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ABSTRACT

Background

For more than fifty years, low protein diets have been proposed to patients with kidney failure. However, the effects of these diets in
preventing severe kidney failure and the need for maintenance dialysis have not been resolved.

Objectives

To determine the efficacy of low protein diets in delaying the need to start maintenance dialysis.

Search methods

Cochrane Renal Group studies register, the Cochrane Central Register of Controlled studies, MEDLINE, and EMBASE. Congress abstracts
(American Society of Nephrology since 1990, European Dialysis Transplant Association since 1985, International Society of Nephrology
since 1987). Direct contacts with investigators.

Selection criteria

Randomised studies comparing two different levels of protein intake in adult patients suffering from moderate to severe kidney failure,
followed for at least one year.

Data collection and analysis

Two authors independently selected studies and extracted data. Statistical analyses were performed using the random effects model and
the results expressed as risk ratio (RR) for dichotomous outcomes with 95% confidence intervals (Cl). Collection of the number of "renal
deaths" defined as the need for starting dialysis, the death of a patient or a kidney transplant during the study.

Main results

Ten studies were identified from over 40 studies. A total of 2000 patients were analysed, 1002 had received reduced protein intake and 998
a higher protein intake. There were 281 renal deaths recorded, 113 in the low protein diet and 168 in the higher protein diet group (RR 0.68,
95% CI 0.55 to 0.84, P =0.0002). To avoid one renal death, 2 to 56 patients need to be treated with a low protein diet during one year.

Authors' conclusions

Reducing protein intake in patients with chronic kidney disease reduces the occurrence of renal death by 32% as compared with higher or
unrestricted protein intake. The optimal level of protein intake cannot be confirmed from these studies.
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PLAIN LANGUAGE SUMMARY

Low protein diets can delay kidney failure in people with kidney disease (diabetic kidney disease excluded)

Kidney disease (nephropathy) can lead to kidney failure (end-stage kidney disease). A diet low in protein is sometimes recommended to try
to slow the progression of kidney disease. Monitoring compliance with a protein-restricted diet is possible by determining urea production
since urea is a byproduct of the degradation of all proteins. If urea production is reduced then the accumulation of toxins will be limited.The
review of studies for people with kidney disease (diabetic kidney disease excluded) found that low protein diets can delay end-stage kidney
disease.
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BACKGROUND

During the past years, numerous experimental and clinical studies
have addressed the question of reducing protein intake to retard or
even halt the development of non-specific glomerular or interstitial
lesions, and hence the progression of patients towards end-stage
kidney disease (ESKD). Despite the large number of studies on
dietary interventions that were performed a few decades ago, it
is still unclear if patients should limit their protein intake and
if so, to what extent nutritional behaviour should be changed
during chronic kidney disease (CKD). Most of the clinical studies
were designed to test the efficacy of reducing protein intake
on surrogate renal function outcomes, such as serum creatinine
increase or creatinine clearance decrease over time. Unfortunately,
changing protein intake will modify all creatinine markers and
therefore no valid conclusions can be drawn from these studies.
Reducing protein intake decreases creatinine production, reduces
renal function (glomerular filtration as well as creatinine clearance)
by unidentified mechanisms. Although a few studies used what are
considered as gold standard renal function assessments such as
glomerular filtration rate (GFR) the results from these studies have
been conflicting. Moreover, GFR is not a clinical outcome.

OBJECTIVES

To determine the efficacy of low protein diets in preventing the
natural progression of CKD towards ESKD and retard the need for
starting maintenance dialysis.

METHODS

Criteria for considering studies for this review
Types of studies

Studies in which participants have been randomly allocated to
receive either their usual intake of protein or were asked to limit
their protein intake for at least 12 months. Cross-over studies were
considered if the starting period of intervention was randomly
allocated.

Types of participants

o All patients suffering from moderate to severe CKD, as
estimated by either serum creatinine, creatinine clearance or
GFR measurement.

« Because of difficulty to control for confounding factors, studies
including diabetic patients or children with CKD were excluded
from analysis.

Types of interventions

Standard protein intake (0.8 g/kg/d) or greater versus a moderate
(0.6 g/kg/d) to severe protein restriction (0.3 g/kg/d) regardless of
supplementation with essential amino acids or ketoacids.

Types of outcome measures

Renal death as defined by:

1. Death during follow-up, due to any cause

2. Need to start haemodialysis or peritoneal dialysis during follow-
up

3. Kidney transplant during the study

Search methods for identification of studies
Initial search

The initial search for studies was performed by one of the authors
(DF) using the Cochrane Renal Group search strategy. The Renal
Group studies Register was searched by Sandrine Dury, studies
Search Coordinator. MEDLINE and EMBASE were searched from
January 1966 through to June 1999. (Appendix 1 - Electronic search
strategies).

Congress abstracts (American Society of Nephrology since 1990,
European Dialysis Transplant Association since 1985, International
Society of Nephrology since 1987) were handsearched. Authors of
published work were contacted to ask if they were aware of any
unpublished studies.

