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Résumé

Modèles nutritionnels dans la maladie rénale chro-
nique

La maladie rénale chronique est un problème de santé 
publique lié non seulement à la difficulté du traitement 
de remplacement rénal, mais également au risque car‑
diovasculaire accru et à la mortalité plus élevée. Des 
données émergentes suggèrent que les habitudes ali‑
mentaires jouent un rôle plus important que les ali‑
ments dans la maladie rénale chroniques. Ainsi, plu‑
sieurs macro produits nutritionnels, en particulier un 
apport élevé en protéines, pourraient constituer des 
facteurs de risque d’IRC, alors qu’un régime végéta‑
rien, méditerranéen ou DASH pourrait être au moins 
aussi efficace qu’une restriction protéique pour réduire 
la progression de l’IRC. Cette revue résume l’associa‑
tion entre plusieurs macro‑ / micro produits nutrition‑
nels et l’IRC, ainsi que les données existantes sur la 
relation entre les habitudes alimentaires et l’évolution 
de la maladie rénale

Mots-clés: nutrition, maladie rénale chronique, ré‑
gimes alimentaires.

AbstRAct

Chronic kidney disease (CKD) is a public health prob‑
lem due not only to the heavy burden of renal replace‑
ment therapy, but also to the increased cardiovascular 
risk and higher mortality. Emerging evidence suggests 
that dietary patterns play a more significant role than 
the nutrients in CKD. Thus, several macronutrients, 
especially high protein intake, could be risk factors for 
CKD, while a vegetarian, Mediterranean or a Dietary 
Approaches to Stop Hypertension (DASH) diet could 
be at least as effective as protein restriction in reduc‑
ing CKD progression. This review summarizes both 
the association between several macro‑/micronutrients 
and CKD, and the existing data on the relationship 
between dietary patterns and renal outcome.

Keywords: nutrition, chronic kidney disease, dietary 
patterns.

Abbreviations:
CKD – chronic kidney disease
eGFR – estimated glomerular filtration rate
RRT – renal replacement therapy
DASH – Dietary Approaches to Stop Hypertension
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IntRoductIon

Chronic kidney disease (CKD) is a public health 
problem. Patients with CKD have a higher mortali‑
ty than the general population, particularly because 
of increased cardiovascular morbidity and mortality. 
In addition, they are at risk of progression towards 
dialysis and renal transplantation. Many of the risk 
factors for the development and progression of CKD 
are common with those of cardiovascular disease, 
and are related to the lifestyle. The current treatment 
guidelines for CKD recommend changes in diet and 
lifestyle, however, these recommendations are gener‑
al, mainly based on observational studies, and the 
optimal dietary approach of CKD is not clear, yet. 
However, understanding the nutritional particulari‑
ties of the patient with CKD is extremely important, 
as it can lead to effective therapeutic strategies.

the Role of dIetARy components In cKd

Protein intake
The protein restriction in CKD is indicated 

starting at a glomerular filtration rate below 60 ml/
min/1.73m2 1. There are studies suggesting a more 
pronounced effect of low protein diets (LPDs) (less 
than 0.6 g/kg day), with a good safety profile for pa‑
tients. Even so, the largest study so far, Modification of 
Diet in Renal Disease (MDRD), did not initially show a 
significant decrease in renal function decline between 
patients with LPD (0.58 g/kg day) and those with 
protein intake of 1.3 g/kg day 2. Neither the second 
phase of the study, which included 255 patients with 
more advanced CKD (GFR of 19 ml/min/1.73m2) 
who received a low‑protein diet or a very low‑pro‑
tein diet (VLPD) (0.3 g/kg day) supplemented with 
ketones of key amino acids, showed any significant 
benefit 3. However, there were enough limitations of 
this study. Very few diabetic patients were included 
in the study and the analysis made during the study 
did not consider the nature of ingested proteins (ani‑
mal versus plant origin) or the adherence of patients 

to the LPD. In addition, the primary end‑point was 
the variation of estimated glomerular filtration rate 
(eGFR) and not the initiation of dialysis or death.

Most systematic analysis suggest a benefit of 
protein restriction. For example, a Cochrane me‑
ta‑analysis showed the protective renal effect of a 
moderate protein restriction diets4. The protein re‑
striction decreased by 32% the number of patients 
who reached the primary end‑point (death of any 
cause, initiation of renal replacement therapy or re‑
nal transplantation). Moreover, the number of pa‑
tients who needed to be treated for one year (NNT) 
to avoid reaching the composite primary end‑point – 
death or initiation of renal substitution treatment – 
ranged between two5 and fifty six2. In sub‑analysis, 
there was a renal protective effect increased by 37% 
for a lower protein intake (7 studies compared an 
intake of 0.3‑0.6 g/kg day of protein with a higher 
one)4 (Table 1).

