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Abstract

Introduction Chronic Kidney Disease (CKD) is abnormalities of kidneyaure or function occurring for more than 3
months with implications for healths. The use of many ietetions to delay the need for dialysis treatment ireptiwith
CKD in the last stage, until recently, is a primary Eraje. We need to remember that high protein intake teadsincrease
in glomerular pressure and hyperfiltration that negativelyénice on the kidneys.

Objective This review article was created to provide knowledgen&dlical personnel about the importance of nutritional
intervention with protein restriction in chronic kidnegelise patients. In order to improve the quality of &fated to delay
the need for hemodialysis.

Methods The Method of making this review article by summarizingnfrearious scientific journal articles, most of which
have been published in the last 10 years through BMC Nephraditigyi, IJBCP, BMJ Global Health, and J Am Soc
Nephrology.

Result One of the existing interventions, nowadays, is using they lew-protein diet intervention (0.3-0.4 g
protein/kgBW/day). However, the impact of this dietargtein restriction can increase the risk of malnutritiod cachexia.
The many research currently available show that safeiprogquirement is needed for the body, such as giving kdtoaci
analogs. Ketoacid analogs can be used as a substitecfoamino acid without providing nitrogen products.

Conclusion The very low-protein diet with ketoacid analogs has manefits, for example, providing sufficient and optimal
energy and nutrition to prevent malnutrition. Besides, therdbenefits are the ability to reduce the uremic toxedigce
proteinuria, increase the calcium and phosphate metabodipair the insulin sensitivity, improve the lipid ptefiinhibiting
the progress of CKD, and prevent cachexia

Keywords: ketoacid analogs, dietary protein restriction, chréitiney disease

1.Introduction

Chronic Kidney Disease is abnormalities of kidney stmgcor function occurring for more than 3
months with implications for healths according to théniteon from the KDIGO (Kidney Disease Improving
Global Outcomes) in 201[]. The factors causing chronic kidney disease (CKD) arediafio date, chronic
kidney disease is still a global health problem weithising incidence rate annually and costs a high anafunt
money in the health systef®).

A study published by the GBD (Global Burden of Disease) in 28@&rded around 1.2 million people
were dead due to chronic kidney disease and the mortaétinaeased rapidly by 31.7% in the last ded&lle
A study of meta-analysis estimated that the global peacal of CKD in a general population around the world
was around 11-13%, and the majority of the cases were thith stage J4]. Early detection and good
management planning can inhibit the progress of chroniekidisease and can improve the life of patients with

CKD [1].
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Chronic kidney disease in the last stage is a conditasely associated with high mortality, poor quality
of life, and requires high costs. The use of many int¢imes to postpone the need for dialysis treatment in
patients with CKD in the last stage, until recentlyaiprimary challenge. One of the existing interventions,
nowadays, is using the low-protein diet intervention Fyh protein intake leads to an increase in glomerular
pressure and hyperfiltration that negatively influence enkiineys. CKD is characterized by an accumulation
of some dissolved organic substances known as uremic tdMiost of the uremic toxins are produced by
degrading amino acids done by intestinal microbiota andazglerate the progress of CKD. Therefore, reducing
the protein intake is expected to be able to maintainekidunction and reduce uremic toxicity. However, the
impact of this dietary protein restriction can increthgerisk of malnutrition and cachexia. Safe protein intake is
therefore, needed for the body, such as giving ketoacidgmdetoacid analogs are the precursor of amino acids
performing the transamination in the chemical reactianatesfer the amine groups to keto acid for structuring
new amino acids. This path is responsible for the destinin of most amino acids. Through this conversion,
ketoacid analogs can be used as a substitute for each aridnaeithout providing nitrogen products [6].

The diet intervention was practiced in the last few decaslieg the existing protein regimens, such as
a low-protein diet (0.6 g protein/kgBW/day) and a very-jmotein diet (0.3-0.4 g protein/kgBW/day) as well as
the nitrogen-free ketoacid analogs. The very low-protBat with ketoacid analogs has many benefits, for
example, providing sufficient and optimal energy and nutrttiqrevent malnutrition. Besides, the other benefits
are the ability to reduce the uremic toxins, reduce pnatie, increase the calcium and phosphate metabolism,
repair the insulin sensitivity, improve the lipid gtef and prevent malnutrition and cachexia [7].

