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Abstract

Introduction: Advanced chronic kidney disease (CKD) can be treated with conservative care or renal replacement therapies. CKD
is associated with an increased risk of nephropathy progression, and death. Therefore, slow down CKD progression is crucial, and
there is consensus regarding protein intake regulation benefit in delaying this progression. Ketoanalogues are nitrogen-free analogs
of essential amino acids which supplements low protein diets. Thus, it was decided to evaluate if keto diet had benefit in reducing

CKD progression.

Material and Method: It was evaluated if there was a significant difference in CKD progression between two groups of stage 4-5
CKD patients: one group on keto diet, and one group with standard low protein diet. All patients received standard CKD treatment,
and monthly eGFR (CKD-EPI) was documented. All evaluated parameters were compared between their initial and final values (delta

value) in each group, and between the groups. Student and Wilcoxon tests were applied for data analysis.

Results: From 140 stage 4-5 CKD old patients, 38 patients were randomly assigned to keto diet, and the rest (n: 102) were assigned
to standard reduced protein diet (control group). Both groups were followed up during 12 months. There was no significant differ-
ence between initial and final eGFR values neither in keto nor in control groups. Additionally, there was no significant difference

between eGFR delta values between the two groups.

Conclusion: There was no significant eGFR in older CKD patients neither on keto diet nor on standard CKD diet.
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Introduction current international consensus CKD definition from kidney dis-

Chronic kidney disease (CKD) shows an increasing worldwide ~ €25€: Improving Global Outcomes (KDIGO 2012) establishes that

incidence and prevalence, becoming an important public health CKD is defined as renal abnormalities (structural and/or function-

problem because of their related morbidity and mortality [1]. The al) present for more than 3 months [2]. From this perspective, CKD

can be diagnosed by detecting at least one of the following four
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criteria [3,4]: 1) decreased glomerular filtration rate (GFR) (<60
ml/min/1.73 m?), 2) increased albuminuria (albumin - creatinine
urine index = 30 mg/g) and/or renal hematuria (dysmorphic eryth-
rocytes), 3) serum electrolytes abnormalities due to renal tubular
disorders, 4) structural abnormalities detected by renal biopsy or

imaging.

Nowadays, patients older than 65 years constitute a significant
and growing proportion of the CKD population, a phenomenon
which could be explained due to the increasing people longevity,
and the improvements achieved treating cardiovascular and onco-

logic diseases by current medicine [5,6].

Advanced chronic nephropathy, and particularly end-stage renal
disease (ESRD) can be associated with serious complications such
as anemia, hyperkalemia, hyponatremia, generalized edema, hy-
pocalcemia, hyperphosphatemia, hyperparathyroidism, metabolic
acidosis, and symptomatic uremia. In order to avoid the above-
mentioned complications, alternative therapies currently available
for treating this condition includes conservative care or renal re-

placement therapies (chronic dialysis or kidney transplant) [6].

In addition, CKD is mainly associated with an increased risk of
nephropathy progression, death from any cause, cardiovascular
death, and acute kidney damage, particularly when patients pres-

ent pathologic albuminuria, and GFR lower than 45 ml/min/1.73
m?) [2].

Even though CKD “progression” has been defined in various
ways, the most used one is based on the annually reduction of esti-
mated GFR (eGFR). Then, based on the previously mentioned defi-
nition CKD progression is considered to be absent (<1 ml/min/1.73
m?),low (1-3 ml/min/1.73 m?), moderate (3-5 ml/min/1.73 m?), or
high (26 ml/min/1.73 m?) depending on the eGFR annually reduc-
tion rate. Among the main factors reported as associated to CKD
progression are diabetes mellitus, older age, systolic hypertension,
cardiac failure, as well as proteinuria, and anemia levels. However,
it is still controversial the association of cigarette smoking or dys-

lipidemia with nephropathy progression.

