocessed foods [178]
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hemodialysis patients [95]. However, no differences were shown
in inflammatory markers [95]. A randomized controlled trial
in 40 peritoneal dialysis patients showed that soy consump-
tion significantly reduces Lp(a) compared with animal-based
diets [96].

Controversial data exist about the calcium–phosphorus bal-
ance in CKD. In fact, one study did not find an evident influence
of type of diet on mineral metabolism in CKD patients not on
dialysis [63],while another reported lower blood phosphorus lev-
els for patients on plant-based diets despite similar phosphate
urinary excretion [97].

Moreover, as opposed to what is usually thought, soy-based
diets did not determine a significant improvement in the lipid
profile in CKD, peritoneal or hemodialysis patients [63, 96, 98].

Thus, despite the supposed non-inferiority of plant-based di-
ets, guidelines do not recommend one specific protein type over
another because of insufficient definitive evidence [49]. It should
be noted, however, that many of these recommendations are
based on a pooled analysis of the few available studies, thusmix-
ing different populations with different characteristics, which
could prevent the appreciation of the benefits of these diets for
CKD rather than dialysis patients.

DIABETIC AND OBESE PATIENTS: THE
“FORGOTTEN ONES,” AND THE CONUNDRUM
OF IDEAL BODY WEIGHT

In spite of the fact that diabetic patients represent one of thema-
jor, if not the most common, subset of patients with advanced
CKD, very few recent studies have addressed this population,
As a result, the old caveats on a higher risk of malnutrition,
gathered in older populations mainly composed of type 1, in-
tensively proteinuric diabetic patients, are still reflected in the
current guidelines, which warn against an overly strict protein
restriction. The recommendations are that these patients follow
a “normal” protein diet at 0.8 g/kg/day of ideal body weight [49,
99, 100]. Nevertheless, the most recent KDIGO guidelines on the
management of diabetic patients with CKD not on dialysis also
suggest to keep a diet rich in plant-based proteins, vegetables
and low in processed meats [100].

While observational studies challenge this distinction and
show that the population of mainly elderly type 2 diabetic pa-
tients would probably benefit from the same approaches pro-
posed for non-diabetic patients, it should be pointed out that the
current indications are based on ideal body weight and, due to
the fact that type 2 diabetic patients are often overweight, their
protein intake is more likely to correspond to 0.6 g/kg/real body
weight [101]. The question of ideal versus real body weight is in-
deed crucial. The prevalence of obesity in the CKD population
is presently estimated at between 30% and 50%, and the indica-
tions on protein restriction might conflict with the indications
for weight loss [102]. Furthermore, while the common indica-
tions are based on ideal body weight, it is generally acknowl-
edged that obese patients benefit from a compromise between
prescription based on real and ideal body weight [49, 103]. How-
ever, probably also on account of the heterogeneity of obesity
in terms of severity, sarcopenia and comorbidity, no established
formula exists and management remains mainly experience-
based. Despite the commonly held belief that obese patients are
refractory to changes in diet, in our experience it is often pos-
sible to obtain a clinically relevant decrease in protein intake in
obese and diabetic patients by means of a flexible approach and
strict controls [104, 105].

In such a setting the choice of a qualitative approach priv-
ileging quality rather than quantity and choosing plant-based
diets is probably both feasible and sound, making an absolute
decrease in protein intake possible, but empirically limiting the
risk of malnutrition. Regardless of weight loss and the entity of
protein restriction, the advantages of plant-based diets can be
inferred from the results of some large studies on non-diabetic
and diabetic individuals (Table 3) [106–120].

ELDERLY PATIENTS: THE IMPORTANCE OF
RESTORING “TRADITIONAL” HABITS

Changing dietary habits is challenging at all ages and elderly pa-
tients are usually considered particularly refractory to dietary
modifications. Based on some large population studies, it is com-
monly held that, since protein intake decreases with age and is
overall lower in advanced CKD, reducing protein intake in the el-
derly CKD population is a sterile and useless exercise [121, 122].
While this may be true in those cases that are already stabi-
lized with a spontaneous reduction in protein intake, data from
our group in Central France suggest that protein intake exceeds
1.2 g/kg/day in about 20% of CKD patients (Stages 3–5 not on
dialysis) aged 90 years or above, and is over the 0.6 target in about
60% of CKD patients aged over 80 years [123].

