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Abstract

Background Recent data pose the question whether conservative management of chronic kidney disease (CKD) by means of
a low-protein diet can be a safe and effective means to avoid or defer transition to dialysis therapy without causing protein-
energy wasting or cachexia. We aimed to systematically review and meta-analyse the controlled clinical trials with adequate
participants in each trial, providing rigorous contemporary evidence of the impact of a low-protein diet in the management of
uraemia and its complications in patients with CKD.
Methods We searched MEDLINE (PubMed) and other sources for controlled trials on CKD to compare clinical management
of CKD patients under various levels of dietary protein intake or to compare restricted protein intake with other interventions.
Studies with similar patients, interventions, and outcomes were included in the meta-analyses.
Results We identified 16 controlled trials of low-protein diet in CKD that met the stringent qualification criteria including
having 30 or more participants. Compared with diets with protein intake of >0.8 g/kg/day, diets with restricted protein intake
(<0.8 g/kg/day) were associated with higher serum bicarbonate levels, lower phosphorus levels, lower azotemia, lower rates
of progression to end-stage renal disease, and a trend towards lower rates of all-cause death. In addition, very-low-protein
diets (protein intake <0.4 g/kg/day) were associated with greater preservation of kidney function and reduction in the rate
of progression to end-stage renal disease. Safety and adherence to a low-protein diet was not inferior to a normal protein diet,
and there was no difference in the rate of malnutrition or protein-energy wasting.
Conclusions In this pooled analysis of moderate-size controlled trials, a low-protein diet appears to enhance the conserva-
tive management of non-dialysis-dependent CKD and may be considered as a potential option for CKD patients who wish to
avoid or defer dialysis initiation and to slow down the progression of CKD, while the risk of protein-energy wasting and
cachexia remains minimal.

Keywords Low-protein diet; Chronic kidney disease; Glomerular filtration rate; End-stage renal disease; All-cause death; Conserva-
tive management; Cachexia; Protein-energy wasting
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Introduction

Chronic kidney disease (CKD) is among the leading causes of
death worldwide including emerging giant economies such
as India and China.1 Upon its development, kidney function

deteriorates over time until it permanently fails. Management
strategies have largely focused on slowing down progression
to end-stage renal disease (ESRD), at which time, patients are
invariably expected to transition to renal replacement therapy,
mostly in the form of maintenance dialysis treatment.2
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Nevertheless, recent data suggest that attempts to delay or
even prevent transition to dialysis therapymay not be inappro-
priate,3 including a 2009 study that showed that the initiation
of dialysis was associated with a substantial and sustained
decline in functional status of the elderly nursing home
patients.4 Many patients with kidney disease prefer to opt to
exhaust all conservative management options for CKD, includ-
ing nutritional strategies, prior to considering dialysis therapy.5

Century-old evidence suggests that lower dietary protein in-
takemay helpwith CKDmanagement including slowing its pro-
gression, improving albuminuria, and controlling uraemia.6–9

However, results from the Modification of Diet in Renal Dis-
ease study in 1994 were inconclusive with regards to the
efficacy of a low-protein diet (LPD) in slowing the rate of CKD
progression.10 Several meta-analyses that focused on the rate
of CKD progression showed favourable but modest effects of
an LPD.11,12 Nevertheless, no single study has examined all
clinically relevant outcomes, and fewer studies have focused
on the role of an LPD in managing uraemia or other CKD com-
plications such as mineral and bone disorders and metabolic
acidosis without causing protein-energy wasting or cachexia.13

Protein-energy wasting characterized by a decline in body
protein mass and energy reserves, including muscle and fat
wasting and visceral protein pool contraction, is an underap-
preciated condition in early to moderate stages of CKD and a
strong predictor of adverse outcomes.14 The applicability of
many nutritional interventions and their effects on outcomes
in patients with moderate to advanced CKD, including those
with protein-energy wasting or at high risk of its develop-
ment, has not been well studied. The challenge remains as
to how to reconcile low dietary protein intake—to avoid or
delay dialysis initiation—with adequate nutrient intake and
nutritional therapy while insuring favourable nutritional
status and to avoid or correct protein-energy wasting.13 The
field lacks an up-to-date systematic review and meta-analysis
study on the subject with a focus on the conservative
management of CKD. There is an urgency to revisit all tradi-
tional and novel options for the non-dialytic management
of patients with advanced CKD. Given these considerations
and given commonalities and distinctions of the old and
emerging controlled trials over the past two decades follow-
ing the Modification of Diet in Renal Disease study, we aimed
to conduct a comprehensive systematic review and meta-
analysis study examining the effect of an LPD on the clinical
management of patients with CKD.