The nature of proteins is also important. The 
predominantly vegetal protein diet reduces protein‑
uria, decreases the production of uremic toxins, de‑
creases phosphorus intake and endogenous acid pro‑
duction. Several mechanisms have been proposed to 
explain the potential benefits of plant proteins, one 
being the difference in the composition of essential 
amino acids. Also important are the metabolic effects 
on lipids and uric acid levels. An animal protein diet 
increases endogenous acid production and is the 
main source of phosphorus in the diet (>50%).

A prospective randomized study compared a very 
low protein diet (VLPD) (0.3 g/kg day), mainly of veg‑
etable origin, supplemented with ketoanalogues, with 
a LPD (0.6 d/kg day) (plant and animal proteins) in 
207 patients with advanced chronic kidney disease 
(CKD)6. As compared to the LPD group, fewer pa‑
tients in the ketoanalogues‑supplemented group re‑
quired renal replacement therapy (RRT) (13% versus 
42%, p <0.001). In another study, a diet rich in plant 
proteins was associated with a 23% lower mortality 
in CKD patients7.

KA – ketoanalogues
LPD – low protein diet
VLPD – very low protein diet
NNT – number needed to treat
DM – diabetes mellitus
BP – blood pressure
DBP – diastolic blood pressure
SBP – systolic blood pressure
DB PR – double‑blind prospective randomized
PR – prospective randomized
RAAS – renin angiotensin aldosterone system
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Energy demand
The nutritional status is very important in CKD 

patients, especially in the latter stages, the energy and 
protein intake being the most important determinant. 
An appropriate caloric intake can improve protein use 
and reduce protein catabolism in patients with CKD. 
The optimal energy input in patients with CKD is, 
according to the KDOQI Guidelines, 35 kcal/kg/day 
in patients under 60 years and 30‑35 kcal/kg/day in 
those over 60 years8. In non‑diabetic patients, the glo‑
merular filtration rate (eGFR) was lower in those on 
a diet with high protein but with inadequate caloric 
intake than in those on a low protein diet with ad‑
equate caloric intake (24.5±16.3 ml/min/1.73m2 vs. 
32.7 ± 17.3 ml/min/1.73m2, p = 0.002)9.

Lipid intake
Patients with CKD show alterations in the serum 

lipid profile which differ from those in the general 
population. A recent study showed that, although the 

total cholesterol was low in patients with CKD, the 
triglyceride elevation, VLDL and HDL cholesterol 
decrease were responsible for cardiovascular events10.

Dyslipidemia is considered a risk factor for 
CKD progression, with several observational studies 
demonstrating that lipid abnormalities are correlated 
with a decrease in the glomerular filtration rate in 
the general population. Guidelines recommend that 
<30% of the daily caloric intake should come from 
lipids, focusing on the „healthy“ fat sources. The 
optimal distribution among classes of fatty acids is 
not yet determined. However, the increased intake of 
omega‑3 and monounsaturated fatty acids appears to 
have a beneficial effect on CKD progression.

Food fiber intake and impact on the microbiome
The intestinal microbiome carries essential met‑

abolic functions and has a key role in the maturation 
and modulation of the immune system. The micro‑
biome shows alterations starting from the first CKD 

Table 1. Studies evaluating the effects of low protein diets in patients with CKD

Study (year)
Study type

eGFR Intervention Parameter Results
N

Klahr (1994)2

R
1:22‑55
2: 13‑24

1: Normoprotein diet 
vs. LPD

2: LPD vs. VLPD + KA

Rate of GFR 
decline

Rate of GFR decline was not lower 
in LPD than in normoprotein diet1:585

2:255

Kopple (1997)3 Analysis of previous study data
Nutritional status, 

hospitalization, 
mortality

The LPD has a good safety profile 
in CKD: no significant differences 

between groups

Aparicio 
(2000)32 

R 
≤ 25 VLPD‑veg + KA Nutritional status

VLPD did not alter the nutritional 
status or the prognosis after RRT 

initiation239

Bernhard 
(2000)33 

R
≈30 LPD±KA Leucine oxidation, 

acidosis
LPD is metabolically safe in patients 

with CKD12

Cianciaruso 
(2007)

