
Introduction

Ketoacid analogs of essential amino acids (KA/EAA) 
are prescribed in predialysis patients with chronic kid-
ney disease (CKD) to lower generation of toxic metabolic 
products and improve nutritional status [1,2]. Because 
KA/EAA lack the amino group bound to the alpha car-
bon of an amino acid, a KA/EAA diet could convert their 
respective amino acids without providing additional 
nitrogen. The beneficial effects of protein restriction 
supplemented with ketoacid on the progression of CKD 
are multifactorial and may include decreasing nitrogen 
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waste, oxidative stress and inflammatory response in-
cluding transforming growth factor-beta and protection 
against hemodynamic changes in glomerular hyperfiltra-
tion [3-5]. Among patients with CKD, ingestion of oral-
specific renal formula may require an increase in dietary 
energy and fiber intake as well as decreased dietary pro-
tein intake [6].

Dietary protein plays an important role in the progres-
sion of CKD, and a low protein diet (LPD) is recom-
mended to patients with advanced CKD to slow the 
decline in glomerular filtration rate (GFR) [7]. Addition-
ally, several clinical trials and recent meta-analysis have 
documented that very low protein diets (VLPD) supple-
mented with KA/EAA preserve the rate of progression of 
advanced CKD [8-10] and delay the need for long-term 
dialysis treatment among patients with advanced CKD 
[11,12]. However, an MDRD study indicated that only a 
prescribed dietary protein intake of 0.6 g/kg/day, but not 
VLPD plus KA/EAA treatment, reduced the decline in 
GFR among patients with advanced CKD with GFR less 
than 25 mL/min/1.73 m2 [13]. Moreover, in long-term 
follow-up of the MDRD study, VLPD plus KA/EAA treat-
ment did not delay progression to dialysis or transplanta-
tion [14]. Consequently, no definitive conclusions have 
been reached on the role of protein-restricted regimens 
plus ketoacid analogs in slowing the loss of GFR among 
patients with CKD stage III, particularly in the era of 
more vigorous blood pressure with renin angiotensin 
aldosterone system inhibitors and tight glycemic control 
[15]. This retrospective study was designed to test the 
hypothesis that administering VLPD plus KA/EAA would 
decrease renal progression among patients with CKD 
compared with treatment by LPD.

Methods

The patient’s data from August 2010 and January 2015 
were collected retrospetively at the Phramongkutklao 
Hospital in Bangkok, Thailand. The study was approved 
by the Institutional Review Board (R089h/57) of Phra-
mongkutklao Hospital. 

Subjects

Inclusion criteria were age 18 years or older and nondi-
alysis patients with CKD stage III or IV. Only patients with 

regular follow-up based on medical reports and prescrip-
tions that had been recorded in our hospital electronic 
database for a period of 12 months before the study were 
recruited for the screening visit. Patients with active 
malignancy, severe heart, lung or liver disease, stroke, 
chronic infection, protein-energy wasting based on an-
thropometric data and laboratory data, especially serum 
albumin < 3.5 g/dL, pregnancy, any immunological or 
inflammatory disorders or known history of KA/EAA hy-
persensitivity were excluded from the study. 

All patients with CKD received multidisciplinary care 
team treatment including renal dietitian consultations. 
According to the standard of care, patients with CKD 
stage III or IV were followed in nephrology clinics every 
three months. Nutritional compliance with dietary pro-
tein intake was measured using a diet record and ana-
lyzed using standard food composition tables. According 
to the medical history records, eligible patients were 
divided in two groups based on their regimen 12 months 
before the study as described below. The treatment 
group (n = 70) was prescribed a VLPD of 0.3 g of protein 
and KA/EAA 100 mg/kg/day and the control group (n = 
70) was prescribed an LPD of 0.6 g of protein and no KA/
EAA. The KA/EAA used in our study was Ketosteril (Fre-
senius Kabi, Bad Homburg vor der Höhe, Germany), 630 
mg/tablet prescribed at 1 tablet/5 kg body weight daily. 
The prescriptions were made by the nephrologists moni-
toring the patients in the predialysis period to maintain 
the nutritional biochemical parameters. 