Materials and methods

K.K.-Z., supported by other coauthors, searched MEDLINE
(PubMed) and other relevant sources with no limitation in
study type, language, and geographical area using the search
terms including ‘low protein diet’, ‘CKD’, and ‘clinical trial’ as

well as additional records identified through other sources in-
cluding prior reviews. A field expert (K. K.-Z) identified any
additional relevant studies. The studies were included if they
described data from controlled trials (including randomized,
self-controlled, parallel, and crossover trials) on CKD patients
(excluding prevalent ESRD patients and those receiving dialy-
sis treatment) to compare clinical outcomes across various
protein intake levels (i.e. protein-free, very-low-protein, low-
protein, moderate-protein, high-protein, very-high-protein,
or unrestricted protein diets) or to compare a restricted pro-
tein intake with another intervention. An LPD was defined as
a diet with a protein content of <0.8 g/kg/day. To ensure
meaningful sample size in each study given our focus on the
conservative management of CKD, we selected only controlled
trials that included at least 30 participants to ensure selection
of studies with adequate sample size and higher level of ro-
bustness15 (Figure 1). The aforementioned endeavour was un-
dertaken to both provide a comprehensive roster of relevant
randomized controlled trials of LPD for CKD management,
which has become Supporting Information, Table S2 of a re-
cently published New England Journal of Medicine review arti-
cle, titled, ‘NutritionalManagement of Chronic Kidney Disease’
by Kalantar-Zadeh and Fouque,16 and for an additional meta-
analysis project that is presented in this manuscript.

We extracted and tabulated the main characteristics and
findings of the included studies as well as comments on their
methodological quality and clinical significance (Table 1).
Also, we evaluated the risk of bias using the Cochrane
Collaboration’s tool for assessing risk of bias (Table 2). We
examined the effects of an LPD or very-low-protein diet
(VLPD) (with or without supplementation with ketoacids or
amino acids) on various outcome measures in CKD patients.
The corresponding authors of the studies with incomplete
results were contacted in order to request further data.

Studies with clinical homogeneity (e.g. similar patients,
interventions, and outcomes) were included in meta-
analyses. Statistical heterogeneity was assessed using the I2

statistic. Summary estimates with a corresponding I2 ≤ 50%
were pooled using fixed-effects meta-analysis while those
with a corresponding I2 > 50% were pooled using the
random-effects model. In addition, in order to ascertain that
our results were not dependent on the selected summary
estimate or meta-analysis model, we completed sensitivity
analyses. Statistical significance was defined as a 95% confi-
dence interval with no overlap with the null effect value
(risk difference/mean difference = 0). For statistical proce-
dures, we used Stata 12 (StataCorp., College Station, TX, USA).

Results

Sixteen randomized controlled trials, reported in 17 articles,
each with at least 30 participants, were included in our
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review (Table 1). Based on the interventions and compari-
sons, the included studies were divided into the following
groups: (i) those comparing LPD with higher-protein
diets10,17–24; (ii) those comparing VLPD with LPD10,25–30; and
(iii) those involving other comparisons31,32 (Table 1). As all
studies were not similar in their recruited patients and/or
outcome measures, not all studies in each category were
meta-analysed (Figures 2 and 3).

Low-protein diet vs. higher-protein diets

For this comparison, LPD was defined as a protein intake of
<0.8 mg/kg/day; therefore, VLPD was also considered a
subgroup of LPD. Our pooled results showed that the risk of
progression to ESRD was significantly lower in those who
received LPD compared with those who received higher-
protein diets (Figure 2A). In addition, the pooled results
indicated a trend towards lower all-cause death in those
who received LPD (Figure 2B).

We also meta-analysed other metabolic factors, which
showed that 1 year serum bicarbonate was significantly
higher in those who received LPD (Figure 2C). However, 1 year
serum phosphorus was comparable in the two groups (Figure
2D). We could not meta-analyse results representing parathy-
roid hormone (PTH), calcium, and other metabolic factors
because of their clinical and methodological heterogeneity.

In addition to the results of our meta-analysis, some
results by individual studies were also informative: serum

PTH was not significantly different in the two intervention
groups according to the results by Cianciaruso et al.19 and
Ihle et al.22 However, Malvy et al.28 completed a longer
follow-up (up to 40 months) and revealed a significantly
lower PTH in those who received a lower protein intake
(mean PTH: 2.71 vs. 5.91 ng/mL; P < 0.001). Similarly, serum
calcium was not significantly different as reported by Ihle
et al.22 and Rosman et al.23 However, it was significantly
higher in the study by Malvy et al.28 with a longer follow-up
duration (serum calcium: 2.42 vs. 2.25 mmol/L; P < 0.01).

