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Abstract: Chronic kidney disease (CKD) represents an increasingly common pathology that affects
patients” quality of life, and it is frequently associated with a high mortality rate, especially in the
final stages of the disease. At the same time, diabetes mellitus is a chronic disease that contributes to
the increased number of patients with CKD through diabetic kidney disease (DKD). The alternation
of hypoglycemia with hyperglycemia is a condition in the occurrence of microvascular complications
of diabetes, including DKD, which involves structural and functional changes in the kidneys. The
therapeutic management of diabetic nephropathy is a much-discussed topic, both from nutritional
medical recommendations and a pharmacotherapy perspective. The diet starting point for patients
with DKD is represented by a personalized and correct adjustment of macro- and micronutrients. The
importance of nutritional status in DKD patients is given by the fact that it represents a modifiable
factor, which contributes to the evolution and prognosis of the disease. Since, in most cases, it is
necessary to restrict many types of food, malnutrition must be considered and avoided as much
as possible.
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1. Introduction

Chronic kidney disease (CKD) is a global health problem, and the number of patients
with this disease is continuously increasing. A meta-analysis of observational studies
estimating CKD prevalence showed that approximately 13.4% of the world’s population
has CKD [1]. Diabetic nephropathy, a complication characterized by persistent microalbu-
minuria and a progressive decline in renal function, is strongly influenced by poor control
of glycemic values and the duration of diabetes.

In 2007, the National Kidney Foundation (NKF) introduced new terminology, dia-
betic kidney disease (DKD), because the diagnosis of renal impairment due to diabetes
mellitus (DM) is based on clinical and laboratory assessments. The term diabetic nephropa-
thy implies that a renal biopsy has been performed, which is rarely carried out in daily
practice [2].
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The estimated number of diabetic patients with CKD has reached 24.3 million in
China [3]. In the United States, diabetic patients represent 30% to 50% of end-stage kidney
disease cases [4]. In 2015, the International Diabetic Federation reported that almost
440 million patients between the ages of 20 and 79 were diabetic, representing a prevalence
of approximately 8.8%; by 2035, this number could increase to 550 million individuals, and
by 2040, the number of patients with type 1 DM is expected to reach more than 17 million
cases [5-7]. From the moment of their first medical visit, renal failure (CKD stages 3-5) was
noted in 21.6% of type 2 diabetic patients, according to the ADD-CKD study [8].

An important factor in the evolution of patients with DKD is represented by a properly
adjusted diet according to the entire existing pathology [9]. Usually, screening of renal
function, including albuminuria, should be performed at the moment of diagnosis and
annually thereafter in type 2 diabetes patients and after 5 years from diagnosis in type 1 DM
patients. According to new data that showed an albuminuria prevalence of almost 18% in
type 1 DM patients before 5 years from diagnosis, renal function screening will probably be
required 1 year after diagnosis. In type 2 DM patients, microalbuminuria was noted in 7%
of patients at the moment of diagnosis [10].

Early renal damage is characterized by increased albumin excretion. Initially, microal-
buminuria (30 to 299 mg/24 h) is noted, followed by macroalbuminuria (>300 mg/24 h)
in the advanced stages of the disease [11]. Microalbuminuria is an important test that
contributes to the diagnosis of kidney disease; it can also suggest a chance of a reversible
pathology, and some patients may regress to normoalbuminuria [12]. Typically, microvas-
cular complications, including DKD, are diagnosed after approximately 15 years of dia-
betes [13]. In addition, the duration and severity of hyperglycemia are the major causes of
renal damage. Therefore, the goal of DKD therapy consists of preventing increased urinary
albumin excretion and kidney and cardiovascular event onset [14].

The current drug treatment recommended in DKD is primarily based on angiotensin-
converting enzyme inhibitors (ACEIs) and angiotensin receptor blockers (ARBs) to block the
renin-angiotensin-aldosterone system (RAAS) but also on sodium/glucose cotransporter
2 (SGLT2) inhibitors, glucagon-like peptide 1 (GLP-1) agonists, mineralocorticoid receptor
antagonists, and endothelin antagonists, with effects both on glycemic control and RAAS
blockade. However, nutritional status plays a significant role in the optimal control of
glycemic values and proteinuria decrease [15].