The primary outcome was the differences in estimated  
GFR decline rates between the treatment and control 
groups. The secondary outcomes were the differences of 
the amount of proteinuria that was evaluated using urine 
protein-to-creatinine ratio and biochemical profiles be-
tween the two groups. Patients with significant CKD pro-
gression were defined as estimated GFR decline > 10% 
annually from baseline. 

Clinical and laboratory monitoring

Medical history, physical examinations and biochemi-
cal tests were taken at the first visit before starting treat-
ment. All routine laboratory tests, including assays for 
plasma levels of hemoglobin, albumin, potassium, cre-
atinine, calcium, phosphate and estimated GFR using the 
2009 CKD-EPI creatinine equation and staging accord-
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ing to The Kidney Disease: Improving Global Outcomes 
(KDIGO) 2012, were performed at baseline and at the end 
of the study. Adverse events that were or were not consid-
ered related to treatment were monitored from medical 
data sheets.

Statistical analysis

Measured values of the results were expressed in mean 
with standard deviation and percentage. The paired t test 
was used to compare the change of parameters within 
group at baseline and 12 months. Parameters were com-
pared between groups at baseline and 12 months using 
the chi-square test, Fisher’s exact test and Student t test. 
ANCOVA analyses with baseline value of treatment pe-
riod as covariate were used to assess for between-group 
mean differences at 12 months. We used Cox regression 
to analyze the association between declining GFR and 
VLPD with KA/EAA administration, unadjusted and then 
adjusted for age, diabetes, hypertensive nephropathy, 
body mass index (BMI), systolic blood pressure, base-
line GFR, baseline proteinuria, angiotensin converting 
enzyme inhibitor (ACEI)/angiotensin receptor blocker 
(ARB) and statin treatment. Additionally, we used mul-
tivariate regression to analyze the association between 
change of GFR and VLPD with KA/EAA administration 
after adjusting for other confounding factors. Statistical 
analyses were performed using the SPSS version 15 pro-
gram for Windows (SPSS Inc., Chicago, IL, USA). A P val-
ue less than 0.05 was considered statistically significant.

Results

A total of 282 patients with CKD stage III or IV were 
screened for possible study enrollment. One hundred 
forty patients were eligible according to the entry criteria 
and received either LPD or VLPD plus KA/EAA treat-
ment. In the LPD and VLPD plus KA/EAA groups, aver-
age age was 68.4 ± 10.6 and 73.7 ± 9.3 years, respectively 
(P = 0.002), and male prevalence was 44.9% and 27.1%, 
respectively (P = 0.029). Type 2 diabetes prevalence dif-
fered in the two groups (P = 0.042), being 61.4% and 
44.3% in the LPD and VLPD plus KA/EAA groups, respec-
tively. Prescription medications including ACEI/ARB 
(61.4% vs. 41.4%, P = 0.018) and statins (84.3% vs. 60%, P 
= 0.001) were found to be higher in LPD group. The aver-

age dose of KA/EAA in VLPD treatment was 11.2 ± 1.3 
tablets per day. Characteristics of the patients are shown 
in Table 1. No significant differences were found in body 
weight, systolic blood pressure, primary renal diseases, 
the amount of the proteinuria, hemoglobin, serum potas-
sium, bicarbonate or calcium, but significantly increased 
BMI, diastolic blood pressure and serum phosphate were 
found in the LPD group.