In this sense, the therapeutic objective of slow down CKD pro-
gression rate is crucial since the more rapid is CKD progression
the worse patient’s clinical outcomes (cardiovascular events and
death) are, independently of his/her level of eGFR [7].
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Protein intake regulation is the central point of the nutritional
treatment in CKD. Its objective is to reduce acidemia, hyperphos-
phatemia, uremic toxins load (hyperazoemia), and consequently
uremia toxicity, avoiding simultaneously malnutrition. In addition,
there is consensus regarding the benefit of protein restriction to
delay CKD progression, and consequently dialysis requirement [8-
10]. It is crucial for human beings to obtain proteins through the
diet with essential amino acids, since from total amino acids indi-
viduals are only capable of synthesizing nine of them (non-essen-

tial amino acids) [11].

Ketoanalogues are nitrogen-free analogs of essential amino ac-
ids (without amino groups), whose administration limits protein
synthesis avoiding body overload with protein-rich food [12,13].
The “keto diet “ refers to a variety of ketoanalogues which supple-
ments low protein diets (LPD): 0.6g/kg per day, or very low protein
diets (VLPD) 0.3-0.4g/kg per day). These diets allow a reduced ni-
trogen intake while avoiding the deleterious consequences of inad-
equate dietary protein intake and malnutrition. These diets have
been shown to be effective in reducing kidney death in selected,
well-nourished, CKD patients with low comorbidity, and proven
diet adherence; although there is some controversy regarding its

benefit in reducing CKD progression [7].

Therefore, it was decided to performed a prospective study in
order to evaluate if there would be a significant difference in chron-
ic nephropathy progression between two groups of stage 4 CKD
patients which were one on standard reduced protein diet (0.8g/
kg/day), and the other on keto diet with LPD.

Material and Method

From a group of CKD patients (stages 3-5) who were assisted
by the nephroprevention program of Clinica de la Costa in Barran-
quilla (Colombia), it was proposed to those patients who were on
stage 4-5 CKD (eGFR <30 ml/min/1.73m?) to receive nephropre-
vention treatment based on keto diet (Ketosteril) with LPD (0.6g/
kg per day).

Then, from those patients who accepted to be on keto diet, one
group was randomly assigned to this treatment (keto group), while
and the rest was assigned to the standard reduced protein diet for
CKD patients: 0.8g/kg/day (control group).
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Both study groups also received standard nephroprevention
treatment, which entailed treatment of anemia (erythropoietin, iron
supply), hypertension (low sodium diet, antihypertensive drugs),
dyslipidemia (statins), diabetes mellitus (insulin), metabolic acido-
sis (bicarbonate supply), serum sodium (loop diuretics), potassium
(cationic resins), calcium (calcium supply, calcitriol), phosophorus
(phosphorus binders), hyperparathyroidism (cinacalcet), as well as

glomerular hyperfiltration (enalapril or losartan).

In all the studied patients, weight, serum hemoglobin, creati-
nine, urea, sodium, potassium, calcium, phosphorus, were monthly
obtained, and eGFR was calculated by applying CKD-EPI equation
based on serum creatinine. Besides, serum parathyroid hormone

was also measured every three months.

In the keto group particular parameters were monthly obtained,
such as abdominal perimeter, body mass index, lean mass and fat

mass percentage (impedanciometry).

Dietary compliance was monthly controlled, and patients were
followed for up to 12 months (since January 2020 to January 2021).

All evaluated parameters were compared between their initial
value (January 2020) to their final value (January 2021) in both,
keto and control groups. Additionally, difference between initial and
final value (delta value) for each parameter were also compared be-

tween keto and control groups.

Student and Wilcoxon tests were applied for data analysis, and p

value <0.05 was considered statistically significant.

Informed consent was obtained from all patients included in the
study and this study was approved by the Ethics Committee of the
Clinica de la Mujer, Bogota (Colombia).

Results

From 800 CKD patients (stages 3-5) assisted by the nephropre-
vention program of Clinica de la Costa in Barranquilla (Colombia),
140 stage 4-5 CKD patients accepted to participate in this study, and
38 were randomly assigned to the keto diet with LPD treatment (x:
9 tablets/day), and the rest (n: 102) were assigned to the standard
reduced protein diet (control group). Both groups were followed up

during 12 months.

