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ABSTRACT
Dietary protein restriction may improve determinants of CKD progression. However, the extent of improve-
ment and effect of ketoanalogue supplementation are unclear. We conducted a prospective, randomized,
controlled trial of safety and efficacy of ketoanalogue–supplemented vegetarian very low–protein diet (KD)
compared with conventional low–protein diet (LPD). Primary end point was RRT initiation or.50% reduction
in initial eGFR. Nondiabetic adults with stable eGFR,30 ml/min per 1.73 m2, proteinuria ,1 g/g urinary
creatinine, good nutritional status, and good diet compliance entered a run-in phase on LPD. After 3 months,
compliant patients were randomized to KD (0.3 g/kg vegetable proteins and 1 cps/5 kg ketoanalogues per
day) or continue LPD (0.6 g/kg per day) for 15months. Only 14% of screened patients patients were random-
ized,withnodifferencesbetweengroups.Adjustednumbersneeded to treat (NNTs; 95%confidence interval)
to avoid composite primary end point in intention to treat and per-protocol analyses in one patient were
4.4 (4.2 to 5.1) and 4.0 (3.9 to 4.4), respectively, for patients with eGFR,30 ml/min per 1.73 m2. Adjusted
NNT (95% confidence interval) to avoid dialysis was 22.4 (21.5 to 25.1) for patients with eGFR,30 ml/min
per 1.73 m2 but decreased to 2.7 (2.6 to 3.1) for patients with eGFR,20 ml/min per 1.73 m2 in intention to
treat analysis. Correction of metabolic abnormalities occurred only with KD. Compliance to diet was good,
with no changes in nutritional parameters and no adverse reactions. Thus, this KD seems nutritionally safe
and could defer dialysis initiation in some patients with CKD.
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Dietary proteins are the source of nitrogen, phos-
phate, and acid load, and sodium intake parallels
protein ingestion. A reduction in protein consump-
tionwas shown to result in better control of BPand a
decrease in proteinuria,1–4 the major determinants
of the progression of CKD.5 Moreover, certain
complications of advanced CKD, such as mineral
metabolism disorders, acidosis, and oxidative
stress, also involved in accelerating its progres-
sion5 were favorably influenced by the low-protein
diets.6

Diet was a key component of management in
nephrology. Dietary intervention was the mainstay
approach in kidney failure in the first one-half of the
20th century, and diet manipulation was tried in its
last decades.6 Different dietary protein regimens
have been proposed: conventional low–protein di-
ets (LPDs; 0.6 g/kg per day), very low–protein diets

(VLPDs; 0.3–0.4 g/kg per day), and practically veg-
etarian diets supplemented with either essential
amino acids or a mixture of essential amino acids
and nitrogen-free ketoanalogues (keto diet
[KD]).6,7

Supplementation of a VLPD with ketoanalogues
seems to have some advantages above and beyond
the protein restriction. If enough energy is provided,
ketoanalogues could be converted to essential

Received April 8, 2015. Accepted September 24, 2015.

Published online ahead of print. Publication date available at
www.jasn.org.

Correspondence: Dr. Liliana Garneata, “Dr. Carol Davila”
Teaching Hospital of Nephrology, 4 Calea Grivitei, Sector 1,
010731 Bucharest, Romania. Email: lilianagarna@yahoo.com

Copyright © 2016 by the American Society of Nephrology

2164 ISSN : 1046-6673/2707-2164 J Am Soc Nephrol 27: 2164–2176, 2016

http://www.jasn.org
mailto:lilianagarna@yahoo.com


amino acids by urea recycling, allowing for a nutritionally safe,
more severe reduction in protein intake.7 Furthermore, the
calcium content of ketoanalogues preparations and their phos-
phate binder capabilities allow for even better correction of
mineral metabolism abnormalities.8 Although the favorable
metabolic effects of KD were shown in many observational
studies,7–11 the few controlled studies investigating its influence
on CKD progression using hard end points were underpow-
ered and gave variable results.12–18 However, the risk ratio was
in favor of VLPDwhen studies were pooled together in a recent
systematic review (0.63; 95% confidence interval [95% CI],
0.48 to 0.83).19

The largest study addressingKD, theModification ofDiet in
Renal Disease (MDRD) Study 2, provided conflicting results:
the protein-restricted diet only marginally reduced the decline
in GFR; the advantage was small and apparently caused by the
protein restriction, not the ketoanalogues supplementation.
Information on hard end point outcome was not published so
far.20 Moreover, not only did long–term follow-up of this
study not support the delay of CKD progression on LPD,
but it even suggested an increase in the risk of death.21 Nota-
bly, patients’ adherence to LPD was also a problem.21

Because the efficacy of protein-restricted regimens seemed
uncertain,20 their feasibility was repeatedly questioned; because
the adherence and compliance of patients to the diet were

reported as poor and the risk of malnutrition was frequently
invoked,22–25 the use of KD and VLPDs was not extended.

Nevertheless, the interest in dietary management resurged,
because the high prevalence of CKD revealed a major effect on
not only morbidity, mortality, social activities, and patients’
quality of life but also, health budget. Recent studies focused
on the advantages of the LPD in certain groups of patients with
CKD (the elderly, in whom ketoanalogue-supplemented
VLPD seems a better alternative to dialysis),26 patients’ selec-
tion aiming to increase compliance,17 or modification of diets
to make them more acceptable.27 Moreover, the dietary ap-
proaches to stop hypertension diet is now largely accepted in
cardiology,28,29 and diet is the first step recommended in cor-
rection of acidosis and hyperkalemia associated to CKD.5

Accordingly, we aimed to evaluate the effectiveness and
safety of a vegetarian VLPD supplemented with ketoanalogues
of essential amino acids in reducing CKD progression.

RESULTS

All of the 1413 consecutive patients with CKD admitted to a
large nephrology clinic during an enrolment period of 36
months (March of 2006 toApril of 2009) havebeen assessed for
eligibility. A number of 1206 patients were excluded, because

Figure 1. Study phases and patients’ flowchart. The enrolled patients entered a run-in phase; the compliant ones were randomized for
the intervention.