Renal function and proteinuria after treatments

In the LPD and VLPD plus KA/EAA groups, average es-
timated GFR was 41.6 ± 10.2 and 39.1 ± 9.2 years, respec-
tively (P = 0.131). The VLPD plus KA/EAA group exhib-
ited no significant change in estimated GFR levels from 
39.1 ± 9.2 mL/min/1.73 m2 at baseline to 38.9 ± 12.0 mL/
min/1.73 m2 at 12 months (Table 2), but the LPD group 
with or without ACEI/ARB presented a significant change 
in estimated GFR levels from 41.6 ± 10.2 mL/min/1.73 m2 
at baseline to 36.8 ± 8.8 mL/min/1.73 m2 at 12 months (P < 
0.001) (Table 2). GFR levels during the 12-month follow-
up declined on average by -5.2 ± 3.6 mL/min/1.73 m2 in 
the LPD group and by -0.3 ± 6.8 mL/min/1.73 m2 in the 
VLPD plus KA/EAA group (P < 0.001) (Table 3, Fig. 1). A 
significant mean difference in rate of change in estimated 
GFR (-5.2 ± 3.6 mL/min/1.73 m2 per year; P <0.001) was 
observed between the two groups. Similarly, these results 
were found in the change of blood urea nitrogen (22.8 ± 
7.3 vs. 24.3 ± 7.1 mg/dL, P = 0.031) and serum creatinine 
(1.6 ± 0.4 vs. 1.8 ± 0.4, P < 0.001) in the LPD group after 
12 months of treatment. Moreover, the LPD group with or 
without ACEI/ARB showed a significant increase in urine 
protein levels from 0.6 ± 0.5 g/gCr at baseline to 0.9 ± 1.1 
g/gCr at 12 months (P = 0.017) (Table 2, Fig. 1), but no 
significant difference was observed in mean change in 
urine protein between the two groups (Table 3).

Table 4 demonstrates the results of Cox regression 
analysis of significant GFR decline with some potential 
confounding parameters. The risk for GFR decline > 10% 
annually was lower with VLPD plus KA/EEA compared 
with LPD (hazard ratio [HR], 0.48; 95% confidence inter-
val [CI] 0.28-0.82; P = 0.008). This protective effect was 
independent of age, diabetes, hypertensive nephropathy, 
ACEI/ARB, statins, BMI, systolic blood pressure, baseline 
GFR and proteinuria (adjusted HR, 0.42; 95% CI, 0.23-
0.79; P = 0.006). 
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Univariate analysis was performed to assess the re-
lationship between clinical parameters with change of 
GFR. VLPD plus KA/EEA compared with LPD was posi-
tively correlated with increased estimated GFR, whereas 
diabetes, baseline estimated GFR, and proteinuria were 
negatively correlated with increased estimated GFR. After 
multiple regression analyses, significant correlations were 
found among age, baseline estimated GFR, BMI, and use 
of VLPD plus KA/EEA with change in GFR (Table 5). 

Changes in metabolic profiles and electrolytes after 
treatment

During the 12-month study, the LPD group exhibited 
significantly increased plasma potassium and decreased 
plasma phosphate (P < 0.001), but no significant differ-
ence was observed regarding mean changes in serum 
albumin, hemoglobin, potassium, bicarbonate, calcium 
and phosphate levels between the two groups (Table 5). 

Table 1. Characteristics of the study populations between LPD and VLPD with KA/EAA
Variable LPD (n = 70) VLPD + KA/EAA (n = 70) P value

Age (yr) 68.4 ± 10.6 73.7 ± 9.3 0.002
Sex, male 32 (44.9) 19 (27.1) 0.029
Body weight (kg) 67.1 ± 11.7 65.1 ± 12.6 0.336
Body mass index (kg/m2) 25.2 ± 3.5 23.8 ± 4.3 0.035
Systolic blood pressure (mmHg) 137.0 ± 11.2 133.4 ± 16.6 0.131
Diastolic blood pressure (mmHg) 78.2 ± 8.5 73.9 ± 9.4 0.006
Dietary protein intake (g/d) 0.6 ± 0.1 0.3 ± 0.1 0.001
Primary renal disease (%)

Diabetic nephropathy 41 (58.6) 31 (44.3) 0.091
Glomerular disease 6 (8.6) 1 (1.4) 0.116
Hypertension 12 (17.1) 24 (34.3) 0.020
ADPKD 1 (1.4) 0 (0) 1.000

Underlying disease 
Type 2 diabetes 43 (61.4) 31 (44.3) 0.042
Hypertension 68 (97.1) 65 (92.9) 0.245
Dyslipidemia 68 (97.1) 63 (90.0) 0.165
Cerebrovascular disease 7 (10.0) 2 (2.9) 0.165
Coronary heart disease 18 (25.7) 12 (17.1) 0.217

