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A B S T R A C T

Background

Diabetic renal disease (diabetic nephropathy) is a leading cause of end-stage renal failure. Once the process has started, it cannot be
reversed by glycaemic control, but progression might be slowed by control of blood pressure and protein restriction.

Objectives

To assess the eFects of dietary protein restriction on the progression of diabetic nephropathy in patients with diabetes.

Search methods

We searched The Cochrane Library, MEDLINE, EMBASE, ISI Proceedings, Science Citation Index Expanded and bibliographies of included
studies.

Selection criteria

Randomised controlled trials (RCTs) and before and aHer studies of the eFects of a modified or restricted protein diet on diabetic renal
function in people with type 1 or type 2 diabetes following diet for at least four months were considered.

Data collection and analysis

Two reviewers performed data extraction and evaluation of quality independently. Pooling of results was done by means of random-eFects
model.

Main results

Twelve studies were included, nine RCTs and three before and aHer studies. Only one study explored all-cause mortality and end-stage
renal disease (ESRD) as endpoints. The relative risk (RR) of ESRD or death was 0.23 (95% confidence interval (CI) 0.07 to 0.72) for patients
assigned to a low protein diet (LPD). Pooling of the seven RCTs in patients with type 1 diabetes resulted in a non-significant reduction in the
decline of glomerular filtration rate (GFR) of 0.1 ml/min/month (95% CI -0.1 to 0.3) in the LPD group. For type 2 diabetes, one trial showed
a small insignificant improvement in the rate of decline of GFR in the protein-restricted group and a second found a similar decline in both
the intervention and control groups. Actual protein intake in the intervention groups ranged from 0.7 to 1.1 g/kg/day. One study noted
malnutrition in the LPD group. We found no data on the eFects of LPDs on health-related quality of life and costs.

Authors' conclusions

The results show that reducing protein intake appears to slightly slow progression to renal failure but not statistically significantly so.
However, questions concerning the level of protein intake and compliance remain. Further longer-term research on large representative
groups of patients with both type 1 and type 2 diabetes mellitus is necessary. Because of the variability amongst patients, there might
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perhaps be a six month therapeutic trial of protein restriction in all individuals, with continuation only in those who responded best. Trials
are required of diFerent types of protein.

P L A I N   L A N G U A G E   S U M M A R Y

Protein restriction for diabetic renal disease

Based on 12 studies, including from eight to 160 people with type 1 and type 2 diabetes for at least an average four-month period, restricted
protein intake appeared to slow progression of diabetic kidney disease, but not by much on average. However, individual variation existed,
therefore a low-protein diet may benefit some individuals. A low-protein diet can be diFicult to adhere to, especially over the long term.
Reducing the amount of animal protein is the usual method but some evidence suggests that a shiH from red meat to white meat and fish
or vegetables may give similar results. We found no data on the eFects of low-protein diet on health-related quality of life and costs.
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B A C K G R O U N D

Description of the condition

Diabetes mellitus

Diabetes mellitus is a metabolic disorder resulting from a defect
in insulin secretion, insulin action, or both. A consequence of this
is chronic hyperglycaemia (i.e. elevated levels of plasma glucose)
with disturbances of carbohydrate, fat and protein metabolism.
Long-term complications of diabetes mellitus include retinopathy,
nephropathy and neuropathy. The risk of cardiovascular disease is
increased. For a detailed overview of diabetes mellitus, please see
under 'Additional information' in the information on the Metabolic
and Endocrine Disorders Group on the Cochrane Library (see 'About
the Cochrane Collaboration', 'Collaborative Review Groups'). For an
explanation of methodology terms see the main Glossary on the
Cochrane Library.

Diabetic Nephropathy

Diabetic nephropathy is one of the most devastating complications
in patients with diabetes. In diabetic nephropathy, damage to the
kidneys occurs as a consequence of hyperglycaemia, which induces
damage of blood vessels leading to several phenomena, including
impaired blood flow. Features include increased excretion of
protein in the urine, increased blood pressure and declining kidney
function. Severe diabetic nephropathy can lead to kidney failure
and end-stage renal disease (ESRD), when individuals must rely
on haemo-dialysis, peritoneal dialysis or kidney transplantation
to survive. The natural history of diabetic nephropathy includes
several stages, starting with apparent normality in the first
few years aHer diagnosis, followed by incipient nephropathy
(characterised by the presence of small amounts of protein in
the urine, known as microalbuminuria), then by overt clinical
nephropathy leading to progressive renal failure (Gross 2005).
Kidney function is measured as the glomerular filtration rate
(GFR), which is a measure of the rate at which blood is filtered
by the kidneys. Creatinine clearance measurements are oHen
used as a surrogate for GFR. Once overt nephropathy develops,
there is a progressive decline in GFR that can be assessed as an
absolute decline in ml/min per year. In most patients with diabetic
nephropathy, the decrease in GFR approaches linearity and is of the
order of 9 to 14 ml/min/year (Mogensen 1976; Parving 1981; Viberti
1983).

With regard to progression to ESRD, the prognosis of type 1
diabetes has improved during the past four decades (Finne 2005).
Initial studies in the 1980s demonstrated that approximately.
80% of microalbuminuric type 1 diabetic patients progressed to
proteinuria over a period of 6 to 14 years. In more recent studies,
only 30% to 45% of microalbuminuric patients have been reported
to progress to proteinuria over 10 years (Gross 2005). However,
diabetes is still the most important cause of ESRD in industrialised
countries (Finne 2005).

Description of the intervention

Various nutritional guidelines for the treatment of diabetes have
been published over the years (Connor 2003). The current UK
recommendations suggest the amount of protein consumed should
not exceed 1 g/kg/day (Connor 2003). The EURODIAB IDDM
Complications Study notes that the average protein intake was
1.5 +/-0.5 g/kg/day (Toeller 1996). In patients with diabetes and

nephropathy, dietary recommendations will change depending on
the stage of the disease and treatment modality.