The dietary protein restriction with ketoacid analog supphtat®n can be considered as one of the
primary approaches for a chronic kidney disease managenognar. Hence, the compilation of this paper is
considered important to understand more benefits obtdyndae approach of dietary protein restriction of 0.3-
0.4 g/kgBW/day using ketoacid analogs, thus the patients withichtiainey disease can have better life quality
due to the needs for dialysis that can be delayed, tligy &biprevent malnutrition, and the ability to inhiltlite

progress of the chronic kidney disease [5,7]

Diet Intervention in Patientswith Chronic Kidney Disease
Diet intervention is one of the main components of ttagement of patients with chronic kidney
disease aiming at minimizing the uremic symptoms, inhipitire progress, and providing optimal nutritional
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status. For restricting the accumulation of nitrogenougemaducts and slowing down the development of
chronic kidney disease, dietary protein restriction lenlyecommended for patients with moderate to serious
chronic kidney disease [8]. High protein intake causes@ease in glomerular pressure and hyperfiltration that
can give a negative impact on the kidneys. CKD is chaized by the accumulation of some dissolved organic
substances known as uremic toxins. Most of the uréowios are produced by degrading amino acids done by
intestinal microbiota and can accelerate the progre€KD. The diet intervention was practiced in the fast
decades using the existing protein regimens, such as thentimmal low-protein diet (0.6 g protein/kgBW/day)
and very low-protein diet (0.3-0.4 g protein/kgBW/day) ad a®&the nitrogen-free ketoacid analogs. The protein
diet with 0.3-0.4 g /kgBW/day with the ketoacid analog supplaation has many benefits, such as providing
sufficient and optimal energy and nutrition to prevent maikiar. Besides, the other benefits are the ability to
reduce the uremic toxins, reduce proteinuria, incrdasedlcium and phosphate metabolism, repair the insulin
sensitivity, improve the lipid profile, prevent malrition and cachexia, slow down the progress of the disease
and improve the life quality [7,9].
Phar macology of K etoacid Analogs

Ketoacid analogs are a precursor of essential amide egnsisting of simple carbon groups performing
the transamination in the chemical reaction to trartbferamine groups to a ketoacid to structure new amino
acids. This path is responsible for the deamination et mmino acids. Through this conversion, ketoacid can be
used as a substitute for each amino acid without prayitinogen products. If this diet does not provide sufficient
essential amino acids and calories, the nitrogen batamcke negative and induce cachexia. Therefore, pngvidi
this ketoacid analog is beneficial for increasingphatein status by restricting the nitrogen load in trdybdhe
parameter that can be measured regarding the act of giviimg acids is by evaluating the urea level in theeurin
If the urea level in the urine is high, the excessiveamatatabolism in the body will happen as a result ofh hi

protein diet [6].
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Figure 1. The Mechanism of Transamination of Ketagidldgs and Amino Acids in the Proteimﬂrtpgrg]s [6
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The pharmacodynamic properties of ketoacid analogs iraltiserption process, keto analogs, and
hydroxy analog are transaminated into essential amide kg taking nitrogen, so it can minimize the formation
of urea by reusing the amine groups. Therefore, the accuomutzturemic toxins is declining. The ketoacid
analogs do not cause hyperfiltration in the nephron. Bgsidean repair the condition of renal osteodystrophy,
hyperphosphatemia, and secondary hyperparathyroidisnphdrenacokinetic properties of ketoacid analogs in
amino acids and their integration in the metabolic\ways cannot be denied that they are excellent. In patients
with uremia, the levels in the plasma will change, tauslbsorption is not disturbed. The changed levels ahgalas
are supposed to happen to occur due to the post-absorptior kiisadrbance. In healthy people, the ketoacid
level in the plasma increases in 10 minutes after being giradly, and the peak level occurs in around 20-6
minutes and after 90 minutes, the level becomes matdesat a basic level range. The absorption in the
gastrointestinal is extremely fast and the transamimés rapid. The pathway of physiologically using ketoacid
analogs in the body is supplied exogenously and rapidhgetmetabolic cycle. Ketoacid analogs follow the same
catabolic pathways as that of classic amino acidslate, there is no specific study on ketoacid excretibh [

