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Abstract

Aim To evaluate the efficacy and safety of the restricted
protein diet supplemented with keto analogues when applied
in end-stage renal disease (ESRD).

Methods The Cochrane Library, PubMed, Embase, CBM
and CENTRAL databases were searched and reviewed up to
January 2017. Clinical trials were analyzed using RevMan
5.3 software.

Results Five randomized controlled trials were selected
and included in this study according to our inclusion and
exclusion criteria. Changes in serum albumin, PTH, triglyc-
eride, cholesterol, calcium, phosphorus, hemoglobin, Kt/v
and CRP before and after treatment were analyzed. Meta-
analysis results indicated that, compared with normal protein
diet, low-protein diet (LPD) supplemented with keto ana-
logues (sLPD) could improve serum albumin (P < 0.00001),
hyperparathyroidism (P < 0.00001) and hyperphosphatemia
(P = 0.008). No differences in triglyceride, cholesterol,
hemoglobin, K#/v and CRP were observed between differ-
ent protein intake groups.

Conclusion Restricted protein diet supplemented with
keto analogues (sLPD) may improve nutritional status and
prevent hyperparathyroidism in ESRD patients. The current
data were mainly obtained from short-term, single-center
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trails with small sample sizes and limited nutritional status
indexes, indicating a need for further study.
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Introduction

End-stage renal disease (ESRD) represents the final stage
of various causes of chronic kidney disease (CKD). With
the development of economy, the prevalence of ESRD has
received increasing focus as one of the leading public health
problems [1-4]. Renal replacement therapy works as one of
the most significant methods for ESRD patients; however, it
cannot work as normal renal simulating physiological state
absolutely [5]. Evidence tells that most ESRD patients who
need maintenance dialysis suffer from malnutrition to some
extent. Many researchers have attributed malnutrition to
restricted protein diet which tends to moderate the symp-
toms of azotemia and acid—base disturbances. Some studies
support restricted protein diet supplemented with keto ana-
logues in the early stages of CKD patients helps gain smaller
possibility of malnutrition in the following stage of main-
tenance dialysis [6, 7]. We previously conducted a meta-
analysis with stage 3—-5 CKD patients who did not enter
the maintenance dialysis stage, and proved that restricted
protein diet supplemented with keto analogues could delay
the progression of CKD, prevent hyperphosphatemia, hyper-
parathyroidism and benefit blood pressure control without
causing malnutrition [8]. However, whether it could still be
available in ESRD patients remains unknown and that is why
we carry out this study.
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Methods
Search strategy

A literature search was performed in PubMed, Embase,
Cochrane Library, China Biology Medicine (CBM) and
China National Knowledge Infrastructure (CNKI). PubMed
(1966-January 2017), Embase (1974-January 2017), the
Central Register of Controlled Trials (1999-January 2017),
the Cochrane Renal Group (1999-January 2017), CBM and
CNKI were searched for the identification of relevant tri-
als. The following search terms were used: keto acid, a-keto
acid, keto analogue, ESRD (end-stage renal disease), ESKD
(end-stage kidney disease), RRT (renal replacement ther-
apy), dialysis, hemodialysis, peritoneal dialysis, low-protein
diet, very low-protein diet, LPD, vLPD, sLPD and svL.PD.

Inclusion criteria and risk of bias

Articles were selected and subsequently screened based
on the patient problem intervention comparison outcome
(PICO) principle. Five randomized controlled trials (RCTs)
were finally selected. Inclusion criteria were: (1) study sub-
jects were ESRD adults receiving maintenance dialysis ther-
apy; (2) study subjects were treated with LPD/VLPD sup-
plemented with keto analogues or free diet; (3) laboratory

test indexes such as serum albumin (Alb), serum triglyceride
(TG), cholesterol (CHO), calcium (Ca) and phosphorus (P)
were clearly reported; (4) study subjects were followed up
for at least 2 months. The exclusion criteria applied were
as follow: (1) study subjects were children or animals; (2)
old low-quality studies (before 1980); (3) studies without
detailed observe indexes; (4) studies whose full texts are
unavailable. Full texts of all potential articles were retrieved
and reviewed independently by at least 2 investigators. Risk
of bias tables recommended by Cochrane network was relied
upon to assess the risk of bias.

Data extraction and management

Two reviewers independently assessed the eligibility of each
article using standard data extraction forms, and any disa-
greement was further reviewed by a third party. For studies
from which detailed data could not be extracted, the authors
were contacted by emails. Basic information such as first
author name, year of publication, study design, inclusion
criteria, study sample size, basic characteristics of study sub-
jects, intervention regimen, drug dosage, follow-up dura-
tion, outcome data and adverse effects was recorded for each
study included. All authors reviewed the final list of articles
and supervised the overall search process.
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Table 2 Risk of bias summary

References Random Allocation Blinding of partici- Blinding of out- Incomplete out- Selective Other bias
sequence genera- concealment  pants and personnel  come assessment  come data reporting
tion

Chen et al. [12] + + ? ? + + +

Liang et al. [9] + ? + ? + + ?

