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ABSTRACT

A dietary protein intake (DPI) of between 0.6
and 0.8 g protein per kilogram body weight per
day (g/kg/day) is frequently recommended for
adults with moderate-to-advanced chronic kid-
ney disease (CKD). However, evidence on whe-
ther patients with diabetic kidney disease (DKD)
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actually benefit from a DPI of < 0.8 g/kg/day
and from a low-protein diet (LPD) at CKD stages
1-3 has not been consistent. We systematically
searched MEDLINE, EMBASE, Cochrane Library,
Web of Knowledge, as well as the bibliographies
of articles identified in the search, for eligible
randomized controlled trials that had investi-
gated the effects of LPD (prescribed DPI < 0.8 g/
kg/day) versus control diet on the progression
of DKD. Nine trials that included 506 partici-
pants and follow-up periods varying from 4.5 to
60 months were included in the subsequent
systematic review and meta-analysis. The data
showed that patients with DKD who consumed
< 0.8g protein/kg/day had a significantly
reduced decline in glomerular filtration rate
(GFR) (mean difference [MD] 22.31 mL/min/
1.73m?, 95% confidence interval [CI] 17.19,
27.42; P <0.01) and a significant decrease in
proteinuria (standard mean difference [SMD]
— 2.26 units, 95% CI — 2.99, — 1.52; P < 0.001)
versus those on the control diet. The benefits of
LPD to patients with DKD at CKD stages 1-3
were a markedly decreased proteinuria (SMD
— 0.96 units, 95% CI — 1.81, — 0.11; P =0.03)
and slight but significant decreases in glycated
hemoglobin (— 0.42%) and cholesterol levels
(— 0.22 mmol/L). Our meta-analysis indicated
that a DPI of < 0.8 g/kg/day was strongly asso-
ciated with a slow decline in GFR and decreased
proteinuria in the patients with DKD. Patients
with CKD stages CKD 1-3 benefited from LPD in
terms of a marked decrease of proteinuria and
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slight but significant improvements in lipid and
glucose control.

Keywords: Diabetic kidney disease; Glomerular
filtration rate; Low-protein diet; Meta-analysis;
Proteinuria

Key Summary Points

Why carry out this study?

Diabetic kidney disease (DKD) is a major
complication of diabetes mellitus and the
leading cause of end-stage renal disease in
developed countries. Dietary
management is one of the most important
measures to delay the progression of DKD.

Research has shown that dietary protein
restriction slows down the progression of
chronic kidney disease, but its role in DKD
remains controversial.

The aim of this study was to assess the
evidence-based efficacy of a low-protein
diet in the management of DKD?

What was learned from the study?

Our assessment of the efficacy of a low-
protein diet in patients at different stages
of DKD was based on evaluations of the
glomerular filtration rate (GFR) and
proteinuria.

We found a strong association between a

low-protein diet and both a slow decline

in GFR and decrease in proteinuria in the
patients with DKD.

Patients at CKD stages 1-3 benefited from
LPD with a marked decrease in proteinuria
and a slight but significant improvement
in lipid and glucose control.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s asso-
ciated Figshare page. To view digital features for
this article go to https://doi.org/10.6084/m9.
figshare.13095599.

INTRODUCTION

Diabetic kidney disease (DKD) is a major com-
plication of diabetes mellitus (DM) and the
leading cause of end-stage renal disease (ESRD)
in developed countries [1]. In China, the past
decade has seen a drastic increase in the preva-
lence of DM-related chronic kidney disease
(CKD) compared to glomerulonephritis-related
CKD [2]. The current recommended standards
of medical care in DKD include diet therapy,
optimal glucose, lipid and blood pressure con-
trol, inhibition of the renin-angiotensin-al-
dosterone system and sodium glucose co-
transporter 2 inhibitor treatment, all of which
have the aim to suppress the progression of
DKD and decrease the risk for cardiovascular
disease [3-5]. However, despite these treat-
ments, some patients with early-stage DKD
rapidly progress to ESRD. Consequently, effec-
tive therapeutic approaches are urgently
needed.

There is an increasing body of evidence
demonstrating that diet therapy, especially a
low-protein diet (LPD), is a fundamental and
safe treatment for suppression of DKD progres-
sion [5-9] and that a very low-protein diet
(VLPD) may be even more beneficial in terms of
renoprotection than a conventional LPD in
patients with non-DKD [10]. Of the various
levels of low-protein intake, the range of
0.6-0.8 g protein per kilogram body weight per
day (g/kg/day) is the most frequently recom-
mended target for adults with moderate-to-ad-
vanced CKD. However, studies on whether
patients with DKD actually benefit from a diet-
ary protein intake (DPI) of < 0.8 g/kg/day and
from a LPD at early stages of CKD (CKD stages
1-3) have not produced consistent results.
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Here, report our updated systemic review
and meta-analysis in which we have included
recent randomized controlled studies (RCTs).
Our aim was to assess the effect of the stan-
dardly prescribed DPI < 0.8 g/kg/day versus an
unrestricted protein diet on renal function and
metabolism in patients with DKD at different
CKD stages.