Some specific things need to be noted in the monitoringjvirig ketoacid analogs, such as calcium
levels that need to be monitored regularly, the levghaisphate serum, and ensuring sufficient calorie intake.
Contraindications happen in patients suffering from hypsiteity towards active substances or one of them,
patients suffering from hypercalcemia and disorders afiaitid metabolism. The side effects of giving ketoacid
are barely found, and hypercalcemia is one of the effbet rarely occur. If hypercalcemia happens, the witami
D intake can be minimized, and for persistent hypercaieime ketoacid dose and the intake of other sources
need to be minimized [10].

The composition of ketoacid analogs and essential aatits (mg) in one tablet preparation is as

follows [9]:
Calcium-KetobL-isoleucine 67 mg
Calcium-Ketoeucine 101 mg
Calcium-Ketophenylalanine 68 mg
Calcium-Ketovaline 86 mg
Calcium-HydroxybL-methionine 59 mg
L-Lysine monoacetate 105 mg
L-Threonine 53 mg
L-Tryptophan 23 mg
L-Histidine 38 mg
L-Tyrosine 3dng
Total Nitrogen 36 mg
Total-Cal/tablet 50 mg
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Therapy of Ketoacid Analogs using Dietary Protein Restriction

Dietary protein restriction with ketoacid supplementation ba considered as one of the primary

approaches of a chronic kidney disease management prograrfavbrable effects of dietary protein restriction

completed by giving ketoacid analogs are decreasing nitrogeresyastidative stress, and inflammatory

responses, including transforming growth factor-betd giving protection by combating the hemodynamic

changes in glomerular hyperfiltration. These ketoacid gsadoe usually recommended for predialysis patients

with CKD to reduce the metabolism of toxic products andawpthe nutritional statyd 1]. Ketoacid does not

only function to replace each amino acid and protectithegen balance, but it also has other following propertie

[12]:

1. The ketoacid analogs of branched-chain amino acids cawlate protein synthesis and inhibit protein

degradation. Giving leucine orally can increase the phoglation of two proteins (eukaryotic initiation
factor elF4E binding protein (4E-BP)1 and ribosomal proffinkinase S6K1) regulating the parts of the
initiation stage in the translation that involves thieMA\ binding to 40S ribosomal subunits.

. Giving ketoacid analogs can partially improve the amind poofile in patients with uremia that indirectly
and simultaneously improve metabolic acidosis due todtheéced amino acids containing sulfur. Besides, the
decrease in the protein excretion in the urine due targliprotein restriction followed by sufficient ketoacid
intake contributes to the increase in serum albuminkamohintenance of nutritional status at a normal range.
The ketoacid analogs also have a low stimulation effe&idney hyperfiltration, so the kidney load becomes
lighter. Giving the ketoacid analogs of branched-chaimaracids with dietary protein restriction stimulate
the pancreas to stimulate glucagon and the secretiorpafib glucagon-stimulated cyclic AMP (cAMP) for
replacing the lost amino acids.

. Therapy of ketoacid analogs has an advantageous effect on ingpttoilipid profile, especially those related
to the decrease in the triglyceride level and the inclieabe HDL cholesterol level. This is important because
the rapid development of the atherosclerosis prasdesquently encountered in patients with uremia.

. The role of dietary protein restriction without the aalmprotein content is decreasing the phosphor intake and
the calcium contained in the ketoacid has an advantageousoeffesdcium metabolism, disturbed phosphate,
and secondary hyperparathyroidism.