Medications 
ACEI/ARB 43 (61.4) 29 (41.4) 0.018
Statins 59 (84.3) 42 (60.0) 0.001
Recombinant EPO 3 (4.3) 9 (12.9) 0.070

BUN (mg/dL) 22.8 ± 7.3 22.2 ± 6.8 0.636
Serum creatinine (mg/dL) 1.6 ± 0.4 1.7 ± 0.4 0.309
Glomerular filtration rate (mL/min/1.73 m2) 41.6 ± 10.2 39.1 ± 9.2 0.131
24 hr urine protein (g) 0.6 ± 0.5 0.4 ± 0.4 0.134

> 1 g/d 3 (4.3) 1 (1.4) 0.581
> 150 mg/d 23 (32.9) 20 (28.6) 0.302

Hemoglobin (g/dL) 12.1 ± 1.8 12.3 ± 1.9 0.600
Potassium (mEq/L) 4.3 ± 0.5 4.3 ± 0.6 0.991
Bicarbonate (mEq/L) 25.2 ± 3.1 25.5 ± 2.9 0.503
Calcium (mg/dL) 9.3 ± 0.5 9.4 ± 0.5 0.184
Phosphate (mg/dL) 3.7 ± 0.6 3.4 ± 0.5 0.001

Data are presented as mean ± standard deviation and number (%).
ACEI, angiotensin converting enzyme inhibitor; ADPKD, autosomal dominant polycystic kidney disease; ARB, angiotensin receptor blocker; BUN, blood urea nitrogen; 
KA/EAA, ketoacid analogues of essential amino acids; LPD, low protein diet; VLPD, very LPD.
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Table 2. Changes in renal and metabolic parameters after 12 months of treatment

Parameter
LPD (n = 70) VLPD + KA/EAA (n = 70)

Baseline 12 mo P value Baseline 12 mo P value
BUN (mg/dL) 22.8 ± 7.3 24.3 ± 7.1 0.031 22.2 ± 6.76 21.9 ± 7.0 0.778
Creatinine (mg/dL) 1.6 ± 0.4 1.8 ± 0.4 < 0.001 1.7 ± 0.3 1.7 ± 0.5 0.175
GFR (mL/min/1.73 m2) 41.6 ± 10.2 36.8 ± 8.8 < 0.001 39.1 ± 9.2 38.9 ± 12.0 0.742
24 hr urine protein (g) 0.6 ± 0.5 0.9 ± 1.1 0.017 0.2 ± 0.4 0.3 ± 0.5 0.450
Albumin (g/dL) 4.2 ± 0.4 4.1 ± 0.4 0.155 4.2 ± 0.4 4.2 ± 0.4 0.578
Hemoglobin (g/dL) 12.1 ± 1.8 11.9 ± 1.7 0.333 12.3 ± 1.9 12.3 ± 1.8 0.307
Potassium (mEq/L) 4.3 ± 0.5 4.5 ± 0.5 0.016 4.3 ± 0.6 4.3 ± 0.4 0.308
Bicarbonate (mEq/L) 25.2 ± 3.1 24.7 ± 2.9 0.234 25.5 ± 2.9 25.6 ± 2.4 0.826
Calcium (mg/dL) 9.3 ± 0.5 9.3 ± 0.5 0.482 9.4 ± 0.5 9.4 ± 0.5 0.310
Phosphate (mg/dL) 3.7 ± 0.6 3.5 ± 0.6 0.011 3.4 ± 0.5 3.3 ± 0.5 0.107
Renal outcomes in subgroups of CKD staging 

CKD III (GFR 30–59 mL/min/1.73 m2) (n = 113)
GFR (mL/min/1.73 m2) 44.64 ± 8.45 38.98 ± 7.38 < 0.001 41.86 ± 7.46 41.55 ± 10.95 0.758
24 hr urine protein (g) 0.56 ± 0.54 0.98 ± 1.14 0.061 0.16 ± 0.1 0.16 ± 0.1 0.946