J Am Soc Nephrol 27: 2164–2176, 2016 Effect of Keto Diet in CKD 2165

www.jasn.org CLINICAL RESEARCH



they either did not meet the eligibility
criteria (mainly the compliance to the
diet) or refused to participate. To note,
only 42% of patients fulfilling all of the
other selection criteria accepted to poten-
tially follow a vegetarian diet. Finally, only
207 (14% of the screened patients) met all
of the eligibility criteria and could be
randomized (Figure 1).

There were no significant differences be-
tween KD and LPD groups in age (median
age, 55.2 and 53.6 years old, respectively), sex
(63% and 59% men, respectively), or pri-
mary renaldisease(glomerularnephropathies,
59% and 57%, respectively; tubulointersti-
tial nephropathies, 27% and 27%, respec-
tively) at baseline. The eGFR, proteinuria,
and BP control as well as the parameters of
nutritional status were also similar in both
arms (Tables 1 and 2).

Efficacy: Progression of CKD
In the intention to treat (ITT) analyses, 55
patients (28% of the cohort) reached the
primary composite efficacy end point (i.e.,
RRT initiation or a.50% reduction in the
initial GFR). A significantly lower percent-
age of patients in the KD group reached the
primary end point: 13% versus 42% in the
LPD group (P,0.001); the difference be-
tween arms was .10%. Thus, the prede-
fined primary efficacy criteria were met.

In Kaplan–Meier analysis, the cumula-
tive probability to reach the end point dur-
ing 1 year was also lower in the KD group
(12% versus 39%).

Theprobability to reach the endpointwas
even lower in the KD group when adjusted
for the other significant predictors of out-
come (eGFR, body mass index, C-reactive
protein [CRP], and angiotensin–converting
enzyme inhibitor [ACEI] /angiotensin
receptor blocker [ARB] therapy) in a Cox
proportional hazard model: adjusted haz-
ard ratio, 0.10; 95%CI, 0.05 to0.20 (Figure 2,
Table 3). The adjusted number of patients
needed to treat for 1 year to avoid reach-
ing the composite primary efficacy end
point by one patient was 4.4 (95% CI,
4.2 to 5.1).

Moreover, RRT initiation was required
in a lower proportion in theKDgroup (11%
versus 30%; P,0.001). The number of pa-
tients needed to treat for 1 year to avoid

Table 1. Metabolic parameters, renal function, BP, and requirements for
antihypertensive treatment in study arms

Parameter and Study Moment KD (n=104) LPD (n=103) P Valuec

Renal function
eGFR (ml/min)
Baseline 18.0 (15.5 to 20.1) 17.9 (14.3 to 19.3) 0.68
End of study 15.1 (13.2 to 17.4) 10.8 (9.0 to 12.2) ,0.01

Proteinuria (g/d)a

Baseline 0.88 (0.79 to 0.96) 0.88 (0.82 to 0.96) 0.73
End of study 0.78 (0.67 to 0.85) 0.67 (0.57 to 0.81) 0.06

BPb

Mean arterial BP (mmHg)
Baseline 86 (78 to 96) 93 (86 to 96) 0.06
End of study 90 (86 to 92) 87 (83 to 93) 0.42

Patients with optimal BP controlc (%)
Baseline 91 89 0.67
End of study 85 84 0.95

Patients on antihypertensive drugs (%)
Baseline 86 89 0.55
End of study 88 93 0.24

Patients receiving ACEIs and/or ARBs (%)
Baseline 71 71 0.96
End of study 71 70 0.84

Nitrogen waste products
Serum urea (mg/dl)d

Baseline 187 (164 to 225) 213 (183 to 248) 0.73
End of study 122 (114 to 127) 226 (191 to 252) ,0.01

Serum uric acid (mg/dl)e

Baseline 6.5 (6.5 to 6.6) 6.3 (6.2 to 6.3) 0.06
End of study 6.0 (5.8 to 6.1) 6.3 (6.1 to 6.4) 0.01

Acid-base balance
Serum bicarbonate (mEq/L)
Baseline 16.7 (15.8 to 17.6) 16.8 (15.9 to 17.8) 0.98
End of study 22.9 (21.7 to 24.1) 16.2 (15.4 to 16.9) ,0.01

Sodium bicarbonate supplementation
Patients treated (%)
Baseline 36 40 0.53
End of study 29 51 ,0.01

Prescribed dose (g/d)
Baseline 2.0 (2.0 to 2.4) 2.0 (1.6 to 2.4) 0.63
End of study 2.2 (2.0 to 2.6) 3.2 (2.4 to 3.6) 0.03

Calcium-phosphorus metabolism
Serum calcium (mg/dl)
Baseline 3.8 (3.7 to 3.9) 3.8 (3.7 to 4.0) 0.61
End of study 4.4 (4.3 to 4.5) 3.9 (3.7 to 3.9) ,0.01

Serum phosphates (mg/dl)
Baseline 5.9 (5.3 to 6.2) 5.8 (5.2 to 6.1) 0.68
End of study 4.4 (4.3 to 4.5) 6.2 (5.8 to 6.5) ,0.01

Calcium supplementation
Patients treated (%)
Baseline 46 40 0.35
End of study 49 51 0.72

Prescribed dose (g/d)
Baseline 6.1 (5.7 to 6.5) 6.0 (5.6 to 6.5) 0.91
End of study 6.3 (6.0 to 6.6) 6.9 (6.6 to 7.3) ,0.01

2166 Journal of the American Society of Nephrology J Am Soc Nephrol 27: 2164–2176, 2016

CLINICAL RESEARCH www.jasn.org



dialysis initiation in one patient was 22.4
(95% CI, 21.5 to 25.1).

Seven patients discontinued the diets:
three in the intervention group and four in
the control group. The per-protocol (PP)
analyses were performed on 101 and 99
patients in the KD and LPD groups,
respectively.

The adjusted numbers needed to treat
(NNTs) to avoid reaching the primary
composite end point and dialysis initiation
in the PP group by one patient were 4.0
(95%CI, 3.9 to 4.4) and 23.7 (95%CI, 22.8
to 26.2), respectively. Thus, comparable
results were observed in both ITT and
PP analyses.

Additional ITT and PP analyses were
performed using various eGFR cutoff levels
(Table 4).