Review update

For review updates the Cochrane Renal Group's specialised register
and The Cochrane Central Register of Controlled studies (CENTRAL,
in The Cochrane Library) was searched. CENTRAL and the Renal
Group's specialised register contain the handsearched results of
conference proceedings from general and speciality meetings.
This is an ongoing activity across the Cochrane Collaboration and
is both retrospective and prospective (http://www.cochrane.us/
masterlist.asp). Please refer to The Cochrane Renal Review Group's
Module in The Cochrane Library for the complete lis of nephrology
conference proceedings searched.

Data collection and analysis

Two authors independently selected studies for inclusion in the
review. Disagreements were resolved by discussion. For each study,
the number of patients originally allocated to each treatment group
was noted and an intention-to-treat analysis was performed. Data
were obtained directly from investigators when not available in the
published report.

Data collected for each study included inclusion and exclusion
criteria, patient details (age, gender), type of diet prescribed (level
of proposed protein intake, nature of proteins, supplementation in
energy or amino-acids), time to the start of dialysis if available. The
nature of kidney disease was recorded to verify that the distribution
of prognostic factors was balanced between the groups.

No quality assessment of the studies was performed. Details of
the randomisation processes were obtained directly from the
investigators.

Heterogeneity was analysed using a chi-squared test on N-1
degrees of freedom, with an alpha of 0.05 used for statistical
significance and with the 12 test (Higgins 2003). I1? values of 25%,
50% and 75% correspond to low, medium and high levels of
heterogeneity.

RESULTS

Description of studies

Ten RCTs were identified and retained for this review, with 2000
patients, 1002 in the restricted protein intake groups and 998
in the unrestricted or higher protein intake groups. The number
of patients in each study varied from 19 (Jungers 1987) to 585
(MDRD 1994). The collection of events was done after the longest

Low protein diets for chronic kidney disease in non diabetic adults (Review) 3
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observation time obtained in each study. Data obtained during
follow-up but after completion of studies, if present, were not
considered for analysis.

Randomisation and allocation concealment was done using a
computer and kept concealed using numbered, opaque sealed
envelopes (Cianciaruso 2008), envelopes after stratification by age,
gender and renal function (Rosman 1989), after stratification by
renal function and blood pressure levels, by centre and study
and by block permutation (MDRD 1994), after allocating envelopes
without stratification (lhle 1989; Jungers 1987; Williams 1991), by
random number table and a telephone call (Locatelli 1991), random
number table (Malvy 1999). The method of randomisation was not
stated in di lorio 2003 and Mirescu 2007.

The level of renal insufficiency as assessed by CKD stage was
moderate (MDRD 1994 study 1 (CKD 3-4); Locatelli 1991 (CKD 3-4),
Rosman 1989 study A1-B (CKD 3)) or severe (Cianciaruso 2008 (CKD
4-5); di lorio 2003 (CKD 4-5); Ihle 1989 (CKD 4-5); Jungers 1987 (CKD
5); MDRD 1994 study 2 (CKD 4); Malvy 1999 (CKD 4-5); Mirescu 2007
(CKD 4); Rosman 1989 study A2-C (CKD 4-5) and Williams 1991 (CKD
4-5).

Mean age of patients was: 48 years (range 15-73) (Rosman 1989), 62
(32-79) (Jungers 1987), 49 (18-65) (Locatelli 1991), 55 (15-75) (Malvy
1999), 44 (15-70) (Williams 1991), 61 (+ 18) (Cianciaruso 2008), 52
(MDRD 1994) and 55 (di lorio 2003; Mirescu 2007).

The type of kidney disease was available for all studies.
Glomerulopathies represented 36% of included patients (Rosman
1989), 26% (Jungers 1987), 29% (Locatelli 1991), 28% (Malvy 1999),
47% (lhle 1989), 23% (Williams 1991), 25% (MDRD 1994); 58%
(Mirescu 2007)' 35% (di lorio 2003) and 24% (Cianciaruso 2008).
Polycystic kidney disease was present in 6% of patients (Rosman
1989), 21% (Jungers 1987), 16% (Locatelli 1991), 30% (Malvy 1999),
18% (Ihle 1989), 17% (Williams 1991), 24% (MDRD 1994) and 8%
(Cianciaruso 2008). Interstitial nephritis was present in 24% of
patients (Rosman 1989), 16% (Jungers 1987), 34% (Locatelli 1991),
14% (Malvy 1999), 26% (Ihle 1989), 17% (Williams 1991), 15% (di
lorio 2003), 28% (Mirescu 2007), 26% (Cianciaruso 2008) and was
not reported (MDRD 1994). Importantly, these nephropathies were
equally distributed between groups within studies. Six diabetic
nephropathy patients were included in di lorio 2003 (30%). There
were three patients in each group.

