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Plant-dominant low-protein diet (LPD), also abbreviated as "PLADO" is a patient-centered LPD of 0.6–0.8 g/kg/day

composed of >50% plant-based sources, administered by dietitians trained in providing nutrition care to patients with non-

dialysis-dependent chronic kidney disease (CKD). PLADO's composition and meal plans can be designed and adjusted

based on individualized needs and according to the principles of precision nutrition. The goal of PLADO is to slow kidney

disease progression, to avoid or delay dialysis therapy initiation, and to ensure cardiovascular health and longevity.  The

ideal type of PLADO is a heart-healthy, safe, flexible, and feasible diet that could be the centerpiece of the conservative

and preservative management of CKD.
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1. Definition

We define a plant-dominant LPD, also referred to as PLADO, as a type of LPD with DPI of 0.6–0.8 g/kg/day with at least

50% plant-based sources to meet the targeted dietary protein, and which should preferably be whole, unrefined, and

unprocessed foods (Figure 1).

Figure 1. Overview of the plant-dominant low-protein diet (PLADO) for nutritional management of CKD, based on a total

dietary intake of 0.6–0.8 g/kg/day with >50% plant-based sources, preferentially unprocessed foods, relatively low dietary

sodium intake <3 g/day (but the patient can target to avoid >4 g/day if no edema occurs with well controlled hypertension),

higher dietary fiber of at least 25–30 g/day, and adequate dietary energy intake of 30–35 Cal/kg/day. Weight is based on

the ideal body weight. Note that serum B12 should be monitored after three years of vegan dieting.

2. Introduction

This is consistent with the RDA of DPI of 0.8 g/kg/day, which has a high safety margin, given that based on established

metabolic studies , the lowest DPI requirement to avoid catabolic changes is 0.45 to 0.5 g/kg/day. It has been suggested

that ≥50% of DPI should be of “high biologic value” with high gastrointestinal absorbability to ensure adequate intake of

essential amino acids . However, other metrics, including the “protein digestibility-corrected amino-acid score,” which is a

more accurate method recommended by the Food and Agricultural Organization and the World Health Organization, grant

high scores to many plant-based sources and may be a more appropriate measure of protein quality . Other features of
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PLADO include relatively low sodium intake <3 g/day, higher dietary fiber of at least 25–30 g/day, and adequate dietary

energy intake (DEI) of 30–35 Cal/kg/day, assuming that the DEI calculations are based on the ideal body weight, similar to

the approach to calculating DPI (Figure 1).

3. Benefits of a Plant-Dominant Low Protein Diet

There are multiple pathways by which an LPD with at least 50% plant-based protein sources ameliorates CKD

progression, in addition to reducing glomerular hyperfiltration (Table 1):

Reduction in nitrogenous compounds leads to less production of ammonia and uremic toxins as an effective strategy in

controlling uremia and delaying dialysis initiation .

Synergism with RAAS and SGLT2 inhibitors, since LPD reinforces the pharmaco-therapeutic effect of lowering intra-

glomerular pressure through complementary mechanisms (Figure 1) .

Attenuation of metabolites derived from gut bacteria that are linked with CKD and CV disease: Animal protein

ingredients including choline and carnitine are converted by gut flora into trimethylamine (TMA) and TMA N-oxide

(TMAO) that are associated with atherosclerosis, renal fibrosis  [69], and increased risk of CV disease and death .

The favorable impact on the gut microbiome  similarly leads to lower levels of other uremic toxins such as indoxyl

sulfate and p-cresol sulfate .

Decreased acid load: plant foods have a lower acidogenicity in contrast to animal foods, and this alkalization may have

additional effects beyond mere intake of natural alkali .

Reduced phosphorus burden: there is less absorbable phosphorus in plant-based proteins given the presence of

indigestible phytate binding to plant-based phosphorus. Fruits and vegetables are less likely to have added

phosphorus-based preservatives that are often used for meat processing .