Traditionally low-protein diets (LPD) were rigid and restrictive and
prescribed using an exchange system to include both high and low
biological value protein. Prescribable low protein products were
available to replace foods such as breads, milk and biscuits. Many
patients described these products as unpalatable and therefore
unhelpful. The energy, sodium and potassium intake would also be
carefully assessed and monitored for each individual. Compliance
with these regimes was diFicult and would have required close
dietetic monitoring in order to avoid protein energy malnutrition
(PEM). PEM is known to adversely aFect outcomes of patients
treated by renal replacement therapy (Ikizler 1995). The cause of
PEM is oHen multifactorial and may include a reduced dietary
intake and increased nutritional losses.

In the early 1980s, a number of studies suggested that restriction of
dietary protein slowed progression to renal failure (Brenner 1982;
El Nahas 1984; Maschio 1982; Rosman 1984; Sitprija 1983). Most of
these studies were on groups of patients with renal failure due to
a variety of causes, and results in the few diabetic patients were
not reported separately. More recently there have been studies
only in patients with diabetes. However protein restriction appears
to be little used in routine diabetes care. This may be due to
pessimism about compliance; people with diabetes already receive
much dietary advice with which compliance is oHen poor. The lack
of use may appear to be justified by the apparently disappointing
results from the largest ever trial of protein restriction in renal
disease; the Modification of Diet in Renal Disease (MDRD) study, in
which a low-protein diet did not appear to aFect the decline in renal
function at three years (Klahr 1994). However, the MDRD study was
again of a mixed group (glomerulonephritis and polycystic disease
made up about half), and there were some promising features.
Compliance to the LPD was shown to be possible, and a longer
follow-up was more promising (Levey 1994). Given the variation
in response according to the aetiology of the renal impairment,
recommendation on the use of LPDs in diabetes should be based
on trials in patients with diabetes.

Why it is important to do this review

We are aware of one previous meta-analyses having been carried
out by Pedrini et al. (Pedrini 1996). In five studies of patients
with type 1 diabetes mellitus, a LPD significantly slowed the
increase in urinary albumin level or the decline GFR or creatinine
clearance (relative risk (RR) 0.56, 95% confidence interval (CI) 0.40
to 0.77). The authors concluded that a LPD eFectively slows the
rate of progression of both diabetic and non-diabetic renal disease.
However, there were only 108 patients included which may be too
small to make firm conclusions (Pedrini 1996). To our knowledge,
the only other published review is an updated version of the original
Cochrane review published as a book chapter in 2003 (Waugh 2003).
The present review updates the original Cochrane review to include
new evidence from studies which have been published since then.

O B J E C T I V E S

To assess the eFects of dietary protein restriction on the
progression of diabetic nephropathy in patients with diabetes.
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M E T H O D S

Criteria for considering studies for this review

Types of studies

Trial Design

Studies were considered eligible if they were randomised
controlled trials (RCT) or before and aHer trials fulfilling the
inclusion criteria. This review was not restricted to RCTs, since given
the steady progression of nephropathy (Mogensen 1976; Parving
1981; Viberti 1983), it was considered that patients could act as their
own controls in a before and aHer analysis.

Trial Duration

We only included trials with interventions that lasted a minimum
of four months as recommended by Zeller 1991 in order to allow
serum creatinine levels to reach a steady state .

Exclusion Criteria

Design or analysis flawed, for example if anti-hypertensive
treatment was started or increased at the same time as diet was
changed.

Types of participants

Inclusion Criteria

We included trials involving people of any age with either type 1 or
type 2 diabetes and nephropathy.

Diagnostic Criteria

Diabetes mellitus

Ideally, the diagnostic criteria for type 1 and type 2 diabetes
mellitus should have been described in the trial. To be consistent
with changes in classification and diagnostic criteria of diabetes
through the years, the diagnosis should have been established
using the standard criteria valid at the time of the beginning of the
trial.

Diabetic nephropathy

Nephropathy is a clinical diagnosis based upon the finding of
proteinuria in a patient with diabetes and in whom there is
no evidence of urinary infection. Conventionally, the level of
proteinuria for a diagnosis of 'clinical nephropathy' or 'overt
nephropathy' is 0.5 g/day, which is roughly equivalent to a urinary
albumin excretion rate (UAER) of 300 mg/day. Patients with a UAER
between 30 and 300 mg/day (or 20 to 200 mg/L) are defined
as having 'microalbuminuria' or 'incipient nephropathy'. Although
timed urine collections remain the 'gold standard' for diagnosis,
they are cumbersome to use in routine clinical practice and most
definitions of clinical or incipient nephropathy depend upon a
'spot' urine sample and thus a test of albumin concentration.
Results in excess of 300 mg/day define clinical and incipient
nephropathy. Sensitivity and specificity can be improved by using
an early morning, first-voided specimen and correcting the albumin
level for creatinine concentration (albumin:creatinine ratio) (Bilous
2005).

Types of interventions

All types of reduced or modified (for example vegetable rather than
animal) protein diets lasting a minimum of four months.

Comparisons

Usual (free or unrestricted) protein diet

Exclusion Criteria

Studies were excluded if insuFicient details of diet were given
or if the intervention was immediately pre-dialysis. Studies were
excluded if results for individuals with diabetes were not given
separately.

Types of outcome measures

Primary outcomes

• all-cause mortality;

• end-stage renal disease;

• glomerular filtration rate (GFR).

Secondary outcomes

• adverse eFects (including nutritional status);

• measures of compliance with low-protein diet (LPD);

• health-related quality of life;

• costs.

Search methods for identification of studies

Electronic searches

We used the following sources for the identification of trials:

• The Cochrane Library (issue 3, 2006);

• MEDLINE (until May 2006);

• EMBASE (until May 2006);

• ISI Proceedings (until July 2006);

• Science Citation Index Expanded (until July 2006).