Gender (M/F) was as follows: 0.56 (Cianciaruso 2008), 0.54 (Rosman
1989), 0.37 (Jungers 1987), 0.54 (Locatelli 1991), 0.58 (Malvy 1999),
0.67 (Ihle 1989), 0.63 (Williams 1991), 0.61 (Mirescu 2007) and 0.60
(MDRD 1994; di lorio 2003), reflecting the higher male prevalence of
kidney disease. Again, no difference between treated and control
groups was observed.

Risk of bias in included studies

There was no follow-up of treatment, because of the nature of
the nutritional intervention. All studies appeared to use adequate
randomisation processes.

Effects of interventions
Low protein diets versus free or higher protein diets

The overall unadjusted incidence of renal death in the control
groups was 17%, and ranged from 6% (Cianciaruso 2008) to 78%

(Jungers 1987). All but one study (Williams 1991) showed a trend for
a beneficial effect of a restricted protein intake compared with an
unrestricted intake, and one study showed a statistically significant
difference (Ihle 1989). There was no heterogeneity between studies
(x*=8.20,df =9, P = 0.51; I> = 0%). The overall effect was found to
be highly significant, with 113 renal deaths observed with restricted
protein intake compared with 168 events in the unrestricted protein
intake (RR 0.68, 95% Cl 0.55 to 0.84). There was a 32% relative
risk reduction in renal death (P = 0.0002) in favour of a restricted
protein intake. Of importance, due to randomisation, there was a
similar percentage in categories of kidney disease (glomerulopathy,
interstitial nephritis, nephroangiosclerosis, polycystic disease) in
both restricted and unrestricted protein intake groups.

The number of patients needed to be treated (NNT) during one year
to avoid one renal death ranged from 2 (di lorio 2003), 4 (Jungers
1987), 5 (Mirescu 2007) 8 (Malvy 1999), 11 (lhle 1989), 11 (Williams
1991), 14 (Rosman 1989), 37 (Locatelli 1991), 50 (Cianciaruso 2008)
and 56 (MDRD 1994). To estimate the overall benefit of a restricted
protein intake longer than one year, these results should be divided
by the number of years during which the low protein diet is
prescribed.

There was some heterogeneity between diets. This reflects
the absence of homogenous experimental hypotheses and the
historical background of these treatments. Theoretically, the mean
difference in protein intake between higher and restricted protein
intake groups was approximately 0.35 g/kg/d in all studies except
0.2 g/kg/d (Jungers 1987; Williams 1991) and 0.7 g/kg/d (MDRD
1994). However, based on urinary collection of protein waste
products, the actual reduction in protein intake between groups in
each study was less than expected and close to 0.2 g/kg/d (Locatelli
1991), 0.25 g/kg/d (Cianciaruso 2008; Ihle 1989; Williams 1991), 0.3
g/kg/d (Mirescu 2007; Rosman 1989) and 0.35 g/kg/d (MDRD 1994,
in (Kopple 1997)). This value should be considered to be the true
therapeutic intervention estimated by the present review.

The sub-analysis (Analysis 1.1.1) according to a more liberal intake
(0.6 g/kg/d versus higher protein intake, three studies) showed little
effect on renal death (RR0.76,95% Cl 0.54 to 1.05, P=0.10) whereas
for the analysis of more reduced protein intakes (Analysis 1.1.2,
0.3 to 0.6 g/kg/d versus higher/free protein intake, 7 studies), the
difference in renal deaths was strongly significant (RR 0.63, 95% Cl
0.48 t0 0.83, P = 0.0009).

DISCUSSION

Updating two previous meta-analyses (Fouque 1992; Pedrini 1996),
this review shows that reducing the protein intake of patients with
CKD significantly reduces the number of patients entering ESKD by
about 32% (P = 0.0002).

For many decades, reducing protein intake has been proposed
for patients suffering from kidney disease for metabolic purposes.
Urea production, and hence, serum urea can be reduced by
a low protein diet. More recently experimental studies have
suggested that a low protein intake may prevent the natural
progression of CKD towards ESKD thus delaying the start of
maintenance dialysis treatment (Klahr 1989). Reducing protein
intake modifies creatinine concentration, and since this was used
as an intermediary outcome in many reports published since 1975,
it is not possible to use these data to reliably assess the effects
of low protein diets. To avoid problems raised by the use of
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intermediary outcomes, we chose a robust clinical end-point, renal
death. This end-point was easily observed for all patients, i.e., the
date of first dialysis session, kidney transplant or the death of
a patient during the study. Since in some studies, patients were
transplanted before starting dialysis, we also counted them as renal
death. These results were obtained accurately from each paper or
by direct contact with the investigators.