2. Nutritional Medical Therapy in DKD

In any pathology, nutrition represents an important modifiable factor that can improve
treatment management. The prevention of microalbuminuria or stopping progression to
macroalbuminuria represents the primary goal of DKD treatment [16-18]. In contrast with
the diabetic regimen, the DKD diet is slightly more complex and restrictive, as it should be
adapted according to the patient’s stage of disease and associated comorbidities [19,20].
Therefore, the DKD diet should be designed not only to control blood glucose but also to
delay the progression of kidney disease through the effective regulation of protein, sodium,
and potassium levels. This will lead to adequate control or prevention of the onset of
hypertension, uremia, edema, hyperkalemia, and hyperlipidemia [21].

It is advisable to advocate for nutritious dietary habits among CKD patients. This
approach aims to prevent or alleviate these risk factors, ultimately reducing the likelihood
of developing CKD. Nutritional interventions have shown the potential to lower glycated
hemoglobin (HbAlc) levels comparably to or even more effectively than glucose-lowering
medications. Simple dietary recommendations, such as increasing the consumption of
non-starchy vegetables, reducing the intake of added sugars and refined grains, and opting
for whole foods over heavily processed ones, can be implemented for the majority of
patients. A diet rich in vegetables, fruits, whole grains, fiber, legumes, plant-based proteins,
unsaturated fats, and nuts aligns with many dietary patterns associated with positive health
outcomes in the general population. This approach serves as a suitable starting point for
individuals with diabetes and CKD [22].
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3. Caloric Intake

Several strategies can be utilized to mitigate insufficient nutrient consumption among
individuals with chronic kidney disease. For clinically stable patients with CKD stages 3-5,
who are not undergoing dialysis, it is essential to preserve their protein reserves. Therefore,
it is recommended to maintain a dietary protein and energy intake within the range of
0.6-0.8 g of proteins per kilogram of ideal body weight per day and 30-35 kilocalories per
kilogram of ideal body weight per day. However, adjustments to these levels are necessary
during hypermetabolic conditions such as acute illness and hospitalizations. For elderly
individuals with CKD, usually with a sedentary lifestyle, an energy intake of 30 kilocalories
per kilogram of body weight per day is acceptable [23].

4. Protein Intake

From their first medical appointment, CKD patients should be educated on a healthy
diet that is low in salt, low in saturated fats, high in fiber, and low in energy. Protein
restriction should be progressively increased according to the stages of CKD. Additionally,
physical activity should complement the nutritional treatment [24].

For individuals with an estimated glomerular filtration rate (¢GFR) below 60 mL/min/
1.73 m? and who do not exhibit nephrotic syndrome, it is recommended to have a daily
protein intake of 0.8 g/kg. Research on nutrition in patients with decreased eGFR suggests
that protein consumption can be safely reduced to 0.6 g/kg/day [25-29], although adopting
a very low-protein diet has been linked to increased long-term mortality risk, especially in
older patients [29,30]. In addition, there are studies that concluded that low-protein diets
did not improve renal impairment, eGFR, or 24 h urinary albumin excretion [25]. Moderate
restriction is typically well-accepted, does not result in malnutrition among CKD patients,
and is also helpful in avoiding metabolic acidosis. Evidence shows that a daily decrease
in protein intake of 0.2 g per kilogram of body weight ameliorates metabolic acidosis,
hyperphosphatemia, and the uremic state of these patients [24,31].

In CKD, the dietary protein requirement to maintain a neutral nitrogen balance is
approximately 0.55-0.60 g/kg/day, with the condition of providing sufficient energy
intake [32,33]. However, most patients on a low-protein diet consume more protein than
recommended, rarely falling below the safe threshold. Nonetheless, it is quite common for
energy intake to decrease, which can lead to malnutrition [33].

In comparison to a typical dietary protein intake of 0.8 g per kilogram per day, re-
ducing dietary protein intake has been suggested as a possibility to decrease glomerular
hyperfiltration and potentially decelerate the progression of CKD [34].

