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High dietary protein intake may lead to increased intraglomerular pressure and
glomerular hyperfiltration, which in the long-term can lead to de novo or aggra-
vating preexisting chronic kidney disease (CKD). Hence, a low protein diet (LPD,
0.6 to 0.8 g/kg/day) is recommended for the management of CKD. There are ev-
idences that dietary protein restriction mitigate progression of CKD and retard
the initiation of dialysis or facilitate incremental dialysis. LPD is also helpful to
control metabolic derangements in CKD such as metabolic acidosis and hyper-
phosphatemia. Recently, a growing body of evidence has emerged on the benefits
of plant-dominant low-protein diet (PLADO), which composed of > 50% plant-
based sources. PLADO is considered to be helpful for relieving uremic burden
and metabolic complications in CKD compared to animal protein dominant con-
sumption. It may also lead to favorable alterations in the gut microbiome, which
can modulate uremic toxin generation along with reducing cardiovascular risk.
Alleviation of constipation in PLADO may minimize the risk of hyperkalemia. A
balanced and individualized dietary approach for good adherence to LPD utiliz-
ing various plant-based sources as patients’ preference should be elaborated for
the optimal care in CKD. Periodic nutritional assessment under supervision of
trained dietitians should be warranted to avoid protein-energy wasting.

Keywords: Renal insufficiency, chronic; Diet, protein-restricted; Glomerular hy-
perfiltration; Plant-dominant low protein diet; Protein energy wasting

INTRODUCTION

(USRDS) data [1]. Balanced nutritional therapy along
with appropriate pharmacological interventions are es-

There is growing concern worldwide regarding the ex-
ponential increase in the prevalence of chronic kidney
disease (CKD), particularly in Asia and including Korea,
which has the highest incidence rate of end-stage renal
disease according to United States Renal Data System
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sential aspects of the management of CKD patients for
stabilization of kidney function and prevention of oth-
er end-organ complications [2]. However, there are still
controversies regarding certain dietary strategies, such
as controlling the amount and quality of protein intake
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in CKD patients. Furthermore, recommendations for a
low protein diet (LPD) may differ across the stages of
CKD due to differential risk-to-benefit ratio profiles.
This review is focused on the nephron-protective role of
LPD in CKD patients and presents a summary of current
clinical practice guidelines and supporting evidence for
nutritional management regarding the amount of pro-
tein intake in patients with CKD.

CURRENT STATUS OF DIETARY PROTEIN
INTAKE AND CONCERNS ABOUT KIDNEY
HEALTH

The essential amount of protein intake was originally
calculated to compensate for daily obligatory nitrogen
loss through protein degradation and nitrogen excre-
tion. The estimated average requirement (EAR) for pro-
tein intake in adults was suggested to be 0.46 to 0.66
g/kg/day (grams of protein per kilogram of ideal body
weight per day), which corresponds to the amount of
dietary protein required to avoid negative nitrogen
balance [3], while a dietary protein intake as low as 0.46
glkg/day would suffice to avoid negative nitrogen bal-
ance if all essential amino acids are provided [4]. The
recommended daily allowance for protein intake was
estimated as 0.8 g/kg/day to meet the requirements of
97% to 98% of the population (two standard deviations
above the EAR) [5], which has become the upper thresh-
old for LPDs. Although most nutritional guidelines for
CKD patients recommend a LPD, there appears to be
a significant gap from the actual protein consumption.
According to a study based on the National Health and
Nutrition Examination Survey (NHANES) between 2001
and 2008, an average American consumed 1.3 to 1.5 g/kg
of protein per day, and protein intake exceeded 1 g/kg/
day even in those aged > 75 years or with advanced re-
nal insufficiency, such as CKD stage 4. Dietary patterns
in South Korea have also changed toward consuming
larger amounts of protein. A report based on the Kore-
an National Health and Nutrition Examination Survey
(KNHANES) indicated estimated protein consumption
of 250% to 300% of the average required amount in the
population between 10 and 64 years old, which is com-
parable to the NHANES data [6]. The definitions for
range of protein intake are summarized in Table 1 [7,8].