A number of comments should be made (Sacks 1987; Boissel
1989). First, although the populations studied were clinically
heterogeneous in age, gender, types of nephropathy and the level
of protein restriction, the effects of treatments were not statistically
different (heterogeneity test, P = 0.51; 1> = 0%). Secondly, although
the protein intakes were quite different between studies, the fact
that a common effect was found indicates that the gradient in
protein intake is the therapeutic factor. In fact, due to a well
described spontaneous increase in protein intake during a diet
(Kopple 2000), it was not surprising that the true protein intake
gradient between groups was less than expected. Thus, the effect
of the diet might have been even more pronounced if the diet was
better adhered to. Thirdly, because the decision to start dialysis
is often based on serum urea levels (but not only), and since
low protein diets decrease these urea levels, it can be expected
that patients with a reduced protein intake will have a more
reduced serum urea levels and, hence, will start dialysis later
than patients with higher protein intake. Only studies measuring
GFR and reporting a decrease in renal function over time may
give this information. In the present report, two studies used
these markers: (lhle 1989) showed a beneficial effect and (MDRD
1994) reported a nearly significant beneficial effect (P = 0.07).
Interestingly, Kasiske 1998 performed a meta-analysis on the renal
function deterioration (not on the renal death) and showed a
moderate but significant protection by low protein diets (0.5 mL/
min/y less loss for restricted protein intakes than for higher protein
intakes). Even if this represents a renal protective effect of low
protein diets, it is moderate and not responsible for the greater

reduction in renal death we have observed in the present review.
Thus, it is probably a combination of renal protection and better
metabolic control offered by the low protein diets that may explain
the benefit we report here.

The NNT is a tool recently introduced to better compare the
strength of a treatment between studies and to homogenise these
effects when absolute evenrisks are quite different between studies
(Altman 1999). In the present review, NNT during one year for
each study varied from 2 to 56. These variations mainly depend
on the basal risk for renal death at inclusion and correspond to
the impairment in renal function, since the absolute risk of renal
death during the study is greater when renal function is more
impaired (Jungers 1987; Malvy 1999). However, the amplitude of
NNTs among studies is not very large (2 to 56) and thus appears to
be very acceptable in primo-secondary prevention for a treatment
that is not expensive and whose potential side-effects can be
avoided by routine dietary survey. Moreover, these results compare
favourably with the well-accepted mortality reduction obtained by
prescribing statins in the 4S study (NNT = 30) or in the WOSCOPS
study (NNT =111) (Skolbekken 1998).

The funnel plot represents the individual risk ratio (RR)
corresponding to the study patients number (Egger 1997). The
funnel plot representation (Figure 1) shows that the RR from the
four largest studies (Cianciaruso 2008; Locatelli 1991; MDRD 1994;
Rosman 1989) are closer to the common RR (i.e. 0.68), whereas
the smaller studies (Ihle 1989; Malvy 1999; Mirescu 2007) provide
smaller RRs (0.14 to 0.34), suggesting a stronger beneficial effect
of reducing protein intake. The fact that only one small size study
provided an RR greater than 0.61 (Williams 1991) suggests that a
publication bias might have occurred. Indeed, ifinvestigators found
negative or less robust conclusions on small effects (e.g. 20 to 100
patients), they might have censored themselves and were reluctant
to report their findings. Also, medical journals might have refused
to publish negative studies due to inadequate size.

Low protein diets for chronic kidney disease in non diabetic adults (Review) 5
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Figure 1. Funnel plot of comparison: 1 Low protein versus higher protein diets, outcome: 1.1 Renal death.
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Although the sub-analysis based on the degree of protein
restriction led to a stronger benefit for more restricted protein
intake, there are some nutritional risks to a more restricted protein
intake in CKD patients. In this review, sparse nutritional data could
not allow areliable assessment of nutritional consequences of such
diets. Thus, a combined analysis of survival data in one hand and
nutritional requirements in another hand should recommend a
protein intake closer to 0.6 rather than 0.3 g/kg/d.

Attention should be focused on the potential additive protective
effect of a reduction in protein intake and the renoprotective drugs
ACE inhibitors as reported by Gansevoort 1995.

AUTHORS' CONCLUSIONS

Implications for practice

A nutritional intervention should be proposed to patients with
moderate CRF, including a reduction in protein intake. The optimal
level of protein intake cannot be deduced from the present
review. The fact that the actual patient protein intake was greater
than prescribed in all studies suggests that a skilled and regular
dietary survey should be proposed (NKF-KDOQI Guideline #23, in
(DOQI 2000)). Moreover, it has been demonstrated that patients
with CRF left without dietetic survey will express a progressive
decline in protein and energy intakes, potentially contributing
to the decline in nutritional markers (Kopple 2000). By contrast,
feasibility of low protein diets has been shown in large studies
with convincing results (Aparicio 2000), highlighting the fact that
interested teams can motivate patients to the point of excellent

compliance and optimal nutritional benefit, a goal that should
be reached for most patients in all renal units. Thus, based
on physician enthusiasm and dietary survey, the patient may
eventually make his personal treatment choice. Factors other than
diet therapy have demonstrated a renal protective effect and have
been shown to be able to delay ESKD (Locatelli 1999). These include
angiotensin-converting enzyme inhibitors, angiotensin-receptor
blockers, blood pressure control, optimal glucose monitoring in
diabetic patients. Even if it is more difficult to modify dietary habits
than taking blood pressure treatment, a restricted protein intake
should be proposed to the patients in addition to other current and
future renoprotective treatments.