For diabetic patients without renal impairment, dietary protein requirements are
assumed to be similar to those of the general population [35]. However, individuals
with type 2 diabetes may often consume protein-rich foods more frequently for purposes
such as promoting weight loss (e.g., Atkins and protein powder diets) or preventing
hypoglycemia [36].

Even in more recent studies, it has been suggested that restricting dietary protein
intake may have uncertain effects on changes in kidney function over time and may not
significantly influence the risk of death or kidney failure [37].

Comparative analysis indicates that a restricted protein diet effectively slows the
progression of CKD in non-diabetic individuals and those with type 1 diabetes with CKD.
It appears that there is no significant benefit in terms of slowing CKD progression when
protein restriction is implemented in CKD patients with type 2 diabetes [38].

For individuals with nephrotic syndrome, the guidelines suggest moderate protein
intake to manage proteinuria and prevent further kidney damage. The current recommen-
dation is approximately 0.8 to 1.0 g of protein per kilogram of body weight per day. This
balance aims to reduce protein loss in urine while providing sufficient protein to prevent
malnutrition, which is a common concern in nephrotic syndrome patients. The latest
guidelines distinguish between predialysis patients with and without diabetes, offering
specific protein intake ranges for each group. For clinically stable patients with CKD stages
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3-5 without diabetes, the guidelines suggest a protein intake range of 0.55-0.60 g per
kilogram per day, or alternatively, a very low-protein diet ranging from 0.28-0.43 g per
kilogram per day supplemented with keto-acid analogs [39]. Nevertheless, it is important
to emphasize that the beneficial effect of low-protein diets in DKD patients is still unclear
and extremely restrictive protein intake may increase the risk of mortality. Many factors
should be considered when a low or very low protein diet is recommended, such as asso-
ciated comorbidities, the age of the patient, CKD stage. In 2013, the American Diabetes
Association suggested for DKD patients daily protein intake similar to that of the healthy
population (1-1.5 g/body weight) [40].

4.1. Plant Versus Animal Protein

The source of dietary protein may affect the progression of DKD. Animal protein

is strongly linked to insulin resistance, and it increases the risk of hyperfiltration and
albuminuria. In contrast, plant-sourced protein has a significantly beneficial effect on both
DKD and cardiovascular disease (CVD) [41].

The mechanisms through which plant-based diets may decrease the progression of

DKD could be attributed to several factors. These may include the form of phosphorus
present in plant-based foods, a reduction in blood pressure through decreased sodium
intake, an increase in fiber leading to better glycemic control, or the presence of bioactive
compounds found in soy protein-based diets, such as isoflavones. Plant-based sources of
protein can be either soy-based or non-soy-based. Soy-based diets have been shown to
decrease urine albumin excretion, possibly due to the actions of isoflavones [42]. Plant-
based sources of protein typically contain phosphorus in the less bioavailable form of
phytate, whereas processed foods and animal sources of protein contain phosphorus in the
organic form [43].

New findings suggest that the prevention of DKD progression can be achieved by

recommending high intake of anthocyanins (ANT), which can determine a reduction in
fasting blood glucose levels and the improvement of renal morphology and function. This
intervention may be linked to adequate control of amino acid metabolism by enhancing
the metabolism of tyrosine, tryptophan, taurine, and hypotaurine [44]. Ensuring sufficient
intake of antioxidants through diet, as indicated by higher CDAI (Composite Dietary
Antioxidant Index) levels, could potentially reduce the risk of DKD and mortality among
individuals with diabetes. These results suggest a promising strategy for managing diabetes
and underscore the potential of incorporating food-based antioxidants as a preventive
measure (Table 1) [45,46].

Table 1. Comparison between animal and plant protein in diabetic kidney disease.