In this population, dialysis may be particularly challenging
and the desire not to impose dietary restrictions needs to be
counterbalanced by the much higher intrusiveness of dialysis
and by the importance of avoiding, whenever possible, the diffi-
cult clinical and ethical choice between dialysis and “palliative
CKD care” [124]. Interestingly, low-protein diets are normally a
component of this palliative or conservative care, thus suggest-
ing that early proposal may not be devoid of interest [125–127].
These choices are even more challenging in settings, such as
some medium–low income countries, in which dialysis cover-
age is not universal. An interesting pragmatic approach comes
from Mexico, a country where less than half of the population
has free access to chronic dialysis and where the burden of CKD
is particularly high. Based on the consideration that protein in-
take has only recently increased in this country, a team of expe-
rienced dieticians studied the eating habits of a large number of
ethnic groups, basing their dietary prescriptions on traditional
cuisine, considering that this approach would be both reassur-
ing and easier to integrate in daily life, in particular for elderly
patients [128].

Similar considerations apply to elderly patients in many
European countries. Italy’s Mediterranean diet can be consid-
ered plant-based, even though the consumption of meat, fish
and dairy products has increased since the end of the Sec-
ond World War [11]. In Central France, as well as in Romania
and other Eastern European countries, the evening meal of-
ten consists of vegetable soup, while van Gogh’s painting “The
Potato Eaters” reminds us that in the late nineteenth century,
the main source of calories in many northern countries was
plant-based [129].

Once more, although one size may not fit all, the policy of
restoring old habits can play an important role in transforming
a protein-rich into a plant-based diet. Furthermore, rethinking
traditional dishes that can easily be adapted and become vegan–
vegetarian delicacies shows patients that protein-restricted,
plant-based food can actually be very tasty. In addition, this op-
tion will tend to be environmentally friendly, as traditional di-
ets are usually based on local products which do not need long-
distance transportation, thereby reducing our carbon footprint.
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selected patients2–6 weeks

Figure 2: Stepwise dietary approach. Modified from reference [105].

INCREMENTAL DIALYSIS AND THE FALL OF
THE WALL SEPARATING PRE-DIALYSIS AND
DIALYSIS

Incremental dialysis refers to once- or twice-weekly dialysis
schedules [130]. A “softer” start of hemodialysis is associated
with better preservation of residual kidney function and is not
inferior to thrice-weekly schedules in terms of morbidity and
mortality [131, 132]. The recent renewed interest in dialysis
schedules other than thrice-weekly has led us to reconsider the
use of low-protein diets for patients on incremental dialysis [133,
134]. The combination of a low-protein diet with less frequent
dialysis was first proposed in the 1980s [135, 136]. More recently,
a controlled trial in Italy showed that in selected individuals the
combination of a dietary programwith once-weekly hemodialy-
sis was not inferior to thrice-weekly hemodialysis in terms of
patients’ wellbeing and the maintenance of a good metabolic
balance, and was effective in preserving residual renal func-
tion [137]. Moreover, patients on the combined program were
less frequently hospitalized and less in need of erythropoietin-
stimulating agents or drugs to control CKD-associated mineral
and bone disorders [137]. A subsequent analysis of the same co-
hort after a longer follow-up demonstrated a survival advantage
of the combined program over conventional hemodialysis [134].
This combined approach could, on one hand, smooth the tran-
sition from conservative therapy to hemodialysis, tempering so-
called “dialysis shock,” from a patient’s perspective and, on the
other hand, overcome physicians’ traditional concerns about in-
adequate clearance [132]. Experimentswith vLPDs are encourag-
ing [135, 136, 138].

In this context, plant-based, ketoanalogue-supplemented di-
ets can make it possible to decrease daily protein intake to 0.3–
0.4 g/kg of body weight, while preserving calorie intake, and rep-
resent a promising option for patients starting once- or twice-
weekly dialysis.