796  www.kjim.org

The Korean Journal of Internal Medicine Vol. 36, No. 4, July 2021

Trends in increasing protein intake have raised con-
cerns about kidney health. There have been several stud-
ies regarding the impact of high protein consumption
on the kidneys. This issue was first studied in animal
experiments, which showed that high-protein meals
resulted in dose-dependent increases in glomerular fil-
tration rate (GFR) [9], with estimated maximal GFR in-
crease of nearly 80%. Similar results were demonstrated
in human studies showing that a high-protein diet (pro-
tein comprising 25% of calories) increased estimated
GEFR (eGFR) by 3.8 mL/min/1.73 m* compared to a lower
protein diet (protein comprising 15% of calories) after 6
weeks of treatment [10]. Glomerular hyperfiltration ul-
timately stimulates mesangial cell signaling to increase
the level of transforming growth factor-p (TGF-f),
which subsequently contributes to the progression of
kidney fibrosis [11]. Long-standing glomerular hyperfil-
tration induced by high protein intake may cause kid-
ney damage and decline of kidney function, especially in
those with pre-existing CKD. In the 11-year observation-
al Nurses’ Health Study, every 10-g increase in protein
intake was significantly associated with a worsening in
eGFR of -1.69 mL/min/1.73 m? (95% CI, —2.93 to —0.45)
among women with mild renal insufficiency (defined as
eGEFR of 55 to 80 mL/min/1.73 m?) [12].

High dietary protein intake may accelerate apoptosis
of podocytes. Protein-rich foods, such as meat cooked at
high heat, contain high levels of advanced glycation end
products (AGEs) [13], which impairs protein degradation
leading to basement membrane thickening and me-
sangial expansion in glomerulus of diabetic kidney dis-
ease [14]. Amino acid and high glucose treatment can lead
to podocyte and mesangial cell cycle arrest and apoptosis
in vitro experiment. Moreover, the podocyte count was
reduced in diabetic mice fed high protein diet [15]. These
pathogenic response of AGEs could be mediated with a
proinflammatory receptor for AGE (RAGE) presented on
glomerular cells [14]. RAGE activated signals culminating
in cellular inflammation and death, and inhibition of
RAGE attenuated apoptosis and inflammatory cytokine
production caused by amino acid and high glucose treat-
ment in podocyte and mesangial cells [15]. The vulnera-
bility of podocytes to AGEs is accentuated in glomerular
hypertrophy because a single podocyte must cover a larg-
er surface area [16]. Possible mechanisms of high dietary
protein diet on kidney injury was summarized in Fig. 1.

https://doi.org/10.3904/kjim.2021.197


www.kjim.org

Ko GJ and Kalantar-Zadeh K. Effects of low protein diets on kidney health

KJIM™

Table 1. Definitions regarding the range of dietary protein intake in the KDOQI CPG for nutrition in CKD 2020 update and
from the ISRNM [7,8]

Amount of daily protein

intake, g/kg/day Comments

Dietary protein intake range

Protein free diet <o0.25 Not recommended including CKD patients

Very low protein diet (VLPD) 0.25-0.55 Prescribed with supplementation of essential amino acid or
keto-analogs (EA/KAA). VLPD (0.28-0.43 g/kg/day) with EA/
KAA meets the protein requirement for non-diabetic CKD
patients in metabolically stable condition.

Low protein diet (LPD) KDOQI CPG recommended LPD for advanced CKD (stage

Non-diabetic CKD 0.55-0.6 3—5). If it contains > 50% high biologic value protein, no

Diabetic CKD 0.6-0.8 supplementation is needed. The recommended amount of
protein intake is slightly higher in CKD with diabetes

Moderately low protein diet 0.8-1.0 Usually recommended for adults without but at high risk of
CKD (solitary kidney, diabetes, hypertension and PCKD, etc.)