METHODS

Our study was conducted according to Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [11].

Data Sources and Literature Search

The MEDLINE, EMBASE, Cochrane Library and
Web of Knowledge databases were searched for
eligible RCTs that had investigated the effects of
LPD (prescribed DPI < 0.8 g/kg/day) versus
control diet on kidney function, proteinuria,
glycemic control or nutritional status in
patients with DKD before March 2020. The
search terms used were: “Diet, protein-re-
stricted” OR protein restrict* OR “low protein”
AND “diabetic nephropathies” OR “diabetic
nephropathy” OR “diabetic glomerulo” OR “([-
diabetic OR diabetes] AND [kidney disease OR
renal disease])”. The detailed search strategy
used for MEDLINE is shown in Electronic Sup-
plementary Material (ESM) Table S1. The search
was limited to studies performed on humans,
and no language restriction was imposed. The
bibliographies of studies identified in the search
as eligible for inclusion in our meta-analysis
were also searched manually for relevant stud-
ies. Two authors (QL Li and F Wen) indepen-
dently screened the search records.

This research is based on previously con-
ducted studies and does not contain any studies
with human participants or animals performed
by any of the authors.

Study Selection

Agreement on the final inclusion of studies was
reached by consensus. The inclusion criteria

were: (1) DKD patients with type 1 or type 2 DM
with a mean intervention period > 4 months;
(2) intervention with a protein-restricted diet of
< 0.8 g/kg/day; (3) availability of outcome data
for changes in glomerular filtration rate (GFR)/
estimated GFR (eGFR) or creatinine clearance
(CCr) and proteinuria. Intensive protein
restriction was defined as a mean actual DPI
< 0.8 g/kg/day. Early DKD was defined as CKD
stages 1-3. Studies were excluded if details of
diet were not given or subjects had obvious
hyperfiltration or intervention immediately
before dialysis. Crossover studies were not
included.

Data Extraction and Quality Assessment

Various data elements were extracted from the
publications included in the systemic review
and meta-analysis: (1) age, sex, country and
type and duration of diabetes; (2) dietary
nutritional composition and protein prescribed
(low-protein intake or control), protein intake
assessment methods and intervention period;
and (3) primary (changes in GFR/eGFR or CCr,
changes in proteinuria) and secondary out-
comes (glycated hemoglobin [HbAlc], serum
albumin, serum lipids, ESRD, life quality). GFR
and CCr were used interchangeably because
CCr was commonly used in the included studies
as an estimate of GFR. Early intervention indi-
cated that the GFR/eGFR or CCr of the enrolled
population was > 30 mL/min/1.73 m? Two
authors (QL Li and F Wen) independently
extracted key study characteristics. Any dis-
agreement was resolved by discussion and con-
sultation with other investigators in the
research group.

Two authors (QL Li and F Wen) indepen-
dently assessed the quality of and risk of bias in
each included study using the Cochrane Col-
laboration’s tool to assess the seven types of bias
(sequence generation, allocation concealment,
blinding of participants and personnel, blinding
of outcome assessment, incomplete outcome
data, selective outcome reporting, and other
bias). The overall quality of evidence was rated
using the Grading of Recommendations
Assessment, Development, and Evaluation
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(GRADE) approach using GRADEpro software
V.3.6.1 (for Windows; Jan Brozek, Andrew
Oxman, Holger Schiinemann, updated 2011).

Data Synthesis and Statistical Analysis

The standard deviation was calculated using the
95% confidence interval (CI) or interquartile
range. The methods for calculating the change-
from-baseline SD are referenced in the
Cochrane Handbook version 5.1.0 part 16.1.3
(https://handbook-5-1.cochrane.org/). The cor-
relation coefficient was obtained from other
indicators of the same study or from a study
giving detailed information. The meta-analysis
was performed using Review Manager 5.3
(https://review-manager.software.informer.
com/5.3/; The Cochrane Collaboration, Oxford,
UK). First, a subgroup analysis was performed
for the primary outcomes, such as actual pro-
tein intake (< 0.8, 0.8-1.0 or > 1.0 g/kg/day)
and CKD stage at enrollment (CKD 1-3, CKD
1-5). Other subgroup analyses included types of
diabetes, countries, intervention period, age
and GFR measures. The difference in change in
HbA1lc between two groups was also analyzed.
Meta-analyses of serum albumin and serum
lipid series were compared before and after the
LPD intervention. Most effects were pooled
using a random-effects model, except for the
effects of HbA1lc that were pooled using a fixed-
effects model. Heterogeneity was assessed using
the I* statistic. STATA software (version 12.0;
Stata Corp., College Station, TX, USA) was used
to perform the sensitivity analysis and calculate
publication bias. Statistical significance was set
at P < 0.05 for all analyses.