CKD IV (GFR 15–29 mL/min/1.73 m2) (n = 27)
GFR (mL/min/1.73 m2) 27.06 ± 3.03 24.32 ± 3.46 0.002 27.77 ± 1.5 27.27 ± 5.26 0.680
24 hr urine protein (g) 0.51 ± 0.45 0.92 ± 0.95 0.086 0.62 ± 0.98 1.12 ± 0.98 0.575

Renal outcomes in patients with ACEI/ARB (n = 72)
GFR (mL/min/1.73 m2) 42.86 ± 9.25 38.18 ± 8.55 < 0.001 42.79 ± 8.2 40.69 ± 11.55 0.155
24 hr urine protein (g) 0.58 ± 0.56 0.83 ± 1.07 0.191 0.17 ± 0.11 0.15 ± 0.08 0.407

Renal outcomes in patients without ACEI/ARB (n = 68) 
GFR (mL/min/1.73 m2) 39.66 ± 11.57 33.74 ± 8.7 < 0.001 36.54 ± 9.07 37.57 ± 12.3 0.265
24 hr urine protein (g) 0.48 ± 0.4 1.24 ± 1.11 0.038 0.3 ± 0.59 0.52 ± 0.73 0.415

Data are presented as mean ± standard deviation.
ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; BUN, blood urea nitrogen; CKD, chronic kidney disease; GFR, glomerular filtration 
rate; KA/EAA, ketoacid analogues of essential amino acids; LPD, low protein diet; VLPD, very LPD.

Table 3. Mean changes in renal and metabolic parameters between the two groups

Parameter
LPD 

(n = 70)
VLPD + KA/EAA

(n = 70)
Between-group differences*

Mean ± SD change F P value
BUN (mg/dL) 1.5 ± 5.8 0.2 ± 6.9 1.8 ± 2.9 2.649 0.106
Creatinine (mg/dL) 0.2 ± 0.1 0.1 ± 0.3 0.1 ± 0.0 7.717 0.006
GFR (mL/min/1.73 m2) -5.2 ± 3.6 -0.3 ± 6.8 -4.9 ± 6.0 28.168 < 0.001
24 hr urine protein (g) 0.4 ± 0.9 0.1 ± 0.5 0.3 ± 0.4 1.935 0.171
Albumin (g/dL) -0.1 ± 0.3 0.1 ± 0.4 -0.1 ± 0.3 1.622 0.206
Hemoglobin (g/dL) -0.1 ± 1.2 0.2 ± 1.1 -0.3 ± 1.0 1.981 0.162
Potassium (mEq/L) 0.2 ± 0.6 0.1 ± 0.5 0.1 ± 0.3 1.401 0.239
Bicarbonate (mEq/L) -0.5 ± 3.3 0.1 ± 3.2 -0.6 ± 2.7 1.042 0.309
Calcium (mg/dL) -0.1 ± 0.5 0.1 ± 0.4 -0.1 ± 0.4 1.461 0.229
Phosphate (mg/dL) -0.2 ± 0.6 -0.1 ± 0.3 -0.2 ± 0.6 2.633 0.108

Data are presented as mean ± standard deviation (SD).
BUN, blood urea nitrogen; GFR, glomerular filtration rate; KA/EAA, ketoacid analogues of essential amino acids; LPD, low protein diet; VLPD, very LPD.
*Using ANCOVA. 
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No serious complications related to protein intake were 
observed and none of the patients received acute dialysis 
during the study.

