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Abstract
Background The benefits and harms of protein-restricted diets supplemented with ketoanalogues in patients with chronic 
kidney disease (CKD) remain uncertain. We aimed to evaluate the effects of ketoanalogues supplemented to protein-restricted 
diets in patients with advanced CKD.
Methods We conducted systematic literature searches of PubMed, Embase, Scopus, and Cochrane Library up to June 3, 
2024. Randomized controlled trials comparing ketoanalogue supplementation with a low- or very low-protein diet versus 
a low-protein diet alone in stages 3–5 CKD patients were selected. Outcomes included glomerular filtration rate (GFR), 
end-stage kidney disease (ESKD), all-cause mortality, and blood levels of urea nitrogen, calcium, phosphorus, and albumin. 
Triceps skin fold, mid-arm muscle circumference, lean body mass, and subjective global assessment were also evaluated. The 
protocol for this systematic review was registered in the International Prospective Register of Systematic Reviews (PROS-
PERO; registration number CRD42023465754).
Results A total of 16 trials comprising 1344 participants were identified, with a median follow-up of 13 months. Compared 
to a low-protein diet alone, ketoanalogues supplemented to a protein-restricted diet resulted in a significantly higher GFR, 
decreased levels of urea nitrogen and phosphorus, and increased levels of calcium. Furthermore, ketoanalogues combined 
with a protein-restricted diet showed a marginally lower risk of ESKD in participants without diabetes. No significant dif-
ferences were observed in all-cause mortality, albumin, mid-arm muscle circumference, lean body mass, and subjective 
global assessment.
Conclusions For stages 3–5 CKD patients, ketoanalogues combined with a protein-restricted diet may help postpone initiation 
of dialysis, improve calcium-phosphate homeostasis, and slow GFR decline, while maintaining a similar nutritional status and 
survival. Larger, long-term studies are needed to confirm these potential benefits, especially in CKD patients with diabetes.
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Graphical abstract

Background
The benefits and harms of a protein-restricted diet supplemented 
with ketoanalogues in pa�ents with chronic kidney disease (CKD) 
remain uncertain. We aimed to evaluate the effects of 
ketoanalogues supplemented to a protein-restricted diet on long-
term renal outcomes and nutri�onal status in pa�ents with 
advanced CKD.

Methods
Study Design: Systema�c review and meta-analysis, with 
searches of PubMed, Embase, Scopus, and Cochrane Library up 
to June 3, 2024.
Se�ng & Study Popula�ons: Adult pa�ents with stages 3-5 
CKD who were not receiving renal replacement therapy.
Selec�on Criteria for Studies: Randomized controlled trials 
comparing ketoanalogue supplementa�on with a low- or very
low-protein diet to a low-protein diet alone in CKD pa�ents, 
with a follow-up of at least  three months.
Analy�cal Approach: The pooled es�mates of effect measures
were calculated using the random-effects model.

Conclusions: For stages 3-5 CKD pa�ents, ketoanalogues combined with a protein-
restricted diet may help postpone ini�a�on of dialysis, improve calcium-phosphate homeostasis, 
and slow GFR decline, while maintaining a similar nutri�onal status and survival. 
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Introduction

Chronic kidney disease (CKD), which affects approximately 
10% of the global population, is associated with higher risks 
of cardiovascular events, hospitalization, and mortality 
[1–5]. The optimal amount of dietary protein for patients 
with CKD is a topic of ongoing discussion. The Kidney Dis-
ease Outcomes Quality Initiative (KDOQI) guidelines rec-
ommend a low-protein diet providing 0.55–0.60 g protein/
kg/day or a very low-protein diet providing 0.28–0.43 g pro-
tein/kg/day with additional ketoanalogues for CKD patients 
without diabetes, and a dietary protein intake of 0.6–0.8 g/
kg/day for CKD patients with diabetes [6]. In contrast, the 
latest guidelines by Kidney Disease: Improving Global 
Outcomes (KDIGO) recommend a dietary protein intake 
of 0.8 g/kg/day for patients with stage 3–5 CKD, or a very 
low-protein diet (0.3–0.4 g/kg/day) supplemented with keto-
analogues (up to 0.6 g/kg/day) under close supervision [7].