34

R
18±7 LPD vs. NP BUN

Lower BUN in LPD;
Reduced compliance to diet in the 

LPD group300

Bellizzi 
(2007)35

I
<30

VLPD supplemented 
with KA vs. LPD vs NP 

diet
Blood pressure

The blood pressure declined only in 
the VLPD group, despite the reduced 

need of antihypertensives110

Chauveau 
(2009)36

O
<30 VLPD‑veg (0.3 g/kg/

day) + KA
Mortality after 

RRT

Similar survival rates in VLPD pts 
and in the French dialysis registry 

pts.203

Gărneață
(2015)6

R
<30 VLPD‑veg + KA vs. LPD NNT NNT to avoid dialysis or a 50% 

eGFR reduction in a patient was 4.4 207

Piccoli 
(2016)37

O
≈20 LPD in DM vs. non‑DM RRT initiation Similar efficiency in diabetic and 

non‑diabetic patients449

Chen (2016)7
O

NA Vegetal proteins vs. 
animal proteins Mortality Vegetal protein diet is associated 

with a lower mortality risk14866

eGFR – mL/min 1,73m2

Type of study: I – interventional, R – randomized; O – observational ; N – number of participants
BUN – Blood urea nitrogen; KA – ketoanalogues; LPD – low protein diet; RRT – renal replacement therapy; VLPD – very 
low protein diet; VLPD‑veg – very low protein vegetarian diet; NP – normoprotein diet; NNT – number needed to treat, 
DM – diabetes mellitus
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stages. Uremic patients have an increased number of 
bacteria in the duodenum and jejunum, areas that 
are otherwise poorly colonized in healthy individu‑
als. In addition, patients with CKD exhibit qualita‑
tive changes in the microbiome. The CKD‑associated 
factors, such as metabolic acidosis, intestinal edema 
or increased uremic toxin levels, are involved in the 
development of dysbiosis. Moreover, drugs (antibiot‑
ics, proton pump inhibitors and iron supplements) 
and dietary restrictions (reduced dietary fiber intake) 
further alter the microbiome.

The amount of fiber recommended for patients 
with a GFR below 60 ml/min/1.73 m2 is between 
5‑38 g/day, as in the general population. The best 
sources of fiber are legumes (beans and peas), but 
also nuts, fruits, and whole grains. Numerous stud‑
ies have shown a protective effect on cardiovascular 
disease, diabetes, cancer or all‑cause mortality in the 
general populations. Effects appear to be even more 
important in patients with CKD, perhaps due to the 
association of increased fiber intake with decreased 
inflammation. An observational study conducted on 
14,543 participants compared the effects of a 10 g/
day fiber intake in patients with and without CKD. 
The reduction in reactive C protein levels in CKD 
patients was 38%, compared to 11% in the general 
population11.

Sodium intake
Information on salt intake comes mostly from 

studies in hypertension. However, the increased di‑
etary sodium intake has effects beyond blood pres‑
sure and are independent of extracellular f luid ex‑
pansion. Excessive sodium intake is correlated with 
a multitude of CKD progression factors and cardio‑
vascular risk factors such as hypertension, water re‑
tention, proteinuria, inflammation, oxidative stress 
and endothelial dysfunction.

The reduction of blood pressure is significant 
in patients with CKD. A decrease in salt intake to 
6 g/day (2300 mg Na) results in a decrease in blood 
pressure by 9/4 mmHg12. The reduction is more sig‑
nificant in studies where dietary interventions lasted 
over 4 weeks. Sodium restriction also has an import‑
ant effect on proteinuria, with some studies report‑
ing a decrease of up to 51% of albuminuria13. The 
decrease was significantly higher in patients with 
CKD than in the general population, suggesting an 
increased susceptibility in this group of patients14.

Potassium intake
Potassium is critical for the normal cell func‑

tion. The kidney plays an essential role in main‑
taining the balance between the potassium intake 
and urinary excretion. In the general population, 

potassium is associated with decreased blood pres‑
sure, promoting natriuresis and diuresis15. Data from 
the literature on the effect of dietary potassium in‑
take on CKD progression are contradictory. A study 
conducted on a cohort of 2929 patients with CKD 
showed an association between elevated urinary ex‑
cretion of sodium and potassium and an increased 
risk of CKD progression16. Instead, another study 
conducted on a cohort from 17 countries showed 
an association between high urinary potassium ex‑
cretion and decreased mortality and cardiovascular 
events17.

Phosphorus intake
An elevated serum phosphorus level is associ‑

ated with an increased risk of cardiovascular events 
and mortality in CKD patients. There are studies 
suggesting a role in the progression of CKD, but a 
study in a cohort of 10,672 patients did not confirm 
this association18. However, a recent meta‑analysis 
suggests an independent relationship between se‑
rum phosphorus levels, renal failure, and mortality 
in non‑dialyzed patients CKD19.