Source of Protein

Benefits

Risks

increase in fiber leading to better
glycemic control

lower nutritional values due to
unbalanced amino acid composition

° contain vitamins and minerals . . .
Plants (e.g., almonds, black beans, e  no cholesterol meomp llete protein profiles
oats, tofu, chickpeas, red lentils, e  contain phosphorus in the less lgwer d 13est1b111ty .
spinach, broccoli, edamame, etc.) bioavailable form of phytate digestive 1§sues such as bloating,
° lower risk of heart disease, diabetes, &as, ar.1d (.ils.comfort mn
and DKD some individuals
° contribute to increased lean muscle mass o higher saturated fat
° prevent malnutrition ° high cholesterol
° contain all essential amino acids ° low dietary fiber
Animals (e.g., chicken, turkey, e  higher in vitamin B12 and iron e  higher calories
salmon, tuna, egg, yogurt, duck, e  help in the absorption of other nutrients, o

prawns, ribeye, etc.)

e.g., casein micelles help in the absorption
of proteins, calcium, and phosphate in
high concentrations

increase the risk of hyperfiltration
and albuminuria

contain phosphorus in organic form
insulin resistance
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4.2. The Effect of Ketoanalogues

The effects of ketoanalogues (KA) on CKD have not been fully confirmed. Ke-
toanalogues of amino acids represent nitrogen-free analogs of essential amino acids, and
the “ketodiet” refers to low-protein diets (0.6 g/kg per day) or very-low-protein diets
(0.3-0.4 g/kg per day) associated with KA [47]. DKD is characterized by systemic inflam-
mation, insulin resistance, and hypercatabolism. Protein-restricted diets might lead to the
risk of protein energy waste and essential amino acid (EAA) deficiency [48].

The National Kidney Foundation suggests a low-protein diet with 0.6-0.8 g/kg/day
associated with adequate energy intake (25-35 kcal/kg/day) to preserve renal function and
maintain nutritional status [49], while the American Diabetic Association considers that
protein intake should not be lower than 0.8 g/kg/day due to the risk of malnutrition [50].
Because most major trials have not included DKD patients, mainly because of the fear of
malnutrition, the potential clinical benefits and harms of KA supplementation with protein-
restricted diets in non-dialysis DKD patients are not sufficiently characterized [51]. Effect
sizes from ten randomized controlled trials (RCTs) and two non-RCTs, involving a total
of 951 patients, were pooled and analyzed. The analysis revealed that a restricted protein
diet supplemented with ketoanalogues (RPKA) had a major effect on the progression of
CKD, particularly in patients with an eGFR greater than 18 mL/min/1.73 m?. Furthermore,
RPKA did not cause malnutrition compared to the placebo. The results also suggested that
ketoanalogues significantly reduce serum phosphorus levels in patients with poorer renal
function, but cholesterol levels were not significantly influenced by KA [52].

This approach educates patients on proper nutrition from the early stages of the
disease, preventing abrupt changes in eating habits. This gradual adjustment promotes
better acclimatization and, consequently, improved adherence to dietary treatment, in
accordance with patients’ eGFR value [24]:

>60 mL/min, a normal protein intake is recommended (1-1.2 g proteins/kg/day);
45-59 mL/min, 0.8 g proteins/kg/day;

30-40 mL/min, 0.6-0.7 g proteins/kg/day;

15-29 mL/min, 0.6-0.7 g proteins/kg/day (phosphate awareness) or <0.6 g pro-
teins/kg/day + ketoanalogues;

e <15mL/min, 0.6 g proteins/kg/day (phosphate awareness) or 0.3-0.4 g proteins/kg/
day + ketoanalogues.

5. Carbohydrate Intake

Obesity is linked to a heightened risk of CKD, emphasizing the importance of weight
management in obese individuals with CKD. Guidance suggests that modest weight
reduction, typically in the range of 5-10% of body weight, is advisable for obese CKD
patients to help prevent the progression of kidney disease [41].

In patients with diabetic nephropathy, a diet low in both carbohydrates and proteins
should be considered. It is difficult to choose one of the two nutritional therapies because
there are studies showing that a low-protein diet could have several benefits, such as better
control of blood pressure and glucose and cholesterol levels and may increase the patient’s
life span [32].

The impact of a carbohydrate diet on outcomes in patients with DKD remains a matter
of debate, considering that high intake can be linked to DKD onset [37]. Carbohydrates
provide 45-60% of energy intake; therefore, in DKD patients, dietary sources should be
carefully selected. Low glycemic index carbohydrates (e.g., fresh fruits and vegetables,
fibers, etc.) should be mainly recommended, and fast-absorbing carbohydrates should be
limited in order to provide less than 10% of the energy intake [53,54].