Although the KD was effective starting
from an eGFR,30 ml/min and at the
level suggested by the manufacturer
(eGFR,25 ml/min), its efficacy was higher
at eGFR,20 ml/min when NNTs to pre-
vent the primary composite end point and
dialysis initiation were 2 and 3, respectively
(Table 4).

The median eGFR was similar in both
arms at any study moment, but a trend to
higher levels (P=0.08) was observed at end
of study only in the KD group (Figure 3,
Table 1). In the first 3 months after ran-
domization, the eGFR increased in the
KD arm (median change at 3 months ver-
sus baseline, 0.2 ml/min; 95% CI, 0.1 to
0.3 ml/min; P=0.001) and decreased in
the LPD arm (20.8 ml/min; 95% CI,
21.1 to20.6ml/min;P,0.001), supporting
the effect of the KD on the eGFR (Figure 4).

Considering the changes in eGFR levels
between 3months after randomization and
the end of study, the decrease in eGFR was
lower in KD compared with LPD (median
difference of changes between groups, 3.2
ml/min; 95%CI, 2.6 to 3.8ml/min) (Figure
4, Table 1). Thus, a 3.2 ml/min per year
lower decline in eGFR was observed in
patients following the KD.

Proteinuriawas similarly,1 g/d in both
groups during the study (Table 1).

There were no differences between
groups in achieving and maintaining BP
control as well as the percentage of patients
receiving ACEIs and/or ARBs throughout
the study (Table 1).

Table 1. Continued

Parameter and Study Moment KD (n=104) LPD (n=103) P Valuec

Vitamin D therapy (patients %)
Baseline 22 30 0.19
End of study 22 54 ,0.01

Values at randomization were compared with those at the end of the study (i.e., reach of the EPP or end
of the follow-up period). Data are shown as median and 95% CI. To convert eGFR in milliliters per
minute to milliliters per second, multiply by 0.01667. To convert serum urea in milligrams per
deciliter to millimoles per liter, multiply by 0.357. To convert serum urea in milligrams per deciliter
to BUN in milligrams per deciliter, divide by 2.14. To convert serum creatinine in milligrams per
deciliter to 6 moles per liter, multiply by 88.4. To convert serum bicarbonate in equivalents per
liter to millimoles per liter, multiply by 1. To convert serum calcium in milligrams per deciliter to
millimoles per liter, multiply by 0.2495. To convert serum phosphates in milligrams per deciliter to
millimoles per liter, multiply by 0.3229. To convert serum albumin in grams per deciliter to grams
per liter, multiply by 10.
aSee also Supplementary Figure 1.
bSee also Supplementary Figure 2.
cArterial BP,130/75 mmHg.
dSee also Supplementary Figure 3.
eSee also Supplementary Figure 4.

Table 2. Safety and compliance parameters in the study arms

Parameter and Study Moment KD (n=104) LPD (n=103) P Valueb

SGA A, %
Baseline 86 90 0.29
End of study 83 82 0.83

BMI (kg/m2)
Baseline 23.6 (23.1 to 24.2) 23.2 (22.7 to 23.7) 0.20
End of study 23.3 (22.9 to 23.7) 23.1 (22.6 to 23.5) 0.45

TSF (cm)
Baseline 20.0 (19.6 to 20.4) 19.9 (19.8 to 20.3) 0.82
End of study 19.8 (19.3 to 20.1) 19.7 (19.5 to 20.1) 0.94

MAMC (cm)
Baseline 23.4 (23.1 to 23.6) 23.2 (22.9 to 23.4) 0.46
End of study 23.1 (22.8 to 23.5) 22.8 (22.7 to 23.2) 0.26

CRP (mg/L)a

Baseline 4.6 (4.1 to 5.1) 4.4 (3.9 to 4.8) 0.45
End of study 4.8 (4.3 to 5.4) 6.4 (5.7 to 7.0) ,0.01

Serum albumin (g/dl)b

Baseline 4.1 (4.1 to 4.2) 4.1 (4.1 to 4.2) 0.51
End of study 4.1 (4.0 to 4.1) 4.1 (4.1 to 4.2) 0.65

Serum total cholesterol (mg/dl)
Baseline 225.5 (218.0 to 232.0) 217.0 (214.0 to 222.0) 0.06
End of study 198.4 (190.8 to 206.0) 197.7 (192.0 to 203.4) 0.87

Serum potassium (mEq/L)c

Baseline 4.7 (4.4 to 5.0) 4.2 (4.1 to 4.4) 0.001
End of study 4.9 (4.7 to 5.0) 4.6 (4.5 to 4.7) 0.12

Protein intake (g/kg per day)
Baseline 0.61 (0.58 to 0.62) 0.60 (0.58 to 0.61) 0.84
End of study 0.29 (0.29 to 031) 0.58 (0.57 to 0.59) ,0.01

Energy intake (kcal/kg per day)
Baseline 31.0 (30.2 to 31.6) 30.5 (30.0 to 31.0) 0.26
End of study 30.5 (29.5 to 31.5) 30.2 (29.8 to 30.8) 0.99

Values at randomization were compared with those at the end of the study (i.e., reach of the EPP or end
of the follow-up period). Data are shown as median and 95% CI. BMI, body mass index; TSF, tricipital
skinfolds; MAMC, midarm muscular circumference.
aSee also Supplementary Figure 5.
bSee also Supplementary Figure 6.
cSee also Supplementary Figure 7.
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Efficacy: Correction of CKD Metabolic Complications
Although similar at baseline in both arms, clinically significant
lower serum urea and uric acid levels were seen at the end of
study in patients following the KD (Table 1). Specifically, se-
rumurea significantly decreased only in the KD group (Table 1).

Serum bicarbonate was lower at baseline in KD but in-
creased significantly in this arm (Figure 5) and became higher
at the end of study compared with LPD, whereas the need for
bicarbonate supplementation was higher in the control group
(51% versus 29%; P,0.01), with higher doses of sodium
bicarbonate in patients on the LPD (Table 1).

Similarly, calcium-phosphorus metabolism improved only
in the KD group: at baseline, patients on the KD had lower
calcium but higher phosphates, whereas at the end of study,
serum calcium was higher and serum phosphate was lower in

this group comparedwith LPD (Table 1).Moreover, compared
with baseline, calcium increased and serum phosphates de-
creased in the KD arm, whereas opposite variations were seen
in the control group (Figure 6). Additionally, although the
need for calcium supplementation was similar in both arms,
calcium doses were lower in the KD group, and the need for
vitamin D supplementation was higher in controls (54% ver-
sus 22%; P=0.004) at the end of study (Table 1).