Modulation of advanced glycation end products (AGE’s): higher dietary fiber intake results in a favorable modulation of

AGE , which can slow CKD progression , enhance GI motility, and lower the likelihood of constipation that is a

likely contributor to hyperkalemia.

Favorable effects on potassium metabolism: a plant-based diet based on more whole fruits and vegetables lessens the

likelihood of potassium-based additives that are often found in meat products .

Anti-inflammatory and anti-oxidant effects: there is a decreased risk of CKD progression and CV disease due to higher

intake of natural anti-inflammatory and antioxidant ingredients, including carotenoids, tocopherols, and ascorbic acid

.

Table 1. Benefits and challenges of LPD with >50% plant-based protein sources.

Benefits of LPD with >50% Plant
Sources

Potential Challenges of LPD

·          Lowering intra-glomerular

pressure

·          Risk of protein-energy

wasting (PEW)

·          Synergistic effect with RAASi

and SGLT2i

·          Inadequate essential amino

acids

·          Controlling uremia and

delaying dialysis

·          Undermining obesity

management

·          Preventing cardiovascular

harms of meat
·          High glycemic index

·          Less absorbable phosphorus
·          High potassium load and

hyperkalemia

·          Lowering acid-load with less

acidogenicity

·          Low palatability and

adherence
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·          High dietary fiber enhancing GI

motility

·          Inadequate fish intake if

vegan

·          Favorable changes in

microbiome
 

·          Less TMA N-oxide (TMAO),

leading to less kidney fibrosis
 

·          Less inflammation and

oxidative stress
 

4. Features of PLADO Regimens

As stated above, the plant-dominant restricted protein diet consists of an LPD amounting to 0.6–0.8 g/kg/day with at least

50% of the dietary protein being from plant-based sources. Table 2 compares PLADO with a standard diet in the USA, in

that the total amount and proportion of plant-based protein is usually 1.2–1.4 g/kg/day and 20–30%, respectively, whereas

the PLADO not only has less total protein of 0.6–0.8 g/kg/day but it also includes 50% to 70% of plant-based sources for

this restricted DPI goal. Hence, an 80 kg person with CKD, for instance, would be recommended to have 46 to 64 g of DPI

per day, out of which 24 to 45 g will be from plant-based sources, while the rest is according to patient choice and

preferences. As shown in Table 2, the total amount of animal-based protein under PLADO regimen is 14 to 32 g/day,

which is less than half of the 68 to 83 g/day in the standard diet, but the patient also has the choice of being nearly or

totally plant-based. There are different types of vegetarian diets : (1) Vegan, or strict vegetarian (100% plant-based),

diets that not only exclude meat, poultry, and seafood but also eggs and dairy products; (2) Lacto- and/or ovo-vegetarian

diets that may include dairy products and/or eggs; (3) Pesco-vegetarian diets that include a vegetarian diet combined with

occasional intake of some or all types of sea-foods, mostly fish; and (4) Flexitarians, which is mostly vegetarian of any of

the above types with occasional inclusion of meat . The PLADO does not require adherence to any of these strict diets,

but is a flexible LPD of 0.6–0.8 g/kg/day range with 50% or more plant-based sources of protein based on the patient’s

choice (Table 2). Whereas some nephrologists may promote a pesco-lacto-ovo-vegetarian LPD with >50% plant sources,

patients have the ultimate discretion to decide about the non-plant-based portion of the protein ad lib. Based on our

decades-old experience in running LPD clinics, most CKD patients will adhere to 50–70% plant-based sources, while

some may choose >70% or strictly plant-based diets.

Table 2. Comparing Low Protein Diet (LPD) >50% plant-based protein sources. Known as PLADO, versus standard diet,

based on 2400 Cal/day in an 80-kg person.