In the study population there was moderate proteinuria, and the
more prevalent comorbidities were hypertension (84%), and dia-
betes mellitus (29%).
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Keto group (n: 38) had a mean age of 72 years (range 38-94),
and 55% were male, while control group (n: 102) had a mean age
of 72 years (range 39-94), and 44% were male.

There was no significant difference between initial eGFR (x: 19.8
+ 6 ml/min/1.73 m?), and final eGFR (19.2 + 8 ml/min/1.73 m?)
values in keto group. Similarly, there was no significant difference
between initial eGFR (x: 20.2 £ 7 ml/min/1.73 m?), and final eGFR
(19.4 + 7 ml/min/1.73 m?) values in control group. There was no
significant difference between final eGFR and initial eGFR values
(delta eGFR) between the two groups. In the keto group, particular
nutritional parameters were obtained, such as body mass index,
abdominal perimeter, fat mass and lean mass percentage. All these
parameters were in normal range, and showed no significant dif-

ference between their initial and final value (Table 1).

In both groups, all the evaluated serum parameter were in nor-
mal range, except for serum hemoglobin, and initial albumin which
were reduced, as well as serum urea, creatinine, and intact para-
thyroid hormone which were elevated. There was no significant
difference between the initial and the final value of each parameter
in both studied groups (Tables 2 and 3).

There was no significant difference between delta value (final
- initial) of each parameter between the two groups, except for
urea (delta: - 4.9, p = 0.02), and albumin (delta: - 0.38, p = 0.007)
parameters, which means that there was a significant compara-
tive increased after 12 months in serum urea and albumin values
in the keto group. Neither significant changes in nutritional status
nor adverse reactions due to the prescribed treatment were docu-

mented in the keto group.
Discussion

Prevention of CKD progression is currently one of the main ob-
jectives of chronic nephropathy treatment, and keto diet has been
proposed by different studies as an effective therapy to slow down
this progression. This phenomenon has been supported by the
finding that restricted protein diets can delay CKD progression by
reducing albuminuria and renal fibrosis [14-16]. This prospective
study was performed in order to add more evidence regarding keto
diet impact on CKD progression in pre-ESRD patients. It was found
that there was no significant change in eGFR (eGFR reduction rate
<1 ml/min/1.73 m?) after 12 months neither in the keto group nor
in the control group (standard nephroprevention treatment). Be-
sides, since all the evaluated nutritional parameters (body weight,

abdominal perimeter, fat mass percentage, lean mass percentage,
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seru albumin) were preserved after 12 months of keto diet treat-
ment, it was documented that this diet was able to preserve an
adequate nutritional status in CKD patients (Tables 1 and 2). Even
more, the significant relative increased observed in serum urea
and albumin without increase in eGFR after 12 months of keto diet
can be interpreted as a nutritional improvement secondary to this
treatment. This very important since reinforce the concept that
keto diet is a safe alternative treatment to chronic dialysis particu-
larly in the oldest old [8].

To the best of our knowledge, this is the study that has evaluated
the impact of keto diet on nephropathy progression in the oldest
CKD population (72 + 20 years) on any study until date.

It is worth mentioning that most of the previously performed
studies included mainly young adult patients, except for Qiu,, et al.
study whose studied population had 63 + 9 years old. In addition,
our study is the second one in number of studied patients (n: 140),
after Garneata.,, et al. study (n: 207) [7].

Even though in our study it was documented no significant
change in eGFR value between keto diet and control groups, it was
also documented no significant eGFR reduction along 12 moths of
follow up, and this is an important finding in an aged population
since older CKD patients particularly suffered a greater renal dam-

age progression than the younger people [17].

Menon,, et al. had also reported that a very low-protein diet did
not delay CKD progression [18]. In addition, Malvy, et al. docu-
mented that a severe protein restriction (0.3 g/kg/day) supple-
mented by ketoanologues did not limit GFR decrease when GFR is
below 20 mL/min/1.73m? [19]. Conversely, Li,, et al. recently have
published a meta-analysis, based on 12 studies, where they found
that a restricted protein diet supplemented with ketoanalogues
could slow down CKD progression in pre-ESRD patients (eGFR > 18
mL/min/1.73 m2) without inducing malnutrition [7]. Therefore,
the benefit of ketoanalogues on reversing CKD progression remains

inconclusive, and further research is needed in this field.