. The ketoacid analogs can repair the carbohydrate megabdisorders observed in patients with uremia. The

advantageous effects of ketoacid include the ability to &seréhe insulin sensitivity in tissues, decrease
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insulin resistance, and the ability to increase évellof energy production in patients, especially inaugr
of obese people who do not depend on insulin in patients with. CK

Several results from the existing consensus preserlyt dbe therapy of ketoacid analogs with dietary

protein restriction in patients with chronic kidney diseaseas follows [6,9]

The therapy of giving ketoacid analogs followed by the dietastepr restriction that has been planned well

is a part of the safe therapy program that does not caalseitrition and improve metabolic abnormalities

related to renal insufficiency. Also, it can slow dowe progress of CKD and delay the time until dialysis is

needed to cure the uremic symptoms.

The holistic and team approach between patients-physiciatritionists is strongly required to result in

optimal results.

Giving ketoacid analogs followed by dietary protein restiicts a cost-effective therapy and can improve the

patients’ life quality in the pre-dialysis stages

The special guide and recommendations from many piediesrafure about the therapy of ketoacid analogs

followed by dietary protein restriction are described asvo[9]:

v" The daily protein intake with a low-protein diet followedHKstoacid analog supplementation may not be
over 0.6 g/kgBW/day. The recommended optimal protein intakeoisnd Asupan 0.3-0.4 g/kgBW/day

v" The recommended dose of ketoacid is 0.1 g/kgBW/day or 1 takckgBW/day

v" The recommended daily energy intake is 35 kcal’kgBW/day

v" The low-protein diet of 0.6 g/lkgBW/day is indicated for patiemth creatinine clearance of around 50
ml/min/1.73mz; the therapy of ketoacid analogs with pratedtriction of 0.3-0.4 g/kgBW/day is indicated
for patients with creatinine clearance of around 20-25nmil.73 m2 (however, the recommendation
guide is different in every country about adjusting ketodogk). In patients undergoing dialysis treatment,
the required protein intake is 1.2 g/kgBW/day

v In the first three months after giving the therapy of kdatbanalogs with dietary protein restriction of 0.3-
0.4 g/kgBW/day, the recommendation is evaluating severafrgers, such as body weight, the level of
urea in a 24-hour urine sample, the level of urea nitrogethé blood, creatinine serum, the level of
creatinine clearance, electrolyte, calcium, phosphadeathyroid hormone (PTH), blood gas analysis,
complete blood count (CBC), including hemoglobin, lipid profileod glucose level, albumin serum and

the level of transferrins
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The result of protein metabolism from foods accumulattxivimste products is from essential and non-
essential amino acids from the protein degradation i, finen, it results in the increase in urea productidheas
waste products that shall be eliminated from the kidiibg. main objective in utilizing the protein restrictio
food is to minimize the waste products that are not eedrahd maintain a sufficient nutritional status. The
success of the dietary protein restriction therapy strongly requires a periodic evaluation of the patient’s compliance
and nutritional status. There is a simple method that ¢anats the protein intake in patients with CKD. This
method is based on the urea nitrogen products because nitsofgem the protein catabolism or endogenous
protein, so the amount of excreted urea nitrogen addexttonallated urea nitrogen in a parallel manner is equal
to eventual protein intaka3].

The evaluation of nutritional status in patients with CKdbroot only be done using one parameter, yet
it needs to cover several parameters, such as patients’ clinical conditions, medical record, physical examination,
history of dietary pattern, biochemical examination (albuntiansferrins, potassium, calcium, phosphate,
glucose, and cholesteral), anthropometric assessment, gadtisgbglobal assessmegit]

Around 30-50% of patients with CKD undergoing dialysisttremt are estimated to suffer from protein-
energy malnuition. Nutritional status is an important predictor of patients’ clinical condition undergoing chronic
dialysis treatment since uremic malnutrition is strongdyrelated with an increased risk of mortality and
morbidity. The frequently occurring disorders in nutritiona&@cterization include the reduction in protein or
albumin serum, lower body mass assessed by the anthrojpomedisurement, global subjective assessment, and
the reduction in nutrient intake. The reduced muscle mass mmake significant predictor of morbidity and
mortality in patients undergoing dialysis treatment. Gugbplementation of ketoacid in patients with CKD
undergoing dialysis treatment has some advantageous effegtisas the compensation of lost essential amino
acids during dialysis, normalization of the low aminaldeiel in the plasma, especially branched-chain amino
acids, overall improvement of nutritional status (allbynglobal subjective assessment, and bodyweight) in
malnourished patients undergoing dialysis treatment, amdalization of calcium and phosphate disorders (the
increase in calcium serum the decrease in phospiiaie)