Protein Metric Standard Diet
LPD >50% Plant-based
Sources (PLADO)

Proportion of plant-

based protein, %
20–30% 50–70% *

Total protein per kg IBW,

g/kg/day

>0.8, usually

1.2–1.4
0.6–0.8

Total protein intake,

g/day
96 to 112 g 48 to 64 g

Protein density, g/100

Cal
4.4–5.1 2.2–2.9
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Proportion of energy

from protein, %
16–19% 8–11%

Total plant-based

protein, g/day
24–34 24–45

Total animal-based

protein, g/day
68–83 14–32 (or none *)

* up to 100% vegan is allowed based on patient choice.

We recommend a daily sodium intake <3 g/day for a more pragmatic approach , as opposed to the American Heart

Association’s suggested <2.3 g/day given the lack of strong evidence for the latter . The PLADO regimen is CKD-

patient-centric and flexible with respect to the targeted dietary goals, and is constructed based on the preferences of the

patient as opposed to strict dietary regimens, with the dietitian working with patients and their care-partners to that end.

Whereas we recommend a moderately low sodium intake of <3 g/day under the PLADO regimen, in those without

peripheral edema and well-controlled hypertension, we have allowed slightly higher sodium intake but not greater than 4

g/day given that recent large cohort studies showed poor CKD outcomes with daily urinary sodium excretion >4 g/day .

5. Safety and Adequacy of a Plant-Dominant Low-Protein Diet

Potential challenges of PLADO are outlined in Table 3, which will be largely related to the adequacy and safety of this type

of dietary management of CKD patients. The risks of PEW and sarcopenia are the leading concerns, although there is

little evidence for these sequelae. As discussed above and based on the U.S. recommended RDA for safe DPI ranges, it

is highly unlikely that the targeted DPI of 0.6–0.8 g/kg/day with >50% plant sources will engender PEW in clinically stable

individuals. No PEW was reported in 16 LPD trials cited above , including the MDRD trial , although PEW per se is a

risk of poor CKD outcomes including faster CKD progression . However, it is prudent that in patients who may develop

signs of PEW or acute kidney injury (AKI), higher DPI targets should be temporarily used until PEW or AKI is resolved. On

the other hand, if there is concern related to the likelihood of obesity and hyperglycemia, patients and providers should be

reassured that LPD therapy in CKD has not been shown to be associated with such risks, and indeed, an LPD with plant-

based sources has salutary effects on insulin resistance and glycemic index, as long as total calorie intake remains within

the targeted range of 30–35 kcal/kg/day .

Another frequently stated concern is the perceived risk of hyperkalemia. We are not aware of scientific evidence to

support the cultural dogma that dietary potassium restriction in CKD improves outcomes . Evidence suggests that

dietary potassium, particularly from whole, plant-based foods, does not correlate closely with serum potassium

variability . Indeed, a high-fiber diet enhances bowel motility and likely prevents higher potassium absorption, and

alkalization with plant-based dietary sources also lowers risk of hyperkalemia . Of note, dried-fruit, juices,

smoothies, and sauces of fruits and vegetables require additional consideration given their high potassium concentrations.

Moreover, newly available potassium-binders, which were not FDA-approved during the era of prior LPD trials such as the

MDRD, may be used in the contemporary management of CKD patients at the discretion of clinicians .

Diet palatability and adherence to LPD or meatless diets are often cited as dietary management challenges. Based on our

extensive experience in running patient-centered LPD clinics for hundreds of CKD patients , and given prior data on

dietary adherence research [3,94], the suggested PLADO with DPI of 0.6–0.8 g/kg/day and >50% plant-based sources is

feasible and well-accepted among patients with CKD . Patients have the opportunity to choose the contribution of protein

plant sources between 50% and 75% or >75%, and these two strata along with palatability, appetite , and adherence

should be monitored closely in CKD clinics. If there is concern about inadequate fish intake, given data on the benefits of

higher fish intake including fish oil in CKD , treated CKD patients can be reminded of the opportunity to consume

more fish products for their remaining non-plant sources of the dietary protein. Likewise, concerns about B12 deficiency

associated with meatless diets can be mitigated by the use of oral supplements as needed .
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