Moderate protein diet 1.0-1.2 Recommanded for patients on maintenance hemodialysis or
peritoneal dialylsis in metabolically stable condition

Moderately high protein diet 1.2-15 Average actual consumption of protein intake in the reports
analyzing dietary pattern including NHANES or KNHANES

High to very high protein diet >15 Possibly considered within certain limited period of time in

acute hypercatabolic state such as AKI, burn or PEW
KDOQ], Kidney Disease Outcomes Quality Initiative; CPG, Clinical Practice Guideline; CKD, chronic kidney disease; ISRNM,
International Society of Renal Nutrition and Metabolism; PCKD, polycystic kidney disease; NHANES, National Health and
Nutrition Examination Survey; KNHANES, Korean National Health and Nutrition Examination Survey; AKI, acute kidney
injury; PEW, protein energy wasting.

High protein diet

'

Glomeruli

; ALPD has many advantages in the management of CKD

BENEFITS OF LOW PROTEIN DIET

atients by reducing nitrogen waste products and de-
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EFFECTS OF LOW PROTEIN DIET ON
PROTEINURIA

Figure 1. Possible mechanisms of high dietary protein
intake on kidney health. High protein diet leads to the di-

lation of the afferent arteriole and increased glomerular
filtration rate, which may lead to damage to kidney struc-
ture over time due to glomerular hyperfiltration. RAAS, re-
nin-angiotensin-aldosterone system; TGF-p, transforming
growth factor-beta; RAGE, receptor for advanced glycation
end products; DKD, diabetic kidney disease.
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Glomerular hyperfiltration caused by a high protein
diet is associated with glomerular structural damage
and increased pressure on the remaining glomeruli,
which may lead to increased risk of proteinuria. Al-
though the precise pathophysiology has not been elu-
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cidated, high protein intake is involved in renal solute
excretion workload and tubular amino acid overload,
resulting in vasodilation of the afferent glomerular ar-
terioles. The paracrine factors and mediators associated
with glomerular hemodynamics, such as insulin-like
growth factor 1, prostanoids, nitric oxide, and the re-
nin-angiotensin-aldosterone system (RAAS), have been
suggested to be involved in this response [17]. Moreover,
increased proinflammatory cytokine gene expression
by a high-protein diet may be associated with structural
damage and hyperfiltration by the remaining glomeruli
[18]. This consequence of a high-protein diet has been
shown clinically to be associated with increased risk of
albuminuria, compared to a standard protein intake
in several observational studies, even after accounting
for the influence of sociodemographic factors, comor-
bidities, anthropometric factors, health behaviors (e.g.,
physical activity, energy intake, smoking status), and
medication history, although other studies yielded in-
consistent data indicating no association or associa-
tions only in patients with hypertension and diabetes.
In a study with a crossover design among patients with
nephrotic syndrome comparing standard versus LPD
periods, protein restriction was shown to lead to a up
to 20% reduction in proteinuria in all patients, which
supported the beneficial role of LPD on proteinuria
even after considering that it was conducted in a small
group with a short intervention period (2 weeks) [19].
LPD was also associated with better control of blood
pressure, which is closely related to kidney outcome
[20]. In a study among patients with CKD IV and V, a
very-LPD supplemented with ketoanaloguess (SVLPD)
resulted in significant reductions in blood pressure of
about 10% (143 + 19/83 + 10 to 128 + 16/78 + 7 mmHg; p
< 0.001) [21]. The effects of LPD on kidney physiology
showed many similarities to those of RAAS inhibition,
and an experimental study showed that it had an ad-
ditive anti-proteinuric effect with RAAS inhibition [17].
A recent review by Koppe and Fouque [17], the authors
outlined potential mechanisms of action and additive
efficacy of 'an LPD and RAAS inhibitors in CKD, with a
particular emphasis on phosphate levels, uremic toxin
production, acid load, and salt intake. Therefore, com-
bined treatment with LPD and the RAAS blockade may
be warranted to achieve lower urinary protein levels and
to further reduce the risk of CKD progression. Recently,
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sodium glucose cotransporter-2 (SGLT2) inhibitors have
also been shown reno-protection including reduction of
albuminuria and attenuation of renal function decline.
It is suggested that reno-protective effects of SGLT2 are
mediated possibly through glomerular hyperfiltration
via the improvement of the tubulo-glomerular feed-
back, which share the protective mechanisms in LPD
and RAAS blockade [22,23]. Future studies are needed to
examine whether a similarly synergistic effects would
exits if SGLT2 inhibitors are given in combination with
LPD and plant-dominant diets [24].