6. Effects of Omega-3 Fatty Acid Supplementation

In DKD, dyslipidemia treatment is essential in order to decrease the risk of cardiovas-
cular events and premature mortality [55,56]. It is known that the risk of CVD in diabetic
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patients could be decreased by decreasing the intake of trans-fat and saturated fatty acids
(SFA) [57].

In contrast, there are several studies that noticed the beneficial effects of omega-
3 fatty acids (O3FAs), such as o-linoleic acid (ALA), eicosapentaenoic acid (EPA), and
docosahexaenoic acid (DHA). These essential fatty acids are polyunsaturated fatty acids
(PUFASs) and their main sources are fish, fresh seafood, seaweed, seed oil, vegetable oil,
and nuts. It has been proven that low intake of O3FAs can favor normal growth and
the adequate regulation of serum triglyceride levels [58-62]. Additionally, other studies
have reported the antihypertensive effects of O3FAs. Considering that one of the major
risk factors for CKD development is hypertension, it is expected that these fatty acids
will represent an important dietary intervention in delaying CKD progression. Omega-
3 and 6 polyunsaturated fatty acids and monounsaturated fatty acids (MUFAs) have a
great impact on DKD outcomes through the attenuation of endothelial dysfunction and
inflammation [63]. It is recommended that saturated fats be limited to <7% of total daily
calories as, in excess, they can induce lipotoxicity [57,64,65]. There are studies that aimed
to highlight the effect of long-chain omega-3 PUFAs on albuminuria in patients with DKD,
but they only suggested the possibility of albuminuria decreasing. At the same time, there
was insufficient evidence to exclude the effect of PUFAs on glomerular dysfunction [66,67].

7. Restriction of Dietary Sodium

In 2021, Kidney Disease Improving Global Outcomes (KDIGO) guidelines for glomeru-
lonephritis recommended limiting dietary sodium intake to less than 2 g per day. This is
essential for managing blood pressure, reducing edema, and enhancing urinary protein
excretion, all without reliance on medication [68]. However, some studies have reported
that excessively low sodium intake adversely affects glucose metabolism and decreases
insulin sensitivity. In addition, the activation of RAAS and the sympathetic nervous system
following low dietary sodium may further reduce insulin sensitivity [69]. There are differ-
ent studies that showed an increase in insulin resistance after only 1 week of a low-sodium
diet. This inverse correlation is determined by increased synthesis of aldosterone and
norepinephrine in response to low blood sodium; these hormones may lead to increased
insulin resistance. In addition, high levels of angiotensin II noticed in low-sodium diets
may contribute to a further increase in insulin resistance [70,71]. A review of 23 human
clinical trials, focused on the effects of low-sodium diets on insulin, concluded that insulin
resistance may be caused by the activation of the sympathetic nervous system and the
renin—angiotensin—-aldosterone system, the increase in intestinal glucose absorption sec-
ondary to a lower intracellular sodium level, and the presence of hypovolemia that leads to
the decreased delivery of insulin or glucose into the skeletal muscles [71].

It remains uncertain whether these effects lead to a substantial overall risk reduction
in patients with CKD, including the progression of renal impairment or cardiovascular
events, and all-cause mortality [66]. Based on the evidence, it appears that a restrictive
low-sodium diet may be linked to increased insulin resistance, activation of the renin—
angiotensin—aldosterone system, and impaired renal function [71]. Additionally, from our
experience, especially in older patients with advanced stages of CKD, restrictive sodium
intake can lead to very low levels of blood sodium that can cause important neurological
complications and increase the risk of mortality, even in the presence of adequate treatment
management.