RESULTS

Selected Studies and Characteristics

A flow diagram of the literature search process is
shown in Fig. 1. Of the 763 articles retrieved
from our search of the databases and bibliogra-
phies of the identified articles, 17 full-text arti-
cles were included for detailed assessments. Of
these 17 articles, one study was subsequently

excluded due to absence of comparison [12];
one study was excluded because the duration of
the intervention was too short [13]; two studies
were crossover designs and excluded [14, 15];
two studies used repeated results and were
excluded [16, 17]; one study was excluded
because it enrolled patients with obvious
hyperfiltration (75% decrease in the GFR resul-
ted from changes in the effective renal plasma
flow [18]); and one study was excluded because
the enrolled patients had worse renal function
than CKD stages 1-3 based on the results that
more than one-half of the patients (20/32) had
entered dialysis or died during an average fol-
low-up of 1.8 years [19]. The nine remaining
studies were included in the quantitative
analysis.

A detailed description of the characteristics
of the included studies is given in Table 1. In
total, 256 and 250 subjects were evaluated in
the LPD group and the control group, respec-
tively, with a mean intervention period ranging
from 4.5 to 60 months. Two of the included
studies focused on patients with type 2 DM; five
focused on those with type 1 DM; and the
remaining two studies included both types of
DM patients. All included RCTs provided data
on changes in GFR or CCr and in proteinuria in
both the intervention and control groups. Two
studies enrolled patients at CKD stage 3 [20, 21];
three studies did not focus on GFR inclusion
criteria, rather they mostly focused on patients
with CKD stages CKD 1-3 at baseline [22-24];
the other four studies made a relatively loose
requirement of CKD between stages 1 and 4
[25-28]. Only one study included patients with
normal albuminuria [24]. Six studies provided
data on the changes in HbAlc. Three studies
provided data on serum albumin before and
after LPD intervention. Three RCTs noted serum
lipid series. Only one study reported ESRD as an
outcome [28]; another study analyzed life
quality as an outcome [25].

Diet Compliance Assessment

All studies assessed dietary protein intake using
24-h urine urea nitrogen excretion as a measure
and/or a food record or recall technique,
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duplicates removed

96 of records

761 of records identified 2 of additional records
through database searching identified through references
570 of records after

79 of records

screened

excluded

8 of full-text articles excluded:
2 cross-over studies

17 relavant full-text articles
assessed for eligibility

1 short of intervention time
2 with repeat results

9 of studies included
in meta-analysis

1 with obvious hyperfiftration
1 immediately pre-dialysis
1 lack of comparison

Fig. 1 Flow diagram of the literature search process. Nine studies meeting the inclusion criteria were included in the

systematic review and meta-analysis

following which the outcomes were analyzed
statistically (Table 2). The prescribed amount of
protein intake in the intervention group ranged
from 0.6 to 0.8 g/kg/day. The average actual
protein intake was 0.9 g/kg/day (range
0.71-1.1 g/kg/day) in the LPD group and 1.29 g/
kg/day in the control group (P < 0.05). In only
two studies did the patients reach a mean daily
protein intake < 0.8 g/kg/day [20, 23], indicat-
ing poor patient compliance to the interven-
tion. In contrast, in more than one-half of the
studies (5/9) patients in the control groups had
a lower mean protein intake (1.03-1.14 g/
kg/day) than the expected levels (1.1-1.2 g/
kg/day). Specifically, of the five studies which
specifically provided data on the energy intake
and/or nutrient contents of the diets
[21-23, 25, 27], only one mentioned that there
was a significant difference in energy intake
during the study period [21]. No study restricted
protein with a ketoanalgue supplement.

Effects of Intensive Protein Restriction
on Renal Function

The decline in change in the weight mean dif-
ference (WMD) for GFR was statistically signifi-
cantly different [WMD 3.86 mL/min/1.73 m?,
95% CI 0.55-7.17 mL/min/1.73 m* P = 0.02;
I? = 89%)] between the LPD and control groups
(Fig. 2a). The heterogeneity was significant, but
a slight asymmetry was found in the funnel plot
(ESM Fig. S1). GFR was showed to be markedly
improved in the subgroup of patients whose
actual protein intake was < 0.8 g/kg/day (MD
22.31 mL/min/1.73 m?, 95% CI
17.19-27.42 mL/min/1.73m?*% P  <0.001;
I? = 0%) (Fig. 2a).

The standard mean difference (SMD) was
used to compare the effect of LPD on protein-
uria because three different measures were used
in the nine RCTs (Table 1). The change in the
SMD for proteinuria was statistically significant
and showed a decrease in 0.88 units in the LPD
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Table 2 Compliance assessment of dietary protein

First author of included study, year of LPD intervention group (g/ Control group (g/kg/day) Methods
publication kg/day)

Prescription Actual® Prescription Actual®
Brouhard, 1990 [26] 0.6 0.93 £ 027  Usual 1.57 £ 0.66 DS 4+ UNE
Ciavarella, 1987 [23] - 0.71 £ 0.12 1.4 144 + 0.12 DS + UUE
Dussol, 2005 [22] 0.8 1.1 £ 0.2 Usual 1.03 £ 0.15 DS + UNE
Hansen, 2002 [28] 0.6 0.89 £ 0.19  Usual 1.02 £ 024 UNE
Koya, 2009 [25] 0.8 09 + 0.2 1.2 1.1 £ 02 DS + UNE
Meloni, 2004 [21] 0.8 0.86 = 0.12  Free 1.24 £ 044 DS + UNE
Pijls, 2002 [24] 0.8 11+018  Usual .14 + 024 UNE
Raal, 1994 [27] 0.8 0.87 1.6 2.0 DS + UNE