The described search strategy (see for a detailed search strategy
Appendix 1) was used for MEDLINE. For use with EMBASE, The
Cochrane Library and the other databases this strategy was slightly
adapted.

Studies published in any language were included.

Searching other resources

We searched reference lists of relevant trials and reviews.

Data collection and analysis

Selection of studies

All records from each database were imported to the bibliographic
package, Reference Manager (Version 10), checked for duplicates
and merged into one core database. AHer reviewing titles and
abstracts, full articles were retrieved for further assessment if the
information given suggested the study might be relevant. Study
selection was independently performed by two reviewers.
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Data extraction and management

Data concerning details of study population, intervention and
outcomes were extracted independently by two reviewers (LR,
AR) using a standard data extraction sheet. Data on participants,
interventions and outcomes, as described above, were abstracted.
The data extraction sheet included the following items:

• general information: published/unpublished, title, authors,
reference/source, contact address, country, year of
publication,setting;

• trial characteristics: design, duration of follow up, method of
randomisation, allocation concealment, blinding;

• intervention(s): interventions(s), comparison intervention(s);

• participants: sampling, exclusion criteria, total number and
number in comparison groups, age, type of diabetes mellitus,
similarity of groups at baseline, assessment of compliance,
withdrawals/losses to follow-up/drop-outs;

• outcomes: outcomes specified above, how outcomes were
assessed, other events, length of follow-up, quality of reporting
of outcomes;

• results: for outcomes and times of assessment, intention-to-
treat analysis.

Assessment of risk of bias in included studies

Assessment of the methodological quality of reporting of RCTs was
based largely on the quality criteria specified by Schulz and Jadad
(Jadad 1996; Schulz 1995). In particular the following factors were
studied:

• minimisation of selection bias - a) was the randomisation
procedure adequate? b) was the allocation concealment
adequate?

• minimisation of attrition bias - a) were withdrawals properly
described? b) was analysis by intention to treat?

• minimisation of detection bias - were outcome assessors blind
to the intervention?

Assessment of the quality of reporting of before and aHer studies
was done qualitatively.

Assessment of heterogeneity

In the event of substantial clinical or methodological or statistical
heterogeneity, study results were not planned to be combined in
a meta-analysis. Heterogeneity was identified by visual inspection

of the forest plots, by using a standard χ2-test and a significance
level of α = 0.1, in view of the low power of such tests. Quantification

of heterogeneity was also examined with I2, ranging from 0%
to 100% including its 95% confidence interval (Higgins 2002).

I2 demonstrates the percentage of total variation across studies
due to heterogeneity and was used to judge the consistency of

evidence. I2 values of 50% and more indicate a substantial level
of heterogeneity (Higgins 2003). When heterogeneity was found,
we attempted to determine potential reasons for it by examining
individual study characteristics and those of subgroups of the main
body of evidence.

Assessment of reporting biases

Funnel plots were planned to be used in exploratory data analyses
to assess for the potential existence of small study bias. There

are a number of explanations for the asymmetry of a funnel plot,
including true heterogeneity of eFect with respect to study size,
poor methodological design of small studies (Sterne 2001) and
publication bias.

Data synthesis

Data on changes in glomerular filtration rate (GFR) were
summarised in a meta-analysis for trials with people with type 1
diabetes (only RCTs). Continuous data were expressed as weighted
mean diFerences. Pooled results were analysed using a random-
eFects model. It was not possible to do a meta-analysis on trials
with people with type 2 diabetes as insuFicient studies were
identified. We extracted the baseline and post-intervention means
with standard deviations (SD) for the intervention and control
groups. Any standard errors (SE) and confidence intervals (CI) were
transformed into SDs where appropriate.

Subgroup analysis and investigation of heterogeneity

Subgroup analyses were planned to be only performed if one of the
primary outcome parameters demonstrated statistically significant
diFerences between treatment groups. The following subgroup
analyses were planned:

• gender (female versus male);

• age (depending on data but especially older versus younger
patients);

• type 1 versus type 2 diabetic people.

Subgroup analyses were planned to be mainly used to explore
clinical or methodological or statistical heterogeneity.

Sensitivity analysis

We planned to perform sensitivity analyses in order to explore the
influence of the following factors on eFect size:

• repeating the analysis excluding unpublished studies;

• repeating the analysis taking account of study quality, as
specified above;

• repeating the analysis excluding any very long or large studies
to establish how much they dominate the results;

• repeating the analysis excluding studies using the following
filters: diagnostic criteria, language of publication, source of
funding (industry versus other), country.

The robustness of the results was also planned be tested by
repeating the analysis using diFerent measures of eFects size (risk
diFerence, odds ratio etc.) and diFerent statistical models (fixed
and random eFects models).

R E S U L T S

Description of studies

Results of the search

The initial search identified 3632 records (aHer removal of
duplicates), from these, 36 full papers were identified for further
examination. The other studies were excluded on the basis of their
abstracts because they were not relevant to the question under
study. AHer screening the full text of the selected papers, 12 studies
finally met the inclusion criteria.
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Included studies

Details of the characteristics of the 12 included studies are shown in
the table Characteristics of included studies. In the study by Walker
et al., four patients started antihypertensive treatment while on
the low-protein diet (LPD) (Walker 1989). However, as individual
patient details were provided, the data for these four patients were
excluded from our analysis.

Designs

Nine RCTs and three before and aHer studies were included in the
review. The mean duration of the interventions ranged from 4.5
months to four years.

Participants

Overall there were 585 participants in the 12 studies. There were 322
individuals with type 1 diabetes and 263 with type 2 diabetes. Eight
studies were carried out in people with type 1 diabetes, one study in
people with type 2 diabetes and two studies included people with
type 1 and type 2 diabetes.