Previous systematic reviews have shown that, compared 
to a protein-restricted diet alone, ketoanalogue supple-
mentation combined with a protein-restricted diet could 
preserve the glomerular filtration rate (GFR) and improve 
CKD-mineral bone disorders in patients with CKD [8–10]. 
In a recent systematic review examining the impact of var-
ying degrees of protein restriction among CKD patients 

without diabetes, a very low-protein diet was found to 
reduce the risk of end-stage kidney disease (ESKD) but 
not mortality, and the impact on protein-energy wasting 
remained uncertain due to limited data [11]. Another sys-
tematic review, which focused on patients with diabetic 
kidney disease, showed that ketoanalogue supplementation 
to a protein-restricted diet resulted in favorable effects on 
uremic burden and nutritional status, but outcomes regard-
ing ESKD or mortality were inconclusive due to the scar-
city of data [12]. While these systematic reviews assessed 
various renal and biochemical outcomes, concerns about 
protein-energy wasting in CKD patients on a very low-pro-
tein diet and whether ketoanalogue supplementation in a 
moderately protein-restricted diet improves long-term out-
comes among patients with diabetic kidney disease remain 
to be determined. Additionally, most of these systematic 
reviews have incorporated crossover studies or non-rand-
omized studies, and some have combined data from CKD 
patients with those of dialysis patients, potentially intro-
ducing more heterogeneity. The aim of this study was to 
provide an updated and comprehensive assessment of the 
effects of combining ketoanalogue supplementation with 
a protein-restricted diet on renal outcomes and nutritional 
status in patients with advanced CKD compared with the 
effects of a protein-restricted diet alone.
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Methods

Data sources and literature searches

We carried out electronic literature searches on databases 
including PubMed, Embase, Scopus, and the Cochrane 
Library from the earliest available date of indexing to June 
3, 2024. The detailed protocol for the study and search 
strategies can be found in Supplementary Appendix 1. The 
protocol for this systematic review was registered in the 
International Prospective Register of Systematic Reviews 
(PROSPERO; registration number CRD42023465754).

Study selection

We included parallel-design, randomized controlled trials 
(RCTs) that compared the effects of ketoanalogue sup-
plementation to a low-protein diet or a very low-protein 
diet against a low-protein diet alone in patients with stages 
3–5 CKD. RCTs with an in-trial follow-up duration of less 
than three months or those enrolling patients younger than 
18 years or undergoing renal replacement therapy were 
excluded. Included studies had to report at least one of 
the following outcomes: GFR, ESKD, all-cause mortality, 
blood urea nitrogen (BUN), serum calcium, serum phos-
phorus, serum albumin, triceps skin fold, mid-arm mus-
cle circumference, lean body mass, and subjective global 
assessment. Only studies published as full-length articles 
in peer-reviewed journals were considered eligible.

Data extraction and quality assessment

Two investigators (C-HC and P-HT) independently 
extracted relevant information from the included trials. 
The extracted data included study design, patient char-
acteristics, intervention, and outcomes observed during 
the trial period. For studies that did not report standard 
deviations, we calculated or imputed the missing standard 
deviations following the Cochrane Handbook for System-
atic Reviews of Interventions (Supplementary Appendix 2) 
[13]. Two investigators (C-HC and P-HT) independently 
evaluated the methodological quality of eligible trials by 
using version 2 of the Cochrane risk of bias tool for ran-
domized trials [14]. The domains assessed included bias 
arising from the randomization process, bias due to devia-
tions from the intended interventions, bias due to missing 
outcome data, bias in measurement of the outcome, and 
bias in selection of the reported result [14]. Disagree-
ments between the two investigators were resolved through 
discussion, and in cases where consensus could not be 

reached, a senior investigator (H-YW) was consulted to 
reach a consensus.