(0.70-1.05) (1.71-2.67)

Zeller, 1991 [20] 0.6 0.72 £+ 0.06 1.0 1.08 £ 0.1 UNE

DS Dietary survey, UNE 24-h urinary nitrogen excretion

* Expressed as mean & SD with/without range in parentheses

group (95% CI — 1.53 to — 0.24 units; P
=0.007; I*=90%) (Fig.2b) compared to a
marked improvement in those with an actual
protein intake of < 0.8 g/kg/day (SMD — 2.26
units, 95% CI — 2.99 to — 1.52 units; P
< 0.00001; I* = 0%] (Fig. 2b). The funnel plot
showed no major asymmetry (ESM Fig. S2).

Effects of LPD on Renal Function
in Patients with DKD at Early Stages

The subgroup analysis of patients with CKD
stages 1-3 found no statistical differences in
GFR decline between the LPD and control
groups (WMD 7.33 mL/min/1.73 m? 95% CI
—1.61 to 16.27 mL/min/1.73m?% P =0.11;
I” = 94%) (Fig. 3a). However, the patients with
DKD at CKD stages CKD 1-3 benefited from
protein restriction by achieving a markedly
decreased proteinuria (SMD — 0.96 units, 95%
Cl —1.81 to —0.11; P =0.03; I*=90%)
(Fig. 3b). The funnel plot showed no major
asymmetry.

Subgroup Analysis

Actual protein intake (I? = 98.6%), location
(% = 63.1%) and intervention period
(I = 60.5%) may be responsible for the hetero-
geneity observed during the subgroup analysis
of the effects of LPD on GFR (ESM Table S2).
Patients with DKD exhibited a markedly
improved GFR in those subgroups of patients
with actual protein intake < 0.8 g/kg/day,
intervention period < 1 year or age < 60 years,
or with populations from North America.
However, no significant differences were
observed between the subgroups when actual
protein intake was > 0.8 g/kg/day (P > 0.05;
ESM Table S3).

Subgroup analysis of the effect of LPD on
proteinuria was also performed (ESM Table $4).
The heterogeneity could be partly explained by
actual protein intake (I* = 92.2%), type of DM
(I> = 86.3%), intervention period (I* = 86.4%)
and age (I? = 85.7%). Patients showed
improvement in proteinuria in the subgroups
with actual protein intake < 0.8 g/kg/day, type
1 DM, intervention period < 1 year, mean age <
60 years and GFR measured using radionuclide
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A

LPD Control Mean Difference Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI

<<0.8 g/kg/d
Ciavarella,1987 15 29 7 -11.8 178 9 1.7% 26.80 [2.37, 51.23] —_—
Zeller,1991 -96 3.8 20 -31.7 98 15 13.1% 22.10[16.87, 27.33] -
Subtotal (95% CI) 27 24 14.8% 22.31[17.19, 27.42] .
Heterogeneity: Tau? = 0.00; Chi? = 0.14, df =1 (P =0.71); I = 0%
Test for overall effect: Z = 8.55 (P < 0.00001)

0.8-1.0 g/kg/d
Brouhard, 1990 -18 15 8 -25 19 7 3.0% 7.00[-10.50, 24.50]
Hansen,2002 -3.8 3.04 38 -3.9 3.58 34 18.7% 0.10 [-1.44, 1.64] Bl
Koya, 2009 -6.1 6.5 47 -5.8 57 41 17.5% -0.30 [-2.85, 2.25] .
Meloni,2004 -5.8 1.5 40 -6 13 40 19.4% 0.20 [-0.42, 0.82] r
Raal,1994 3 21 11 -8 27 44 2.4% 11.00 [-9.21, 31.21] >
Subtotal (95% CI) 144 133 61.0% 0.18 [-0.38, 0.74]
Heterogeneity: Tau? = 0.00; Chi? = 1.83,df =4 (P =0.77); I = 0%
Test for overall effect: Z = 0.63 (P = 0.53)

>1.0 g/kg/d
Dussol,2005 -7 11 22 -5 15 25 9.8% -2.00 [-9.46, 5.46] = =
Pijls,2002 -4.8 12 63 -6.4 14 68 14.4% 1.60 [-2.86, 6.06] e
Subtotal (95% Cl) 85 93 24.2% 0.65 [-3.17, 4.48] -
Heterogeneity: Tau? = 0.00; Chi? = 0.66, df =1 (P = 0.42); I = 0%
Test for overall effect: Z = 0.34 (P = 0.74)
Total (95% CI) 256 250 100.0% 3.86 [0.55, 7.17] ‘
Heterogeneity: Tau? = 14.62; Chi? = 73.68, df = 8 (P < 0.00001); I> = 89% _2'0 _1'0 0 1'0 2'0

Test for overall effect: Z = 2.29 (P = 0.02)

Test for subaroup differences: Chi? = 71.05. df = 2 (P < 0.00001). 12 = 97.2%

B

Favours [control] Favours [LPD]