Regarding other biochemical parameters usually controlled in
CKD follow-up, such as serum sodium, potassium, calcium, phos-
phorus, and parathyroid hormone, they were in normal range, and
no significant difference was documented in none of them between
the compared CKD groups. Jiang,, et al. found that keto diet signifi-

cantly reduced serum phosphorous and parathyroid hormone lev-
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els but did not change serum calcium level [8]. However, Li., et al.
reported, in coincidence with our study, no significant difference in
serum phosphorous, calcium, and PTH between pre-ESRD patients
on keto diet and placebo group [7]. Therefore, there are controver-
sial findings also in this point, and further research is also needed
in this field.

Parameters Mean SD P-value

BMI a:25.7+4 NS
b: 25.8 + 4

Abdominal a:93.7 11 NS
perimeter(cm) b:96.2 £10

Fat mass (%) a:36.7+9 NS
b:37.5+9

Lean mass (%) a:63.2+9 NS
b:62.4+9

Table 1: Nutritional parameter in keto group.

Parameters Mean SD P-value
Body weight (kg) a:67.3+14 NS
b: 67.7 £ 14
Hemoglobin (g/dl) a:11.5+1.6 NS
b:11.4+14
Serum urea (mg/dl) a:71.8+12 NS
b:81.6 +17
Serum creatinine (mg/dl) a:3.0+1 NS
b:3.1+1.2
Serum potassium (mmol/L) a:4.8+0.5 NS
b:4.7+0.4
Serum sodium (mmol/L) a:140.4 £ 3 NS
b: 140.6 + 2
Serum calcium (mg/dl) a:9.4+0.5 NS
b:9.4+0.4
Serum phosphorus (mg/dl) a:3.9x0.6 NS
b:3.9+0.7
PTHi (pg/dl) a:109.7 £ 111 NS
b:85.3+78
Serum albumin (g/dl) a:39+0.1 NS
b:4.3+0.2
serum glucose (mg/dl) a:97.2+23 NS
b:101.1 £ 12

Table 2: Main evaluated parameter in keto group.

a: Initial; b: Final; PTHi: Intact Parathyroid Hormone
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Parameters Mean SD P-value
Weight (kg] a:62.4+ 14 NS
ei
S b:63.6 + 15
a:10.7+£1.8
H lobi dl NS
emoglobin (g/dl) b:11.5+ 1.6
a:78.8+22
Serum urea (mg/dl) NS
b:73.2+62
. a:2.8+0.8
Serum creatinine (mg/dl) NS
b:29+1.3
S tassium ( L) a:43%0.5 NS
erum potassium (mmo
P b:4.3 0.6
_ a:141+ 1.4
Serum sodium (mmol/L) NS
b: 141 £ 3.2
. a:9.3+0.5
Serum calcium (mg/dl) NS
b:9.2+0.4
S hosoh (mg/dl) a:4.2+09 NS
erum phosphorus (mg b: 4.3 £ 0.6
PTH! (pg/d]) a:39.5+17 NS
i
be b: 40.8 £ 15
) a:3.2+0.8
Serum albumin (g/dl) NS
b: 4.6 +1.6
a:82.6+10
S 1 dl NS
erum glucose (mg/dl) b: 944 + 27

Table 3: Main evaluated parameter in control group.

Conclusion

There was no significant estimated glomerular filtration rate in
older chronic kidney disease patients neither on keto diet nor on

standard chronic nephropathy diet.

Compliance with Ethical Standards

e The authors declare that they have no conflict of interest.

e No funds were received for performing this study.

Ethical Approval

All procedures performed in studies involving human partici-
pants were in accordance with the ethical standards of the institu-
tional and/or national research committee and with the 1964 Hel-

sinki declaration and its later amendments or comparable ethical

standards.

Informed consent was obtained from all the participants in-

cluded in the study.

86

Bibliography

1.