Outcomes

Comparing ketoanalogue supplementation to a low-protein 
diet or a very low-protein diet versus a low-protein diet 
alone, the primary outcome was the end or change in the 
GFR. When both the end and change in levels were avail-
able in an RCT, the end level was included in the meta-
analysis. The secondary outcomes encompassed kidney-
related measures, including ESKD, all-cause mortality, and 
follow-up BUN, serum calcium, and serum phosphorus. We 
also evaluated nutritional measures, including serum albu-
min, triceps skin fold, mid-arm muscle circumference, lean 
body mass, and undernourishment (defined by subjective 
global assessment category B or C), at follow-up. ESKD 
was defined as the need for long-term dialysis therapy or 
kidney transplantation.

Data synthesis and analysis

Categorical variables are reported as frequencies or percent-
ages, while continuous variables are reported as the mean 
values, unless otherwise specified. The pooled estimates of 
effect measures and 95% confidence intervals (CIs) for com-
parisons between ketoanalogue supplementation to a low-
protein diet or a very low-protein diet versus a low-protein 
diet alone were calculated using the DerSimonian and Laird 
random-effects model. Considering the variations in meas-
urement scales and follow-up durations among the studies, 
effect sizes of continuous outcomes (end or change in the 
GFR, BUN, calcium, phosphorus, albumin, triceps skin fold, 
mid-arm muscle circumference, and lean body mass) were 
presented as standardized mean differences (SMDs) with 
95% CI. SMDs of 0.2, 0.5, and 0.8 are considered to indi-
cate small, moderate, and large effects, respectively [15, 16]. 
Effect sizes of binary outcomes (ESKD, all-cause mortality, 
and undernourishment) are presented as risk ratios (RRs) 
with 95% CIs.

Heterogeneity across studies was assessed using both the 
I2 and Chi-squared test. I2 values of 0%–40%, 30%–60%, 
50%–90%, and 75%–100% may represent low, moderate, 
substantial, and considerable heterogeneity, respectively 
[13]. Nonreporting bias was evaluated using funnel plots, 
contour-enhanced funnel plots, and Egger’s test for fun-
nel plot asymmetry [17, 18]. Due to the variation in CKD 
patients’ stages and etiologies across the included stud-
ies, subgroup analyses were conducted based on baseline 
renal function (GFR < 20 vs. ≥ 20 mL/min/1.73  m2) and 
the presence of diabetes. In addition, subgroup analyses 
were performed based on the degree of protein restriction 
in the intervention group (ketoanalogue supplementation 
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combined with a very low-protein diet vs. ketoanalogue sup-
plementation combined with a low-protein diet). To evaluate 
the robustness of our meta-analyses, we performed sensitiv-
ity analyses by excluding studies with an in-trial follow-
up duration of less than one year. Statistical significance 
was indicated by a two-sided P value of ≤ 0.05. Statistical 
analyses were performed using Review Manager (version 
5.4, The Cochrane Collaboration, London, United Kingdom) 
and Stata (version 16, StataCorp LLC, College Station, TX, 
USA).

Results

Literature search

Figure 1 shows the process of the literature search. Initially, 
1076 articles were retrieved, of which 523 were excluded 
due to duplicate publications. Subsequently, 376 articles 
were excluded based on titles, and 146 were excluded based 
on abstracts. After the full-text review of the remaining 22 
articles, 16 articles met the inclusion criteria.

Database search: 

164 PubMed results 

379 Embase results 

365 Scopus results 

168 Cochrane results 

532 Duplicates 

544 Titles reviewed 
376 Excluded due to the following reasons: 
152 No ketoanalogue supplementation combined with protein-restricted 