LPD Control Std. Mean Difference Std. Mean Difference
_StudyorSubgroup ~ Mean  SD Total Mean SD Total Weight IV, Random, 95% ClI IV. Random.95%Cl =
<0.8 g/kg/d
Ciavarella, 1987 -229.14 113.57 7 397.78 269.9 9 7.9% -2.73 [-4.20, -1.26]
Zeller,1991 -0.2 0.42 20 1.02 0.72 15  10.9% -2.10 [-2.95, -1.25] -
Subtotal (95% CI) 27 24 18.8% -2.26 [-2.99, -1.52] ’
Heterogeneity: Tau? = 0.00; Chi? = 0.52, df = 1 (P = 0.47); I? = 0%
Test for overall effect: Z = 6.02 (P < 0.00001)
0.8-1.0 g/kg/d
Brouhard, 1990 -407 296.6 8 1,055 1,895 7 9.6% -1.05 [-2.16, 0.05] = =
Hansen,2002 -148 50.82 38 -107 68.25 34 12.5% -0.68 [-1.16, -0.20] -
Koya,2009 03 1.1 47 -0.5 1.1 41 12.6% 0.72[0.29, 1.15] T
Meloni,2004 -1.1 0.95 40 -0.2 0.92 40 12.5% -0.95 [-1.42, -0.49] -
Raal,1994 -69 138.5 11 308 128.2 11 9.1% -2.72 [-3.94, -1.50] -
Subtotal (95% Cl) 144 133 56.3% -0.84 [-1.78, 0.11] >
Heterogeneity: Tau? = 1.00; Chi? = 47.81, df = 4 (P < 0.00001); I* = 92%
Test for overall effect: Z = 1.74 (P = 0.08)
>1.0 g/kg/d
Dussol,2005 156 486 22 114 364 25 121% 0.10 [-0.48, 0.67] B
Pijls, 2002 1.2 12.68 63 0.1 12.21 68 12.9% 0.09 [-0.25, 0.43] T
Subtotal (95% CI) 85 93  25.0% 0.09 [-0.20, 0.38] L 4
Heterogeneity: Tau? = 0.00; Chi? = 0.00, df = 1 (P = 0.98); I = 0%
Test for overall effect: Z = 0.60 (P = 0.55)
Total (95% CI) 256 250 100.0% -0.88 [-1.53, -0.24] -
Heterogeneity: Tau? = 0.81; Chi? = 82.85, df = 8 (P < 0.00001); I? = 90% j‘ _’2 P2 2 i

Test for overall effect: Z = 2.68 (P = 0.007)
Test for subaroup differences: Chi? = 35.24. df = 2 (P < 0.00001). I? = 94.3%

Fig. 2 Effect of intensive protein restriction on the
decrease in GFR (a) and proteinuria (b). Five different
measures of proteinuria were used in the studies. Weights
are from the random-effects analysis. P value < 0.05

assay, and in studies from North America. Even
in the group with actual protein intake > 0.8 g/
kg/day, patients with an intervention period <
1year and mean age < 60 years exhibited a
reduced proteinuria compared with the control
group (ESM Table S3).

Favours [LPD] Favours [control]

indicates a significant difference. CI Confidence interval,
IV weighted mean difference, GFR Glomerular filtration
rate, LPD low-protein diet, SD standard deviation, Std.
standard

Effects of LPD on Metabolism

The HBAlc level was used as the measure of
glycemic level. Patients with DKD on a protein-
restricted diet exhibited a slight but significanty
decrease in HbAlc compared with the control
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A
LPD Control Mean Difference Mean Difference
r r Mean SD Total Mean SD Total Weight IV, Ran % Cl IV, Random, 95% Cl

Ciavarella, 1987 15 29 7 118 17.8 9 87% 26.80[2.37,51.23]

Dussol,2005 7 11 22 5 15 25 21.0%  -2.00[-9.46, 5.46] .

Meloni,2004 58 15 40 -6 13 40 245% 0.20 [-0.42, 0.82] !

Pijls,2002 48 12 63 -64 14 68 232% 1.60 [-2.86, 6.06] ol

Zeller,1991 96 38 20 -31.7 98 15 227% 22.10[16.87,27.33] -

Total (95% CI) 152 157 100.0%  7.33[-1.61, 16.27] -

Heterogeneity: Tau? = 84.73; Chi? = 71.51, df = 4 (P < 0.00001); I? = 94% _5‘0 25 : 2‘5 5’0

Test for overall effect: Z = 1.61 (P =0.11)

B
LPD Control
udy o ybgroup Mean D ota Mean D ofa eigh
Ciavarella, 1987 -229.14 113.57 7 397.78 269.9 9 13.9%
Dussol,2005 156 486 22 114 364 25 21.5%
Meloni,2004 -1.1 0.95 40 -0.2 0.92 40 22.3%
Pijls,2002 1.2 12.68 63 0.1 12.21 68 23.0%
Zeller,1991 -0.2 0.42 20 1.02 0.72 15 19.3%
Total (95% CI) 152 157 100.0%

Heterogeneity: Tau? = 0.79; Chi? = 41.18, df =4 (P < 0.00001); I> = 90%
Test for overall effect: Z =2.20 (P = 0.03)

Fig. 3 Effect of carly protein restriction (during CKD
stages 1-3) on GFR and proteinuria. Changes are
expressed as the weighted mean difference for GFR
(a) and standardized mean difference for proteinuria (b).

group (WMD - 0.42%, 95% CI — 0.68 to
—0.17, P =0.001) (Fig.4a). Moderate hetero-
geneity was found across the studies (I* = 55%).
Three studies [21, 23, 26] mentioned a change
in blood glucose level, and all of these reported
no differences during the follow-up period.
Only two studies [23, 27] described changes in
insulin dose, with one reporting a slight
decrease.