In all but two trials, participants for both groups in RCTs were
balanced for baseline characteristics. In one study (Dullart 1993),
body mass index was significantly higher in the intervention group.
In another study, there were diFerences in several factors but none
significant (Brouhard 1990).

Interventions

The interventions and comparators used in the 12 studies are
summarised in Characteristics of included studies. In all studies, the
comparison intervention was usual (free or uncontrolled) protein
diet (actual protein intake 1 to 2 g/kg/day). In all studies, the
intervention was a LPD containing from 0.3 to 0.8 g/kg/day. In
two studies the intervention diet was a low-protein vegetarian diet
(Barsotti 1988; Barsotti 1998).

Outcome measures

Primary outcomes

All studies investigated renal function by glomerular filtration rate
(GFR) or creatinine clearance as primary endpoints. One study
(Hansen 2002) assessed the relative risk (RR) of end-stage renal
disease (ESRD) or death.

Secondary outcomes

All studies assessed compliance with diet with urinary urea. Nine
studies reported measures of nutritional status (anthropometric,
serum albumin, serum pre-albumin).

Excluded studies

Twenty four studies were excluded. Reasons for exclusion of studies
are given Characteristics of excluded studies. The main reason for
exclusion was duration of intervention.

Risk of bias in included studies

Before and a<er studies

All of the before and aHer studies adequately reported on
withdrawals. None of the studies detailed selection criteria and
one stated exclusion criteria (Walker 1989). One study gave actual

protein intake in the low-protein diet group (Walker 1989). The
sample size was small (n=8) in one study (Barsotti 1988).
Most of the studies were done in selected volunteers and we cannot
say how reproducible they would be in a large representative group.

Randomised controlled trials

Of the 12 included studies, nine were RCTs and three had a before
and aHer design.

All RCTs were of parallel design and randomised individuals.
The method of randomisation was partially specified in four
studies. Four studies reported concealment of allocation. One study
reported blinding of outcome assessors ( Hansen 2002) and in
one study, allocation was not known to the general practitioner
or to the laboratory personnel ( Pijls 2002). Two studies reported
an intention-to-treat analysis. All studies adequately reported on
withdrawals. Two studies reported details of their sample size
calculation ( Dullart 1993; Hansen 2002).

E=ects of interventions

Primary outcomes

One trial explored all-cause mortality and end-stage renal disease
(ESRD) as an endpoints (Hansen 2002). ESRD or death occurred in
27% of patients on a usual protein diet as compared with 10% on
a low-protein diet (LPD) (log-rank test; P=0.042). The relative risk
(RR) of ESRD or death was 0.23 (95% CI 0.07 to 0.72) for patients
assigned to a LPD, aHer an adjustment at baseline for the presence
of cardiovascular disease (P=0.01).

Change in glomerular filtration rate (GFR)

Type 1 diabetes mellitus

Pooling of the seven RCTs including type 1 diabetic patients
by means of random-eFects meta-analysis resulted in an non-
significant improvement in GFR of 0.1 ml/min/month (95%
confidence interval (CI) -0.1 to 0.3) in the LPD group. The test for

heterogeneity indicated an I2 value of 62%. Two before and aHer
studies were not included in the meta-analysis. The before and aHer
study by Barsotti et al. showed a significant improvement in GFR
of 1.4 ml/min/month (P<0.001) in the intervention group (Barsotti
1988). In another before and aHer study by Walker and colleagues,
GFR improved by 0.04 ml/min/month (P=0.0063) in the intervention
group (Walker 1989).

Type 2 diabetes mellitus

Results for studies including type 2 diabetic patients are shown in
Appendix 2 . In the trial by Pijls et al. there was a small insignificant
improvement in the rate of decline of GFR in the protein-restricted
group (Pijls 2002). The second trial found a similar decline of GFR in
both groups (Meloni 2002).

There were two studies which included individuals with type 1
and type 2 diabetes, but did not provide separate data (Barsotti
1998; Meloni 2004). Results for these are shown in Table 2. In the
before and aHer study by Barsotti et al. there was a significant
improvement in the rate of decline while on restricted protein
diet (0.9 +/-0.6 versus 0.2 +/- 0.2 ml/min/month, P<0.001) (Barsotti
1998). The other study found no statistically significant diFerences
in renal function between the two groups (0.5 +/- 0.1 versus 0.5 +/-
0.1) (Meloni 2004).
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Secondary outcomes

No trial explored health-related quality of life or costs as an
endpoint.

Compliance

The intended protein intake in intervention groups ranged from 0.3
to 0.8 g/kg/day. Actual protein intake ranged from 0.6 to 1.1 g/kg/
day, indicating lack of compliance.

Adverse e%ects, nutritional status

Nine studies assessed nutritional status. One study (Meloni 2002)
noted malnutrition in the LPD group on an intended intake of 0.6 g/
kg/day, as measured by serum pre-albumin and serum albumin. No
definition of malnutrition was given, but serum pre-albumin and
serum albumin significantly decreased in LPD group.

D I S C U S S I O N

Overall, a restricted protein intake does appear to slow the
progression of diabetic nephropathy albeit in a non-significant way.
Progression rate without treatment has been reported to be a
decline in glomerular filtration rate (GFR) of 9 to 14 ml/min/year
in type 1 diabetes (Mogensen 1976; Parving 1981; Viberti 1983).
From the result of our meta-analysis, this implies that patients who
comply with the low-protein diet can delay dialysis by, on average
around one or two months. Variation among patients also needs
to be taken into account. Studies did not give suFicient details
to quantify this but a small average benefit may conceal larger
benefits in some people.

To explore the eFect of a restricted diet on the progression
of diabetic nephropathy further, we looked at the relationship
between the diFerence in protein intake and the diFerence in
the change in GFR between the two groups. Two studies were
omitted because of insuFicient data. The analysis showed a
positive correlation, although not significant (r=0.59, n=10, P=0.07)
suggesting improvement in GFR was greater if more restriction was
achieved.