Also, Jiang et al.17 showed that in peritoneal dialysis
patients, those who received an LPD had better preservation
of glomerular filtration rate (GFR) and residual kidney
function. In addition, PTH was significantly lower in those
who received ketoacid-supplemented LPD. However, serum
phosphorus and calcium were not significantly different
between the two intervention groups.

Very-low-protein diet vs. low-protein diet

Although the primary aim of this review was to compare LPD
with higher-protein diets, we also performed meta-analyses
of studies comparing VLPD with LPD. The two dietary groups
were respectively defined as those with protein intakes of
<0.4 and 0.4–0.8 mg/kg/day. The pooled results showed that
the progression to ESRD was significantly lower (Figure 3A)
and 1 year GFR was significantly higher (Figure 3C) in those
who received VLPD compared with LPD. In addition, the

Figure 1 Flow diagram of the study selection. See also Supporting Information, Table S2 of the New England Journal of Medicine review article, titled,
‘Nutritional Management of Chronic Kidney Disease’ by Kalantar-Zadeh and Fouque.16

Records screened
(n = 287)

Records excluded due to poor relevance to 
the study subject (n = 241)

Full-text articles 
assessed for eligibility

(n = 46)

Full-text articles excluded due to reporting 
ineligible study designs, inadequate sample 

size, and/or poor relevance (n = 29)

Studies included in 
qualitative synthesis

(n = 17)

Studies included in 
quantitative synthesis 

aka meta-analysis
(n = 9)

Low-protein diet for uraemia 237

Journal of Cachexia, Sarcopenia and Muscle 2018; 9: 235–245
DOI: 10.1002/jcsm.12264



Ta
b
le
1

Se
le
ct
ed

co
n
tr
o
lle
d
tr
ia
ls
(w

it
h
>
30

p
ar
ti
ci
p
an
ts
)
th
at

h
av
e
ex
am

in
ed

th
e
ef
fe
ct
s
o
f
an

LP
D
o
r
V
LP
D
,w

it
h
o
r
w
it
h
o
u
t
su
pp

le
m
en

ta
ti
o
n
w
it
h
ke
to
ac
id
s
o
r
am

in
o
ac
id
s,
o
n
va
ri
o
u
s
o
u
tc
om

e
m
ea
-

su
re
s
in

ch
ro
n
ic
ki
d
n
ey

d
is
ea
se

p
at
ie
n
ts

St
ud

y
(y
ea

r)
Pa

rt
ic
ip
an

ts
D
ie
ta
ry

in
te
rv
en

ti
on

O
ut
co

m
es

Fo
llo

w
-U

p
ti
m
e

Re
su
lt
s

C
om

m
en

t

LP
D
vs
.H

PD
Ji
an

g
et

al
.1
7
,1
8

60
ne

w
ES

RD
pt
s

on
PD

w
it
h
RK

F
LP
D
vs
.s
LP
D

(L
PD

+
ke

to
ac
id
s)

vs
.H

PD

RK
F
an

d
nu

tr
it
io
na

l
m
ar
ke

rs
on

PD
12

m
on

th
s

RK
F
st
ab

le
in

sL
PD

gr
ou

p
bu

t
de

cr
ea

se
d

in
th
e
LP
D
an

d
H
PD

gr
ou

ps
.

N
o
ch

an
ge

fr
om

ba
se
lin

e
on

nu
tr
it
io
na

l
st
at
us

in
an

y
of

th
e

gr
ou

ps
du

rin
g
fo
llo

w
-

up
.

C
ia
nc

ia
ru
so

et
al
.1
9

42
3
pt
s
w
it
h
C
KD

4–
5

Tw
o
di
ff
er
en

t
D
PI

le
ve
ls
0.
55

(n
=

21
2)

vs
.0

.8
0
g/
kg

/d
ay

(n
=

21
1)

C
KD

pr
og

re
ss
io
n
an

d
ch

an
ge

s
in

bl
oo

d
an

d
ur
in
ar
y
bi
om

ar
ke

rs

18
m
on

th
s

Re
du

ce
d
ur
in
ar
y

ex
cr
et
io
n
of

ur
ea

,N
a,

ph
os

in
LP
D
.N

o
di
ff
er
en

ce
s
in

ph
os
,

al
bu

m
in
,P

TH
,

bi
ca
rb
on

at
e.

N
o

ch
an

ge
s
in

bo
dy

co
m
po

si
ti
on

.

