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Abstract

Chronic kidney disease (CKD) is the 8th most common condition in the modern world.
Unfortunately, it becomes more and more frequent and constitutes a significant global health
problem, affecting millions of people worldwide. Therefore, its treatment is an important topic
among researchers all over the world. It has been the subject of many trials, so it will eventually
be as effective, secure, and comfortable for patients as it possibly can be. That is why updating
and assembling current knowledge is the key to organizing information. This paper focuses on
pharmacological treatment and nutritional guidelines for CKD pre-dialysis patients, as well as
physical activity outcomes. It aims to summarize this knowledge, educate, and help doctors in

their daily clinical work.

Material and methods

This is a paper review based on articles found on PubMed by using keywords like "chronic

nn nn

kidney disease," "protein intake in chronic kidney disease," "chronic kidney disease treatment,"
"consequences of chronic kidney disease," and "nutritional principles in chronic kidney

disease.”

Keywords: "chronic kidney disease” ; "flozines” ; "finerenone” ; "angiotensin-converting
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enzyme inhibitor” ; "angiotensin receptor blocker” ; "GLP-1 analog" ; "protein intake in kidney

disease.”
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Conclusion

There are various methods of chronic kidney disease treatment, both pharmacological and
included in renal replacement therapy, that are always accompanied by a proper diet. While
nephroprotection and casual treatment followed by dialysis or kidney transplant are all
important issues, dietary principles such as protein or phosphorus intake are also significant.
Treatment selection for a patient is complex and depends on the individual's needs. However,
there are principles that should be followed to achieve the most optimal effect of therapy and

thus not only improve the quality but also the length of the patient's life.

Introduction

[30] Chronic kidney disease (CKD), according to KDIGO (Kidney Disease Improving
Global Outcomes), is defined as abnormalities of kidney structure or function, present for a
minimum of 3 months, with implications for health. The most common ethiopathologies are,
among others, diabetes, hypertension, obesity, acute kidney injury (AKI), and cardio-renal
syndrome (CRS). The clinical picture includes weakness, fatigue, and hypothermia along with
skin symptoms, circulatory disorders, respiratory disorders, digestive disorders, neuromuscular
disorders, hormonal and metabolic disorders, electrolyte and acid-base disorders, hematopoietic
and immune system disorders, and mineral and bone disorders. The therapy includes
pharmacological treatment of the underlying pathology, slowing down the destruction process
of the kidney, treating the CKD sequelae, and if it does not improve the patient’s clinical state,
renal replacement therapy (RRT), which includes hemodialysis, peritoneal dialysis, or kidney
transplant. Last but not least, parallel to the above methods, patients need to follow a certain
diet to both slow the progression of the disease and avoid malnutrition caused by occurring

catabolic processes.

Slowing down the acceleration of CKD and prevention of complications

Apart from managing the causal factors, it is equally important to prevent kidneys from
further destruction. To achieve that, we implement treatment with neuroprotective drugs. Those
are renin-angiotensin system (RAS) inhibitors, including angiotensin-converting enzyme

(ACE) inhibitors (ACEI) and angiotensin receptor blockers (ARB), sodium-glucose



cotransporter-2 (SGLT2) inhibitors, also known as flozines, glucagon-like peptide-1 (GLP-1)
receptor agonists (GLP-1 RA), also known as GLP-1 analogs, and finerenon, which is a non-
steroidal selective mineralocorticoid receptor antagonist. All the above groups have different
mechanisms and protect kidneys in different ways. Furthermore, individual drugs within those

groups also vary from each other.

Renin-angiotensin system inhibitors

ACEIs and ARBs are very popular drugs, mainly used for hypertension treatment. While
it is true that these are first-line drugs for managing high blood pressure, they are also well
known as nephroprotective medicines. [11] By blocking receptors of angiotensin II, which
primarily causes vasoconstriction in the efferent arterioles, leading to elevated intraglomerular
pressure and proteinuria. This can result in tubular damage and the activation of pro-
inflammatory and fibrotic chemokines and cytokines. That is why RAS inhibitors slow down
the loss of estimated glomerular filtration rate (¢GFR) and the progression of mild or moderate
chronic kidney disease. To better understand the role of RAS inhibitors, it is crucial to be aware
of differences between ACEIs and ARBs. [12,13] Angiotensin II binds to receptors in numerous
organs, including the brain, kidneys, heart, adrenal glands, and the vascular wall. There are two
subtypes of angiotensin II receptors: ATI and AT2. The activation of ATI causes
vasoconstriction and is linked to hypertrophy of the left ventricle (LV) and arteries, while the
AT2 receptor plays a more limited role but has been linked to the stimulation of arterial wall
growth. Angiotensin II can activate both AT1 and AT2 receptors. Therefore, ACEIs block both
receptor subtypes. In contrast, ARBs specifically block only the ATI1 receptor. [14]
Additionally, ACE plays a key role in kinin metabolism, and inhibiting ACE increases kinin
levels. Elevated kinin levels are thought to contribute to the blood pressure-lowering effects of
ACEIs by releasing nitric oxide from vascular endothelial cells. [15] This also plays an
important role because research shows elevated kinin levels may also enhance insulin
sensitivity, thereby aiding in the reduction of blood glucose levels in patients with type 2
diabetes mellitus (T2DM), which are another group of individuals at increased risk of
developing CKD. This shows that initiating ACEI treatment may yield better results in such a
group in comparison to incorporating ARBs. What is more, managing hypertension itself is one
of the mainstays of treating CKD, as patients suffering from high blood pressure have a higher
risk of developing cardiac diseases. [8] The reason why is that as chronic kidney disease