Besides being patient-friendly, the incremental dialysis ap-
proach helps conserve precious natural resources and has a
lower environmental impact. Reduced dialysis frequency is as-
sociated with reduced energy and water consumption and gen-

erates less organic and plastic waste. In-center hemodialysis, in
fact, uses about 500 l of water per patient per session and has a
carbon footprint of about 3.8 tons of CO2-eq per patient per year
[4, 139]. Moreover, it has been estimated that each hemodialysis
session produces between 1.5 and 8 kg of waste, in addition to
the water consumed in their original production and the carbon
footprint associated with their disposal [1]. Usually, less than
one-third of these waste products can be recycled [1].

ADHERENCE, COMPLIANCE AND
CONCORDANCE: FROM THEORY TO PRACTICE

According to the most recent guidelines and sound evidence,
the best diet for a patient with advanced CKD without contra-
indications is vLPD, vegan and supplemented [49]. However, in
the largest, best designed trials from Brunori and Garneata only
a minority of the patients screened had actually been enrolled,
as these better diets require better adherence, which is not easy
to obtain from all patients [126, 140]. If following a well-designed
vLPD is not easy but the reduction in protein intake (and proba-
bly, more importantly, the reduction in animal protein intake) is
associated with better preservation of the kidney function, there
are at least two complementary strategies that could increase
patient’s adherence to prescription. The first,more conventional
one consists in trying to get as close as possible to prescription
and is meant to gently push patients to follow it. The advantage
of this approach is that it does not lose sight of the “ideal” pre-
scription, while the principal drawback involved in its use is the
often frustrating distance between prescription and compliance
[141–143]. In a way, the success of this approach is quantifiable
in the distance to the ideal target.

The second strategy is based on an analysis of the individ-
ual patient’s habits and preferences and adapts dietary prescrip-
tions in order to achieve a gradual decrease in protein intake
and a progressive shift from an omnivorous (or animal-based)
to a plant-based diet. This softer strategy, that can profit from
adopting some of the options described above, aims to adapt the
prescription to the patient, and find a quantitative, qualitative or
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More plant-based
food

Less protein intake
Delayed dialysis need

Reduced carbon footprint
More local products

Less canned, preserved
and processed food

Less dialysis

Reduced carbon footprint
Reduced biologic/plastic

waste production
Reduced water
consumption

More energy saving

Environmental
benefits

Less pollution
Less water and

soil consumption
Less energy needs

Figure 3: Benefits of plant-based diets.

mixed strategy to mediate between “best diet” and what is fea-
sible [66, 105, 144]. The success of this strategy is measured by
the concordance between the prescribed and actual diet.

While, for obvious reasons, randomized controlled trials fol-
low the first strategy, mediating between needs and preferences
may be a very good option for helping patients reduce their pro-
tein intake and choose plant-based foods. A recent randomized
trial, once again, reported the real-life difficulties in following di-
etary prescription, noting a low compliance resulting in a differ-
ence of 0.23 g/kg/day of protein intake between the prescription
and the actual intake. The same article, however, found that a
supplemented vLPD was safe, did not associate with malnutri-
tion, and had an additional favorable effect on phosphate levels,
urea, mineral metabolism, blood pressure and proteinuria [145].
It is worth noting that, in this publication, dietary regimens em-
ployed different source of proteins (animal or vegetables) and
a combined prescription approach: the original standard diets
developed by expert dieticians were adapted to patients’ prefer-
ences and habits [145].

The stepwise, multiple-choice options developed in our set-
ting are examples of this policy (Fig. 2) [105].

CONCLUDING REMARKS AND FUTURE
DIRECTIONS

Plant-based diets are safe and allow a greater reduction in pro-
tein intake in CKD patients than omnivorous diets. Moreover,
they can contribute to reducing the environmental impact of
CKD (Fig. 3). As most of the available evidence comes from the

general population and not CKD patients the benefits of plant-
based diets needs to be further assessed in dedicated trials.
However, due to the difficulties in performing randomized con-
trolled trials on this subject, other forms of research should be
explored. In this respect, patient preference trials or trial emu-
lation could be valid alternatives [146–148]. Nevertheless, given
the encouraging results of discrete experiments, and as demon-
strated by their use in pregnancy, plant-based diets should be
widely promoted for the benefit of our patients and our planet.
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