Discussion

The present study constitutes a retrospective clinical 
trial of VLPD plus KA/EAA supplementation on renal 
function among patients with CKD stage III or IV. VLPD, 
when supplemented with KA/EAA, could decrease the 
rate of CKD progression among these patients when 
compared with LPD treatment through a reduced dietary 
protein intake and controlled metabolic waste products 

during CKD progression. 
Decreased dietary protein intake was associated with 

a retardation of GFR loss and reduction in proteinuria 
among predialysis patients with CKD [16-18]. However, 
it exposed patients to the risk of protein malnutrition. In 
experimental CKD models, high protein intake induces 
renal proinflammatory cytokines, profibrotic growth fac-
tors, oxidative stress, glomerular hyperfiltration and glo-
merular hypertrophy, and results in glomerular sclerosis, 
mesangial matrix expansion and proteinuria [19]. In-
versely, LPD supplemented with ketoacids was more ef-
fective than LPD alone in protecting kidney function from 
oxidative stress injury in remnant kidney tissue [20]. As 

Table 4. Influence of various factors on glomerular filtration rate (GFR) decline > 10% within 12 months
Variable Unadjusted HR 95% CI P value Adjusted HR 95% CI P value

VLPD with KA/EAA vs. LPD 0.48 0.28-0.82 0.008 0.42 0.23-0.79 0.006
Age 0.99 0.97-1.02 0.644 1.00 0.98-1.03 0.856
Diabetes mellitus 1.21 0.72-2.03 0.464 1.13 0.64-1.98 0.675
Hypertensive nephropathy 1.50 0.37-6.14 0.573 1.38 0.31-6.12 0.670
ACEI/ARB 0.91 0.55-1.52 0.727 0.80 0.46-1.38 0.426
Statins 1.13 0.63-2.04 0.677 0.93 0.5-1.72 0.811
BMI (kg/m2) 0.99 0.93-1.06 0.746 0.97 0.9-1.05 0.458
Systolic blood pressure (mmHg) 1.00 0.98-1.02 0.792 1.00 0.98-1.02 0.801
Baseline GFR 0.99 0.97-1.02 0.536 0.99 0.97-1.02 0.587
Baseline urine protein 1.55 0.72-3.37 0.266

Adjusted for age, diabetes, hypertensive nephropathy, body mass index (BMI), systolic blood pressure, baseline GFR, baseline proteinuria, ACEI/ARB and statin 
treatment. 
ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CI, confidence interval; HR, hazard ratio; KA/EAA, ketoacid analogues of essential 
amino acids; LPD, low protein diet; VLPD, very LPD.

Figure 1. Renal function and proteinuria after 12 months of treatment. Mean changes of estimated glomerular filtration rate (A) and 
proteinuria (B) presented a significantly worsening progression in the low protein diet (LPD) group (P < 0.05) compared with the very LPD 
(VLPD) + ketoacid analogues of essential amino acids (KA/EAA) group.  
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a consequence, VLPD with KA/EAA has been supposed 
to protect against the progression of CKD and preserve 
residual renal function, slowing the GFR decline toward 
end-stage renal disease [21]. Strategies to avoid protein 
malnutrition include supplementing decreased protein 
intake with essential amino acids for CKD populations. 
Our results showed a better preservation of GFR over 
12 months among patients that were prescribed VLPD 
supplemented with KA/EAA, but not among those that 
were prescribed LPD alone. Similar to related retrospec-
tive, prospective, or randomized studies, VLPD plus KA/
EAA preserved GFR and delayed the need for long term 
dialysis treatment among patients with advanced CKD 
[8-12]. Recently, a well-defined, randomized, controlled 
trial demonstrated that vegetarian VLPD supplemented 
with ketoacid analogs delayed dialysis initiation among 
patients with advanced CKD with GFR less than 20 to 30 
mL/min/1.73 m2 by ameliorating metabolic disturbances 
[22]. Finally, recent meta-analyses and real clinical prac-
tice in nephrology registry supported that VLPD or LPD, 
supplemented with ketoacid analogs, significantly pre-
vented the deterioration of GFR [10,23,24]. Related clini-
cal trials were investigated among patients with very late 
stages of CKD or CKD stage V, who wished to defer dialy-
sis treatment. However, our study included CKD stage III 
with an average GFR of 40 mL/min/1.73 m2. Therefore, 
the positive role of VLPD plus KA/EAA treatment might 

become more apparent in CKD stage III without dialysis.
Our results did not demonstrate a significant change 

in proteinuria after 12 months of treatment. However, 
administration of VLPD plus KA/EAA tended to lower 
proteinuria levels, while LPD treatment significantly in-
creased proteinuria levels. Related studies have indicated 
an association between a restricted protein diet with or 
without KA/EAA and reduced proteinuria levels among 
patients with CKD [25-27]. The anti-proteinuric response 
to restricted dietary protein intake was reported among 
patients with significant proteinuria levels > 1 g/day and 
high baseline serum phosphate [25-27]. The beneficial 
effects of KA/EAA treatment on proteinuria was limited 
in our study because of the differences in patient popula-
tion, especially low baseline urine protein and normal 
serum phosphate levels among patients in our study.