The special recommendations of nutrition in patients witronic kidney disease (CKD) undergoing
dialysis treatment are as follows {9]

v Protein intake of 1.2 g/kgBW/day
v Energy intake of 35 kcal/kgBW/day for those aged < 60 years old and 30-35 kcal/kgBW/day
for those aged > 60 years old
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v' The recommended ketoacid dose of 1 tablet /5-8 kgBW/day

A study conducted by Feiten et al. reported that dietantgijor restriction of 0.3 g/kgBW/day followed
by giving ketoacid supplementation can maintain the nutritistatus of patients with CKD, improve the calcium
and phosphate metabolism, and reduce the urea nitrogeruim.sSeveral parameters such as urea nitrogen in
serum significantly decreases in patients with dietaryepraestriction of 0.3 g/kgBW/day followed by giving
ketoacid for 4 months, from 61.4 + 12.8 mg/dl to 43.6 + 14.9 ingattium from 1.21 + 0.15 mmol/l to 1.22 +
0.17 mmol/l, and serum phosphate from 4.6 + 0.5 mg/diQat: 1.1 mg/dl. Meanwhile, in patients treated with
dietary protein restriction of 0.6 g/lkgBW/day, there isigmificant reduction in the urea nitrogen in serum from
61.7 £ 23.8 mg/dl to 56.8 + 18.2 mg/dl; calcium decreases fr8th+ 0.05 mmol/l to 1.26 £ 0.07 mmol/l, while
serum phosphate tends to be constant from 4.6 + 0.9 nog&lbt+ 1.4 mg/dl. For the parameter of serum
creatinine, there is no significant difference iagl two groups after a 4-month therapy. Whereas, &y toass
index, body fat, triceps skinfold thickness, and mid-arm feusccumference, there is no significant difference
in these two groups after 4 months of conducting the study [8]

A prospective study of the Institute of Clinical Medieiand Department of experimental nephrology in
Praha evaluated 2 groups for 12 months, hamely the fingpdreated with ketoacid followed by a low-protein
diet of 0.6 g/kgBW/day and ACE inhibitors, and the secondmvathout ketoacid treatment. This study obtained
a significant reduction in proteinuria from the firsbgp, improved lipid metabolism, and improved inflammgator
parameters, such as free radicals, CRP, BGdnd P-selectin (p < 0.01). Also, the parameter of creatinine
clearance in the first group by giving ketoacid showed restemt trend from 23.48 ml/min/1.73mz2 to 22.82
ml/min/1.73m2, the creatinine clearance in the seamodp without giving ketoacid tended to decrease from
22.84 ml/min/1.73mz2 to 21.34 ml/min/1.73mz2 (p < 0.01). Meanwhile parameter of albumin, transferrins, and
branched-chain amino acids significantly increasedergtbup treated with ketoacid for 3 years (p < 0[02).
A cohort study conducted in Hungary for evaluating the goadofd and the effect of dietary protein restriction
by giving ketoacid analogs in the progress of CKD obtairredt that patients treated with ketoacid intervention
needed dialysis treatment after a period of 40% longer thae thithout diet intervention. From the economic
aspect, the annual cost for patients with ketoacid anagbdndiervention was around 1/10 from the dialysis cost
and could improve the patients’ life quality. An experimental study conducted in Mexico in patients with CKD
treated with dietary protein restriction (0.4 g/kgBW/day)dakd by giving 1 tablet ketoacid/8 kgBW/day
compared to the dietary protein restriction of 0.6 g/kgBWh&leowed that keto diet regimens could repair the
metabolic disorders and reduce the lipid serum, uric agiidspse, and phosphate. Also, it could increase calcium
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and hemoglobin. Subsequently, the keto diet regimens cartaimmaihe kidney function to not degrade with a
constant clearance in 42 months, while in patients witl dietary protein restriction (0.,6 g/kgBW/day) with
the same duration, the average creatinine clearance siegiteal 0 ml/min/1.73n{a6].