diets 

82 Animal studies 

40 Participants on renal replacement therapy 

34 Not randomized controlled trials 

31 Not patients with chronic kidney disease 

20 Trial registry 

12 Review articles 

5 Not adult participants 

168 Abstracts reviewed 
146 Excluded due to the following reasons: 
56 Not randomized controlled trials 

44 Conference abstracts 

21 Review articles 

14 No ketoanalogue supplementation combined with protein-restricted 

diets 

6 Animal studies 

5 Did not report outcomes of interest 

1076 Articles retrieved 

22 Full-text articles reviewed 

6 Excluded due to the following reasons: 
3 Not randomized controlled trials 

2 Did not report outcomes of interest 

1 Only enrolled patients with stages 1-2 chronic kidney disease 

16 randomized controlled trials from 

16 articles were included 

Fig. 1  Summary of study identification and selection



2117Journal of Nephrology (2024) 37:2113–2125 

Study characteristics and quality assessment

There were 16 eligible RCTs, with a total of 1344 partici-
pants. Table 1 provides a summary of the clinical and meth-
odological characteristics of each study. Among the partici-
pants, the median age was 54 years old, and 60% were male. 
Six studies did not include patients with diabetes, while 
two studies specifically excluded patients without diabe-
tes. The median baseline GFR across the included studies 
was 18.5 mL/min/1.73  m2. Seven studies enrolled patients 
with stages 3–4 CKD, seven enrolled patients with stages 
4–5, one enrolled patients with stages 3–5, and one enrolled 
patients with stage 4 CKD. In the intervention arm, eight 
studies evaluated ketoanalogue supplementation combined 
with a very low-protein diet, and seven assessed ketoana-
logue supplementation combined with a low-protein diet. 
The median duration of in-trial follow-up was 13 months, 
with a range of 3 to 44 months. Most of the studies assessed 
dietary compliance using food diaries or urinary urea excre-
tion. The only two studies that compared compliance rates 
between the intervention and control groups reported no 
significant difference [19, 20]. Supplementary Figs. 1 and 2 
summarize the risk of bias for the included studies. The pri-
mary sources of potential bias include the absence of blind-
ing and inadequate details about the randomization process.

Effects of ketoanalogue supplementation on renal 
and nutritional outcomes

Figures 2, 3 and 4 show the pooled estimates of the pri-
mary and secondary outcomes. Compared to a low-protein 
diet alone, ketoanalogue supplementation combined with 
a low-protein diet or a very low-protein diet resulted in a 
significantly higher GFR (SMD: 0.37; 95% CI 0.26, 0.49; 
P < 0.001; Fig. 2A), decreased BUN (SMD: − 0.99; 95% CI 
− 1.43, − 0.56; P < 0.001; Fig. 3A) and serum phosphorus 
(SMD: − 0.88; 95% CI − 1.19, − 0.56; P < 0.001; Fig. 3C), 
as well as elevated serum calcium (SMD: 0.59; 95% CI 
0.11, 1.07; P = 0.02; Fig. 3B) and triceps skin fold (SMD: 
0.25; 95% CI 0.04, 0.45; P = 0.02; Fig. 4B). No significant 
differences were observed between the two groups in the 
outcomes of ESKD (RR: 0.79; 95% CI 0.56, 1.10; P = 0.16; 
Fig. 2B), all-cause mortality (RR: 1.05; 95% CI 0.77, 1.41; 
P = 0.77; Fig. 2C), serum albumin (SMD: 0.28; 95% CI 
− 0.05, 0.61; P = 0.10; Fig. 4A), mid-arm muscle circumfer-
ence (SMD: 0.10; 95% CI − 0.12, 0.32; P = 0.38; Fig. 4C), 
lean body mass (SMD: −  0.11; 95% CI −  0.34, 0.12; 
P = 0.34; Fig. 4D), and undernourishment (RR: 1.04; 95% 
CI 0.72, 1.50; P = 0.85; Fig. 4E). Considerable heterogeneity 
was observed in the outcomes of BUN, serum calcium, and 
serum albumin, while the heterogeneity in other outcomes 
ranged from low to substantial levels. Supplementary Fig. 3 
displays the results of funnel plots, contour-enhanced funnel 

plots, and Egger’s tests for each outcome. Nonreporting bias 
was unlikely for all outcomes except BUN, as indicated by 
the asymmetry observed in the contour-enhanced funnel 
plot and the significant result from Egger’s test for the BUN 
outcome (Supplementary Fig. 3D). For the BUN outcome, 
the study by Di Iorio et al. was unblinded, had the smallest 
number of participants, and reported a notably large reduc-
tion in BUN compared to other studies [21]. As a result, we 
conducted sensitivity analyses by omitting the Di Iorio et al. 
study from the BUN outcome; this led to a nonsignificant 
result in Egger's test (P = 0.52) and better symmetry in the 
funnel plots (Supplementary Fig. 3D).