Patients with DKD who were on a protein-
restricted diet showed a slight but significant
decrease in  cholesterol level (WMD
— 0.22 mmol/L, 95% CI  —-0.40 to
— 0.03 mmol/L; P =0.02) (Fig.4b) compared
with the control group. No heterogeneity was
found across the studies for cholesterol
(I = 0%). No signs of deterioration in nutri-
tional status were noted in the LPD groups of
the nine trials during the median follow-up
time of 24 months (WMD - 5.16, 95% CI
— 10.97 to 0.64 g/L; P =0.08; I* = 92%) (ESM
Fig. S3). Nutritional status was mainly assessed
by weight, body mass index, mid-arm

Favours [control] Favours [LPD]

Std. Mean Difference Std. Mean Difference

Random, 95% Cl IV, Random, 95% CI
2.73[-4.20,-1.26] ——

0.10 [-0.48, 0.67] -
-0.95 [-1.42, -0.49] —

0.09 [-0.25, 0.43] -
210 [-2.95, -1.25] —
-0.96 [-1.81, -0.11] -

4 2 0 2 4

Favours [LPD] Favours [control]

Weights are from the random-effects analysis. P value
< 0.05 indicates a significant difference. CKD Chronic
kidney disease,

circumference and pre-albumin status. No signs
of malnutrition were noted in patients in the
LPD groups in the nine trials.

Sensitivity Analysis

A sensitivity analysis was conducted in which
each study was excluded separately from the
analysis to specifically identify the effect of that
study on the outcomes (ESM Fig. S4). Following
exclusion of the study by Zeller et al. [20], the
outcome of GFR decline was negative and the
heterogeneity almost disappeared (WMD 0.20,
95% CI —0.40 to 0.81 mmol/L; P =0.51;
I? = 2%), while the outcome of proteinuria
decline was still positive and the heterogeneity
slightly decreased (SMD — 0.71, 95% CI — 1.34
to — 0.08 mmol/L; P =0.03; I” = 89%). How-
ever, the research design and follow-up of this
trial met the requirements quite well. No evi-
dence supported the notion of excluding this
RCT from the final analysis. Excluding the only
study that enrolled some patients with normal
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Mean Difference
1V, Fixed, 95% CI

Mean Difference
1V, Fixed, 95% CI

0.20 [-1.69, 2.09]
0.70 [-0.12, 1.52]
-0.60 [-1.30, 0.10]
-0.30 [-0.81, 0.21]
-0.70 [-1.07, -0.33]
1.20 [-2.54, 4.94]

[l I—

—-
L

A
LPD Control

r r Mean D Total Mean SD Total Weight
Brouhard, 1990 1 17 8 08 2 7 1.8%
Ciavarella, 1987 0.2 0.85 7 -05 08 9 9.8%
Dussol,2005 -0.5 0.9 22 0.1 15 25 13.5%
Hansen,2002 -0.3 1 38 0 1.2 34 25.0%
Meloni,2004 -1.2 0.95 40 -0.5 0.7 40 49.3%
Raal,1994 -0.3 4.13 1 -15 48 11 0.5%
Total (95% CI) 126 126 100.0%

Heterogeneity: Chi2 = 11.04, df = 5 (P = 0.05); I? = 55%
Test for overall effect: Z = 3.23 (P = 0.001)

B
Before LPD After LPD
e3a ea D
LDL
Raal,1994 39 18 11 38 14 11 100.0%
Subtotal (95% CI) 1 11 100.0%
Heterogeneity: Not applicable
Test for overall effect: Z = 0.15 (P = 0.88)
TG
Meloni,2004 3.1 038 40 2.7 0.8 40 39.6%
Raal, 1994 27 19 11 3 1.9 11 4.1%
Zeller,1991 29 03 20 29 03 15  56.3%
Subtotal (95% CI) 71 66 100.0%

Heterogeneity: Tau? = 0.04; Chi2 = 4.00, df = 2 (P = 0.14); 12 = 50%
Test for overall effect: Z = 0.86 (P = 0.39)

HDL
Raal, 1994 1.2 03 11 08 03 11 100.0%
Subtotal (95% CI) 11 11 100.0%
Heterogeneity: Not applicable
Test for overall effect: Z = 3.13 (P = 0.002)

TC
Meloni,2004 6 1 40 66 23 40 6.2%
Raal, 1994 7.2 36 11 6.8 3.2 11 0.5%
Zeller,1991 51 03 20 53 0.3 15  93.3%
Subtotal (95% CI) 71 66 100.0%

Heterogeneity: Tau? = 0.00; Chi2 = 1.14, df =2 (P = 0.57); 12 = 0%
Test for overall effect: Z = 2.24 (P = 0.02)

Fig. 4 Comparison of changes in HbAlc (%) between the
LPD and control group (a), and serum lipid series before
and after LPD intervention (b). Weights are from the

albuminuria did not change the earlier findings
(P =0.02; I = 90%).