VLPD supplemented with ketoacid analogs may serve 
a role in the conservative management and improved 
metabolic profiles among patients with CKD. Current evi-
dence indicates that restricted dietary protein intake im-
proves metabolic surrogates of CKD, including azotemia, 
bone and mineral disorder and acidosis [28]. Related 
studies have shown higher serum bicarbonate, higher se-
rum calcium and lower phosphorus levels among those 
receiving VLPD plus KA/EAA compared with LPD [22,29]. 
However, we did not observe any significant differences 
in changes of bicarbonate, calcium and phosphate lev-

Table 5. Univariate and multivariate regression analyses demonstrating factors showing correlation with change in glomerular 
filtration rate (GFR) within 12 months

Variable
Univariate Multivariate

R P value Standardized coefficient (95% CI) P value
VLPD with KA/EAA vs. LPD 0.412 0.001 7.39 (4.31 to 10.47) 0.001

Age -0.003 0.971 -0.18 (-0.32 to 0.05) 0.010

Diabetes mellitus -0.201 0.017 -1.8 (-5.47 to 1.87) 0.326

Hypertensive nephropathy 0.090 0.291 -3.1 (-8.28 to 2.08) 0.232

ACEI/ARB -0.161 0.058 1.22 (-1.63 to 4.06) 0.390

Statins 0.006 0.942 1.21 (-2.09 to 4.51) 0.463

Body mass index (kg/m2) -0.050 0.557 0.43 (0.05 to 0.81) 0.027
Systolic blood pressure (mmHg) 0.041 0.628 0.07 (-0.05 to 0.18) 0.248
Baseline GFR -0.167 0.048 -0.15 (-0.29 to 0.01) 0.041
Baseline urine protein -0.309 0.039 -2.35 (-5.21 to 0.52) 0.105

Independent variables in the multivariate model were chosen using a stepwise regression analysis where all significant variables listed in the univariate analysis 
were included.
ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CI, confidence interval; KA/EAA, ketoacid analogues of essential amino acids; LPD, 
low protein diet; VLPD, very LPD.
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els between VLPD and LPD groups, because of different 
population settings, especially in CKD stage III with nor-
mal metabolic disturbances at baseline. 

This study had several limitations. First, the patient 
selection was not random and could have contained 
selection bias, including diet compliance, other nephro-
protective therapies, sodium restriction and optimal 
glycemic control. However, factors affecting renal pro-
gression other than dietary protein intake were included 
and analyzed before and during the study and the con-
founding factors were considered in multiple regression 
analysis. Secondly, this study included a relatively small 
number of patients and short follow-up time. The short 
follow-up time may explain the nonsignificant differenc-
es in main renal outcomes, including renal replacement 
therapy. Thirdly, dietary protein intake was assessed 
using a three-day food diary, so we cannot exclude the 
possibility of some patients misjudging intake. As a ret-
rospective study using medical electronic databases, we 
were unable to confirm whether patients actually took 
the dispensed medications. Finally, the generalizability 
of our data is limited to a CKD population with advanced 
age at 70 years. These results may not be applicable to all 
patients with CKD.

In conclusion, VLPD plus KA/EAA treatment was as-
sociated with even greater preservation of renal function 
in CKD stage III-IV. KA/EAA supplementation provides 
an additional therapeutic intervention to slow CKD pro-
gression. The effect of this treatment on long-term renal 
function among patients with CKD should be further as-
sessed using larger patient populations and longer treat-
ment periods.
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