Compliance is clearly very important. People with diabetes are
already asked to change their diets to conform to healthy eating
guidelines. When we presented the results of this review to
members of the Scottish Study Group for the Care of Diabetes in the
Young, members identified compliance as important, but unlikely.
Indeed some members wondered pessimistically if it was worth
doing further research into low-protein diets (LPD) at all. In some
of the studies it has been shown that even amongst the volunteer
participants, the actual protein intake as indicated by urinary
nitrogen output was higher than prescribed. In the Modification
of Diet in Renal Disease (MDRD) study (MDRD Study Grp 1989) the
lower the prescribed level, the greater the excess taken. It was also
noteworthy that the intake indicated by urinary nitrogen excretion
was higher than indicated by dietary history. This has implications
for monitoring of compliance in future studies.

Cianciaruso et al. noted that compliance was diFicult to achieve,
"adherence may be diFicult, time consuming and unpleasant for
the patients" (Cianciaruso 1989). They listed the problems: the use
of special low-protein foods; the high cost; the time for separate
cooking of meals; palatability; changes in lifestyle. However, they
noted that compliance improved over three years, from about 30%

in year one to about 80% by the end of year three. This may have
been due to the onset of symptoms relieved by LPDs and fear of
approaching dialysis. No data on the proportion with diabetes are
given. The diFiculty of adherence to low-protein restriction should
not stop us giving people with diabetes the information on the
options.

An important question is whether we could achieve almost as
much by changing the type of protein in the diet, rather then
the amount. Jibani et al. found that albumin excretion rates fell
when patients with microalbuminuria were given a predominantly
vegetarian diet, although the results were confounded by a sizeable
drop in total protein intake, from 1.4 to 1.0 g/kg/day (Jibani 1991).
Pecis et al. compared three diets - usual diet with 1.4 g/kg/day, a
LPD with 0.5 g/kg/day and a test diet in which chicken and fish
replaced red meat (Pecis 1994). They found that the chicken and
fish diet had similar eFects on GFR to the LPD, but was much
more acceptable. However, this was a short-term study with only
three weeks on each diet. They hypothesize that this is due to
the much lower levels of glycine, alanine and arginine in chicken
and fish compared to red meat, these being the amino acids with
greatest eFect on GFR. If such diets are as eFective as low-protein
ones, then compliance becomes less of an issue. They might also
have beneficial aFects on cardiovascular risk. Compliance may be
improved on a Mediterranean style diet, characterized by abundant
plant foods, fresh fruit, olive oil, dairy products, fish and poultry
consumed in low to moderate amounts and red meat consumed
in low amounts. This review included five studies from Italy, three
of which provided data on actual protein intake in the LPD group
(Ciavarella 1987; Meloni 2002; Meloni 2004). These studies report
good compliance reporting mean protein intakes of 0.7, 0.7 and 0.9
g/kg/day.

In her very useful review, Zeller deals with the methodological
problems of studies of protein restriction, such as the heterogeneity
of aetiologies, the use of plasma creatinine as an indicator of renal
function, the importance of measuring compliance and the need for
an adequate duration of follow-up (Zeller 1991).

A severely restricted protein diet should be followed under the
supervision of a specialist as there is a theoretical risk of nutritional
deficiencies to occur (Connor 2003). In this review, only one
study found evidence of malnutrition on an intended protein
intake of 0.6 g/kg/day. It was reported that serum pre-albumin
and serum albumin had significantly decreased in the LPD group
(Meloni 2002). In practice, however, the lack of compliance possibly
protects against this side eFect.

The present body of evidence is limited, and we need studies
which are long term and which report important outcomes such
as end-stage renal disease (ESRD) and which examine the balance
between eFicacy, adverse eFects and compliance. We also need
more studies in individuals with type 2 diabetes. Although the
incidence of nephropathy here is less than in type 1, because type
2 is far commoner, the absolute numbers of patients proceeding to
ESRD are similar (Raine 1995).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

This review has shown that a lower protein intake modestly
slows the mean progression of diabetic nephropathy towards
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renal failure, although in a non-significant way. However it does
not establish what level of protein restriction is most eFective in
achieving this decline. The optimum level of protein restriction in
practice would probably be a compromise between eFicacy and
compliance. In the document Dietary Recommendations for People
with Diabetes (1992), the British Diabetic Association recommend
that 15% to 20% of energy intake is from a protein source. A
pragmatic approach would be to reduce high protein intake to
perhaps a maximum of 1 g/kg/day, or to 0.8 g/kg/day in those
patients prepared to comply with that. Changing the type of
protein, for example a vegetarian diet or white meat and fish
replacing red meat, rather than the amount may achieve the same
eFects but with greater palatability.

Implications for research

Further longer-term research on large representative groups of
patients with both type 1 and type 2 diabetes is necessary. Also,
taking into account the variability among patients, there might
perhaps be a six month trial in all patients, with continuation only
in those who responded best. We think the top priority should

be for a trial of usual diet (unrestricted protein) versus reduction
to say 0.8 g/kg/day (with chicken and fish instead of red meat)
versus a vegetarian diet with no restriction in protein versus a
vegetarian diet with modest intake (1 g/kg/day) with results both
in terms of progression of diabetic nephropathy and compliance.
Outcomes should include all of glomerular filtration rate (GFR),
quality of life, cost-eFectiveness and cardiovascular risk factors
such as lipids. There is a research need in fully informed patients to
assess whether dialysis can be postponed for worthwhile periods,
even if only in some patients, without undue reduction in quality of
life due to dietary restriction.
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C H A R A C T E R I S T I C S   O F   S T U D I E S

Characteristics of included studies [ordered by study ID]

 

Methods Before and after study. 
Mean duration on UPD 15.9 months. Mean duration on LPD 17.4 months.