8. Potassium’s Role in DKD Patients

During the evolution of DKD, a decrease in potassium excretion is noticed, leading
to its accumulation in body tissues, with a direct impact on muscle normal activity, as
this electrolyte is essential in the contraction and relaxation of muscles. Foods with high
potassium content, such as bananas, kiwi, melons, tomato juice, potatoes, mushrooms,
beans, avocados, and spinach, should be avoided in patients with hyperkalemia. There are
different methods to prevent potassium accumulation [72,73]:
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Using leaves, not stems, and removing the shell;
Before cooking vegetables and coarse grains, soaking them in water for 2 to 3 h and
then blanching them in boiling water;
Using fruits and vegetables with low potassium content;
Limiting the intake of processed foods, which in general present a high phospho-
rus content;

e  When appropriate, recommending phosphorus-binding drugs.

Besides their significant potassium content, vegetables and fruits can increase fluid
intake. Therefore, in patients with decreased urinary volume, this type of food should be sel-
dom used and those with high water content should be avoided. Another recommendation
is to drain them well after these products are washed.

9. Comparison between DASH and the Mediterranean Diet

The management of patients with diabetic nephropathy can be improved by imple-
menting diets such as Dietary Approaches to Stop Hypertension (DASH) and the Mediter-
ranean diet (MED) which both emphasize higher intake of vegetables, whole grains (e.g.,
complex and unrefined carbohydrates), and plant-based protein (e.g., nuts, seeds, and
beans). There are studies on the DASH diet that have suggested a favorable impact on
blood pressure and the incidence of diabetes, although it is not known whether this is due
to its protein content or other components [65,74].

Given that the DASH diet prescribes a higher level of dietary protein intake, the
application of this diet to DKD non-dialyzed patients should be modified. An RCT of the
DASH diet (containing 18% energy from protein) versus a control diet administered over
eight weeks did not show improvement in albuminuria, while reductions were seen in
those who received a fruit and vegetable diet [75]. There are other aspects, such as the high
phosphorus and potassium content of the recommended foods, that limit the use of the
DASH diet in DKD patients.

The MED recommends high intake of olive oil and plant foods, such as unrefined
cereals, significant amounts of vegetables, fresh fruits, etc. Despite the increased fat con-
sumption, many studies have shown that this diet leads to a lower incidence of major
cardiovascular events and type 2 diabetes [76]. There are studies that have shown the
protective role of the MED in lowering HbAlc, controlling blood sugar, reducing insulin re-
sistance, and lowering fasting blood sugar levels and mortality [77]. The Mediterranean diet
is also associated with a lower risk of metabolic syndrome in post-transplant patients [78].
A 15-year observational study demonstrated that adherence to the Mediterranean diet was
associated with a lower risk of rapid decline in eGFR [79]. To validate these findings and
improve patient care, further studies regarding the DASH and Mediterranean diet in DKD
patients are required (Figure 1) [80].

PROTEIN INTAKE: especially based on
vegetables, favor decrease of proteinuria
and chronic kidney disease progression
CARBOHYDRATES: based usually in
nutrients recommended in diabetic kidney
disease (i.e., fibers, fruits, whole grains,
etc.)

PROTEIN INTAKE: low protein diet
correlation renal preservation in type 1
diabetic patients

CARBOHYDRATES: increased and
decreased intake can be responsible for
diabetic kidney disease progression

Outcome: especially, linked with a better
control of the blood pressure, but, also,
with a low risk of diabetes and chronic

kidney disease onset

Outcome: especially in type 2 diabetic
patients, associated with decreased risk of
major cardiovascular events. Additionally,
may contribute to renal preservation

THE DASH DIET THE MEDITERRANEAN DIET

Figure 1. Known aspects of the DASH and Mediterranean diets” impact on diabetic kidney disease.
Modified according to reference [80].

It should be emphasized that these diets based on plant proteins can also increase
oxalate and phytate intake, which favors the risk of nephrolithiasis and nephrocalcinosis.



J. Pers. Med. 2024, 14, 778

8 of 12

Evidence suggests that only a 5 mg increase in oxalate excretion can substantially increase
the risk of kidney stone development. Therefore, patients should be aware of foods with
high content of oxalates and phytates (e.g., spinach, rhubarb, tofu, almonds, amaranth,
cocoa powder, cereal grains, oilseeds, etc.) and avoid them. A balanced calcium diet is also
recommended in order to reduce urinary oxalate and phytate excretion [81,82].