Zhou et al. [10] + + + ? + + ?

Jiang et al. [11] + + + + + + ?

Lietal. [13] + ? + ? - ? ?

Review of the authors’ judgments about each risk of bias item for each included study

+: Good quality (low risk of bias), —: low quality (high risk of bias), ?: unclear quality (unclear risk of bias)

Result suggested a significantly higher serum albumin
level in sLPD group than that in control group (MD 3.84,
95% CI 2.61, 5.06, P < 0.00001). Comparison of cho-
lesterol (CHOL) included 3 RCTs. A fixed-effect model
was applied to compare CHOL level in 3RCTs because
I? = 41%. Result suggested no significance between two
groups (MD — 0.21, 95% CI — 0.52, 0.11, P = 0.20).

Comparison of triglyceride (TG) included 3 RCTs. The
randomized-effects models were used because heterogene-
ity tests indicated I* = 85%. No significant difference was
observed between two groups (MD 0.04, 95% CI — 0.28,
0.36, P = 0.81) (Fig. 2). Moreover, Li’s study assessed
arm muscle circumferences, skin-fold thicknesses, BMI
and Mini-Nutritional Assessment (MNA, Nestlé Nutrition

(A) Control sLPD Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Chen2008 341 65 26 364 77 3 11.0% -2.30[5.99 139 —
Jiang2009 369 35 18 389 44 18 222% -2.00[4.60, 060 —
Liang2015 361 29 28 #1249 28 337% -510[7.21,-289 ——
Zhou2013 3648 51 40 408 46 40 331% -4.30[6.43,-217] ——
Total (95% CI) 112 117 100.0% -3.84 [-5.06,-2.61] L 4
Heterogeneity: Chi*= 415, df= 3 (P = 0.25); F= 28% l = l =
Testfor averall effect Z= 6.15 (P < 0.00001) 05 05 10
Favours [sLPD] Favours [contral]

(B) _ )

sLPD Control Mean Difference Mean Difference
Study or Subgrouy| Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fized, 95% CI
Chen2008 535 14 3 496 1.61 26 16.0% 0.39[0.40,1.18] T
Liang2014 4.4 1 28 4.9 1 28 36.6% -050[-1.02, 002 —
Zhou2013 446 1.03 40 464 1.07 40 47.4% -018[-0.64,0.28]
Total (95% Cly 99 94 100.0% -0.21[-0.52,0.11]
Heterogeneity: Chi*= 3.40, df= 2 (P = 0.18); F= 41% l l T f f
Testfar averall effect: Z= 1.27 (P = 0.20) -4 -2 0 2 4

Favours [sLPD] Favours [control]

(©)

sLPD Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI I, Random, 95% CI
Chen2008 1.72 0.78 31 153 056 26 27.4% 019 [-0.16, 0.54]
Liang2015 164 0.3 28 1.87 0.32 28 366% -0.23[-0.40,-0.086)] =
Zhou2013 1.45 0.33 40 1.25 047 40 36.0% 0.20([0.02,0.38)
Total (95% CI) a9 94 100.0% 0.04 [-0.28, 0.36]

Heterogeneity: Tau®= 0.07; Chi*=13.44, df= 2 (P=0.001); F= 85%
Testfor averall effect: Z=0.24 (F=0.81)

Fig. 2 Comparison of a albumin, b cholesterol, ¢ triglyceride
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Institute). Results showed that all of these indexes were
within the normal range, and no remarkable changes could
be observed before and after treatment [13]. In Chen’s
study, comparison of mid-arm circumference (MAC) and
triceps skin-fold thickness (TSF) revealed no difference
between sLPD and control group. However, the level
of leptin was decreased in sLPD group after treatment
(P < 0.01) which may refer to the reduction in energy
wasting and improvement of nutrition status [12].

sLPD could ameliorate MBD in ESRD patients

Two RCTs were included in the comparison of serum
phosphorus (P) level between sLPD and regular food treat-
ment groups. Meta-analysis using random-effects models
(> = 85%) indicated significantly lower serum phosphorus
level in sSLPD group (MD — 0.37, 95% CI — 0.64, — 0.09,
P =0.008). Two RCTs involved in the comparison of serum
calcium (Ca) level, fixed-effect model (17 = 0%) analysis
suggested better outcome in sSLPD group (MD 0.1, 95% CI
0.09, 0.11, P < 0.00001). Comparison of serum PTH level
was performed using random-effects models with 2 RCTs,
which showed significant effect of sLPD in preventing

hyperparathyroidism (MD — 212.35, 95% CI — 294.28,
—130.42, P < 0.00001) (Fig. 3).