Participants 8 type 1 patients with severe renal failure. 
Mean age 44.7. 
Mean duration of diabetes 20.5 years.

Interventions LPD was a low protein vegetarian diet. Low phosphorous. Supplemented with EAA and ketoanalogs. 4
patients were permitted to eat normal wheat flour products. 4 used protein-free substitutes. 
UPD = 1.2-1.4 g/kg/day.

Outcomes Creatinine clearance. 
Nutritional status assessed by TST & MAMC, serum albumin, serum transferrin and serum comple-
ment. 
Compliance assessed by urinary urea. Actual protein intake in LPD not reported.

Notes 4 out of the 8 patients changed to maintenance hemodialysis after a period of 11 to 29 months. In 2 pa-
tients there was a spontaneous decision to abandon the LPD due to compliance difficulties. In 2, dialy-
sis was started as they were not responding to diuretic therapy. 
No sign of protein or caloric malnutrition.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Unclear risk D - Not used

Barsotti 1988 

 
 

Methods Before and after study. 
Mean duration 3.7 years.

Participants 22 type 1 and 10 type 2 patients with overt diabetic nephropathy. 
Mean age 44. 
Duration of diabetes not stated.

Interventions UPD = Free diet. 
LPD: 
Diet A (n=19) 0.3 g/kg/day (patients with creatinine clearance ranging from 19 to 6.5 ml/min) 
Diet B (n=13) 0.7 g/kg/day (patients with creatinine clearance ranging from 60 to 22 ml/min) 
Both diets vegetarian.

Outcomes Creatinine clearance. 
Malnutrition assessed by anthropometric indices (Wt, TST, MAMC). 

Barsotti 1998 
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Compliance assessed by urinary urea. Diet A 45% good, Diet B 69% good.

Notes No evidence of malnutrition.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Unclear risk D - Not used

Barsotti 1998  (Continued)

 
 

Methods RCT. 
12 months duration. 
A 3 month trial period to assess compliance.

Participants 15 type 1 patients with microalbuminuria 30 ug/min. 
LPD mean age 36. 
UPD mean age 30. 
Mean duration of diabetes 19 years.

Interventions LPD = 0.6 g/kg/day (n=8). 
UPD = 1.0 g/kg/day (n=7).

Outcomes GFR. 
Compliance by uU. Actual protein intake 0.6 g/kg/day.

Notes After trial period, 1 patient requested normal diet, reinstated. No significant differences in baseline
measurements between groups but UPD had worse factors. 
No mention of malnutrition.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Unclear risk B - Unclear

Brouhard 1990 

 
 

Methods RCT. 
Mean duration 4.5 months.

Participants 16 type 1 patients with proteinuria > 0.5g/24 hours; creatinine < 1.9mg/dl. 
Mean age 37. 
Duration of diabetes 10-30 years.

Interventions LPD = 0.71 g/kg/day (n=7). 
UPD = 1.44 g/kg/day (n=9).

Outcomes Creatinine clearance. Compliance verified by dietary interview, blood nitrogen and urea nitrogen excre-
tion. Actual protein intake 0.71 g/kg/day.

Notes Small numbers. No information on number with follow-up under 4.5 months. 

Ciavarella 1987 
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No mention of malnutrition

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Unclear risk B - Unclear

Ciavarella 1987  (Continued)

 
 

Methods RCT. 
Duration 2 years.

Participants 31 type 1 patients with microalbuminuria (10-200 ug/min overnight). 
UPD mean age 39 
LPD mean age 43 
Duration of diabetes > 5 years.

Interventions LPD = 0.6 g/kg/day (n=14). 
UPD = 1.09 g/kg/day (n=16). 
Diet supplement with methionine if necessary.

Outcomes GFR. 
Compliance assessed by uU. Actual protein intake 0.79 g/kg/day. 
Malnutrition assessed by calorie intake, BMI and serum albumin.

Notes No evidence of malnutrition.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Dullart 1993 

 
 

Methods RCT. 
Duration 4 years.

Participants 82 type 1 patients (18-60 yrs) with diabetic retinopathy, albuminuria >= 300 mg/24 hr. 
GFR above 20ml/min/1.73 m2 and a pre-study decline in GFR >=2 ml/min/year (progressive diabetic
nephropathy). 
Mean duration of diabetes LPD 28 years, UPD 27 years.

Interventions LPD = 0.6 g/kg/day. Supplementation of calcium of 500 mg/day (n=38). 
UPD = patients' pre-study diet (n=34).

Outcomes GFR. 
RR of ESRD or death. 
Malnutrition assessed by mid-arm circumference, serum albumin and body weight. 
Compliance monitored by dietary interview and uU. Actual protein intake 0.89 g/kg/day.

Notes Comparable number in both groups received antihypertensives and ACE but +4 at follow-up on antihy-
pertensive and +4 on ACE. 

Hansen 2002 
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Malnutrition indicators comparable in 2 groups, but data not shown.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Hansen 2002  (Continued)

 
 

Methods RCT. 
Duration 12 months.

Participants 32 type 1 patients (14-32 yrs), duration of diabetes 20.9 years. 
37 type 2 patients (15-34 yrs), duration of diabetes 24.9 years. 
Overt nephropathy and hypertension.

Interventions LPD = 0.6 g/kg/day (n=20). 
UPD = 1.39 g/kg/day (n=17).

Outcomes GFR. 
Malnutrition measured by serum albumin, serum pre-albumin and anthropometric parameters. 
Compliance monitored by uU. Actual protein intake 0.68 g/kg/day.

Notes Malnutrition noted in LPD.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Unclear risk B - Unclear

Meloni 2002 

 
 

Methods RCT. 
Duration 12 months.

Participants 24 type 1 patients (mean age 47), duration of diabetes 20.9 years. 
56 type 2 patients (mean age 63), duration of diabetes 24.9 years.