Es
ti
m
at
ed

D
PI

in
lo
w

vs
.h

ig
h
gr
ou

ps
w
as

0.
72

vs
.0

.9
2
g/
kg

/d
ay

(P
<

0.
05

).
9
vs
.1

3
pt
s

in
LP
D
vs
.h

ig
he

r
D
PI

st
at
ed

di
al
ys
is
.

M
D
RD

st
ud

y
1

Kl
ah

r
et

al
.1
0

58
5
pt
s
w
it
h
C
KD

3–
4

(G
FR

25
–
55

m
L/
m
in
/

1.
73

m
2
)

U
su
al

pr
ot
ei
n
di
et

(D
PI

1.
3
g/
kg

/d
ay
)
vs
.L

PD
(0
.6

g/
kg

/d
ay
)

C
KD

pr
og

re
ss
io
n,

bl
oo

d
pr
es
su
re
,

pr
ot
ei
nu

ri
a,

nu
tr
it
io
n

27
m
on

th
s

(m
ea

n
fo
llo

w
-u
p)

Pr
oj
ec
te
d
m
ea

n
G
FR

de
cl
in
e
at

3
ye
ar
s
di
d

no
t
di
ff
er

si
gn

ifi
ca
nt
ly

be
tw

ee
n
th
e
di
et

gr
ou

ps
.F

as
te
r
G
FR

de
cl
in
e
in

th
e
fi
rs
t

4
m
on

th
s
in

th
e
LP
D

gr
ou

p.

Tw
o
co

nc
ur
re
nt

ra
nd

om
iz
ed

co
nt
ro
lle

d
tr
ia
ls
.

Se
ru
m

al
bu

m
in

in
cr
ea

se
d
in

bo
th

sV
LP
D
an

d
LP
D
gr
ou

ps
an

d
di
d
no

t
di
ff
er

be
tw

ee
n
gr
ou

ps
.

Lo
ca
te
lli

et
al
.2
0

45
6
pt
s
w
it
h
C
KD

3–
4

LP
D
(0
.7
8
g/
kg

/d
ay
)v

s.
no

rm
al

D
PI

(0
.9

g/
kg

/
da

y)
,b

ot
h

D
EI

>
30

ca
l/k

g/
da

y

Re
na

ls
ur
vi
va
ld

efi
ne

d
as

di
al
ys
is
st
ar
t
or

do
ub

lin
g
of

se
ru
m

cr
ea

ti
ni
ne

2
ye
ar
s

Bo
rd
er
lin

e
di
ff
er
en

ce
,

sl
ig
ht
ly

fe
w
er

pt
s

as
si
gn

ed
to

LP
D
gr
ou

p
re
ac
he

d
th
e
en

dp
oi
nt

(P
=

0.
05

9)
.

Su
bs
ta
nt
ia
lo

ve
rla

p
in

D
PI

be
tw

ee
n
tw

o
gr
ou

ps
.

W
ill
ia
m
s
et

al
.2
1

95
pt
s
w
it
h
C
KD

4–
5

LP
D
(0
.7

g/
kg

/d
ay
)
vs
.

no
rm

al
di
et

(D
PI

1.
02

an
d
1.
14

g/
kg

/d
ay
)

an
d
va
ri
ed

ph
os

co
nt
en

t

C
KD

pr
og

re
ss
io
n
ra
te
s

ac
ro
ss

th
re
e
gr
ou

ps
18

m
on

th
s

N
o
di
ff
er
en

ce
s
in

th
e

re
du

ct
io
n
in

cr
ea

ti
ni
ne

cl
ea

ra
nc

e,
di
al
ys
is

in
it
ia
ti
on

,o
r
m
or
ta
lit
y

am
on

g
th
re
e
gr
ou

ps
.

M
in
or

w
ei
gh

t
lo
ss

in
LP
D
.

Ih
le

et
al
.2
2

72
pt
s
w
it
h
C
KD

4–
5

LP
D
(0
.6

g/
kg

/d
ay
)
vs
.

hi
gh

er
D
PI

(0
.8

g/
kg

/
da

y)

G
FR

ev
er
y
6
m
on

th
s

18
m
on

th
s

St
ab

le
G
FR

in
LP
D
vs
.

lo
ss

of
G
FR

in
co

nt
ro
l

gr
ou

p
(P

<
0.
05

).

LP
D
pt
s
lo
st

w
ei
gh

t
bu

t
no

ch
an

ge
in

an
th
ro
po

m
et
ri
c

m
ea

su
re
s
or

se
ru
m

al
bu

m
in
.

Ro
sm

an
et

al
.2
3
,2
4

24
7
pt
s
w
it
h
C
KD

3–
5

0.
90

–
0.
95

(C
KD

3)
vs
.