advances, the likelihood of developing cardiovascular conditions significantly rises, with 50%



of patients in late-stage CKD (stages 4-5) already having cardiovascular disease. [9] These in
turn, as research shows, may lead to death even before reaching end-stage kidney disease
(ESKD). [10] According to another research, the occurrence of heart failure (HF) was three
times greater in individuals with an eGFR below 60 ml/min per 1.73 m? compared to those in
the reference group with an eGFR of 90 ml/min per 1.73 m? or higher. This shows how
important cardiovascular protection is. The important thing to remember is that choosing
between ACEIs and ARBs can be significant for the course of the disease. [3] Research shows
that while both groups of RAS inhibitors lower the hazard of kidney failure and cardiovascular
events, ACE inhibitors may be more effective than ARBs in preventing overall mortality in
patients with CKD. This suggests that ACE inhibitors could be the preferred treatment option
for this group. However, using only RAS inhibitors in patients with hypertension may not be
sufficient. [16] As a study shows, adding an aldosterone antagonist to treatment can help reduce
proteinuria, eGFR, and systolic blood pressure in adults with mild to moderate CKD. However,
when combined with ACE inhibitors or ARBs, they may raise the risk of hyperkalemia, acute
kidney injury, and gynecomastia. Therefore, incorporating them into treatment must be
preceded by an individual profit and loss analysis. We should not forget about a special case of
patients suffering from COVID-19. [2] A conducted research states that patients with
hypertension treated with the RAS inhibitors while being infected with SARS-CoV-2
experienced a significantly lower mortality rate. Therefore, therapy with ACE inhibitors or
ARBs should not be discontinued during COVID-19 due to their beneficial effects on blood

pressure control and potentially on mortality rates.

Sodium-glucose cotransporter-2 inhibitors

SGLT-2 inhibitors play a significant role in the treatment of patients with T2DM and
HF while also having a nephroprotective role. [13] Recent evidence indicates that they have
beneficial effects in slowing the onset and progression of renal complications in both diabetic
and non-diabetic individuals. These effects are also seen in non-diabetic, lean, and
normotensive individuals, indicating that the benefits of SGLT2 inhibitors are much more than
just their glucose-lowering, weight-reducing, and blood pressure-lowering properties
associated with their glucosuric action in diabetic patients. A primary mechanism is to increase
sodium delivery along the nephron. This sodium is detected by macula cells, which use
adenosine to constrict the afferent glomerular arterioles, thus lowering intraglomerular pressure

and protecting the glomeruli. Additionally, SGLT2 inhibitors enhance tubular oxygenation and



metabolism while reducing renal inflammation and fibrosis. While SGLT2 is responsible for
over 90% of glucose reabsorption in tubules, there also exists SGLT1, which mediates the
process for the remaining glucose molecules. However, SGLT1 is primarily found in the apical
membranes of enterocytes, where it facilitates the absorption of glucose from the intestinal
lumen. This is why the more selective the inhibition of SGLT2 is, the more a given medicine is
preferred. [ 14] There are drugs that inhibit both transporters. Sotagliflozin and canagliflozin are
linked to some degree of SGLTI inhibition in the intestines, but neither is thought to
significantly inhibit SGLT1 in the kidneys. Therefore, the effectiveness and safety of a dual
inhibitor that also targets renal SGLT1 remains unknown. [16] Nevertheless, a trial showed that
patients with T2DM and kidney disease treated with canagliflozin had a lower risk of kidney
failure and cardiovascular events compared to those who received a placebo. Flozines are a
particularly important element of treatment for patients with diabetes, regardless of its type, as
they are a group at high risk of developing diabetic kidney disease (DKD). Fortunately, a
growing body of evidence now indicates that SGLT2 inhibitors can prevent the onset of DKD
and slow its progression, both independently and in addition to the effects of blocking the RAS.
[15] What is more, a trial demonstrates that the kidney-protective benefits of SGLT?2 inhibitors
also apply to a wider population of individuals with chronic kidney disease who do not have
type 2 diabetes. Individuals with chronic kidney disease who were treated with dapagliflozin
had a significantly lower risk of experiencing a combination of outcomes, including a sustained
decline in eGFR of 50% or more, progression to end-stage kidney disease, or death from renal
or cardiovascular causes, compared to those who received a placebo, regardless of whether they
had type 2 diabetes. Additionally, patients on dapagliflozin had a reduced risk of death from
cardiovascular causes or hospitalization for heart failure and showed improved overall survival.
[12] Another trial was run with a subgroup of patients with eGFR<30 ml/min per 1.73 m2, and
the outcome was similar to a previous one, which proved that dapagliflozin is safe for
individuals with CKD in stage 4. [18] Furthermore, in a trial enrolled on a group of patients
with CKD who had an eGFR of at least 20 but less than 45 ml/min per 1.73 m2 and the ones
who had an eGFR of at least 45 but less than 90 ml/min per 1.73 m2, empagliflozin was studied.
In this case, therapy also resulted in decreasing the risk of acceleration of kidney disease or