Safety Parameters
The nutritional status, as assessed by the Subjective Global As-
sessment (SGA), was preserved in both groups during the study.

No significant changes have been noticed in any of the
anthropometric or biochemical nutritional parameters in any
group at the end of study compared with baseline, suggesting
that the two protein–restricted regimens could preserve the
nutritional status in patients with advanced CKD (Table 2).
Moreover, CRP was lower at the end of the study in the pa-
tients on the KD and significantly increased from baseline to
end of study only in the LPD arm (Table 2).

Serum potassium level was higher in patients on the KD at
randomization. Despite the low-protein intake and even the
vegetarian diet, it did not significantly change during the study,
and it remained, inboth arms,within thenormal range (Table2).

Ketoanalogues supplementation was well tolerated. No
adverse reactions to Ketosteril were noted. No patients’ death
was registered in any group during the study.

Compliance to the Diet
The carefully selected patients for their declared and proved
acceptance and compliance to the diet during the run-in phase
had, as expected, very good compliance to the restricted protein
regimens regarding both protein and energy intake. The
achieved protein intake was very close to prescription through-
out the study and remained stable at the end of study (median
KD and LPD, 0.29 and 0.59 g/kg per day, respectively) (Figure 7,
Table 2). The daily achieved energy intake was also close to
recommendations (31 kcal/kg per day) in both arms, without
differences at any of the study moments (Table 2).

Only seven patients (3%) abandoned the diet, without
difference between arms.

DISCUSSION

This study is the first to support the efficacy
of a vegetarian VLPD supplemented with
ketoanalogues in compliant patients. Five
patients with eGFR,30 ml/min need to be
treated to avoid a.50% reduction in eGFR
or dialysis initiation in one patient and
23 patients with eGFR,30 ml/min need
to be treated to avoid dialysis in one patient
without detrimental effects on the nutri-
tional status. However, when patients

Figure 2. Adjusted event–free survival rates of patients assigned
to the KD or the LPD. The probability to reach the end-point
was even lower in KD group when adjusted for the other sig-
nificant predictors of outcome in a Cox proportional hazard
model.

Table 3. Determinants of the primary efficacy end point (halving of initial eGFR
or dialysis initiation)

Determinant B SEM Exp(B) (95% CI) P Value

Arm (KD versus LPD) 22.29 0.35 0.10 (0.05 to 0.20) ,0.001
Body mass index 24.28 1.46 0.01 (0.00 to 0.24 0.003
ACEI/ARB (yes versus no) 20.68 0.29 0.51 (0.28 to 0.90) 0.02
CRP 1.55 0.38 4.72 (2.25 to 9.90) ,0.001
eGFR 25.79 0.74 ,0.01 (,0.01 to 0.01) ,0.001

Backward stepwise Cox regression: variables present in the last step. Significant predictors of out-
come5 were considered at the first step: ACEI/ARB, age, body mass index, CRP, diet, initial eGFR, sex,
midarm muscular circumference, mean arterial pressure, primary renal disease, proteinuria, serum
albumin, serum bicarbonate, serum calcium, serum phosphate, and urinary creatinine. B, regression
coefficient; SEM, standard error of the mean; Exp(B), hazard ratio.
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with eGFR,20ml/minwere considered, the NNTs are two for
the composite end point and three for dialysis initiation. The
favorable effects of the KD seem to be mediated more by the
correction of metabolic complications of advanced CKD, no-
tably the improvement in nitrogen balance, mineral metabo-
lism disturbances, metabolic acidosis, and inflammation, than
by reduction in GFR decline. Despite the poor acceptance of
LPDs, excellent compliance could be obtained by intensive
nutritional counseling and monitoring.

Although various reports support the improvement in
metabolic complications of renal failure by restricting protein
intake, the effects of LPDs on hard end points are still
controversial.

For instance, in a recent Cochrane review,19 zero of three
controlled studies13,15,16 comparing the effects of low protein
(0.6/kg per day) with those of more liberal protein restriction
(0.8–1.3 g/kg per day) published so far and their pooled data
significantly influenced the outcome (risk ratio, 0.76; 95% CI,
0.54 to 1.05; P=0.10), which could suggest that protein re-
striction should be,0.6 g/kg per day to effectively ameliorate
CKD progression.

Furthermore, data have been published on seven pro-
spective, randomized studies comparing the effects of VLPDs
(0.3–0.4 g/kg per day) in three of them supplemented with
ketoanalogues3,15,16 with those of LPDs (0.6–0.8 g/kg per
day).12,14,17,18 In these studies, a clear–cut positive effect of
low-protein intake on outcome could not be proved. However,
when pooled together, the relative risk was significantly lower
in patients on VLPDs (relative risk, 0.63; 95% CI, 0.47 to 0.86;
NNT=8), suggesting that protein intake should be reduced
below 0.6 g protein to obtain a beneficial effect. Notably, anal-
ysis of pooled data revealed a trend to better outcomes in
patients on VLPDs (relative risk, 0.69; 95% CI, 0.46 to 1.03;
P=0.07)19 in studies investigating VLPD without ketoana-
logues supplementation, whereas a significantly lower relative
risk in the KD arm (risk ratio, 0.57; 95% CI, 0.38 to 0.85;
NNT=4) was seen only for studies on VLPD supplemented
with ketoanalogues. Thus, the ketoanalogues supplementa-
tion of a VLPD seems to have some advantages itself.

In our data, the risk to reach the composite end point
(halving initial eGFR or dialysis initiation) was significantly

lower in patients on a VLPD supplemented
with ketoanalogues than in those on a
conventional LPD, with an adjusted NNT
offive in ITTand four inPPanalyses, similar
to the aforementioned analysis of studies on
the KD.13,15,16 However, the KD allowed
avoidance of dialysis initiation in a lower
proportion of patients (NNT=23). Never-
theless, when examining the outcomes of
patients according to the eGFR at baseline
(,30, ,25 [as suggested by the manufac-
turer], or,20 ml/min) the adjusted NNTs
at 1 year to avoid dialysis in one patient
were 23, 8, and 3, respectively.