EFFECTS OF LOW PROTEIN DIET ON RETAR-
DATION OF CKD PROGRESSION AND DELAY
OF DIALYSIS

As the kidneys are responsible for the excretion of most
protein degradation products, there will be accumula-
tion of these byproducts, such as p-cresyl sulfate, indoxyl
sulfate, and trimethylamine oxide, in CKD patients [25],
which will result in further progressive impairment of
kidney function [26]. However, the Modification of Diet
in Renal Disease (MDRD) study, the largest controlled
trial in CKD patients to date, failed to demonstrate the
effectiveness of LPD in retarding CKD progression [27],
Instead, it suggested that LPD may have negative effects
in the management of CKD. Nevertheless, secondary
analysis of the MDRD study with a longer observation
period showed that each 0.2 g/kg/day decrease in pro-
tein intake was associated with a slower decline of GFR
by 1.15 mL/min/1.73 m? per year, and with a halved risk of
kidney failure or death [28]. Moreover, subsequent me-
ta-analyses and systemic reviews also reported similar
results. A systemic review analyzing data of non-diabetic
CKD patients demonstrated that restricted protein in-
take significantly reduced the number of patients initi-
ating dialysis treatment by about 32% [26]. A more recent
meta-analysis including seven randomized controlled
trials (RCTSs) reported significant protective effects of
LPD and SVLPD on decrease in eGFR, compared to a
normal protein diet [29]. Reduced uremic milieu with
SVLPD was also helpful for maintaining urine volume
and residual renal function, which enabled implemen-
tation of a weekly incremental dialysis program. After
24 months of the program, 40% of patients were still

https://doi.org/10.3904/kjim.2021.197
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on weekly dialysis treatment, without deterioration of
nutritional status, aggravated anemia, or metabolic de-
rangement [30].

The renoprotective effect of LPD may be reinforced in
proportion to the extent of protein restriction. A recent
RCT showed that SVLPD (0.3 g/kg/day) mitigated kidney
function decline and reduced the number of patients
requiring renal replacement therapy in comparison
with conventional LPD (0.6 g/kg/day) [31]. Supplemen-
tation with ketoanaloguess, which can be converted and
utilized as essential amino acids, help to maintain pro-
tein-energy status without increases in levels of nitrogen
waste products with reduced phosphorus and acid load
in VLPD along with decreased protein degradation and
enhanced protein synthesis [32]. SVLPD was demon-
strated to reduce the levels of major uremic toxins, such
as indoxyl sulfate, in predialysis CKD patients [33]. In
another RCT among patients with GFR 5 to 7 mL/min,
SVLPD even delayed the initiation of dialysis treatment
effectively by a mean period of 10.7 months without neg-
ative consequences, which provided economic benefits
estimated at €21,180 per patient in the first year [34].