death from cardiovascular causes compared to placebo.



Glucagon-like peptide-1 receptor agonists

GLP-1 analogs in another drug group mainly used in T2DM treatment. [19] However,
GLP-1 RAs are now mentioned in international treatment guidelines for T2DM with CKD as
second-line therapy due to their glycemic control and cardiovascular-reducing properties. GLP-
1 is a hormone of the incretin system secreted as a response to food intake. It causes lowering
of blood glucose levels by enhancing insulin secretion and reducing glucagon release.
Additionally, since GLP-1 increases feelings of fullness through its actions in the brain, it is
really helpful with weight management in individuals with obesity or overweight.
Notwithstanding, the half-life of endogenous GLP-1 is brief (1-2 minutes), primarily because
it is quickly broken down by the enzyme dipeptidyl peptidase IV (DPP-1V). This is why GLP-
1 analogs had to be modified in various ways to extend the duration of action. [17] Due to the
strong link between CKD and cardiovascular disease (CVD), clinical trials that examine the
cardiovascular effects of GLP-1 RAs often include many participants who are also at high risk
for kidney disease. As a result, the most reliable evidence regarding the kidney-protective
effects of GLP-1 RAs comes from these cardiovascular outcomes trials (CVOTs). Generally,
data from these CVOTs suggests that GLP-1 RAs may have benefits for kidney health.
Nevertheless, it is important to note that kidney-related outcomes were assessed as secondary
endpoints, and the trials were not specifically designed or powered to confirm the impact of
GLP-1 RAs on kidney-related clinical outcomes. [20,21] Both semaglutide and liraglutide have
been shown to decrease the risk of developing new or worsening nephropathy in studies,
although renal outcomes were secondary endpoints in each of these studies. For patients with
stage 3 CKD and T2DM, liraglutide is the GLP-1 RA with the most robust evidence supporting
its use. In cases where atherosclerotic cardiovascular disease (ASCVD) is the primary concern,
it is recommended to use a GLP-1 RA with proven cardiovascular benefits, provided the eGFR
is adequate. Among GLP-1 RAs, liraglutide, followed by semaglutide, has the strongest
evidence. [22] There is a currently running, first specifically focused on kidney outcomes trial
called FLOW, which evaluates kidney-protective effects of semaglutide in patients suffering

from CKD and T2DM and is about to be completed by the end of 2024.

Finerenone

Finerenone is a nonsteroidal selective mineralocorticoid receptor (MR) antagonist

(MRA). [23] Overactivation of MRs leads to inflammation and fibrosis, which contribute to a



faster decline in kidney function. This is why finerenone plays an important role as a
nephroprotective drug. Although there exist also well-known steroidal MRAs like
spironolactone or eplerenone, their mechanisms vary from finerenone. [24] Finerenone is
recognized as a highly selective, third-generation nonsteroidal MRA with stronger anti-
inflammatory and antifibrotic effects compared to spironolactone and eplerenone. [23]
Furthermore, finerenone was found to have an even distribution between the kidney and the
heart, whereas spironolactone and eplerenone tend to accumulate more in the kidney, which
raises the risk of hyperkalemia. [28] In a trial run in patients with treatment-resistant
hypertension (TRH) and CKD, it was shown that individuals receiving finerone had lower
systolic blood pressure (SBP) reduction but, on the other hand, also reduced the occurrence of
hyperkalemia and a decreased risk of kidney function deterioration while compared to those
patients who received spironolactone. [25] Finerenone has also been shown to reduce the
urinary albumin to creatinine ratio while maintaining significantly lower potassium levels than
spironolactone. Additionally, finerenone was well-tolerated in patients with CKD and T2DM.
[26] The Finerenone in Reducing Cardiovascular Mortality and Morbidity in Diabetic Kidney
Disease (FIGARO-DKD) trial reported that finerenone treatment leads to better cardiovascular
outcomes compared to a placebo in patients with T2DM and stage 2 to 4 CKD. [27] What is
more, the trial also proved that finerenone reduces the risk of the first hospitalization for heart
failure (HHF) by 29% and decreased the risk of cardiovascular death or first HHF by 18%
compared to placebo, regardless of a prior history of HF. Additionally, developing new-onset
HF itself was also lower by 32% with finerenone than with placebo. This is the first study to
demonstrate that selective, nonsteroidal MRAs may prevent HF in patients with chronic kidney