A prospective study in 2014 by Khan et al. was conductpdtients with CKD stage 3-4 by comparing
group 1 receiving the conservative management treatmeérglacebo against group 2 receiving the conservative
management treatment and ketoacid analog tablet threedimayg for 12 weeks. The study obtained several
results, such as the reduction in creatinine (p < 0.05)ethection in the blood urea nitrogen (p < 0.001), the
reduction in serum potassium (p < 0.001), improved lipid préfile 0.05), increased serum calcium (p <0.01),
increased glomerular filtration rate (p < 0.001), and irsgéatotal urine volume in group 2 receiving the
conservative management treatment and ketoacid treabé&gnfnother study by Garneata et al., comparing the
patients with CKD with a glomerular filtration rate (GFR3&mI/min/1.73m? for 3 months between those treated
with keto diet regimens (protein 0.3 g/kgBW/day and 1 tABleBW/day ketoacid) and those treated with only
a low-protein diet of 0.6 g/kgBW/day, concluded that sevesthbolic parameters in patients receiving this keto
diet regimen showed improvement in serum phosphate arogjen urea (p<0.001). Meanwhile, the GFR in
patients receiving keto diet regimens was quite condtamtaverage rate was from 18.0 ml/min/1.73mz2 to 17.4
ml/min/1.73mz2 [7].

A retrospective cohort study by Satirapoj et al. in 14Gptiwith CKD stage &by comparing group
1 with a low-protein diet of 0.6 g/kgBW/day and group 2 withve-pwotein diet of 0.3 g/kgBW/day and ketoacid
analog supplementation of 100 mg/kgBW/day for 12 months. Tidg sbtained that the increase in urea nitrogen
from 22.8 + 7.3 to 24.3 £ 7.1 mg/dl, the increase inirsecreatinine from 1.6 + 0.4 to 1.8 + 0.4 mg/dl, and the
decrease in the glomerular filtration rate (GFR) from 41.60.2 to 36.8 + 8.8 ml/min/1.73m?2 occurred in group
1. Meanwhile, the reduction in the blood urea nitrogen fro@ 226.76 to 21.9 + 7.0 mg/dl, an insignificant
change in serum creatinine from 1.7 £ 0.3 to 1.7 + 0.5Inghd an insignificant change in the glomerular
filtration rate (GFR) from 39.1 + 9.2 to 38.9 £ 12.0ml/min/1.73m& 0.001) happened in the group 2. The other
parameters, such as proteinuria, albumin, hemoglobinmseotassium, serum bicarbonate, serum calcium, and
serum phosphate, showed a relatively constant resudir Adinducting the Cox regression analysis, the result
showed that the treatment using the dietary proteiriciésh of 0.3 g/kgBW/day by giving ketoacid significantly
protected the kidney from the decrease in the glomeéifilitation rate (GFR) of > 10% per year (Adjusted HR
0.42;Cl 95%, 0.23-0.79P = 0.006). Therefore, applying the dietary protein restrictiod.® g/kgBW/day and
giving ketoacid analogs may be proven as an effective altegrfati conservative management in patients with
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CKD, so the progress of the disease can be preventedaanthim the nutritional status of patients with CKD to

prevent them from suffering from malnutritighl, 18].

Summary

Diet intervention is one of the primary componentthef management in patients with chronic kidney
disease these days aiming at minimizing the uremic syngtinhibiting the progress, and giving optimal
nutritional status. Several results of the existirigicdl studies these days can conclude that there ane so
advantageous effects of the dietary protein restriction0.8f g/lkgBW/day followed by ketoacid analog
supplementation, such as improving the metabolic parametaigtaining the optimal nutritional status in
patients with CKD to prevent them from suffering from megitition and cachexia, and inhibiting the progress of
CKD. The usage recommendation of ketoacid these days dbagath a consensus yet. However, several
international research centers, presently, recomnmptementing ketoacid analog supplementation in the

management of patients with chronic kidney disease.
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