0.
70

–
0.
80

g/
kg

/d
ay

(C
KD

4–
5)

vs
.

un
re
st
ri
ct
ed

D
PI

G
FR

af
te
r
2
or

4
ye
ar
s

4
ye
ar
s

A
ft
er

2
ye
ar
s

si
gn

ifi
ca
nt

sl
ow

in
g
of

C
KD

pr
og

re
ss
io
n
in

LP
D
bu

t
on

ly
in

m
al
e

pt
s.

4
ye
ar

re
na

ls
ur
vi
va
l

im
pr
ov

em
en

t
in

LP
D

(6
0
vs
.3

0%
,

P
<

0.
02

5)
.P

KD
pt
s

di
d
no

t
re
sp

on
d
to

LP
D
.

(C
on

ti
nu

es
)

238 C.M. Rhee et al.

Journal of Cachexia, Sarcopenia and Muscle 2018; 9: 235–245
DOI: 10.1002/jcsm.12264



Ta
b
le

1
(c
o
nt
in
u
ed

)

St
ud

y
(y
ea

r)
Pa

rt
ic
ip
an

ts
D
ie
ta
ry

in
te
rv
en

ti
on

O
ut
co

m
es

Fo
llo

w
-U

p
ti
m
e

Re
su
lt
s

C
om

m
en

t

V
LP
D
vs
.L

PD
G
ar
ne

at
a
et

al
.2
5

20
7
no

n-
di
ab

et
ic

pt
s

w
it
h
C
KD

4–
5
(e
G
FR

<
30

m
L/
m
in
/1
.7
3m

2
)

an
d
pr
ot
ei
nu

ri
a
<
1
g/

da
y

LP
D
(0
.6

g/
kg

/d
ay
)
vs
.

sV
LP
D
(v
eg

et
ar
ia
n

V
LP
D
0.
3
g/
kg

/d
ay

w
it
h
KA

)

D
ia
ly
si
s
in
it
ia
ti
on

or
50

%
re
du

ct
io
n

in
in
it
ia
le

G
FR

15
m
on

th
s

A
dj
us
te
d
N
N
T
(9
5%

C
I)
to

av
oi
d
di
al
ys
is

w
as

22
.4

(2
1.
5–

25
.1
)

fo
r
pt
s
w
it
h

eG
FR

<
30

m
L/
m
in
/

1.
73

m
2
bu

t
de

cr
ea

se
d

to
2.
7
(2
.6
–
3.
1)

fo
r
pt
s

w
it
h
eG

FR
<

20
m
L/

m
in
/1
.7
3m

2
in

IT
T

an
al
ys
is
.

Co
rr
ec
ti
on

of
m
et
ab

ol
ic

ab
no

rm
al
it
ie
s

oc
cu

rr
ed

on
ly

w
it
h

sV
LP
D
.C

om
pl
ia
nc

e
to

di
et

w
as

go
od

,w
it
h

no
ch

an
ge

s
in

nu
tr
it
io
na

lm
ea

su
re
.

M
ir
ce
sc
u
et

al
.2
6

53
no

n-
di
ab

et
ic

C
KD

4–
5
pt
s
(e
G
FR

<
30

m
L

/m
in
/1
.7
3m

2
)

sV
LP
D
(0
.3

g/
kg

/d
ay

ve
ge

ta
bl
e
pr
ot
ei
ns
)

su
pp

l.
w
it
h
KA

vs
.L

PD

Tr
an

si
ti
on

to
di
al
ys
is
,

eG
FR

,a
nd

la
bo

ra
to
ry

m
ar
ke

rs

48
w
ee

ks
Le
ss

di
al
ys
is
in
it
ia
ti
on

w
it
h
sV

LP
D
(4

vs
.

27
%
).
St
ab

le
eG

FR
in

sV
LP
D
bu

t
de

cr
ea

se
d

eG
FR

in
co

nt
ro
ls
.

O
pe

n-
la
be

l
ra
nd

om
iz
ed

,
co

nt
ro
lle

d
tr
ia
l.
H
ig
he

r
bi
ca
rb
on

at
e
an

d
lo
w
er

ph
os

in
sV

LP
D
gr
ou

p.
Pr
ak

as
h
et

al
.2
7

34
C
KD

pt
s
(m

ea
n

eG
FR

28
m
L/
m
in
/

1.
73

m
2
)

LP
D
(0
.6

g/
kg

/d
ay
)

w
it
h
pl
ac
eb

o
vs
.

sV
LP
D
(0
.3

g/
kg

/d
ay

w
it
h
KA

)

C
ha

ng
es

in
G
FR

an
d

nu
tr
it
io
na

lm
ar
ke

rs
9
m
on

th
s

St
ab

le
G
FR

in
th
e

sV
LP
D
vs
.w

or
se
ni
ng

nu
tr
it
io
na

lm
ea

su
re
s

an
d
fa
st
er

G
FR

de
cl
in
e

in
LP
D
gr
ou

p.