Effects of sLPD on anemia, K¢#/v and inflammatory
biomarkers in ESRD patients

Assessment of hemoglobin, K#/v and CRP included 2 RCTs,
respectively. No significant difference was observed between
sLPD and regular food groups in the present meta-analysis
(Fig. 4). Li’s study also suggested that C-reactive protein
(hsCRP) was similar between treatment group and control
group [13]. Furthermore, in the study by Chen, the com-
parison of interleukin-1oa (IL-1a), interleukin-6 (IL-6) and
tumor necrosis factor-o (TNF-«) indicated lower levels in
sLPD group, but only the change in CRP level reached sta-
tistical significance (P < 0.01) [12]. This result may suggest
reduced inflammatory status in sSLPD group.

Discussion

Nowadays, ESRD has become one of the most vital threats
to health. Not only primary kidney disease induced ESRD,

(A)
sLPD Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Jiang2009 1.49 0.1 18 1.7 0.38 18 439% -0.21 [0.41,-0.01] -
Zhou2013 1.79 015 40 228 0413 40 561% -0.49[-0.55,-0.43] |
Total (95% Cl) 58 58 100.0% -0.37 [-0.64, -0.09] <>
Heterogeneity: Tau?= 0.03; Chi*= 6.84, df=1 (P = 0.009); F= 85% 2 1 : 1 2

Test for overall effect: £= 2.64 (P =0.008)

Favours [sLPD] Fawvours [cantrol]

(B)

Control sLPD Mean Difference Mean Difference
Study or Subgroup _ Mean _SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Jiang2009 23 016 18 246 028 19  03% -016[0.31,-0.01]
Zhou2013 213 002 40 223 0.02 40 897% -010[-0.11,-0.09] .
Total (95% Cl) 58 58 100.0% -0.10[-0.11,-0.09] L]
Heterogeneity: Chi*= 0.62, df= 1 (P = 0.43); F= 0% —t —
Test for overall effect: Z= 22.45 (P < 0.00001) -2 -01 0 01 02

Favours [sLPD] Favours [contral]

(©) _ _

sLPD Control Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI I, Random, 95% CI
Jiang2009 644 356 18 232 1005 18 466% -167.60[-216.85,-118.39] L
Zhou2013 1435 56.8 40 38449 542 40 53.4% -251.40[-275.73,-227.07] |
Total {95% CI) 58 58 100.0% -212.35[-294.28, -130.42] .
Heterogeneity, Tau®= 3118.40; Chi*= 8.94, df=1 (P = 0.003); F= 89% 0 250 5 250 500

Test for overall effect: Z=5.08 (P = 0.00001)

Fig. 3 Comparison of a phosphorus, b calcium, ¢ PTH

Favours [sLPD] Favours [control]
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but also obesity, diabetes, hypertension or other cardio-
vascular disease contribute to the increasing prevalence of
ESRD [15, 16]. The adjusted incidence rate of ESRD, which
includes both dialysis and transplant patients, remains at 352
per million per year [4]. Moreover, ESRD associated mor-
bidity is rising gradually every year in both developing and
developed countries [1-4, 17]. More and more researches
suggested that hyperphosphatemia, CKD-MBD and other
complications remarkably increased the mortality of ESRD
patients. Considering that application of SLPD/sVLPD in
early stage CKD patients could delay the progress of disease
and prevent severe complications such as anemia, hyperten-
sion, hyperphosphatemia, hyperparathyroidism and malnu-
trition [8], researchers began to think it may also be helpful
for ESRD patients receiving dialysis.

Although it is worried that restricted protein diet may
lead to malnutrition because of inadequate nutrient intake,
clinical trials and observational studies relieved this prob-
lem. In the current study, assessment of serum albumin level
(Alb) showed significantly higher level in sLPD group and
comparison of cholesterol (CHOL) and triglyceride (TG)
showed no difference between two groups, suggesting that

sLPD could improve nutritional status of ESRD patients.
The mechanism of this effect may lie in the fact that several
other factors such as metabolic acidosis, uremic toxin accu-
mulation, chronic inflammation, insulin resistance, hyper-
parathyroidism and oxidative stress are also contributive to
ESRD-related PEW (protein-energy wasting) [6, 18]. Sev-
eral investigations have pointed that restricted protein diet
may reduce amino acid oxidation, decrease protein degra-
dation and prevent metabolic acidosis. Therefore, it is help-
ful to maintain a better nutrition status and prevent PEW
in dialysis patients [19-23]. It was previously reported that
sLPD treatment led to clear amelioration of protein synthesis
in peritoneal dialysis (PD) patients and maintained lower
transport rates [24-26].Hence, several studies suggested
that sLPD is safe in CKD patients and would not increase
mortality [7, 26].