10. Inflammation in DKD Patients

DKD is often associated with increased levels of advanced glycation products (AGE)
due to decreased renal excretion and increased oxidative stress secondary to the presence
of hyperglycemia. It has been suggested that adequate fiber intake can reduce the levels of
these products, leading to a decreased risk of cardiovascular events and mortality in this
group of patients [83]. Once the AGE pathway is activated, along with protein kinase C and
polyol pathways, increased expression of inflammatory cytokines (e.g., Toll-like receptors,
interleukin-1f3, interleukin-18, etc.) is noted, leading to proteinuria, insulin resistance, and
renal fibrosis. Reactive oxygen species (ROS) accumulation represents another pathophys-
iological mechanism involved in the onset and progression of renal impairment. ROS
upregulates TGF-3 expression, which is involved in renal fibrosis onset and progression.
Autophagy represents an important energy source and regulator mechanism to maintain
adequate intracellular homeostasis. In DKD, mTOR complex 1 (a regulator of autophagy)
is highly expressed and inhibits this process, which favors the presence of proteinuria and
the development and progression of CKD. It seems that this inhibition can be reversed by
the overexpression of sirtuin 1 (SIRT1), and oral supplementation with resveratrol, a SIRT1
activator, may be beneficial [84].

Furthermore, CKD patients are often associated with gut dysbiosis due to increased
production of uremic toxins. The integrity of the intestinal barrier is compromised by the
increase in pH value in the intestinal lumen, caused by the presence of elevated serum urea
levels, which is converted to ammonia and then to ammonium hydroxide. Furthermore,
the presence of gut dysbiosis is associated with an increased concentration of bacteria
responsible for toxin precursors that increase oxidative stress. In addition, these toxins (e.g.,
p-cresyl sulfate and indoxyl sulfate) reduce the number of epithelial layers, favoring the
transit of endotoxins, and, consequently, the onset of renal fibrosis. Evidence suggests that
increased fiber intake can provide indigestible starch that stimulates motility and favors
the growth of helpful bacteria. Therefore, fiber diets can improve renal function, decrease
the time for amino acid fermentation into uremic solutes, and also decrease inflammation
and oxidation, leading to better metabolic control. There are studies that have reported that
a diet based on fruits, whole grains, and vegetables was not only able to decrease the risk of
CKD but also the risk of all-cause mortality. The integrity of the intestinal barrier can also
be maintained by increased production of short-chain fatty acids (SCFAs). A fiber-rich diet
can increase this production, which favors amino acids to be incorporated into the bacterial
proteins of the colon; this process leads to the excretion of the amino acids instead of them
being fermented into uremic toxins [83,85]. Several studies note the protective effects of
SCFAs in DKD patients [84]:

e Anti-inflammatory effects by decreasing proinflammatory factors (e.g., interleukin-1,
inteleukin-6, etc.) and inhibiting the nuclear factor kappa beta pathway;
The reduction in ROS generation, leading to a decreased oxidative stress state;
The improvement of energy metabolism through the increase in insulin sensitivity and
the loss of body weight;

e  The maintenance of podocyte structural integrity which favors the decrease in protein-
uria and, consequently, the improvement of renal function.

11. Conclusions

Chronic kidney disease presents a growing concern regarding patients’ quality of life
and often leads to significant mortality, particularly in its advanced stages. The therapeutic
management of DKD is a multifaceted issue, encompassing both nutritional therapy and
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pharmacotherapy. The diet plan for DKD patients involves meticulous adjustment of
macro and micronutrients, crucial for disease prognosis and progression. Nutritional
status emerges as a modifiable factor influencing the evolution of DKD, emphasizing the
importance of preventing malnutrition while adhering to dietary restrictions essential for
disease management.

Despite significant progress in understanding and managing DKD, uncertainties
persist, particularly regarding optimal dietary strategies and their impact on long-term
outcomes. Therefore, it is necessary for a personalized diet to be recommended for each
patient, as in the final stages of CKD, foods with high content of potassium, phosphate, and
water should be avoided. Future studies are needed to elucidate the intricate interactions
between diet, disease progression, and patient outcomes in DKD, paving the way for more
effective therapeutic interventions and the improvement of patient care.
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