Pr
os
pe

ct
iv
e,

ra
nd

om
iz
ed

,d
ou

bl
e-

bl
in
d,

pl
ac
eb

o-
co

nt
ro
lle

d
si
ng

le
ce
nt
re

tr
ia
l.

M
al
vy

et
al
.2
8

50
pt
s
w
it
h
C
KD

4–
5

(e
G
FR

<
20

m
L/
m
in
/

1.
73

m
2
)

sV
LP
D
(0
.3

g/
kg

/d
ay
)

w
it
h
KA

vs
.L

PD
(0
.6
5
g/
kg

/d
ay
)

3
m
o
to

eG
FR

>
5
m
L/

m
in
/1
.7
3m

2
or

ne
ed

fo
r
di
al
ys
is

3
ye
ar
s

SU
N
,l
ea

n
bo

dy
m
as
s,

an
d
fa
t
m
as
s

de
cr
ea

se
d
in

sV
LP
D

gr
ou

p.

Ra
nd

om
iz
ed

tr
ia
l.
N
o

di
ff
er
en

ce
in

re
na

l
su
rv
iv
al
,s
V
LP
D
pt
s
lo
st

2.
7
kg

(b
ot
h
fa
t
an

d
le
an

bo
dy

m
as
s)
.

M
on

te
s-
D
el
ga

do
et

al
.2
9

33
pt
s
w
it
h
C
KD

3–
5

LP
D
vs
.L

PD
su
pp

l.
w
it
h
a
lo
w
-p
ro
te
in

an
d
hy

pe
rc
al
or
ic

su
pp

le
m
en

t

Re
na

lf
un

ct
io
n
an

d
nu

tr
it
io
na

ls
ta
tu
s

6
m
on

th
s

Sl
ow

er
C
KD

pr
og

re
ss
io
n
in

th
e

su
pp

le
m
en

te
d
gr
ou

p,
w
it
h
be

tt
er

nu
tr
it
io
na

l
st
at
us

an
d
hi
gh

er
ad

he
re
nc

e.

22
pa

ti
en

ts
co

m
pl
et
ed

th
e
fu
ll
6
m
on

th
st
ud

y.

M
D
RD

st
ud

y
2

Kl
ah

r
et

al
.1
0

25
5
pt
s
w
it
h
C
KD

4–
5

(G
FR

13
–
24

m
L/
m
in
/

1.
73

m
2
)

LP
D
(0
.6

g/
kg

/d
ay
)
vs
.

sV
LP
D
(0
.3

g/
kg

/d
ay

w
it
h
KA

)

C
KD

pr
og

re
ss
io
n,

bl
oo

d
pr
es
su
re
,

pr
ot
ei
nu

ri
a,

nu
tr
it
io
n

27
m
on

th
s

(m
ea

n
fo
llo

w
-u
p)

sV
LP
D
gr
ou

p
ha

d
a

m
ar
gi
na

lly
sl
ow

er
de

cl
in
e
in

G
FR

th
an

LP
D
gr
ou

p
(P

=
0.
06

7)
.H

ig
he

r
C
a,

lo
w
er

ph
os
,

al
ka

lin
e
ph

os
ph

or
us
,

an
d
PT

H
le
ve
ls
in

sV
LP
D
gr
ou

p.

Tw
o
co

nc
ur
re
nt

ra
nd

om
iz
ed

co
nt
ro
lle

d
tr
ia
ls
.

Se
ru
m

al
bu

m
in

in
cr
ea

se
d
in

bo
th

sV
LP
D
an

d
LP
D
gr
ou

ps
an

d
di
d
no

t
di
ff
er

be
tw

ee
n
gr
ou

ps
.

Li
nd

en
au

et
al
.3
0

40
pt
s
w
it
h
C
KD

5
(G

FR
<

15
m
L/
m
in
/

1.
73

m
2
)

LP
D
w
it
h
ca
lc
iu
m

su
pp

l.
(n

=
18

)
vs
.

sV
LP
D

(0
.4

g/
kg

)
w
it
h

KA
(n

=
22

)

Bo
ne

an
d
m
in
er
al

m
ar
ke

rs
in
cl
ud

in
g
vi
a

bo
ne

bi
op

si
es

12
m
on

th
s

D
ec
re
as
ed

se
ru
m

ph
os
ph

or
us

w
it
h

sV
LP
D
,i
m
pr
ov

ed
m
ar
ke

rs
of

bo
ne

br
ea

kd
ow

n
in

bo
ne

CK
D
pr
og

re
ss
io
n
an

d
ot
he

r
ou

tc
om

es
no

t
as
se
ss
ed

.