Subgroup analyses and sensitivity analyses

For most outcomes, no significant differences were 
observed between subgroups based on baseline GFR, 
presence of diabetes, or degree of protein restriction 
in the intervention group; furthermore, some subgroup 
analyses could not be conducted due to the lack of 
RCTs for certain outcomes in specific subgroups (Sup-
plementary Figs. 4–6). Ketoanalogue supplementation 
significantly increased serum albumin in patients with 
a baseline GFR ≥ 20 mL/min/1.73  m2 (SMD 0.52; 95% 
CI 0.20, 0.84; P = 0.001) but not in those with a baseline 
GFR < 20 mL/min/1.73  m2 (SMD, − 0.04; 95% CI − 0.41, 
0.34; P = 0.85), and this difference between the subgroups 
was statistically significant (P = 0.03; Supplementary 
Fig. 4G). Ketoanalogue supplementation had a border-
line significant effect in lowering the risk of developing 
ESKD for patients without diabetes (RR: 0.66; 95% CI 
0.43 to 1.00; P = 0.05), but there was no significant dif-
ference in effects between the subgroups with and with-
out diabetes (P = 0.37; Supplementary Fig. 5B). In the 
subgroup analyses by the degree of protein restriction 
(very low-protein diet or low-protein diet) in the interven-
tion group, the addition of ketoanalogues to a low-protein 
diet resulted in a significant increase in serum albumin 
compared to a low-protein diet alone (SMD: 0.56; 95% 
CI 0.17, 0.96; P = 0.005); however, the addition of keto-
analogues to a very low-protein diet did not result in a 
significant change in serum albumin (SMD: 0.06; 95% 
CI − 0.32, 0.45; P = 0.74), and the difference between the 
subgroups approached statistical significance (P = 0.08; 
Supplementary Fig. 6G). Although not significantly dif-
ferent between subgroups, we observed that the addition 
of ketoanalogues to a very low-protein diet resulted in a 
significant decrease in serum phosphate (SMD: − 0.93; 
95% CI − 1.36, − 0.50; P < 0.001) and a borderline sig-
nificant increase in serum calcium (SMD: 0.64; 95% CI 
− 0.02, 1.29; P = 0.06), with these changes being more 
prominent than the addition of ketoanalogues to a low-
protein diet (Supplementary Fig. 6E and F). Five studies 
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(31%) had an in-trial follow-up duration of less than one 
year. Sensitivity analyses that excluded these studies 
yielded results similar to the main analysis, except that 
the difference in triceps skin fold between the interven-
tion and control arms was no longer significant (Supple-
mentary Fig. 7).

Discussion

In this systematic review and meta-analysis of non-dialysis 
CKD patients who underwent protein-restricted diets, keto-
analogue supplementation was associated with a slower 
decline in the GFR over a median follow-up period of 
13 months. Additionally, ketoanalogue supplementation 
improved the balance of calcium and phosphate without 
adversely affecting nutritional status or increasing the risk 
of dialysis or death. These findings were largely consistent 
in the sensitivity analyses of RCTs with a follow-up of more 
than one year and in subgroup analyses based on baseline 
GFR, presence of diabetes, or the degree of protein restric-
tion. When ketoanalogues were added to protein-restricted 
diets, serum albumin levels improved in patients with a 
baseline GFR of ≥ 20 mL/min/1.73  m2. In addition, keto-
analogue supplementation combined with protein-restricted 
diets showed a marginally significant effect in reducing the 
risk of developing ESKD in patients without diabetes.