Implications for research

Further nutritional studies may be necessary to characterise the
optimal level of protein restriction and duration of intervention.
Additional studies should test a potential additive effect of
a low protein diet in combination with angiotensin-converting
enzyme inhibitors, angiotensin Il receptor antagonists or other
antiproteinuric medications.
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* Indicates the major publication for the study

Methods
Blinding: Yes
Intention-to-treat: No
Country: Italy

Setting: University Hospital CKD clinic

Randomisation method: Computer generated

Participants Inclusion criteria

« Number: 392
+ Age:61+18years
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Cianciaruso 2008 (Continued)

« Gender (M/F):220/172
« eGFR=30mL/min/1.73 m?
« Stable renal function

Treatment group

« Number: 200
+ Age:61+16years
« Gender (M/F):112/88

Control group

o Number: 192
o Age:62+18years
« Gender (M/F):110/82

Exclusion criteria
+ Malignant disease
« Treatment with immunosuppressive drugs

+ UPE>5g/24h
« Pregnancy

Interventions

Treatment group
« 0.55g/kg/d
Control group

« 0.8g/kg/d

Cointerventions

« Patients were prescribed at least 30 kcal/kg/d (25 kcal/kg/d for overweight patients or if hypertension

or hyperlipidaemia present)
« Daily multivitamin and mineral tablet
 Dietary sodium intake restricted to 2.5 g/d

« Calcium supplements to guarantee calcium intake of 1000-1500 mg/d
« Iron supplementation (200 mg/d oral element iron) as required to maintain transferrin saturation =

20%
Outcomes + Ureanitrogen
« Phosphate
« PTH
« Bicarbonate
» Death
« Commenced dialysis
Notes
Risk of bias
Bias Authors' judgement  Support for judgement

Allocation concealment?

Low risk Numbered opaque sealed envelopes opened in sequence by administration
staff personnel not involved in patient care.
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di lorio 2003

Methods Randomisation method: NS
Blinding: NS
Intention-to-treat: NS
Setting: Outpatient clinic, Italy

Participants Inclusion criteria

« CrCl=25mL/min/1.73 m?
« EPO for 6-12 months

Treatment group

« Number: 10
» Age:57 17 years
« Gender (M/F):6/4

Control group

« Number: 10
« Age:52+15years
« GenderM/F:6/4

3 patients in each group had diabetic kidney disease
Exclusion criteria

« Bleeding or diseases potentially affecting EPO response (i.e. neoplastic diseases, infectious diseases,
severe malnutrition)

« CKD stage: 4-5

Interventions Treatment group (VLP)
« 0.3 gprotein/kg/d
Control group (LP)

« 0.6 g protein/kg/d

Outcomes « CrCl
« MAP
« Urinary sodium mEq/d
« Triglycerides mg/dL
+ Cholesterol mg/dL

« Renal death: End point: CrCl =7 mL/min/1.73 m? or development of uraemic complications requiring
haemodialysis

Notes « 3 month run-in period before randomisation to verify stability of Hb coefficient
« Follow-up: 24 months
« All patients required to restrict dietary sodium intake

« Treatment group diet was supplemented with a mixture of ketoanalogues and essential amino acids
(Alfa Kappa) 1 tablet/5 kg BW.

Risk of bias
Bias Authors' judgement Support for judgement
Allocation concealment? Unclear risk B - Unclear
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lhle 1989

Methods

Study type: Prospective randomised
Duration: 18 months

Participants

Inclusion criteria

« SCr350-1000 umol/L at enrolment
« Gender ratio (M/F): 0.67
« CKD stage: 4-5

Interventions

Treatment group (LPD)
« 0.4 gprotein/kg/d
Control group (free diet)

» Greaterthan 0.75 g/kg/d

Outcomes + Decline in GFR over time

Notes Data obtained from 72 included patients (not from data on 64 patients of the final report)
Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment?