BENEFICIAL EFFECTS OF LOW PROTEIN DIET
ON METABOLIC CONSEQUENCES

Regarding metabolic acidosis

Metabolic acidosis, a common metabolic consequence
of advanced CKD, should be controlled to retard CKD
progression and prevent other complications, such as
insulin resistance and cardiovascular diseases [35]. As
acid is generated during the process of protein degra-
dation, including sulfur-containing amino acids, higher
intake of proteins and elevated dietary acid load are as-
sociated with a rapid decrease in kidney function [36],
and it is independently associated with increased risk
of end-stage renal disease in CKD patients [37]. There-
fore, LPD, especially if'it is predominantly from plant
sources (see below), is believed to have favorable effects
on metabolic acidosis in CKD patients. Indeed, LPD was
reported to ameliorate metabolic acidosis in patients
with advanced CKD. In an RCT investigating the effects
of diet on serum bicarbonate for 1 year, mean serum
bicarbonate level remained < 19 mmol/L after 1 year
of LPD, whereas it increased to the normal level in the

https://doi.org/10.3904/kjim.2021.197
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SVLPD group [31]. In another study, the amount of oral
bicarbonate replacement to maintain a similar level of
serum bicarbonate (or comparable serum total carbon
dioxide [38]) was lower in the SVLPD group compared to
participants who consumed higher levels of protein [39).
Correcting metabolic acidosis either by dietary modifi-
cation or by sodium bicarbonate replacement was help-
ful to retard the decline of kidney function in patients
with stage 4 CKD [40].

Regarding hyperphosphatemia

As protein-rich foods are the main natural source of
phosphorus intake (1 g of protein contains about 13 mg
of phosphorus) [41], and there is a good correlation be-
tween dietary protein and phosphorous intake, LPD
could be helpful for controlling hyperphosphatemia
in CKD patients, which is a well-known risk factor for
cardiovascular disease and bone strength abnormalities
[42]. In an RCT in patients with CKD IV and V, dietary
protein restriction was shown to lead to declines in se-
rum phosphate levels and calcium-phosphorus product
[43]. The efficacy of LPD for lowering serum phospho-
rus levels also led to reductions in serum levels of para-
thyroid hormone and fibroblast growth factor 23 [44,45],
and better control of markers of mineral bone disorder
through dietary protein restriction may be associated
with slowing the progression of vascular calcification
and improving cardiovascular outcome [46].

Regarding nephrolithiasis

High-protein diets, especially non-dairy animal protein
(poultry, meat, fish, eggs), with low-alkali food is consid-
ered to be associated with stone formation in the urinary
tract. It is thought to cause negative calcium balance,
low urinary pH, and low urinary excretion of citrate, po-
tassium, and magnesium [47]. Especially, animal protein
intake increases purine metabolism causing hyperuri-
cosuria, which contributes to both uric acid and calcium
nephrolithiasis [48,49]. Dietary protein restriction leads
to significant decreases in urinary calcium, uric acid,
oxalate, and hydroxyproline levels. On the other hand,
urinary citrate was reported to increase after adoption
of LPD along with decreased urinary excretion of urea
[50]. It is possible that there are individual variations that
result in differences in the effects of dietary factors on
stone formation. High animal protein intake was shown
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to be associated with urinary oxalate excretion in pa-
tients with idiopathic calcium nephrolithiasis, whereas
no such effect was observed in healthy subjects [51].

IMPORTANCE OF SOURCE OF PROTEIN IN-
TAKE (PLANT VS. ANIMAL PROTEIN)