Several systematic reviews have assessed the effects of 
ketoanalogue supplementation on renal function and vari-
ous outcomes in patients with CKD. In a systematic review 
conducted by Jiang et al. which included seven RCTs and 
one non-randomized study, a protein-restricted diet supple-
mented with ketoanalogues delayed the deterioration of GFR 
and ameliorated hyperphosphatemia without causing malnu-
trition [8]. In a systematic review of ten RCTs and two non-
randomized studies, Li et al. found that a protein-restricted 
diet combined with ketoanalogue supplementation not only 
slowed renal function decline—especially in patients with 
an estimated GFR > 18 mL/min/1.73  m2—but also reduced 
serum phosphorus levels without affecting calcium and 
albumin levels in the overall meta-analysis [9]. Chewchar-
act et al. conducted a systematic review that included RCTs 
involving dialysis, late-stage CKD, and stages 1–2 CKD 
patients [10]. Their findings demonstrated that a protein-
restricted diet supplemented with ketoanalogues could pre-
serve the GFR and reduce serum phosphorus, while only 
a low-protein diet with ketoanalogue supplementation was 
effective in raising serum levels of albumin and calcium 
[10]. These systematic reviews primarily emphasized short-
term outcomes and often combined non-randomized studies, 
crossover RCTs, and parallel RCTs, or pooled data from 
RCTs involving dialysis patients, early-stage CKD, and late-
stage CKD patients. This could potentially affect the quality CK
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of the evidence concerning the effects of ketoanalogue sup-
plementation on protein-restricted diets in advanced CKD 
patients.

Consistent with the findings from previous systematic 
reviews, our study found that the addition of ketoanalogues 
to protein-restricted diets slowed the decline in the GFR, 
reduced BUN and serum phosphorus levels, and increased 

serum calcium levels. Ketoanalogues are synthesized as cal-
cium salts, which not only raise serum calcium levels but 
also act as phosphate binders [22]. In our subgroup analy-
sis, we noted that effects of ketoanalogue supplementation 
on serum phosphate and calcium were more pronounced in 
patients on a very low-protein diet than those on a low-pro-
tein diet, which may be attributed to the stricter phosphate 

(A) End or change in the glomerular filtration rate (mL/min/1.73 m2)

(B) End-stage kidney disease

(C) All-cause mortality

Fig. 2  Pooled estimates comparing ketoanalogue supplementation 
combined with a low-protein diet or very low-protein diet versus a 
low-protein diet alone on outcomes of A end or change in the glo-
merular filtration rate, B end-stage kidney disease, and C all-cause 
mortality. For study outcome (A), “Klahr 1994” reported the change 

in the glomerular filtration rate, and other studies reported the glo-
merular filtration rate at the end of follow-up. CI confidence interval; 
IV inverse variance; KA + LPD/VLPD ketoanalogue supplementation 
combined with a low-protein diet or very low-protein diet; LPD low-
protein diet; M–H Mantel‒Haenszel; SD standard deviation
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restriction in the very low-protein diet. Our study showed 
that the addition of ketoanalogues to protein-restricted diets 
resulted in an increase in triceps skin fold in the primary 
analyses and revealed an elevation in serum albumin lev-
els in patients with a baseline GFR ≥ 20 mL/min/1.73  m2. 
Among patients with advanced CKD, chronic metabolic 
acidosis and inflammation from comorbid diseases can 

influence albumin synthesis, resulting in hypoalbuminemia 
unrelated to dietary factors [23]. This may explain why keto-
analogue supplementation did not increase serum albumin 
in patients with a GFR < 20 mL/min/1.73  m2. Furthermore, 
we evaluated the effects of ketoanalogue supplementation 
on long-term outcomes such as ESKD and all-cause mor-
tality and conducted sensitivity analyses for RCTs with a 

(A) Blood urea nitrogen (mg/dL)

(B) Serum calcium (mg/dL)

(C) Serum phosphorus (mg/dL)