Unclear risk B - Unclear

Jungers 1987

Methods

Study type: Prospective randomised
Duration: 12 months

Participants

inclusion criteria

« SCr500and 900 umol/L at inclusion
o Age: 62 (32-79) years

« M/Fratio: 0.37

« CKD stage:5

Interventions

Treatment group (LPD)

« 0.4 gprotein/kg/d
« Oral supplement with ketoacids (1 tab Ketosteril/kg BW/d)

Control group

» 0.6 g protein/kg//d

Outcomes + Increase in SCr during study
Notes Small effective (n = 19)
Risk of bias

Low protein diets for chronic kidney disease in non diabetic adults (Review)
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Jungers 1987 (Continued)

Bias Authors' judgement  Support for judgement

Allocation concealment? Unclear risk B - Unclear

Locatelli 1991

Methods Study type: Prospective randomised
Setting: Multicentre
Duration: 24 months

Participants Inclusion criteria

« SCR130-620 umol/L at enrolment
o Age: 49 (18-65) years

o M/Fratio: 0.54

« CKD stage: 3-4

Interventions Treatment group (LPD)
« 0.6 g protein/kg/d
Control group

» 1.0 g protein/kg/d

Outcomes « Renalsurvival curve (including start of dialysis or a doubling of baseline SCr during study)

Notes « True difference in protein intake less than 0.4 g protein/kg/d, estimated to be 0.16 g/kg/d based on
urinary analysis and 0.3 g/kg/d based on diet records

« Eventsrecorded at 24 months from the start of study

Risk of bias
Bias Authors' judgement Support for judgement
Allocation concealment? Unclear risk B - Unclear
Malvy 1999
Methods Study type: Prospective randomised
Duration 18 months
Participants Inclusion criteria
o SCr300-900 umol/L at enrolment
o Age: 55 (15-75) years
« M/Fratio: 0.58
« CKD stage: 4-5
Interventions Treatment group (LPD)
« 0.3 gprotein/kg/d
 Oral ketoacid supplement (Ketosteril 1 tab/6 kg BW/d)
Low protein diets for chronic kidney disease in non diabetic adults (Review) 17
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Malvy 1999 (Continued)

Control group

« 0.65 g protein/kg/d

Outcomes « Dialysis or death on survival curve
« Renal death (death or start of dialysis during study) observed at two years

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Allocation concealment? Unclear risk B - Unclear

MDRD 1994

Methods Study type: Prospective randomised
Setting: Multicentre
Duration: 23 months

Participants Inclusion criteria

« Renal function
*  Study 1: 25-55 mL/min/1.73 m?
*  Study 2: 13-24 mL/min/1.73m?
* MAP:<125mm Hg
« Age:52years
« M/Fratio: 0.60
« CKD stage
* Study 1:3-4
* Study2:4

Interventions Treatment group (study 1)
« 0.58 g protein/kg/d
Control group (study 1)
« 1.3 gprotein /kg/d
Treatment group (study 2)

« 0.28 g protein/kg/d
« Oral ketoacid supplement

Control group (study 2)

« 0.58 g protein/kg/d

Outcomes » Slope of GFR decline over time during 2.2 years

Notes « Data were obtained only for study 1

« Event number differs from publication since the publication included events observed during fol-
low-up.

Risk of bias
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MDRD 1994 (Continued)

Bias

Authors' judgement  Support for judgement

Allocation concealment?

Unclear risk B - Unclear

Mirescu 2007

Methods

Country: Romania

Setting: Single centre, prospective, open label, parrallel RCT
Duration: 60 weeks with a 12-week baseline phase

Time frame: 15 Jan 2004 to 15 Feb 2005

Participants

Inclusion criteria

« Adults

+ eGFR<0.5mL/s (30 mL/min/1.73 m?, MDRD formula)

« Stable renal function for at least 12 weeks before enrollment (reduction in eGFR <4 mL/min/y)
« Well controlled arterial pressure

+ Proteinuria<1g/gurinary Cr

« Good nutritional status (subjective Global Assessment score A/B; serum albumin > 35 g/L)
 Anticipated good compliance with the prescribed diet

Treatment group

« Number: 27
o Age:55+12.7years
« Gender (males): 63%

Control group

« Number: 26
+ Age:53.6+11.0 years
« Gender (males): 58%

Exclusion criteria

« Poorly controlled arterial pressure (> 145/85 mm Hg)

« Comorbid conditions: Diabetes mellitus, heart failure, active hepatic disease, digestive diseases with
malabsorption, inflammation/anti-inflammatory therapy

« Uremic complications: Pericarditis, polyneuropathy
» Feedinginability: Anorexia, nausea

Interventions

Treatment group

» Severe hypoproteic diet supplemented with ketoanalogues
* 0.3 g/kg/d vegetable protein

« Ketoanalogues or essential amino acids (Ketosteril, Fresnius Kabi, Bad Homburg, Germany)
* 1 capsule/5 kg of ideal body weight/d
« Total recommended energy intake: 30 kcal/kg/d

Control group

« Conventional low protein diet
* 0.6 g/kg/d (including high biological value proteins)
» Total recommended energy intake: 30 kcal/kg/d

Co-interventions

Low protein diets for chronic kidney disease in non diabetic adults (Review) 19
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Mirescu 2007 (Continued)

« All received calcium and water soluble vitamin supplementation as required.

« Serum ferritin
* <200 ng/mL: 100 mg IV iron sucrose weekly.