Interventions LPD = 0.8 g/kg/day (n=40). 
UPD = 1.24 g/kg/day (n=40).

Outcomes GFR. 
Malnutrition measured by serum albumin and pre-albumin. 
Compliance assessed by uU. Actual protein intake 0.86 g/kg/day.

Notes No sign of malnutrition.

Risk of bias

Bias Authors' judgement Support for judgement

Meloni 2004 
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Allocation concealment? Unclear risk B - Unclear

Meloni 2004  (Continued)

 
 

Methods RCT. 
Duration 28 months. 
Data for 12 months.

Participants 160 type 2 patients. 
Duration >5yrs. 
UPD mean age 65, duration of diabetes 7.2 years. 
LPD mean age 63, duration of diabetes 6.7 years.

Interventions LPD = 0.8 g/kg/day (n=63). 
UPD = 1.14 g/kg/day (n=68).

Outcomes Estimated GFR measured with cimetidine-influenced creatinine clearance. 
Compliance assessed by uU. Actual protein intake 1.1 g/kg/day.

Notes No mention of malnutrition.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Pijls 2002 

 
 

Methods RCT. 
Mean duration 6 months.

Participants 26 type 1 patients. 
UPD mean age 30 years. 
LPD mean age 29 years. 
Duration of diabetes >= 10 years.

Interventions LPD = 0.8 g/kg/day (n=11). 
UPD = 2 g/kg/day (n=11).

Outcomes GFR was measured by Cr EDTA. 
Malnutrition assessed by body weights, serum total protein, and serum albumin. 
Compliance assessed by dietary history carried out by a dietitian and by measurement of 24 hour uU
nitrogen excretion. Actual protein intake 0.87 g/kg/day.

Notes Body weight, serum total protein, and serum albumin concentrations did not decrease in patients con-
suming the protein-restricted diet.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Unclear risk B - Unclear

Raal 1994 
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Methods Before and after study. 
Mean duration on UPD was 29 months. 
Mean duration on LPD was 33 months.

Participants 19 type 1 patients with proteinuria and GFR>20ml/min. 
Mean age 42 years. 
Mean duration of diabetes 24 years.

Interventions LPD = 40g/day, half and half animal and vegetable sources. Patients whose urinary protein excretion
rate exceeded 3g/24h were allowed an additional 1.6g of dietary protein per extra gram of urinary pro-
tein. 
UPD = patients' normal diet.

Outcomes GFR was assessed by clearance of Cr-labelled edetic acid. 
Malnutrition assessed by MAMC and plasma albumin. 
Compliance assessed by uU, dietary history and weighed food record. Actual protain intake 0.67 g/kg/
day.

Notes 4 patients were started on ACE inhibitors while on LPD. Data on these patients have been excluded
from the analysis. 
LPD had no untoward nutritional effect.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Unclear risk D - Not used

Walker 1989 

 
 

Methods RCT . 
Mean duration 35 months , minimum 12 months.

Participants 47 type 1 patients with proteinuria over 500mg/24 hours , with diabetic retinopathy and no other cause
of renal failure . 
LPD mean age 33. Mean duration of diabetes 21 years. 
UPD mean age 35. Mean duration of diabetes 22.4 years.

Interventions LPD = 0.6g / kg / ideal body weight/day (n=20). 
UPD = at least 1 g/kg/day (n=15).

Outcomes GFR by iothalamate and creatinine. 
Malnutrition measured by weight, mid-arm circumference, and serum albumin. 
Compliance assessed by uU and dietary history. Actual protein intake 0.72 g/kg/day.

Notes Malnutrition measures showed no significant change.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Unclear risk B - Unclear

Zeller 1991 
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LPD: Low protein diet
UPD: Usual protein diet
EAA: Essential amino acids
TST: Triceps skinfold thickness
MAMC: Middle arm muscle circumference
GFR: Glomerular filtration rate
BMI: Body mass index
RR: Relative risk
ESRD: End-stage renal disease
ACE: Angiotensin converting enzyme
RCT: Randomised controlled trial
Wt: Weight
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Attman 1983 Late (pre-dialysis) intervention

Azadbakht 2003 Duration only 7 weeks

Bending 1988 Duration only 3 weeks

Brodsky 1992 Duration only 12 weeks

Brouhard 1986 Control group were non-diabetic

Cianciaruso 1989 Trial to assess compliance to a low protein diet

Cohen 1987 Duration only 3 weeks

EvanoF 1989 Changes in antihypertensive therapy

Facchini 2003 Comparison diet not usual diet (carbohydrate-restricted, low-iron-available, polyphenol-en-
riched diet

Gin 1991 Aim was to assess the effect of the increase in carbohydrate on insulin sensitivity

Gross 2002 Duration only 4 weeks

Hansen 1999 Duration only 8 weeks

Jibani 1991 Duration only 8 weeks

Kupin 1987 Two consecutive dietary periods of one week

Levine 1989 No comparison period, duration only 15 weeks

Mollsten 2001 Case control study

Parillo 1988 Duration only 10 days

Pecis 1994 Duration only 3 weeks

Pedersen 1989 Duration only 4 weeks

Rudberg 1988 Duration only 10 days
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Study Reason for exclusion

Stephenson 2005 Duration only 8 weeks

Stojceva-Taneva 2001 Observational study

Wheeler 2002 Duration only 6 weeks

Wiseman 1987 Duration only 3 weeks

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Low protein diet versus usual diet

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Change in glomerular filtration rate
(ml/min)

7 222 Mean Difference (IV, Random,
95% CI)

0.14 [-0.06, 0.34]

 
 

Analysis 1.1.   Comparison 1 Low protein diet versus usual
diet, Outcome 1 Change in glomerular filtration rate (ml/min).