In addition to the amount of protein intake, the pos-
sibility of different effects according to the source of
dietary protein has attracted interest. Consumption of
animal protein, especially processed red meat, is highly
associated with the incidence and progression of CKD.
The Atherosclerosis Risk in Communities Study (ARIC),
a prospective cohort study as an observation of United
States community population without diabetes and car-
diovascular disease in eGFR > 60 mL/min/1.73 m* with a
median follow-up of 23 years, showed an increased risk
of the incidence of CKD among those who consumed
the highest quintile of red/processed meat compared
to those who consumed the least [52]. Beneficial associ-
ation of plant-based protein intake with CKD incidence
was evident in healthy plant-based diet consuming
whole grain, fruit, vegetable, nuts and legumes rather
than less-healthy plant-based diet with refined grain,
potatoes, fruit juice and sugar-sweetened beverages [53].
Similar results were demonstrated in a study performed
in Asia; the Singapore Chinese Health Study, which
showed a strong association of red meat consumption
with ESRD risk in a dose-dependent manner [54]. Reno-
protective effect of plant-based protein consumption
was associated lower mortality in CKD patients [s5].
Although detailed mechanism for the different effect
regarding the sources dietary protein, it was demon-
strated in a clinical study that higher glomerular hy-
perfiltration was observed in population with more
meat and less vegetable protein intake [56]. This result
was supported with another longitudinal observational
study, the Nurses’ Health Study with 11-year follow-up
periods upon 3,328 population, which demonstrated
that the highest quartile of animal fat and two or more
servings of red meat per week were directly associated
with microalbuminuria [57]. Animal protein diet is also
believed to cause an imbalance in the composition of’
the gut microbiome [58] resulting in the production of
greater amounts of ammonia and sulfur-based materi-
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als with a proinflammatory profile, and thus lead to in-
creases in inflammatory cytokines and oxidative stress
[59,60]. A longitudinal controlled trial among patients
with diabetic nephropathy demonstrated that replac-
ing half of animal protein intake with soy protein con-
sumption for 4 years decreased the degree of proteinuria
and urinary creatinine [61] along with improvement of
markers of metabolic syndrome, which is related to in-
creased risk of CKD [62].

Moreover, many studies have suggested that plant
protein is more helpful for controlling metabolic aci-
dosis. Plant-based protein contains higher levels of glu-
tamate, an anionic amino acid that consumes hydrogen
ions in metabolism, resulting in maintenance of neutral
pH. Plant foods also contain higher levels of anionic po-
tassium salts, which also result in a decrease in levels of
hydrogen ions [63]. The Chronic Renal Insufficiency Co-
hort Study demonstrated that consumption of a greater
proportion of plant protein was associated with higher
bicarbonate levels [45]. As oral bioavailability of phos-
phorus is higher in animal protein, compared to plant-
based protein, whose phosphorus in the form of phytate
is less bioavailable in human gut, more animal protein
consumption may also be harmful for controlling hy-
perphosphatemia in CKD patients [64].

Based on the results of many studies on the favorable
effect of plant-based protein intake, there is a move-
ment to recommend a plant-dominant low-protein diet
(PLADO) in CKD patients [7,60,65]. It is defined as a diet
of dietary protein intake of 0.6 to 0.8 g/kg/day with at
least 50% plant-based sources, which should be whole,
unrefined, and unprocessed foods. Other features of
PLADO include low sodium intake less than 3 to 4 g/
day and high dietary fiber of at least 25 to 30 g/day un-
der ensuring adequate energy intake (30 to 35 Cal/kg/day)
[60]. Although introduction of PLADO regimen in CKD
patients is supposed to yield various beneficial effect as
stated above, there are also several concerns. Most of an-
imal protein are complete proteins, which provide all
essential amino acid supplied necessarily from foods.

It is important to note that plant proteins are often
considered be lack some of essential amino acids, and
therefore are usually categorized as having a low biolog-
ical value as compared to the so-called “high biologic
value” (HBV) proteins that are mostly of animal origin,
in which more essential amino acids are bioavailable
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Table 2. Composition of PLADO and its benefits and challenges [60]

Composition of PLADO

Total protein intake: 0.6—0.8 g/kg-IBW/day
Proportion of energy intake from protein: 8%-11%

Proportion of plant-based protein: 50%-70% (up to 100% vegan according to patients choice)
Sodium: < 4 g/day (< 3 g/day if edema or hypertension are existed)