In CKD patients, the increased dietary phos‑
phorus can aggravate the hyperparathyroidism and 
renal osteodystrophy. What also matters, however, is 
the type of phosphorus in the diet (organic/anorgan‑
ic), the source (plant/animal) and the phosphorus/
protein ratio. The main sources of phosphorus are 
the dairy products, meat and fish. Many food addi‑
tives contain a high amount of phosphorus, which 
significantly increases the intake of phosphorus in 
a Western diet. These additives are added to most 
processed foods, including acidified beverages, meat 
products, cheese, sauces, cereals, bars and pastries.

The calcium intake
Both high and low levels of calcium are asso‑

ciated with high mortality in patients with CKD. 
Calcium deficiency is a stimulus for secondary hy‑
perparathyroidism, with bone demineralization, 
while excess of calcium is involved in extra‑skeletal 
(vascular) calcifications. Unfortunately, there are no 
randomized studies to determine the optimal calci‑
um intake in pre‑dialysis CKD patients.

Nutritional patterns in CKD
The available data suggest that certain nutrients 

may influence CKD progression and occurrence of 
its complications. Thus, dietary therapy can be an 
essential part of CKD’s therapeutic program. The 
current approach, focused on the control of caloric 
intake and macro‑ or micro‑nutrients, is, however, 
difficult to understand and quantify by patients. 
The low compliance with dietary recommendations 
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remains a challenge for clinicians. One of the solu‑
tions could be the use of nutritional models that 
treat nutrients and foods together aiming to lower 
the risk of progression and to improve the CKD 
prognosis. The concept of food synergy, developed 
over the last few years, argues that nutritional pat‑
terns have a greater impact on health rather than the 
use of individual foods or nutritional supplements. 
Thus, when considering the nutritional needs of pa‑
tients with CKD, the focus should be on food.

Most of the proposed interventions rely on a 
predominantly vegetal diet with low animal and so‑
dium protein content. Among the dietary patterns 
associated with a favorable prognosis in CKD are the 
DASH (Dietary Approaches to Stop Hypertension) 
and the Mediterranean diet3. Their beneficial effect 
may be related to the impact on cardiovascular mor‑
bidity (Table 2).

DASH (Dietary Approaches to Stop 
Hypertension)

The DASH Diet is a food plan promoted by the 
US National Institutes of Health for the Prevention 
and Control of Hypertension. This diet involves an 
increased consumption of fruit and vegetables, whole 
grains, nuts and low‑fat dairy products. It also has a 
low content in sodium, refined sugars, fat and red meat.

There are few studies that looked at the link be‑
tween DASH and CKD. In the Nurses Health study, 
the risk of renal function loss in women with mild re‑
nal impairment was correlated with the Western diet. 
The DASH diet was associated with an almost 50% 
lower risk of decline in renal function20. However, 
one of the limitations of this study was the cohort se‑
lection, i.e. older Caucasian women. A recent study in 
a large unselected cohort (N = 14,882) concluded that 
the DASH diet is associated with a 16% lower risk of 
CKD, regardless of the demographic characteristics, 

Table 2. Studies analyzing the effects of a nutritional pattern in CKD

Study (year)
Study type eGFR Nutritional pattern Results

N

Gutiérrez 
(2014)24

O
<60 „Southern“ diet vs. plant‑based A diet rich in fruits and vegetables was associ‑

ated mortality by 33%3972 

Rebholz (2016)21
O

≥60 DASH Diet Low DASH diet score had higher risk to 
develop CKD 15792

Asghari (2017)38
O

≥60 DASH Diet Adherence to a DASH diet is associated with 
a decrease in CKD incidence1630

Lin (2011)20
O

NA „Western“ diet vs a DASH‑type 
diet

“Western“ diet associated with a higher risk of 
microalbuminuria and GFR decline.3121

Scialla (2012)39
O Diet with high endogenous pro‑

duction of acids
Diets with high acid production are associated 

with a faster decline in GFR.632

Krishnamurthy 
(2012)11

O
<60 Diet rich in plant fibers 

Each increase of 10 g/day of fiber intake 
decreased inflammation, more frequent in 

CKD patients14533

Díaz‑López 
(2012)40

R
NA MedD with olive oil vs MedD 

with nuts vs low lipid diet.
All dietary interventions similarly influenced 

the GFR slope.870

Chrysohoou22
P

MedD Adherence to MedD is associated with de‑
creased BUN 3042

Khatri (2014)23
O

NA MedD HighMedD score is associated with a decrease 
GFR decline3298

Wai (2017)25
O

15‑59 Consumption of fruits and veg‑
etables and alcohol

Consumption of plants is associated with 
lower risks of mortality, dialysis or creatinine 

doubling145

Gopinath 
(2011)26

O Consumption of carbohydrate 
and dietary fiber

High glycemic index is associated with 
increased risk of GFR<60mL/min and in‑
creased dietary fiber with decreased risk 3654

Bomback 
(2010)41

O
Consumption of sweet drinks

The consumption of sweetened juices is as‑
sociated with a 40% higher prevalence of a 

GFR <6015745

Type of study: R – randomized; O – observational, eGFR – mL/min/1,73m2, N – number of participants, MedD – 
Mediterranean diet
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the presence of risk factors for CKD, or the level of 
renal function21.