Consequently, if prescribed to avoid dialysis initiation,
vegetarian VLPD supplemented with ketoanalogues seems to
be more beneficial in patients with more advanced CKD.

However, the effects of ketoanalogues supplementation are
difficult to discern from those of a lower protein intake, which
was highlighted in MDRD post hoc analyses23; the association
of ketoanalogues with a VLPD seems more efficient than the
LPD alone, probably because it permits an additional decrease
in the protein intake,0.6 g/kg per day, which could affect the
outcome. Moreover, in our study, the quality of proteins was
different between groups (i.e., vegetables only in KD versus
conventional mixed LPD in controls); therefore, the better
metabolic control on the KD could be attributed to the vege-
tarian content of the diet itself rather than to the more severe
protein restriction or supplementation with ketoanalogues.

The GFR was similar in both arms at all study moments,
with a trend to lower values at the end of study in the LPD
group. However, eGFR increased from baseline to 3 months in
the KD group but decreased in the control group; the decrease
from 3months to the end of study was lower in the KD group,
with a difference between arms of 3ml/min per year. Thus, the
KD could perform better than ACEIs, because the estimated
effect of a 10-mmHg decrease in BP by ACEIs is a reduction in
eGFR of 1.5 ml/min.30 Nonetheless, we used eGFR and not
measured GFR, which could be biased, because the severe re-
duction in protein intake could induce changes in glomerular
hemodynamics31 and decrease creatine intake31 and endogenous
creatinine production by a potential decline in muscle mass.9

However, the LPDs could improve BP control and pro-
teinuria, the main determinants of CKD progression.1–5 For
instance, Bellizzi et al.1 found an antihypertensive effect of
supplemented VLPD, possibly attributed to reduction in salt
intake, to the type of dietary proteins and ketoanalogues sup-
plementation but independent of the actual protein intake.1

Similarly, reduction in proteinuria was suggested under the
KD, mainly in patients with nephrotic syndrome.3,10,32,33 In
our patients treated in both groups with ACEIs/ARBs in sim-
ilar percentages (.70%), an optimal BP control was observed
in.85% at all study moments, and we did not find significant
changes in urinary protein excretion in any group. Because
poor BP control and proteinuria.1 g/d were exclusion criteria,

Table 4. Adjusted number needed to treat according to eGFR level to avoid the
primary composite end point and dialysis initiation in one patient (ITT and PP
analyses)

eGFR (ml/min)

ITT PP

Primary End
Point

Dialysis Initiation
Primary End

Point
Dialysis Initiation

,30 4.4 (4.2 to 5.1) 22.4 (21.5 to 25.1) 4.0 (3.9 to 4.4) 23.7 (22.8 to 26.2)
,25 2.7 (2.5 to 3.1) 8.0 (7.6 to 9.2) 2.5 (2.3 to 2.9) 6.3 (6.0 to 7.0)
,20 1.9 (1.7 to 2.2) 2.7 (2.6 to 3.1) 1.8 (1.6 to 2.1) 2.6 (2.4 to 2.9)
,15 1.3 (1.1 to 1.6) 1.3 (1.2 to 1.7) 1.2 (1.1 to 1.5) 1.2 (1.1 to 1.5)

Data are presented as the numbers of patients needed to treat and 95% CI. ITT, intention-to-treat
analysis; PP, per protocol analysis.
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protein intake was low in both arms, and monitoring was in-
tensive, the effects of the diet on BP and proteinuria could have
been mitigated. However, the absence of ACEI/ARB therapy
was an independent predictor of a poor outcome, supporting
an additive renoprotective effect of the KD to ACEIs/ARBs as

suggested by Gansevoort et al.2 Thus, the dietary intervention
seems to be an effective adjunct to ACEI therapy.

Themetabolic complications ofCKDwere clearly improved
by the KD, in line with older and more recent reports,7–11,34

even if the patients in the control arm were on an LPD. As

Figure 3. Median eGFR throughout the study. There were no significant differences in eGFR between LPD and KD groups at any
moment.

Figure 4. Median changes in eGFR (95% CI) between study moments (D implies statistically significant difference between the two groups).
EOS, end of study. (A) In the first 3 months after randomization, eGFR significantly increased in KD arm and decreased in LPD. (B) The
decrease in eGFR was lower in KD when considering the interval between 3 months after randomization and the end of study.
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expected, serum urea and uric acid were lower at the end of
study in patients on the KD. Acidosis was corrected, whereas
the need of bicarbonate supplementation was lower in the KD
arm. An impressive improvement in mineral metabolism pa-
rameters (higher calcium and lower serum phosphates and
reduction in calcium supplements and the proportion of pa-
tients treated with vitamin D) was obtained in this arm at the
end of study. Moreover, KD ameliorated inflammation. These
effects could be related to not only the reduction in protein
intake and ketoanalogues supplementation, which is a source
of calcium and effective phosphate binders,35 but also, the
vegetable sources of proteins. Vegetable-source proteins are
base producing rather than acid producing, which happens
with animal-source proteins. Vegetable proteins generate
fewer acids compared with animal ones, contributing to better
acid-base control with the KD. With vegetable proteins, there
is also a lower phosphate content, lower production of p-cresyl
sulfate, lower oxidative stress,22 and lower phosphorus content,
allowing for better control of acid-base and calcium-phosphorus
disorders, crucial for not only mineral metabolism but also, pro-
teinuria and CKD progression.33,36 There was a slight increase in
serum potassium within the normal range.

Recent data support the role of vegetarian diet in correction
of metabolic acidosis and preservation of eGFR.37 Similarly, a
high percentage of vegetables in the diet seems efficient and
safe in ameliorating calcium-phosphorus metabolism
through a reduction in urine phosphorus excretion.38

Our data could support vegetarian VLPD supplemented
with ketoanalogues as a possible therapeutic intervention in
CKD mineral metabolism disorders, and it is clearly superior
to a moderate restriction in protein intake.