High dietary fiber: > 25 g/day
Energy intake: 30-35 Cal/kg-IBW/day
Possible benefits of PLADO

Attenuating glomerular hyperfiltration
Better control in uremia and delay of dialysis initiation
Reducing cardiovascular risk from meat consumption
Lowering acid load
Less absorbable phosphorus
Containing high dietary fiber enhancing
gastrointestinal motility
Favorable effect on gut microbiome
Less products related to meat such as
trimethylamine and TMAO
Less inflammation and oxidative stress

Possible challenges of PLADO

Risk of protein-energy wasting

Possibility of inadequate supply of essential amino acids
High glycemic index

Increased risk of hyperkalemia

Low palatability and adherence

PLADO, plant-dominant low protein diet; IBM, ideal body weight; TMAO, trimethylamine N-oxide.

and absorbable via human gut. However, despite the
traditionally lower HBV ranking of plant-based protein,
they do not have significantly lower “protein digestibil-
ity-corrected amino-acid score” (PDCAAS), which is the
preferred method for measuring protein quality, com-
pared to animal-based proteins. Indeed, clinical studies
using near total plant-based diet or exclusively plant-
based diet in CKD patients did not show any nutrition-
al deficits [66-68]. Hence, careful monitoring about the
adequacy for quantity and quality through utilizing a va-
riety of foods may enable to use plant-based diet in CKD
patients without adverse effect. A recent United States
national study showed that higher HBV protein was as-
sociated with poor outcomes in those with CKD [69)].
Another concern with plant-based diet is about the
risk of hyperkalemia. However, dietary potassium ex-
plained only about 2% of the variance in quarterly mean
pre-dialysis serum potassium [70]. Moreover, the top
five sources of potassium were beef, chicken, Mexican
food, hamburgers and legumes [71]. Indeed, a high-fi-
ber diet may enhance bowel motility and likely prevent
more absorption of potassium from foods. Alkali sup-
ply with plant-based dietary sources may also lower the
risk of hyperkalemia [72,73]. Indeed a recent study sug-

https://doi.org/10.3904/kjim.2021.197

gested that lowering dietary potassium was associated
with worse mortality in patients with CKD undergoing
dialysis [74]. Benefits and challenges of PLADO are sum-
marized in Table 2. Close monitoring for the adherence
to intake of proper amount of calori, protein, salt and
fiber, and flexible application of protein sources and
food types according to the preference of patients may
be helpful to convey the better beneficial impact of PLA-
DO regimen on kidney health.

RISK OF PROTEIN ENERGY WASTING & MONI-
TORING

The hypercatabolic state induced by uremia, anorexia
due to accumulation of anorectics, inflammation from
systemic conditions, and underlying autoimmune con-
ditions as etiologies for CKD have been suggested to be
related to a high prevalence of protein energy wasting
(PEW) [75] in CKD patients, associated with low mus-
cle mass and increased mortality [76]. As malnutrition
is the main risk factor for PEW, restriction of protein
intake raised concerns about the possibility of aggra-
vating PEW in CKD patients, and decreased body mass
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index was shown to be associated with higher mortal-
ity of ESRD patients treated with dialysis [77,78]. Anal-
ysis of body composition measurements conducted in
the MDRD study showed decreases in body weight, arm
muscle area, and urine creatinine excretion in the low-
and very-low protein intake groups, compared to the
control diet. However, caloric intake was also decreased
in the protein restriction group, and the averages of
most anthropometric and biochemical indices for nu-
tritional status remained within the normal ranges [79).