10.

11.

Scalone L., et al. “Cost-benefit analysis of supplemented very
low-protein diet versus dialysis in elderly CKD5 patients”. Ne-
phrology Dialysis Transplantation 25 (2010): 907-913.

Perez-Gomez MV, et al. “Clarifying the concept of chronic kid-
ney disease for non-nephrologists”. Clinical Kidney Journal
12.2 (2019): 258-261.

Musso CG and Jauregui JR. “How to differentiate renal senes-
cence from chronic kidney disease in clinical practice”. Post-
graduate Medicine 128.7 (2016): 716-721.

Chen TK,, et al. “Chronic kidney disease diagnosis and man-
agement. A Review”. JAMA 322.13 (2019): 1294-1304.

Brunori G. “Treatment of chronic kidney disease in the elder-
ly: diet or conservative management”. Journal of Nephrology
25.19 (2012): S28-S31.

Musso CG., et al. “Therapeutic alternatives and palliative care
for advanced renal disease in the very elderly: a review of the
literature”. International Urology and Nephrology 47.4 (2015):
647-654.

Li A, et al. “The effect of ketoanalogues on chronic kidney dis-
ease deterioration: A Meta-Analysis”. Nutrients 11.5 (2019):
957.

Bellizzi V., et al. “A Delphi consensus panel on nutritional
therapy in chronic kidney disease”. Journal of Nephrology 29.5
(2016): 593-602.

Cuppari L., et al. “A practical approach to dietary interventions
for nondialysis-dependent CKD patients: The experience of a
reference nephrology center in Brazil”. BMC Nephrology 17.1
(2016): 1-11.

Sanchez C,, et al. “Influence of low-protein dietetic foods con-
sumption on quality of life and levels of B vitamins and ho-
mocysteine in patients with chronic renal failure”. Nutricion
Hospitalaria 25.2 (2010): 238-244.

Espinosa-Cuevas M and Correa-Rotter R. “[Renal alterations
and Nutrition] In Arroyo, Kaufer Horowitz, Perez Lizaur
(Eds)”. Nutriologia Médica. Buenos Aires. Editorial Panameri-
cana (2015): 695-730.

Citation: Carlos G Musso,, et al. “The Impact of Ketoanalogues on Nephropathy Progression in Advanced Chronic Kidney Disease Older Patients". Acta
Scientific Nutritional Health 6.12 (2022): 82-87.


https://pubmed.ncbi.nlm.nih.gov/20008828/
https://pubmed.ncbi.nlm.nih.gov/20008828/
https://pubmed.ncbi.nlm.nih.gov/20008828/
https://pubmed.ncbi.nlm.nih.gov/30976406/
https://pubmed.ncbi.nlm.nih.gov/30976406/
https://pubmed.ncbi.nlm.nih.gov/30976406/
https://www.tandfonline.com/doi/abs/10.1080/00325481.2016.1209963?journalCode=ipgm20
https://www.tandfonline.com/doi/abs/10.1080/00325481.2016.1209963?journalCode=ipgm20
https://www.tandfonline.com/doi/abs/10.1080/00325481.2016.1209963?journalCode=ipgm20
https://pubmed.ncbi.nlm.nih.gov/31573641/
https://pubmed.ncbi.nlm.nih.gov/31573641/
https://pubmed.ncbi.nlm.nih.gov/22684643/
https://pubmed.ncbi.nlm.nih.gov/22684643/
https://pubmed.ncbi.nlm.nih.gov/22684643/
https://pubmed.ncbi.nlm.nih.gov/25475195/
https://pubmed.ncbi.nlm.nih.gov/25475195/
https://pubmed.ncbi.nlm.nih.gov/25475195/
https://pubmed.ncbi.nlm.nih.gov/25475195/
https://pubmed.ncbi.nlm.nih.gov/27324914/
https://pubmed.ncbi.nlm.nih.gov/27324914/
https://pubmed.ncbi.nlm.nih.gov/27324914/
https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-016-0282-y
https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-016-0282-y
https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-016-0282-y
https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-016-0282-y

The Impact of Ketoanalogues on Nephropathy Progression in Advanced Chronic Kidney Disease Older Patients

12. Bernhard ], et al. “Adaptive response to a low-protein diet in
predialysis chronic renal failure patients”. Journal of the Amer-
ican Society of Nephrology 12.6 (2001): 1249-1254.