The dialysis deferral observed in our patients on the
KD could be explained by a reduction in eGFR decline,
an improvement in uremic symptoms, or both as initially

suggestedbyWalser andHill.39According to
our data, the difference in the rate of de-
cline in renal function between the arms
was important; however, the role of a
slower decrease in GFR is uncertain, but
the correction of metabolic disturbances
was obvious, favoring the alleviation of
uremic symptoms by the KD but not by
the conventional LPD as the cause
of dialysis deferral.4,6

Concerns about the nutritional safety of
the KD have been raised,20–22,40 more re-
cently fueled by long–term follow-up of the
MDRD Study results.21 Similar to most of
the groups,6,10,26,27 we found no signifi-
cant alteration in any of the nutritional pa-
rameters in any group, despite the very
low–protein content of the KD, hence pre-
serving the recommended energy intake.
Ketoanalogues supplementation and a
proper energy intake achieved by moti-

vated patients under close dietary counseling and nutritional
monitoring seem to be the clues.

Because LPDs impose, for most of the patients, serious
changes inpersonal behavior and family habits, acceptance and
compliance to protein-restricted diets were reported as poor in
most clinical trials.18,21,23 Less than one half of our patients
fulfilling the selection criteria accepted to potentially follow a
vegetarian diet, and only 14% proved compliant during the
run-in phase and could be, therefore, randomized, a propor-
tion that is higher than that recently reported by Piccoli et al.27

(1.5%). Compliance to LPDs could also be a problem. Only
3% of our patients, equally distributed in the study arms, dis-
continued the diet, but those continuing the study showed
excellent compliance to both protein and energy intake. This
could be a center effect, because in other reports, 16% of pa-
tients chose to discontinue the KD diet,27 and the compliance
to an even less protein–restricted diet (0.55 g/kg per day) was
only 27% and inversely related to the severity of protein restric-
tion.17 Nevertheless, our experience suggests that appropriate
selection of patients, intensive counseling, and close monitoring
could improve compliance. However, because patients’ training
is time consuming, studies addressing identification of patients
with the most fitted profiles of acceptance are necessary to in-
crease efficacy. Another possibility to increase compliance is diet
liberalization, which was suggested by Piccoli et al.27

In a very recently publishedobservational study focusing on
feasibility and efficacy of protein-restricted diets, the same
group of Piccoli et al.27 used a multiple-choice approach to
LPDs (0.6 g protein/kg per day either vegan supplemented
with ketoanalogues or on the basis of commercial aproteic
food) and revealed high acceptance (95%) and compliance
(90%), whereas both LPDs led to similar results in terms of
the composite end point (death or dialysis), suggesting at least
survival equivalence with dialysis at lower cost.41

Figure 5. Serum bicarbonate (milliequivalents per liter) during the study. Serum bi-
carbonate was lower at baseline in KD, but increased significantly in this arm.
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Finally, probably, as in other fields of medicine, the dietetic
approach is “a story of believers and nonbelievers.”42,43

There are several limitations of our study. We enrolled only
white, nondiabetic, relatively young subjects with good nutri-
tional status, without severe proteinuria, andwithwell controlled
BP and proved dietary compliance. Additionally, the comparator
was a diet with 0.6 g protein/kg per day, which is unusual inmany
parts of the world. Therefore, the wide applicability of the results
could be questioned. However, these restrictions were necessary
to conform to current practice guidelines and allow an accurate
evaluation of ketoanalogues efficiency. Although the study was
powered enough for the primary composite end point and the
predefined efficacy criteria were met, the study sample size is still
relatively small but yet, one of the largest reported so far.We used

eGFR and not measured GFR, which could
be biased by the diet-induced alteration in
creatinine metabolism. However, the pri-
mary end point was composite and less
dependent on the accuracy of GFRmeasure-
ment, and analyses pertaining to GFR were
performed in a period when the creatinine
was supposed to be equilibrated. The single-
center setting could be a limitation but also,
one of the study strengths considering the
experience in nutritional monitoring and
counseling as well as the possibility to spread it.

This study comes with some strong
points: the randomized, controlled design;
the properly powered sample size; and the
hard end point to evaluate CKD progres-
sion. Furthermore, the strict control of the
protein intake at two distinct levels allowed
for a clear evaluation of the efficacy and
safety of ketoanalogues supplementation in
conjunction with a VLPD in delaying CKD
progression. Our results draw attention to
the role of nutritional intervention, partic-
ularly of the ketoanalogues–supplemented
severe protein–restricted diet as an effec-
tive, safe, and feasible link in the predialysis
care of certain groups of patients with
CKD. The KD could be used not only as a
palliative management in elderly patients
with CKD as suggested by Brunori et al.26

but also, in patients with advanced CKD
with good nutritional status waiting for
angioaccess maturation or who have a pre-
emptive transplantation planned.

Vegetarian VLPD supplemented with ke-
toanalogues seems nutritionally safe and
could defer dialysis initiation in patients
with eGFR,20 ml/min by ameliorating
CKD–associated metabolic disturbances.

CONCISE METHODS

Study Design
This is a prospective, single–center, open–label, randomized, con-

trolled trial with a total duration of 18 months.

All eligible patients who gave informed consent were screened. Those

meeting theselectioncriteriawereenrolledandentereda3-monthrun–in

phase, during which a conventional LPD was prescribed.

At the end of the run-in phase, the subjects still fulfilling the

selection criteria were randomized in a 1:1 ratio to receive the KD or

continue the conventional LPD for 15 months (intervention phase).

All of the parameters were assessed at baseline, throughout the

intervention phase, and at end of the study (Figure 1). To avoid the

effect of reduction in protein intake on GFR and serum creatinine,31

Figure 6. (A) Serum calcium (milligrams per deciliter) and (B) serum phosphates (milli-
grams per deciliter) during the study. Serum calcium increased and serum phosphates
decreased only in KD arm; opposite variations were seen in the LPD group.
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which would bias the eGFR, the analyses pertaining to eGFR were

conducted from 3months after randomization until the end of study.

Results of the pilot phase of the study after the first year of

enrollment have already been published.34

The trial was conducted with the provisions of the Declaration of

Helsinki and Tokyo as amended in Venice (1983). The protocol was

approved by the local Hospital Ethics Committee and registered at

National Clinical Trials (NCT02031224).

Subjects
Adult patients with stage 4+ CKD (eGFR calculated using the MDRD

four–variable equation44 of ,30 ml/min per year) were enrolled.