Fig. 3  Pooled estimates comparing ketoanalogue supplementation 
combined with a low-protein or very low-protein diet versus a low-
protein diet alone on outcomes of A blood urea nitrogen, B serum 
calcium, and C serum phosphorus. CI confidence interval; IV inverse 

variance; KA + LPD/VLPD ketoanalogue supplementation combined 
with a low-protein diet or very low-protein diet; LPD low-protein 
diet; M–H Mantel‒Haenszel; SD standard deviation
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follow-up duration exceeding one year. Although the pri-
mary analyses suggest that ketoanalogue supplementation 
did not elevate the risk of developing ESKD or all-cause 

(A) Serum albumin (g/dL)

(B) Triceps skin fold (mm)

(C) Mid-arm muscle circumference (cm)

(D) Lean body mass (kg)

(E) Undernourishment (subjective global assessment, category B or C)
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mortality, we observed a marginally lower risk of develop-
ing ESKD in the subgroup of non-diabetic CKD patients 
when their protein-restricted diet was supplemented with 
ketoanalogues.

In a systematic review incorporating RCTs and cohort 
studies of diabetic patients with CKD, Bellizi et al. reported 
that a protein-restricted diet supplemented with ketoana-
logues significantly decreased BUN and increased serum 
albumin [12]. However, changes in GFR were not signifi-
cant, and the risk of dialysis could not be synthesized due 
to the limited available data [12]. In our systematic review, 
seven RCTs enrolled CKD patients without diabetes, while 
two RCTs specifically enrolled those with diabetes. Owing 
to the limited number of trials including diabetic participants 
and the absence of data on many outcomes in those trials, 
the subgroup analyses did not reveal significant differences 
between participants with and without diabetes across all 
outcomes. Nevertheless, the subgroup of patients without 
diabetes showed similar findings to those of the main analy-
ses across all outcomes. This not only strengthens the evi-
dence supporting the efficacy of ketoanalogue supplemen-
tation in protein-restricted diets for the non-diabetic CKD 
population but also suggests that more RCTs are needed to 
evaluate its efficacy among CKD patients with diabetes.

There have been concerns regarding the long-term safety 
of a very low-protein diet  in CKD patients, particularly 
in relation to potential malnutrition or muscle mass loss. 
Menon et al. reported the long-term follow-up of study B 
from the Modification of Diet in Renal Disease (MDRD) 
study [24]. This study compared a low protein diet (0.58 g/
kg/day) to a very low-protein diet (0.28 g/kg/day) supple-
mented with ketoanalogues, focusing on individuals with 
a GFR between 13 and 24 mL/min/1.73  m2, and examined 
the outcomes of ESKD or death [24, 25]. While no signifi-
cant differences were observed between the two interven-
tion groups during the in-trial period, the post-trial follow-
up revealed that those assigned to a very low-protein diet 
combined with ketoanalogue supplementation had a higher 
risk of death than those in the low-protein diet group (haz-
ard ratio [HR]: 1.92; 95% CI 1.15–3.20), but the increased 
risk was not observed for the composite outcome of ESKD 
and death (HR: 0.89; 95% CI 0.67, 1.18) [24]. The major 

limitation in Menon’s report was the absence of information 
regarding dietary protein intake, nutritional measurements, 
and medical conditions during post-trial follow-up [24]. In 
a recent systematic review that compared a very low-protein 
diet with a low-protein diet or a normal-protein diet among 
non-diabetic patients with CKD, Hahn et al. reported that a 
very low-protein diet reduced the risk of developing ESKD 
(RR: 0.64; 95% CI 0.49–0.85) [11]. However, no significant 
differences were found in all-cause death (RR: 1.26; 95% 
CI 0.62–2.54) or changes in the GFR (SMD, 0.12; 95% CI 
− 0.27, 0.52) between the groups [11]. While the effects of 
a very low-protein diet were examined with supplemented 
ketoanalogues in most of the included studies, Hahn et al.’s 
systematic review also included information from studies 
assessing a very low-protein diet alone in the very low-pro-
tein diet treatment arm [11]. In our present study, outcomes 
remained mostly consistent across subgroups, regardless of 
the degree of protein restriction by very low-protein diet or 
low-protein diet. The subgroup that assessed ketoanalogue 
supplementation combined with a very low-protein diet 
observed no increase in mortality or prevalence of under-
nourishment, and no decrease in lean body mass and serum 
albumin, but showed a rise in triceps skin fold compared to 
a low-protein diet alone. Based on our analyses and other 
pertinent systematic reviews, current evidence supports 
the safety of ketoanalogue supplementation combined with 
a very low-protein diet in terms of nutritional status and 
survival.