* 200-400 ng/mL: 100 mg IV iron sucrose every other week
* 400-500 ng/mL: 100 mg IV iron sucrose monthly
* >500 ng/mL: Iron administration stopped

Outcomes  Nitrogen waste products: serum urea and Cr

« Calcium-phosphorus metabolism: serum calcium, serum phosphate, calcium-phosphorous product,
alkaline phosphatase activity

« Acid-base balance: serum bicarbonate

» Death: patient or 'kidney'

+ Blood pressure

« Drug therapy requirements for hypertension
» Adverse events

Notes + Dietary compliance was assessed weekly for the first month, every 4 weeks for the next 8 weeks and
every 12 weeks thereafter

Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk Not stated

Rosman 1989

Methods Study type: Prospective randomised
Duration: 18 months

Participants Inclusion criteria

« CrCl
* 10-30 mL/min (groups A2 and C)

* 30-60 mL/min (groups Aland B)
o Age:48(15-73) years
« M/Fratio: 0.54
« CKD stage

* group Al: 3

* A2:4-5

* B:3

* C:4-5

Interventions Treatment groups

« 0.6 g protein/kg/d (group B)
« 0.4 gprotein/kg/d (group C)

Control groups

« Freediet (groups Al and A2)

Outcomes « Slope of reciprocal SCr (1/SCr) over time
Notes + Updated report (1989) from previous paper (Lancet 1984; ii:1291-1296)
Low protein diets for chronic kidney disease in non diabetic adults (Review) 20
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Rosman 1989 (Continued)

« Eight patients received a renal transplant in the LPD group and four in the control group and were
counted as renal death event

Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk B - Unclear

Williams 1991

Methods Study type: Prospective randomised
Duration: 18 months

Participants Inclusion criteria

o SCr:200-600 umol/L at enrolment
o Age: 44 (15-70) years

« M/Fratio: 0.63

« CKD stage: 4-5

Interventions Treatment group
« 0.6 g protein/kg/d
Control group

« >0.8gprotein/kg/d

Outcomes + Slope of reciprocal SCr (1/SCr) over time

Notes « Athird group of patients (low phosphorus intake, n = 30) was not kept for analysis
« Eventsrecorded at 18 months from the start of study

Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk D - Not used

CKD - chronic kidney disease; CrCl - creatinine clearance; eGFR - estimated glomerular filtration rate; LPD - low protein diet; MAP - mean
arterial pressure mm Hg; NS - not stated; SCr - serum creatinine; UPE - urinary protein excretion

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion
Alvestrand 1980 Retrospective
Alvestrand 1983 Retrospective
Attman 1983 Not controlled
Attman 1986 Retrospective
Low protein diets for chronic kidney disease in non diabetic adults (Review) 21
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Study

Reason for exclusion

Barsotti 1981

Retrospective

Barsotti 1984

Not randomised

Barsotti 1988

Not controlled

Bellizzi 2007

Not RCT

Bennett 1983

Retrospective

Bergstrom 1989

RCT. Not the final report - 57 patients randomised but data on only 16 patients present-
ed. Renal death not reported.

Bernhard 2001

RCT - randomised to ketoanalogue supplements not protein diet

Brunori 2003

No controlled protein intake

Burns 1978

Not controlled

Coresh 1994

RCT - randomised to keto acid supplements

D'Amico 1994 A number of patients included have been published in the larger Locatelli's study
(Lancet 1991) kept for the meta-analysis
Dek 1998 Not randomised

Di Landro 1986

Not randomised

DODE Study 2007

RCT - randomised to diet or dialysis

El Nahas 1984

Not controlled

Esaian 2002

Not randomised

Frohling 1980

Not randomised

Frohling 1983

Not controlled

Frohling 1989

Not randomised

Fuessl 2006

Not randomised

Gretz 1983

Not randomised

Hecking 1980

Six weeks duration only

IRCCA Study 1988

RCT - randomised to keto acid supplements

lvarsen 1995

RCT - haemodialysis patients

Kampf 1980 Not controlled
Levine 1989 Not controlled
Lim 2000 Six months duration only
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Study Reason for exclusion
Lucas 1986 Not controlled

Maksic 2004 RCT - six months duration
Maroni 1997 Not randomised

Maschio 1982

Not randomised

Masud 1992

Metabolic study, no relevant outcomes

Meisinger 1987

Not randomised

Mitch 1984

Not controlled

Moreira 2007

RCT - haemodialysis patients

Oldrizzi 1985 Not randomised
Patel 2000 Not randomised
Prakash 2003 Less than 12 months duration
Riabov 2001 Not randomised

Sanfelippo 1978

RCT - haemodialysis patients

Schmicker 1986

Not randomised

Teplan 2003 Intervention is EPO not protein

Teplan 2006 RCT - randomised to keto acids and placebo

Terzi 1995 Study performed in children

Walser 1975 Not controlled

Walser 1987 Not controlled

Wingen 1997 Paediatric study

Younes 2006 RCT - randomised to fermentable carbohydrate supplementation
Zakar 1984 Not randomised

Zeller 1991 Diabetic patients only

DATA AND ANALYSES
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Comparison 1. Low protein versus higher protein diets

Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
1 Renal death 10 2000 Risk Ratio (M-H, Random, 95% Cl) 0.68 [0.55, 0.84]
1.10.6 g/kg/d versus higher proteindi- 3 1116 Risk Ratio (M-H, Random, 95% Cl) 0.76 [0.54, 1.05]
et
1.2 0.3- 0.6 g/kg/d versus higher/free 7 884 Risk Ratio (M-H, Random, 95% Cl) 0.63[0.48,0.83]

protein diets

Analysis 1.1. Comparison 1 Low protein versus higher protein diets, Outcome 1 Renal death.