disease (CKD) and T2DM.

Nutrition in chronic kidney disease

Despite pharmacological treatment, patients with CKD have to face strict dietary rules.
The most important ones are about protein and phosphorus intake, which in both cases should
be limited. In case of phosphorus, there is a problem of its accumulation in patients with
eGFR<45 ml/min per 1.73 m2. Therefore, additional intake is undesirable. Protein, on the other
hand, is being lost due to the nephrons' destruction. However, it is not a loss that could be
supplemented dietarily, as higher protein intake causes even more severe kidney injury. That is
why low-protein and very low-protein diets are eligible for pre-dialysis patients. [31] According

to the KDOQI 2020 Guidelines, the recommended dietary protein supply per kg of body weight



per day in pre-dialysis patients varies depending on stage of CKD and occurrence of diabetes.
Therefore, patients with 3-5 stage CKD who do not suffer from diabetes mellitus (DM) shall
follow a low-protein diet (LPD) providing 0.55-0.60 g of protein/kg body weight/day or a very
low-protein (VLPD) providing 0.28-0.43 g dietary protein/kg body weight/day with additional
keto acid or amino acid analogs. On the other hand, individuals suffering from 3-5 stage CKD
without DM are recommended with a higher protein intake of 0.6-0.8 g/kg body weight per
day. [35] A randomized trial indicates that among randomly selected patients with advanced
CKD receiving regular nephrology care, a long-term strict VLPD does not provide extra
advantages over a standard LPD in terms of kidney function and patient survival. Additionally,
it is not linked to any deterioration in nutritional status. [36] On the other hand, a meta-analysis
of adults with non-diabetic CKD stages 3 to 5 concluded that very low-protein diets likely
decrease the number of individuals with CKD stages 4 or 5 who advance to ESKD. Conversely,
low-protein diets may have minimal impact on the progression to ESKD. When it comes to the
type of protein, KDOQI claims that there is no sufficient evidence to favor plant or animal
protein. Nevertheless, there is an expanding pool of research showing that a plant-based diet
may be more favorable. [30] According to KDIGO, a diet consisting primarily of whole plant
foods while minimizing consumption of animal products and ultraprocessed foods could be
beneficial in slowing the progression of CKD and postponing the need for dialysis. This benefit
is achieved by lowering cardiometabolic risk factors, including hypertension, cardiovascular
disease, diabetes, and obesity. [32] What is more, the probiotic properties of plant-based foods
may help maintain a healthy microbiome, lower inflammation, and decrease the intestinal
production of uremic toxins. [33] According to research, replacing one serving of red meat with
soy or legumes is linked to a 50.4% lower risk of kidney failure. [34] In an observational study,
plant-based diets were linked to a 12% reduced risk of a decline in eGFR compared to diets

based on meat.

Impact on physical activity

[37] Customarily, patients with CKD are not recommended to engage in physical
exercise as it can be a factor in increased proteinuria and, consequently, further kidney injury.
There are trials showing that the increased sympathetic nerve activity that occurs during
physical exertion diminishes renal blood flow, potentially disrupting the delicate structures of
the kidneys and impairing their function. However, it also enhances aerobic and functional

capacity, helps optimize blood pressure control, and improves hemoglobin levels. [38] In
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another trial, patients with moderate to severe CKD were engaged. The trial explored 4 groups:
dietary restriction of 10%—15% reduction in caloric intake, exercise three times per week,
combined diet and exercise, and control. Then adipocytokines levels were measured at both the
start and conclusion of the study. The study revealed that adiponectin levels significantly
increased in participants assigned to the dietary intervention alone, but not in those who
followed the combined diet and exercise intervention. It may show that physical exertion does
not have as strong a positive impact on patients’ health as dietary restriction itself. Nevertheless,
there is a wide range of research proving a beneficial effect of exercise for individuals suffering
from T2DM or hypertension, both of which are serious risk factors in CKD. Therefore, it could
be beneficial or at least neutral for kidney function to prescribe moderate physical activity to

patients in stable condition.
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