They had stable renal function for at least 12 weeks before enrollment

(defined as a reduction in eGFR,4 ml/min per year24, proteinuria

,1 g/g urinary creatinine, good nutritional status as indicated by an

SGA score A/B, and serum albumin$3.5 g/dl). Only the patients who

declared a potentially good compliance with an LPD and agreed to

follow the monitoring schedule were considered. The decline in

eGFR before inclusion was assessed using at least two serum creati-

nine values measured at 1-month intervals, with the last measure-

ment within 1 month before enrolment.

Before enrolment, the patients were informed that it would be

necessary to follow a vegetarian VLPD and receive a nutritional

supplement. Only those agreeing to follow such a diet and take the

number of tablets according to their dry body weight were included

into the run-in phase.

Patients with poorly controlled arterial BP ($145/85 mmHg),

relevant comorbidities (diabetes mellitus, heart failure, active hepatic

disease, digestive diseases withmalabsorption, or inflammation/anti-

inflammatory therapy), uremic complications (pericarditis or poly-

neuropathy), or feeding inability (anorexia or nausea) were excluded.

Selection criteria were evaluated at screening, monthly during the

run-in phase, and at randomization.

During the run-in phase, conventional LPD was recommended to

all of the enrolled patients: it contained a daily protein intake of 0.6 g/kg

dry ideal body wt and total daily energy intake of

30 kcal/kg dry ideal body wt. We appreciated

compliance to the diet if both the achieved

protein and energy intakes were in the range of

610% of the recommended values. The adher-

ence to the monitoring schedule was considered

good in patients following the initial visit date6

7 days. After compliance was established and

other eligibility criteria were met, patients were

randomized.

Inall enrolledpatients, theBPandcholesterol

levels were controlled with antihypertensive

medication (including ACEIs, sartans, and di-

uretics) and statins or fibrates according to

Romanian Best Practice Guidelines—CKD.45 Iron

therapy and erythropoietic-stimulating agents

administration were continued according to Ro-

manian Best Practice Guidelines—Anaemia of

Chronic Kidney Disease.46 Mineral metabolism

abnormalities andmetabolic acidosis weremon-

itored and corrected with calcium, phosphate binders, vitamin D, and

sodium bicarbonate according to Romanian Best Practice Guidelines

for CKD—MineralMetabolism and BoneDisorders.45,47 The enrolled

patients also received water–soluble vitamin supplementation as

required.

Parameters
The primary composite end point was set as the need for RRT

initiation or a .50% reduction in the initial eGFR any time during

the assessment phase. The decision to initiate RRTwas made by the

Ethical Committee of the Hospital on the basis of the clinical and

laboratory data. Uremic symptoms, acute pulmonary edema, feeding

inability, and uncontrolled acid-base and/or hydroelectrolyte distur-

bances were considered for the decision to start RRTand registered at

the patient’s last study visit (See Supplementary Table I). The mem-

bers of the Ethical Committee were aware of the patients’ inclusion in

the clinical trial but unaware of the arm to which the patients had

been assigned.

The need of RRT initiation, the decline in GFR, and the correction

of metabolic complications of CKD (e.g., serum urea, calcium and

phosphate disorders, and acidosis) were predefined as secondary

efficacy parameters.

Parameters of nutritional statuswere set as safety variables. Apanel

of nutritional parameters was used: SGA,48 anthropometric markers

(body mass index, tricipital skinfold, and midarm muscular circum-

ference), and biochemical parameters (serum albumin, serum CRP,

and serum total cholesterol).

Compliance to the prescribed diet, the occurrence of any adverse

event, and the number of patients withdrawing from the study were

used as safety variables and evaluated monthly during the run-in

phase, weekly for the first month after randomization, every 4 weeks

during the next 6 months, and every 3 months thereafter. Protein

intake was evaluated by urinary urea nitrogen excretion and the

Maroni formula49; energy intake was assessed by 3-day food diaries.50

The compliance to the use of ketoanalogues supplementation was

Figure 7. Protein intake (median and 95% CI) during the study. The achieved protein
intake was very close to prescription and stable throughout the study.
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assessed at each visit by the number of tablets removed from the

blisters since the previous visit.

Therapeutic Intervention
The patients in the intervention arm (KDgroup) received a vegetarian

VLPD (0.3 g protein/kg ideal body wt per day) supplemented with

ketoanalogues of essential amino acids (Ketosteril; Fresenius Kabi,

Bad Homburg, Germany; see Supplementary Table II) at 0.125 g/kg

ideal dry body wt per day as recommended by the manufacturer

(http://www.anm.ro/_/_RCP/RCP_1028_25.09.08.pdf?anmOrder=

Sorter_cod_atc&anmPage=1347&ID=11966).

The patients in the control arm (LPD group) continued the conven-

tional LPDwith 0.6 g/kg per day, including high–biologic value proteins.

The total recommended energy intake was 30 kcal/kg ideal dry

body wt per day in both arms.

Nutritional interventions and monitoring schedule followed

Romanian Best Practice Guidelines—Nutrition and Nutritional

Intervention in Chronic Kidney Disease.50

Patients in both arms received intensive nutritional counseling and

monitoring monthly during the run-in phase, which was further

intensified to once every other week in the first month, monthly until

3 months, and every 3 months thereafter.

Monitoring Schedule
Nineteen blood and urine samplings were scheduled to be drawn

monthly for each patient. The laboratory reports included the nitrogen

compounds, calcium-phosphorus metabolism parameters, acid-base

balance, biochemical nutritional markers, serum CRP, hemoglobin,

blood cell count, and biochemical safety parameters (sodium, potas-

sium, liver enzymes, and bilirubin).

The anthropometric measurements and SGA were assessed at

enrollment, at randomization, and every 3 months thereafter by a

single examiner.

The compliance with the prescribed diet (protein and energy

intake) and the supplement intake were assessed monthly during the

run-in phase, weekly for the first month after randomization, every

4 weeks during the next 6 months, and every 3 months thereafter.

The BP level, the requirements of drugs for hypertension, acidosis,

and mineral metabolism disorders, and the occurrence of adverse

events were monthly recorded.