The Mediterranean diet
Although it has many common features with the 

DASH diet, the Mediterranean diet is rather a life‑
style. The food component includes increased con‑
sumption of plant foods (whole grains, fruits, vegeta‑
bles, nuts, seeds and olives), moderate consumption 
of eggs and dairy products and low consumption of 
red meat and alcohol. The main source of added 
fat is olive oil, which adds up to a great deal of fish 
and seafood consumption. Other components that 
make up this lifestyle are the use of small portions, 
socialization, moderate physical activity, rest and use 
of seasonal, traditional, local, biodivers foods, thus 
avoiding intensely processed foods.

The beneficial effect of the Mediterranean diet 
in reducing cardiovascular risk is already well known. 
Furthermore, it is associated with improving the prog‑
nosis of many chronic diseases, including depression, 
breast cancer and colorectal cancer, diabetes, obesity, 
asthma, erectile dysfunction, and dementia. Studies 
that looked at the effects of the Mediterranean 
diet showed a beneficial effect on kidney function. 
Increased adherence to the Mediterranean diet was 
associated with lower urea and creatinine levels and 
higher glomerular filtration rate22. A recent prospec‑
tive observational study examined the correlation be‑
tween degree of adherence to the Mediterranean diet 
and the long‑term kidney function, reporting a sig‑
nificant reduction in the risk of CKD. Each 1‑point 
increase in the median nutritional score for the 
Mediterranean diet was associated with a reduction 
in the incidence of a eGFR <60 ml/min/1.73m2 (OR 
0.83; 95% CI, 0.71‑0.96)23. One of the mechanisms 
involved may be the effect on endothelial dysfunction 
and inflammation, which are important components 
of CKD progression.

Other nutritional models
A study in a cohort of patients with CKD an‑

alyzed the connection between the nutritional pat‑
terns and the risk of mortality and progression of 
CKD. Western‑diet – characterized by increased con‑
sumption of roasted foods, processed meat and sweet 
drinks – was correlated with a 1.5 higher mortality 
risk than other type of diet, e.g. diets based on in‑
creased consumption of fish, fruit and vegetables (HR 
1.51; 95% CI, 1.19‑1.92)24. These results are support‑
ed by a recent Australian study showing that healthy 
eating habits, represented by adequate consumption 
of fruits and vegetables (HR 0.61; 95% CI, 0.39‑0.94) 
and limited alcohol consumption (HR 0.79; 95% CI: 
0.65‑0.96) are associated not only with a lower risk to 

reach a renal composite end‑point (doubling of serum 
creatinine or initiation of renal replacement therapy), 
but also with improved survival in CKD stage 3‑4 
patients: 0.35; 95% CI, 0.15‑0.83)25.

Consumption of grain or wholegrain bread fi‑
bers decreases the incidence of CKD, either by reduc‑
ing the postprandial hyperglycemic peak, by lowering 
albuminuria, or by reducing other risk factors. On 
the other hand, the consumption of refined carbo‑
hydrates (e.g. carbonated beverages, cakes, sweets) is 
associated not only with a 3‑fold higher risk of kidney 
disease at 5 years but also with an increased preva‑
lence of hyperuricemia and CKD26.

As for the alcohol consumption, there are mixed 
observations reported, some studies showing a correla‑
tion between the risk of developing and progression of 
chronic kidney disease and the increased alcohol con‑
sumption27‑29. However, most studies have not found 
a significant link between moderate alcohol consump‑
tion and the progression of chronic kidney disease30,31.

conclusIons

The increasing incidence and prevalence of CKD 
needs the development of effective, patient‑cen tered 
therapeutic strategies. Diet has a vital role in optimiz‑
ing CKD prognosis by increasing the quality of life 
and decreasing morbidity. However, additional studies 
are necessary to establish the optimal nutritional in‑
terventions, focusing on the nutritional pattern rather 
than on nutrients.

Compliance with Ethics Requirements:
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this article“
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