(C
on

ti
nu

es
)

Low-protein diet for uraemia 239

Journal of Cachexia, Sarcopenia and Muscle 2018; 9: 235–245
DOI: 10.1002/jcsm.12264



pooled results revealed trends towards lower GFR decline
(Figure 3B) and lower 1 year serum urea (Figure 3D) in those
who received VLPD; however, the trends were not significant.
The results representing bicarbonate, phosphorus, PTH, and
calcium could not be meta-analysed because of their
heterogeneity.

Again, in addition to the results of our meta-analysis, we
summarize some key results from the individual studies:
Garneata et al.25 observed higher serum bicarbonate (22.9
vs. 16.2 mEq/L, P < 0.01), higher serum calcium (4.4 vs.
3.9 mmol/L, P < 0.01), and lower serum phosphorus levels
(4.4 vs. 6.2 mg/dL, P < 0.01) in those who received VLPD
vs. LPD. Similarly, Mircescu et al.26 showed higher serum
bicarbonate (23.4 vs. 17.6 mg/dL), higher serum calcium
(4.4 vs. 3.9 mmol/L), and lower phosphorus (4.5 vs.
6 mg/dL) in those who received VLPD compared with LPD.

Also, Lindenau et al.30 reported that in patients with
advanced CKD, those who received VLPD showed better
control of renal osteodystrophy markers including PTH (0.6
vs. 1.53 ng/mL), osteoid surface (34.3 vs. 51.9), and bone
volume (27.9 vs. 25.2); however, most differences did not
reach statistical significance.

Sensitivity analyses

The results of our sensitivity analyses were comparable with
the main meta-analyses, indicating that our results were
not dependent upon the selected meta-analysis methods
(see Supporting Information, Figures S1 and S2).

Other comparisons

Two included studies31,32 compared LPD/VLPD with other
interventions: Brunori et al.31 completed a non-inferiority
trial of supplemented VLPD vs. dialysis in elderly ESRD
patients without diabetes, and they observed that the sur-
vival was not higher in those who received VLPD. In the other
study, Teplan et al.32 compared three interventions in CKD
patients: (i) LPD supplemented with ketoacids plus human re-
combinant erythropoietin (EPO); (ii) non-supplemented LPD
plus EPO; and (iii) non-supplemented LPD alone. They ob-
served that patients receiving supplemented LPD plus EPO
had lower GFR decline and proteinuria and better metabolic
profile. None of the studied trials reported increased risk of
protein-energy wasting or cachexia despite lower protein
intake. There was no safety issue noted in any of the trials.

Discussion

Upon meta-analysing contemporary clinical trials of large sam-
ple size (>30 participants in each trial) that have examined anTa
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LPD for the management of CKD, we found that in comparison
with diets with protein intake of >0.8 g/kg/day, diets with re-
stricted protein intake (<0.8 g/kg/day) were associated with
higher serum bicarbonate levels, lower phosphorus levels,
lower rates of progression to ESRD, and a trend towards lower
rates of all-cause death. In addition, VLPD (protein intake:
<0.4 g/kg/day) was associated with even greater preservation
of kidney function and reduction in the rate of progression to
ESRD. These data may have important clinical and public health
implications upon the conservative management of CKD.

For over half a century, we have regarded dialysis therapy as
a life-saving intervention among patients with advanced kidney
failure, in whom survival would otherwise be impossible. To
that end, more dialysis and earlier dialysis initiation have been
considered tomore favourable patient care strategies, whereas
delayed initiation or less frequent haemodialysis treatment (i.e.
less than thrice-weekly haemodialysis) has been discouraged.
However, emerging studies in recent years have cast doubt
on the universal superiority of earlier dialysis initiation and
more frequent dialysis treatments in the management of ad-
vanced CKD. A study in 2009 suggested that among nursing
home residents with advanced kidney disease, initiation of dial-
ysis was associated with a substantial and sustained decline in
functional status.4 A provocative clinical trial from Australia
and New Zealand in 2010 suggested that planned early initia-
tion of dialysis in patients with Stage 5 CKD was not associated
with improved survival or other clinical outcomes.3 These data
have been supported by an increasing number of observational
studies across different dialysis populations.33 To that end, it is
important to revisit the old adage of the nutritional manage-
ment of CKD and re-examine whether the use of LPD can be

leveraged to conservatively manage uraemic symptoms with-
out the need for dialysis initiation. This potential application
of an LPD is beyond and above its traditional use in studies that
have employed it to slow progression of kidney disease. Even
though the latter is of immense clinical importance, many clini-
cians often encounter patients in very late stages of CKD, for ex-
ample, estimated GFR< 25mL/min/1.73m2, who wish to avoid
or defer dialysis therapy by anymeans possible. Several individ-
ual trials17,18,22–30,34 as well as meta-analysis studies12,35–37

have shown the benefits of protein restriction for such
conservative management of CKD patients.38