Another study investigating the effects of SVLPD
on body composition among CKD V patients showed
slight decreases in lean body mass during the first 3
months after the diet intervention. However, it gradu-
ally increased thereafter, and remained stable at 12 and
24 months, suggesting that SVLPD coupled with ade-
quate caloric intake is nutritionally safe for long periods

Table 3. Potential benefit of low protein diet on kidney health
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[80]. A meta-analysis of 14 studies evaluated the effects
of LPD on body composition in CKD patients, and it
demonstrated that there were no major changes in body
composition over time in CKD patients with LPD [81].
However, as protein and energy requirements should be
varied according to clinical conditions and across dis-
ease severities, it is essential to monitor actual dietary
intake regularly and to assess nutritional status careful-
ly in the implementation of LPD [82,83]. Dietary intake
can be evaluated with dietary recalls, interviews, and
food frequency questionnaires, and the amount of ac-
tual protein intake can be verified with urinary nitrogen
appearance (UNA). However, protein intake can be over-
estimated by UNA-based calculation if patients are in a
hypercatabolic state, including malnutrition, inflamma-
tory conditions, postoperative period, and burn injury.
So, other tools for dietary assessment should be adopted

Improvement of proteinuria

Avoid glomerular hyperfiltration and decreased load on remaining nephron [18,19]

Synergistic mitigation with RAAS inhibition [17]
Retardation of CKD progression

Although there was a slight drop of GFR in first several months [27], eGFR deterioration was attenuated with LPD [26,28,29].

Delayed dialysis and adaptation of incremental dialysis

Decreased level of uremia [29,31]

Reduced production of waste products in protein degradation metabolism [2831]

Alleviating metabolic acidosis

Hydrogen ion generation decreased proportionally to the amount of daily protein intake [31,35,36]. Intake of plant-based
protein intake contributes to better control of the acid-base balance [63]

Attenuating the progression of mineral bone disorder

Lower phosphorus content of LPD helps to better control of hyperphosphatemia along with decreased level of parathyroid

hormone and FGF-23 [44,45]
Reduced risk of nephrolithiasis

Decreases in urinary calcium, uric acid, oxalate, and hydroxyproline levels, whereas increase of urinary citrate [47,49]

Better control of hypertension
Along with reduced intake of sodium [21]

Favorable impacts on the gut microbiome

Lower generation of uremic toxins such as p-cresol sulfate, indoxil sulfate, and TMAO [35,88-91]

Miscellaneous

LPD may improve insulin resistance [92]
LPD may attenuate oxidative stress and inflammation [15,41]

RAAS, renin-angiotensin-aldosterone system; CKD, chronic kidney disease; GFR, glomerular filtration rate; LPD, low protein
diet; FGF-23, fibrous growth factor-23; TMAO, trimethylamine N-oxide.
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in those conditions. [84]. In addition, dialysis treatment
stimulates protein catabolism [85]. Whole-body skele-
tal muscle metabolism appears to increase, which can
lead to the net loss of muscle protein during hemodi-
alysis treatment [86]. The guidelines recommend high-
er dietary protein intake in ESRD patients undergoing
dialysis treatment (1.2 to 1.4 g/kg/day), compared to the
pre-dialysis period, to avoid aggravation of PEW [87]. Ed-
ucation for close self~monitoring to avoid malnutrition
and consistent counselling by CKD-specialized dieti-
tian, who provides pragmatic tools and comprehensible
dietary information and skills are necessary to exert the
role of LPD on kidney health without risk of PEW.

CONCLUSIONS

In the management of patients with CKD, the benefi-
cial effects of plant-dominant LPD to avoid glomerular
hyperfiltration and mitigate accumulation of protein
waste products are thought to be useful for better con-
trol of uremic symptoms and metabolic complications,
facilitating delay in the initiation of dialysis treatment
(Table 3) [15,17-19,21,26-29,31,35,36,41,44,45,47,49,63,88-92].
However, concerns regarding PEW have hindered the
widespread adoption of these strategies by clinicians.
Implementation of LPD as a dietary regimen should be
recommended along with close monitoring and precise
regular assessment of nutritional status. Multidirec-
tional approaches, including dietary approaches, should
be considered to ensure the best outcome for CKD pa-
tients.
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