Study or subgroup Low protein Higher protein Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 0.6 g/kg/d versus higher protein diet
Locatelli 1991 21/230 32/236 —T 15.69% 0.67[0.4,1.13]
MDRD 1994 18/291 27/294 —+T 12.86% 0.67[0.38,1.2]
Williams 1991 12/33 11/32 — 9.79% 1.06[0.55,2.04]
Subtotal (95% CI) 554 562 < 38.34% 0.76[0.54,1.05]
Total events: 51 (Low protein), 70 (Higher protein)
Heterogeneity: Tau?=0; Chi*=1.37, df=2(P=0.5); I>=0%
Test for overall effect: Z=1.65(P=0.1)
1.1.2 0.3 - 0.6 g/kg/d versus higher/free protein diets
Cianciaruso 2008 9/212 13/211 — T 6.18% 0.69[0.3,1.58]
di lorio 2003 2/10 7/10 s — 2.49% 0.29[0.08,1.05]
lhle 1989 4/34 13/38 I — 4.07% 0.34[0.12,0.95]
Jungers 1987 5/10 7/9 — 8.37% 0.64[0.32,1.31]
Malvy 1999 11/25 17/25 —+ 15.81% 0.65[0.39,1.09]
Mirescu 2007 1/27 7/26 1.03% 0.14[0.02,1.04]
Rosman 1989 30/130 34/117 —— 23.71% 0.79[0.52,1.21]
Subtotal (95% CI) 448 436 2 2 61.66% 0.63[0.48,0.83]
Total events: 62 (Low protein), 98 (Higher protein)
Heterogeneity: Tau?=0.01; Chi?>=6.27, df=6(P=0.39); 1>=4.36%
Test for overall effect: Z=3.31(P=0)
Total (95% CI) 1002 998 ¢ 100% 0.68[0.55,0.84]
Total events: 113 (Low protein), 168 (Higher protein)
Heterogeneity: Tau?=0; Chi?*=8.2, df=9(P=0.51); I>=0%
Test for overall effect: Z=3.68(P=0)
Test for subgroup differences: Not applicable

Less deaths on low ~ 0.01 0.1 1 10 100

Less deaths on high
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APPENDICES

Appendix 1. Electronic search strategies

Database

Search terms

MEDLINE

. Randomized Clinical Trial.pt
. Controlled Clinical Trial.pt

. Clinical Trial.pt

Random

. Double blind method

. Single blind method

. Placebo

OR1-7

. Animal not Human

10.8 not9

11.Kidney disease OR Kidney failure
12.Nephropathy

© N U~ WN

13.Chronic renal disease

14.0R11-13

15.10 AND 14

16.Dietary intervention OR nutritional intervention
17.Diet protein restricted

18.16 OR 17

19.15AND 18

20.Adults NOT children

21.19AND 20

22.Not Diabetic

CENTRAL

KIDNEY FAILURE

KIDNEY FAILURE CHRONIC

end-stage next renal next failure)
end-stage next kidney next failure)

end next stage next renal next failure)
end next stage next kidney next failure)
end next stage next renal next disease)
end next stage next kidney next disease)
end-stage next renal next disease)
end-stage next kidney next disease)
chronic next renal next failure)

chronic next renal next disease)
13.(chronic next kidney next disease)
14.(chronic next kidney next failure)
15.(#1or#2 or#3 or#4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14)
16.DIET PROTEIN-RESTRICTED

17.DIET THERAPY

18.(low-protein next diet*)

W oEeNR WD

10.
11.
12.

19.(low next protein next diet*)
20.(protein next restrict*)
21.(protein next reduct®)
22.(diet* next restrict*)
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(Continued)

.(diet* next intervention*)

.(#16 or #17 or #18 or #19 or #20 or #21 or #22 or #24)

23.(
24.(nutrition™ next intervention®)
25.(
26.(#15 and #25)

WHAT'S NEW

Date Event Description

12 May 2009 New citation required but conclusions Author list updated
have not changed

31 March 2009 Amended Two new studies added, no change to conclusions

HISTORY

Protocol first published: Issue 4, 2000
Review first published: Issue 4, 2000

Date Event Description
13 October 2008 Amended Converted to new review format.
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