We found that the risk of progression to ESRD was
significantly lower in the LPD compared with higher-protein di-
ets and also found a trend towards greater survival in the
former group. The 1 year serum bicarbonate level was
significantly higher in those who received an LPD, which is an
important metric in the treatment of CKD-associated acidosis
and its deleterious effects.39 We also found lower phosphorus
levels and lower azotemia with an LPD, which are important
targets for the conservative management of CKD without dial-
ysis. The safety and adherence to an LPD was not inferior to a
normal protein diet in individual studies. However, we could
not meta-analyse results representing PTH, calcium, and other
selected metabolic factors because of the clinical and method-
ological heterogeneity of the clinical trials. However, these col-
lective results suggest that an LPD may have a potential role in
the conservative management of CKD.

As a systematic review and meta-analysis study, our findings
were limited by the available data regarding the role of re-
stricted protein intake in the management of CKD patients.
The included studies were heterogeneous in their

Table 2 Risk of bias assessment in included studies

Random sequence
generation?

Allocation
concealment?

Blinding of
participants?a

Blinding of
outcome
assessors?

Complete
outcome data?

No selective
reporting?

LPD vs. higher PD
Jiang et al.17,18 Unclear Unclear Unclear Unclear Yes Yes
Cianciaruso et al.19 Yes Yes Unclear Unclear Yes Yes
MDRD study 1
Klahr et al.10

Yes Unclear Unclear Unclear Yes Yes

Locatelli et al.20 Yes Yes Unclear Unclear Yes Yes
Williams et al.21 Yes Unclear Unclear Unclear Yes Yes
Ihle et al.22 Yes Unclear Unclear Unclear Yes Yes
Rosman et al.23,24 Unclear Unclear No No Yes Yes
VLPD vs. LPD
Garneata et al.25 Yes Unclear Unclear Unclear Yes Yes
Mircescu et al.26 Yes Unclear Unclear Unclear Yes Yes
Prakash et al.27 Yes Unclear Yes Yes Yes Yes
Malvy et al.28 Unclear Unclear Unclear Unclear Yes Yes
Montes-Delgado et al.29 Unclear Unclear Unclear Unclear Unclear Yes
MDRD study 2
Klahr et al.10

Yes Unclear Unclear Unclear Yes Yes

Lindenau et al.30 Unclear Unclear Unclear Unclear No Unclear
V/LPD vs. other
Brunori et al.31 Yes Yes No No Yes Yes
Teplan et al.32 Unclear Unclear Unclear Unclear Unclear Yes

aBlinding of participants in diet-based interventions is very difficult and almost unattainable.
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interventions, and they did not report all relevant clinical out-
comes. Also, because of our limited resources, we were unable
to search other electronic databases beyond PubMed. Never-
theless, we were inclusive in our data synthesis and reported
on the meta-analyses of various clinical outcomes using the
most up-to-date evidence, while we excluded studies with
<30 participants as our key a priori selection criterion to
ensure that only well-designed studies with adequate statistical
powers are included. In addition, the external validity of our
findings may be less certain, as the efficacy of the LPD in the
controlled conditions of RCTs does not necessarily translate
into its effectiveness if CKD patients are not adequately com-
pliant to the LPD. Furthermore, we did not assess the risk of
publication bias across our included studies because of the
few studies pooled together in each meta-analysis. In fact,
tests of publication bias, for example, Egger or Begg &
Mazumdarand may generate inaccurate or misleading re-
sults if their ‘sample size’, that is, the number of pooled stud-
ies, is small.

In conclusion, the current evidence confirms the effect of re-
stricted dietary protein intake on favourable metabolic
surrogates of kidney function including azotemia, bone andmin-
eral disorder, and acidosis, as well as slower kidney function loss,
slower progression of CKD, and lower rates of ESRD and death.
None of the studied trials reported increased risk of protein-
energy wasting or cachexia despite lower protein intake, nor
was there any safety issue in any of the trials. Future studies
may focus on further examining the selection of appropriate pa-
tients for nutritional interventions and other approaches in the
conservative management of patients with advanced CKD and
investigating the role of adherence to such therapies.
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