Our study is by far the largest and the most up-to-date 
systematic review of the effects of ketoanalogue supplemen-
tation in non-dialysis patients with stages 3–5 CKD, incor-
porating data from 1344 patients across 16 RCTs. We fol-
lowed a pre-specified protocol and utilized a comprehensive 
search strategy for this systematic review. All the included 
studies were parallel RCTs with a minimum follow-up dura-
tion of three months, ensuring the quality and homogene-
ity of the evidence incorporated in the systematic review. 
We evaluated a broad range of short-term and long-term 
outcomes from the in-trial period, including renal function, 
mineral and bone disorders, nutritional status, and kidney 
and overall survival, some of which were seldom addressed 
in previous systematic reviews. The robustness of our results 
is supported by consistent findings across a series of sub-
group and sensitivity analyses.

There were several limitations in our study. First, the 
majority of the included RCTs were open-label, as the inter-
ventions involved changes in dietary content. While most 
trials confirmed dietary compliance through food diaries 
and urine collection for urea, potential biases arising from 
deviations from the intended intervention might still be pre-
sent. Second, the etiology of CKD and the GFR range of 
participants varied across the included RCTs. Although we 
conducted subgroup analyses to explore potential differences 

Fig. 4  Pooled estimates comparing ketoanalogue supplementation 
combined with a low-protein diet or very low-protein diet versus a 
low-protein diet alone on outcomes of A serum albumin, B triceps 
skin fold, C mid-arm muscle circumference, D lean body mass, and 
E undernourishment. For study outcomes (B) and (C), “Feiten 2005” 
reported data in the unit of percent standard, based on the National 
Health and Nutrition Examination Survey (NHANES) percentile dis-
tribution tables derived by Frisancho (1981). CI confidence interval; 
IV inverse variance; KA + LPD/VLPD ketoanalogue supplementation 
combined with a low-protein diet or very low-protein diet; LPD low-
protein diet; M–H Mantel‒Haenszel; SD standard deviation

◂
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between participants with and without diabetes or those with 
varying GFRs, the limited number of trials might have con-
strained the power of these subgroup analyses, leading to no 
significant differences between the subgroups. Third, dietary 
protein intake and ketoanalogue prescriptions varied among 
the studies, which might have contributed to heterogene-
ity in some of the outcomes, even after subgroup analyses. 
Further subgroup analyses or meta-regressions would be 
difficult due to the small study numbers. Fourth, the median 
follow-up duration of the RCTs included was 13 months, 
and only one-third had a follow-up period of three years 
or more. This could limit the power to detect differences in 
long-term outcomes such as ESKD or death. Although our 
analyses did show a significant effect in slowing the decline 
in the GFR with ketoanalogue supplementation, future trials 
with extended follow-up durations are needed to confirm 
the long-term effects of ketoanalogue supplementation on 
ESKD and mortality.

Conclusion

In patients with stages 3–5 CKD, the addition of ketoana-
logues to a protein-restricted diet may help postpone the ini-
tiation of dialysis, improve the balance of calcium and phos-
phate, and slow the decline in the GFR, while maintaining 
a similar nutritional status and all-cause survival compared 
to a low-protein diet alone. Current evidence is still limited, 
and larger, long-term studies are needed to confirm these 
potential benefits, especially in CKD patients with diabetes.
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