Risk of Bias and Overall Quality
of Evidence

Risk of bias of all included studies is shown in
ESM Fig. S5 and S6. Randomization sequence
generation was mentioned in two studies. One
study allocated patients according to age, sex,

-0.42 [-0.68, -0.17] *

4 2 0 2 4
Favours [LPD] Favours [control]

Mean Difference
IV, R % Cl

Mean Difference

0.10 [-1.25, 1.45]
0.10 [-1.25, 1.45]

0.40 [0.05, 0.75]
-0.30 [-1.89, 1.29]
0.00 [-0.20, 0.20]
0.15 [-0.19, 0.48]

0.40 [0.15, 0.65]
0.40 [0.15, 0.65]

-0.60 [-1.38, 0.18]
0.40 [-2.45, 3.25]
-0.20 [-0.40, 0.00]
-0.22 [-0.42, -0.03]

v

g

1 r 1} 1
t 1 t

-2 -1 0 1 2
Favours [After] Favours [Before]

fixed-effects analysis. P value < 0.05 indicates a significant
difference. HbAlc Glycated hemoglobin

GFR, and other categories. Two studies reported
concealment of allocation. One study reported
the blinding of outcome assessors, and in
another study, the allocation was not known to
the general practitioner or the laboratory per-
sonnel. One study reported an intention-to-
treat analysis. All studies adequately reported
withdrawals. The overall quality of evidence
was low.
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Publication Bias

Little asymmetry was evident in the funnel plot
(ESM Figs. S1, S2). The weighted regression test
indicated no statistical evidence of publication
bias for GFR (bias 1.51; P = 0.174).

DISCUSSION

Our analyses revealed that an actual DPI < 0.8 g/
kg/day provided notable renoprotection in
terms of DKD course by improving both GFR
and proteinuria. In addition, patients actually
maintaining LPD achieved a slight but signifi-
cantly decrease in HbAlc and cholesterol levels
without worsening nutritional status. Our data
clearly show that the patients with DKD with
CKD stages 1-3 who strictly restricted their
protein intake benefited in achieving markedly
decreased proteinuria.

The findings of our study are different from
those of an earlier meta-analysis performed by
Robertson et al. [29]. These latter authors
reported that a LPD delays the progression of
DKD to some extent, but not significantly,
while we found that a LPD provided a marked
renoprotection on the course of diabetic
nephropathy by improving GFR and protein-
uria. One possible explanation these different
conclusions may be associated with the varia-
tions in the inclusion and exclusion criteria of
the respective studies, in particular in the
inclusion of certain studies. For example, there
is some controversy surrounding inclusion of
the two studies by Pijls et al. [17, 24] in the
meta-analysis of Robertson et al. [29]. The two
studies by Pijls et al. [17, 24] both involved
patients with similar baseline demographic and
clinical characteristics, but the more recent
study [24] included a longer intervention period
and a larger number of patients. In our opinion
this made the more recent study an extension of
the previous results and more complete; Due to
a similar design, identical baseline characteris-
tics and availability of data, we decided to
include only the more recent study in our
analysis.

Consistent with most other analyses of RCTs
and several meta-analyses [7, 9, 30, 31], our data

demonstrated that patients with DKD benefited
from a diet characterized by intensive protein
restriction. A sustained LPD dilates the efferent
arterioles and decreases intraglomerular pres-
sure, leading to an improvement in GFR. In
addition, a lower intake of dietary protein
results in inhibition of the glomerular hyperfil-
tration-stimulated mesangial-cell signaling that
leads to increased transforming growth factor 8
release and subsequent progressive fibrosis and,
ultimately, renal inflammation [32]. Impor-
tantly, LPD can be synergistic with the direct
effect of a low-sodium diet as well as the effect
of angiotensin pathway inhibition [8]. How-
ever, this effectiveness was observed only when
the patients’ compliance to the diet was fair. It
should be noted that although the average
mean protein intake in the LPD group of the
present study was significantly lower than that
of the control group, the intervention groups
still consumed approximately 20% excess pro-
tein than prescribed in the diet; only two stud-
ies reported reaching a mean daily intake <
0.8 g/kg/day [20, 23]. Thus, regular surveillance
of DPI is important for assessment of the com-
pliance of patients who on a LPD.