Hyperphosphatemia is the leading cause of CKD-MBD
and is associated with increased risk of cardiovascular
diseases as well as mortality rates in CKD patients [14,
27]. Our earlier study reported that restricted protein diet
supplemented with keto analogues could decrease serum
phosphorus and PTH levels in patients of stage 3-5 CKD

A
( ) sLPD Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fized, 95% CI IV, Fixed, 95% CI
Liang2014 84.2 132 28 T8I 114 28 424% 5890[-0.56,12.36]
Zhou2013 1042 137 40 1039 115 40 57.6% 030524 584
Total (95% Cly 68 68 100.0% 2.67[-1.53, 6.88]
Heterogeneity: Chi®=1.66, df=1 (P = 0.20); F= 40% = = - l !
Test for overall effect Z=1.25 (P = 0.21) -100 -50 u 50 100
Favours [sLFD] Favours [control]
(B) _ _ )
Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fized, 95% CI
Jiangz008 22 048 18 212 048 18 17.0% 0.08[0.24, 0.40]
Liz011 1.32 028 20 1.3 017 20 830% 002[0.12 0.16]
Total (95% Cl) 38 38 100.0% 0.03[-0.10,0.16]
Heterogeneity: Chi*=0.11, df=1 (P = 0.74); F= 0% t t t f t
Test for averall effect: Z= 0.45 (P = 0.65) 05 -025 0 025 05
Favours [s(ALPD]  Favours [control]

(©) . )

sLPD Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chen2008 8.8 367 3 1621 2.39 26 80.3% -7.41[9.00,-582) u
Jiangz008 312 308 18 312 3 18 497% 0.00 [-1.959,1.99]
Total {(95% CI) 49 44 100.0% -3.73[-10.99, 3.53]
Heterogeneity: Tau®= 26.61; Chi®= 32.59, df= 1 (P < 0.00001); F= 97% l f f f i

-100 -50 I a0 100

Testfor averall effect £2=1.01 (P=0.31)

Fig. 4 Comparison of a hemoglobin, b K#/v, ¢ CRP
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[8]. For ESRD patients undergoing maintenance dialysis
treatment, the current study confirms that sLPD could be
beneficial to mineral bone disease by decreasing serum
phosphorus, PTH level and avoiding hypocalcemia. Long-
term prospective cohort study also indicated that sLPD
may improve the primary outcomes of native AVF, reduce
the vascular stiffness and calcification, possibly by pre-
serving vascular wall quality through a better serum phos-
phorus and inflammatory reaction control [28].

Although some cohort studies indicated that sLPD
may ameliorate anemia, improve dialysis adequacy and
inflammatory status [12, 29], our meta-analysis does not
show apparent differences between protein restrict group
and regular food group. It was previously reported that
sLPD could prevent the loss of muscle mass, block the
activation of autophagy/mitophagy and decrease inflam-
mation in skeletal muscle in 5/6 nephrectomized rats [30].
Based on this evidence, it is suspected that suboptimal
adherence and low patient compliance may be the rea-
sons of compromised nutrition status observed in several
studies.

Furthermore, it was reported that sSLPD was safe in preg-
nant patients with advanced CKD and may improve fetal
outcomes [31]. Several small sample case reports have sug-
gested that restricted protein diets may favor chronic dialy-
sis discontinuation [32], although the mechanism was still
unknown.

Our study had several limitations. The data analyzed
in the present meta-analysis were obtained from short-
term, small sample sizes, single-center studies. Only 5
RCTs were included in this meta-analysis. And we failed
to obtain individual patient and original data, some nutri-
tional status indexes like BMI, mid-arm circumference
(MAC) and triceps skin-fold thickness (TSF) were only
in one study and some data were presented only as histo-
grams, which may compromise our results. Additionally,
our meta-analysis contained heterogeneity in actual pro-
tein intake levels which may have an impact on the reli-
ability of our results. Therefore, long-term, large sample,
multicenter RCTs are needed to confirm the efficacy and
safety of restricted protein diet in ESRD patients.

Conclusion

Our meta-analysis indicated that restricted protein diet
supplemented with keto analogues may improve nutri-
tional status and prevent hyperparathyroidism in ESRD
patients. However, long-term, large sample, multicenter
RCTs are needed to confirm these results in the future.
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