Study or subgroup Low protein diet Usual diet Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Brouhard 1990 8 -0.3 (0.2) 7 -0.7 (0.4) 19.84% 0.4[0.09,0.71]

Ciavarella 1987 7 3.3 (6.3) 9 -0.9 (2.2) 0.17% 4.27[-0.6,9.14]

Dullart 1993 14 -0.7 (1.2) 16 -0.4 (1) 5.49% -0.34[-1.14,0.46]

Hansen 2002 38 -0.3 (0.3) 34 -0.3 (0.3) 32.23% 0[-0.13,0.13]

Meloni 2002 15 -0.5 (0.2) 17 -0.5 (0.2) 34.15% 0.01[-0.09,0.11]

Raal 1994 11 0.5 (3.5) 11 -1.3 (4.5) 0.36% 1.83[-1.54,5.2]

Zeller 1991 20 -0.2 (0.4) 15 -1.1 (1.2) 7.76% 0.81[0.16,1.46]

   

Total *** 113   109   100% 0.14[-0.06,0.34]

Heterogeneity: Tau2=0.03; Chi2=15.92, df=6(P=0.01); I2=62.3%  

Test for overall effect: Z=1.36(P=0.18)  

Favours usual diet 105-10 -5 0 Favours low prot. d.

 

 

A P P E N D I C E S

Appendix 1. Search strategy

 

Electronic searches
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Unless otherwise stated, search terms are free text terms; MesH = Medical subject heading (Medline medical index term); exp = ex-
ploded MeSH; the dollar sign ($) stands for any character(s); the question mark (?) = to substitute for one or no characters; tw = text
word; pt = publication type; sh = MeSH; adj = adjacent. 
 
DIABETES MELLITUS AND DIABETIC NEPHROPATHY

1. Diabetes Mellitus, Type 1/co, pp, dh 
2. Diabetes Mellitus, Type 2/co, pp, dh 
3. Diabetic Nephropathies/co, pp, dh, pc, dt 
4. Kidney Failure, Chronic/co, pp, pc, dh 
5. microalbuminuria.tw. 
6. Albuminuria/pc,ur 
7. Kidney/pp 
8. diabetes.tw. 
9. diabetic nephropath$.tw. 
10. kidney disease$.tw. 
11. renal failure.tw. 
12. renal disease$.tw. 
13. Glomerular Filtration Rate/de, ph 
14. glomerular filtration rate.tw. 
15. Creatinine/ 
16. creatinine.tw. 
 
MODIFIED/RESTRICTED PROTEIN DIET 
 
1. Dietary Proteins/ad, pd, tu 
2. protein.tw. 
3. diet.tw. 
4. Diet, Protein-Restricted/ 
5. Dietary Supplements/

  (Continued)
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Appendix 2. E=ect of low protein diet (LPD) on glomerular filtration rate (GFR)

Study Type of dia-
betes

Duration No. on LPD UPD (g/kg/
day)

LPD (g/kg/
day)

UPD: change in GFR LPD: change in GFR

Barsotti 1998 Type 1 and 2 3.7 years 32 Not stated 0.3 or 0.7 -0.9 (0.62) -0.22 (0.21)

Barsotti 1988 Type 1 17.4 months 8 1.2-1.4 <7.5 g/day 
<4.5 g/day

-1.38 (0.27) -0.03 (0.37)

Brouhard 1990 Type 1 12 months 8 1.0 0.6 -0.68 (0.4) -0.28 (0.15)

Ciavarella 1987 Type 1 4.5 months 7 1.44 45 g/day -0.94 (2.19) 3.33 (6.28)

Dullart 1993 Type 1 2 years 14 1.09 0.6 -0.41 (0.98) -0.75 (1.23)

Hansen 2002 Type 1 4 years 38 1.02 0.6 -0.32 (0.3) -0.32 (0.28)

Meloni 2002 Type 1 12 months 15 1.39 0.6 -0.52 (0.15) -0.51 (0.15)

  Type 2 12 months 20 1.39 0.6 -0.52 (0.15) -0.51 (0.13)

Meloni 2004 Type 1 and 2 12 months 40 1.24 0.8 -0.5 (0.11) -0.48 (0.13)

Pijls 2002 Type 2 12 months 63 1.14 0.8 -0.3 (1.17) -0.4 (1.0)

Raal 1994 Type 1 6 months 11 1.6 0.8 -1.33 (4.5) 0.5 (3.5)

Walker 1989 Type 1 33 months 15 1.13 40 g/day -0.53 (0.5) -0.13 (0.39)

Zeller 1991 Type 1 37.1 months 20 1.0 0.6 -1.06 (1.24) -0.25 (0.4)

Footnotes              

LPD: low-protein diet              

UPD: usual protein diet              

GFR: glomerular filtration rate              
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W H A T ' S   N E W

 

Date Event Description

6 November 2008 Amended Converted to new review format.

 

H I S T O R Y

Protocol first published: Issue 4, 1997
Review first published: Issue 3, 2000

 

Date Event Description

31 May 2006 New search has been performed This is an up-date of the original Cochrane review which ap-
peared in issue 3, 2000. More studies (nine RCTs and three before
and after trials) are now included. The conclusions now are more
cautious as current data do not indicate a relevant effect of low-
protein diets on important patient outcomes

 

C O N T R I B U T I O N S   O F   A U T H O R S

LYNN ROBERTSON: searching for trials, quality assessment of trials, data extraction, data analysis, development of final review.

NORMAN WAUGH: protocol development, selection of studies, quality assessment of trials, data extraction, data analysis, development
of final review.

AILEEN ROBERTSON: data extraction, development of final review.

D E C L A R A T I O N S   O F   I N T E R E S T

None known.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Diet, Protein-Restricted;  Diabetic Nephropathies  [*diet therapy];  Dietary Proteins  [administration & dosage];  Randomized Controlled
Trials as Topic;  Renal InsuFiciency  [etiology]  [prevention & control]

MeSH check words

Humans
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