The recommended dietary allowance of
protein for healthy persons is 0.8 g/kg/day; in
comparison, the estimated average requirement
for adults with CKD is 0.66 g/kg/day. Thus, a
diet consisting of 0.6-0.8 g protein/kg/day ful-
fills dietary needs. Indeed, a VLPD (< 0.6 g/
kg/day) supplemented with essential amino
acids or their ketoacids is also prescribed for
certain patients [10]. However, the protein
intake in a normal diet is usually more than the
recommended dietary allowance, especially
patients with DKD, because a high-protein diet
is a popular weight-reduction strategy in per-
sons with diabetes [33]. For people with non-
dialysis-dependent DKD, a daily dietary protein
allowance of < 0.8 g/kg/day is not recom-
mended because it does not alter glycemic
measures, cardiovascular risk measures or the
course of GFR decline by guideline [4] according
to Modification of Diet in Renal Disease study
[34]. However, several relevant limitations of
the MDRD study, such as the relatively small
sample, exclusion of patients with DKD, dis-
counting of racial disparities and failure to
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separate the temporary short-term versus more
persistent long-term effects on GFR, should be
noted [8]. By including more recent studies with
longer intervention period, larger number of
patients and a second analysis of MDRD study
[21, 22], our aim was to extend data provided by
previous studies.

Our analysis also provided evidence that
patients with DKD possibly benefited from LPD
as early as CKD stages 1-3. Current standards of
medical management in DKD, including diet
intervention, glucose and lipid control, inhibi-
tion of the renin-angiotensin-aldosterone sys-
tem and use of sodium glucose co-transporter 2
inhibitors, are recommended strategies to sup-
press the progression of DKD and decrease the
risk of cardiovascular disease [3-5]. Diet inter-
vention, including a low-protein diet, plays a
fundamental role in all aspects of the treatment
of patients with CKD, including DKD. Kalantar-
Zadeh and Fouque [8] reported that early diet
therapy can decelerate the progression of early
stages of CKD and may help delay the need for
kidney replacement therapy in the advanced
stage. In the KDOQI Clinical Practice Guideline
[35, 36], a low-protein diet (0.6-0.8 g/kg/day) is
recommended to patients with DKD. Similarly,
in animal models and human kidney diseases, a
LPD was reported to ameliorate glomerular
hyperfiltration and proteinuria even in an early
stage of kidney disease and in patients previ-
ously consuming a high-protein diet [8, 37].
Importantly, the combination of LPD-keto acid
administration could slow or halt the progres-
sion of renal insufficiency, especially when the
treatment is initiated early [10, 38-40]. How-
ever, most studies to date have focused on
patients at CKD stages 3-4, and only a few
studies followed up with an early stages of DKD
for a short term of 3-4 weeks [41, 42]. Although
a protective effect of LPD on residual renal
function has been reported [19, 28], the assess-
ment of a single effect of dietary restriction in
patients with early DKD is complicated due to
the high drop-out rate in previous studies
[19, 43].

Regarding the safety of and adherence to a
LPD, this study showed that patients with DKD
benefited from LPD by achieving an additional
improvement in glucose and cholesterol control

without any worsening of nutritional status.
Although related data, such as caloric intake
and use of statins, were not provided in the
studies included in our meta-analysis, the
observed better glucose and lipid control was
possibly related to the additional benefits of
LPD because protein restriction concomitantly
reduced caloric intake and improved insulin
resistance in patients with CKD [44]. Mean-
while, the potential risk of protein-energy
wasting of and adherence to a LPD can be
improved by providing adequate energy (30—
35 kcal/kg/day) [45] and ongoing nutritional
education and surveillance [46].

The main limitations of the present study
were the moderate number and size of the RCTs
available for analysis and the heterogeneity of
the participants in these trials. The measures of
GFR and proteinuria or albuminuria varied
because of a large range in the years the studies
were published. The value of GFR change was
not provided in each study. These differences
may explain some of the heterogeneity. Second,
most of the significant results reported here
were related to the short-term effects of dietary
intervention and were notable almost exclu-
sively in younger patients, possibly accounting
for the hemodynamic factors. At the early stage
of DKD, patients suffered from hyperfiltration;
however, LPD may cause changes in renal
function measurements. Also, most of the trials
included in this study included participants
with additional CKD risk factors, including
hypertension and hyperlipidemia, which also
limits the generalizability of the findings.
Moreover, great overlaps in CKD stage might
disguise the real benefit for kidneys. Other fac-
tors, such as hypertension, hyperlipidemia,
inflammation, malnutrition and proteinuria,
have become major causes for the disease with
the progression of DKD. Also, the dietary energy
intake and its effect on LPD were not analyzed
because the data were not available in the
included studies. Although our analysis suggests
that DPI < 0.8 g/kg/day is likely to achieve
additional benefits for cardiovascular disease
and blood glucose control, sufficient data are
lacking to confirm a specific DPI threshold. A
well-designed, large-scale and multicenter study
is needed in the future.
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CONCLUSION

This systemic review and meta-analysis pro-
vided evidence that DPI < 0.8 g/kg/day achieved
a marked renoprotection on the course of dia-
betic nephropathy by improving GFR and pro-
teinuria. Patients with DKD at CKD stages 1-3
benefited from strict protein restriction by
achieving a markedly decreased proteinuria as
well as an additional reduction of lipid and
blood glucose levels without any worsening of
nutritional status.
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