Statistical Analyses
Data have been processed with descriptive methods: mean or median

and 95%CIs according to their distribution. Differences and 95%CIs

in values and proportions between groups were calculated at study

moments.Changeswithineacharmfrombaseline to endof studywere

similarly evaluated. Pearson chi-squared and Mann–Whitney tests

were used for comparison. Wilcoxon and paired t tests were also

used to evaluate pairs of values. A P value of ,0.05 was considered

statistically significant.

Kaplan–Meier analysis was conducted to determine the occurrence

of the composite end point, and the log-rank test was used for compar-

ison. To evaluate the variables related to outcome and adjust the chances

of event-free survival, multivariable Cox proportional hazard ratio

models were built using logarithmic transformation of skewed variables

to normalize distribution. The associated risk was presented as adjusted

hazard ratio and adjusted NNTs.51

Analyses pertaining to the primary end point were made in both the

ITT and PP populations. All of the other analyses were performed per

protocol. The patients who experienced a.50% reduction in the initial

eGFR during the study were censored for reaching primary end point;

however, their follow-up continued until dialysis initiation.

A sample size of $96 patients per arm was required for a proba-

bility of 95% and a power of 80%, considering a 25% probability to

achieve the predefined primary end point during the follow-up and a

10% difference between groups to be significant.

Analyze-it (Analyze-it Software, Ltd., Leeds, United Kingdom),

and SPSS version 14 (SPSS Inc., Chicago, IL) software were used.
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Supplementary Table I.  Patients status at renal replacement therapy initiation. 

Patients experiencing a more than 50% reduction in renal function during the study were censored for the primary 

endpoit; follow-up continued until dialysis onset 

 All (N=41) KD (n=11) LPD (n=30) p* 

Reason for dialysis initiation (%) 
Severe overhydration 
Hyperkaliemia 
Poor apetite, low energy intake, risk for malnutrition 
Poor apetite, severe acidosis 

 
20 
5 

51 
24 

 
28 
9 

45 
18 

 
17 
3 

53 
27 

0.71 

eGFR (mL/min) 6.5 (6.2-7.1) 6.2 (4.8-7.3) 6.7 (6.3-7.2) 0.02 

Proteinuria (g/day) 0.38 (0.31-0.48) 0.32 (0.15-0.64) 0.38 (0.31-0.54) 0.52 

BMI (Kg/m2) 23.1 (22.4-23.8) 23.7 (22.2-25.2) 22.9 (22.1-23.7) 0.31 

SGA A (%) 71 64 73 0.54 

Mean arterial blood pressure (mmHg) 95.3 (91.4-99.2) 92.8 (85.3-
100.3) 

96.2 (91.4-
101.1) 

0.44 

Serum urea (mg/dL) 264.7 (247.1-
282.2) 

212.4 (179.7-
245.1) 

283.8 (267.1-
300.6) 

<0.01 

Serum uric acid (mg/dL) 6.1 (5.9-6.4) 5.7 (5.4-6.1) 6.3 (6.0-6.6) 0.04 

Serum bicarbonate (mEq/L) 14.1 (13.4-14.8) 15.1 (13.5-16.8) 13.8 (12.9-14.6) 0.1 

Serum calcium (mg/dL) 3.5 (3.3-3.9) 4.2 (4.2-4.8) 3.3 (3.2-3.5) <0.01 

Serum phosphates (mg/dL) 7.6 (7.0-8.2) 5.5 (4.8-6.1) 8.3 (7.8-8.9) <0.01 

C-reactive Protein (mg/L) 8.1 (7.1-9.2) 10 (8.2-11.8) 7.5 (6.2-8.8) 0.03 

Serum albumin (g/dL) 4.0 (4.0-4.1) 3.9 (3.9-4.0) 4.1 (4.0-4.2) 0.17 

Serum potassium (mEq/L) 5.2 (5.1-5.4) 5.0 (4.7-5.4) 5.3 (5.1-5.5) 0.17 

Data showed as mean or median and 95% Confidence Interval. 
KD - Keto-diet; LPD - low protein diet; eGFR - estimated glomerular filtration rate. 
*KD vs. LPD. 
To convert eGFR in mL/min to mL/s, multiply by 0.01667 – serum urea in mg/dL to mmol/L, multiply by 0.357 – BUN in 
mg/dL, multiply serum urea by  0.467 – serum bicarbonate in mEq/L to mmol/L, multiply by 1 – serum calcium in mg/dL to 
mmol/L, multiply by 0.2495 – serum phosphates in mg/dL to mmol//L, multiply by 0.3229 – serum albumin in g/dL to g/L, 
multiply by 10. 

 

  



Supplementary Table II. Reported content of the Ketoacid supplement used in the study (Ketosteril® - 

Fresenius Kabi, Bad Homburg, Germany) 

Component 
No. 

Component Name mg/pill 

1 Ca (RS)-3methyl-2-oxovaleric acid (ketoisoleucine) 67 

2 Ca 4-methyl-2-oxovaleric acid (ketoleucine) 101 

3 Ca 2-oxo-3-phenylpropionic acid (ketophenylalanine) 68 

4 Ca 3-methyl-2-oxobutyric acid (ketovaline) 86 

5 Ca (RS)-2-hydroxy-4-methylthio-butyric acid (hydroxymethionine) 59 

6 L-Lysine acetate 105 

7 L-Threonine 53 

8 L-Tryptophan 23 

9 L-Histidine 38 

10 L-Tyrosine 30 

11 Ca 50 

 Ca, calcium; RS, racemic mixture of both R and S stereoisomers. 

 

  



Supplementary Figure 1.  Proteinuria (g/day) during the study. There was no statistical significant 

difference between the two groups  
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Supplementary Figure 2.  Mean arterial pressure (mmHg) during the study. There was no statistical 

significant difference between the two groups  
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Supplementary Figure 3.  Serum urea (mg/dL) during the study. “∆” implies statistical significant 

difference between the two groups  
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Supplementary Figure 4.  Serum uric acid (mg/dL) during the study. “∆” implies statistical significant 

difference between the two groups  
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Supplementary Figure 5.  C-reactive protein (mg/L) during the study. “∆” implies statistical significant 

difference between the two groups  
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Supplementary Figure 6.  Serum albumin (g/dL) during the study. There was no statistical significant 

difference between the two groups  
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Supplementary Figure 7.  Serum potassium (mEq/L) during the study. “∆” implies statistical significant 

difference between the two groups  
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