13. Walser M and Hill S. “Can renal replacement be deferred by a
supplemented very low protein diet?” Journal of the American
Society of Nephrology 10.1 (1999): 110-116.

14. Garneata L., etal “SP334 Vegetarian very low protein diet sup-
plemented with ketoanalogues may reduce nephrotic-range
proteinuria in predialysis CKD patients”. Nephrology Dialysis
Transplantation 31.1 (2016):i200-i213.

15. Noce A, etal. “Is low-protein diet a possible risk factor of mal-
nutrition in chronic kidney disease patients?” Cell Death Dis-
covery 2 (2016): 16026.

16. Fouque D and Aparicio M. “Eleven reasons to control the pro-
tein intake of patients with chronic kidney disease”. Nature
Reviews Nephrology 3 (2007): 383-392.

17. Musso CG and Macias-Nufez JF. “Renal aging and chronic
kidney disease in the eldely: which are the differences?” In
Musso CG, Jauregui JR, Macias-Nuiiez JF, Covic A (Eds). Clinical
Nephrogeriatrics. An evidence-based guide. Cham. Springer
(2019): 13-20.

18. Menon V., et al. “Effect of a very low-protein diet on outcomes:
Long-term follow-up of the Modification of Diet in Renal Dis-
ease (MDRD) Study”. American Journal of Kidney Diseases 53
(2009): 208-217.

19. Malvy D, et al. “Effects of severe protein restriction with keto-
analogues in advanced renal failure”. Journal of the American
College of Nutrition 18 (1999): 481-486.

Citation: Carlos G Musso,, et al. “The Impact of Ketoanalogues on Nephropathy Progression in Advanced Chronic Kidney Disease Older Patients". Acta
Scientific Nutritional Health 6.12 (2022): 82-87.


https://pubmed.ncbi.nlm.nih.gov/11373349/
https://pubmed.ncbi.nlm.nih.gov/11373349/
https://pubmed.ncbi.nlm.nih.gov/11373349/
https://pubmed.ncbi.nlm.nih.gov/9890316/
https://pubmed.ncbi.nlm.nih.gov/9890316/
https://pubmed.ncbi.nlm.nih.gov/9890316/
https://academic.oup.com/ndt/article/31/suppl_1/i202/2224405
https://academic.oup.com/ndt/article/31/suppl_1/i202/2224405
https://academic.oup.com/ndt/article/31/suppl_1/i202/2224405
https://academic.oup.com/ndt/article/31/suppl_1/i202/2224405
https://pubmed.ncbi.nlm.nih.gov/27551517/
https://pubmed.ncbi.nlm.nih.gov/27551517/
https://pubmed.ncbi.nlm.nih.gov/27551517/
https://pubmed.ncbi.nlm.nih.gov/17592471/
https://pubmed.ncbi.nlm.nih.gov/17592471/
https://pubmed.ncbi.nlm.nih.gov/17592471/
https://link.springer.com/chapter/10.1007/978-3-030-18711-8_2
https://link.springer.com/chapter/10.1007/978-3-030-18711-8_2
https://link.springer.com/chapter/10.1007/978-3-030-18711-8_2
https://link.springer.com/chapter/10.1007/978-3-030-18711-8_2
https://link.springer.com/chapter/10.1007/978-3-030-18711-8_2
https://pubmed.ncbi.nlm.nih.gov/18950911/
https://pubmed.ncbi.nlm.nih.gov/18950911/
https://pubmed.ncbi.nlm.nih.gov/18950911/
https://pubmed.ncbi.nlm.nih.gov/18950911/
https://pubmed.ncbi.nlm.nih.gov/10511331/
https://pubmed.ncbi.nlm.nih.gov/10511331/
https://pubmed.ncbi.nlm.nih.gov/10511331/

	_GoBack

